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5.1 ELECTORNIC INSTRUMENT SYSTEMS  



 




Preface 



 




Chapter 5.01  


–


 


“Electronic Instruments Systems” gives an overview of the
 




different electronic instruments systems in operation in a cockpit, their
 




arrangement and their installation 



 




Learning outcomes 



 




General knowledge of the theoretical and practical aspects of the subje 


ct.
 





 




The students should: 



 




•


 


be able to understand the essential theoretical principles of the subject. 



 




•


 


be able to give a general description of the subject, using, as appropriate,
 




typical examples. 



 




•


 


be able to use mathematical formulas in conjunction with the  


physical
 




laws describing the subject. 



 




•


 


be able to read and understand sketches, drawings and diagrams
 




describing the subject. 



 




•


 


be able to apply his knowledge in a practical way using detailed
 




procedures. 
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5.1. 
 
Electronic  
Instrument 
 
Systems 
  

5.1.1.  
General 
  

The Electronic Instrument Systems are divided into two main sections: 
  

-
 
Electronic Flight Instrument System (EFIS) 
  

-
 
Electronic Centralized Aircraft Monitoring (ECAM) 
  

The  
Electronic   Flight   Instrument   System 
 
(
EFIS 
)   displays   flight   data  

electronically. A 
n EFIS normally consists of a primary flight display (PFD) and a  

multi 
-
function display (MFD). 
  

The  
Electronic  Centralized  Aircraft  Monitoring 
 
(
ECAM 
)  monitors  aircraft  

functions and relays them to the pilots. In normal operation, the ECAM provides  

the  neces 
sary  information  to  assist  the  flight  crew  to  operate  and  monitor  the  

aircraft systems. In abnormal operation, the ECAM helps the flight crew to manage  

system failures and aircraft abnormal configurations. 
  

5.1.2. Ergonomic  
c
oncerns 
  

Ergonomics and Human Fac 
tors concerns are important in the design of modern  

cockpits.  The  layout  and  function  of  cockpit  display  controls  are  designed  to  

increase pilot situation awareness without causing information overload. 
  

The layout of control panels in modern airliners has  
become largely unified across  

the industry. The main instrument panel is  
in front  
of the pilot and copilot’s seats.  

Automatic flight controls such as the autopilot are usually placed just below the  

windscreen  and  above  the  main  instrument  panel  on  the  glar 
eshield.  Engine  

controls and radios are generally placed on a panel between the pilot's seats, the  

pedestal.  
Most of 
 
the systems 
-
related controls (such as electrical, fuel, hydraulics  

and pressurization) are usually located in the ceiling on an overhead pa 
nel. 
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P
ICTURE  
1
:
 
A380 
 
F
LIGHT  
D
ECK  
P
ANEL 
  

Source P1 :  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

5.1.3. Flight deck  
layout 
  

On all airliners the flight deck includes: 
  

-
 
The main instrument panel located in front of the pilot and copilot’s seats 
  

-
 
The overhead panel located on the ceiling between the pilot and the  

copilot 
  

-
 
The pedestal between the pilot and copilot seats 
  

  

P
ICTURE  
2
:
 
F
LIGHT  
D
ECK  
L
AYOUT 
  

Source P2:  

https://en.wikipedia.org/wiki/Cockpit#/media/File:TridentFlightDeck.JPG 
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5.1.4. Former  
g
eneration 
  

A typical 1970s transport aircraft had more than 100 analogic instruments and  

controls, the most important were supersaturated with bars, needles and symbols. 
  

In addition, their ever 
-
increasing amount was competing for the available space  

on the instrument panel. 
  

  

P
ICTURE  
3
:
 
T
UPOLEV  
TU
-
114
 
C
OCKPIT 
  

Source 
 
P3
: 
https://commons.wikimedia.org/wiki/File:Tupolev_Tu 
-
14_Cockpit.jpg 
  

5.1.5. New generation 
  

Today, most of the analogic instruments have been replaced by screens 
  

•
 
EFIS ( 
Electronic flight Instrument System 
) which groups flight and  

navigation information 
  

o
 
PFD
 
(
Primary Flight display 
)
 
: visualization of flight parameters  

(altitude, speed, attitude, route, etc.) 
  

o
 
ND ( 
Navigation Display 
)
 
: visualization of navigation parameters  

(Flight plan, way points, radio navigation etc.) 
  

o
 
DMAP ( 
Digital MAP 
)
 
: digital cartograp 
hy
  

•
 
EICAS ( 
Electronic Indicating and Crew Alerting System 
) or ECAM  

(
Electronic Centralized Aircraft Monitoring 
) which displays information  

about the engines and systems  
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o
 
EWD (Engine and Warning Display) 
 
: visualization of main engine  

parameters, alarm  
messages and checklists to follow 
  

o
 
SD (System Display) 
 
: visualization the main aircraft systems in the  

form of synoptics (fuel, hydraulic, electrical, air conditioning, etc.). 
  

Given the huge amount of information that can be displayed, only those  

essential at any given time will be displayed, especially the warning messages,  

the list of actions to perform... The pilot may at any time display a given screen  

to display additional in 
formation about a given system or a given situation. 
  

Early EFIS models used cathode ray tube (CRT) displays, but liquid crystal  

displays (LCD) are now more common. The complex electromechanical attitude  

director indicator (ADI) and horizontal situation ind 
icator (HSI) were the first to  

be replaced by EFIS. Today, however, few flight deck instruments cannot be  

replaced by an electronic display. 
  

5.1.6. Advantages 
  

EFIS provides versatility by avoiding some physical limitations of traditional  

instruments. A pil 
ot can switch the same display that shows a course deviation  

indicator to show the planned track provided by an area navigation or flight  

management system. Pilots can choose to superimpose the weather radar  

picture on the displayed route.  
  

The flexibility 
 
afforded by software modifications minimizes the costs of  

responding to new aircraft regulations and equipment. Software updates can  

update an EFIS system to extend its capabilities.  
  

A degree of redundancy is available even with the simple two 
-
screen EFI 
S  

installation. Should the PFD fail, transfer switching repositions its vital  

information to the screen normally occupied by the Navigation Display.  
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5.1.7. Example: Airbus A380 
  

  

  

P
ICTURE  
4
:
 
C
OCKPIT OF  
A
IR 
F
RANCE  
A380 
  

Source P4:  
https://fr.wikipedia.org/wiki/Fichier:Cockpit_of_Air_France_A380_F 
- 

HPJC_(4943144092).jpg 
  

  

On all modern airliners the flight deck includes: 
  

-
 
The  
main instrument panel located in front of the pilot and copilot’s seats 
  

-
 
The overhead panel located on the ceiling between the pilot and the  

copilot 
  

-
 
The glareshield above the main instrument panel 
  

-
 
The pedestal between the pilot and copilot seats 
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P
ICTURE  
5
:
 
A380 
 
F
LIGHT  
D
ECK  
L
AYOUT 
  

Source 
 
P5
:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

  

The main instrument panel includes 
 
different instruments: 
  

•
 
The primary flight display 
 
PFD
  

•
 
The navigation display 
 
ND
  

•
 
The multifunction display 
 
MFD
  

•
 
The engine warning display 
 
E/WD 
  

•
 
The system display 
 
SD
  

The  
primary flight display 
 
is in a prominent position. The primary flight display  

shows inf 
ormation relative to the control of the airplane. It includes an attitude,  

airspeed,  vertical  speed  and  altitude  indicators  and  some  form  of  heading  

indications. 
  

The  
navigation display 
 
shows information relative to the navigation such as the  

current  route, 
 
waypoints,  and  wind  speed  and  wind  direction 
, 
radionavigation  

systems. 
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The  
engine warning display 
 
shows information relative to the engine such as  

the  engine  rpm,  engine  temperature,  fuel  temperature,  fuel  flow 
, 
slats  flaps  

position. 
  

The  
system  display 
 
sh
ows information relative to the different systems of the  

airplane such as the air conditioning, the fuel system, hydraulic system, electric  

system ... 
  

  

P
ICTURE  
6
:
 
A380 
 
M
AIN  
I
NSTRUMENT  
P
ANEL 
  

Source 
 
P6
:
  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The glareshield includes: 
  

•
 
One flight control unit 
  

•
 
Two panels with warning lights 
  

•
 
Two panels with loudspeakers 
  

The  
flight  
control unit 
 
includes two electronic flight information system control  

panels to manage the display on the primary flight display and navigation display  

and one auto flight system control panel to manage the autopilot system 
  

  

P
ICTURE  
7
:
 
A380 
 
G
LARESHIELD 
  

Source 
 
P7
:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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The pedestal includes: 
  

•
 
Two keyboard and  
cursor control units 
  

•
 
Two radio management panels 
  

•
 
One surveillance control panel 
  

•
 
One Electronic Centralized Aircraft Monitoring control panel 
  

•
 
Thrust levers and engine master levers 
  

•
 
Pitch trim and rudder trim panels 
  

•
 
Speed brake lever 
  

•
 
Flaps/Slats lever 
  

•
 
Parkin 
g brake panel 
  

•
 
Printer 
  

The  
keyboard  and  cursor  control  units 
 
are  used  to  interface  with  the  

surveillance display and its multi 
-
function display and navigation display. 
  

The  
radio management panels 
 
are used to tune all radio communications, to  

enter  the  squawk  code  to  adjust  the  volume  for  communication  and  NAVAID  

identification. 
  

The  
surveillance  control  panel 
 
is  used  to  interface  with  the  surveillance  

functions  of  the  aircraft  such  as  the  weather  r 
adar,  the  terrain  awareness  and  

warning system, the traffic collision avoidance system. 
  

  

P
ICTURE  
8
:
 
A380 
 
P
EDESTAL 
  

Source 
 
P8
:  

http://www.smartc 
ockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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The overhead panel includes the system control. All the controls on the overhead  

panel can be reached by either pilot. 
  

The overhead panel is arranged in three rows: 
  

•
 
One center row for engine 
-
related sys 
tems 
  

•
 
Two lateral rows for other systems 
  

  

P
ICTURE  
9
:
 
A380 
 
O
VERHEAD  
P
ANEL 
  

Source 
 
P9
:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_P 
art%202.pdf 
  

Engine 
-
related 
 
systems include: 
  

•
 
Maintenance panel 
  

•
 
Fire 
  

•
 
Hydraulic 
  

•
 
Fuel 
  

•
 
Electrical 
  

•
 
Air
  

•
 
Anti 
-
icing 
  

•
 
Engine start 
  

•
 
Pressure 
  

•
 
External lights 
  

•
 
APU Start 
  

•
 
Internal lights 
  

Other systems 
 
include: 
  

•
 
Computer reset 
  

•
 
Emergency locator transmitter 
  

•
 
APU Fire 
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•
 
Air  
data and inertial reference system 
  

•
 
Flight control mode 
  

•
 
Fuel Jettison 
  

•
 
Evacuation 
  

•
 
Emergency electric power 
  

•
 
Oxygen 
  

•
 
Calls 
  

•
 
Wiper 
  

•
 
Cockpit voice recorder 
  

•
 
Radio management panel 
  

•
 
Flight control mode 
  

•
 
Cargo air conditioning 
  

•
 
Cargo smoke 
  

•
 
Ventilation 
  

 
  

 
11
 

    

    
        
    











5.1 ELECTORNIC INSTRUMENT SYSTEMS  



 




List of  


Pictures 



 




Picture 1: A380 Flight Deck Panel 


 


................................ 


.............................. 


 


3



 




Picture 2: Flight Deck Layout 


 


................................ 


................................ 


..... 


 


3



 




Picture 3: Tupolev TU 


-


114 Cockpit 


 


................................ 


............................. 


 


4



 




Picture 4: Cockpit of Air France A380 


 


................................ 


.......................... 


 


6



 




Picture 5: A380 Flight Deck Layout 


 


................................ 


............................. 


 


7



 




Picture 6: A380 Main I 


nstrument Panel 


 


................................ 


....................... 


 


8



 




Picture 7: A380 Glareshield 


 


................................ 


................................ 


....... 


 


8



 




Picture 8: A380 Pedestal 


 


................................ 


................................ 


.......... 


 


9



 




Picture 9: A380 Overhead Panel 


 


................................ 


.............................. 


 


10



 





 




List of Videos 



 




None 



 




List of  


Links 



 




Source P1 :
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 



 




Source P2: 



 




https://en.wikipedia.org/wiki/Cockpit#/media/File:TridentFlightDeck.JPG 



 




Source 


 


P3


:


https://commons.wikimedia.org/wiki/File:Tupolev_Tu 


-


14_Cockpit.jpg 



 




Source P4:  


https://fr.wikipedia.org/wiki/Fichier:Cockpit_of_Air_France_A380_F 


-
 




HPJC_(4943144092).jpg 



 




Source P5:
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part% 


202.pdf 



 




Source P6:
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 



 




Source P7:
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 



 




Source P8:
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.p 


df



 




Source P9:
 




http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 



 




 


12


 
































































5.2. NUMBERING SYSTEMS
 





 




Table of contents 


 



 




Preface 


 


................................ 


................................ 


................................ 


..


 


2



 




Learning outcomes 


 


................................ 


................................ 


.................. 


 


2



 




5.2. Numbering Systems 


 


................................ 


................................ 


....... 


 


3



 




5.2.1. Definition 


 


................................ 


................................ 


................ 


 


3



 




5.2.2. Decimal system 


 


................................ 


................................ 


........ 


 


3



 




5.2.3. Binary system 


 


................................ 


................................ 


.......... 


 


4



 




5.2.4. Hexadecimal system 


................................ 


................................ 


..


 


5



 




5.2.5. Matching Decimal 


-


Binary 


-


Hexadecimal 


 


................................ 


......... 


 


6



 




5.2.6. Conversio 


n between different systems 


................................ 


.......... 


 


6



 




5.2.7. 


 


 


Coding 


 


................................ 


................................ 


............... 


 


6



 




5.2.8. 


 


 


Decoding 


................................ 


................................ 


............ 


 


9



 




5.2.9. Transcodi 


ng


 


................................ 


................................ 


........... 


 


10



 




List of Links 


 


................................ 


................................ 


.......................... 


 


11



 





 





 




 



 




1


 




 






    
        
    

    
        5.2. NUMBERING SYSTEMS 

  

Preface 
  

Chapter  5.02  
–
 
“Numbering  Systems”  gives  an  overview  of  the  mostly  used  

numbering systems: binary and hexadecimal, how to convert from one system to  

another  and  how  to  perform  the  4  basic  operations  (addition,  subtraction,  

multiplication and division) 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential the 
oretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and  
understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
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5.2. Numbering Systems 
  

5.2.1. Definition 
  

A numbering system or system of numeration is a set of rules that govern one or  

more ways of representing numbers. The solution consists in grouping the units  

in packets each time that the same value is reached.  This value is called the base  

of numeration 
 
or simply base. Similarly, we group these packets into higher 
-
order  

packages, and so on. Generally, the number of elements of each packet, which  

gives the base of the numeration, is identical. 
  

In the decimal system, we have 10 packets of order 0 (0, 1, 2, 
 
3 ... 9), then 10  

packets of order 1 (10, 20, 30 ... 90) and so on. 
  

Numerous numbering systems have been used, in base 2, 5, 6, 8, 10, 12, 16, 20,  

60. The most commonly used bases are: 
  

•
 
Base 2, binary system, with only two symbols is useful for logical sys 
tems  

like computers. 
  

•
 
Base  10,  decimal  system,  a  majority  of  traditional  number  systems  are  

decimal.  Anthropologists  hypothesize  this may  be  due  to  humans  having  

five fingers per hand, ten in total. 
  

•
 
Base 16, hexadecimal system, used in computer, facilitatin 
g conversions in  

base 2 by grouping binary digits, 16 being a power of 2. 
  

Electronic circuits used in the computers do not make it possible to work in the  

decimal  system,  with  the  10  symbols  (0,  1,  2,  3  ...  9)  because  these  circuits  

recognize only 2 states 
, either the saturated state, or the blocked state. To these  

2 states will correspond the 2 symbols "0" and "1": this is the binary system. All  

calculations in a computer will be done in the binary system. 
  

5.2.2. Decimal system 
  

This is the system we  
commonly use.  
  

Any natural number can be  
written: 
  

10
10
10
..... 
10
10
10
..
1
2
0
1
2
=

+

+

+
+

+

+

+
N
a
a
−
a
−
a
a
−
a
−
n
n
n
  

1
2
0
1
2
−
−
−
−
n
n
n 

For example, the number 1891 can be  
written: 
  

1891=1×10^3+8×10^2+9×10^1+1×1 
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For numbers less than unity, the process is the same: the number 0,00375 can  

be 
written: 
  

1891=1×10^3+8×10^2+ 
9×10^1+1×1 
  

We speak in this case of a system of base 10. And we note the number N10. 
  

To use it in a computer, it would have to recognize ten different states. But 
 
we  

know  that  it  only  recognizes  two  states,  which  are  states  0  and  1.  We  must  

therefore turn to a system of base 2 or binary system. 
  

5.2.3. Binary system 
  

The binary system is the numbering system using the base 2. The digit of a binary  

number are commonly called bit. A bit can take two values, denoted by convention  

0 and 1. 
  

We can represent a number N in base 2 by an expression of the form : 
  

2
2
2
..... 
1
2
2
...
1
2
1
2
=

+

+

+
+

+

+

+
−
−
−
−
N
a
a
a
a
a
a
n
n
n
  

1
2
0
1
2
−
−
−
−
n
n
n 

If we notice that 
 
0
2
1
= 

 
et 
1
2
2
=
we realize that with a binary system we only  

10
10 

are able to represent the numbers 1 and 2 in base 10. We realize that to  

represent the ten possibilities of the decimal system, from 0 to 9, a sequence of  

four bits is required. 
  

In a binary number, the rightmost 
 
bit is called LSB, the leftmost bit is called MSB. 
  

  

  

  

  

  

LSB: Least significant bit 
  

MSB: Most significant bit 
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5.2.4. Hexadecimal system 
  

The hexadecimal system is a numbering system using the base 16 
  

It uses the first 10 Arabic numerals then the  
first 6 letters of the Latin alphabet: 
  

0 1 2 3 4 5 6 7 8 9 A B C D E F. 
  

This format is widely used in computer science because it converts easily with the  

binary system. The hexadecimal system uses up to four times fewer digits than  

the binary system to re 
present the same number. 
  

The  conversion  from  binary  to  hexadecimal  is  done  by  grouping  the  numbers  

(BITS) four by four, or inversely by replacing each hexadecimal digit with 4 binary  

digits 
  

 
Binary 
 
1010110101010110011110111 
  

 
Grouped by 4 
 
 
 
1
 
 
0101 
 
1010 
 
1010 
 
1100 
 
1111 
 
0111 
  

 
Converted in hexadecimal 
 
 
 
 
1
 
 
5
 
A
 
A
 
C
 
F
 
7
  

 
Grouped 
 
15AACF7 
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5.2.5. Matching Decimal 
-
Binary 
-
Hexadecimal 
  

  

Decimal 
 
Hexadecimal 
 
Binary 
  

0
 
0
 
0000 
  

1
 
1
 
0001 
  

2
 
2
 
0010 
  

3
 
3
 
0011 
  

4
 
4
 
0100 
  

5
 
5
 
0101 
  

6
 
6
 
0110 
  

7
 
7
 
0111 
  

8
 
8
 
1000 
  

9
 
9
 
1001 
  

10
 
A
 
1010 
  

11
 
B
 
1011 
  

12
 
C
 
1100 
  

13
 
D
 
1101 
  

14
 
E
 
1110 
  

15
 
F
 
1111 
  

 
  

5.2.6. Conversion between different system 
s
  

If the decimal system is the reference system, we will talk about : 
  

Coding: 
 
Conversion from base 10 to base B 
  

Decoding : Conversion from base B to base 10 
  

Transcoding : 
 
Conversion from one base to another base 
  

5.2.7. 
 
Coding 
  

The information processed by the computer are of different types but it is always  

represented in binary fo 
rm. An elementary information therefore corresponds to  

a  binary  digit  (0  or  1)  called  a  bit.  A  more  complex  in 
-
formation,  such  as  a  

character  or  a  number,  can be  reduced  to  a  set  of  bits.  The  coding consists  in  

6
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establishing  a  correspondence  between  the  
ext
ernal 
 
representation  of  the  

information and its  
internal 
 
representation which is a series of bits. 
  

Representation of a positive integer 
  

Coding Decimal  
–
 
Binary (integers, fractions) 
  

Method 1 : 
 
Representation of a positive integer 
  

It consists to make successive divisions by 2. It consists in dividing the decimal  

number by 2, then divide the rest by 2, etc. The succession of the rests gives the  

binary number sought. The last rest corresponds to t 
he most significant bit (MBS). 
  

43
 
2
 
 
 
 
 
  

1
 
21
 
2
 
 
 
 
  

LSB
 
1
 
10
 
2
 
 
 
  

 
 
0
 
5
 
2
 
 
  

 
 
 
1
 
2
 
2
 
  

 
 
 
 
0
 
1
 
2
  

 
 
 
 
 
1
 
  

 
 
 
 
 
MSB
 
  

43 
→
 
101011 
  

Method 2: Repeated subtraction of 2n 
  

It consists of subtracting the value 2n to get as close as possible (but by rounding  

down) to the number to be converted  
  

Then  of  subtracting  the  remainder  of  this  first  subtraction,  and  so  on  until  the  

remainder is equal to 0. 
  

Let 43 (10) be a number to b 
e converted to binary  
  

✓
 
32
 
 
25 = 32 (highest power of 2 contained in 43) remainder 11  
  

✓
 
8 
 
23 = 8 (highest power of 2 contained in 11) remainder 3  
  

✓
 
2 
 
21 = 2 (highest power of 2 contained in 3) remainder 1  
  

✓
 
20 = 1 (highest power of 2 contained in 1) remainde 
r 0  
  

We thus have 1x25 + 0x24 + 1x23 + 0x22 + 1x.21 + 1.20 in 43 (10) = 1 0 1 0 1 1 (2)  
  

  

  

7
 

    

    
        
    








    
        
    

    
        5.2. NUMBERING SYSTEMS 

  

Coding Decimal  
–
 
Hexadecimal 
  

It consists to make successive divisions by 16. It consists in dividing the decimal  

number by 16, then divide the rest by 16, etc. The succession of the rests gives  

the hexadecimal number sought. 
  

43
 
16
 
  

11
 
2
 
16
  

LSB
 
2
 
  

 
MSB
 
  

43 
→
 
2B
  

Representation of a negative integer 
  

In  binary  arithmetic,  as  in  decimal  arithmetic,  we  must  make  the  distinction  

between a negative number and a positive number. It is therefore necessary to  

attribute a sign to all binary numbers: we then say they are sig 
ned. 
  

A computer can only distinguish two states: 0 and 1. By convention, we attribute: 
  

✓
 
the value 0 to the + sign 
  

✓
 
the value 1 to the  
-
 
sign 
  

The  sign,  as  in  ordinary  algebra,  will  be  placed 
 
in  front  of  the  most  significant  

figure. 
  

This representation is very often used in computers. 
  

A computer can only distinguish two states: 0 and 1  
  

The sign bit which is the most significant bit (MSB) has the following significance:  
  

✓
 
a ‘1’: indicates a neg 
ative number  
  

✓
 
a ‘0’: indicates a positive number  
  

The  representation  of  a  negative  number  is  done  by  making  the  one’s  

complement, then adding 1 
  

0111 : 7 
  

1000 : one’s complement of  7 
  

1001 : one’s complement of 7 + 1 
  

-
7
         
1001 
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With  n  bits,  this  method 
 
makes  it  possible  to  represent  the  numbers  
between  

−
2n−1 et 2n−1 − 1. 
  

Representation of a fractional number 
  

What differentiates the integer part from the decimal part is that the rank n of the  

power of each digit is: 
  

-
 
Positive or equal to zero for the inte 
ger part. 
  

-
 
Negative for the decimal part. 
  

10
10
10
..... 
10
10
10
..
1
2
0
1
2
=

+

+

+
+

+

+

+
N
a
a
−
a
−
a
a
−
a
−
n
n
n
  

1
2
0
1
2
−
−
−
−
n
n
n 

2
2
2
..... 
1
2
2
...
1
2
1
2
=

+

+

+
+

+

+

+
N
a
a
−
a
−
a
a
−
a
−
n
n
n
  

1
2
0
1
2
−
−
−
−
n
n
n 

The number 0,00375 can be written: 
  

5
0
,
00375 
0
10
0
10
0
10
3
10
7
10
5
10
1
2
3
4
−
=

+

+

+

+

+

−
−
−
−
  

2
3
 
8
  

2
2
 
4
  

2
1
 
2
  

2
0
 
1
  

2
-
1
 
0.5
  

2
-
2
 
0.25 
  

The conversion of the decimal number 21,75 in base 2   
→
 
10101.11 and in base  

16 
→
 
15.C 
  

5.2.8. 
 
Decoding 
  

Decoding  
Binary 
 
–
 
Decimal 
  

The conversion from Binary to Decimal is done 
 
by summing each digit multiplied  

by the base (2), exponent the position. So the binary number 10101 converts to  

decimal: 
  

1 x 24 + 0 x 23 + 1 x 22 + 0 x 21 + 1 x 20 = 21 
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Decoding Hexadecimal  
–
 
Decimal 
  

The  conversion  from  hexadecimal  to  Decimal  is  done  b 
y  summing  each  digit  

multiplied by the base (16), exponent the position. So the hexadecimal number  

15 converts to decimal 
  

1 x 161 + 5 x 160 = 21 
  

5.2.9 
. 
Transcoding 
  

Transcoding Binary  
–
 
Hexadecimal 
  

The  conversion  from  binary  to  hexadecimal  is  done  by  grouping  the  numbers  

(BITS) four by four. So the binary number 10101 converts to hexadecimal 
  

0001 0101 = 15 
  

Transcoding Hexadecimal  
–
 
Binary 
  

The conversion from hexadecimal to binary is done by replacing 
 
each hexadecimal  

digit with 4 binary digits. So the hexadecimal number 15 is converted into binary 
  

15 = 0001 0101 
  

Arithmetic operation 
  

The techniques of the four basic operations (addition, subtraction, multiplication  

and division) remain exactly the same 
 
as in decimal notation 
  

Addition 
  

We pass from one binary number to the next by adding 1, as in decimal. Don’t  

forget the carry: 
  

0 + 0 = 0 
  

0 + 1 = 1 
  

1 + 0 = 1 
  

1 + 1 = 0 with a carry of 1 
  

Subtraction 
  

The subtraction is the addition of a negative number. The  
process is the same. 
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Multiplication 



 




The multiplication is done by multiplying one by one and shifting each digit one
 




step to the left according to its position 



 




5 x 5 = 25 



 




1 0 1 



 




1 0 1 



 




 


 


1


 


0


 


1


 


5



 




 


x


 


1


 


0


 


1


 


5



 




 


 


1


 


0


 


1


 



 




 


0


 


0


 


0


 


 



 




1


 


0


 


1


 


 


 



 




1


 


1


 


0


 


0


 


1


 


25



 




Division 



 




The entire division by two is done by shifting each digit one step to the right, the
 




right digit being the rest and is deleted. Division by any integer is more complex
 




and outside the scope of this course. 



 




 


1


 


1


 


1


 


 


7



 




/


 


 


1


 


0


 


 


2



 




 


0


 


0


 


0


 


 



 




 


 


1


 


1


 


1


 



 




 


 


1


 


1


 


x


 


3



 




 


Here you don’t 


 


need to write any text anymore. You can delete this text even. It
 




is actually the last ‘blank’ piece of paper (two pages) of your book (if you delete
 




this text of course). 



 




List of Links 



 




ht


tps://fr.wikipedia.org/wiki/Syst%C3%A8me_binaire 



 




https://en.wikipedia.org/wiki/Two%27s_complement 



 




https://www. 


ma


-


calculatrice.fr/convertir 


-


binaire 


-


hexadecimal.php 
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Preface 
  

5.3  
–
 
“Data Conversion” gives an  
overview of the different method to convert an  

analogic  signal  to  a  digital  signal  and  vise 
-
versa  and  how  to  evaluate  the  

performance of a converter. 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students  
should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws  
describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
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5.3. Data  
conversion 
  

5.3.1.  
Definition 
  

Analog signal 
  

Analog  signals 
 
are  the  image  of  variations  of  physical  quantities  (pressure,  

temperature, etc.) that vary over time in a continuous manner. The term  
analog 
  

refers to devices that represent one physical quantity by another. A thermometer  

indicates  the  tempe 
rature  using  a  height  of  mercury  or  colored  alcohol  on  a  

graduated  scale.  Analog  type  sensors provide  an  electrical signal similar  to  the  

measured quantity 
  

  

  

F
IGURE  
1
:
 
A
NALOG  
S
IGNAL 
  

Source F1:  
https://fr.wikipedia.org/wiki/Fichier:Signal_Analogique.png 
  

  

  

P
ICTURE  
1
:
 
D
YNAMOMETER 
  

Source P1:  

https://fr.wikipedia.org/wiki/Analogique#/media/Fichier:2_pesons.jpg 
  

  

Digital signal 
  

Digital signals 
 
represent information that is encoded as digital words composed  

of 
a given number of bits (successions of 0 and 1). This mode of representation  

facilitates the processing and storage of information. 
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F
IGURE  
2
:
 
D
IGITAL SIGNAL 
  

Source F2:  

https://en.wikipedia.org/wiki/Digital_signal_(signal_processing)#/media/File:Dig 

ital.signal.svg 
  

  

P
ICTURE  
2
:
 
I
NFRARED THERMOMETER 
  

Source 
 
P2:  

https://en.wikipedia.org/wiki/Thermometer#/media/File:1024_Pyrometer 
- 

8445.jpg 
  

  

5.3.2.  
Analog 
-
Digital Converter 
  

An 
analog 
-
digital converter 
 
(ADC which stands fo 
r Analog to Digital Converter  

or  more  simply  A/D)  is  an  electronic  device  whose  function  is  to  translate  an  

analog signal into a digital signal (multi 
-
bit coded), proportional to the ratio of the  

input analog signal and the maximum value of the signal. Thi 
s conversion is done  

in order to facilitate the processing and the storage of the information. 
  

In general, converting an analog signal, usually an electrical voltage, into a  

digital signal requires 2 successive operations 
  

1.
 
The quantification that  
converts the analog value of the input quantity into  

a finite number of “level” 
  

2.
 
The coding that assigns a numeric value to each level 
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Data acquisition system 
  

  

F
IGURE  
3
:
 
D
ATA ACQUISITION SYSTEM 
  

Source F3:  
https://en.wikipedia.org/wiki/File:DigitalDAQv2.pdf 
  

  

  

P
ICTURE  
3
:
 
ANALOG 
-
TO
-
DIGITAL CONVERTER  
WM8775SEDS 
 
MADE BY  
W
OLFSON  

M
ICROELECTRONICS 
  

Source P3:  
https://en.wikipedia.org/wiki/Analog 
-
to
- 

digital_converter#/media/File:WM_WM8775SEDS 
-
AB.jpg 
  

  

  

F
IGURE  
4
:
 
E
LECTRICAL SYMBOLS 
  

Source F4:  
https://en.wikipedia.org/wiki/Analog 
-
to
- 

digital_converter#/media/File:ADC_Symbol.svg 
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5.3.4. Types 
  

There are several techniques for converting an analo 
g signal to a digital signal.  

They are sorted in order from the slowest to the fastest. 
  

Digital Ramp ADC 
  

A  voltage  ramp  is  implemented  by  means  of  a  counter  and  a  digital 
-
to
-
analog  

converter. A comparator stops the counter when the voltage created by  
the DAC  

reaches the voltage to be converted. The counter then indicates the result on n  

bits, which can be stored or processed. 
  

These converters have the same performance in terms of stability than successive  

approximations converters, but are much slower 
.
  

  

F
IGURE  
5
:
 
D
IGITAL  
R
AMP  
ADC
  

Source F5:  
D
. Breyne 
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Ramp 
-
compare ADC 
  

A 
ramp 
-
compare ADC 
 
produces a saw 
-
tooth signal that ramps up or down then  

quickly returns to zero. When the ramp starts, a timer starts counting. When the  

ramp  voltage  matches  the  input,  a  comparator  fires,  and  the  timer's  value  is  

recorded. 
  

Its operation is based on a comp 
arison between a reference and the signal to be  

converted. The conversion takes place in three stages: 
  

1.
 
A  capacity  is  charged  with  a  current  proportional  to  the  signal  to  be  

converted during a fixed time. 
  

2.
 
The capacity is then discharged, with a constant cur 
rent from the reference  

voltage,  until  the  voltage  at  its  terminals equals  zero.  When  the  voltage  

becomes zero, the counter value is the result of the conversion. 
  

3.
 
Finally, the voltage across the capacity is canceled by a convergent series  

of charges and di 
scharges (the objective being to completely discharge the  

capacity  so  as  not  to  distort  the  next  measurement).  This  is  called  the  

relaxation phase. 
  

These converters are particularly slow (a few tens of milliseconds per cycle, and  

sometimes a few hundreds), 
 
and have often high resolutions (more than 16 bits).  

They drift little in time and temperature. 
  

  

  

F
IGURE  
6
:
 
R
AMP
-
COMPARE  
ADC
  

Source F6:  
http://www.composelec.com/convertisseur_analogique 
- 

numerique.php 
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Successive approximation ADC 
  

https://en.wikipedia.org/wiki/Successive_approximation_ADC 
  

Successive  approximatio 
n  converters  use  a  dichotomy  process  to  numerically  

translate  an  analog  voltage.  They  have  conversion  times  of  the  order  of  ten  

microseconds, for resolutions of about a dozen bits 
  

Measure a voltage of 7V with a successive approximation converter covering t 
he  

range 0 to 10V 
  

1.
 
The first weight applied to the comparator is one half of the full scale, ie 5V.  

It is less than 7 V and is therefore retained 
  

2.
 
Half of this first weight is 2.5V. 5 + 2.5 = 7.5V is applied to the input of the  

comparator. As 7.5V is  
higher than 7V, the second 2.5V test is rejected 
  

3.
 
Half of 2.5V is added, that is to say 1.25V to 5V which gives 6.25V. 1.25 is  

therefore retained. 
  

4.
 
We add to this new voltage half of 1.25 ie 0.625V to get 6.875V which is  

still less than 7V. So 0.625 is retai 
ned. 
  

5.
 
And so on until you reach the exact value of 7V or a value with the desired  

precision.  Each  weight  retained  corresponds  to  a  1  and  each  unassigned  

weight corresponds to a 0. The first bit retained is placed to the left of the  

binary word. 
  

  

  

F
IGURE  
7
:
 
S
UCCESSIVE APPROXIMATION  
ADC
 
OPERATION 
  

Source F7:  
https://www.maximintegrated.com/en/design/technical 
- 

documents/tutorials/1/1080.h 
tml
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Flash ADC 
  

Source :  
https://en.wikipedia.org/wiki/Flash_ADC 
  

A 
flash ADC 
 
(also known as a  
direct 
-
conversion ADC 
) is a type of analog 
-
to
- 

digital converter that uses a linear voltage ladder  
with a comparator at each "rung"  

of the ladder to compare the input voltage to successive reference voltages. Often  

these  reference  ladders  are  constructed  of  many  resistors;  however,  modern  

implementations show that capacitive voltage division is also pos 
sible. The output  

of these comparators is generally fed into a digital encoder, which converts the  

inputs into a binary value. 
  

Flash converters are extremely fast compared to many other types of ADCs, which  

usually narrow in on the "correct" answer over a  
series of stages. Compared to  

these,  a  flash  converter  is  also  quite  simple  and,  apart  from  the  analog  

comparators,  only  requires  logic  for  the  final  conversion  to  binary.  But  a  flash  

converter  requires  a  huge  number  of  comparators  compared  to  other  ADCs,  

especially as the precision increases. A flash converter requires  
2
n
 
–
 
1 
comparators  

for  an  
n
-
bit  conversion.  The  size,  power  consumption  and  cost  of  all  those  

comparators  makes  flash  converters  generally  impractical  for  pre 
cisions  much  

greater than 8 bits (255 comparators). 
  

  

  

F
IGURE  
8
:
 
F
LASH  
ADC
  

Source F8:  
https://en.wikipedia.org/wiki/Flash_ADC#/media/File:Flash_ADC.png 
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5.3.5 
 
Conversion Digital  
–
 
Analog 
  

D
igital 
-
to
-
analog converter 
 
(
DAC
, 
D/A
, 
D2A
, or  
D
-
to
-
A
) is a system  
that converts  

a digital signal into an analog signal proportional to the encoded digital value. Most  

of the time the output of the converter is a voltage. 
  

The most common solution for creating an analog signal from a digital system is  

the use converters wi 
th resistance network. 
  

The CNA transforms a numerical value expressed by an n 
-
bit word into an analog  

signal. The resolution of a DAC is the smallest variation that affects the analog  

output as a result of a change in the input signal. The resolution is al 
ways equal  

to the weight of the weakest bit; it’s called progression step. 
  

  

F
IGURE  
9
:
 
D
IGITAL 
-
TO
-
A
NALOG  
C
ONVERTER 
  

Source  
F9
: 
https://www.electronics 
-
tutorial.net/wp 
- 

content/uploads/2015/09/DAC8.png 
  

  

5.3.5 
 
Binary Weighted Resistor DAC 
  

Each  bit  of  the  binary  word  to  be  converted  switches  a  current  or  
a  voltage,  

through a resistance inversely proportional to the weight of the bit considered.  

These  voltages  are  added  by  a  summing  operational  amplifier  whose  output  

delivers the analog voltage. In this type of network, the resistors are numerous  

and requir 
e great precision and stability. 
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F
IGURE  
10
:
 
B
INARY WEIGHTED  
R
ESISTOR  
DAC
  

Source F10:  
https://www.electronics 
-
tutorial.net/wp 
- 

content/uploads 
/2015/09/DAC3.png 
  

  

5.3.6 
 
AD/DA Converter Performance 
  

The  resolution  of  the  converter  indicates  the  number  of  discrete  values  it  can  

produce over the range of analog values. 
  

The AD converter takes a voltage and provides a digital equivalent (number). The  

input vo 
ltage can have any value within the range of the AD converter, however,  

it cannot discriminate values  
below its resolution. Thus, each digital value provided  

by the AD converter is an approximation of the actual value. 
  

The smallest value that the AD  
converter is able to distinguish, plays an important  

role  in  measuring  voltages.  This  value  represents  the  resolution  of  the  AD  

converter. It is determined by the number of bits of the number representing the  

analog value. An AD converter delivering a 2 
-
bi
t number can only represent four  

levels (2 
2
).
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F
IGURE  
11
:
 
AD
 
C
ONVERTER RESOLUTION 
  

Source F11:  
https://en.wikipedia.org/wiki/Analog 
-
to
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digital_converter#/media/File:ADC_voltage_resolution.svg 
  

  

5.3.7 
 
Filtering 
  

The output signal of the DAC doe 
s not have the smooth form of the analog signal.  

We find the steps, higher or lower depending on the resolution of the converter.  

The output signal is then processed by a reconstruction filter using some form of  

interpolation to fill in data between the im 
pulses 
  

  

F
IGURE  
12
:
 
AD
 
C
ONVERTER FILTERING 
  

Source F12: CFA 1064  
–
 
Techniques numériques 
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Preface 
  

Chapter 5.04  
–
 
“Data Buses” gives an overview of the main characteristics of a  

data  
bus, how 
 
the information is transfer 
ed through the data bus and why it is  

mandatory to normalize the transmission of digital data. 
  

Learning outcomes 
  

General knowledge of th 
e theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to us 
e mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
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5.4. Data Buses 
  

5.4.1.  
Definition 
  

A 
data  bus 
 
is 
a  communication  system  that  transfers  data  between  different  

components in a computer or between different computers 
. In the case where the  

line is used only for the communication betwee 
n 2 components, we sometimes  

speak  of  ports  (serial  port,  parallel  port).  
This  expression  covers  all  related  

hardware   components   (wire,   optical   fiber,   etc.)   and   software,   including  

communication protocols. 
  

The  exchange  of  data  between  2  components  requires 
 
to  connect  them  with  a  

given number of wires and to respect prerequisites such as: 
  

•
 
The  adaptation  of  different  forms  of  information  representation by  signal  

converters or interface circuits 
  

•
 
Standardization  of  information  exchange  procedures:  format  and  da 
ta  

processing 
  

A data bus is defined by: 
  

•
 
The nature of information transferred: data bus, address bus... 
  

•
 
The number of wires 
  

•
 
The values for logical level (voltage) 
  

•
 
Data rates 
  

•
 
The way the information are coded 
  

•
 
The normalization of addresses 
  

Symbolization 
  

  

S
INGLE ARROW 
:
 
UNIDIRECTIONAL BUS   

 
     
  
D
OUBLE ARROW 
:
 
BIDIRECTIONAL BUS 
  

  

  

F
IGURE  
1
:
 
S
INGLE SYSTEM BUS 
  

Source F1: 
  

https://en.wikipedia.org/wiki/Bus_(computing)#/media/File:Computer_system_ 

bus.svg 
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Avionic  buses  are  different  from  others  in  their  physical  nature  (support),  
the  

architecture of the network and the data rates (Kbps: kilo bits per second). 
  

One  of  the  oldest  is  the  ARINC  429  bus  developed  by  the  Aeronautical  Radio  

INCorporation from 1977; It equips Airbus A310, A320, A330 and A340 aircraft,  

Boeing 727s at 767 and 
 
Bell helicopters. 
  

Other buses have been developed, such as the ARINC 629 bus (Boeing 777), the  

MIL
-
STD
-
1553  bus  (Military  Standard)  and  the  Avionics  full  duplex  switched  

Ethernet  (AFDX)  bus,  which  is  used  in  the  A380.  Th 
is
 
latter  is  adapted  to  the  

interne 
t network 
  

5.4.2. Mode of transmission 
  

A transmission is defined by 
 
:
  

•
 
Direction of the information exchanges 
  

•
 
Transmission mode: number of bits sent simultaneously 
  

•
 
Synchronization between transmitter and receiver 
  

Direction of the information  
exchanges 
  

-
 
Simplex  
communication: 
 
information is sent in one direction only 
  

-
 
Half duplex communication: in a  
half 
-
duplex 
 
system, both parties can  

communicate with each other, but not simultaneously 
  

-
 
Full duplex 
 
communication: in a  
full 
-
duplex 
 
system, both par 
ties can  

communicate with each other simultaneously 
  

Transmission mode 
  

-
 
Parallel communication: multiple bites are sent simultaneously on different  

conductors 
  

-
 
Serial communication: one bit at a time on a single conductor 
  

A parallel bus simultaneously transmi 
ts each bit constituting the message on a  

particular channel (n bits on n wires), while a serial bus transmits them one  

after the other on the same channel (n bits on 1 wire) 
  

Synchronization between transmitter and receiver 
  

-
 
Asynchronous communication: each 
 
character is emitted irregularly over  

time; it is preceded by a start information (bit start) and ended by an end  

information (bit stop) 
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-
 
Synchronous communication: the transmitter and the receiver are clocked  

at the same speed (clock); additional informat 
ion is inserted to guarantee  

the absence of errors 
  

5.4.3. Multiplexing 
  

Definition 
  

In  telecommunications  and  computer  networks,  
multiplexing 
 
is  a  method  by  

which multiple analog or digital signals are combined into one signal over a shared  

medium. The aim i 
s to share  
the same 
 
resource. There are two main techniques  

of multiplexing 
 
:
  

-
 
Time 
-
division multiplexing 
 
: Time 
-
division multiplexing (TDM) is a digital  

technology which uses time to separate the different data streams 
  

  

F
IGURE  
2
:
 
T
IME
-
DIVISION MULTIPLEXING 
  

Source F2:  

https://en.wikipedia.org/wiki/Multiplexing#/media/File:Telephony_multipl 

exer_syst 
em.gif 
  

  

-
 
Frequency division multiplexing 
 
: Frequency 
-
division multiplexing achieves  

the combining of several signals into one medium by sending signals in  

several distinct frequency ranges over a single medium 
  

  

F
IGURE  
3
:
 
F
REQUENCY 
-
DIVISION MULTIPLEXING 
  

Source F3:  

https://en.wikipedia.org/wiki/Multiplexing#/media/File:Frequenzmultiplex001.svg 
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5.4.4. Normalization (ARINC 429) 
  

Definitio 
n
  

ARINC  429 
 
is  an  aeronautical  standard  that  describes  an  architecture,  an  

electrical interface and a protocol for transferring digital data. 
  

ARINC 429  
description 
:
  

-
 
Simplex data bus 
  

-
 
The physical connection wires are twisted pairs carrying balanced  

differen 
tial signaling 
  

-
 
A single wire pair is limited to one transmitter and no more than 20  

receivers 
  

-
 
The transmitter constantly transmits either 32 
-
bit data words or the NULL  

state (0 Volts) 
  

-
 
Most messages consist of a single data word 
  

-
 
Messages are  
transmitted at either 12.5 or 100 kbit/s 
  

  

F
IGURE  
4
:
 
ARINC 
 
429
  

Source F4 
 
:  

https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_Architecture_Emetteur_Recep 

teurs.svg 
  

ARINC 429 Signal 
  

ARINC 429 signal i 
s transmitted under the form of differential voltage 
  

  

  

  

  

  

  

6
 

    

    
        


    








    
        
    

    
        5.4 DATA BUSES 
  

  

F
IGURE  
5
:
 
ARINC 
 
429
 
VOLTAGE LEVELS 
  

Source F5 
 
: 
https://www.semanticscholar.org/paper/Development 
-
of
-
SoC
-
for
- 

interfacing 
-
avionics 
-
units 
-
Vyas 
- 

Bhattacharjee/c669ca53c17f66c04d42102f819695286ca3e61f/figure/0 
  

  

Bit rates 
  

Messages are transmitted at either 12. 
5 or 100 kbit/s. The speed depends on the  

importance  of  the  data.  For  each  of  these  speeds,  the  standard  imposes  

characteristic times 
:
  

-
 
Bit rate, 
  

-
 
One
-
bit time, 
  

-
 
Half 
-
bit time, 
  

-
 
Rise time, 
  

-
 
Fall time 
  

  

F
IGURE  
6
:
 
ARINC 
 
CHARACTERISTIC TIMES 
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Source F6:  

https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_Temps.svg 
  

Bit rate  
 
1bit time  
 
1/2bit time  
 
Rise time  
 
Fall time 
 
  

100kbits/s ± 1 
 
% 
 
10μs ± 0,25μs  
5μs ± 0,25μs  
 
1,5μs ± 0,5μs  
 
1,5μs ± 0,5μs  
 
  

12,5kbits/s ± 1 
 
% 
 
80μs ± 2μs  
 
40μs ± 2μs  
 
10μs ± 5μs  
 
10μs ± 5μs 
  

 
 
 
 
  

  

F
IGURE  
7
:
 
LOW SPEED 
/
HIGH SPEED 
  

Source F7:  
D. Breyne 
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ARINC  
429
-
word 
 
format 
  

Each ARINC 429 word is a 32 
-
bit sequence that contains five fields: 
  

1.
 
LABEL (bit 1 to 8) identifying the data type 
  

2.
 
SDI (bit 9 and 10) Source/Destination Identifiers 
  

3.
 
Data (bit 11 to 29) 
  

4.
 
SSM (bit 30 and 31) Sign Status Matrix 
  

5.
 
Parity bit (32) 
  

  

F
IGURE  
8
:
 
ARINC 
 
429
 
W
ORD  
F
ORMAT 
  

Source F8:  

https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_StructureMo 

t.svg 
  

Label 
  

Source: https://en.wikipedia.org/wiki/ARINC_429 
  

Label guidelines are provided as part of the ARINC 429 specification, for various  

equipment types. Each aircraft will contain a number of different systems, such as  

flight  management  computers,  inertial  refer 
ence  systems,  air  data  computers,  

radar altimeters, radios, and GPS sensors. For each type of equipment, a set of  

standard parameters is defined, which is common across all manufacturers and  

models. For example, any air data computer will provide the barom 
etric altitude  

of the aircraft as label 203. This allows some degree of interchangeability of parts,  

as all air data computers behave, for the most part, in the same way. There are  

only  a  limited  number  of  labels,  though,  and  so  label  203  may  have  some  

com
pletely different meaning if sent by a GPS sensor, for example. Very commonly  

needed  aircraft  parameters,  however,  use the  same  label  regardless  of  source.  

Also, as with any specification, each manufacturer has slight differences from the  

formal  specificat 
ion,  such  as  by  providing  extra  data  above  and  beyond  the  

specification, leaving out some data recommended by the specification, or other  

various changes. 
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SDI (Source 
-
Destination Identifier) 
  

This field may indicate  
  

1.
 
The intended receiver or 
  

2.
 
More frequently 
, indicate the transmitting subsystem 
  

Data 
  

Bits 11 to 29 
 
contain the data. Bit 
-
field, Binary Coded Decimal (BCD), and Binary  

Number  Representation  (BNR)  are  common  ARINC  429  data  formats.  Data  

formats may also be mixed: 
  

-
 
Two’s complement (BNR) 
 
:  1  sign bit  
and 18  data  bits.  This mode is  the  

most used and is used to transmit a value for calculation purposes. 
  

Example 
 
: The sensor provides a CAS, label 206. The resolution is equal to  

0,0625 kt (LSB = 2 
-
4
). The data is defined with 14 bits from bit 28 (just  

afte 
r the sign bit) to bit 15. CAS is equal to 149,625 kts 
. 
Some bits may not  

be used. They are called « pad bits » 
  

  

Figure  
9
: ARINC 429 Word Format (data BNR) 
  

Source F9:  
D. Breyne 
  

  

-
 
Binary coded decimal (BCD) 
 
: The bits are  
grouped by 4 or by 3 for the  

last ones, each group representing a decimal number between 0 and 9  

and 0 and 7 for the last 3. This mode allows you to simply represent  

decimal digits in binary form. The maximum number to display is 79999. 
  

Example  
: Data «DME 
 
Distance» BCD, label 201 , is planned for a  

maximum value of 399.99 Nautical Miles. The resolution is equal to 0,01  

Nautical Miles 
. Together the five groups are defined. Distance DME :  

257,86 Nm 
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F
IGURE  
10
:
 
AR
INC  
429
 
W
ORD  
F
ORMAT  
(
DATA  
BCD) 
  

Source F10:  
Breyne 
  

-
 
Radio System Management Word 
 
: It’s BCD word containing different  

types of information such as the radio frequency 
  

Example 
 
: ADF Frequency (label 032). ADF 1057,5KHz 
  

  

  

F
IGURE  
11
:
 
AR
INC  
429
 
W
ORD
 
F
ORMAT  
(
DATA  
RSMW) 
  

Source F11:  
D. Breyne 
  

-
 
Discrete 
 
: Information sent on a single bit that corresponds to a state or  

an order (0 or 1) 
  

-
 
AIM (Acknowlegment, ISO Alphabet N°5, Maintenance Data). This  

acronym includes all information exchange messages between  
systems or  

elements of a system, such as the modification of the flight plan, the  

exchange of information between calculators, etc.) 
  

SSM (Sign Status Matrix) 
  

This field indicates most of the time the validity of the data. It may have different  

meanings, su 
ch as sign or orientation, depending on the type of data. 
  

In all cases using the SSM, these bits may be encoded to indicate: 
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-
 
Failure  Warning  (FW)  
-
 
Indicates  a  failure  which  causes  the  data  to  be  

suspect or missing. 
  

-
 
No Computed Data (NCD)  
-
 
Indicates that the data is missing or inaccurate  

for some reason other than a failure. For example, autopilot commands will  

show as NCD when the autopilot is not turned on 
  

-
 
Functional Test (FT)  
-
 
Indicates that the data is being provided by a test  

source. 
  

-
 
Normal Operation (NO)  
-
 
Indicates the data in this word is considered to be  

correct data. 
  

Bit  
Bit  
  

31
 
30
  

0
 
0
 
Defect, Alarm 
  

0
 
1
 
Not Computed Data 
  

1
 
0
 
Functional Test 
  

1
 
1
 
Normal Operation 
  

Information BCD and Radio Command 
  

In  the  case  of  Binary  
Coded  Decimal  (BCD)  representation,  the  SSM  may  also  

indicate the Sign (+/ 
-
) of the data or some information analogous to sign, like an  

orientation (North/South; East/West). When so  indicating sign, the SSM is also  

considered to be indicating Normal Operat 
ion
  

Bit 31 
 
Bit  
  

30
  

0
 
0
 
+,   North,   East,   Right,   To,  

Above 
  

0
 
1
 
Not Computed Data 
  

1
 
0
 
Functional Test 
  

1
 
1
 
South, West, Left, From, Below 
  

Parity bit 
  

T
he parity bit is used to verify that the word was not damaged or garbled during  

transmission. Every  
ARINC 429 channel typically uses "odd" parity  
-
 
there must  

be an odd number of "1" bits in the word. This bit is set to 0 or 1 to ensure that  

the correct number of bits are set to 1 in the word 
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Ex
a
mple 
  

  

F
IGURE  
12
:
 
ARINC 
 
429
 
W
ORD
  

S
ource F12:  

https://en.wikipedia.org/wiki/ARINC_429#/media/File:Example_ARINC_429_dec 

ode.jpg 
  

Advantages 
  

-
 
Simple and reliable architecture 
  

-
 
One
-
way communicat 
ion, so no risk of collision 
  

Drawbacks 
  

-
 
Heavy (many pairs of wires to install) 
  

-
 
Low bit rate 
  

-
 
Limited check for the integrity of the message 
  

-
 
The receiver cannot confirm that  
it
 
has received the message 
  

  

Other examples 
  

ARINC 629 
  

Description 
  

-
 
Developed in 1989 f 
or the B777. 
  

-
 
Full  duplex  Ethernet  network  but  not  switched  (no  buffers  used  to  avoid  

collisions during data exchanges) 
  

-
 
Up to 120 receivers (compared to 10 for ARINC 429) 
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-
 
Bit rate : 2 Mbit/s to 8 Mbit/s.(80x faster than ARINC 429) 
  

Advantages 
  

-
 
High bit  
rate. 
  

-
 
Improved cabling compared to ARINC 429. 
  

Drawbacks 
  

-
 
Mid performance and possible risk of collision between messages. 
  

-
 
Difficult to implement for complex systems like the A380. The latter uses  

the AFDX bus (Avionics full Duplex Switched Ethernet) which i 
s adapted to  

the internet network 
  

  

ARINC 636 data transfer with optic fibers 
  

 
  

14
 

    

    
        
    








    
        
    

    
        5.4 DATA BUSES 
  

List of Figures 
  

Figure 1: Single system bus 
 
................................ 
................................ 
...... 
 
3
  

Figure 2: Time 
-
division multiplexing 
 
................................ 
........................... 
 
5
  

Figure 3: Frequency 
-
division multiplexing 
 
................................ 
.................... 
 
5
  

Figure 4: ARINC  
429
 
................................ 
................................ 
................ 
 
6
  

Figure 5: ARINC 429 voltage levels 
 
................................ 
............................ 
 
7
  

Figure 6: ARINC characteristic times 
 
................................ 
.......................... 
 
7
  

Figure 7: low speed/high speed 
 
................................ 
................................ 
.
 
8
  

Figure 8 
: ARINC 429 Word Format 
 
................................ 
............................. 
 
9
  

Figure 9: ARINC 429 Word Format (data BNR) 
 
................................ 
........... 
 
10
  

Figure 10: ARinc 429 Word Format (data BCD) 
 
................................ 
.......... 
 
11
  

Figure 11 
: ARinc 429 Word Format (data RSMW) 
 
................................ 
........ 
 
11
  

Figure 12: ARINC 429 Word 
 
................................ 
................................ 
.... 
 
13
  

  

List of Videos 
  

None 
  

  

List of Links 
  

Source F1 
 
:  

https://en.wikipedia.org/wiki/Bus_(computing)#/media/File:Computer_system_bus 

.svg 
  

Source F2:  

https://en.wikipedia.org/wiki/Multiplexing#/media/File:Telephony_multiplexer_syst 

em.gif 
  

Source F3:  

https://e 
n.wikipedia.org/wiki/Multiplexing#/media/File:Frequenzmultiplex001.svg 
  

Source F4 
 
:  

https://fr.wikipedia.org/wiki/ARINC_429#/media/Fich 
ier:ARINC429_Architecture_E 

metteur_Recepteurs.svg 
  

Source F5 
 
: 
https://www.semantics 
cholar.org/paper/Development 
-
of
-
SoC
-
for
- 

interfacing 
-
avionics 
-
units 
-
Vyas 
- 

Bhattacharjee/c669ca53c17f66c04d42102f819695286ca3e61f/figure/0 
  

Source F6:  

https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_Temps.svg 
  

15
 

    

    
        











    











5.4 DATA BUSES 



 




Source F7:  


D. Breyne 



 




Source F8:
 




https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_StructureMot.
 




svg



 




Source F9:  


D. Breyne 



 




Source F10:  


D. Breyne 



 




Source F11:  


D. Breyne 



 




Source F12 


:
 




https://en.wikipedia.org/wiki/ARINC_429#/media/File:Example_ARINC_429_deco
 




de.jpg 



 




16


 


































5.5 LOGIC CIRCUITS  



 




Table of contents 



 




Preface 


 


................................ 


................................ 


................................ 


..


 


2
 





 




Learning outcomes 


 


................................ 


................................ 


.................. 


 


2
 





 




5.5. Logic Circuits 


 


................................ 


................................ 


.............. 


 


2
 





 




5.5.1. Introduction 


 


................................ 


................................ 


.......... 


 


2
 





 




5.5.2. Main lo 


gical functions 


 


................................ 


.............................. 


 


4
 





 




Logical function NOT 


 


................................ 


................................ 


........ 


 


4
 





 




Logical function AND 


 


................................ 


................................ 


........ 


 


5
 





 




Logical function OR 


 


................................ 


................................ 


.......... 


 


5
 





 




Logical function Exclusive OR (XOR) 


 


................................ 


................... 


 


6
 





 




Logical function NOR 


 


................................ 


................................ 


........ 


 


6
 





 




Logical function NAND 


 


................................ 


................................ 


...... 


 


7
 





 




5.5.3. Mathematical operations 


 


................................ 


....................... 


 


10
 





 




Addition 


 


................................ 


................................ 


....................... 


 


10
 





 




Substraction 


 


................................ 


................................ 


................. 


 


11
 





 




Multiplication 


 


................................ 


................................ 


................ 


 


13
 





 




Division by 2 (entire division) 


 


................................ 


.......................... 


 


15
 





 




List of Figures 


 


................................ 


................................ 


....................... 


 


16
 





 




List of Videos 


 


................................ 


................................ 


........................ 


 


16
 





 




List of Links 


 


................................ 


................................ 


.......................... 


 


16
 





 





 





 





 





 




 


1


 




 






    
        
    

    
        5.5 LOGIC CIRCUITS  
  

Preface 
  

Chapter 5.05  
–
 
“Logic Circuits” gives an overview of the main logical functions,  

how  to  interpret  logic  diagrams  and  how  to  use  logic  functions  to  solve  

mathematical operations. 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the phys 
ical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
  

  

5.5. Logic Circuits 
  

5.5.1. Introduction 
  

Logic can be usef 
ul for different types of applications: 
  

To synthesize explanations :  
General description of all the conditions necessary to  

trigger a system or an alarm 
  

To  synthesize  schemas 
 
: 
Logic  symbols  are  also  used  to  simplify  the  reading  of  

diagrams (Save time  
for understanding systems) 
  

•
 
In electricity and  
electronics: 
 
In the diagrams, logical symbols can replace  

relays and switches 
  

•
 
In hydraulics and pneumatics, they can replace non 
-
return valves, bypass,  

etc
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F
IGURE  
1
:
 
C
IRCUIT DIAGRAM  
OF A FOUR 
-
BIT  
TTL
 
(T
RANSISTOR 
-
T
RANSISTOR  
L
OGIC 
)
  

Source F1:  

https://en.wikipedia.org/wiki/Circuit_diagram#/media/File:4_bit_counter.svg 
  

  

  

In logic, we consider  
only two states 
 
:
  

-
 
On / Off 
  

-
 
Up / Down 
  

-
 
Opened / Closed 
  

-
 
...
  

A logic system processes logic inputs and delivers a logic output. The inputs and  

outputs are characterized by the fact that there are only states or 2 logical levels:  

level 0 and level 1 
  

-
 
The switch op 
ened corresponds to level 0, closed, to level 1 
  

-
 
The light off corresponds to level 0, on, to level 1. 
  

This mode of representation was developed by George Boole, born November 2,  

1815  in  Lincoln  (United  Kingdom)  and  died  December  8,  1864  in  Ballintemple  

(Ireland).  
Georges Boole is a British logician, mathematician and philosopher. He  

is the father of modern 
 
logic, based on an algebraic and semantic structure, which  

is called today Boolean algebra in his honor. 
  

Self 
-
taught, he published his first works of algebra while exercising his job as a  

teacher and school principal in the Lincoln area. His work earned h 
im the Royal  
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Medal of the Royal Society in 1844, and a chair in mathematics at Queen's College  

in Cork in 1849. 
  

From 1844 to 1854, he created a binary algebra, called Boolean, accepting only  

two  numerical  values:  0  and  1.  This  algebra  will  have  many  applic 
ations  in  

telephony and informatics, thanks in particular to Claude Shannon in 1938, almost  

a century later. 
  

Boolean  algebra  is  a  mathematical  tool  developed  to  handle  logical  operations.  

The variable of Boole knows only two states: TRUE or FALSE, 1 or  
0, YES or NO  

... And thus directly usable in digital computers. In electronic circuits this means  

either  different  voltages,  the  presence  or  absence  of  current,  the  presence  of  

pulses or not, etc .... These pulses are then directed to logical operators cal 
led  

"AND", "OR", "NAND", "NOR", etc. whose truth tables are given below. 
  

  

5.5.2. Main logical functions 
  

A logic function is a logical quantity whose value results from the value of one or  

more logical inputs. The ignition of a lamp is a function of the pos 
ition of a switch. 
  

Logical function NOT 
  

1 input 
  

A
 
S
  

0
 
1
  

1
 
0
  

  

The function is always the opposite of the input 
 
: S =  
-
A
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Logical function AND 
  

2 inputs 
  

A
 
B
 
S
  

0
 
0
 
0
  

0
 
1
 
0
  

1
 
0
 
0
  

1
 
1
 
1
  

  

The AND function is equal to 1 if the 2 input values  
are equal to 1 simultaneously 
:  

S = A . B 
  

  

  

Logical function OR 
  

2 inputs 
  

A
 
B
 
S
  

0
 
0
 
0
  

0
 
1
 
1
  

1
 
0
 
1
  

1
 
1
 
1
  

  

The OR function is equal to 1 if at least 1 of the 2 input values  
is 1 
: S = A + B 
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Logical function Exclusive OR (XOR) 
  

2 inputs 
  

A
 
B
 
S
  

0
 
0
 
0
  

0
 
1
 
1
  

1
 
0
 
1
  

1
 
1
 
0
  

  

The output of a two input exclusive 
-
OR is true only when the two input values are  

different 
, and false if they are equal, regardless of the value: S =  
  

  

Logical function NOR 
  

2 inputs 
  

A
 
B
 
NOR
  

0
 
0
 
1
  

0
 
1
 
0
  

1
 
0
 
0
  

1
 
1
 
0
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The NOR function is equal to 1 if none of the 2 input values  
is 1 
: S =  
  

This is an OR followed by a NOT 
  

  

Logical function NAND 
  

2 inputs 
  

A
 
B
 
NOR
  

0
 
0
 
1
  

0
 
1
 
1
  

1
 
0
 
1
  

1
 
1
 
0
  

  

The NAND function is equal to 1 if the 2 input values  
are not simultaneously equal  

to 1 
: S =  
  

This is an AND followed by a NOT 
  

  

  

Logic functions with more than 2 variables 
  

AND  
→
 
A.B.C 
  

OR 
→
 
A + B + C 
  

NAND  
→
 
A.B.C (barre) 
  

NOR  
→
 
A+B+C (barre) 
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Ex
a
mple: 
  

Starting circuit of a single engine airplane 
  

Two possibilities to provide the energy: by battery or by park group (GP) On the  

ground the power supply is provided to the main bus by the GP or by the batteries.  

It allows to feed the first  
gate  
AND(1) through the selector. The starter relay is  

then acti 
vated and power the starter through the second  
gate  
AND(2). The second  

input of the  
gate  
AND(2) is powered by the battery or the park group, depending  

on the chosen procedure (exclusive OR) 
  

  

F
IGURE  
2
:
 
S
TARTING CIRCUIT OF A SINGLE 
 
ENGINE AIRPLANE 
  

Source F2:  
D. Breyne 
  

  

Power supply of the main bus by a generator or a park group 
  

The  parc  group  and  the  generator  cannot  be  connected  on  the  main  bus  

simultaneously. The following diagram highlights this condition. The  
gates  
"AND"  

have a  
complemented input: two operations (inputs of the  
gate  
AND) cannot occur  

simultaneously: this type of logical operator is an inhibition operator, often used  

in diagram describing connecting operations. In this example, the Park Group is  

connected (RP) clos 
ed. It has priority: the two generators cannot be connected to  

the BUS (assuming of course that the GMPs are running), the output of the AND  

gate being zero: the amber light of the generators is lit. The opening of RP would  

allow generators to feed the BUS 
, gates AND having 1 at the exit, the lights would  

switch off, confirming the new situation. 
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Figure  
3
: Power supply of the main bus by a generator or a park group 
  

Source F3:  
D. Breyne 
  

  

F
IGURE  
4
:
 
S
POILERS  
E
XTENSION  
I
NITIATION 
  

Source F4 
 
: 
D
. Breyne 
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5.5.3. Mathematical operations 
  

Cf.  
http://electronique 
-
et
-
informatique.fr/Digit/Digit_7TS2.html 
  

The
 
techniques of the four basic operations (addition, subtraction, multiplication  

and division) in binary remain exactly the same as in decimal notation; they are  

just drastically simplified because there are only the two numbers 0 and 1. 
  

For multiplication  
for example, whatever the base, the multiplication by the base  

itself is done by adding a zero to the right. 
  

Addition 
  

Addition o 
f 2 binary numbers 
: 11 et 01 
  

 
 
1
 
1
  

+
 
 
0
 
1
  

 
1
 
0
 
0
  

We go from one binary number to the next by adding 1, as in decimal, and  
don’t  

forget the carry 
  

It can be seen that the addition of two bits A and B gives A XOR B with a carry of  

A AND B. 
  

Input 
 
Output 
  

A
 
B
 
S
 
R
  

0
 
0
 
0
 
0
  

0
 
1
 
1
 
0
  

1
 
0
 
1
 
0
  

1
 
1
 
0
 
1
  

  

  

F
IGURE  
5
:
 
A
DDER 
  

Source F5:  
http://electronique 
-
et
-
informatique.fr/Digit/Digit_7TS2.html 
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In the case when the adder receives a carry 
 
(as this is often the case), the truth  

table becomes: 
  

  

Input 
 
Output 
  

A
 
B
 
R1
 
S
 
R
  

0
 
0
 
0
 
0
 
0
  

0
 
0
 
1
 
1
 
0
  

0
 
1
 
0
 
1
 
0
  

0
 
1
 
1
 
0
 
1
  

1
 
0
 
0
 
1
 
0
  

1
 
0
 
1
 
0
 
1
  

1
 
1
 
0
 
0
 
1
  

1
 
1
 
1
 
0
 
1
  

  

a
nd the logical circuit becomes: 
  

  

F
IGURE  
6
:
 
A
DDER WITH CARRY 
  

Source F6:  
http://electronique 
-
et
-
informatique.fr/Digit/Digit_7TS2.html 
  

Substraction 
  

Subtraction  is  treated  by  adding  a  negative  number.  The  negative  number  is  

represented by the two’s complem 
ent of the number 
  

For example 9  
–
 
4, each digit being represented by a sequence of 8 bits (maximum  

value of the calculation 511) 
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4
 
: 
  

0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
  

Two’s complement of 4 
 
= one’s complement + 1 
  

One’s  
1
 
1
 
1
 
1
 
1
 
0
 
1
 
1
  

complement 
  

+1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
  

-
4
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
  

  

 
9
 
 
0
 
0
 
0
 
0
 
1
 
0
 
0
 
1
  

+
 
-
4
 
 
1
 
1
 
1
 
1
 
1
 
1
 
0
 
0
  

 
 
1
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
1
  

 
+5
 
 
 
0
 
0
 
0
 
0
 
1
 
0
 
1
  

  

  

Final result 
  

 
  

sign 

: Positive  

Overflow 
  

0 

For example: 4  
–
 
9
 
:
  

9
 
: 
  

0
 
0
 
0
 
0
 
1
 
0
 
0
 
1
  

Two’s complement of 9 
 
= One’s complement + 1 
  

One’s  
1
 
1
 
1
 
1
 
0
 
1
 
1
 
0
  

complement 
  

+1
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
1
  

-
9
 
1
 
1
 
1
 
1
 
0
 
1
 
1
 
1
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4
 
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
0
  

+
 
-
9
 
 
1
 
1
 
1
 
1
 
0
 
1
 
1
 
1
  

 
 
 
1
 
1
 
1
 
1
 
1
 
0
 
1
 
1
  

  

  

 
 
: 
Two’s complement of the result 
  

  

1
sign 

Overflow 
Negative  

 
-
1
 
 
 
1
 
1
 
1
 
1
 
0
 
1
 
0
  

One’s  
-
 
0
 
0
 
0
 
0
 
1
 
0
 
1
  

complement   

>> 
-
5
  

Multiplication 
  

The binary multiplication is a series of additions whose terms are copies of the  

multiplicand successively shifted to the left. 
  

Multiply by two is done by shifting each digit one step to the left and inserting a  

zero at the end 
. 
  

For example:  11 x 2 
  

 
 
1
 
0
 
1
 
1
  

x
 
 
 
 
1
 
0
  

 
1
 
0
 
1
 
1
 
0
  

  

  

  

  

  

  

  

  

  

 
13
 

    

    
        
    








    
        
    

    
        5.5 LOGIC CIRCUITS  
  

For example: 25 x 5 
  

25
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
Multiplicand 
  

X 5
 
 
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
1
 
Multiplier 
  

 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
  

 
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
 
  

 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
  

125
 
0
 
0
 
0
 
1
 
1
 
1
 
1
 
1
 
0
 
1
 
Result 
  

  

  

  

 
Absolute value 
  

sign 

Overflow 
 
: positive  

0 

For example: 25 x  
-
5
  

25
 
 
 
 
 
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
Multiplicand 
  

 
 
 
 
 
Two’s  

x 
-
5
 
 
 
1
 
1
 
1
 
1
 
1
 
0
 
1
 
1
  

complement  
  

 
 
 
 
 
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
  

 
 
 
 
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
  

 
 
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
 
  

 
 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
 
 
  

 
 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
 
 
 
  

 
 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
 
 
 
 
  

 
0
 
0
 
0
 
1
 
1
 
0
 
0
 
1
 
 
 
 
 
 
 
 
  

 
0
 
0
 
1
 
1
 
0
 
0
 
0
 
1
 
0
 
0
 
0
 
0
 
0
 
1
 
1
 
  

  

  

  

 
Two’s complement 
  

sign 

Overflow 
: Negative  

  

1 

 
 
 
 
 
 
 
 
 
0
 
0
 
0
 
0
 
0
 
1
 
0
 
  

-
  

 
 
 
 
 
 
 
-
 
1
 
1
 
1
 
1
 
1
 
0
 
1
  

125
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Division by 2 (entire division) 
  

The  
entire division by two is done by shifting each digit one step to the right, the  

right digit being the rest is deleted 
  

For example 
 
: 11 / 2 
  

 
 
1
 
0
 
1
 
1
  

/
 
 
 
 
1
 
0
  

 
 
 
1
 
0
 
1
  

Cf.  
https://fr.wikipedia.org/wiki/Syst%C3%A8me_binaire 
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Preface 
  

Chapter  5.06  
–
 
“Basic  Computer  Structure”  gives  an  overview  of  the  main  

components  of  a  personal  
computer  and  a  short  description  of  the  computer  

technology used on aircraft. 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical  
principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and understand sket 
ches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures 
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5.6. Basic Computer Structure 
  

5.6.1. Definition 
  

A  computer  is  a  programmable  information  processing  system  as  defined 
 
by  

Turing, which operates by sequentially reading a set of instructions, organized in  

programs. These programs make it perform logical and arithmetic operations. 
 
Its  

current  physical  structure  makes  all  operations  are  based  on  binary  logic  and  

numbers  for 
med  from  binary  digits.  As  soon  as  it  is  turned  on,  a  computer  

executes, one after the other, instructions that cause it to read, manipulate, and  

then rewrite a set of data determined by a boot ROM memory. 
  

The data to be manipulated are obtained either by reading memories or by reading  

information coming from internal or external peripherals (moving a mouse, key  

pressed  on  a  keyboard,  temperature,  speed,  pressure,  etc.).  
Once  used,  or  

manipulated, the result 
s are written either in memories or in components that can  

transform a binary value into a physical action (writing to a printer or a monitor,  

accelerating or braking a vehicle , temperature change of an oven ...). 
  

5.6.2. Description 
  

A computer or calculat 
or can be broken down into five basic elements: 
  

  

  

Figure  
1
: Description of a Personal Computer 
  

Source F1 
: 
D. Breyne 
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5.6.3 
.
 
Central Processing Unit (CPU) 
  

Early CPUs were composed of many separate components but 
 
since the mid 
-
1970s  

CPUs  have  typically  been  constructed  on  a  single  integrated  circuit  called  a  

microprocessor. The microprocessor is able to perform two classes of operations:  

arithmetic and logic. It also regulate and control the operations done by othe 
rs  

components of the system. 
  

-
 
Motherboard 
  

-
 
Microprocessor 
  

-
 
Memories 
  

-
 
Input/output video card 
  

Microprocessor 
  

A  microprocessor  is  a  processor  whose  components  have  been  sufficiently  

miniaturized  so  that  the  entire  processor  can  fit  on  a  single  integrated  circuit 
.  

Functionally, the processor is the part of a computer that executes the arithmetic  

and logical operations contained in programs (the software part of the computer). 
  

The miniaturization allowed : 
  

-
 
Increase the operating frequencies (the speed) of the proce 
ssor, because the  

distances between the components are reduced; 
  

-
 
To reduce the costs because one circuit replaces several circuits; 
  

-
 
To create much smaller computers: microcomputers. 
  

The main characteristics of a microprocessor are 
 
:
  

-
 
The instructions he can  
perform 
. A processor can execute several dozens  

of different instructions: adding two numbers, comparing two numbers to  

determine if they are equal, comparing two numbers to determine which one  

is the largest...  
  

-
 
The complexity of its  
architecture 
. This complexity is measured by the  

number of transistors contained in the microprocessor. The more transistors  

the microprocessor contains, the more instructions it can execute in one  

second. 
  

-
 
The number of bits 
 
that the processor can process  
in one instruction. The  

first microprocessors could not add numbers of more than 4 bits in a single  

instruction. They had to execute several instructions to add numbers of 32 or  
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64 bits. Current microprocessors can process 64 
-
bit numbers in a single  

instru 
ction. 
  

-
 
The processor clock frequency 
. The role of the clock is to pace the  

workflow of the microprocessor. As the speed of the clock increases, the  

microprocessor executes more instructions in one second. 
  

Input devices 
  

These units are used to enter data, c 
ommands and programs that will be managed  

by the processing unit. The most used input unit is the keyboard. The mouse and  

its derivatives (trackball, sidestick, ...): the mouse is the most well 
-
known of the  

pointing devices. 
  

Storage devices 
  

These are mainl 
y memories. 
  

There are two main categories of memories 
  

1.
 
Read 
-
only memory (ROM) 
  

2.
 
Random 
-
access memory (RAM) 
  

  

ROMs  are  read 
-
only  memories.  They  are  non 
-
volatile,  that  is  to  say  that  their  

content is not destroyed if the power is switched off. 
  

-
 
Permanent memories 
  

o
 
ROM
  

o
 
PROM 
  

-
 
Reprogrammable memories 
  

o
 
EPROM 
 
(Erasure by UV radiation) 
  

o
 
EEPROM 
 
(Erasure by electric current) 
  

These memories are classified according to the possibility of programming and  

erasing them 
 
:
  

o
 
ROM
 
(
R
ead  
O
nly  
M
emory 
) whose content is defined during  

manufacture. 
  

o
 
PROM 
 
(
P
rogrammable  
R
ead  
O
nly  
M
emory 
) are programmable by  

the user, but only once. 
  

o
 
EPROM 
 
(
E
rasable  
P
rogrammable  
R
ead  
O
nly  
M
emory 
) are erasable  

and programmable by the user 
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F
IGURE  
2
:
 
S
ERIAL TYPE  
EEPROM 
  

Source F2:  

https://en.wikipedia.org/wiki/EEPROM#/media/File:AT24C02_EEPROM_1480355_6_7_HDR_Enhan 

cer.jpg 
  

o
 
UVPROM or Flash EPROM 
 
(
U
ltra  
V
iolet  
P
rogrammable  
R
ead  
O
nly  

M
emory 
) 
are user programmable memories. They are erasable by  

putting them in an ultraviolet chamber. The UVPROM have been  

replaced by the EEPROMs which do not need to be extracted from  

the device to be reprogrammed 
  

o
 
EEPROM ( 
E
lectricall 
y 
E
rasable  
P
rogrammable  
R
ead  
O
nly  

M
emory) are erasable and programmable by the user. 
 
They  

are easier to erase than EPROMs because they are electrically  

erasable without physical manipulation. They are now the main type  

of read 
-
only memory with SD, USB, Com 
pactFlash and finally SSDs 
  

  

F
IGURE  
3
:
 
SD
 
C
ARD
,
 
MINI  
SD
 
AND MICRO  
SD
  

Source F3:  
https://fr.wikipedia.org/wiki/Carte_SD#/media/Fichier:SD_Cards. 
svg
  

 
6
 

    

    
        



    








    
        
    

    
        5.6  
BASIC COMUTER STRUCTURE 
  

  

F
IGURE  
4
:
 
USB
 
K
EY
  

Source F4 :  

https://fr.wikipedia.org/wiki/Cl%C3%A9_USB#/media/Fichier:SanDisk_Cruzer_Micro.png 
  

  

F
IGURE  
5
:
 
SSD
 
D
ISC  
(S
OLID  
S
TATE  
D
ISC
)
  

Source 
 
F5:  
https://en.wikipedia.org/wiki/Solid 
- 

state_drive#/media/File:Super_Talent_2.5in_SATA_SSD_SAM64GM25S.jpg 
  

  

RAMs 
 
(Random Access Memory / Read And Modify) memories are memories on  

which one can read and write. They lose their content if the power is switched off.  

The main characteristics of this memory are: 
  

-
 
Its speed to access to the information, essential to quickly 
 
provide the data to  

the processor 
  

-
 
Its  volatility,  which  causes  a  loss  of  all  the  data  in  memory  as  soon  as  the  

computer is not power supplied any more. 
  

  

F
IGURE  
6
:
 
RAM
 
M
EMORY 
  

Source F6:  
https://fr.wikipedia.org/wiki/M%C3%A9moire_vive#/media/Fichier:RAM_n.jpg 
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RAM is a means of storing temporary data. Thus, when the computer is turned off  

or restarte 
d, the information that was previously stored in the RAM memory is lost  

and unrecoverable. For this reason, for example, when creating a document, it is  

essential to save the data on the hard disk. Otherwise, the data will inevitably be  

lost when the compu 
ter is shut down. 
  

Output devices 
  

Input / output devices allow the computer to communicate with the outside world.  

These devices are very important, from the keyboard to the screen. For example,  

the network card makes it possible to connect computers to a c 
omputer network 
  

(
the largest  
one
 
is
 
Internet 
)
. The common point between all input devices is that  

they   convert   the   information   they   retrieve   from   the   outside   into   data  

understandable  by  the  computer.  Conversely,  the  output  devices  decode  the  

information pr 
ovided by the computer to make it comprehensible to the user. 
  

-
 
Screens 
  

-
 
Printers 
  

-
 
loudspeaker 
  

Connecting cables (BUS) 
  

The different parts of the computer are connected by three buses, the  
address  

bus
,  the  
data  bus 
 
and  the  
control  bus 
.  A  bus  is  a  group  of  elec 
trical  wires  

providing a link for carrying binary information coded over several bits. 
  

-
 
The  
address bus 
 
is used to transfer data between devices. The devices are  

identified  by  the  hardware  
address 
 
of  the  physical  memory  (the  physical  

address 
). The  
address 
 
is stored in the form of binary numbers to enable the  

data  
bus
 
to access memory storage 
.
  

-
 
The  
data  
bus
 
transports the data between the different components of the  

system 
  

-
 
The  
control bus 
 
carries the various synchronization signals necessary for the  

operation of the system: read signal (RD), write signal (WR), selection signal 
  

Software 
  

Computer software i 
s a list of instructions that can be executed by a computer.  

Many  programs  contain  millions  of  instructions,  some  of  which  are  done  

repeatedly. Nowadays, a personal computer executes several billion instructions  

per  second.  Since  the  mid 
-
1960s,  computers  h 
ave  run  several  programs  
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simultaneously.  This  possibility  is  called  multitasking.  This  is  the  case  for  all  

computers today. In reality, each processor core executes only one program at a  

time, going from one program to another whenever necessary. If the sp 
eed of the  

processor is sufficiently large compared to the number of tasks to be performed,  

the user will have the impression of simultaneous execution of the programs. The  

priorities associated with the various programs are, in general, managed by the  

ope
rating system. 
  

The  operating  system  is  the  central  program  that  contains  the  basic  programs  

necessary  for  the  proper  functioning  of  computer  applications.  The  operating  

system allocates the physical resources of the computer (processor time, memory  

...)  to 
 
the  various  programs  running.  It  also  provides  software  tools  (such  as  

drivers)  to  facilitate  the  use  of  different  devices  without  having  to  know  the  

physical details. 
  

  

5.6. 
4.
 
Computer technology used on Aircraft 
  

The structure of an onboard computer is th 
at of a microcomputer with however  

small differences: 
  

-
 
It often integrates multiple processors for performance and security issues 
  

-
 
Peripherals are many, varied, and typically different from the classic screen /  

keyboard pair 
  

In aviation entries are often di 
fferent from those used in office: Speed  
sensors,  

position (landing gear ...) flow, pressure ... 
  

Systems use information from multiple sources, other systems whether they are  

analog  or  digital.  These  computers  are  obviously  split  for  important  systems.  

S
oftware must be operate in normal mode or in degraded mode. 
  

  

Example 
 
: 
  

Sensors (Pitot tube) 
,
 
transmit signals like pressure, speed, angle and acceleration  

which are represented by voltages whose amplitude or frequency is a function of  

the physical  
quantity: 
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-
 
A pressure will be represented by a voltage, 
  

-
 
A speed will be represented by a frequency, 
  

-
 
An angle will be represented by a phase variation. 
  

  

  

F
IGURE  
7
:
 
P
ITOT TUBE ON  
A
IRBUS  
A380 
  

Source F7:  
https://fr.wikipedia.org/wiki/Tube_de_Pitot#/media/Fichier:Airspeed_p1230157.jpg 
  

  

After conversion and presentation on a dedicated instrument (EADI) 
  

  

F
IGUR 
E 
8
:
 
P
RIMARY FLIGHT DISPLAY OF A BOEING  
747
-
400
  

Source F8:  

https://en.wikipedia.org/wiki/Electronic_flight_instrument_system#/media/File:Primary_Flight_Dis 

play,_Boeing_747 
-
400
.png 
  

t
his information will be processed by the computer 
.
 
After processing he 
 
will send  

an order to  
a specific 
 
hydraulic system to move an actuator  
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F
IGURE  
9
:
 
A
ILERON ACTUATOR 
  

Source F9:  
https://commons.wikimedia.org/wiki/File:Aileron_actuator_hg.jpg 
  

in the appropriate direction. 
  

  

F
IGURE  
10
:
 
A
ILERON  
A320 
  

Source F10:  
https://wingsescola.com.br/asas 
-
superficies 
-
de
-
controle/aileron 
-
a320 
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Preface 
  

Chapter 5.10  
–
 
“Optical Fibers” gives an overview of the main characteristics of  

optical fibers, a description of the different types, how they are manufactured and  

their use in aviation 
  

Learning outcomes 
  

General knowl 
edge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical  
examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using deta 
iled  

procedures. 
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5.
10
. 
Optical Fibers 
  

5.10.1. 
 
General 
  

An 
optical fiber 
 
is a wire whose the core, very thin, made in glass or plastic, has  

the property of transmitting light and is used in particular for the transmission of  

digital data. It offers a much higher bandwidth (data rate) than electrical cables  

and can be used as a 
 
support for a "broadband" network through which television,  

telephone, videoconferencing or computer data can be transmitted. 
  

Guiding of light by refraction was first demonstrated in the early XX century. But  

it was first used in the 1970 for data transmi 
ssion. 
  

Surrounded  by  a  cladding  layer,  the  optical  fiber  can  be  used  to  conduct  light  

between two locations, hundreds or even thousands of kilometers apart. The light  

signal encoded by a variation of intensity is capable of transmitting a large  
amount  

of  information.  By  enabling  long 
-
distance  communications  and  unprecedented  

data  rates,  optical  fibers  have  been  a  key  element  of  the  telecommunications  

revolution. 
  

  

P
ICTURE  
1
:
 
O
PTICAL  
F
IBER 
  

Source P1:  
D. Breyne 
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5.10.2. 
 
Principle  
of operation 
  

Optical fiber is a waveguide that uses the refractive properties of light. It usually  

consists  of  a  core  surrounded  by  a  cladding  layer.  The  core  of  the  fiber  has  a  

higher refractive index than the cladding layer and can therefore confine the  
light  

that is fully reflected multiple times at the interface  between the two materials  

(due to the internal total reflection phenomenon). The assembly is usually covered  

with a protective plastic sheath. 
  

When a light ray enters an optical fiber at one of  
its ends at a suitable angle, it  

undergoes multiple internal total reflections. This ray then propagates to the other  

end of the optical fiber without loss, by taking a zigzag path. The propagation of  

light in the fiber can be done with very little loss ev 
en when the fiber is curved. 
  

5.10.3. 
 
Advantages 
  

Optical fibers are particularly appreciated for their following properties: 
  

-
 
Low losses in a wide range of wavelengths 
  

-
 
Low  
attenuation loss 
 
over long distances 
  

-
 
High bandwidth (1 to 100 GHz) 
  

-
 
High flexibility 
  

-
 
Small dime 
nsions 
  

-
 
Low weight 
  

-
 
Immunity to electromagnetic interference 
  

-
 
Electrical insulator 
  

-
 
Security of information passed down the cable 
  

-
 
Natural abundance of glass materials (silica) 
  

-
 
Material cost and theft prevention 
  

-
 
High resistance to chemical attacks 
  

  

5.10.4. 
 
Different types of optical fibers 
  

Multi 
-
mode fibers with step index 
  

Multi 
-
mode fibers with graded index 
  

Single 
-
mode fibers 
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P
ICTURE  
2
:
 
S
INGLE 
-
MODE AND  
M
ULTI 
-
MODE  
F
IBERS 
  

Source 
 
P2
:  

https://fr.wikipedia.org/wiki/Fibre_optique#/media/Fichier:Optical_fiber_types.svg 
  

Multi 
-
mode fibers 
 
(so
-
called MMF, for Multi Mode Fiber), were the first 
 
on the  

market.  They  have  the  characteristic  of  carrying  several  modes  (several  light  

paths). Because of the modal dispersion (wave propagation velocity difference),  

there is a temporal spread of the signal proportional to the length of the fiber. As  

a res 
ult, they are used only for low data rates or short distances. However, the  

modal  dispersion  can  be  minimized  (at  a  given  wavelength)  by  performing  an  

index gradient in the core of the fiber. They are characterized by a core diameter  

of  several  tens  to  sev 
eral  hundred  micrometers  (the  multimode  core  has  a  

diameter of 50 or 62.5 microns for the low bit rate). However, the most recent  

fibers,  of  the  OM3  type,  make  it  possible  to  reach  Gbit/s  over  distances  of  the  

order of one kilometer. Long distances can onl 
y be covered by single 
-
mode optical  

fibers. 
  

In the  
step index multimode 
 
fiber, the index of refraction drops abruptly from  

a value in the core to a lower value in the cladding with the disadvantage that if  

the source is not point 
-
specific, the different be 
ams will have different paths, a  

weakening  and  a  temporal  dispersion  at  the  output.  In  the  
graded  index  

multimode 
 
fiber,  the  index  of  refraction  in  the  core  decreases  continuously  

between  the  axis  and  the  cladding.  This  causes  light  rays  to  bend  smoothly  a 
s  

they approach the cladding, rather than reflecting abruptly from the core 
-
cladding  

boundary. 
  

Single 
-
mode fibers 
 
are used for data transmission over longer distances and/or  

higher  rates.  These  fibers  are  called  SMF,  for  Single  Mode  Fiber,  and  are  

technolo 
gically more advanced because they are finer than multimode fibers. Their  

very  small  core  diameter  admits  a  single mode of  propagation  of  the  light,  the  
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most  direct  possible,  namely  in  the  axis  of  the  fiber.  The  losses  are  therefore  

minimal (less reflectio 
n on the interface core/cladding) even for very high speeds  

and   very   long   distances.   Single 
-
mode   fibers   are   therefore   suitable   for  

intercontinental  connection  (submarine  cables).  A  single 
-
mode  fiber  has  no  

intermodal  dispersion.  On  the  other  hand,  there  is 
 
another  type  of  dispersion:  

intramodal dispersion. Its origin is the finite width of the emission wave train which  

implies  that  the  wave  is  not  strictly  monochromatic:  all  wavelengths  do  not  

propagate at the same speed in the fiber which induces an expans 
ion of the pulse  

in  the  optical  fiber.  It  is  also  called  dispersion.  These  single 
-
mode  fibers  are  

characterized by a core diameter of only a few micrometers (the core diameter of  

the single 
-
mode is 9 μm for broadband). 
  

5.10.5. 
 
Materials used in the manufacturing o 
f optical fibers 
  

In the field of optical telecommunications, the preferred material is highly pure  

silica (SiO2) because it has very low optical losses. When attenuation is not the  

main selection criterion, it is also possible to use plastic fibers. As a r 
eminder, the  

speed  of  propagation  of  the  light  in  the  glass  is  of  the  order  of  200  000  km/s  

compared to 300 000 km/s in the air. 
  

  

P
ICTURE  
3
:
 
E
LECTROMAGNETIC SPECTRUM 
  

Source P 
3: 
D. Breyne 
  

The  attenuation  will  vary  according  to  the 
 
wavelength.  The  silica  fibers  have  a  

minimum  attenuation  at  about  1550  nm.  This  near 
-
infrared  wavelength  will  

therefore be preferred for optical communications. Nowadays, the manufacturing  

processes make it possible to reach an attenuation as low as 1% /  
km at 1550  

nm: after 100 km of propagation, 1% of the power initially injected into the fiber  
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will remain, which may be sufficient for signal detection. If it is desired to transmit  

information over thousands of kilometers, it will be necessary to resort t 
o periodic  

amplification  of  the  signal,  most  of  the  time  using  simple  and  reliable  optical  

amplifiers. 
  

On long 
-
distance transmissions, the transmission speed is slowed by the presence  

of  many  repeater  required  to  reshape  the  signal.  For  example,  the  theore 
tical  

latency (transmission delay) of a Nouméa 
-
Paris computer link is 90ms. In practice,  

it  is  measured  at  280ms  after  a  covered  distance  of  more  than  20000  km  in  

underwater optical fiber, where the signal is regularly re 
-
amplified and reformed.  

The distan 
ce between servers therefore plays an unfavorable role on latency. 
  

  

5.10.6. 
 
The manufacturing of optical fibers 
  

Video 
 
: 
https://www.youtube.com/watch?v=uSnjo5tOGQA 
  

Standard optical fibers are made by  
first constructing a large 
-
diameter "preform"  

with a carefully controlled refractive index profile. For the manufacturing of the  

fiber itself, the preform is placed at the top of a drawing tower of about fifteen  

meters  in  height.  The  end  of  the  preform  is  
then  in  an  oven  heated  to  a  

temperature  of  about  2000  °  C.  It  is  then  transformed  into  a  fiber  of  several  

hundreds of kilometers, at a speed of the order of one kilometer per minute. The  

fiber  is  then  coated  with  a  double  layer  of  protective  resin  (this  la 
yer  can  be  

deposited by the drawing tower, just after the stretching) before being wound on  

a coil. This layer is particularly important to avoid any moisture, because the fiber  

becomes brittle under the effect of water: the hydrogen interacts with the sil 
ica,  

and any weakness or microcracking is amplified. 
  

A glass preform with a length of 1 m and a diameter of 10 cm allows to get by  

stretching a mono 
-
mode fiber with a length of about 150 km. 
  

  

5.10.7. 
 
The limits of optical fibers 
  

Attenuation 
 
in fiber optics, also k 
nown as transmission loss, is the reduction in  

intensity  of  the  light  beam  as  it  travels  through  the  transmission  medium.  The  

attenuation will vary according to the wavelength. An absorption peak, due to the  

presence of  
-
OH radicals in the silica, can be o 
bserved around 1385 nm. 
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Light scattering 
. The propagation of light through the core of an optical fiber is  

based on total internal reflection of the light wave. Rough and irregular surfaces,  

even  at  the  molecular  level,  can  cause  light  rays  to  be  reflected 
 
in  random  

directions.  This  is  called  diffuse  reflection  or  scattering,  and  it  is  typically  

characterized  by  wide  variety  of  reflection  angles.  The  light  scattering  is  even  

greater than the wavelength is small. 
  

The  chromatic  dispersion 
 
is  expressed  in  ps/( 
nm·km)  and  characterizes  the  

spread of the signal related to its spectral width (two different wavelengths do not  

propagate exactly at the same speed, the refractive index of fibers varies slightly  

with the frequency of light, and light sources are not per 
fectly monochromatic).  

This dispersion depends on the wavelength considered and results from the sum  

of two effects: the dispersion specific to the material, and the dispersion of the  

guide, related to the shape of the index profile. It is therefore possib 
le to minimize  

it by adapting the profile. For a silica fiber, the minimum dispersion is around  a  

wavelength of 1300 
-
1310nm 
  

The  radius  of  curvature 
 
of  the  fiber  cannot  be  too  small.  If  the  radius  of  

curvature of the fiber is too small, there is no longer total reflection and the light  

ray  escapes  by  refraction  and  is  absorbed  by  the  cladding  layer  (opaque).  For  

mono 
-
mode fibers, the radius of curvatu 
re cannot fall below 10cm. 
  

  

5.10.8. 
 
Data transmission with optical fibers 
  

Any telecommunication system has a transmitter and a receiver. In an optical link,  

two fibers are needed. One manages the emission, the other the reception. It is  

possible to focus emission  
and reception on the same strand but this technology  

is  rarely  used  because  the  transmission  equipment  is  more  expensive.  The  

information  is  carried  by  a  physical  medium  (the  fiber)  called  the  transmission  

channel.  At  the  ends,  two  transponders  exchange  th 
e  signals,  the  transmitter  

translates the electrical signals into optical pulses and the receiver performs the  

inverse  function:  it  reads  the  optical  signals  and  converts  them  into  electrical  

signals. During its course, the signal is attenuated and distort 
ed: repeaters and  

amplifiers placed at regular intervals make it possible to preserve the integrity of  

the message. 
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P
ICTURE  
4
:
 
D
ATA TRANSMISSION WITH OPTICAL FIBER 
  

Source P4:  
D. Breyne 
  

The optical transmitter 
 
(transponder) has t 
he function of converting electrical  

pulses  in  optic  signals  to  be  conveyed  in  the  core  of  the  fiber.  In  general,  the  

binary modulation of the optical signal is a modulation of light intensity obtained  

by modulating the electrical signal in a diode or a la 
ser. The optical transmitters  

used are of three types: 
  

-
 
LEDs (light emitting diodes), which operate in the near infrared (850 nm), 
  

-
 
Lasers, used for single 
-
mode fiber, whose wavelength is 1 310 or 1 550 nm, 
  

-
 
Infrared diodes that emit in the infrared at 1300 n 
m
  

The receiver 
 
also called optical detector uses the principle of the photoelectric  

effect (emission of electrons by a material subjected to the action of light). Two  

types of components can be used: phototransistors and photodiodes. 
  

The optical fiber 
 
whic 
h is the physical medium also called transmission medium 
  

Repeaters or amplifiers. 
 
The attenuation and the deformation of the signal are  

direct  consequences  of  the  length  of  the  optical  fiber.  In  order  to  preserve  the  
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optical signal of the source, the optic 
al transmission systems use three types of  

amplifiers (repeater): 
  

-
 
regeneration 
 
(amplification alone), 
  

-
 
regeneration 
-
reshaping 
 
(amplification an reshaping), 
  

-
 
regeneration 
-
reshaping 
-
retiming 
 
(amplification, reshaping and  

synchronization). 
  

There  are  optical  amplification  repeaters  (using  rare  earth  doped  glasses)  or  

electronic repeaters 
-
regenerators. Current optical links mainly use optic amplifiers  

and are fully optical over distances of up t 
o 10000 km 
  

The multiplexer 
. As in all transmission systems, it is sought to transmit in the  

same optical fiber a maximum of communications of different origins. In order not  

to scramble messages, they are sent at different wavelengths: wavelength division  

multiplexing (WDM). There are several techniques of multiplexing each adapted  

to the type of transmission in the optical fiber. 
  

5.10.9. 
 
The use of optical fibers in aviation 
  

The  
ARINC 818 
 
standard is a video interface and protocol standard developed for  

high bandw 
idth, low latency, uncompressed digital video transmission in avionics  

systems  used  in  aeronautics.  This  standard  is  defined  by  ARINC  (Aeronautical  

Radio  Incorporated). The  standard  exists  since  2007  and  defines  a  protocol  for  

sending data by packet. 
  

In to 
day's cockpits, screens are now largely using LCD technology. These displays,  

in  perpetual  evolution  and  bigger  and  bigger,  require  the  most  open  interfaces  

possible. With the desire to transport, in real time, uncompressed images between  

the avionics bay  
and the cockpit, the ARINC Digital Video Committee (which brings  

together   a   representative   panel   of   the   avionics   community   and   aircraft  

manufacturers)  choose  to  opt  for  a  serial  data  transmission  solution,  where  an  

optical fiber transmits a video signal. F 
rom there, they defined a standard. 
  

The ARINC 818 standard, titled Avionics Digital Video Bus (ADVB), was released  

in January 2007. However, prior to its official adoption, major programs initiated  

by Airbus (A400M) and Boeing (787) have adopted this proto 
col for their critical  

video subsystems. This standard, which defines an open family of video protocols  

intended to be transported by optical fiber, is in particular used on several Airbus  

 
10
 

    

    
        
    








    
        
    

    
        5.10.  
OPTI 
CAL FIBERS 
  

aircraft to transmit an image in full uncompressed resolution every 
 
16.6ms (60  

Hz), inducing, as will be the case on the A350, flows up to 3.2 GB/s. 
  

Thus,  the  implemented  video  interface  is  no  longer  a  limiting  element  of  the  

display system's capability, anything that can be displayed by the display can be  

routed  through  
the  system's  video  interface.  It  is  thus  possible  to  visualize  

digitized approach maps, symbols, surveillance applications, taxi assistance, etc.  

In addition, the use of the ARINC 818 makes it possible to define "passive" cockpit  

display systems, the gener 
ation of the digital image being completely performed  

by a remote computer, resulting in a gain in weight and volume in the cockpit. 
  

Onboard Local Area Network 
 
(OLAN)  
on Boeing 777 
. OLAN's goal is to trans 
- 

port  digital  information  between  different  Online  
Replaceable  Units  (LRU)  via  a  

fiber optic cable network. 
 
  

  

P
ICTURE  
5
:
 
B
OEING  
777
  

Source P5:  

https://fr.wikipedia.org/wiki/Boeing_777#/media/Fichier:Emirates.b777 
-
300.a6 
- 

emv.arp_lhr.jpg 
  

Each fiber optic cable contains: 
  

-
 
5 optical fibers 
  

-
 
2
 
filling fibers 
  

-
 
1 separator ribbon 
  

-
 
1 aramid sheath 
  

-
 
1 outer sheath 
  

The cable is about 5 mm in diameter. The optical fibers are made of glass. Each  

strand is 140μ in diameter. Two protections cover each optical strand. The first  
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protects  the  fiber  during  manufacture,  the  second  increases  the  strength  and  

diameter of the fi 
ber. 
  

The  second  protection  also  allows  a  visual  recognition  of  each  of  the  5  fibers  

because they are colored according to these five colors: blue, red, green, yellow  

or  white.  These  colors  make  it  possible  to  locate  each  fiber  at  the  ends  of  the  

cable. Eac 
h optical fiber with its protections is 0.9 mm in diameter. 
  

The cables have 3 or 5 optical fibers. Cables with 3 fibers use 2 additional filling  

fibers. These filling fibers are black polyester and are about 0.9 mm in diameter. 
  

  

  

P
ICTURE  
6
:
 
F
IBER OPTICAL CABLE 
  

Source P6:  
https://en.wikipedia.org/wiki/Fiber 
- 

optic_cable#/media/File:Optical_fiber_cable.jpg 
  

The separator tape is i 
n polyester and covers the group of 7 fibers. It makes the  

cable  more  flexible.  A  woven  aramid  sheath  (Kevlar)  protects  the  fibers  from  

damage. The outer sheath is made of purple thermoplastic. 
  

 
12
 

    

    
        


    








    
        
    

    
        5.10.  
OPTI 
CAL FIBERS 
  

  

P
ICTURE  
7
:
 
F
IBER OPTICAL CABLE 
  

Sou
rce P7:  
D. Breyne 
  

  

The critical point: the optical fibers will break if the radius of curvature of the cable  

is less than 38 mm. 
  

  

  

  

  

P
ICTURE  
8
:
 
M
INIMUM BEND RADIUS 
  

Source 
 
P8:  
D. Breyne 
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Preface 
  

Chapter 5.11  
–
 
“Electronic Displays” gives an overview of the different types of  

electronic  displays  with  their  main  characteristics  and  their  use  in  aviation  to  

display information. 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the  
essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to  
read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
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5.11. Electronic Displays 
  

5.11.1. Introduction 
  

Electronic  displays  are  equipment  used  to  pro 
vide  information  to  the  crew  

members 
.  These output  devices  decode  the  information  given by  the  computer  

and make it comprehensible to the user. The most used electronic displays are: 
  

-
 
Screens 
  

-
 
Lights 
  

  

5.11.2. Screens 
  

Cathode Ray Tube (CRT) 
  

The  
cathode 
-
ray tube 
 
(
CRT
) is a vacuum tube that contains one or more electron  

guns and a phosphorescent screen and is used to display images. It modulates,  

accelerates, and deflects electron beam(s) onto the screen to create the images. 
  

A CRT is constructed f 
rom a glass envelope which is large, deep, fairly heavy, and  

relatively fragile. The interior of a CRT is evacuated to approximately 0.01 pascals  

(9.9×10 
−
8
 
atm). The vacuum is necessary to facilitate the free flight of electrons  

from the gun(s) to the tube 
's face. The fact that it is evacuated makes handling  

an  intact  CRT  potentially  dangerous  due  to  the  risk  of  breaking  the  tube  and  

causing a violent implosion that can hurl shards of glass at great velocity. As a  

matter of safety, the face is typically mad 
e of thick lead glass so as to be highly  

shatter 
-
resistant and to block most X 
-
ray emissions, particularly if the CRT is used  

in a consumer product.  
  

Since the late 2000s, CRTs have been largely superseded by newer "flat panel"  

display technologies such as 
 
LCD, plasma display, and OLED displays, which in the  

case  of  LCD  and  OLED  displays  have  lower  manufacturing  costs  and  power  

consumption, as well as significantly less weight and bulk. Flat 
-
panel displays can  

also be made in very large sizes; whereas 97 to 
 
102
 
cm was about the largest size  

of a CRT television, flat panels are available in 210 
 
cm and even larger sizes. 
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F
IGURE  
1
:
 
C
ATHODE  
R
AY 
T
UBE
  

Source F1:  
https://en.wikipedia.org/wiki/Cathode 
- 

ray_tube#/media/File:Cathode_ray_Tube.PNG 
  

  

F
IGURE  
2
:
 
C
UTAWAY OF A COLOR  
CRT
  

Source F2 
 
: 
https://en.wikipedia.org/wiki/Cathode 
- 

ray_tube#/media/File:CRT_color_enhanced.png 
  

1.
 
Three electron emitters (for red, green, and blue phosphor dots) 
  

2.
 
Electron beams 
  

3.
 
Focusing coils 
  

4.
 
Deflection coils 
  

5.
 
Connection for  
final anodes (referred to as the "ultor" in some receiving tube manuals) 
  

6.
 
Mask for separating beams for red, green, and blue part of displayed image 
  

7.
 
Phosphor layer (screen)with red, green, and blue zones 
  

8.
 
Close 
-
up of the phosphor 
-
coated inner side o 
f the screen 
  

  

We  use  3  substances  or  phosphors  giving  3  colors  specific  to  the  trichromatic  

synthesis:  
Red, Green and Blue 
  

The  phosphors  are  arranged  on  the  internal  face  of  the  screen  in  a  geometric  

arrangement that allows them to be reached respectively  
by the electrons coming  

from a single gun of the 3 that are in the tube. The phosphors are sources of light  

that emit proportionally to the number of electrons received. The tube comprises  
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3 electronic guns arranged at 120 ° relative to each other and para 
llel to the axis  

of the tube. The number of RGB triads will depend on the desired resolution of the  

screen.  
These points are selectively bombarded according to the color, by the 3  

electronic guns through a mask made of 0.1 mm thick sheet steel. The mask is 
  

pierced with as many 250 μm holes as there are triads of luminophores. The mask  

prevents the electrons emitted by a gun from hitting the phosphor dots of another  

color. For each mask hole, each gun only sees the points of a single color. This is  

why we fi 
nd the guns by the letters RGB. The mask is 15 mm from the screen.  

50% of the electrons are lost on the mask, resulting in a loss of electrical energy  

transformed into heat. 
  

-
 
Properties 
  

o
 
Life time 25.000 hours 
  

-
 
Advantages 
  

o
 
Good image quality 
  

o
 
Good  
reliability 
  

o
 
Large field of view 
  

-
 
Drawbacks 
  

o
 
High electric consumption 
  

o
 
Heating 
  

o
 
Sensitivity to magnetic field 
  

-
 
Used in aviation for 
  

o
 
HSI & ADI 
  

o
 
ECAM 
  

Liquid Cristal Display (LCD) 
  

Liquid crystal displays use the polarization of light through polarizing filters and  

the birefringence property of some liquid crystals in the nematic phase (between  

the  liquid  phase  and  the  solid  phase).  In  a  birefringent  medium,  the  refractive  

index is not unique. It depends on the polarization direction of the light 
  

This is a passive de 
vice that requires backlighting 
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F
IGURE  
3
:
 
3
-
D
IGITS  
LCD
 
D
ISPLAY 
  

Source F3 
 
:  

https://fr.wikipedia.org/wiki/%C3%89 
cran_%C3%A0_cristaux_liquides#/media/ 

Fichier:LCD_layers.svg 
  

1.
 
Polarizing filter film with a vertical axis to polarize light as it enters. 
  

2.
 
Glass substrate with ITO electrodes. The shapes of these electrodes will determine the  

shapes that will appear when  
the LCD is switched ON. Vertical ridges etched on the surface  

are smooth 
  

3.
 
Twisted nematic liquid crystal  
  

4.
 
Glass substrate with common electrode film (ITO) with horizontal ridges to line up with the  

horizontal filter 
  

5.
 
Polarizing filter film with a horizontal  
axis to block/pass light 
  

6.
 
Reflective surface to send light back to viewer. (In a backlit LCD, this layer is replaced or  

complemented with a light source.) 
  

  

A  high  potential  difference  between  the  two  electrodes  of  a  pixel  results  in  a  

change  of  orientation  
of  the  molecules  as  well  as  a  variation  of  the  plane  of  

polarization and consequently a variation of the transparency. 
  

The  main  difficulty  lies  in  the  pixel  control  system.  The  passive  matrix  system  

(pixel  control  by  row  or  column)  is  too  slow  to  accommoda 
te the  flow  of  video  

images. It is therefore necessary to use so 
-
called active matrices (individual pixel  

control)  consisting  of  Thin  Film  Transistors  (TFT).  These  matrices  provide  fast  

switching.  However,  the  larger  the  screen  size,  the  greater  the  number 
 
of  

transistors and the greater the risk of defect. 
  

-
 
Properties 
  

o
 
Life time 60.000 hours 
  

o
 
Flat and light screen 
  

-
 
Advantages 
  

o
 
Low consumption (60% lower than CRT) 
  

o
 
Insensible to interference 
  

o
 
Limited heating 
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-
 
Drawbacks 
  

o
 
Limited brightness and contrast 
  

o
 
Low response  
time 
  

o
 
Reduced field of view 
  

-
 
Used in aviation for 
  

o
 
HSI & ADI 
  

o
 
ECAM 
  

OLED (Organic Light 
-
Emitting Diodes) 
  

An 
organic  light 
-
emitting  diode 
 
(
OLED 
 
or 
Organic  LED 
),  also  known  as  an  

organic EL 
 
(organic electroluminescent) diode is a light 
-
emitting diode (LED) in  

which the emissive electroluminescent layer is a film of organic compound that  

emits light in response to an electric current. This organic layer is situated between  

two electrodes; typ 
ically, at least one of these electrodes is transparent. OLEDs  

are used to create digital displays in devices such as television screens, computer  

monitors, portable systems 
  

  

F
IGURE  
4
:
 
D
IODES OF DIFFERENT COLORS 
  

Source F4 
 
:  

https://fr.wikipedia.org/wiki/Diode_%C3%A9lectroluminescente#/media/Fichier:Diodos_LED_foto.png 
  

  

  

F
IGURE  
5
:
 
ORGANIC ELECTROLUMINESCENT DIODE 
  

Source F5 
 
:  

https://fr.wikipedia.org/wiki/Diode_%C3%A9lectroluminescente#/media/Fichier 
:Ledmrp.jpg 
  

-
 
Properties 
  

o
 
Life time 60.000 hours 
  

-
 
Advantage 
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o
 
Extra flat screen, light and flexible 
  

o
 
Insensible to interference 
  

o
 
Limited heating 
  

o
 
Large field of view (160°) 
  

o
 
High temperature resistance 
  

PLASMA 
  

A 
plasma display panel 
 
(
PDP
) is a type of flat panel disp 
lay that uses small cells  

containing plasma; ionized gas that responds to electric fields. Until about 2007,  

plasma  displays  were  commonly  used  in  larger  televisions  (76 
 
cm  and  larger).  

Since then, they have lost nearly all market share due to competition  
from low 
- 

cost  LCDs  and  more  expensive  but  high 
-
contrast  OLED  flat 
-
panel  displays.  

Manufacturing  of  plasma  displays  for  the  United  States  retail  market  ended  in  

2014, and manufacturing for the Chinese market ended in 2016 
  

In color screens, the gas used is  
a mixture of argon (90%) and xenon (10%). An  

electrical potential is applied to a line electrode and a column electrode defining a  

cell of the screen to produce gas excitation. When this one goes from the excited  

state to the normal state, it radiates in t 
he UV spectrum (thus invisible). Phosphors  

will convert this radiation into visible red, green or blue radiation. A pixel is thus  

formed  of  three  cells  R,  V  and  B.  The  intensity  of  this  color  is  obtained  by  

modulating  the  number  and  the  voltage  of  the  elec 
trical  pulses  between  the  

electrodes. 
  

There are 256 levels for each color, so it is possible to recreate 16.7 million colors  

(256 x 256 x 256). Plasma does not draw the image line by line like a conventional  

TV, it displays an entire image at a time by sti 
mulating all the pixels. 
  

  

F
IGURE  
6
:
 
C
OMPOSITION OF A PLASMA DISPLAY PANEL 
  

Source F6 
 
:  

https://fr.wikipedia.o 
rg/wiki/%C3%89cran_%C3%A0_plasma#/media/Fichier:Plasma 
-
display 
- 

composition.svg 
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-
 
Advantages 
  

o
 
Large Size 
  

o
 
Thin 
  

o
 
Good contrast 
  

o
 
Good reactivity 
  

o
 
No remanance 
  

-
 
Drawbacks 
  

o
 
Power consumption higher than LCD but no consumption if dark  

scene 
  

o
 
Plasma displays are generally  
heavier than LCD 
  

o
 
Does not work as well at high altitudes above 2000 meters due to  

pressure differential between the gases inside the screen and the  

air pressure at altitude 
  

5.11.3. diodes 
  

LEDs (Light 
-
Emitting Diode) emit light when a current flows from  
the anode to the  

cathode 
  

The  threshold  voltage  depends  on  the  color  and  therefore  the  chemical  

composition of the doping. 
  

  

F
IGURE  
7
:
 
T
HRESHOLD VOLTAGE 
  

Source F7:  
D. Breyne 
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F
IGURE  
8
:
 
D
IODE 
  

Source F8:  
D. Breyne 
  

Advantages 
  

-
 
Small size: we can build LEDs of the size of a pixel. They can therefore be  

used to build high resolution screens. 
  

-
 
Easy to mount on printed circuit 
  

-
 
Low power consumption, lower than that of incandescent lamps, of the  

same or 
der of magnitude as fluorescent tubes 
  

-
 
Excellent mechanical resistance (shocks, vibrations ...) 
  

-
 
Lifetime (20 
-
50,000 h) much longer than incandescent lamp (1000h) 
  

-
 
Very low voltage operation 
  

-
 
Very low light inertia. Switch on and off in a very short time. Use  
for short  

or long distance signal transmission 
  

-
 
Do not heat up 
  

Drawbacks 
  

-
 
Energy 
-
intensive manufacturing process 
  

-
 
Decrease in efficacy during lifetime (end of life 20%  
-
70% of initial  

effectiveness) 
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5.11.4.  
Instruments 
  

EHSI (Electronic Horizontal  
Situation Indicator) 
  

EHSI  is  an  aircraft  flight  instrument.  Often  a  CRT  or  LCD  screen.  It  provides  

information on: 
  

  

F
IGURE  
9
:
 
E
LECTRONIC  
H
ORIZONTAL  
S
ITUATION  
I
NDICATOR  
(EHSI) 
  

Source F9:  
http://aviationandaccessories.tpub.com/TM 
-
1
-
1510 
-
225
-
10/css/TM 
- 

1
-
1510 
-
225
-
10_292.htm 
  

1.
 
Course Readout / Label  
 
 
 
15.
 
 
 
Compass Benchmarks 
 
  

2. 
 
FMS Message Aler 
t 
 
 
 
 
16.
 
 
 
Distance of Bearing Source 
  

3. 
 
FMS Heading Bug  
 
 
 
 
17.
 
 
 
Bearing Source 
  

4. 
 
Course Deviation Scale  
 
 
 
18.
 
 
 
Distance to Course Source 
 
  

5. 
 
Vertical Deviation Scale  
 
 
 
19.
 
 
 
Free Format Line (ARC 
-
210 Freq) 
  

6. 
 
Vertical Deviation Pointer  
 
 
 
20.
 
 
 
Digital HDG Bug Readout 
  

7. 
 
Lateral Deviation Bar  
 
 
 
 
21.
 
 
 
Heading Bug 
  

8. 
 
Course Source  
 
 
 
 
 
22.
 
 
 
Track Indicator 
  

9. 
 
FMS Flight Modes  
 
 
 
 
23.
 
 
 
Digital Heading Readout 
  

10.
 
 
 
Selectable Nav Date  
 
 
 
 
24.
 
 
 
DR or RAIM Alert 
  

11.
 
 
 
Course Pointer  
 
 
 
 
25.
 
 
 
FMS OFST 
  

12.
 
 
 
Wind Direction Degrees, Velocity, Knots  
 
26.
 
 
 
Wind Pointer 
  

13.
 
 
 
Compass Rose 
 
 
 
 
 
 
27.
 
 
 
TO / FROM Indicator 
  

14.
 
 
 
Bearing Pointer  
 
 
 
 
28.
 
 
 
Miniature Aircraft 
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F
IGURE  
10
:
 
737/777 
 
ND
 
WITH  
W
EATHER  
R
ADAR 
  

  

F
IGURE  
11
:
 
737/777 
 
A
PPROACH  
M
ODE
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F
IGURE  
12
:
 
737/777 
 
ND
 
WITH 
 
TERRAIN 
 
&
 
TCAS 
  

  

  

F
IGURE  
13
:
 
737/777 
 
WITH  
W
EATHER  
R
ADAR 
  

Source F10 to F13:  
http://www.sim 
-
avionics.com/nd.html 
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EADI (Electronic Attitude and Direction indicator) 
  

L’EADI is an aircraft flight instrument 
.  Often  a  CRT  or  LCD  screen.  It  provides  

information on:: 
  

  

F
IGURE  
14
:
 
S
OME OF THE MANY PARAMETERS AND FEATURES OF AN ELECTRONIC  

ATTITUDE DIRECTION INDICATOR 
  

Source F14:  
https://www.flight 
-
mechanic.com/electronic 
-
instruments/ 
  

  

ECAM (Electronic Centralized Aircraft Monitoring) 
  

ECAM  displays  are  assigned  to  monitor  and  control  all  aircraft  systems.  They  

re
place  the  flight  engineer's  panel  since  there  are  only  2  crew  members  in  the  

flight deck. 
  

Two screens are usually provided: 
  

•
 
The  first  shows  the  synoptic  diagrams  of  the  systems,  with  more  or  less  

details according to the request of the crew. For each syste 
m, one or more  

pages (display screens) are provided in the computer memory 
  

•
 
The  second  displays  the  procedures  and  checklists  associated  with  the  

selected system or a particular  flight phase (before start 
-
up, before taxi,  

before take 
-
off, approach, ...) 
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F
IGURE  
15
:
 
ECAM 
 
(E
LECTRONIC  
C
ENTRALIZED  
A
IRCRAFT  
M
ONITORING 
)
  

Source F15 :  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The instructions given on the screen are adapted to the situation: 
  

-
 
Normal instructions 
 
if systems are in good working order 
  

-
 
Special instructions 
 
in case of breakdown, with priority of the actions to  

be performed and the parameters to be monitored. The def 
ault is always  

indicated  on  at  least  one  of  the  two  screens  with  more  or  less  detailed  

display depending on the severity 
  

  

F
IGURE  
16
:
 
ECAM 
 
(E
NGINE DISPLAY 
)
  

Source F16 :  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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F
IGURE  
17
:
 
ECAM 
 
(F
UEL  
S
YSTEM  
D
ISPLAY 
)
  

Source F17 :  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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Preface 
  

Chapter  5.12  
–
 
“Electrostatic  Sensitive  Devices”  gives  an  overview  of  the  

electrostatic discharges, their origin, their effects on electrostatic sensitive devices  

and how it is possible to prevent the deterioration of electronic components. 
  

  

Learning outcomes 
  

General kno 
wledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
b
e able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

proced 
ures. 
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5.12. Electrostatic Sensitive Devices 
  

5.12.1. Definition 
  

ESD stands for Electrostatic Discharge 
  

When  two  materials  come  into  contact,  there  is  electron  transfer.  When  this  

transfer takes place suddenly, it is called  
electrostatic discharge (ESD). 
  

When  the  two surfaces  in  contact  are separated,  each of  them  is  charged. The  

losing electron material is positively charged while the electron 
-
picking material is  

negatively charged. The tendency to charge positively or negat 
ively is a function  

of the intrinsic property of the material. 
  

There are two types of static electricity  
generation: 
  

1.
 
Triboelectric  
generation 
:
 
The friction of materials, the displacement of  

the bodies cause the appearance of electrostatic charges 
:
  

a.
 
if the body is nonconductive, these charges tend to stay where they  

were created 
  

b.
 
if the body is conductive, these charges are distributed over all the 
  

surfaces in contact 
  

These  situations  occur  when  people  are  walking,  are  sitting  on  seats  not  

electrically connected to the ground, wear inappropriate clothing or when  

subjected to an air flow (compressed air, ....). 
  

The materials are charged either positi 
vely (air, hands, glass, hair, nylon,  

wool, silk, aluminum, paper, ...) or negatively (steel, wood, copper, silver,  

gold, polyester, celluloid, PVC, Teflon, silicones, ...). 
  

2.
 
Generation by influence: 
 
A body placed close to another one that is not  

at the sam 
e potential can be charged by induction, without contact. In this  

way, printed circuits can be subjected to electrostatic discharges produced  

in their environment. 
  

  

5.12.2. Origin of  
electrostatic 
 
charges 
  

A plane flying at high speed acquires high electros 
tatic charges: 
  

-
 
Friction of the surface of the aircraft against particles of sand, dust, snow  

crystals 
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-
 
Impact of the aircraft against particles with dense electrical charges (storm  

clouds) 
  

-
 
Mechanical elimination of ions in exhaust gases (engines,  
turbines). 
  

The potentials depend on: 
  

-
 
The speed of the airplane 
  

-
 
The geometry of the airplane 
  

-
 
The weather 
  

-
 
The outside air temperature 
  

-
 
The engine regime 
  

To avoid electrostatic discharges between the different parts of the aircraft, it is  

necessary that all th 
e metal parts of the aircraft are at the same potential. 
  

  

5.12.3. Effects of electrostatic discharge 
  

Most electrostatic discharges are harmless to humans but the effect they have on  

electrical components is identical to that of lightning falling on a tree. 
  

  

  

F
IGURE  
1
:
 
E
FFECT OF AN ELECTROSTATIC DISCHARGE ON AN ELECTRONIC COMPONENT 
  

Source F1:  
D. Breyne 
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Depending on the types  of materials and the mode of generation, tensions can  

reach several thousand volts. It should be noted  
that the degree of humidity of  

the  air  has  a  very  strong  influence  on  the  level  of  tension  generated.  Dry  air  

moving on the surface of an insulator can generate voltages of 20,000 volts. With  

a humidity of 65 to 90%, the voltages produced fall to a few hun 
dred volts. 
  

Source 
 
Humidity   (10%  
-
 
Humidity   (65%  
-
  

20%) 
 
90%) 
  

Walking on carpet 
 
35.000 Volts 
 
1.500 Volts 
  

Walking on a vinyl floor 
 
12.000 Volts 
 
250 Volts 
  

Employee on bench 
 
6.000 Volts 
 
100 Volts 
  

Vinyl wrap 
 
7.000 Volts 
 
600 Volts 
  

Plastic bag taken on  
the bench 
 
20.000 Volts 
 
1.200 Volts 
  

Working chair with foam padding 
 
18.000 Volts 
 
1.500 Volts 
  

  

5.12.4. Means of prevention 
  

Protection  against  deterioration  of  electronic  components  and  equipment  by  

electrostatic discharge is done in two ways: 
  

-
 
Prevention against the formation of electrostatic charges 
  

-
 
The elimination of charges 
  

It is important to protect the ESDS component at all stages of its implementation,  

paying attention to the following points: 
  

-
 
The design of the material. 
  

-
 
The conditioning o 
f the components. 
  

-
 
The production and assembly area. 
  

-
 
The choice of tools 
  

-
 
The testing devices. 
  

-
 
The handling of electronic cards 
  

Prevention against the formation of electrostatic charges is done in different ways: 
  

-
 
Control of the Relative Humidity: The electro 
static properties of equipment  

are highly dependent on atmospheric moisture. Controlled humidity of 50%  

is found in most circumstances. If the humidity falls below 20%, it must be  
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ensured  that  materials  and  equipment  can  actually  work  under  these  

condition 
s
  

-
 
Work in clean room 
  

-
 
Work in safety zone (EPA: Electrostatic Protected Area). An EPA is a safety  

zone in which electrostatic fields and voltages are kept insignificant so that  

components sensitive to electrostatic discharge can be handled safely 
  

The  
elimination of charges. The major risk being represented by people, the latter  

must imperatively be connected to the ground. Most of the time, this is done by  

the  use  of  an  antistatic  wrist  strap.  In  mobile  station,  it  cannot  be  used,  the  

technician can we 
ar shoes or dissipative heels. We can also install a floor properly  

grounded. In this way, the person, each time she moves, is kept in close contact  

with the ground and remains electrically balanced. The flooring plays a vital role.  

Not only, it is imposed 
 
by the different regulations, but it serves as a connection  

of people to the ground. It is the basis of good protection; it makes it possible to  

globalize  it  and  make  it  more  reliable  by  moving  from  a  local  protection  from  

station to station to a global z 
one protection. 
  

  

5.12.5. Electronic components 
  

At  the  scale  of  electronic  components,  the  problem  is  very  important.  The  

integration of multiple junctions on the chips of the current components increases  

the risk that is directly related to the size of the 
ir own components. 
  

-
 
Sensitivity 
  

Some   components  or  equipment  are  very  sensitive   to  electrostatic  

discharge  and  are  then  qualified  ESDS  (ElectroStatic  Discharge  Sensitive  

Device). This sensitivity depends on the construction of equipment and the  

materials  us 
ed.  The  sensitivity  of  an  ESDS  increases  with  the  speed  of  

operation and the reduction of the size of the component. Destructive loads  

are often transmitted by the operator who manipulates the component. The  

human body is the main source of ESD discharges  
that cause the majority  

of damage to an electronic component. The table below gives information  

on the sensitivity of common electronic components. 
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-
 
Manufacturer Specifications and Marking (M5B2) 
  

ESD  sensitive  equipment  is  identified  by  
labeling.  Yellow  label  placed  

prominently on the equipment (in 2 places) that warns the user: 
  

-
 
Handle with care 
  

-
 
Sensitive Electronic Device 
  

-
 
Do not open the equipment except in an appropriate area 
  

  

F
IGURE  
2
:
 
ESD
 
M
ARKING 
  

Source F2 :  
D. Breyne 
  

-
 
Risks related o electrostatic discharges 
  

They are divided into two groups: The risks related to people and the risks  

related to materials 
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Risks related to people 
 
:
  

They represent about 70% of the total risk. People are working as accumulators  

of 
static  electricity  and  release  it  suddenly  by  contact  in  the  form  of  DES.  The  

energies released, often greater than several thousand micro joules, far exceed  

the minimum power to damage electronic components (from a few micro 
-
joules  

to a few tens of micro  
joules). People are charging while walking. In dry weather,  

a person can charge enough to end up with an electrostatic potential of several  

kilovolts. 
  

Risks related to materials 
  

They represent the remaining 30%. They are mainly related to insulating materi 
als  

and  strong  generators  such  as  plastics.  These  radiate  large  electrostatic  fields  

(several tens of kilovolts maximum) to induce charges within the components. If  

they create potential that exceed the isolation power of their internal dielectric,  

signifi 
cant damage can occur. 
  

-
 
Internal damages 
  

The damage caused by ESD discharge can be observed under a  

microscope on semiconductor circuits. The dissipation of the energy  

results in a local heating which can lead to the piercing of the insulating  

oxide and the 
 
formation of short circuit. 
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F
IGURE  
3
:
 
D
AMAGE CAUSED BY  
ESD
 
DISCHARGE ON SEMICONDUCTOR CIRCUITS 
  

Source F3:  
D. Breyne 
  

-
 
Electrostatic discharge may cause ESDS components to fail or change  

their characteristics. The  
consequences can be immediate and detected by  

tests made during manufacture and followed by correction. On the other  

hand, the product can pass the inspections and the functional test, the  

failure can be latent and be revealed after the delivery of the equ 
ipment  

to the customer. It is unfortunately estimated that 90% of breakdowns  

are due to this type of failure. 
  

-
 
Prevention 
  

Many electronic components can be damaged by ESD. Sensitive  

components need to be protected during and after manufacture, during  

shippi 
ng and device assembly, and in the finished device. Grounding is  

especially important for effective ESD control. It should be clearly defined,  

and regularly evaluated. 
  

  

Protection during manufacturing 
  

In  manufacturing,  prevention  of  ESD  is  based  on  an  Elec 
trostatic  Discharge  

Protected Area (EPA). The EPA can be a small workstation or a large manufacturing  
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area. The main principle of an EPA is that there are no highly 
-
charging materials  

in the vicinity of ESD sensitive electronics, all conductive and dissipa 
tive materials  

are  grounded,  workers  are  grounded,  and  charge  build 
-
up  on  ESD  sensitive  

electronics is prevented 
  

Protection during transportation 
  

Sensitive  devices  need  to  be  protected  during  shipping,  handling,  and  storage.  

The buildup and discharge of st 
atic can be minimized by controlling the surface  

resistance and volume resistivity of packaging materials. Semiconductor devices  

and  computer  components  are  usually  shipped  in  an  antistatic  bag  made  of  a  

partially conductive plastic, which acts as a Farada 
y cage to protect the contents  

against ESD 
  

  

F
IGURE  
4
:
 
A
N NETWORK CARD INSIDE AN ANTISTATIC BAG 
  

Source F4:  

https://en.wikiped 
ia.org/wiki/Electrostatic_discharge#/media/File:Antistatic_bag.jpg 
  

  

5.12.5. The  
aircraft 
  

-
 
Aircraft protection  
  

o
 
In flight 
  

In flight this protection is provided by electrostatic dischargers to  

evacuate the electrostatic charges 
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F
IGURE  
5
:
 
E
LECTROSTATIC DISCHARGERS 
  

Source F5 :  
D. Breyne 
  

o
 
On the ground 
  

On the ground, the aircraft is grounding 
  

  

 
 
  

F
IGURE  
6
:
 
G
OUNDING THE AIRCRAFT 
  

Source F6 : Unknown 
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-
 
Online Maintenance 
  

It is first necessary to 
 
follow the procedures defined by the manufacturer  

(under the AMM (Aircraft Maintenance Manual) for example) and also  

know the internal procedures of the company, relating to this subject. 
  

For the replacement LRU (Line Replaceable Unit), manufacturers have  

provided sufficient protection for the equipment against electrostatic  

damage. Always remember to protect the plug of the equipment with the  

appropriate plug (Standard ARINC 600). 
  

o
 
Plastic  
plugs 
  

o
 
Anti 
-
static plastic plugs (if there is yellow label) 
  

This  conductive  plug  protects  the  connector  of  the  equipment  against  static  

electricity  and  prevents  the  hands  of  the  technician  to  be  in  contact  with  the  

terminals  of  the  connector,  which  are  link 
ed  to  the  "cards"  and  thus  to  the  

integrated circuits that can be destroyed by DES. 
  

Before disconnecting a bus or equipment, make sure that the LRU is powered off. 
  

Be  careful  not  to  connect  measuring  devices  not  approved  by  the  CMM  

(Component Maintenance M 
anual). 
  

Be careful not to change the type of cable when replacing. 
  

When connecting, make sure that the contacts are clean and that the contacts are  

well metallized. Never clean the contacts or the entire cable with trichlorethylene;  

use the solvents provid 
ed.
  

The lengths of the cables must be respected as well as their grounding which must  

be carried out in precise points and with care. 
  

It may be necessary to manipulate printed circuits directly (in the hold or in the  

cockpit); in such a case, the technicia 
n will have to wear on his wrist the already  

mentioned  conductive  bracelet  which  he  will  have  to  connect  to  the  chassis  

(ground terminal) before any work: thus any possible accumulation of electricity  

by the technician will be eliminated. It can then mount 
 
/ dismount a card in the  

rack without the risk of destroying the circuits. 
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Preface 
  

Chapter  5.12  
–
 
“Electrostatic  Sensitive  Devices”  gives  an  overview  of  the  

electrostatic  
discharges, their origin, their effects on electrostatic sensitive devices  

and how it is possible to prevent the deterioration of electronic components. 
  

Learning outcomes 
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The studen 
ts should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the  
physical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
  

•
 
be able to apply his knowledge in a practical way using detailed  

procedures. 
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5.13. Software  
Management Control 
  

5.13.1.  
Definition 
  

A 
safety 
-
related system 
 
comprises everything (hardware, software, and human  

aspects) needed to perform one or more safety functions, in which failure would  

cause a significant increase in the safety risk for the people and/or environment  

involved. Safety 
-
related systems are thos 
e that do not have full responsibility for  

controlling  hazards  such  as  loss  of  life,  severe  injury  or  severe  environmental  

damage. A safety 
-
critical system is designed to lose less than one life per billion  

(10
9
) hours of operation. 
  

5.13.2. Software level 
  

In the event of equipment failure, the following 3 criticality levels are considered 
  

The  
Software  Level 
,  also  known  as  the  
Design  Assurance  Level 
 
(DAL)  is  

determined from the safety assessment process and hazard analysis by examining  

the  effects  of  a  failu 
re  condition  in  the  system.  The  failure  conditions  are  

categorized by their effects on the aircraft, crew, and passengers 
  

Level 1 : Critical functions, potential catastrophic defects 
  

→
 
Failure may cause a crash 
  

Level 2 
 
: Essential functions, potential majo 
r defects 
  

→
 
Failure is significant 
  

Level 3 
 
: non 
-
essential functions, potential minor defects 
  

→
 
Failure is noticeable 
  

5.13.3.  
Software 
 
quality class 
  

There is also a notion of  
software quality class 
  

•
 
Class A 
 
: 
demonstration of the absence of defects  
(exhaustive tests) 
  

•
 
Class B 
 
:
 
present the organization and verification of programs 
  

•
 
Class C 
 
:  
use of proven programming standards 
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The objective of software security is then to obtain the couplings: 
  

•
 
Potential catastrophic defects  
 
Class A 
  

•
 
Potential major 
 
defects  
 
 
Class B 
  

•
 
Potential minor defects  
 
 
Class C 
  

  

5.13.4. Reliability of the data 
  

Some data can be entered manually. The software should systematically predict  

and perform checks: format, likelihood and consistency. Ex: Enter the local QNH,  

when  the  pi 
lot  inserts  this  data  using  a  keypad,  the  program  expects  a  value  

between  950  and  1050  hPa  (input  and  verification  format  3  or  4  digits,  value  

between the fixed limits). 
  

For  the  data  coming  from  the  different  sensors  or  from  other  computers,  the  

software  w 
ill  have  to  make  sure  that  the  received  data  is  the  transmitted  data  

(role of the control of transmission) the check of plausibility is assured, but It’s  

necessary  to  apply  in  addition  another  rule,  redundancy  (if  the  parameter  is  

important). Ex .: informa 
tion from inertial Reference System (3 independent units,  

comparison of parameters, etc.). 
  

Once  the  data  entered,  validated,  they  are  stored  in  memory,  to  protect  

themselves from an eventual loss. (Storage on disc). 
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5.13.5. Reliability of the  
processing 
  

Onboard software are designed to perform comprehensive and sometimes specific  

tests: 
  

-
 
Maintenance tests 
  

-
 
Tests in use 
  

Maintenance tests 
  

This  procedure  is  effective  when  the  aircraft  is  on  the  ground  and  stopped.  

Technicians can run  
specific test programs. Verification of the installation with the  

possibility  to  determine,  to  locate  the  defective  element.  (OBRM  .:  On  Board  

Replacable Module). These programs allow to work: 
  

-
 
Locally, at the level of a computer. (Input parameters or compu 
ter module). 
  

-
 
Globally, at a system level. (Ex: complete verification of an AFCS, EFIS or  

ECAM) 
  

Tests in use 
  

There are 2 types of tests: 
  

1.
 
Back ground tests 
  

2.
 
Watch dog tests 
  

Background tests 
  

The principle is to "run" test routines at selected points in the mai 
n program. These  

are "consolidated points" then checking the results and the smooth operation of  

the  software.  These  controls  can  be  done  by  comparison.  Ex:  the  command  

channel  and  the  control  channel,  in  case  of  disagreement  between  the  two  

channels,  ther 
e  is  storage  of  the  information  relating  to  the  anomaly,  with  the  

possibility of the computer to declare itself out of order. 
  

Watch Dog Tests 
  

This type of program runs continuously in parallel with the main program (main  

program  monitoring).  This  monitorin 
g  is  carried  out  on  the  course  of  the  main  

program: 
  

-
 
the order of the sequences must be correct. 
  

-
 
the rate of exchanges. 
  

-
 
the maximum duration of the different processes 
  

 
5
 

    

    
        
    








    
        
    

    
        5.13. SOFTWARE MANAGEMENT CONTROL 
  

5.13. 
6
. Airworthiness Requirements 
  

The design of onboard software is complex and are more 
 
and more used, hence  

the  need  to  ensure  a  very  high  level  of  security.  To  obtain  good  results,  a  

document has been created: the DO 
-
178A "Software Consideration in Air Terminal  

Systems  and  Equipment  Certification".  This  document  was  generated  thanks  to  

the
 
collaboration   of   EUROCAE   (European   Organization   for   Civil   Aviation  

Electronics)  and  the  RTCA  (Radio  Teclulical  Comission  for  Aeronautics).  The  

purpose of this document is to propose techniques and methods for developing  

quality  software  to  manage  them.  Th 
e  DO1  78A  is  therefore  intended  for  

designers,  installers  and  users  of  these  various  systems  in  air  transport.  The  

certification  of  the  software  is  only  meaningful  when  the  certification  of  the  

equipment or the complete system is achieved. 
  

  

5.13. 
7
. 
Software Development 
  

The development of the software is done according to the following life cycle chart.  

It is checked at key points, typically at the end of each stage of the life cycle. The  

certification process of the equipment or system including the  
software must show  

the  suitability  of  the  software  to  its  specifications  and  this  is  done  by  a  large  

number of tests. 
  

  

  

F
IGURE  
1
:
 
S
OFTWARE DEVELOPMENT LIFE CYCLE 
 
PHASES 
  

Source F1:  
https://cdn.softwaretestinghelp.com/wp 
- 

content/qa/uploads/2018/04/SDLC 
-
Cycle.jpg 
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The higher the level required, the more the authorities are demanding in terms  

of:
  

-
 
Traceability of the software 
  

-
 
Traceability of the documentation. 
  

-
 
Type and number of tests. 
  

To highlight the compliance of its software, the designer has several tools: 
  

-
 
Analysis and evaluation 
 
(the designer) 
  

It is necessary to provide the results of the tests made at the key points,  

to 
show  that  the  software  is  conformed  to  its  requirements,  to show  the  

effectiveness of the tests. 
  

-
 
Inspection 
 
(the authorities) 
  

Both hardware and software architecture must be consistent with functional  

criticality 
  

-
 
Declaration of conformity 
  

It is a document  
that engages the responsibility of the designer 
  

  

5.13. 
8
. Example: DO 
-
178B 
  

Definition 
  

DO
-
178B,  Software  Considerations  in  Airborne  Systems  and  Equipment  

Certification 
 
is a guideline dealing with the safety of safety 
-
critical software used  

in  certain  airborne  systems.  Although  technically  a  guideline,  it  was  a  
de  facto 
  

standard for developing avionics software systems until it was replaced in 2012  

by DO 
-
178C. 
  

Certificat 
ion procedures provide for the establishment of: 
  

-
 
the software codes and their criticality 
  

-
 
The list of the software used (compilers) 
  

-
 
The list of processors used 
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Software level 
  

The standard has 5 levels of criticality (from A to E, from the most severe to  
the  

least severe) defined as follows: 
  

-
 
Level A : Catastrophic 
 
–
 
Failure may cause a crash. Error or loss of critical  

function required to safely fly and land aircraft. 
  

-
 
Level B : Hazardous 
 
–
 
Failure has a large negative impact on safety or  

performance, or re 
duces the ability of the crew to operate the aircraft due  

to physical distress or a higher workload, or causes serious or fatal injuries  

among the passengers. (Safety 
-
significant) 
  

-
 
Level  C  :  Major 
 
–
 
Failure  is  significant,  but  has  a  lesser  impact  than  a  

Haz
ardous failure (for example, leads to passenger discomfort rather than  

injuries) or significantly increases crew workload (safety related) 
  

-
 
Level  D  :  Minor 
 
–
 
Failure  is  noticeable,  but  has  a  lesser  impact  than  a  

Major failure (for example, causing passenger 
 
inconvenience or a routine  

flight plan change) 
  

-
 
Level E : No Effect 
 
–
 
Failure has no impact on safety, aircraft operation,  

or crew workload. 
  

These 5 levels are also known as the  
Design Assurance Level 
 
(DAL) 
  

Levels are established by security  
studies. These studies then set the DAL level  

for  hardware  and  software  in  accordance  with  safety  standards  (ARP4754)  or  

aircraft  manufacturer's  directives  (ABD100,  ABD200,  ...).  The  DAL  level  of  a  

subsystem may be different from the system level, provided 
 
that the DAL level of  

the system is reached by a suitable hardware/software architecture. 
  

  

Objectives to achieve 
  

The closer to A is the level of criticality, the higher the number of objectives to  

satisfy. So : 
  

•
 
Level E:  
  

o
 
Software development is not  
subject to any particular constraints 
  

•
 
Level D:  
  

o
 
The  software  must  be  documented;  the  list  of  documents  to  be  

provided is fixed by the standard. 
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o
 
Prior to development, plans must be established to set development  

process,  verification  and  configuration  manag 
ement  and  quality  

assurance methods. 
  

o
 
Traceability   must   be   ensured   and   verified   between   system  

specifications, software high 
-
level specifications, and verifications. 
  

o
 
All  that  is  specified  must  be  formally  verified:  functional  coverage  

must be ensured. Docum 
ents must also be formally verified. 
  

o
 
The  software  must  be  managed  in  configuration,  for  example  all  

evolutions of the source code must be justified 
  

o
 
An  independent  Quality  Department  must  ensure  compliance  with  

the standard by inspecting the outputs of the  
software life cycle. 
  

•
 
Level C 
:
  

o
 
In addition to the D 
-
level constraints, development rules must be set  

beforehand (on the specification, design and coding phases). 
  

o
 
The  traceability  and  verification  requirements  also  apply  to  the  

design and coding phases of th 
e software. 
  

o
 
Low  level  requirements  (or  design  requirements)  must  be  formally  

verified. 
  

o
 
Structural  coverage,  or  code  coverage,  must  be  verified  and  

analyzed: all code instructions must have been executed and tested,  

all  deviations  must  be  justified.  These  c 
onstraints  often  lead  to  

having to pass unit tests. 
  

  

•
 
Level B 
 
:
  

o
 
In addition to the C 
-
level constraints, code coverage at the "decision"  

level is required. 
  

o
 
Development   and   audit   activities   should   be   outsourced   to  

independent teams. 
  

•
 
Level A 
 
: 
  

o
 
In 
addition  to  the  B 
-
level  constraints,  code  coverage  at  the  

"condition" / "decision" level is required. 
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Documents to provide 
  

The  processes  related  to  the  development  of  aeronautical  onboard  software  

subject  to  the  DO 
-
178B  standard  are  accompanied  by  the  edit 
ing  of  several  

documents (the titles are given for information only): 
  

Before development, planning phase 
 
:
  

•
 
Plan relating to the certification: in particular this document specifies the  

level of criticism retained, and by which means it is planned to  
fulfill  the  

objectives of the standard DO 
-
178B 
  

•
 
Software Development Plan 
  

•
 
Software Verification Plan 
  

•
 
Software Configuration Management Plan 
  

•
 
Software Quality Assurance Plan 
  

•
 
Software specification rules 
  

•
 
Software design rules 
  

•
 
Software coding rules 
  

Regarding th 
e actual development process : 
  

•
 
Software requirements specifications 
  

•
 
D
escription of the software design 
  

Regarding the verification process : 
  

•
 
Software Verification Cases and Procedures 
  

•
 
Software Verification Results: 
  

o
 
Unit test results 
  

o
 
Integration test results 
  

o
 
Test results 
  

•
 
Code coverage analysis 
  

•
 
Review of each software document 
  

Regarding the configuration management process : 
  

•
 
Index of the software configuration 
  

•
 
Index of the software life cycle environment 
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Regarding the quality management process : 
  

•
 
Records related to quality 
  

•
 
Compliance review report 
  

•
 
Summary of work completed 
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ELECTROMAGNETIC ENVIRONMENT 
  

  

Preface 
  

Chapter  5.14  
–
 
“Electromagnetic Environment” gives an overview of the different  

aspect of the electromagnetic environment: the electromagnetic compatibility, the  

electromagnetic  interference,  the  field  of  high  intensity  radiation  and  electric  dis- 

charges. 
  

Learning outcome 
s
  

General knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as appropriate,  

typica 
l examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical laws  

describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams describing  

the subject. 
  

•
 
be able to apply his knowledge in a practical way  
using detailed procedures. 
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5.14.  
Electromagnetic Environment 
  

5.14.1.  
D
e
finition 
  

The electromagnetic spectrum  is a name given by scientists to a set of radiations  

carrying energy in an oscillating form, moving at the speed of light 
 
(c ) 
 
and which is  

equal to 
 
299.792.458 m/s. 
  

It  is  in  fact  a  massless  particle  flow  (PHOTONS)  which  covers  the  range  of  radio  

freq 
uencies (AM, FM, TV, Radar, GPS 
 
...), the frequen 
cies of light (Infrared, visible 
,  

ultraviolet), X 
-
rays or γ 
-
rays. The energy trans 
ported by these photons goes in the  

increasing direction, starting from radio waves to γ  
rays. It is  admitted, however,  

that the behavior of electromagnetic waves can sometimes be assimilated to a flow  

of particles 
 
(
for high energies 
) 
sometimes to a  
wave. 
  

All electronic systems therefore operate in electromagnetic fields, whether natural  

(terrestrial or solar radiation) or artificial (generated by humans). 
  

In either case, it is necessary to ensure the correct operation of the systems, which  

implies th 
e following tests: 
  

•
 
ELECTROMAGNETIC COMPATIBILITY (EMC 
)
 
:
 
it is the ability of a system  

to function properly in its electromagnetic environment. 
  

•
 
ELECTROMAGNETIC INTERFERENCE (EMI 
)
 
:
 
it is the study of the electro- 

magnetic emissions of an element which can di 
sturb the functioning of an- 

other system 
  

•
 
FIELD OF HIGH INTENSITY RADIATION 
 
:
 
i
t is the study of the electro- 

magnetic emissions of a powerful element which can disturb the functioning  

of another system 
  

•
 
ELECTRIC DISCHARGE 
 
:
 
i
t is the study of the  
behavior of the systems of  

an airplane (Avionics and/or Flight Controls) in case of storm 
  

  

5.14.2.  
Electromagnetic compatibility 
 
(
EMC
)
  

(
https://fr.wikipedia.org/wiki/Compatibilit%C3%A9_%C3%A9lectromagn%C3%A9tique 
)
  

D
e
finition 
  

Electromagnetic compatibility (EMC) is the ability of an electrical or elect 
ronic device  

or system to function satisfactorily in its electromagnetic environment, without itself  

producing disturbing electromagnetic disturbances for the others in this environment.  
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A  good  electromagnetic  compatibility  describes  a  state  of  "electromag 
netic  good  

neighbor": 
  

•
 
Limit the level of unwanted emissions from the device, so  as not to disturb  

radio reception or other equipment; 
  

•
 
Be sufficiently immune to disturbances from other equipment, or more gener- 

ally from the environment. 
  

EM Compatibility 
 
betw 
een different aircraft systems 
  

The voltage supply of the various electrical systems on board is provided by a com- 

mon circuit; as a result, interactions take place between a system and the input of  

the neighboring system. 
  

These reactions may take the form o 
f pulses (abrupt rise of current or voltage) oc- 

curring during switching on or off. They are classified and grouped into an aeronau- 

tical standard that prescribes characteristic test pulses. 
  

In  addition  to  pulses,  high  frequency  oscillations  have  undesirable 
 
effects  on  the  

onboard circuit. They are caused by cycles of connection succeeding one another at  

a very fast rate. 
  

Interactions in the cable bundle 
: As the aircraft cables are grouped together in  

several bundles, they are subject to  
significant capacitive and inductive coupling. The  

disturbing voltages (mentioned above) are transmitted by the power cables to the  

neighboring cables. The cables connecting the "actuators" are disruptive neighbors;  

in fact they are generally controlled by 
 
fast 
-
rising  pulses of V 
-
shape or in I 
-
shape. 
  

These reciprocal influences can be avoided by: 
  

•
 
Reducing the rise and amplitude of the pulses by mounting diodes or resistors  

in the actuators. 
  

•
 
Shielding sensitive cables 
  

•
 
Arranging the bundle of cables to minim 
ize coupling effects 
  

EM compatibility between the airplane and its environment 
  

Radiation 
: In order for the airplane to not interfere with the transmission of radio  

or television broadcasts, its radiation must not exceed limit values imposed by an  

aeronautical standard. 
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Incident Radiation 
: When by proximity, an airplane crosses the radiation of a pow- 

erful transmitter, this field can influence the onboard electrical systems. The intensity  

of this effect (incident radiation) depends on the airframe ma 
terial and the bundles  

of cables. 
  

Tests for measuring the incident radiation resistance of the on 
-
board electrical sys- 

tems are carried out and make it possible to  
determine 
 
whether the airplane supports  

incident radiations and what are the operating limits 
 
of the systems. 
  

  

5.14.3.  
Electromagnetic interference 
  

Some electrical components emit an electromagnetic field that can extend to signif- 

icant distances. Interference is then caused in other systems. The typical case is that  

of motorcycles that  
induce interference in radio or TV receivers. 
  

An important aspect for flight safety is the prohibition to operate a GSM on board an  

aircraft,  especially in the approach phase, because  the autopilot systems are very  

sensitive to the harmonics of the waves e 
mitted by these mobile phones. 
  

The  non 
-
susceptibility  of  an  electronic  system  must  be  demonstrated  before  it  is  

accepted for installation on an airplane. This is an important analysis that is often  

assimilate to EMC studies. 
  

  

5.14.4.  
Field of high intensit 
y radiation 
  

Recent  
development 
 
in radio communications and other electronic technologies have  

created a phenomenon called HIRF in the operational environment of the aircraft. 
  

In the USA and Western Europe, there are more than 500,000 transmitters partici- 

pa
ting in the EM environment. The planes are exposed to the HIRF environment that  

emanates from: 
  

•
 
High 
-
power radio and television transmitters, 
  

•
 
Radars, 
  

•
 
Satellite link transmitters 
  

•
 
Microwave communication systems. 
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A study was conducted in the USA to demonstrat 
e that onboard electrical and elec- 

tronic systems could withstand the influence of these HIRFs. 5913 Flights were ana- 

lyzed (take 
-
off and landing) near 2 major cities (Denver and Seattle). 893 transmit- 

ters transmitting in the 500 kHz 40 GHz frequency band we 
re considered. The results  

of the study are consistent with the certification requirement 
s
 
for the influence of EM  

fields on aircraft avionics. The probability of occurrence of a catastrophic event due  

to the HIRF influence is 2x 10 
-
6 (with very conservati 
ve assumptions). 
  

  

5.14.5.  
Electric discharge 
  

Origin 
  

Lightning  is  an  electrical  discharge  between  clouds,  or  between  a  cloud  and  the  

ground, or between a cloud and an airplane. The discharge begins with a precursor  

(leader) descending from the cloud to  
the ground, not very bright because carrying  

a weak electric current. It progresses in leaps of about 50 m at a speed of the order  

of  1.5  10 
5
 
m/s  by  creating  an  ionized,  dimly  lit  channel.  When  this  precursor  ap- 

proaches a few tens of meters from the ground 
, and for an electric field of the order  

of 500 kV, another ascending precursor develops towards the first. 
 
Once the contact  

is 
established between the two precursors, a recoil streamer will progress from the  

ground towards the cloud and is characterized b 
y the brutal increase of the current  

and thus of the luminosity. 
 
The return arc propagates at a speed of the order of 10 
0
  

m/s and brutally transfer to the ground the electric charges of the ionized channel. 
  

  

F
IGURE  
1
:
 
L
IGHTNING STRIKE FORMATION 
  

Source F1 :  
D. Breyne  
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F
IGURE  
2
:
 
L
IGHTNING STRIKE ON AN AIRPLANE AT TAKEOFF 
  

Source 
 
F2
 
: 
https://nerdheist.com/airplane 
-
lightning 
-
strike/ 
  

  

F
IGURE  
3
:
 
LIGHTNING STRIKE ON AN AIRPLANE 
  

Source 
 
F3
 
: 
https://www.airspacemag.com/flight 
-
today/how 
-
things 
-
work 
-
lightning 
- 

protection 
-
161993347/ 
  

  

A discharge lasts on average 50 μs and the peak current reaches 
 
30 kA. The following  

figure summarizes what happens with a plane that serves as a relay 
  

  

F
IGURE  
4
:
 
HOW LIGHTNING ATTACHES TO AN AIRPLANE 
  

Source 
 
F4
 
: 
https://www.boeing.com/commercial/aeromagazine/ar- 

ticles/2012_q4/4/ 
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Protection 
  

When the aircraft is hit by lightning, the lightning discharge is distributed  
uniformly  

throughout the structure, and the static dischargers evacuate this discharge to the  

atmosphere, through places where the arcs cause a minimum electromagnetic inter- 

ference (HF) and minimal damage to the structure. 
  

By discharging the charges of a l 
ightning, all static dischargers can melt at the same  

time 
  

For the protection to be effective, a good bonding of all parts of the aircraft, whether  

mobile or not, must be ensured at all times, hence the high importance of Corrosion  

Inspections  (CP).  The  
gr
ound 
 
are  carefully  meshed  so  that  they  are  at  the  most  

equipotential possible, thanks to the  
metallization 
 
which, moreover, make it possible  

to protect from lightning and parasites by dividing the current by numerous low re- 

sistance conductors. 
  

In case of l 
ightning strike on an aircraft, it is necessary to quickly dissipate very large  

currents of the order of 200 kA in less than 1 second. This dissipation will be done  

by the primary metallization of the aircraft. 
  

During the manufacturing of the aircraft, mea 
surements of electrical continuity of the  

main  structure  are made  to  verify  the  good  metallization  of  the  aircraft  during  its  

assembly. 
  

The consequences of a badly evacuated lightning strike are the bursting of the com- 

posite materials and the destruction o 
f the affected systems. 
  

In 1976, a Boeing 747 
-
100  
of the  
Iranian Air Force explode 
d
 
in approach in Spain  

following a lightning strike on a wing whose fuel tanks were empty 
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F
IGURE  
5
:
 
BURSTING OF THE COMPOSITE OF A RADOME 
  

Source F5: D. Breyne 
  

  

Several solutions exist to protect an aircraft against lightning 
.
  

•
 
Faraday 
’s
 
Cage 
:
 
metallization, low impedance paths, potential dropper 
.
  

•
 
Internal  
Protections 
:
 
b
y varistors 
-
type components (voltage 
-
dependent  

resistors) which  
discharge the overvoltages to earth 
  

•
 
Pr
e
vention 
 
:
 
by the choice of navigation routes based on information pro- 

vided in flight by the weather radar 
  

The places where  
discharges 
 
are most frequent are: 
  

•
 
Navigation lights 
  

•
 
Tank filler caps 
  

•
 
L
ids of the fuel gauges 
  

•
 
R
efueling equipment 
  

•
 
Tank ventilation 
  

•
 
Antennas and radomes 
  

•
 
Trailing edge 
s
 
of 
lifting surfaces 
 
and propeller blades 
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After a lightning strike, a thorough inspection of the aircraft will be carried out. 
  

All of these discharges produce radio noise that can  
disrupt the on 
-
board equipment.  

Static dischargers can channel discharges to the atmosphere through locations where  

the arcs cause minimal radio 
-
dielectric interference. 
  

  

Some  
figures 
  

•
 
Up to 175 incidents / year in the world 
  

•
 
1 lightning strike / 1500  
flying hours 
  

•
 
The risk is highest at 10000 ft (3000 m) 
  

•
 
The take 
-
off and landing phases are the most critical 
  

  

The  
risks 
  

Direct 
 
: 
  

•
 
Physical damage to the structure and external equipment 
  

•
 
Cable break 
  

•
 
Dielectric explosion 
  

Indirect 
  

•
 
Induced  
disturbance  on  electronic  equipment 
. 
Here you don’t need to write  

any text anymore. You can delete this text even. It is actually the last ‘blank’  

piece of paper (two pages) of your book (if you delete this text of course). 
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Preface 
  

Chapter 5.15  
–
 
“Typical Electronic/Digital Aircraft Systems” gives an overview of  

the  different  electronic  aircraft  systems,  with  a  description  of  each  system,  its  

architecture and an example of the implementation of that system on a modern  

airliner. 
  

Learning outcomes 
  

Ge
neral knowledge of the theoretical and practical aspects of the subject. 
  

The students should: 
  

•
 
be able to understand the essential theoretical principles of the subject. 
  

•
 
be able to give a general description of the subject, using, as  
appropriate,  

typical examples. 
  

•
 
be able to use mathematical formulas in conjunction with the physical  

laws describing the subject. 
  

•
 
be able to read and understand sketches, drawings and diagrams  

describing the subject. 
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5.15.  
Typical 
 
Electronic/Digital Aircraft Systems 
  

15.1.  
ACARS 
  

Objectives 
  

Aircraft Communication Addressing and Reporting System 
 
(ACARS) is an  

ARINC 
-
compliant communications system between an aircraft and a ground  

station. It is a radio communication and monitoring syst 
em used in aviation by  

aircraft operators. It allows the automatic control of the status of the aircraft in  

flight, send the control report to the maintenance center of the airline, send  

operational and logistical communications. Thus the maintenance servi 
ce knows  

well before the arrival of the plane its state, its possible breakdowns and  

therefore the maintenance to be made. 
  

VHF and HF, the backbone of ACARS in the 1970s, are now supported by  

satellite links (SATCOM) in ocean areas 
.
  

ACARS messages may be o 
f three broad types: 
  

1.
 
Operational 
  

•
 
Departure times, takeoff, landing, arrival times 
  

•
 
Weather information 
  

•
 
Aircraft tracking (estimated time of arrival, ...) 
  

•
 
Operating flight plan (technical flight plan, crew composition, ...). 
  

2.
 
Technical 
  

•
 
Transmission  of  system  failure  messages  and  Electronic  Centralized  

Aircraft Monitoring (ECAM) messages in particular to allow maintenance  

teams to anticipate an intervention. 
  

•
 
Technical status 
  

•
 
Aircraft  monitoring  parameters,  engines  and  systems  (AIDS:  Aircr 
aft  

Integrated Data System). 
  

3.
 
General 
  

•
 
Text 
-
based transmissions via the MCDU 
  

In the case of a transmission from the aircraft to the ground we will talk about  

Downlink 
 
messages 
  

In  the  case  of  a  transmission  from  the  ground  to  the  plane,  we  will  talk  about  

Upl
ink
 
messages 
  

 
4
 

    

    
        
    








    
        
    

    
        5.15. TYPICAL LECTRONIC/DIGITAL AIRCRAFT  
  

The  transmitted  information  is  in  digital  form  via  a  VHF  radio  link,  amplitude  

modulated at 1200Hz. The positive half 
-
wave of the BF signal represents the bit:  

1, the negative half 
-
cycle the bit: 0, the non 
-
bit change is signaled by a double  

f
requency, at 2400Hz 
  

  

F
IGURE  
1
  

Source F1:  
D. Breyne 
  

System architecture 
  

Onboard equipment 
  

The onboard equipment’s makes it possible to process messages in digital form  

and to transmit or receive them using: 
  

-
 
An ACARS  
management calculator (MU Management Unit) 
  

-
 
Interfaces    with    aircraft    maintenance,    communication    and    flight  

management systems (FMS, CMS, AIDS, VHF3) 
  

-
 
Interfaces with the crew (ACARS function of the MCDU, printer) 
  

The calculator is able to generate and trigge 
r the emission of a certain number of  

messages  without  the  intervention  of  the  crew.  It  ensures  the  reliability  of  the  

transmission of messages by an acknowledgment and addressing process to the  

ground  stations.  This  calculator  includes  a  MODEM  which  trans 
forms  the  digital  

signals into analog signals transmitted by the VHF. 
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Ground equipment 
  

On   the   ground,   a   transmission   network   SITA   (Société   Internationale   de  

Télécommunications  Aéronautiques,  which  currently  gathers  more  than  300  

airlines  in  170  countries) 
 
able  to  receive  messages  and  send  them  with  the  

required  security,  either  to  the  headquarters  of  the  operator  or  from  the  

headquarter to a specific plane. Data centers use data received from aircraft, or  

elaborate data to be transmitted to an aircraft suc 
h as "Regulation", "Maintenance  

Monitoring", "Engine Monitoring", "Flight Plan", "Cabin Data", etc. 
  

Example 
  

  

F
IGURE  
2
:
 
ACARS 
 
M
ESSAGE PRINTED ON THE FLIGHT DECK PRINTER 
  

Source F2 
 
:  

https://fr.wikipedia.org/wiki/Aircraft_Communication_Addressing_and_Reporting 

_System#/media/Fichier:ACARS_Message_(3555653334).jpg 
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Figure  
3
: L
ocation of the MU ACARS on  
a plane 

  

Source F3:  
D. Breyn 
e
  

  

5.15.2. ECAM/EICAS 
  

Objectives 
  

The  
ECAM 
 
(
Electronic Centralized Aircraft Monitoring 
) is a centralized monitoring  

system  of  the  aircraft.  It  provides  operational  assistance 
 
for  both  normal  and  

abnormal situations. 
  

The term ECAM is used by Airbus. While the term EICAS is used by Boeing. 
  

ECAM allows 
 
:
  

•
 
To monitor all aircraft systems (hydraulic, electrical, fuel, etc.). 
  

•
 
To  present  the  state  of  the  various  systems  to  the  
pilots  in  normal  

situation (a logical sequence adapted to a phase of flight, or the needs  

expressed by the pilots at any moment of the flight) 
  

•
 
Alert  pilots  in  the  event  of  a  malfunction  of  a  system  with  the  

presentation of the fault while proposing suggest 
ions for actions. 
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The  Electronic  Centralized  Aircraft  Monitoring  ( 
ECAM 
)  system  displays  the  

associated alarms and procedures, as well as the system page corresponding to a  

detected fault, by means of a cathode 
-
ray tube or LCD display, highlighting the  

faul 
ty element (by a different color or a blinking of the parameter). 
  

It  also  presents  the  primary  parameters  of  engine  control.  The  on 
-
screen  

presentation makes it possible to determine the state of the system and to alert  

the crew if the configuration is abn 
ormal. ECAM draws attention to the severity of  

the  failure,  assists  in  diagnosis  and  orients  corrective  action.  It  is  generally  

composed of two screens, 1 Engine/Warning Display (EWD) and 1 System Display  

(SD). 
  

  

  

F
IGURE  
4
:
 
M
AIN INSTRUMENT PANEL 
  

Source F4:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

  

  

F
IGURE  
5
:
 
M
AIN INSTRUMENT PANEL 
  

Sourc 
e F5:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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Information displayed on E/WD (Engine Warning Display) 
 
:
  

The E/WD displays the following inf 
ormation: 
  

•
 
Engine parameters: N1, EGT, N2, fuel flow 
  

•
 
Fuel quantity 
  

•
 
Position of the high lift devices 
  

•
 
Alarms and associated procedures 
  

•
 
Reminder of temporarily used functions (MEMO) 
  

•
 
Takeoff and approach procedures 
  

The SD displays the following information: 
  

•
 
The synoptic of the systems 
  

•
 
Messages concerning the state of the aircraft (STATUS page) 
  

•
 
Maintenance information 
  

•
 
Temperature, airplane mass and CG position 
  

  

System architecture 
  

F
IGURE  
6
:
 
ECAM/EICAS 
 
ARCHITECTURE 
  

Source F6 :  
D. Breyne 
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The interface 
  

The interface is broken down into several modules: 
  

1.
 
Two screens (CRT or LCD) 
  

• Representing systems (System Display), 
  

• Representing alerts (Warning Display) 
  

These two screens are controlled by a WSCP (Warning and Control 
 
Panel)  

at the disposal of the pilots. 
  

2.
 
An system management control panel (opening / closing valves, turning on  

switches, etc.). 
  

3.
 
A set that can be used as a last resort, in the event of failure of the detection  

and fault analysis system, based on warning l 
ights ("caution" amber) and  

alarm ("warning" red) and a device WLDP (Warning Lights Display Panel) 
  

Computers 
  

The  heart  of  this  system  consists  of  two  FWC  (Flight  Warning  Computers)  

computers.  Both  units  receive  information  (sensors  installed  on  all  
systems).  

Based on the operating standards and "software implemented" in the FWC, they  

check: 
  

•
 
The state of the different systems, 
  

•
 
The routing of information to the elements of the interface, 
  

•
 
Any malfunctions, 
  

•
 
The procedures to be implemented to deal with t 
hese anomalies, 
  

•
 
Routing of these procedures to the elements of the interface 
  

The  two  computers  FWC  1  and  2  exchange  their  information  continuously  by  a  

"cross 
-
talk" line, a system to remove the doubt if there is a difference between  

their  data.  The  informa 
tion  should  be  presented  on  screens.  This  formatting  is  

effective thanks to the SGU (Symbol Generator Unit). The two SGUs (one per WC  

calculator) elaborate all the information that will have to appear on the CRTs. 
  

Sensors 
  

For  a  centralized  management  of  th 
e  systems,  the  computers  receive  a  large  

number  of  information  from  sensors.  (ex:  pressure,  temperature,  quantity,  

vibrations, voltage and electrical intensity, ...). These multiple sensors are of two  

types: 
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•
 
"Analog", the measurement is done in 
-
situ and is 
 
then transformed into an  

analog electrical signal before being sent to the computers. 
  

•
 
"Digital",  the  measurement  is  also  done  in 
-
situ,  but  the  information  is  

converted directly in the sensor into a digital signal routed by bus to the  

computers. 
  

  

Example A 
irbus A380 
  

Source 
 
:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The ECAM is composed of: 
  

-
 
Two  
Flight  Warning  Systems 
 
(FWSs)  that  compute  alerts  and  manage  

the display of the ECAM information 
  

-
 
One  
ECAM Control Panel 
 
(ECP) 
  

-
 
Two sets of visual attention 
-
getters 
  

-
 
Four loudspeakers for aural warnings. 
  

The ECAM is displayed on four display units: 
  

-
 
The  
Engine/Warning  
Display 
 
(E/WD) display unit 
  

-
 
The  
System Display 
 
(SD) display unit 
  

-
 
The lower part of the two  
Primary Flight Display 
 
(PFD) display units. 
  

  

F
IGURE  
7
:
 
ECAM 
 
ARCHITECTURE 
  

Source F7:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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ECAM Flight Phases and SD Pages according to the ECAM Flight Phases 
  

  

F
IGURE  
8
:
 
ECAM 
 
FLIGHT PHASES 
  

Source F8:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

  

  

Condition 
 
Flight  
SD System 
  

Phase 
 
Synoptic  

Page 
  

Aircraft at gate and no engine running 
 
1
 
DOOR 
  

During  APU  start 
-
up  and  until  the  APU  is  fully  
         
All
 
APU
  

running 
  

During the engine 
-
start sequence 
 
2
 
ENGINE 
  

From engine start to the setting of takeoff power 
 
2
 
WHEEL 
  

When on ground and the flight crew moves either  
2
 
F/CTL 
  

the F/CTL 
 
sidestick or the  
rudder pedals 
  

From the setting of takeoff power to thrust  
3,  4,  5,  6,  
ENGINE 
  

reduction at ENGINE 
 
1500 ft or above 
 
7
  

During cruise to landing gear extension 
 
8
 
CRUISE 
  

From landing gear extension to engine shutdown 
 
9, 10, 11 
 
WHEEL 
  

From LAST ENG  
SHUTDOWN to 5 MIN AFTER 
 
12
 
DOOR 
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The  
ECAM 
 
information  for  n 
ormal  and  abnormal  procedures  are  
displayed  in  

different colors. 
  

Red
 
For configurations or failures requiring immediate action 
  

Amber 
 
For configurations or failures requiring awareness but  
not immediate  

action 
  

Green 
 
-
 
Normal operations: memo 
  

-
 
Information in procedure or on STATUS page 
  

-
 
Items checked in a normal checklist 
  

White 
 
-
 
Actions completed in a procedure 
  

-
 
Conditional items 
  

-
 
Title of a menu. 
  

Cyan 
 
-
 
Actions to be done in procedure /  
Checklist item to be checked  

in checklist 
  

-
 
Limitations 
  

-
 
Title of an not completed normal checklist 
  

Magenta 
 
For a specific memo (e.g. TO or LDG inhibition). 
  

Gray 
 
-
 
Items that are not valid/not active (e.g. actions subsequent to a  

condition that is not detecte 
d, and not validated) 
  

-
 
Completed checklist items / Title of a completed normal checklist 
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ECAM Alerts 
  

Alert  
Description 
 
  

Type 
  

Warning 
 
For  an  emergency  situation  requiring  

immediate crew action: 
  

•  The  aircraft  is  in  a  dangerous  

configuration  or  in  a  limiting  flight  

condition (e.g. engine on fire) 
 
  

• Failure of a system that impacts the  

safety of the flight (e.g. engine fire). 
  

Caution 
 
For  an  abnormal  situation  requiring  

awareness but not immediate action: 
  

•  Failure  of  a  system  t 
hat  does  not  

impact   the   safety   of   the   flight.  

However,   to   prevent   any   further  
  

degradation  of  the  affected  system,  a  

crew   action   is   required   whenever  

possible 
  

 
For a situation that requires the crew to  

be informed (crew awareness) but does  

not   require   a  
crew   action   (e.g.  

redundancy  
loss  
or 
system  

degradation). 
  

  

Advisory 
 
For a monitored parameter that is still  
  

in  the  normal  operating  range  but  is  

drifting  away.  If  there  is  an  advisory  

condition,    the    SD    display    unit  

automatically  displays  the  
associated  

SD   Page.   The   parameter   that   is  

deviating from its normal range pulses. 
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Displays 
  

The  ECAM  information  is  displayed  on  three  different  displays  (E/WD,  SD  and  

PDF). Each display is divided into different sections or zones. 
  

  

F
IGURE  
9
:
 
ECAM 
 
INDICATORS 
  

Source F9:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The  
E/WD 
 
display is divided into two sectio 
ns
  

1.
 
The  
Engine  Display  Zone 
 
(top  section)  displays  the  engine  primary  

parameters 
  

2.
 
The  
Warning Display Zone 
 
(bottom section) displays either: 
  

In normal operations: 
  

o
 
Checklist menus and items requested by the flight crew 
  

o
 
All the memos 
  

In abnormal  
operations: 
  

o
 
Failure related procedures 
  

o
 
Deferred  procedures,  also  accessible  through  the  normal  checklist  

menu 
  

o
 
Not sensed abnormal procedures and associated menus requested by  

the flight crew 
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o
 
All the limitations due to the failure 
  

o
 
Advisory  Indications,  if  a 
 
monitored  parameter  deviates  from  its  

defined operational range 
  

o
 
Status indication, following an ECAM alert. 
  

Normal operations 
 
Abnormal perations 
 
 
  

Checklist 
 
Alerts and  
Limitations and  
Not sensed abnormal  

procedures 
 
memos 
 
procedures 
  

  

  

  

  

  

The  
SD
 
display is divided into three sections: 
  

1.
 
The  
SD Main Zone 
 
(top section) displays: 
  

In normal operations: 
  

A system synoptic page (SD page) or the MORE INFORMATION page 
  

In abnormal operations: 
  

The failure related system synoptic page 
  

The STATUS page  
after the flight crew has cleared the procedure(s)  

on  the  E/WD.  The  STATUS  page  draws  the  flight  crew’s  attention  to  

limitations and deferred procedures and displays inoperative systems and  

general information. 
  

2.
 
The center section ( 
Permanent Data Zone 
) main 
ly displays temperature,  

time and aircraft weight data. 
  

3.
 
The bottom section displays the ATC Mailbox 
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F
IGURE  
10
:
 
ECAM 
 
SYSTEM DISPLAY 
  

Source F10:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The different SD system synoptic pages are: 
  

-
 
APU (Auxiliary Power Unit) 
  

-
 
BLEED (Pneumatics) 
  

-
 
C/B (Circuit breakers) 
  

-
 
COND (Air conditioning) 
  

-
 
CRUISE (Cruise) 
  

-
 
DOOR/OXY (Doors/oxygen) 
  

-
 
ENGINE  
(Engine secondary parameters) 
  

-
 
ELEC DC (DC electrical power) 
  

-
 
ELEC AC (AC electrical power) 
  

-
 
F/CTL (Flight controls) 
  

-
 
FUEL (Fuel) 
  

-
 
HYD (Hydraulics) 
  

-
 
PRESS (Cabin pressurization) 
  

-
 
WHEEL (Landing gear, braking, ground spoilers, etc.) 
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F
IGURE  
11
:
 
ECAM 
 
SYSTEM DISPLAY 
  

Source F11:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

  

The lower section of the  
PFD
 
(Sla 
t/Flap/Trim/Memos/Limitations Zone) displays,  

in addition to the E/WD, the memos and limitations that have a direct impact on  

the aircraft flight performance 
  

  

F
IGURE  
12
:
 
ECAM 
 
P
RIMARY  
F
LIGHT  
D
ISPLAY 
  

Source F12:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

Controls 
  

The ECAM Control Panel is located on the pedestal 
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F
IGURE  
13
:
 
ECAM 
 
CONTROL PANEL 
  

Source F13:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

Two sets of visual attention 
-
getters a 
re located on the glareshield 
  

  

F
IGURE  
14
:
 
ECAM 
 
ATTENTION GETTERS 
  

Source F14:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part% 
202.pdf 
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5.15.3. EFIS 
  

Objectives 
  

An 
electronic  flight  instrument  system 
 
(
EFIS 
)  is  a  flight  deck  instrument  

display    system    that    displays    flight    data    electronically    rather    than  

electromechanically. An EFIS normally consists of a primary flight display (PFD), 
  

multi 
-
function display (MFD), and an engine indicating and crew alerting system  

(EICAS)  display.  Early  EFIS  models  used  cathode  ray  tube  (CRT)  displays,  but  

liquid crystal displays (LCD) are now more common 
  

Each pilot therefore has 2 display  
screens for grouping the information provided  

before on conventional instruments: 
  

EADI 
 
EHSI 
  

Electronic Attitude Director Indicator 
 
Electronic Horizontal Situation Indicator 
  

  

  

 
  

-
 
ADI (Attitude Direction Indicator) 
  

-
 
HSI (Horizontal Situation  
Indicator) 
  

-
 
Anemometer 
-
Mach meter 
  

-
 
Radar screen 
  

The main advantages to display the information on a screen are: 
  

-
 
To display only the information necessary for the current flight phase, 
  

-
 
To  present  the  information  by  progressive  colors  (examples:  altitude  or  

sp
eed capture, excessive vertical speed) 
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EADI displays the following information: 
  

-
 
The scale of speeds, left on the PFD, replaces the anemo 
-
Mach meter, 
  

-
 
the  upper  part  presents  the  different  modes  for  the  autopilot,  the  flight  

director and the auto 
-
thrust, 
  

-
 
th
e artificial horizon is symbolized in the center of the screen, 
  

-
 
the altitude scale, on the right, replaces the altimeter. Barometric setting is  

selected on the EFIS control panel, 
  

-
 
the  vertical  speed  scale,  to  the  right  of  the  altitude  scale,  
replaces  the  

variometer, 
  

-
 
the heading scale, the current heading and the selected heading are shown  

on the lower part of the PFD, 
  

-
 
the radio altitude indication (shown next to the altitude scale) replaces the  

radio altimeter indicator, 
  

-
 
Marker tag information 
 
is presented under the altitude scale 
  

EHSI displays information about navigation in different modes: 
  

-
 
ROSE VOR mode: shows the course rose and the radio deviation from the  

selected VOR route. 
  

-
 
ROSE mode ILS: presents in a similar way to the mode "ROSE VOR"  
the  

course rose as well as the radio deviation with respect to the axis of runway. 
  

-
 
ROSE  NAV  mode:  presents  the  heading  rose  as  well  as  the  flight  plan  

representation. 
  

-
 
ARC mode: presents exactly the same information as in ROSE NAV mode  

but only on a 90 ° ar 
c towards the front of the aircraft. 
  

-
 
PLAN mode: presents the flight plan computed by the flight management  

computer on a map always oriented to the geographical north. 
  

System architecture 
  

EFIS system consists of 
 
:
  

In the flight deck : 
  

-
 
2 displays (ND, PFD)  
in front of the pilot 
  

-
 
2 displays (ND, FFD) in front of the copilot 
  

-
 
2 EFIS control panels 
  

-
 
2 manual brightness control panels and screen transfer PFD/ND 
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In the electronic bay : 
  

-
 
Display Management Computers (DMC)  
  

-
 
System Data Acquisition Concentrator (SDAC) 
  

E
xample Airbus A380 
  

Source : A380 Breifing for pilots 
  

The EFIS is one component of the Control and Display System (CDS) 
  

The EFIS is composed of: 
  

-
 
Two Primary Flight Display (PFDs) units for short 
-
term flight information 
  

-
 
Two Navigation Display (NDs)  
units for navigation 
  

-
 
Two EFIS Control Panels (EFIS 
-
CPs) through which the flight crew interact  

with the EFIS displays 
  

  

F
IGURE  
15
:
 
M
AIN INSTRUMENT PANEL 
  

Source F15:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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The Primary Flight Displays 
  

  

F
IGURE  
16
:
 
T
HE PRIMARY FLIGHT DISPLAY 
  

Sour 
ce F16:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The upper section of the PFD is generated by the EFIS and displays the: 
  

-
 
The complete basic 
 
T including the: 
  

–
 
Attitude 
  

–
 
Airspeed / Mach 
  

–
 
Altitude / Vertical speed 
  

–
 
Heading 
  

-
 
AFS status 
  

-
 
ILS deviation / marker 
  

-
 
Radio altitude. 
  

The lower section of the PFD displays: 
  

-
 
Memos and limitations 
  

-
 
Slat/Flap/Trim positions 
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The Navigation Displays 
  

  

F
IGURE  
17
:
 
N
AVIGATION DISPLAY 
  

Source F17:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The upper section of the ND, called  
ND
 
Main Zone 
, displays: 
  

-
 
Aircraft position with respect to navigation aids, FMS flight plan and map  

data 
  

-
 
Weather radar information 
  

-
 
SURV information. 
  

The lower section of the ND, called  
Vertical Display (VD) Zone 
, displays: 
  

-
 
Weather radar information 
  

-
 
SURV  
vertical information combined with the vertical flight profile to provide  

a synthetic view of the aircraft’s vertical situation 
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F
IGURE  
18
:
 
V
ERTICAL DISPLAY ZONE 
  

Source F18:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

  

The EFIS Control Panel 
  

Two sets of EFIS Control Panels are located on the glareshield 
  

  

  

F
IGURE  
19
:
 
EFIS 
 
CONTROL PANEL 
  

Source  
F19:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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5.15.4. FBW 
  

Objectives 
  

Fly
-
by
-
wire 
 
(
FBW
)  is  a  system  that  replaces  the  conventional  manual  fl 
ight  

controls  of  an  aircraft  with  an  electronic  interface.  The  movements  of  flight  

controls are converted to electronic signals transmitted by wires (hence the fly 
- 

by
-
wire term), and flight control computers determine how to move the actuators  

at each cont 
rol surface  to provide the ordered response. It can use mechanical  

flight control backup systems (Boeing 777) or use fully fly 
-
by
-
wire controls. 
  

The electric flight control system is radically different in that there is no longer  

any  mechanical  
connection  between  the  control  (joystick)  and  the  control  

surfaces. The displacement of the handle is captured and quantified by electrical  

sensors  (potentiometers)  and  sent  to  a  computer  which  transfers  this  order  to  

electrically controlled hydraulic cyli 
nders which actuate the control surface. 
  

BASIC PRINCIPLE 
  

All the control surfaces are : 
  

•
 
Electrically 
 
controlled, 
  

•
 
Hydraulically 
 
operated 
.
  

In addition to weight savings, electric flight controls provide much more precise  

control,  resulting  in  lower  fuel  
consumption  and  less  stress  on  the  aircraft's  

structure. 
  

ADVANTAGES 
  

•
 
Weight saving 
  

•
 
More precise flight control 
  

•
 
Secured flight domain 
  

•
 
Aircraft limitation insured 
  

•
 
Low risk of failure 
  

•
 
Failure rate < 10 
-
9
 
flight hours 
  

•
 
Autopilot 
  

•
 
Easier maintenance 
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System archite 
cture 
  

  

F
IGURE  
20
:
 
M
ECHANICAL CONTROL OF THE RUDDER 
  

Source F20:  
D. Breyne 
  

  

F
IGURE  
21
:
 
F
LY BY WIRE OF THE RUDDER 
  

Source F21: D. Breyne 
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XDCR 
 
: Transducer 
 
(a device that converts a signal in one form of  
energy  

to another form 
 
of energy) 
  

FCPC: Flight Control Primary Computer 
  

FCSC: Flight Control Secondary Computer 
  

BCM : Backup Control Module 
  

Example Airbus A350 
  

Source 
 
: Flight Deck and Systems Briefing for Pilots (Airbus) 
  

The A350 has  
fly
-
by
-
wire flight controls. 
  

The flight controls can be divided into two categories: 
  

•
 
The  
primary  flight  controls  
which  control  the  aircraft  according  to  the  

three  axes  (Roll,  Pitch  and  Yaw)  and  fulfill  the  auxiliary  functions  (speed  

brakes, ground spoilers 
,...) 
  

•
 
The  
slats and flaps  
which fulfill the high 
-
lift function 
  

Control Surfaces 
 
:
  

The A350 has: 
  

•
 
4 ailerons 
  

•
 
14 spoilers 
  

•
 
2 elevators and 1 Trimmable Horizontal Stabilizer (THS) 
  

•
 
1 rudder 
  

•
 
12 slats, 4 Adaptive Dropped Hinge Flaps and 2 Droop Nose Devices. 
  

The A35 
0 has two independent hydraulic circuits and two independent electrical  

circuits which power the flight control surfaces. 
  

System Architecture 
  

The flight controls system has: 
  

-
 
Flight deck controls 
  

o
 
Sidesticks 
  

o
 
Rudder pedals 
  

o
 
Rudder trim selector 
  

o
 
Pitch trim  
switch 
  

o
 
Speed brake lever 
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The relation between the flight crew input on the sidestick and the aircraft  

response is called a Control Law. There are three control laws: 
  

-
 
The normal law 
  

-
 
The alternate law 
  

-
 
The direct law. 
  

-
 
Three  Primary  Flight  Computers  (PRIMs).  E 
ach  PRIM  can  provide  aircraft  

control under normal, direct or alternate law. The PRIMs perform the 
  

o
 
Control of flight controls 
  

o
 
Flight Guidance (FG), A/THR and AP/FD functions 
  

o
 
Flight Envelope (FE) function 
  

-
 
Three Secondary Flight Computers (SECs). The SECs ca 
n provide complete  

aircraft control in direct law only. The computers receive inputs from the  

pilot controls or from the Auto Flight System. These inputs are transformed  

into  control  surfaces  commands  which  are  electrically  transmitted  to  

actuators. 
  

The A3 
50 has: 
  

-
 
Two  Flight  Control  Data  Concentrators  (FCDCs)  which  acquire  data  from  

PRIMs and SECs and send them to the: 
  

o
 
Control and Display System (CDS) 
  

o
 
Flight Warning System (FWS) 
  

o
 
Centralized Maintenance System (CMS) 
  

-
 
An Electrical Backup System (Backup Control 
 
Module  
–
 
BCM) that controls  

the  aircraft  in  the  case  of  failure  of  all  PRIMs  and  all  SECs  (For  more  

information, refer to Backup System) 
  

-
 
Flight Control Surfaces and Actuators. 
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F
IGURE  
22
:
 
F
LIGHT CONTROLS  
(
SYSTEM  
DESCRIPTION 
)
  

Source F22 :  
http://www.smartcockpit.com/docs/a350 
-
900
-
flight 
-
deck 
-
and
- 

systems 
-
briefing 
-
for
-
pilots.pdf 
  

  

Control laws 
  

The flight control l 
aw determine s the relationship between a flight crew order and  

the aircraft response. The main objectives of the normal control law are to: 
  

-
 
Provide instinctive and comfortable handling characteristics 
  

-
 
Provide comfort to the passengers and crew. 
  

Protection 
s prevent the aircraft from leaving the normal flight envelope. Full pilot  

authority  prevails  within  the  normal  flight  envelope.  The  pilot  authority  is  

progressively reduced when exiting the normal flight envelope and entering the  

peripheral flight envelop 
e.
  

Progressive control law reconfigurations occur (alternate law) depending on the  

number and type of failures (computers, sensors and actuator availability). These  

reconfigurations ensure the best possible performance of the flight control system. 
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There a 
re three levels of control laws that are a combination of control laws and  

protections: 
  

-
 
The normal law, for normal operations, even after a single failure of sensors,  

electrical system, hydraulic system or PRIM. 
  

-
 
The alternate law. Depending on the failure  
some protection are lost. 
  

-
 
The  direct  law.  Indirect  law  there  is  a  direct  relationship  between  the  

sidestick  position  and  the  control  surface  position  and  all  protections  are  

lost. 
  

The pitch Normal Law 
  

Objective: 
  

-
 
To control the flight path of the aircraft t 
hrough a load factor demand 
  

-
 
To secure the flight envelope 
  

Features: 
  

-
 
A sidestick deflection results in a change in vertical load factor and leads to  

a flight path variation. When the pilot releases the sidestick, the flight path  

is maintained 
  

-
 
Load  factor  li 
mitation  to  
-
1g/2,5g  in  clean  configuration  and  0g/2g  when  

slats or slats extended 
  

-
 
Autotrim 
  

-
 
Pitch  compensation  for  spoiler  deflection,  slats  and  flaps  extension  or  

retraction, and thrust variation 
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F
IGURE  
23
:
 
P
ITCH NORMAL LAW 
  

Source F23 :  
http://www.smartcockpit.com/docs/a350 
-
900
-
flight 
-
deck 
-
and
- 

systems 
-
briefing 
-
for
-
pilots.pdf 
  

  

  

Summary of the different level of law for lon 
gitudinal and lateral control 
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5.15.5. FMS 
  

Objectives 
  

FMS
 
: Flight Management System 
  

A 
flight management system 
 
(
FMS
) is a fundamental component of a modern  

airliner's avionics. An FMS is a specialized computer system that automates a wide  

variety of in 
-
flight tasks, reducing the workload on the flight crew to the point that  

modern civilian aircraft no longer carry flight engineers or navigators. A primary  

function is in 
-
flight management of the flight plan. Using various sensors (such as  

GPS  and  INS  ofte 
n  backed  up  by  radio  navigation)  to  determine  the  aircraft's  

position, the FMS can guide the aircraft along the flight plan. From the cockpit,  

the  FMS  is  normally  controlled  through  a  Control  Display  Unit  (CDU)  which  

incorporates a small screen and keyboar 
d or touchscreen. The FMS sends the flight  

plan  for  display  to  the  Electronic  Flight  Instrument  System  (EFIS),  Navigation  

Display (ND), or Multifunction Display (MFD) 
  

The FMS can be defined as a 3 
-
dimensional flight management system: FMS =  

RNAV + PMS 
  

•
 
RNAV 
 
:  Radio  navigation  (optimized  flight  management  in  the  horizontal  

plane) 
  

•
 
PMS
 
: Performance Management System (optimized flight management in  

the vertical plane) 
  

The FMS is a high capacity computer which works in real time. He prepares before  

the flight "a 
 
flight plan" introduced by the pilot. After take 
-
off, the FMS is coupled  

to the aircraft's guidance devices (PA and autopilot), and guides it on a trajectory,  

so  that  the  pilot  has  not  to  follow  the  flight  step  by  step.  However,  the  pilot  

remains informed 
 
of the situation and can make "strategic" (long 
-
term) or tactical  

(short 
-
term) decisions concerning the flight. 
  

The main functions of the FMS are: 
  

-
 
The construction of the flight plan. 
  

-
 
The sequencing of the flight plan. 
  

-
 
Developing forecasts and  
optimizing performance. 
  

-
 
Initialization (initial alignment on the ground) of the inertial units. 
  

-
 
The selection of the radio navigation aids. 
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-
 
The generation of information for the crew. 
  

-
 
The  generation  of  pilot  commands  and  guidance  to  the  autopilot,  to  the  

f
light director and to the auto 
-
throttle. 
  

The trajectory of the aircraft (in the horizontal and vertical planes)  is managed  

from  a  flight  plan  generated  at  the  departure  and  following  modifications  

introduced during the flight. 
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System architecture 
  

The  
FMS is composed with the following elements: 
  

  

F
IGURE  
24
:
 
FMS
 
ARCHITECTURE 
  

Source F24:  
D. Breyne 
  

Sensors: 
  

1.
 
IRS Inertial Reference System (IRS) equipped with accelerometers 
  

2.
 
Central Air Data Computer (CADC) 
 
: speed, pressure,  
temperature 
  

3.
 
Flow meters 
 
:  weight management 
  

4.
 
Distance Measuring Equipment (DME) 
 
: it's a system that gives the oblique  

distance that separates the airplane from the ground beacon 
  

 
35
 

    

    
        
    








    
        
    

    
        5.15. TYPICAL LECTRONIC/DIGITAL AIRCRAFT  
  

Computers: 
  

-
 
FMCU : Flight Management Computer Unit, high capacity  
digital computer. 
  

-
 
Data Base : the FMCU need a large database to perform the calculations:  

aerodynamic parameters, parameters of thrusts and consumptions of the  

engines,   references   of   the   standard   atmosphere,   information   of  

infrastructure ATC. This database 
 
needs to be updated every 28 days 
  

-
 
Auto 
-
pilot 
 
(
automatic control of aircraft control surfaces around to 3 axes 
).
  

-
 
Flight Director, semi 
-
automatic flight 
  

-
 
Auto Throttle System (Thrust calculator) 
  

Interface: 
  

-
 
Navigation Display : one EADI and one EHSI 
  

-
 
One Contr 
ol Display Unit (CDU). 
  

Example Airbus A380 
  

The  Flight  Management  System  (FMS)  helps  the  flight  crews  to  complete  flight  

operation tasks by providing the following functions: 
  

-
 
Navigation 
  

o
 
Aircraft position computation 
  

o
 
Radio navigation tuning 
  

o
 
Navigation. 
  

-
 
Fligh 
t planning 
  

o
 
Flight plan creation 
  

o
 
Flight plan revisions 
  

o
 
Flight plan predictions. 
  

-
 
Performance calculation and optimization 
  

-
 
Long 
-
term guidance 
  

-
 
Information display on the MFD, ND and PFD 
  

  

Architecture: 
  

There are two flight management systems: 
  

-
 
FMS 1 on the  
captain’s side 
  

-
 
FMS 2 on the first officer’s side 
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Each FMS uses: 
  

-
 
A computer, called the  
Flight Management Computer (FMC) 
  

-
 
The following cockpit interfaces: 
  

o
 
One  
Multi Function Display (MFD) 
  

o
 
One  
Keyboard and Cursor Control Unit (KCCU) 
  

o
 
One  
Navigation Display (N 
D)
  

o
 
One  
Primary Flight Display (PFD)  
  

o
 
One  
EFIS Control Panel (EFIS CP). 
  

There are three FMCs : FMC 
-
A, FMC 
-
B and FMC 
-
C.
  

  

F
IGURE  
25
:
 
FMS
 
ARCHITECTURE 
  

Source F25:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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Navigation 
  

Position Computation 
  

  

F
IGURE  
26
:
 
FMS
 
POSITION  
COMPUTATION 
  

Source F26:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The position computation function consists of determining the best estimat 
e  

of the aircraft position and evaluating the accuracy of this estimation. Each  

FMS computes its aircraft position and the position accuracy, using three  

sources: 
  

-
 
Inertial via the ADIRS 
  

-
 
Global Positioning System (GPS) via the MMR 
  

-
 
Radio navigation via NAVAI 
DS receivers 
  

The FMS position is a combination of the inertial position and the GPS or  

radio position, depending on which equipment provides the most accurate  

data 
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Radio Navigation Tuning 
  

  

F
IGURE  
27
:
 
FMS
 
RADIO  
NAVIGATION TUNING 
  

Source F27:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The FMS automatically tunes: 
  

-
 
The NAVAIDS used for the radio position 
 
computation 
  

-
 
The NAVAIDS for display on the ND 
  

-
 
The landing system NAVAIDS 
  

In dual and independent FMS mode, each FMS tunes its onside NAVAIDS: 
  

-
 
1 VOR 
  

-
 
4 DMEs 
  

-
 
1 ILS (MLS / GLS optional) 
  

-
 
1 ADF (optional) 
  

  

Flight Planning 
  

The FMS can  
simultaneously memorize four flight plans: 
  

•
 
One  
active  
flight plan: For lateral and vertical long 
-
term guidance and for radio  

navigation auto 
-
tuning 
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•
 
Three  
secondary  
flight  plans:  Drafts  to  compare  predictions,  to  anticipate  a  

diversion or to store company,  
ATC and OIS flight plans 
  

Flight Plan Creation:  
The lateral flight plan includes the departure, cruise  

and arrival and is composed of waypoints that are linked with  flight plan  

legs and transitions between legs 
  

Flight  Crew  Data  Entries:  
In order to make per 
formance computations  

and flight plan predictions, the flight crew has to enter the following data: 
  

o
 
Zero Fuel Weight (ZFW) and Zero Fuel Center of Gravity (ZFCG) 
  

o
 
Block fuel 
  

o
 
Airline cost index (CI) 
  

o
 
Flight conditions (CRZ FL, temperature, wind) 
  

Predictions:  
With the lateral flight plan and the flight crew data entries,  

the FMS computes the following predictions: 
  

-
 
Wind and temperature 
  

-
 
Speed changes 
  

-
 
Pseudo waypoint computation: T/C, T/D, LVL OFF,... 
  

-
 
For each waypoint or pseudo waypoint: 
  

o
 
Distance 
  

o
 
Estimated Time  
of Arrival (ETA) 
  

o
 
Speed 
  

o
 
Altitude 
  

o
 
Estimated Fuel On Board (EFOB) 
  

o
 
Wind for each waypoint or pseudo waypoint. 
  

-
 
For primary and alternate destination: 
  

o
 
ETA
  

o
 
Distance to destination 
  

o
 
EFOB at destination. 
  

These predictions are continually updated depending on: 
  

-
 
Revisi 
ons to the lateral and vertical flight plans 
  

-
 
Current winds and temperature 
  

-
 
Actual position versus lateral and vertical flight plans 
  

-
 
Current guidance modes 
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F
IGURE  
28
:
 
FMS
 
FLIGHT PHASES OF THE LATERAL FLIGHT PLAN 
  

Source F28:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

Flight Plan Revisions:  
The flight crew can perform the following lateral  

revisions: 
  

o
 
De
lete and insert waypoints 
  

o
 
Departure procedures: Takeoff runway, SID and transition 
  

o
 
Arrival procedures: Runway, type of  
approach, STAR, via, transition 
...
  

o
 
Airways segments 
  

o
 
Holding patterns 
  

o
 
Alternate airport. 
  

The flight crew can also perform the  
following vertical revisions: 
  

o
 
Time constraints 
  

o
 
Speed constraints 
  

o
 
Constant Mach segments 
  

o
 
Altitude constraints 
  

o
 
Step altitudes 
  

o
 
Wind. 
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Performance Calculation and Optimization :  
For each vertical flight phase, the  

FMS computes the optimized speed/Mach profile 
 
and additionally also computes  

for:  
  

-
 
Takeoff: Characteristic speeds (F, S, O) 
  

-
 
Climb: Optimum target speed 
  

-
 
Cruise: Optimum flight level and ECON cruise Mach 
  

-
 
Descent: Optimized target speed and profile 
  

-
 
Approach: Characteristic speeds (F, S, O, VAPP,  
VLS). 
  

  

5.15.6. GPS 
  

Objectives 
  

GPS (Global Positioning System) 
  

GPS receiver monitors multiple satellites and solves equations to determine the  

exact position of the receiver 
  

The  GPS  concept  is  based  on  
time 
.  GPS  satellites  transmit  continuously  their  

curren 
t  time  and  position.  Atomic  clock  are  aboard  any  satellites  and  are  

synchronized  to  each  other  and  to  ground  clocks.  Any  drift  from  true  time  is  

corrected daily. The location of each satellite is monitored precisely. The correction  

of time and location is  
made from the ground by the control stations. 
  

A GPS receiver monitors multiple satellites and solves equations to determine the  

exact  position  of  the  receiver  and  its  deviation  from  true  time.  At  least  four  

satellites must be in view of the receiver for it 
 
to compute four unknown quantities.  

Unknown  quantities  are  the  three  position  coordinates  and  the  clock  deviation  

from satellite time 
  

System architecture 
  

The GPS consists of three segments: the space segment, the control segment and  

the end 
-
user segment. 
  

1.
 
The space segment is composed of 24 orbiting GPS satellites 
  

2.
 
The  control  segment  is  composed  of  one  master  control  station,  one  

alternate  master  control  station,  four  dedicated  ground  antennas  and  six  

dedicated monitor stations. 
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3.
 
The  end 
-
user  segment  is  comp 
osed  of  millions  users,  military  or  civilian  

users. 
  

All satellites broadcast at the same two frequencies, 1.57GHz and 1.22 GHz. 
  

Space segment 
  

The space segment is composed of 24 orbiting GPS satellites, on six orbit planes  

inclined approximately at 55° rel 
ative to the earth’s equator and separated by 60°  

from  each  other.  The  orbital  period  is  11  hours  and  58  minutes,  so  that  the  

satellites pass over the same locations every day. At least six satellites are visible  

at the same time from everywhere on the ear 
th’s surface. The orbit is at an altitude  

of 20 
 
200 kilometers. 
  

All satellites broadcast at the same two frequencies, 1.57GHz and 1.22 GHz. The  

signals transmitted by the GPS satellites encode a large number of information,  

including  the  position  of  the  sa 
tellite,  the  state  of  the  internal  clocks,  and  the  

health  of  the  network.  These  signals  are  transmitted  on  two  distinct  carrier  

frequencies that are common to all satellites in the network. 
  

The United States is committed to maintain at least 24 satellites 
 
in operation 95%  

of  the  time.  To  ensure  this  commitment,  there  are  31  operational  satellites  in  

orbit. 
  

  

F
IGURE  
29
:
 
GPS
 
SPACE SEGMENT 
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Source F29 :  
https://en.wikipedia.org/wiki/VHF_omnidirectional_range 
  

Source:  
http://www.geo 
-
orbit.org/sizepgs/geodef.html 
  

  

Control  
segment 
  

The  control  segment  is  composed  of  one  master  control  station,  one  alternate  

master  control  station,  four  dedicated  ground  antennas  and  sixteen  dedicated  

monitor stations. 
  

The master control station is located at Falcon air force base in Colorado S 
prings  

in  the  United  States.  The  master  control  station  performs  the  primary  control  

segment functions, providing command and control of the GPS constellation. The  

Master Control station generates and uploads navigation messages and ensures  

the health and  
the accuracy of the satellite constellation. It receives  navigation  

information  from  the  monitor  stations.  The  master  control  station  uses  this  

information to compute the accurate locations of the GPS satellites in space, and  

then uploads this data to the  
satellites. 
  

16 Monitor stations, locate throughout the world, track the GPS satellites as they  

pass  overhead  and  send  their  observations  back  to  the  master  control  station.  

Monitor  stations  collect  atmospheric  data,  range/carrier  measurements,  and  

navigati 
on signals. 
  

Four  ground  antennas,  co 
-
located  with  some  monitor  stations,  are  used  to  

communicate with the GPS satellites for command and control purposes. 
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F
IGURE  
30
:
 
GPS
 
C
ONTROL SEGMENT 
  

Source F30:  
http://www.gps.gov/systems/gps/control/ 
  

  

End
-
User’s segments 
  

The user segment is composed of thousands of military users and tens of  

millions of civil, commercial and scientific users. 
  

GPS  receivers  are  composed  of  an  antenna,  tun 
ed  to  the  frequencies  

transmitted  by  the  satellites,  receiver 
-
processors  module,  and  a  highly  

stable  clock.  They  may  also  include  a  display  for  providing  location  on  a  

moving  map  and  speed  information  to  the  user.  A  receiver  is  often  

described by its numbe 
r of satellites it can monitor simultaneously. Today  

receivers typically are able to monitor between 12 and 20 
 
satellites. 
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A typical GPS receiver module measures 15mm x 17 mm 
  

  

F
IGURE  
31
:
 
GPS
 
E
ND
-
U
SER
'
S SEGMENT 
  

Source F31:  
http://www.amazon.fr/Garmin 
-
GPS
-
60
-
R%C3%A9cepteur 
- 

Randonn%C3%A9e/dp/B0007W5LRS 
  

Example 
  

The GPS antenna must be located on the top of the fuselage to  
be visible from  

the space  
  

  

F
IGURE  
32
:
 
GPS
 
A
NTENNA 
  

Source F32 
 
: :  
http://www.avionicswest.net/pb2.htm 
  

There are many different GPS available on the market, from the  
simplest display  

to the most sophisticated moving map including 3D Vision 
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F
IGURE  
33
:
 
GPS
 
RECEIVER 
  

Source F33:  
http://www.ebay.com/bhp/aviation 
-
gps
  

  

The airbus A320 has 2 GPS 
 
devices. The antennas are both located on the top of  

the fuselage 
  

  

F
IGURE  
34
:
 
L
OCATION OF NAVIGATION ANTENNAS ON THE  
A
IRBUS  
A320 
  

Source F34:  
D. Breyne 
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5.15.7. IRS 
  

Objectives 
  

IRS Inertial Reference System 
  

Inertial  
navigation is a technique of navigation giving (among other things) the  

position and speed of the vehicle from the measurement of its acceleration. This  

acceleration  is  measured  along  three  axes  perpendicular  to  each  other  by  very  

sensitive  elements,  for  e 
xample  accelerometers,  is  then  integrated  by  time  to  

deduce in a first time a speed and subsequently a distance. This processing is of  

course done by computers and thus gives the system a remarkable advantage: its  

total independence from any terrestrial sy 
stem. 
  

  

  

  

  

  

  

  

F
IGURE  
35
:
 
M
ODERN INERTIAL MEASUREMENT UNIT FOR SPACECRAFT 
  

Source F35 
 
:  

https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:IMU 
- 

28_inertial_measurement_unit.jpg 
  

This system makes it possib 
le to know the displacement of a mobile in a Galilean  

space  (Inertial  space)  linked  to  the  center  of  the  Earth  and  whose  three  axes  

perpendicular to each other are oriented towards fixed stars 
  

We must therefore make a distinction with a system linked to th 
e Earth and which  

is therefore mobile with respect to the Galilean space. It should also be noted that  

the  aircraft 
-
related  reference  axes  around  which  pitching,  rolling  and  yaw  

movements are themselves mobile with respect to the terrestrial space, since t 
he  

airplane moves, which are themselves mobile with respect to the Galilean space,  

since the Earth turns on itself. 
  

 
48
 

    

    
        


    








    
        
    

    
        5.15. TYPICAL LECTRONIC/DIGITAL AIRCRAFT  
  

  

F
IGURE  
36
:
 
IRS
 
ARCHITECTURE 
  

Source F36: D. Breyne 
  

A stabilized platform contains accelerometers whose outputs are 
 
connected to the  

computer;  this  platform  isolates  accelerometers  from  aircraft  movements  by  

keeping them in a fixed orientation relative to the reference system, usually the  

Earth for aircraft. The stable part on which the accelerometers and the gyroscope 
s  

are  located  is  isolated  from  the  aircraft  by  gimbals,  the  position  of  these  being  

measured by gimbal pickoffs, which gives the angles of roll, pitch and azimuth.  

The  calculator  deduces  the  position  and  speed  of  the  aircraft  from  the  two  

horizontal  accele 
rometers,  and  calculates  the  signals  that  will  precede  the  

gyroscopes so that the stable element of the platform keeps its direction. A vertical  

accelerometer (which does not always exist) is used with the barometer to provide  

altitude. 
  

The IRS system also 
 
includes platform control servos and a control panel 
  

Accuracy 
  

A  major  disadvantage  of  using  IMUs  for  navigation  is  that  they  typically  suffer  

from accumulated error. Because the guidance system is continually integrating  

acceleration   with   respect   to   time  
to   calculate   velocity   and   position   any  
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measurement  errors,  however  small,  are  accumulated  over  time.  This  leads  to  

'drift': an ever 
-
increasing difference between where the system thinks it is located  

and the actual location. Due to integration a constant e 
rror in acceleration results  

in a linear error in velocity and a quadratic error growth in position. A constant  

error  in  attitude  rate  (gyro)  results  in  a  quadratic  error  in  velocity  and  a  cubic  

error growth in position.  
  

Positional tracking systems like G 
PS can be used to continually correct drift errors  

(an application of the Kalman filter) 
  

  

  

F
IGURE  
37
:
 
A
CCURACY OF NAVIGATION SYSTEM 
  

Source F37 
 
:  

https://en.wikipedia.org/wiki/Inertial_navigation_system#/media/File:Accuracy_ 

of_Navigation_Systems.svg 
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Example Boeing B747 
  

The  
system LTN 
-
72 (used on the Boeing 747) includes 3 modules: 
  

-
 
INU (Inertial Navigation Unit) enclosing the platform and its electronic and  

the computer 
 
; 
  

-
 
MSU (Mode Selector Unit) is the command panel 
  

-
 
CDU (Control Display Unit) is the interface.  
  

In normal op 
eration, the system consumes 420 W, 120 of which for heating. When  

you turn on the system, it must be aligned and initialized: 
  

-
 
The platform must be oriented correctly; in general the accelerometers are  

horizontal, one pointing to the geographical north; 
  

-
 
It
 
is  also  necessary  to  give  the  computer  the  initial  conditions  for  

integration;  in  general,  the  vehicle  is  stopped,  so  it  is  given  only  the  

coordinates of the starting point. It is via the CDU's that these operations  

are carried out. 
  

The time taken by this 
 
initialization is quite long (± 8 minutes) and the accuracy  

of  this  alignment  can  be  increased  by  performing  a  second  alignment  after  the  

first with the aircraft oriented at 90 ° of the first alignment. 
  

We have to notice that the drift of the platform is  
caused by the friction inherent  

in the suspension of the gyroscopes. This drift still reaches nowadays ± 0.01 ° /  

hour which can give an error of 3 miles / hour 
  

  

5.15.8.  
TAS
  

TCAS 
 
: Traffic alert and Collision Avoidance System 
  

Objctives 
  

A 
traffic collision  
avoidance system 
 
or 
traffic alert and collision avoidance  

system 
 
(both  abbreviated  as  
TCAS 
,  is  an  aircraft  collision  avoidance  system  

designed to reduce the incidence of mid 
-
air collisions between aircraft. It monitors  

the airspace around an aircraft for o 
ther aircraft equipped with a corresponding  

active  transponder,  independent  of  air  traffic  control,  and  warns  pilots  of  the  

presence  of  other  transponder 
-
equipped  aircraft  which  may  present  a  threat  of  

mid
-
air  collision  (MAC).  It  is  a  type  of  airborne  coll 
ision  avoidance  system  

mandated by the International Civil Aviation Organization to be fitted to all aircraft  
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with a maximum take 
-
off mass (MTOM) of over 5,700 
 
kg (12,600 
 
lb) or authorized  

to carry more than 19 passengers. 
  

In  modern  glass  cockpit  aircraft, 
 
the  TCAS  display  may  be  integrated  in  the  

Navigation Display (ND) or Electronic Horizontal Situation Indicator (EHSI) 
  

  

F
IGURE  
38
:
 
TCAS 
 
INTEGRATED IN THE  
EHSI 
  

Source F38:  

https://en.wikipedia.org/wiki/Traffic_collision_avoidance_system#/media/File:Tc 

as_EU 
-
Flysafe.jpg 
  

  

TCAS involves communication between all ai 
rcraft equipped with an appropriate  

transponder.  Each  TCAS 
-
equipped  aircraft  interrogates  all  other  aircraft  in  a  

determined range about their position (via the 1.03 
 
GHz radio frequency), and all  

other aircraft reply to other interrogations (via 1.09 
 
GHz). 
 
This interrogation 
-
and
- 

response cycle may occur several times per second.  
  

The  TCAS  system  builds  a  three  dimensional  map  of  aircraft  in  the  airspace,  

incorporating  their  range  (garnered  from  the  interrogation  and  response  round  

trip time), altitude (as r 
eported by the interrogated aircraft), and bearing (by the  

directional antenna from the response). Then, by extrapolating current range and  
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altitude difference to anticipated future values, it determines if a potential collision  

threat exists. 
  

TCAS and its 
 
variants are only able to interact with aircraft that have a correctly  

operating mode C or mode S transponder. A unique 24 
-
bit identifier is assigned  

to each aircraft that has a mode S transponder.  
  

The next step beyond identifying potential collisions is 
 
automatically negotiating a  

mutual avoidance maneuver (currently, maneuvers are restricted to changes  in  

altitude  and  modification  of  climb/sink  rates)  between  the 
 
two  (or  more)  

conflicting  aircraft.  
These  avoidance maneuvers  are  communicated  to  the  fligh 
t  

crew by a cockpit display and by synthesized voice instructions.  
  

A protected volume of airspace surrounds each TCAS equipped aircraft. The size  

of the protected volume depends on the altitude, speed, and heading of the aircraft  

involved  in  the  encounter 
.  The  illustration  below  gives  an  example  of  a  typical  

TCAS protection volume. 
  

  

F
IGURE  
39
:
 
ACAS 
 
P
ROTECTION VOLUME 
  

Source F39:  

https://en.wikipedia.org/wiki/Traffic_collision_avoidance_system#/media/File:T 

CAS_Volume.jpg 
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System components 
  

A TCAS installation consists of the following components: 
  

TCAS computer unit :  
Performs airspace surveillance, intruder  
tracking, its own  

aircraft  altitude  tracking,  threat  detection,  resolution  advisory  (RA)  maneuver  

determination  and  selection,  and  generation  of  advisories.  The  TCAS  Processor  

uses pressure altitude, radar altitude, and discrete aircraft status inputs from 
 
its  

own aircraft to control the collision avoidance logic parameters that determine the  

protection volume around the TCAS aircraft. 
  

  

F
IGURE  
40
:
 
TCAS 
 
COMPUTER UNIT 
  

Source F40:  
D
. Breyne 
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Antennas :  
The antennas used by TCAS II incl 
ude a directional antenna that is  

mounted on the top of the aircraft and either an omnidirectional or a directional  

antenna mounted on the bottom of the aircraft. Most installations use the optional  

directional  antenna  on  the  bottom  of  the  aircraft.  In  add 
ition  to  the  two  TCAS  

antennas,  two  antennas  are  also  required  for  the  Mode  S  transponder.  One  

antenna is mounted on the top of the aircraft while the other is mounted on the  

bottom. These antennas enable the Mode S transponder to receive interrogations  

at
 
1030 
 
MHz and reply to the received interrogations at 1090 
 
MHz. 
  

  

F
IGURE  
41
:
 
TCAS 
 
ANTENNA 
  

Source F41:  
D. Breyne 
  

Cockpit  presentation  :  
The  TCAS  interface  with  the  pilots  is  provided  by  two  

displays:  the  traffic  display  and  the  RA  d 
isplay.  These  two  displays  can  be  

implemented  in  a  number  of  ways,  including  displays  that  incorporate  both  

displays into a single, physical unit. 
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F
IGURE  
42
:
 
TCAS 
 
INSTRUMENT 
  

  

There is exits different versions of TCAS 
  

TCAS I :  
TCAS I is a cheaper but less capable system than the modern TCAS II  

system introduced for general aviation use after the FAA mandate for TCAS II in  

air  transport  aircraft.  TCAS  I  systems  are  able  to  monitor  the  traffic  situation  

around  a  plane  (to 
 
a  range  of  about  40  miles)  and  offer  information  on  the  

approximate bearing and altitude of other aircraft. It can also generate collision  

warnings  in  the  form  of  a  "Traffic  Advisory"  (TA).  The  TA  warns  the  pilot  that  

another aircraft is in near vicinity, 
 
announcing  
"Traffic, traffic" 
, but does not offer  

any suggested remedy; it is up to the pilot to decide what to do, usually with the  

assistance of Air Traffic Control. When a threat has passed, the system announces  

"Clear of conflict" 
  

TCAS  II  :  
TCAS  II  is 
 
the  first  system  that  was  introduced  in  1989  and  is  the  

current  generation  of  instrument  warning  TCAS,  used  in  the  majority  of  

commercial aviation aircraft. A US Airways 737 was the first aircraft certified with  

the  Allied  Bendix  (now  Honeywell)  TCAS  II  s 
ystem.  It  offers  all  the  benefits  of  

TCAS I, but will also offer the pilot direct, vocalized instructions to avoid danger,  

known as a "Resolution Advisory" (RA). The suggestive action may be "corrective",  

suggesting the pilot change vertical speed  by annou 
ncing,  
"Descend, descend" 
,  

"Climb, climb" 
 
or 
"Adjust Vertical Speed Adjust" 
 
(meaning reduce vertical speed).  

By contrast a "preventive" RA may be issued which simply warns the pilots not to  

deviate from their present vertical speed, announcing,  
"Monitor ve 
rtical speed" 
 
or  

"Maintain vertical speed, Maintain" 
. TCAS II systems coordinate their resolution  

advisories  before  issuing  commands  to  the  pilots,  so  that  if  one  aircraft  is  
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instructed to descend, the other will typically be told to climb  
—
 
maximizing the 
  

separation between the two aircraft. 
  

TCAS III 
 
: 
Originally designated TCAS II Enhanced, TCAS III was envisioned as  

an  expansion  of  the  TCAS  II  concept  to  include  horizontal  resolution  advisory  

capability. TCAS III was the "next generation" of collision av 
oidance technology  

which underwent development by aviation companies such as Honeywell. TCAS  

III incorporated technical upgrades to the TCAS II system, and had the capability  

to offer traffic advisories and resolve traffic conflicts using  
horizontal 
 
as wel 
l as  

vertical maneuvering directives to pilots. For instance, in a head 
-
on situation, one  

aircraft might be directed, "turn right, climb" while the other would be directed  

"turn  right,  descend."  This  would  act  to  further  increase  the  total  separation  

betwe 
en  aircraft,  in  both  horizontal  and  vertical  aspects.  Horizontal  directives  

would be useful in a conflict between two aircraft close to the ground where there  

may be little if any vertical maneuvering space.  
  

TCAS III attempts to use the TCAS directional a 
ntenna to assign a bearing to other  

aircraft,  and  thus  be  able  to  generate  a  horizontal  maneuver  (e.g.  turn  left  or  

right). However, it was judged by the industry to be unfeasible due to limitations  

in the accuracy of the TCAS directional antennas. The dir 
ectional antennas were  

judged  not  to  be  accurate  enough  to  generate  an  accurate  horizontal 
-
plane  

position, and thus an accurate horizontal resolution. By 1995, years of testing and  

analysis determined that the concept was unworkable using available surveil 
lance  

technology (due to the inadequacy of horizontal position information), and that  

horizontal RAs were unlikely to be invoked in most encounter geometries. Hence,  

all work on TCAS III was suspended and there are no plans for its implementation.  

The conc 
ept has later evolved and been replaced by TCAS IV 
  

TCAS IV :  
TCAS IV uses additional information encoded by the target aircraft in  

the  Mode  S  transponder  reply  (i.e.  target  encodes  its  own  position  into  the  

transponder signal) to generate a horizontal reso 
lution to an RA. In addition, some  

reliable source of position (such as Inertial Navigation System or GPS) is needed  

on the target aircraft in order for it to be encoded. TCAS IV has replaced the TCAS  

III concept by the mid 
-
1990s. One of the results of TCA 
S III experience has been  

that the directional antenna used by the TCAS processor to assign a bearing to a  

received  transponder  reply  is  not  accurate  enough  to  generate  an  accurate  
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horizontal position, and thus a safe horizontal resolution. TCAS IV uses ad 
ditional  

position  information  encoded  on  an  air 
-
to
-
air  data  link  to  generate  the  bearing  

information, so the accuracy of the directional antenna would not be a factor.  
  

Example 
 
: Airbus A380 
  

The TCAS displays on the ND, traffic that is within a volume of s 
pace around the  

aircraft: 
  

-
 
In automatic selection, the upper and lower boundaries of this volume are  

automatically adjusted to display all the intruders along the flight path 
  

-
 
In manual selection, the flight crew can choose between two displays: ABV  

or BLW ( 
Above or Below). 
  

  

F
IGURE  
43
:
 
TCAS 
 
SPACE AROUND THE AIRCRAFT 
  

Source F43:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
  

The TCAS Control Panel is part of the Surv Control Panel 
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F
IGURE  
44
:
 
TCAS 
 
CONTROL PANEL 
  

Source F44:  

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf 
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protects the fiber during manufacture, the second increases the strength and
diameter of the fiber.

The second protection also allows a visual recognition of each of the 5 fibers
because they are colored according to these five colors: blue, red, green, yellow
or white. These colors make it possible to locate each fiber at the ends of the
cable. Each optical fiber with its protections is 0.9 mm in diameter.

The cables have 3 or 5 optical fibers. Cables with 3 fibers use 2 additional filling
fibers. These filling fibers are black polyester and are about 0.9 mm in diameter.

PoER 0T CARE @60 vEw, ‘ormoa o @0 vew

PICTURE 6: FIBER OPTICAL CABLE
Source P6: https://en.wikipedia.org/wiki/Fiber-

optic_cable#/media/File:Optical fiber cable.jpg

The separator tape is in polyester and covers the group of 7 fibers. It makes the
cable more flexible. A woven aramid sheath (Kevlar) protects the fibers from
damage. The outer sheath is made of purple thermoplastic.
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Fiber Optical Cable

Filler strands

PICTURE 7: FIBER OPTICAL CABLE

Source P7: D. Breyne

The critical point: the optical fibers will break if the radius of curvature of the cable
is less than 38 mm.

. Minimum Bend /
Optical Fiber Cable Radius 1.5 Inches

PICTURE 8: MINIMUM BEND RADIUS

Source P8: D. Breyne
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optical signal of the source, the optical transmission systems use three types of
amplifiers (repeater):

- regeneration (amplification alone),

- regeneration-reshaping (amplification an reshaping),

- regeneration-reshaping-retiming (amplification, reshaping and
synchronization).

There are optical amplification repeaters (using rare earth doped glasses) or
electronic repeaters-regenerators. Current optical links mainly use optic amplifiers

and are fully optical over distances of up to 10000 km

The multiplexer. As in all transmission systems, it is sought to transmit in the
same optical fiber a maximum of communications of different origins. In order not
to scramble messages, they are sent at different wavelengths: wavelength division
multiplexing (WDM). There are several techniques of multiplexing each adapted

to the type of transmission in the optical fiber.

5.10.9. The use of optical fibers in aviation

The ARINC 818 standard is a video interface and protocol standard developed for
high bandwidth, low latency, uncompressed digital video transmission in avionics
systems used in aeronautics. This standard is defined by ARINC (Aeronautical
Radio Incorporated). The standard exists since 2007 and defines a protocol for

sending data by packet.

In today's cockpits, screens are now largely using LCD technology. These displays,
in perpetual evolution and bigger and bigger, require the most open interfaces
possible. With the desire to transport, in real time, uncompressed images between
the avionics bay and the cockpit, the ARINC Digital Video Committee (which brings
together a representative panel of the avionics community and aircraft
manufacturers) choose to opt for a serial data transmission solution, where an
optical fiber transmits a video signal. From there, they defined a standard.

The ARINC 818 standard, titled Avionics Digital Video Bus (ADVB), was released
in January 2007. However, prior to its official adoption, major programs initiated
by Airbus (A400M) and Boeing (787) have adopted this protocol for their critical
video subsystems. This standard, which defines an open family of video protocols
intended to be transported by optical fiber, is in particular used on several Airbus
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aircraft to transmit an image in full uncompressed resolution every 16.6ms (60
Hz), inducing, as will be the case on the A350, flows up to 3.2 GB/s.

Thus, the implemented video interface is no longer a limiting element of the
display system's capability, anything that can be displayed by the display can be
routed through the system's video interface. It is thus possible to visualize
digitized approach maps, symbols, surveillance applications, taxi assistance, etc.
In addition, the use of the ARINC 818 makes it possible to define "passive" cockpit
display systems, the generation of the digital image being completely performed
by a remote computer, resulting in a gain in weight and volume in the cockpit.

Onboard Local Area Network (OLAN) on Boeing 777. OLAN's goal is to trans-
port digital information between different Online Replaceable Units (LRU) via a
fiber optic cable network.

PICTURE 5: BOEING 777
Source P5:

Each fiber optic cable contains:

- 5 optical fibers

- 2filling fibers

- 1 separator ribbon
- 1 aramid sheath

- 1 outer sheath

The cable is about 5 mm in diameter. The optical fibers are made of glass. Each

strand is 140p in diameter. Two protections cover each optical strand. The first
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5.12. ELECTROSTATIC SENSITIVE DEVICES

ensured that materials and equipment can actually work under these
conditions

- Work in clean room

- Work in safety zone (EPA: Electrostatic Protected Area). An EPA is a safety
zone in which electrostatic fields and voltages are kept insignificant so that
components sensitive to electrostatic discharge can be handled safely

The elimination of charges. The major risk being represented by people, the latter
must imperatively be connected to the ground. Most of the time, this is done by
the use of an antistatic wrist strap. In mobile station, it cannot be used, the
technician can wear shoes or dissipative heels. We can also install a floor properly
grounded. In this way, the person, each time she moves, is kept in close contact
with the ground and remains electrically balanced. The flooring plays a vital role.
Not only, it is imposed by the different regulations, but it serves as a connection
of people to the ground. It is the basis of good protection; it makes it possible to
globalize it and make it more reliable by moving from a local protection from
station to station to a global zone protection.

5.12.5. Electronic components

At the scale of electronic components, the problem is very important. The

integration of multiple junctions on the chips of the current components increases

the risk that is directly related to the size of their own components.

- Sensitivity

Some components or equipment are very sensitive to electrostatic
discharge and are then qualified ESDS (ElectroStatic Discharge Sensitive
Device). This sensitivity depends on the construction of equipment and the
materials used. The sensitivity of an ESDS increases with the speed of
operation and the reduction of the size of the component. Destructive loads
are often transmitted by the operator who manipulates the component. The
human body is the main source of ESD discharges that cause the majority
of damage to an electronic component. The table below gives information

on the sensitivity of common electronic components.
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Type de composant| Tension de sensibilité ESD
FETs Radio fréquence 10 - 100 V
MOSFETs de puissance 100 - 300V
Diodes PIN. diodes laser

VLSI (ancien) 400 - 1000 V
VLSI (modeme) 1000 - 3000 V
HCMOS 1500 - 3000 V.
[SYC 2000 - 5000 V.
MOS lindaire 800 - 4000 V
Petit transistor bipolaire (ancien) 600 - 6000 V
Petit transistor bipolaire (moderne) 2000 - 8000 V.
Transistor bipolaire de puissance 7000 - 25000 V.
Résistance film 1000 - 5000 V.

- Manufacturer Specifications and Marking (M582)
ESD sensitive equipment is identified by labeling. Yellow label placed

prominently on the equipment (in 2 places) that warns the user:

- Handle with care
- Sensitive Electronic Device

- Do not open the equipment except in an appropriate area

FIGURE 2: ESD MARKING

Source F2 : D. Breyne

Risks related o electrostatic discharges
They are divided into two groups: The risks related to people and the risks

related to materials
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- Impact of the aircraft against particles with dense electrical charges (storm
clouds)
- Mechanical elimination of ions in exhaust gases (engines, turbines).

The potentials depend on:

- The speed of the airplane

- The geometry of the airplane
- The weather

- The outside air temperature
- The engine regime

To avoid electrostatic discharges between the different parts of the aircraft, it is

necessary that all the metal parts of the aircraft are at the same potential.

5.12.3. Effects of electrostatic discharge
Most electrostatic discharges are harmless to humans but the effect they have on

electrical components is identical to that of lightning falling on a tree.

amage on printed circuit

FIGURE 1: EFFECT OF AN ELECTROSTATIC DISCHARGE ON AN ELECTRONIC COMPONENT
Source F1: D. Breyne
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Depending on the types of materials and the mode of generation, tensions can
reach several thousand volts. It should be noted that the degree of humidity of
the air has a very strong influence on the level of tension generated. Dry air
moving on the surface of an insulator can generate voltages of 20,000 volts. With

a humidity of 65 to 90%, the voltages produced fall to a few hundred volts.

Source Humidity (10% - | Humidity (65%
20%) 90%)

Walking on carpet 35.000 Volts 1.500 Volts
Walking on a vinyl floor 12.000 Volts 250 Volts
Employee on bench 6.000 Volts 100 Volts

Vinyl wrap 7.000 Volts 600 Volts

Plastic bag taken on the bench 20.000 Volts 1.200 Volts
Working chair with foam padding | 18.000 Volts 1.500 Volts

5.12.4. Means of prevention

Protection against deterioration of electronic components and equipment by

electrostatic discharge is done in two ways:

Prevention against the formation of electrostatic charges

The elimination of charges

It is important to protect the ESDS component at all stages of its implementation,

paying attention to the following points:

- The design of the material.

- The conditioning of the components.

- The production and assembly area.

- The choice of tools
- The testing devices.

- The handling of electronic cards

Prevention against the formation of electrostatic charges is done in different ways:

- Control of the Relative Humidity: The electrostatic properties of equipment
are highly dependent on atmospheric moisture. Controlled humidity of 50%
is found in most circumstances. If the humidity falls below 20%, it must be
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Risks related to people :
They represent about 70% of the total risk. People are working as accumulators
of static electricity and release it suddenly by contact in the form of DES. The
energies released, often greater than several thousand micro joules, far exceed
the minimum power to damage electronic components (from a few micro-joules
to a few tens of micro joules). People are charging while walking. In dry weather,
a person can charge enough to end up with an electrostatic potential of several
kilovolts.

Risks related to materials

They represent the remaining 30%. They are mainly related to insulating materials
and strong generators such as plastics. These radiate large electrostatic fields
(several tens of kilovolts maximum) to induce charges within the components. If
they create potential that exceed the isolation power of their internal dielectric,

significant damage can occur.

Internal damages

The damage caused by ESD discharge can be observed under a
microscope on semiconductor circuits. The dissipation of the energy
results in a local heating which can lead to the piercing of the insulating

oxide and the formation of short circuit.
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Damage caused by ESD discharge

FIGURE 3: DAMAGE CAUSED BY ESD DISCHARGE ON SEMICONDUCTOR CIRCUITS

Source F3: D. Breyne

- Electrostatic discharge may cause ESDS components to fail or change
their characteristics. The consequences can be immediate and detected by
tests made during manufacture and followed by correction. On the other
hand, the product can pass the inspections and the functional test, the
failure can be latent and be revealed after the delivery of the equipment
to the customer. It is unfortunately estimated that 90% of breakdowns
are due to this type of failure.

- Prevention
Many electronic components can be damaged by ESD. Sensitive
components need to be protected during and after manufacture, during
shipping and device assembly, and in the finished device. Grounding is
especially important for effective ESD control. It should be clearly defined,

and regularly evaluated.

Protection during manufacturing

In manufacturing, prevention of ESD is based on an Electrostatic Discharge
Protected Area (EPA). The EPA can be a small workstation or a large manufacturing
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Preface

Chapter 5.12 - “Electrostatic Sensitive Devices” gives an overview of the
electrostatic discharges, their origin, their effects on electrostatic sensitive devices

and how it is possible to prevent the deterioration of electronic components.

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

« be able to read and understand sketches, drawings and diagrams
describing the subject.

« be able to apply his knowledge in a practical way using detailed
procedures.
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5.12. Electrostatic Sensitive Devices

5.12.1. Definition
ESD stands for Electrostatic Discharge

When two materials come into contact, there is electron transfer. When this
transfer takes place suddenly, it is called electrostatic discharge (ESD).

When the two surfaces in contact are separated, each of them is charged. The
losing electron material is positively charged while the electron-picking material is
negatively charged. The tendency to charge positively or negatively is a function
of the intrinsic property of the material.

There are two types of static electricity generation:

1. Triboelectric generation: The friction of materials, the displacement of
the bodies cause the appearance of electrostatic charges:
a. if the body is nonconductive, these charges tend to stay where they
were created
b. if the body is conductive, these charges are distributed over all the

surfaces in contact

These situations occur when people are walking, are sitting on seats not
electrically connected to the ground, wear inappropriate clothing or when

subjected to an air flow (compressed air, ....).

The materials are charged either positively (air, hands, glass, hair, nylon,
wool, silk, aluminum, paper, ...) or negatively (steel, wood, copper, silver,

gold, polyester, celluloid, PVC, Teflon, silicones, ...).

2. Generation by influence: A body placed close to another one that is not
at the same potential can be charged by induction, without contact. In this
way, printed circuits can be subjected to electrostatic discharges produced
in their environment.

5.12.2. Origin of electrostatic charges
A plane flying at high speed acquires high electrostatic charges:

- Friction of the surface of the aircraft against particles of sand, dust, snow
crystals
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- Online Maintenance
It is first necessary to follow the procedures defined by the manufacturer
(under the AMM (Aircraft Maintenance Manual) for example) and also
know the internal procedures of the company, relating to this subject.

For the replacement LRU (Line Replaceable Unit), manufacturers have
provided sufficient protection for the equipment against electrostatic
damage. Always remember to protect the plug of the equipment with the
appropriate plug (Standard ARINC 600).

o Plastic plugs
o Anti-static plastic plugs (if there is yellow label)

This conductive plug protects the connector of the equipment against static
electricity and prevents the hands of the technician to be in contact with the
terminals of the connector, which are linked to the "cards" and thus to the
integrated circuits that can be destroyed by DES.

Before disconnecting a bus or equipment, make sure that the LRU is powered off.

Be careful not to connect measuring devices not approved by the CMM

(Component Maintenance Manual).
Be careful not to change the type of cable when replacing.

When connecting, make sure that the contacts are clean and that the contacts are
well metallized. Never clean the contacts or the entire cable with trichlorethylene;
use the solvents provided.

The lengths of the cables must be respected as well as their grounding which must
be carried out in precise points and with care.

It may be necessary to manipulate printed circuits directly (in the hold or in the
cockpit); in such a case, the technician will have to wear on his wrist the already
mentioned conductive bracelet which he will have to connect to the chassis
(ground terminal) before any work: thus any possible accumulation of electricity
by the technician will be eliminated. It can then mount / dismount a card in the
rack without the risk of destroying the circuit:

12
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RAM is a means of storing temporary data. Thus, when the computer is turned off
or restarted, the information that was previously stored in the RAM memory is lost
and unrecoverable, For this reason, for example, when creating a document, it is
essential to save the data on the hard disk. Otherwise, the data will inevitably be
lost when the computer is shut down.

Output devices

Input / output devices allow the computer to communicate with the outside world.
These devices are very important, from the keyboard to the screen. For example,
the network card makes it possible to connect computers to a computer network
(the largest one is Internet). The common point between all input devices is that
they convert the information they retrieve from the outside into data
understandable by the computer. Conversely, the output devices decode the

information provided by the computer to make it comprehensible to the user.

- Screens
- Printers

- loudspeaker

Connecting cables (BUS)

The different parts of the computer are connected by three buses, the address
bus, the data bus and the control bus. A bus is a group of electrical wires
providing a link for carrying binary information coded over several bits.

- The address bus is used to transfer data between devices. The devices are
identified by the hardware address of the physical memory (the physical
address). The address is stored in the form of binary numbers to enable the
data bus to access memory storage.

The data bus transports the data between the different components of the
system
The control bus carries the various synchronization signals necessary for the

operation of the system: read signal (RD), write signal (WR), selection signal

Software

Computer software is a list of instructions that can be executed by a computer.
Many programs contain millions of instructions, some of which are done
repeatedly. Nowadays, a personal computer executes several billion instructions
per second. Since the mid-1960s, computers have run several programs

8
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simultaneously. This possibility is called multitasking. This is the case for all
computers today. In reality, each processor core executes only one program at a
time, going from one program to another whenever necessary. If the speed of the
processor is sufficiently large compared to the number of tasks to be performed,
the user will have the impression of simultaneous execution of the programs. The
priorities associated with the various programs are, in general, managed by the
operating system.

The operating system is the central program that contains the basic programs
necessary for the proper functioning of computer applications. The operating
system allocates the physical resources of the computer (processor time, memory
...) to the various programs running. It also provides software tools (such as
drivers) to facilitate the use of different devices without having to know the

physical details.

5.6.4. Computer technology used on Aircraft
The structure of an onboard computer is that of a microcomputer with however
small differences:

- It often integrates multiple processors for performance and security issues
- Peripherals are many, varied, and typically different from the classic screen /
keyboard pair

In aviation entries are often different from those used in office: Speed sensors,
position (landing gear ...) flow, pressure

Systems use information from multiple sources, other systems whether they are
analog or digital. These computers are obviously split for important systems.
Software must be operate in normal mode or in degraded mode.

Example :

Sensors (Pitot tube), transmit signals like pressure, speed, angle and acceleration
which are represented by voltages whose amplitude or frequency is a function of

the physical quantity:
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FIGURE 2: SERIAL TYPE EEPROM
Source F2
en.wikipedia.ora/wiki/EEPROM # /media/File;AT24C02_EEPROM_1480355_6_7 HDR_Enhan
cer.jpg

o UVPROM or Flash EPROM (Ultra Violet Programmable Read Only
Memory) are user programmable memories. They are erasable by
putting them in an ultraviolet chamber. The UVPROM have been
replaced by the EEPROMs which do not need to be extracted from
the device to be reprogrammed

o EEPROM (Electrically Erasable Programmable Read Only
Memory) are erasable and programmable by the user. They
are easier to erase than EPROMs because they are electrically
erasable without physical manipulation. They are now the main type
of read-only memory with SD, USB, CompactFlash and finally SSDs

FIGURE 3: SD CARD, MINI SD AND MICRO SD

Source F3: https://fr.wikipedia.org/wiki/Carte_SD#/media/Fichier:SD_Cards.sv
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FIGURE 4: USB KeY

Source F4 :

Wiki/CI%C3%A9_USB#/me: SanDisk_Cruzer_Micro.pn

FIGURE 5: SSD DIsc (SoLID STATE D1sc)

Source F5: https://en.wikipedia.org/wiki/Solid-
state_drive#/media/File:Super Talent 2.5in_SATA SSD_SAM64GM25S.ipa

RAMs (Random Access Memory / Read And Modify) memories are memories on
which one can read and write. They lose their content if the power is switched off.
The main characteristics of this memory are:

- Its speed to access to the information, essential to quickly provide the data to

the processor
- Its volatility, which causes a loss of all the data in memory as soon as the
computer is not power supplied any more.

FIGURE 6: RAM MEMORY

Source F6: https://fr.wikipedia.org/wiki/M%C3%A9moire_vive#/media/Fichier:RAM_n.,
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Electrostatic Dischargers
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FIGURE 5: ELECTROSTATIC DISCHARGERS

Source F5 : D. Breyne

o On the ground
On the ground, the aircraft is grounding

Grounding the aircraft

FIGURE 6: GOUNDING THE AIRCRAFT

Source F6 : Unknown
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area. The main principle of an EPA is that there are no highly-charging materials
in the vicinity of ESD sensitive electronics, all conductive and dissipative materials
are grounded, workers are grounded, and charge build-up on ESD sensitive
electronics is prevented

Protection during transportation

Sensitive devices need to be protected during shipping, handling, and storage.
The buildup and discharge of static can be minimized by controlling the surface
resistance and volume resistivity of packaging materials. Semiconductor devices
and computer components are usually shipped in an antistatic bag made of a
partially conductive plastic, which acts as a Faraday cage to protect the contents
against ESD

FIGURE 4: AN NETWORK CARD INSIDE AN ANTISTATIC BAG

Source F4:

5.12.5. The aircraft
- Aircraft protection
o In flight
In flight this protection is provided by electrostatic dischargers to

evacuate the electrostatic charges

10
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5.6.3. Central Processing Unit (CPU)

Early CPUs were composed of many separate components but since the mid-1970s
CPUs have typically been constructed on a single integrated circuit called a
microprocessor. The microprocessor is able to perform two classes of operations:
arithmetic and logic. It also regulate and control the operations done by others

components of the system.

- Motherboard
- Microprocessor
- Memories

- Input/output video card

Microprocessor

A microprocessor is a processor whose components have been sufficiently
miniaturized so that the entire processor can fit on a single integrated circuit.
Functionally, the processor is the part of a computer that executes the arithmetic
and logical operations contained in programs (the software part of the computer).

The miniaturization allowed :

Increase the operating frequencies (the speed) of the processor, because the
distances between the components are reduced;
- To reduce the costs because one circuit replaces several circuits;

To create much smaller computers: microcomputers.
The main characteristics of a microprocessor are :

- The instructions he can perform. A processor can execute several dozens
of different instructions: adding two numbers, comparing two numbers to
determine if they are equal, comparing two numbers to determine which one
is the largest...

- The complexity of its architecture. This complexity is measured by the
number of transistors contained in the microprocessor. The more transistors
the microprocessor contains, the more instructions it can execute in one
second.

- The number of bits that the processor can process in one instruction. The
first microprocessors could not add numbers of more than 4 bits in a single
instruction. They had to execute several instructions to add numbers of 32 or

4
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64 bits. Current microprocessors can process 64-bit numbers in a single
instruction.

- The processor clock frequency. The role of the clock is to pace the
workflow of the microprocessor. As the speed of the clock increases, the
microprocessor executes more instructions in one second.

Input devices

These units are used to enter data, commands and programs that will be managed
by the processing unit. The most used input unit is the keyboard. The mouse and
its derivatives (trackball, sidestick,
pointing devices.

): the mouse is the most well-known of the

Storage devices
These are mainly memories.
There are two main categories of memories

1. Read-only memory (ROM)
2. Random-access memory (RAM)

ROMs are read-only memories. They are non-volatile, that is to say that their
content is not destroyed if the power is switched off.

- Permanent memories
o ROM
o PROM
- Reprogrammable memories
o EPROM (Erasure by UV radiation)
o EEPROM (Erasure by electric current)
These memories are classified according to the possibility of programming and
erasing them :
o ROM (Read Only Memory) whose content is defined during
manufacture.
o PROM (Programmable Read Only Memory) are programmable by
the user, but only once.
o EPROM (Erasable Programmable Read Only Memory) are erasable
and programmable by the user
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5.6. Basic Computer Structure

5.6.1. Definition

A computer is a programmable information processing system as defined by
Turing, which operates by sequentially reading a set of instructions, organized in
programs. These programs make it perform logical and arithmetic operations. Its
current physical structure makes all operations are based on binary logic and
numbers formed from binary digits. As soon as it is turned on, a computer
executes, one after the other, instructions that cause it to read, manipulate, and
then rewrite a set of data determined by a boot ROM memory.

The data to be manipulated are obtained either by reading memories or by reading
information coming from internal or external peripherals (moving a mouse, key
pressed on a keyboard, temperature, speed, pressure, etc.). Once used, or
manipulated, the results are written either in memories or in components that can
transform a binary value into a physical action (writing to a printer or a monitor,

accelerating or braking a vehicle , temperature change of an oven ...).

5.6.2. Description
A computer or calculator can be broken down into five basic elements:

scription of a Personal Computer

Memories  BUS. Output units

Central Processing Unit Input nits

Figure 1: Description of a Personal Computer

Source F1: D. Breyne
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- Apressure will be represented by a voltage,

- Aspeed will be represented by a frequency,
- An angle will be represented by a phase variation.

F0

FIGURE 7: PITOT TUBE ON AIRBUS A380
Source F7: https://fr.wikipedia.ora/wiki/Tube_de_Pitot#/media/Fichier:Airspeed_p1230157.]

After conversion and presentation on a dedicated instrument (EADI)

FIGURE 8: PRIMARY FLIGHT DISPLAY OF A BOEING 747-400

Source F8:

play, Boeing_747-400.png

this information will be processed by the computer. After processing he will send
an order to a specific hydraulic system to move an actuator

10
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Source F8:
https:. A .
Primary Flight Dis

Source F9: https:

Source F10: https://wingsescola.com.br/asas-superficies-de-controle/aileron-
2320/
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Preface

Chapter 5.06 - “Basic Computer Structure” gives an overview of the main
components of a personal computer and a short description of the computer

technology used on aircraft.
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

= be able to apply his knowledge in a practical way using detailed
procedures
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Source F9: https:

in the appropriate direction.

FIGURE 10: ATLERON A320
Source F10: https://wingsescola.com.br/asas-superficies-de-controle/aileron-a320
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Flash ADC
Source : https://en.wikipedia.org/wiki/Flash ADC

A flash ADC (also known as a direct-conversion ADC) is a type of analog-to-
digital converter that uses a linear voltage ladder with a comparator at each "rung"
of the ladder to compare the input voltage to successive reference voltages. Often
these reference ladders are constructed of many resistors; however, modern
implementations show that capacitive voltage division is also possible. The output
of these comparators is generally fed into a digital encoder, which converts the

inputs into a binary value.

Flash converters are extremely fast compared to many other types of ADCs, which
usually narrow in on the "correct" answer over a series of stages. Compared to
these, a flash converter is also quite simple and, apart from the analog
comparators, only requires logic for the final conversion to binary. But a flash
converter requires a huge number of comparators compared to other ADCs,
especially as the precision increases. A flash converter requires 2" - 1 comparators
for an n-bit conversion. The size, power consumption and cost of all those
comparators makes flash converters generally impractical for precisions much
greater than 8 bits (255 comparators).

Ve Vi 2.8it Flash
‘Analog to Digital
Converter

De
D

R2 iput awbieEror _Oigial
Guantastion  Comochon  Encoing,

FIGURE 8: FLASH ADC
Source F8: https://en.wikipedia.org/wiki/Flash_ADC#/media/File:Flash_ADC.png
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Successive approximation ADC
https://en.wikipedia.org/wiki/Successive_approximation_ADC

Successive approximation converters use a dichotomy process to numerically
translate an analog voltage. They have conversion times of the order of ten
microseconds, for resolutions of about a dozen bits

Measure a voltage of 7V with a successive approximation converter covering the
range 0 to 10V

1.

The first weight applied to the comparator is one half of the full scale, ie 5V.
It is less than 7 V and is therefore retained

. Half of this first weight is 2.5V. 5 + 2.5 = 7.5V is applied to the input of the

comparator. As 7.5V is higher than 7V, the second 2.5V test is rejected

. Half of 2.5V is added, that is to say 1.25V to 5V which gives 6.25V. 1.25 is

therefore retained.

. We add to this new voltage half of 1.25 ie 0.625V to get 6.875V which is

still less than 7V. So 0.625 is retained.

. And so on until you reach the exact value of 7V or a value with the desired

precision. Each weight retained corresponds to a 1 and each unassigned
weight corresponds to a 0. The first bit retained is placed to the left of the
binary word.

FIGURE 7: SUCCESSIVE APPROXIMATION ADC OPERATION
Source F7: https://www.maximintegrated.com/en/design/technical-
documents/tutorials/1/1080.html
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Preface

5.3 - “Data Conversion” gives an overview of the different method to convert an
analogic signal to a digital signal and vise-versa and how to evaluate the

performance of a converter.
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

= be able to apply his knowledge in a practical way using detailed
procedures.
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5.3. Data conversion

5.3.1. Definition

Analog signal

Analog signals are the image of variations of physical quantities (pressure,
temperature, etc.) that vary over time in a continuous manner. The term analog
refers to devices that represent one physical quantity by another. A thermometer
indicates the temperature using a height of mercury or colored alcohol on a
graduated scale. Analog type sensors provide an electrical signal similar to the

measured quantity

Signal

FIGURE 1: ANALOG SIGNAL

Source F1: https:,

PICTURE 1: DYNAMOMETER
Source P1:
fr.wikipedia.org/wiki/Analogique#/media/Fichier:2 pesons

Digital signal
Digital signals represent information that is encoded as digital words composed
of a given number of bits (successions of 0 and 1). This mode of representation

facilitates the processing and storage of information.





EPUB/xhtml/pdf9rirh/page13/page.png
5.3 DATA CONVERSION

List of Figures

Figure 1: Analog Signal
Figure 2: Digital signal .
Figure 3: Data acquisition system
Figure 4: Electrical symbols
Figure 5: Digital Ramp ADC
Figure 6: Ramp-compare ADC .
Figure 7: Successive approximation ADC operation
Figure 8: Flash ADC..
Figure 9: Digital-to-Analog Converter
Figure 10: Binary weighted Resistor DAC
Figure 11: AD Converter resolution
Figure 12: AD Converter filtering ..

List of Pictures

Picture 1: Dynamometer ...
Picture 2: Infrared thermometer . 4
Picture 3: analog-to-digital converter WM8775SEDS made by Wolfson
Microelectronics .5

List of Videos
None
List of Links

https://en.wikipedia.org/wiki/Successive_approximation ADC

Source : https://en.wikipedia.org/wiki/Flash_ADC

Source F1: https://fr.wikipedia.org/wiki/Fichier:Signal_Analogique.png

Source P1:

https://fr.wikipedia.org/wiki/Analogique#/media/Fichier:2_pesons.ipg

Source F2:
https://en.wikipedia.org/wiki/Digital signal (signal processing)#/media/File:Dig
ital.signal.svg.

Source P2:

13





EPUB/xhtml/pdf9rirh/page14/page.png
5.3 DATA CONVERSION

Source F3: https://en.wikipedia.org/wiki/File:DigitalDAQv2.pdf

Source P3: https://en.wikipedia.org/wiki/Analog-to-
digital converter#/media/File:WM WM8775SEDS-AB.jpg

Source F4: https://en.wikipedia.org/wiki/Analog-to-
digital converter#/media/File:ADC_Symbol.svg

Source F5: D. Breyne

Source F6: http://www.composelec.com/convertisseur_analogique-

numerique.php

Source F7: https://www.maximintegrated.com/en/design/technical-
documents/tutorials/1/1080.html

Source F8: https://en.wikipedia.org/wiki/Flash ADC#/media/File:Flash ADC.png

Source F9: https://www.electronics-tutorial.net/wp-
content/uploads/2015/09/DAC8.png

Source F10: https://www.electronics-tutorial.net/wp-
content/uploads/2015/09/DAC3.png

Source F11: https://en.wikipedia.org/wiki/Analog-to-

digital converter#/media/File:ADC voltage resolution.svg

Source F12: CFA 1064 - Techniques numériques

14





EPUB/xhtml/pdf9rirh/page6/page.png
5.3 DATA CONVERSION

5.3.4. Types
There are several techniques for converting an analog signal to a digital signal.
They are sorted in order from the slowest to the fastest.

Digital Ramp ADC

A voltage ramp is implemented by means of a counter and a digital-to-analog
converter. A comparator stops the counter when the voltage created by the DAC
reaches the voltage to be converted. The counter then indicates the result on n
bits, which can be stored or processed.

These converters have the same performance in terms of stability than successive
approximations converters, but are much slower.

§ 100 Code centre point
g
3
2 011 Analog transition point
£
010
001
000~ T T | — T T 1
14 FS 12Fs 314 Fs s

Analog input (V)

FIGURE 5: DIGITAL RAMP ADC
Source F5: D. Breyne
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Ramp-compare ADC

A ramp-compare ADC produces a saw-tooth signal that ramps up or down then
quickly returns to zero. When the ramp starts, a timer starts counting. When the
ramp voltage matches the input, a comparator fires, and the timer's value is
recorded.

Its operation is based on a comparison between a reference and the signal to be

converted. The conversion takes place in three stages:

1. A capacity is charged with a current proportional to the signal to be
converted during a fixed time.

2. The capacity is then discharged, with a constant current from the reference
voltage, until the voltage at its terminals equals zero. When the voltage
becomes zero, the counter value is the result of the conversion.

3. Finally, the voltage across the capacity is canceled by a convergent series
of charges and discharges (the objective being to completely discharge the
capacity so as not to distort the next measurement). This is called the
relaxation phase.

These converters are particularly slow (a few tens of milliseconds per cycle, and
sometimes a few hundreds), and have often high resolutions (more than 16 bits).

They drift little in time and temperature.

Cycle dannulation
dela charge rémanente
dela capacité

Charge de  capacité
par un courant constant
proportionnel I ension
V. pendant 2* piodes.
de Mhorloge

FIGURE 6: RAMP-COMPARE ADC
Source F6: http://www.composelec.com/convertisseur_analogique-
numerique.php
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FIGURE 2: DIGITAL SIGNAL
Source F2:
https://en.wikipedia.org/wiki/Digital_signal (signal_processing)#/media/File:Dig
al.signal.svg

PICTURE 2: INFRARED THERMOMETER
Source P2:
https://en.wikipedia.org/wiki/Thermometer#/media/File: 1024 _Pyrometer-

5.3.2. Analog-Digital Converter

An analog-digital converter (ADC which stands for Analog to Digital Converter
or more simply A/D) is an electronic device whose function is to translate an
analog signal into a digital signal (multi-bit coded), proportional to the ratio of the
input analog signal and the maximum value of the signal. This conversion is done

in order to facilitate the processing and the storage of the information.

In general, converting an analog signal, usually an electrical voltage, into a
digital signal requires 2 successive operations
1. The quantification that converts the analog value of the input quantity into
a finite number of “level”
2. The coding that assigns a numeric value to each level
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Data acquisition system

Digital Data Acquisition System
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FIGURE 3: DATA ACQUISITION SYSTEM
Source F3: https://en.wikipedia.org/wiki/File:DigitalDAQv2.pdf

PICTURE 3: ANALOG-TO-DIGITAL CONVERTER WM8775SEDS MADE BY WOLFSON
MICROELECTRONICS

Source P3: https://en.wikipedia.org/wiki/Analog-to-
digital converter#/media/File: WM WM8775SEDS-AB.jpg

n,—<IN ADC out|- JUL

FIGURE 4: ELECTRICAL SYMBOLS
Source F4: https://en.wikipedia.org/wiki/Analog-to-
digital_converter#/media/File:ADC_Symbol.svg
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FIGURE 11: AD CONVERTER RESOLUTION

Source F11: https://en.wikipedia.org/wiki/Analog-to-

digital_converter#/media/File:ADC_voltage resolution.svg

5.3.7 Filtering

The output signal of the DAC does not have the smooth form of the analog signal.
We find the steps, higher or lower depending on the resolution of the converter.
The output signal is then processed by a reconstruction filter using some form of

interpolation to fill in data between the impulses
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FIGURE 12: AD CONVERTER FILTERING
Source F12: CFA 1064 - Techniques numériques
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5.3.5 Conversion Digital - Analog

Digital-to-analog converter (DAC, D/A, D2A, or D-to-A) is a system that converts
a digital signal into an analog signal proportional to the encoded digital value. Most
of the time the output of the converter is a voltage.

The most common solution for creating an analog signal from a digital system is
the use converters with resistance network.

The CNA transforms a numerical value expressed by an n-bit word into an analog
signal. The resolution of a DAC is the smallest variation that affects the analog
output as a result of a change in the input signal. The resolution is always equal
to the weight of the weakest bit; it’s called progression step.

FIGURE 9: DIGITAL-TO-ANALOG CONVERTER
Source F9: https://www.electronics-tutorial.net/wp-
content/uploads/2015/09/DAC8.png

5.3.5 Binary Weighted Resistor DAC
Each bit of the binary word to be converted switches a current or a voltage,
through a resistance inversely proportional to the weight of the bit considered.
These voltages are added by a summing operational amplifier whose output
delivers the analog voltage. In this type of network, the resistors are numerous
and require great precision and stability.

10
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FIGURE 10: BINARY WEIGHTED RESISTOR DAC
Source F10: https://www.electronics-tutorial.net/wp-
content/uploads/2015/09/DAC3.pn

5.3.6 AD/DA Converter Performance
The resolution of the converter indicates the number of discrete values it can
produce over the range of analog values.

The AD converter takes a voltage and provides a digital equivalent (number). The
input voltage can have any value within the range of the AD converter, however,
it cannot discriminate values below its resolution. Thus, each digital value provided
by the AD converter is an approximation of the actual value.

The smallest value that the AD converter is able to distinguish, plays an important
role in measuring voltages. This value represents the resolution of the AD
converter. It is determined by the number of bits of the number representing the
analog value. An AD converter delivering a 2-bit number can only represent four
levels (22).

11
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5.1.4. Former generation

A typical 1970s transport aircraft had more than 100 analogic instruments and
controls, the most important were supersaturated with bars, needles and symbols.
In addition, their ever-increasing amount was competing for the available space
on the instrument panel.

PICTURE 3: TUPOLEV TU-114 COCKPIT

Source P3: https://commons.wikimedia.org/wiki/File:Tupolev_Tu-14 Cockpit.jpg

5.1.5. New generation
Today, most of the analogic instruments have been replaced by screens

« EFIS (Electronic flight Instrument System) which groups flight and
navigation information
o PFD (Primary Flight display) : visualization of flight parameters
(altitude, speed, attitude, route, etc.)
o ND (Navigation Display) : visualization of navigation parameters
(Flight plan, way points, radio navigation etc.)
o DMAP (Digital MAP) : digital cartography

« EICAS (Electronic Indicating and Crew Alerting System) or ECAM
(Electronic Centralized Aircraft Monitoring) which displays information
about the engines and systems
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o EWD (Engine and Warning Display) : visualization of main engine
parameters, alarm messages and checklists to follow

o SD (System Display) : visualization the main aircraft systems in the
form of synoptics (fuel, hydraulic, electrical, air conditioning, etc.).

Given the huge amount of information that can be displayed, only those
essential at any given time will be displayed, especially the warning messages,
the list of actions to perform... The pilot may at any time display a given screen
to display additional information about a given system or a given situation.

Early EFIS models used cathode ray tube (CRT) displays, but liquid crystal
displays (LCD) are now more common. The complex electromechanical attitude
director indicator (ADI) and horizontal situation indicator (HSI) were the first to
be replaced by EFIS. Today, however, few flight deck instruments cannot be

replaced by an electronic display.

5.1.6. Advantages

EFIS provides versatility by avoiding some physical limitations of traditional
instruments. A pilot can switch the same display that shows a course deviation
indicator to show the planned track provided by an area navigation or flight
management system. Pilots can choose to superimpose the weather radar
picture on the displayed route.

The flexibility afforded by software modifications minimizes the costs of
responding to new aircraft regulations and equipment. Software updates can
update an EFIS system to extend its capabilities.

A degree of redundancy is available even with the simple two-screen EFIS
installation. Should the PFD fail, transfer switching repositions its vital

information to the screen normally occupied by the Navigation Display.
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5.1.Electronic Instrument Systems

5.1.1. General
The Electronic Instrument Systems are divided into two main sections:

- Electronic Flight Instrument System (EFIS)
- Electronic Centralized Aircraft Monitoring (ECAM)

The Electronic Flight Instrument System (EFIS) displays flight data
electronically. An EFIS normally consists of a primary flight display (PFD) and a
multi-function display (MFD).

The Electronic Centralized Aircraft Monitoring (ECAM) monitors aircraft
functions and relays them to the pilots. In normal operation, the ECAM provides
the necessary information to assist the flight crew to operate and monitor the
aircraft systems. In abnormal operation, the ECAM helps the flight crew to manage

system failures and aircraft abnormal configurations.

5.1.2. Ergonomic concerns
Ergonomics and Human Factors concerns are important in the design of modern
cockpits. The layout and function of cockpit display controls are designed to

increase pilot situation awareness without causing information overload.

The layout of control panels in modern airliners has become largely unified across
the industry. The main instrument panel is in front of the pilot and copilot’s seats.
Automatic flight controls such as the autopilot are usually placed just below the
windscreen and above the main instrument panel on the glareshield. Engine
controls and radios are generally placed on a panel between the pilot's seats, the
pedestal. Most of the systems-related controls (such as electrical, fuel, hydraulics

and pressurization) are usually located in the ceiling on an overhead panel.
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Overhead
Glareshield Panel

Main Instrument  Pedestal
Panel

PICTURE 1: A380 FLIGHT DECK PANEL
Source P1 :
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

5.1.3. Flight deck layout
On all airliners the flight deck includes:

- The main instrument panel located in front of the pilot and copilot’s seats

- The overhead panel located on the ceiling between the pilot and the
copilot

- The pedestal between the pilot and copilot seats

PICTURE 2: FLIGHT DECK LAYOUT
Source P2:
https://en.wikipedia.org/wiki/Cockpit#/media/File:TridentFlightDeck.JPG
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The engine warning display shows information relative to the engine such as
the engine rpm, engine temperature, fuel temperature, fuel flow, slats flaps
position.

The system display shows information relative to the different systems of the
airplane such as the air conditioning, the fuel system, hydraulic system, electric
system ...

EEE wmme

PICTURE 6: A380 MAIN INSTRUMENT PANEL
Source P6:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots Part%202.pdf

The glareshield includes:

« One flight control unit
« Two panels with warning lights
+ Two panels with loudspeakers

The flight control unit includes two electronic flight information system control
panels to manage the display on the primary flight display and navigation display
and one auto flight system control panel to manage the autopilot system

PICTURE 7: A380 GLARESHIELD

Source P7:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots Part%202.pdf
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5.1.7. Example: Airbus A380

PICTURE 4: COCKPIT OF AIR FRANCE A380

Source P4: https://fr.wikipedia.org/wiki/Fichier:Cockpit of Air France A380 F-
HPIC (4943144092).ipg

On all modern airliners the flight deck includes:

- The main instrument panel located in front of the pilot and copilot’s seats

- The overhead panel located on the ceiling between the pilot and the
copilot

- The glareshield above the main instrument panel

- The pedestal between the pilot and copilot seats
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PICTURE 5: A380 FLIGHT DECK LAYOUT
Source P5:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots Part%202.pdf

The main instrument panel includes different instruments:

« The primary flight display PFD

« The navigation display ND

« The multifunction display MFD

« The engine warning display E/WD
« The system display SD

The primary flight display is in a prominent position. The primary flight display
shows information relative to the control of the airplane. It includes an attitude,
airspeed, vertical speed and altitude indicators and some form of heading
indications.

The navigation display shows information relative to the navigation such as the
current route, waypoints, and wind speed and wind direction, radionavigation
systems.
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Preface

Chapter 5.01 - “Electronic Instruments Systems” gives an overview of the
different electronic instruments systems in operation in a cockpit, their

arrangement and their installation
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

= be able to apply his knowledge in a practical way using detailed
procedures.
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establishing a correspondence between the external representation of the
information and its internal representation which is a series of bits.

Representation of a positive integer

Coding Decimal - Binary (integers, fractions)
Method 1 : Representation of a positive integer

It consists to make successive divisions by 2. It consists in dividing the decimal
number by 2, then divide the rest by 2, etc. The succession of the rests gives the

binary number sought. The last rest corresponds to the most significant bit (MBS).

43

052
12 2
o1 2
1
MsB

43101011

Method 2: Repeated subtraction of 2n
It consists of subtracting the value 2n to get as close as possible (but by rounding

down) to the number to be converted

Then of subtracting the remainder of this first subtraction, and so on until the
remainder is equal to 0.

Let 43 (10) be a number to be converted to binary

v 32 25 = 32 (highest power of 2 contained in 43) remainder 11
v 8 23 = 8 (highest power of 2 contained in 11) remainder 3

v 2 21 = 2 (highest power of 2 contained in 3) remainder 1

v 20 = 1 (highest power of 2 contained in 1) remainder 0

We thus have 1x25 + 0x24 + 1x23 + 0x22 + 1x.21 + 1.20in 43 (10) =101 011 (2)
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Coding Decimal - Hexadecimal

It consists to make successive divisions by 16. It consists in dividing the decimal
number by 16, then divide the rest by 16, etc. The succession of the rests gives
the hexadecimal number sought.

43 |16
112 16
LsB | 2

MSB
43 > 2B

Representation of a negative integer

In binary arithmetic, as in decimal arithmetic, we must make the distinction
between a negative number and a positive number. It is therefore necessary to

attribute a sign to all binary numbers: we then say they are signed.
A computer can only distinguish two states: 0 and 1. By convention, we attribute:

v the value 0 to the + sign
v the value 1 to the - sign

The sign, as in ordinary algebra, will be placed in front of the most significant
figure.

This representation is very often used in computers.
A computer can only distinguish two states: 0 and 1
The sign bit which is the most significant bit (MSB) has the following significance:

v a'1": indicates a negative number

v a'0": indicates a positive number

The representation of a negative number is done by making the one's
complement, then adding 1

0111 :7
1000 : one’s complement of 7
1001 : one’s complement of 7 + 1

-7 =5 1001
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5.2.5. Matching Decimal-Binary-Hexadecimal

Decimal | Hexadecimal Binary
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
B B 1000
9 9 1001
10 A 1010
11 B 1011
12 c 1100
13 D 1101
14 E 1110
15 F 1111

5.2.6. Conversion between different systems
If the decimal system is the reference system, we will talk about :

Coding: Conversion from base 10 to base B
Decoding : Conversion from base B to base 10
Transcoding : Conversion from one base to another base

5.2.7. Coding

The information processed by the computer are of different types but it is always
represented in binary form. An elementary information therefore corresponds to
a binary digit (0 or 1) called a bit. A more complex in-formation, such as a

character or a number, can be reduced to a set of bits. The coding consists in
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The pedestal includes:

« Two keyboard and cursor control units

« Two radio management panels

« One surveillance control panel

« One Electronic Centralized Aircraft Monitoring control panel

« Thrust levers and engine master levers

« Pitch trim and rudder trim panels

« Speed brake lever

« Flaps/Slats lever

« Parking brake panel

« Printer
The keyboard and cursor control units are used to interface with the
surveillance display and its multi-function display and navigation display.

The radio management panels are used to tune all radio communications, to
enter the squawk code to adjust the volume for communication and NAVAID
identification.

The surveillance control panel is used to interface with the surveillance
functions of the aircraft such as the weather radar, the terrain awareness and
warning system, the traffic collision avoidance system.

PICTURE 8: A380 PEDESTAL

Source P8:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots Part%202.pdf
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The overhead panel includes the system control. All the controls on the overhead
panel can be reached by either pilot.
The overhead panel is arranged in three rows:

« One center row for engine-related systems
« Two lateral rows for other systems

PICTURE 9: A380 OVERHEAD PANEL
Source P9:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots _Part%202.pdf

Engine-related systems include:

« Maintenance panel
+ Fire

* Hydraulic

« Fuel

* Electrical

* Air

* Anti-icing

+ Engine start

« Pressure

« External lights
* APU Start

« Internal lights

Other systems include:

« Computer reset
« Emergency locator transmitter
* APU Fire

10
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With n bits, this method makes it possible to represent the numbers between
—2n-let2n-1-1.
Representation of a fractional number

What differentiates the integer part from the decimal part is that the rank n of the
power of each digit is:

- Positive or equal to zero for the integer part.

- Negative for the decimal part.
N=a,x10" +a,, x10"" +a,,x10" +...+a,x10° +a_, x10" +a_, x107 +..
N=a,x2" +a,

X2 ta, %2 b ay xla, x 27 va, x27 4

!
The number 0,00375 can be written:
0,00375 =0x10+0x10" +0x107 +3x107 +7x 107 +5x10

23
22
21
20
2t 05
2770.25

The conversion of the decimal number 21,75 in base 2 - 10101.11 and in base

16 > 15.C

=N

5.2.8. Decoding

Decoding Binary - Decimal

The conversion from Binary to Decimal is done by summing each digit multiplied
by the base (2), exponent the position. So the binary number 10101 converts to
decimal:

1x24+0x23+1x22+0x21+1x20=21
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For numbers less than unity, the process is the same: the number 0,00375 can
be written:
1891=1x1073+8x1072+9x10"1+1x1
We speak in this case of a system of base 10. And we note the number N10.

To use it in a computer, it would have to recognize ten different states. But we
know that it only recognizes two states, which are states 0 and 1. We must
therefore turn to a system of base 2 or binary system.

5.2.3. Binary system

The binary system is the numbering system using the base 2. The digit of a binary
number are commonly called bit. A bit can take two values, denoted by convention
Oand 1.

We can represent a number N in base 2 by an expression of the form :
N=a,x2" +a, , x2" +a, ,x2" 7 +otagxlta, x2" +a,x27 4.

If we notice that 2° =1,, et 2' =2,,we realize that with a binary system we only

are able to represent the numbers 1 and 2 in base 10. We realize that to
represent the ten possibilities of the decimal system, from 0 to 9, a sequence of

four bits is required.

In a binary number, the rightmost bit is called LSB, the leftmost bit is called MSB.

23222120
1010

¥

MSB LsSB
LSB: Least significant bit

MSB: Most significant bit





EPUB/xhtml/pdf7oano/page5/page.png
5.2. NUMBERING SYSTEMS

5.2.4. Hexadecimal system

The hexadecimal system is a numbering system using the base 16
It uses the first 10 Arabic numerals then the first 6 letters of the Latin alphabet:
0123456789ABCDEF.

This format is widely used in computer science because it converts easily with the
binary system. The hexadecimal system uses up to four times fewer digits than
the binary system to represent the same number.

The conversion from binary to hexadecimal is done by grouping the numbers
(BITS) four by four, or inversely by replacing each hexadecimal digit with 4 binary
digits

Binary 1010110101010110011110111
| Grouped by 4 10101/1010/1010]1100/1111 0111
Converted in hexadecimal 1, 5 | A | A | C | F | 7|

" Grouped T 1saacey
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Preface

Chapter 5.02 - “Numbering Systems” gives an overview of the mostly used
numbering systems: binary and hexadecimal, how to convert from one system to
another and how to perform the 4 basic operations (addition, subtraction,
multiplication and division)

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

« be able to apply his knowledge in a practical way using detailed
procedures.
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5.2. Numbering Systems

5.2.1. Definition

A numbering system or system of numeration is a set of rules that govern one or
more ways of representing numbers. The solution consists in grouping the units
in packets each time that the same value is reached. This value is called the base
of numeration or simply base. Similarly, we group these packets into higher-order
packages, and so on. Generally, the number of elements of each packet, which

gives the base of the numeration, is identical.

In the decimal system, we have 10 packets of order 0 (0, 1, 2, 3 ... 9), then 10
packets of order 1 (10, 20, 30 ... 90) and so on.

Numerous numbering systems have been used, in base 2, 5, 6, 8, 10, 12, 16, 20,

60. The most commonly used bases are:

« Base 2, binary system, with only two symbols is useful for logical systems
like computers.

« Base 10, decimal system, a majority of traditional number systems are
decimal. Anthropologists hypothesize this may be due to humans having
five fingers per hand, ten in total.

« Base 16, hexadecimal system, used in computer, facilitating conversions in
base 2 by grouping binary digits, 16 being a power of 2.

Electronic circuits used in the computers do not make it possible to work in the
decimal system, with the 10 symbols (0, 1, 2, 3 ... 9) because these circuits
recognize only 2 states, either the saturated state, or the blocked state. To these
2 states will correspond the 2 symbols "0" and "1": this is the binary system. All

calculations in a computer will be done in the binary system.

5.2.2. Decimal system

This is the system we commonly use.

Any natural number can be written:

N=a,x10" +a,,x10"" +a, , x10"? + ...+ ay x10° +a_, x10" +a_, x107 +..

For example, the number 1891 can be written:

1891=1x1073+8x1072+9x10"1+1x1
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The higher the level required, the more the authorities are demanding in terms
of:

- Traceability of the software
- Traceability of the documentation.
- Type and number of tests.

To highlight the compliance of its software, the designer has several tools:
- Analysis and evaluation (the designer)

It is necessary to provide the results of the tests made at the key points,
to show that the software is conformed to its requirements, to show the
effectiveness of the tests.

- Inspection (the authorities)
Both hardware and software architecture must be consistent with functional
criticality
Declaration of conformity

It is a document that engages the responsibility of the designer

5.13.8. Example: DO-178B
Definition

DO-178B, Software Considerations in Airborne Systems and Equipment
Certification is a guideline dealing with the safety of safety-critical software used
in certain airborne systems. Although technically a guideline, it was a de facto
standard for developing avionics software systems until it was replaced in 2012
by DO-178C.

Certification procedures provide for the establishment of:

the software codes and their criticality
The list of the software used (compilers)

The list of processors used
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Software level

The standard has 5 levels of criticality (from A to E, from the most severe to the
least severe) defined as follows:

- Level A: Catastrophic - Failure may cause a crash. Error or loss of critical
function required to safely fly and land aircraft.

- Level B : Hazardous - Failure has a large negative impact on safety or
performance, or reduces the ability of the crew to operate the aircraft due
to physical distress or a higher workload, or causes serious or fatal injuries
among the passengers. (Safety-significant)

- Level C: Major - Failure is significant, but has a lesser impact than a
Hazardous failure (for example, leads to passenger discomfort rather than
injuries) or significantly increases crew workload (safety related)

Level D : Minor - Failure is noticeable, but has a lesser impact than a
Major failure (for example, causing passenger inconvenience or a routine
flight plan change)

Level E : No Effect - Failure has no impact on safety, aircraft operation,

or crew workload.
These 5 levels are also known as the Design Assurance Level (DAL)

Levels are established by security studies. These studies then set the DAL level
for hardware and software in accordance with safety standards (ARP4754) or
aircraft manufacturer's directives (ABD100, ABD200, ...). The DAL level of a
subsystem may be different from the system level, provided that the DAL level of
the system is reached by a suitable hardware/software architecture.

Objectives to achieve

The closer to A is the level of criticality, the higher the number of objectives to
satisfy. So :

* Level E:
o Software development is not subject to any particular constraints
+ Level D:
o The software must be documented; the list of documents to be
provided is fixed by the standard.
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Decoding Hexadecimal - Decimal

The conversion from hexadecimal to Decimal is done by summing each digit
multiplied by the base (16), exponent the position. So the hexadecimal number
15 converts to decimal

1x161 +5x 160 = 21

5.2.9. Transcoding

Transcoding Binary - Hexadecimal

The conversion from binary to hexadecimal is done by grouping the numbers
(BITS) four by four. So the binary number 10101 converts to hexadecimal

0001 0101 = 15
Transcoding Hexadecimal - Binary

The conversion from hexadecimal to binary is done by replacing each hexadecimal
digit with 4 binary digits. So the hexadecimal number 15 is converted into binary

15 = 0001 0101

Arithmetic operation
The techniques of the four basic operations (addition, subtraction, multiplication
and division) remain exactly the same as in decimal notation

Addition

We pass from one binary number to the next by adding 1, as in decimal. Don't
forget the carry:

0+0=0
0+1=1
1+0=1

1+ 1=0withacarry of 1
Subtraction

The subtraction is the addition of a negative number. The process is the same.

10
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Multiplication

The multiplication is done by multiplying one by one and shifting each digit one
step to the left according to its position

5x5=25
101
101
1001
x 1 01
101
000
101
11001 25
Division

The entire division by two is done by shifting each digit one step to the right, the
right digit being the rest and is deleted. Division by any integer is more complex
and outside the scope of this course.

1011 7
/T 1o 2
“ o oo
RN
11 3

Here you don't need to write any text anymore. You can delete this text even. It
is actually the last ‘blank’ piece of paper (two pages) of your book (if you delete
this text of course).

List of Links

https://fr.wikipedia.org/wiki/Syst%C3%A8me_binaire

https://en.wikipedia.org/wiki/Two%27s_complement

https://www.ma-calculatrice.fr/convertir-binaire-hexadecimal.php

1
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o Prior to development, plans must be established to set development
process, verification and configuration management and quality
assurance methods.

o Traceability must be ensured and verified between system
specifications, software high-level specifications, and verifications.

o All that is specified must be formally verified: functional coverage
must be ensured. Documents must also be formally verified.

o The software must be managed in configuration, for example all
evolutions of the source code must be justified

o An independent Quality Department must ensure compliance with
the standard by inspecting the outputs of the software life cycle.

* LevelC:

o In addition to the D-level constraints, development rules must be set
beforehand (on the specification, design and coding phases).

o The traceability and verification requirements also apply to the
design and coding phases of the software.

o Low level requirements (or design requirements) must be formally
verified.

o Structural coverage, or code coverage, must be verified and
analyzed: all code instructions must have been executed and tested,
all deviations must be justified. These constraints often lead to
having to pass unit tests.

* LevelB:
o In addition to the C-level constraints, code coverage at the "decision"
level is required.
o Development and audit activities should be outsourced to
independent teams.
* LevelA:
o In addition to the B-level constraints, code coverage at the
"condition" / "decision" level is required.
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Regarding the quality management process :

« Records related to quality
- Compliance review report

« Summary of work completed

11
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5.13. Software Management Control

5.13.1. Definition

A safety-related system comprises everything (hardware, software, and human
aspects) needed to perform one or more safety functions, in which failure would
cause a significant increase in the safety risk for the people and/or environment
involved. Safety-related systems are those that do not have full responsibility for
controlling hazards such as loss of life, severe injury or severe environmental
damage. A safety-critical system is designed to lose less than one life per billion

(10°) hours of operation.

5.13.2. Software level
In the event of equipment failure, the following 3 criticality levels are considered

The Software Level, also known as the Design Assurance Level (DAL) is
determined from the safety assessment process and hazard analysis by examining
the effects of a failure condition in the system. The failure conditions are

categorized by their effects on the aircraft, crew, and passengers
Level 1 : Critical functions, potential catastrophic defects
- Failure may cause a crash

Level 2 : Essential functions, potential major defects

- Failure is significant

Level 3 : non-essential functions, potential minor defects
-> Failure is noticeable

5.13.3. Software quality class
There is also a notion of software quality class

« Class A : demonstration of the absence of defects (exhaustive tests)
« Class B : present the organization and verification of programs

+ Class C: use of proven programming standards
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Preface

Chapter 5.12 - “Electrostatic Sensitive Devices” gives an overview of the
electrostatic discharges, their origin, their effects on electrostatic sensitive devices

and how it is possible to prevent the deterioration of electronic components.
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

+ be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

« be able to apply his knowledge in a practical way using detailed
procedures.
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5.13.5. Reliability of the processing
Onboard software are designed to perform comprehensive and sometimes specific

tests:

- Maintenance tests

- Testsin use

Maintenance tests

This procedure is effective when the aircraft is on the ground and stopped.
Technicians can run specific test programs. Verification of the installation with the
possibility to determine, to locate the defective element. (OBRM .: On Board
Replacable Module). These programs allow to work:

- Locally, at the level of a computer. (Input parameters or computer module).
- Globally, at a system level. (Ex: complete verification of an AFCS, EFIS or
ECAM)

Tests in use
There are 2 types of tests:

1. Back ground tests
2. Watch dog tests

Background tests

The principle is to "run" test routines at selected points in the main program. These
are "consolidated points" then checking the results and the smooth operation of
the software. These controls can be done by comparison. Ex: the command
channel and the control channel, in case of disagreement between the two
channels, there is storage of the information relating to the anomaly, with the

possibility of the computer to declare itself out of order.
Watch Dog Tests

This type of program runs continuously in parallel with the main program (main
program monitoring). This monitoring is carried out on the course of the main
program:

- the order of the sequences must be correct.
- the rate of exchanges.
- the maximum duration of the different processes
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The objective of software security is then to obtain the couplings:

« Potential catastrophic defects  Class A
* Potential major defects Class B
* Potential minor defects Class C

5.13.4. Reliability of the data

Some data can be entered manually. The software should systematically predict
and perform checks: format, likelihood and consistency. Ex: Enter the local QNH,
when the pilot inserts this data using a keypad, the program expects a value
between 950 and 1050 hPa (input and verification format 3 or 4 digits, value
between the fixed limits).

For the data coming from the different sensors or from other computers, the
software will have to make sure that the received data is the transmitted data
(role of the control of transmission) the check of plausibility is assured, but It's
necessary to apply in addition another rule, redundancy (if the parameter is
important). Ex .: information from inertial Reference System (3 independent units,

comparison of parameters, etc.).

Once the data entered, validated, they are stored in memory, to protect

themselves from an eventual loss. (Storage on disc).
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5.13.6. Airworthiness Requirements

The design of onboard software is complex and are more and more used, hence
the need to ensure a very high level of security. To obtain good results, a
document has been created: the DO-178A "Software Consideration in Air Terminal
Systems and Equipment Certification”. This document was generated thanks to
the collaboration of EUROCAE (European Organization for Civil Aviation
Electronics) and the RTCA (Radio Teclulical Comission for Aeronautics). The
purpose of this document is to propose techniques and methods for developing
quality software to manage them. The DO1 78A is therefore intended for
designers, installers and users of these various systems in air transport. The
certification of the software is only meaningful when the certification of the

equipment or the complete system is achieved.

5.13.7. Software Development

The development of the software is done according to the following life cycle chart.
It is checked at key points, typically at the end of each stage of the life cycle. The
certification process of the equipment or system including the software must show
the suitability of the software to its specifications and this is done by a large
number of tests.

- -

\ /

FIGURE 1: SOFTWARE DEVELOPMENT LIFE CYCLE PHASES
Source F1: https://cdn.softwaretestinghelp.com/wp-
content/qga/uploads/2018/04/SDLC-Cycle.jpg
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Documents to provide

The processes related to the development of aeronautical onboard software
subject to the DO-178B standard are accompanied by the editing of several
documents (the titles are given for information only):

Before development, planning phase :

« Plan relating to the certification: in particular this document specifies the
level of criticism retained, and by which means it is planned to fulfill the
objectives of the standard DO-178B

« Software Development Plan

« Software Verification Plan

« Software Configuration Management Plan

« Software Quality Assurance Plan

« Software specification rules

« Software design rules

« Software coding rules
Regarding the actual development process :

« Software requirements specifications

« Description of the software design
Regarding the verification process :

+ Software Verification Cases and Procedures
- Software Verification Results:

o Unit test results

o Integration test results

o Test results
« Code coverage analysis

+ Review of each software document
Regarding the configuration management process :

« Index of the software configuration
« Index of the software life cycle environment

10
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5.11.4. Instruments

EHSI (Electronic Horizontal Situation Indicator)

EHSI is an aircraft flight instrument. Often a CRT or LCD screen. It provides
information on:

FIGURE 9: ELECTRONIC HORIZONTAL SITUATION INDICATOR (EHSI)
Source F9: http://aviationandaccessories.tpub.com/TM-1-1510-225-10/css/TM-
1-1510-225-10_292.htm

1. Course Readout / Label 15. Compass Benchmarks

2. FMS Message Alert 16. Distance of Bearing Source
3. FMS Heading Bug 17. Bearing Source

4. Course Deviation Scale 18. Distance to Course Source
5. Vertical Deviation Scale 19. Free Format Line (ARC-210 Freq)
6. Vertical Deviation Pointer 20. Digital HDG Bug Readout
7. Lateral Deviation Bar 21. Heading Bug

8. Course Source 22. Track Indicator

9. FMS Flight Modes 23. Digital Heading Readout
10, Selectable Nav Date 24. DR or RAIM Alert

11. Course Pointer 25. FMS OFST

12. Wind Direction Degrees, Velocity, Knots 26 Wind Pointer

13. Compass Rose 27. TO/ FROM Indicator

14. Bearing Pointer 28. Miniature Aircraft

11





EPUB/xhtml/pdfykc1l/page12/page.png
5.11 ELECTRONIC DISPLAYS

FIGURE 10: 737/777 ND WITH WEATHER RADAR

156 1155
37°/0

FIGURE 11: 737/777 APPROACH MODE

12
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65302 s 301

FIGURE 13: 737/777 WITH WEATHER RADAR

Source F10 to F13: http:/www.sim-avionics.com/nd.htm!

13
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EADI (Electronic Attitude and Direction indicator)
L'EADI is an aircraft flight instrument. Often a CRT or LCD screen. It provides

information on::

FIGURE 14: SOME OF THE MANY PARAMETERS AND FEATURES OF AN ELECTRONIC
ATTITUDE DIRECTION INDICATOR

Source F14: https://www.flight-mechanic.com/electronic-instruments/

ECAM (Electronic Centralized Aircraft Monitoring)

ECAM displays are assigned to monitor and control all aircraft systems. They
replace the flight engineer's panel since there are only 2 crew members in the
flight deck.

Two screens are usually provided:

« The first shows the synoptic diagrams of the systems, with more or less
details according to the request of the crew. For each system, one or more
pages (display screens) are provided in the computer memory

* The second displays the procedures and checklists associated with the
selected system or a particular flight phase (before start-up, before taxi,
before take-off, approach, ...)

14
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The Electronic Centralized Aircraft Monitoring (ECAM) system displays the
associated alarms and procedures, as well as the system page corresponding to a
detected fault, by means of a cathode-ray tube or LCD display, highlighting the
faulty element (by a different color or a blinking of the parameter).

It also presents the primary parameters of engine control. The on-screen
presentation makes it possible to determine the state of the system and to alert
the crew if the configuration is abnormal. ECAM draws attention to the severity of
the failure, assists in diagnosis and orients corrective action. It is generally
composed of two screens, 1 Engine/Warning Display (EWD) and 1 System Display
(SD).

FIGURE 4: MAIN INSTRUMENT PANEL
Source F4:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Keyboard Keyboard &
Pointing Do Pointing Dovico

Suding Table =
OIT Additonal Keys.

FIGURE 5: MAIN INSTRUMENT PANEL

Source F5:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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Information displayed on E/WD (Engine Warning Display) :
The E/WD displays the following information:

« Engine parameters: N1, EGT, N2, fuel flow

« Fuel quantity

« Position of the high lift devices

* Alarms and associated procedures

« Reminder of temporarily used functions (MEMO)
* Takeoff and approach procedures

The SD displays the following information:

« The synoptic of the systems

+ Messages concerning the state of the aircraft (STATUS page)
« Maintenance information

« Temperature, airplane mass and CG position

System architecture
ECAMI/EICAS Architecture
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FIGURE 6: ECAM/EICAS ARCHITECTURE
Source F6 : D. Breyne
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+ —

Anode Cathode

FIGURE 8: DIODE

Source F8: D. Breyne

Advantages

- Small size: we can build LEDs of the size of a pixel. They can therefore be
used to build high resolution screens.

- Easy to mount on printed circuit

- Low power consumption, lower than that of incandescent lamps, of the
same order of magnitude as fluorescent tubes

- Excellent mechanical resistance (shocks, vibrations ...)

- Lifetime (20-50,000 h) much longer than incandescent lamp (1000h)

- Very low voltage operation

- Very low light inertia. Switch on and off in a very short time. Use for short
or long distance signal transmission

- Do not heat up

Drawbacks

- Energy-intensive manufacturing process
- Decrease in efficacy during lifetime (end of life 20% -70% of initial
effectiveness)

10
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Source F31: http://www.amazon.fr/Garmin-GPS-60-R%C3%A9cepteur-
Randonn%C3%A9e/dp/B0007W5LRS

Source F32 : : http://www.avionicswest.net/pb2.htm
Source F33: http://www.ebay.com/bhp/aviation-gps
Source F34: D. Breyne

Source F35 :

28 _inertial measurement unit.jpg

Source F36: D. Breyne

Source F37 :

https://en.wikipedia.org/wiki/Inertial navigation system#/media/File:Accurac
of Navigation_Systems.svg

Source F38:
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Location of the ACARS
Ml(J1A"Cé\)RS m
Shelf 82vU I

Electronic Rack 80VU

Figure 3: Location of the MU ACARS on a plane

Source F3: D. Breyne

5.15.2. ECAM/EICAS

Objectives

The ECAM (Electronic Centralized Aircraft Monitoring) is a centralized monitoring
system of the aircraft. It provides operational assistance for both normal and
abnormal situations.

The term ECAM is used by Airbus. While the term EICAS is used by Boeing.
ECAM allows :

« To monitor all aircraft systems (hydraulic, electrical, fuel, etc.).

« To present the state of the various systems to the pilots in normal
situation (a logical sequence adapted to a phase of flight, or the needs
expressed by the pilots at any moment of the flight)

e Alert pilots in the event of a malfunction of a system with the

presentation of the fault while proposing suggestions for actions.
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3 electronic guns arranged at 120 © relative to each other and parallel to the axis
of the tube. The number of RGB triads will depend on the desired resolution of the
screen. These points are selectively bombarded according to the color, by the 3
electronic guns through a mask made of 0.1 mm thick sheet steel. The mask is
pierced with as many 250 um holes as there are triads of luminophores. The mask
prevents the electrons emitted by a gun from hitting the phosphor dots of another
color. For each mask hole, each gun only sees the points of a single color. This is
why we find the guns by the letters RGB. The mask is 15 mm from the screen.
50% of the electrons are lost on the mask, resulting in a loss of electrical energy
transformed into heat.
- Properties
o Life time 25.000 hours
Advantages

o Good image quality

o Good reliability

o Large field of view

- Drawbacks

o High electric consumption

o Heating

o Sensitivity to magnetic field

Used in aviation for

o HSI&ADI

o ECAM
Liquid Cristal Display (LCD)
Liquid crystal displays use the polarization of light through polarizing filters and
the birefringence property of some liquid crystals in the nematic phase (between
the liquid phase and the solid phase). In a birefringent medium, the refractive

index is not unique. It depends on the polarization direction of the light

This is a passive device that requires backlighting
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FIGURE 3: 3-DIGITS LCD DISPLAY
Source F3 :
https://fr.wikipedia.org/wiki/%C3%89cran_%C3%A0_cristaux_liquides#/media,
Fichier:LCD layers.svg

Polarizing filter film with a vertical axis to polarize light as it enters.

2. Glass substrate with ITO electrodes. The shapes of these electrodes will determine the
shapes that will appear when the LCD is switched ON. Vertical ridges etched on the surface
are smooth

3. Twisted nematic liquid crystal

4. Glass substrate with common electrode film (ITO) with horizontal ridges to line up with the

horizontal filter

Polarizing filter film with a horizontal axis to block/pass light

6. Reflective surface to send light back to viewer. (In a backlit LCD, this layer is replaced or

complemented with a light source.)

o

A high potential difference between the two electrodes of a pixel results in a
change of orientation of the molecules as well as a variation of the plane of

polarization and consequently a variation of the transparency.

The main difficulty lies in the pixel control system. The passive matrix system
(pixel control by row or column) is too slow to accommodate the flow of video
images. It is therefore necessary to use so-called active matrices (individual pixel
control) consisting of Thin Film Transistors (TFT). These matrices provide fast
switching. However, the larger the screen size, the greater the number of
transistors and the greater the risk of defect.
- Properties
o Life time 60.000 hours
o Flat and light screen
- Advantages
o Low consumption (60% lower than CRT)

o Insensible to interference
o Limited heating
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- Drawbacks
o Limited brightness and contrast
o Low response time
o Reduced field of view
- Used in aviation for
o HSI&ADI
o ECAM

OLED (Organic Light-Emitting Diodes)

An organic light-emitting diode (OLED or Organic LED), also known as an
organic EL (organic electroluminescent) diode is a light-emitting diode (LED) in
which the emissive electroluminescent layer is a film of organic compound that
emits light in response to an electric current. This organic layer is situated between
two electrodes; typically, at least one of these electrodes is transparent. OLEDs
are used to create digital displays in devices such as television screens, computer
monitors, portable systems

FIGURE 4: DIODES OF DIFFERENT COLORS

Source F4 :

https://fr.wikipedia.org/wiki/Diode_%C3%A9lectroluminescente#/media/Fichi

Diodos_LED_foto.png

FIGURE 5: ORGANIC ELECTROLUMINESCENT DIODE

Source F5 :

- Properties
o Life time 60.000 hours
- Advantage
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Source F6 :
https://fr.wikipedia.org/wiki/%C3%89cran_%C3%A0 _plasma#/media/Fichier:Pl

asma-display-composition.svg
Source F7: D. Breyne

Source F8: D. Breyne

Source F9: http://aviationandaccessories.tpub.com/TM-1-1510-225-10/css/TM-
1-1510-225-10_292.htm

Source F10 to F13: http://www.sim-avionics.com/nd.htm|

Source F14: https://www.flight-mechanic.com/electronic-instruments,

Source F15 :
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Source F16 :
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Source F17 :
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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5.11 ELECTRONIC DISPLAYS

Preface

Chapter 5.11 - “Electronic Displays” gives an overview of the different types of
electronic displays with their main characteristics and their use in aviation to

display information.
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

«+ be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

« be able to read and understand sketches, drawings and diagrams
describing the subject.

«+ be able to apply his knowledge in a practical way using detailed
procedures.
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5.11. Electronic Displays

5.11.1. Introduction

Electronic displays are equipment used to provide information to the crew
members. These output devices decode the information given by the computer
and make it comprehensible to the user. The most used electronic displays are:

- Screens
- Lights

5.11.2. Screens

Cathode Ray Tube (CRT)

The cathode-ray tube (CRT) is a vacuum tube that contains one or more electron
guns and a phosphorescent screen and is used to display images. It modulates,
accelerates, and deflects electron beam(s) onto the screen to create the images.

A CRT is constructed from a glass envelope which is large, deep, fairly heavy, and
relatively fragile. The interior of a CRT is evacuated to approximately 0.01 pascals
(9.9%107% atm). The vacuum is necessary to facilitate the free flight of electrons
from the gun(s) to the tube's face. The fact that it is evacuated makes handling
an intact CRT potentially dangerous due to the risk of breaking the tube and
causing a violent implosion that can hurl shards of glass at great velocity. As a
matter of safety, the face is typically made of thick lead glass so as to be highly
shatter-resistant and to block most X-ray emissions, particularly if the CRT is used

in a consumer product.

Since the late 2000s, CRTs have been largely superseded by newer "flat panel"
display technologies such as LCD, plasma display, and OLED displays, which in the
case of LCD and OLED displays have lower manufacturing costs and power
consumption, as well as significantly less weight and bulk. Flat-panel displays can
also be made in very large sizes; whereas 97 to 102 cm was about the largest size

of a CRT television, flat panels are available in 210 cm and even larger sizes.
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FIGURE 1: CATHODE RAY TUBE

Source F1: https://en.wikipedia.org/wiki/Cathode-
ray_tube#/media/File:Cathode_ray_Tube.PNG

FIGURE 2: CUTAWAY OF A COLOR CRT
Source F2 : https://en.wikipedia.org/wiki/Cathode-

ray_tube#/media/File:CRT_color_enhanced.png

Three electron emitters (for red, green, and blue phosphor dots)

Electron beams

Focusing coils

Deflection coils

Connection for final anodes (referred to as the "ultor” in some receiving tube manuals)
Mask for separating beams for red, green, and blue part of displayed image

Phosphor layer (screen)with red, green, and blue zones

Close-up of the phosphor-coated inner side of the screen

P NOGSEWNR

We use 3 substances or phosphors giving 3 colors specific to the trichromatic
synthesis: Red, Green and Blue

The phosphors are arranged on the internal face of the screen in a geometric
arrangement that allows them to be reached respectively by the electrons coming
from a single gun of the 3 that are in the tube. The phosphors are sources of light
that emit proportionally to the number of electrons received. The tube comprises

4
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Parameters

Chackist Tite

Not Completed Hems

Sauare: flom not
dotoctad by the ECAM.
The crew must validate

the I with the tick pb

ECAM Blue Box:Indicates  Clear Line: Indicates the ECAM
a selected line within a area that s dleared when the
meny, checklist oralert.  CLEAR pbls pressed.

FIGURE 15: ECAM (ELECTRONIC CENTRALIZED AIRCRAFT MONITORING)
Source F15 :

htty ‘'www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%20.

The instructions given on the screen are adapted to the situation:

Normal instructions if systems are in good working order

- Special instructions in case of breakdown, with priority of the actions to
be performed and the parameters to be monitored. The default is always
indicated on at least one of the two screens with more or less detailed
display depending on the severity

FIGURE 16: ECAM (ENGINE DISPLAY)

Source F16 :
‘www.smartcockpit.com/docs/A380_Briefing_For_Pilots _Part%202.pdf
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FIGURE 17: ECAM (FUEL SYSTEM DISPLAY)
Source F17 :

‘www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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with a maximum take-off mass (MTOM) of over 5,700 kg (12,600 Ib) or authorized
to carry more than 19 passengers.

In modern glass cockpit aircraft, the TCAS display may be integrated in the
Navigation Display (ND) or Electronic Horizontal Situation Indicator (EHSI)

FIGURE 38: TCAS INTEGRATED IN THE EHSI

Source F38:
https://en.wikipedia.org/wiki/Traffic collision avoidance system#/media/File:Tc
as_EU-Flysafe.jpg

TCAS involves communication between all aircraft equipped with an appropriate
transponder. Each TCAS-equipped aircraft interrogates all other aircraft in a
determined range about their position (via the 1.03 GHz radio frequency), and all
other aircraft reply to other interrogations (via 1.09 GHz). This interrogation-and-

response cycle may occur several times per second.

The TCAS system builds a three dimensional map of aircraft in the airspace,
incorporating their range (garnered from the interrogation and response round
trip time), altitude (as reported by the interrogated aircraft), and bearing (by the
directional antenna from the response). Then, by extrapolating current range and

52
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altitude difference to anticipated future values, it determines if a potential collision
threat exists.

TCAS and its variants are only able to interact with aircraft that have a correctly
operating mode C or mode S transponder. A unigue 24-bit identifier is assigned
to each aircraft that has a mode S transponder.

The next step beyond identifying potential collisions is automatically negotiating a
mutual avoidance maneuver (currently, maneuvers are restricted to changes in
altitude and modification of climb/sink rates) between the two (or more)
conflicting aircraft. These avoidance maneuvers are communicated to the flight

crew by a cockpit display and by synthesized voice instructions.

A protected volume of airspace surrounds each TCAS equipped aircraft. The size
of the protected volume depends on the altitude, speed, and heading of the aircraft
involved in the encounter. The illustration below gives an example of a typical
TCAS protection volume.

A

Exampe of ACAS Protction Voane between 5000 an 10000 et

FIGURE 39: ACAS PROTECTION VOLUME
Source F39:
https://en.wikipedia.org/wiki/Traffic_collision avoidance system#/media/File:T
CAS Volume.jpg
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IRS Architecture

Azimuth (4) axis _ Azimuth torquer  Gyro erorsignal
drives gimbal
Stable element. servo (typical)

Inner roll (B) axis
(not used on three-
gimbal platiorm)

Pitch (C) axis.

Outer rol (D) axis

Vehide attitude
3 readout

Roll gimbal
Pitch gimbal

{ruange

Redundant
gimbal drive
(sec7.4.2)

(Four-axis pltiorm only)

FIGURE 36: IRS ARCHITECTURE

Source F36: D. Breyne

A stabilized platform contains accelerometers whose outputs are connected to the
computer; this platform isolates accelerometers from aircraft movements by
keeping them in a fixed orientation relative to the reference system, usually the
Earth for aircraft. The stable part on which the accelerometers and the gyroscopes
are located is isolated from the aircraft by gimbals, the position of these being
measured by gimbal pickoffs, which gives the angles of roll, pitch and azimuth.
The calculator deduces the position and speed of the aircraft from the two
horizontal accelerometers, and calculates the signals that will precede the
gyroscopes so that the stable element of the platform keeps its direction. A vertical
accelerometer (which does not always exist) is used with the barometer to provide
altitude.

The IRS system also includes platform control servos and a control panel
Accuracy

A major disadvantage of using IMUs for navigation is that they typically suffer
from accumulated error. Because the guidance system is continually integrating

acceleration with respect to time to calculate velocity and position any

49
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The transmitted information is in digital form via a VHF radio link, amplitude
modulated at 1200Hz. The positive half-wave of the BF signal represents the bit:
1, the negative half-cycle the bit: 0, the non-bit change is signaled by a double
frequency, at 2400Hz

Low speed / High speed

Waveform

1200 Hz 2400 Hz

FIGURE 1

Source F1: D. Breyne

System architecture
Onboard equipment

The onboard equipment’s makes it possible to process messages in digital form
and to transmit or receive them using:

- An ACARS management calculator (MU Management Unit)

- Interfaces with aircraft maintenance, communication and flight
management systems (FMS, CMS, AIDS, VHF3)

- Interfaces with the crew (ACARS function of the MCDU, printer)

The calculator is able to generate and trigger the emission of a certain number of
messages without the intervention of the crew. It ensures the reliability of the
transmission of messages by an acknowledgment and addressing process to the
ground stations. This calculator includes a MODEM which transforms the digital

signals into analog signals transmitted by the VHF.
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measurement errors, however small, are accumulated over time. This leads to
'drift': an ever-increasing difference between where the system thinks it is located
and the actual location. Due to integration a constant error in acceleration results
in a linear error in velocity and a quadratic error growth in position. A constant
error in attitude rate (gyro) results in a quadratic error in velocity and a cubic
error growth in position.

Positional tracking systems like GPS can be used to continually correct drift errors
(an application of the Kalman filter)

ACCURACY OF NAVIGATION SYSTEMS
(2-dimensional)

900 m

650 m

400 m

200m
180m

FIGURE 37: ACCURACY OF NAVIGATION SYSTEM
Source F37 :

org/wiki/Inertial _navigation system#/media/File:Accurac:
of Navigation_Systems.svg
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Example Boeing B747
The system LTN-72 (used on the Boeing 747) includes 3 modules:

- INU (Inertial Navigation Unit) enclosing the platform and its electronic and
the computer ;
MSU (Mode Selector Unit) is the command panel
CDU (Control Display Unit) is the interface.

In normal operation, the system consumes 420 W, 120 of which for heating. When
you turn on the system, it must be aligned and initialized:

The platform must be oriented correctly; in general the accelerometers are
horizontal, one pointing to the geographical north;

It is also necessary to give the computer the initial conditions for
integration; in general, the vehicle is stopped, so it is given only the
coordinates of the starting point. It is via the CDU's that these operations
are carried out.

The time taken by this initialization is quite long (* 8 minutes) and the accuracy
of this alignment can be increased by performing a second alignment after the

first with the aircraft oriented at 90 © of the first alignment.

We have to notice that the drift of the platform is caused by the friction inherent
in the suspension of the gyroscopes. This drift still reaches nowadays + 0.01 © /

hour which can give an error of 3 miles / hour

5.15.8. TAS
TCAS : Traffic alert and Collision Avoidance System

Objctives
A traffic col

system (both abbreviated as TCAS, is an aircraft collision avoidance system

ion avoidance system or traffic alert and col

ion avoidance

designed to reduce the incidence of mid-air collisions between aircraft. It monitors
the airspace around an aircraft for other aircraft equipped with a corresponding
active transponder, independent of air traffic control, and warns pilots of the
presence of other transponder-equipped aircraft which may present a threat of
mid-air collision (MAC). It is a type of airborne collision avoidance system
mandated by the International Civil Aviation Organization to be fitted to all aircraft

51
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FIGURE 30: GPS CONTROL SEGMENT

Source F30: http://www.gps.gov/systems/gps/control

End-User’s segments
The user segment is composed of thousands of military users and tens of

millions of civil, commercial and scientific users.

GPS receivers are composed of an antenna, tuned to the frequencies
transmitted by the satellites, receiver-processors module, and a highly
stable clock. They may also include a display for providing location on a
moving map and speed information to the user. A receiver is often
described by its number of satellites it can monitor simultaneously. Today
receivers typically are able to monitor between 12 and 20 satellites.

45
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A typical GPS receiver module measures 15mm x 17 mm

FIGURE 31: GPS END-USER'S SEGMENT
Source F31: http://www.amazon.fr/Garmin-GPS-60-R%C3%AScepteur-
Randonn%C3%A9e/dp/B0007WS5LRS

Example
The GPS antenna must be located on the top of the fuselage to be visible from
the space

FIGURE 32: GPS ANTENNA
Source F32 : : http://www.avionicswest.net/pb2.htm

There are many different GPS available on the market, from the simplest display
to the most sophisticated moving map including 3D Vision

46
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FIGURE 33: GPS RECEIVER

Source F33: http://www.ebay.com/bhp/aviation-gps

The airbus A320 has 2 GPS devices. The antennas are both located on the top of
the fuselage

Location of Navigation Antennas on A320

Tcas VOR1 82
obs ADF BT
1 1
localizer  ATC | [GPS ADF
odes | | 2 T
o @mm@%ﬁm 8\7
Radar l A
DEM 2| Marker Radio
Altimeter

DEM1 ATC TCAS

* Radar *GPS1and2 « Radio Altmeter
« Localizer and Glide Slope  » Marker « ELT (Emergency Locator
*DME 1and 2 *TCAS Transmitter
*ATC *ADF 1 and 2 *VOR1and2

FIGURE 34: LOCATION OF NAVIGATION ANTENNAS ON THE AIRBUS A320

Source F34: D. Breyne
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5.15.7. IRS
Objectives
IRS Inertial Reference System

Inertial navigation is a technique of navigation giving (among other things) the
position and speed of the vehicle from the measurement of its acceleration. This
acceleration is measured along three axes perpendicular to each other by very
sensitive elements, for example accelerometers, is then integrated by time to
deduce in a first time a speed and subsequently a distance. This processing is of
course done by computers and thus gives the system a remarkable advantage: its
total independence from any terrestrial system.

V

FIGURE 35: MODERN INERTIAL MEASUREMENT UNIT FOR SPACECRAFT
Source F35 :
https://en.wikipedia.org/wiki/Inertial_measurement_unit#/media/File:IMU-

28_inertial_measurement_unit.jpg

This system makes it possible to know the displacement of a mobile in a Galilean
space (Inertial space) linked to the center of the Earth and whose three axes
perpendicular to each other are oriented towards fixed stars

We must therefore make a distinction with a system linked to the Earth and which
is therefore mobile with respect to the Galilean space. It should also be noted that
the aircraft-related reference axes around which pitching, rolling and yaw
movements are themselves mobile with respect to the terrestrial space, since the
airplane moves, which are themselves mobile with respect to the Galilean space,
since the Earth turns on itself.
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Source F15:

http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F16:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F17:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F18:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Source F19:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Source F20: D. Breyne
Source F21: D. Breyne

Source F22 : http://www.smartcockpit.com/docs/a350-900-flight-deck-and-
systems-briefing-for-pilots.pdf
Source F23 : http://www.smartcockpit.com/docs/a350-900-flight-deck-and-
systems-briefing-for-pilots.pdf

Source F24: D. Breyne

Source F25:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F26:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F27:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F28:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

Source F29 : https://en.wikipedia.org/wiki/VHF omnidirectional range

Source F30: http://www.gps.gov/systems/gps/control

62





EPUB/xhtml/pdfy5ztc/page59/page.png
5.15. TYPICAL LECTRONIC/DIGITAL AIRCRAFT

SURV = Survelllance System

FIGURE 44: TCAS CONTROL PANEL
Source F44:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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Ground equipment

On the ground, a transmission network SITA (Société Internationale de
Télécommunications Aéronautiques, which currently gathers more than 300
airlines in 170 countries) able to receive messages and send them with the
required security, either to the headquarters of the operator or from the
headquarter to a specific plane. Data centers use data received from aircraft, or
elaborate data to be transmitted to an aircraft such as "Regulation”, "Maintenance
Monitoring", "Engine Monitoring", "Flight Plan", "Cabin Data", etc.

Example

FIGURE 2: ACARS MESSAGE PRINTED ON THE FLIGHT DECK PRINTER
Source F2 :
https://fr.wikipedia.org/wiki/Aircraft Communication Addressing_and Reporting
System#/media/Fichier:ACARS Message (3555653334).jpa
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Antennas : The antennas used by TCAS II include a directional antenna that is
mounted on the top of the aircraft and either an omnidirectional or a directional
antenna mounted on the bottom of the aircraft. Most installations use the optional
directional antenna on the bottom of the aircraft. In addition to the two TCAS
antennas, two antennas are also required for the Mode S transponder. One
antenna is mounted on the top of the aircraft while the other is mounted on the
bottom. These antennas enable the Mode S transponder to receive interrogations
at 1030 MHz and reply to the received interrogations at 1090 MHz.

GPS Antenn

FIGURE 41: TCAS ANTENNA

Source F41: D. Breyne

Cockpit presentation : The TCAS interface with the pilots is provided by two
displays: the traffic display and the RA display. These two displays can be
implemented in a number of ways, including displays that incorporate both

displays into a single, physical unit.
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FIGURE 42: TCAS INSTRUMENT

There is exits different versions of TCAS

TCAS I : TCAS I is a cheaper but less capable system than the modern TCAS II
system introduced for general aviation use after the FAA mandate for TCAS II in
air transport aircraft. TCAS I systems are able to monitor the traffic situation
around a plane (to a range of about 40 miles) and offer information on the
approximate bearing and altitude of other aircraft. It can also generate collision
warnings in the form of a "Traffic Advisory" (TA). The TA warns the pilot that
another aircraft is in near vicinity, announcing "Traffic, traffic", but does not offer
any suggested remedy; it is up to the pilot to decide what to do, usually with the
assistance of Air Traffic Control. When a threat has passed, the system announces
"Clear of conflict"

TCAS II : TCAS II is the first system that was introduced in 1989 and is the
current generation of instrument warning TCAS, used in the majority of
commercial aviation aircraft. A US Airways 737 was the first aircraft certified with
the Allied Bendix (now Honeywell) TCAS II system. It offers all the benefits of
TCAS 1, but will also offer the pilot direct, vocalized instructions to avoid danger,
known as a "Resolution Advisory" (RA). The suggestive action may be "corrective”,
suggesting the pilot change vertical speed by announcing, "Descend, descend”,
"Climb, climb" or "Adjust Vertical Speed Adjust” (meaning reduce vertical speed).
By contrast a "preventive” RA may be issued which simply warns the pilots not to
deviate from their present vertical speed, announcing, "Monitor vertical speed" or
"Maintain vertical speed, Maintain". TCAS II systems coordinate their resolution
advisories before issuing commands to the pilots, so that if one aircraft is
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instructed to descend, the other will typically be told to climb — maximizing the
separation between the two aircraft.

TCAS III : Originally designated TCAS II Enhanced, TCAS III was envisioned as
an expansion of the TCAS II concept to include horizontal resolution advisory
capability. TCAS III was the "next generation" of collision avoidance technology
which underwent development by aviation companies such as Honeywell. TCAS
III incorporated technical upgrades to the TCAS II system, and had the capability
to offer traffic advisories and resolve traffic conflicts using horizontal as well as
vertical maneuvering directives to pilots. For instance, in a head-on situation, one
aircraft might be directed, "turn right, climb" while the other would be directed
“turn right, descend." This would act to further increase the total separation
between aircraft, in both horizontal and vertical aspects. Horizontal directives
would be useful in a conflict between two aircraft close to the ground where there

may be little if any vertical maneuvering space.

TCAS III attempts to use the TCAS directional antenna to assign a bearing to other
aircraft, and thus be able to generate a horizontal maneuver (e.g. turn left or
right). However, it was judged by the industry to be unfeasible due to limitations
in the accuracy of the TCAS directional antennas. The directional antennas were
judged not to be accurate enough to generate an accurate horizontal-plane
position, and thus an accurate horizontal resolution. By 1995, years of testing and
analysis determined that the concept was unworkable using available surveillance
technology (due to the inadequacy of horizontal position information), and that
horizontal RAs were unlikely to be invoked in most encounter geometries. Hence,
all work on TCAS III was suspended and there are no plans for its implementation.
The concept has later evolved and been replaced by TCAS IV

TCAS IV : TCAS IV uses additional information encoded by the target aircraft in
the Mode S transponder reply (i.e. target encodes its own position into the
transponder signal) to generate a horizontal resolution to an RA. In addition, some
reliable source of position (such as Inertial Navigation System or GPS) is needed
on the target aircraft in order for it to be encoded. TCAS 1V has replaced the TCAS
III concept by the mid-1990s. One of the results of TCAS III experience has been
that the directional antenna used by the TCAS processor to assign a bearing to a
received transponder reply is not accurate enough to generate an accurate
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horizontal position, and thus a safe horizontal resolution. TCAS 1V uses additional
position information encoded on an air-to-air data link to generate the bearing
information, so the accuracy of the directional antenna would not be a factor.

Example : Airbus A380
The TCAS displays on the ND, traffic that is within a volume of space around the
aircraft:

- In automatic selection, the upper and lower boundaries of this volume are
automatically adjusted to display all the intruders along the flight path

- In manual selection, the flight crew can choose between two displays: ABV
or BLW (Above or Below).

Scm——
>..—<
g

FIGURE 43: TCAS SPACE AROUND THE AIRCRAFT
Source F43:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

The TCAS Control Panel is part of the Surv Control Panel
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System components
A TCAS installation consists of the following components:

TCAS computer unit : Performs airspace surveillance, intruder tracking, its own
aircraft altitude tracking, threat detection, resolution advisory (RA) maneuver
determination and selection, and generation of advisories. The TCAS Processor
uses pressure altitude, radar altitude, and discrete aircraft status inputs from its
own aircraft to control the collision avoidance logic parameters that determine the
protection volume around the TCAS aircraft.

CAS Computer

TCASTANSHITIER RECEVER | PRESS THE TR TEST s

TYPENO.TIRA100 WT 127 (5 vommPuvuﬁmﬁgﬁgggi
ANY LRU REMOVAL. IF THE TTR
GREEN BASS LIGHT 5 ON DURING
SELFTEST, DO NOT REMOVE TIR

TIR PASS/FAIL
XPNDR

UPPER ANT
LOWER ANT
RAD AT
HONG.

R/A

A

FIGURE 40: TCAS COMPUTER UNIT

Source F40: D. Breyne
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5.5.3. Mathematical operations
Cf. http://electronique-et-informatique.fr/Diqgit/Digit 7TS2.html

The techniques of the four basic operations (addition, subtraction, multiplication
and division) in binary remain exactly the same as in decimal notation; they are
just drastically simplified because there are only the two numbers 0 and 1.

For multiplication for example, whatever the base, the multiplication by the base
itself is done by adding a zero to the right.

Addition
Addition of 2 binary numbers: 11 et 01

1)1
+ 0|1
1|00

We go from one binary number to the next by adding 1, as in decimal, and don't

forget the carry

It can be seen that the addition of two bits A and B gives A XOR B with a carry of
A AND B.

Input | Output
AlB R
o000
o110
1(o[1]o0
1101

| E——

2 I
— T LR—

>
b

FIGURE 5: ADDER
Source F5: http://electronique-et-informatique.fr/Digit/Digit_7TS2.html
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In the case when the adder receives a carry (as this is often the case), the truth
table becomes:

Input Output
A B R1 S R
0 0 0 0 0
oo 1 1o
o[1[o0 1o
o1 1 o1
100 1|0
1 0 1 0 1
1 1 0 0 1
101101

and the logical circuit becomes:

report 1

report 12

FIGURE 6: ADDER WITH CARRY

Source F6: http://electronique-et-informatique.fr/Digit/Digit 7TS2.html

Substraction
Subtraction is treated by adding a negative number. The negative number is
represented by the two’s complement of the number

For example 9 - 4, each digit being represented by a sequence of 8 bits (maximum
value of the calculation 511)
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4:
ojojojo0|oO 100
Two’s complement of 4 = one’s complement + 1
One's 11111011
complement
+1 ojojojofo0ofo0o]|oO 1
-4 1 1 1 1 0|0
9 0 0 0o 0 1 [ 1
+ -4 1 1 1 1 1 0o 0
1 0 0 0o 0 o 1 0 1
R Tojolo o101
o
3 2
s )
£ 8 Final result
g &
$
3 -
o

For example: 4 - 9

9:

0 0 0 0 1 0 0 1
Two’s complement of 9 = One’s complement + 1

One’s 1111 1 0 1 170
complement

+1 o/jofo|jojo|o0}|oO 1

-9 1)1] 1 1 0 1 1 1
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2 !
5 :
T 1 Two's complement of the result
g -
<] z
-1 1 1 1 1 [ 1 [
One's - 0 0o 0 o0 1 0
complement
>> -5
Multiplication

The binary multiplication is a series of additions whose terms are copies of the
multiplicand successively shifted to the left.

Multiply by two is done by shifting each digit one step to the left and inserting a

zero at the end.

For example: 11 x 2

1011
x 10
10110

13
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FIGURE 2: LIGHTNING STRIKE ON AN AIRPLANE AT TAKEOFF

Source F2 : https://nerdheist.com/airplane-lightning-strike,

FIGURE 3: LIGHTNING STRIKE ON AN AIRPLANE

Source F3 : https://www.airspacemag.com/flight-today/how-things-work-lightning-
protection-161993347/

A discharge lasts on average 50 ps and the peak current reaches 30 kA. The following

figure summarizes what happens with a plane that serves as a relay

nitial Entry Final Entry

|

\

nitial Exit Final Exit

FIGURE 4: HOW LIGHTNING ATTACHES TO AN AIRPLANE

Source F4 : https://www.boeing.com/commercial/aeromagazine/ar-

ticles/2012 q4/4/
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Protection

When the aircraft is hit by lightning, the lightning discharge is distributed uniformly
throughout the structure, and the static dischargers evacuate this discharge to the
atmosphere, through places where the arcs cause a minimum electromagnetic inter-

ference (HF) and minimal damage to the structure.

By discharging the charges of a lightning, all static dischargers can melt at the same
time

For the protection to be effective, a good bonding of all parts of the aircraft, whether
mobile or not, must be ensured at all times, hence the high importance of Corrosion
Inspections (CP). The ground are carefully meshed so that they are at the most
equipotential possible, thanks to the metallization which, moreover, make it possible
to protect from lightning and parasites by dividing the current by numerous low re-
sistance conductors.

In case of lightning strike on an aircraft, it is necessary to quickly dissipate very large
currents of the order of 200 kA in less than 1 second. This dissipation will be done

by the primary metallization of the aircraft.

During the manufacturing of the aircraft, measurements of electrical continuity of the
main structure are made to verify the good metallization of the aircraft during its

assembly.

The consequences of a badly evacuated lightning strike are the bursting of the com-

posite materials and the destruction of the affected systems.

In 1976, a Boeing 747-100 of the Iranian Air Force exploded in approach in Spain

following a lightning strike on a wing whose fuel tanks were empty
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Direct effects of

FIGURE 5: BURSTING OF THE COMPOSITE OF A RADOME

Source F5: D. Breyne

Several solutions exist to protect an aircraft against lightning.

« Faraday’s Cage: metallization, low impedance paths, potential dropper.

« Internal Protections: by varistors-type components (voltage-dependent
resistors) which discharge the overvoltages to earth

« Prevention : by the choice of navigation routes based on information pro-
vided in flight by the weather radar

The places where discharges are most frequent are:

« Navigation lights

« Tank filler caps

« Lids of the fuel gauges

« Refueling equipment

+ Tank ventilation

+ Antennas and radomes

« Trailing edges of lifting surfaces and propeller blades
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Incident Radiation: When by proximity, an airplane crosses the radiation of a pow-
erful transmitter, this field can influence the onboard electrical systems. The intensity
of this effect (incident radiation) depends on the airframe material and the bundles
of cables.

Tests for measuring the incident radiation resistance of the on-board electrical sys-
tems are carried out and make it possible to determine whether the airplane supports
incident radiations and what are the operating limits of the systems.

5.14.3. Electromagnetic interference
Some electrical components emit an electromagnetic field that can extend to signif-
icant distances. Interference is then caused in other systems. The typical case is that

of motorcycles that induce interference in radio or TV receivers.

An important aspect for flight safety is the prohibition to operate a GSM on board an
aircraft, especially in the approach phase, because the autopilot systems are very

sensitive to the harmonics of the waves emitted by these mobile phones.

The non-susceptibility of an electronic system must be demonstrated before it is
accepted for installation on an airplane. This is an important analysis that is often

assimilate to EMC studies.

5.14.4. Field of high intensity radiation

Recent development in radio communications and other electronic technologies have
created a phenomenon called HIRF in the operational environment of the aircraft.

In the USA and Western Europe, there are more than 500,000 transmitters partici-
pating in the EM environment. The planes are exposed to the HIRF environment that
emanates from:

» High-power radio and television transmitters,
« Radars,
« Satellite link transmitters

«  Microwave communication systems.
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A study was conducted in the USA to demonstrate that onboard electrical and elec-
tronic systems could withstand the influence of these HIRFs. 5913 Flights were ana-
lyzed (take-off and landing) near 2 major cities (Denver and Seattle). 893 transmit-
ters transmitting in the 500 kHz 40 GHz frequency band were considered. The results
of the study are consistent with the certification requirements for the influence of EM
fields on aircraft avionics. The probability of occurrence of a catastrophic event due
to the HIRF influence is 2x 10-6 (with very conservative assumptions).

5.14.5. Electric discharge

Origin

Lightning is an electrical discharge between clouds, or between a cloud and the
ground, or between a cloud and an airplane. The discharge begins with a precursor
(leader) descending from the cloud to the ground, not very bright because carrying
a weak electric current. It progresses in leaps of about 50 m at a speed of the order
of 1.5 10° m/s by creating an ionized, dimly lit channel. When this precursor ap-
proaches a few tens of meters from the ground, and for an electric field of the order
of 500 kV, another ascending precursor develops towards the first. Once the contact
is established between the two precursors, a recoil streamer will progress from the
ground towards the cloud and is characterized by the brutal increase of the current
and thus of the luminosity. The return arc propagates at a speed of the order of 100
m/s and brutally transfer to the ground the electric charges of the ionized channel.

Lightning Strike Formation

=

FIGURE 1: LIGHTNING STRIKE FORMATION

Source F1 : D. Breyne
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Logical function Exclusive OR (XOR)

2 inputs
A B S
o (o |o
0 1 1
1 0 1
1 1 0

The output of a two input exclusive-OR is true only when the two input values are
different, and false if they are equal, regardless of the value: S = 425

= o

Logical function NOR

2 inputs
A [B [NOR
o o |1
o (1 |o
1 o o
1 (1 o
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The NOR function is equal to 1 if none of the 2 input values is 1: S = 4+ B

This is an OR followed by a NOT

:D°_
s
B

Logical function NAND

2 inputs
A [B [NOR
o o |1
o |1 |1
1 o |1
1 [t o

The NAND function is equal to 1 if the 2 input values are not simultaneously equal
tol:S=4F

This is an AND followed by a NOT

:D)_
S
B

Logic functions with more than 2 variables
AND > A.B.C

OR>A+B+C

NAND > A.B.C (barre)

NOR > A+B+C (barre)
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Example:
Starting circuit of a single engine airplane

Two possibilities to provide the energy: by battery or by park group (GP) On the
ground the power supply is provided to the main bus by the GP or by the batteries.
It allows to feed the first gate AND(1) through the selector. The starter relay is
then activated and power the starter through the second gate AND(2). The second
input of the gate AND(2) is powered by the battery or the park group, depending
on the chosen procedure (exclusive OR)

Sélecteur
magnéto-démarreur

)—{Relais Dém}—

FIGURE 2: STARTING CIRCUIT OF A SINGLE ENGINE AIRPLANE
Source F2: D. Breyne

Power supply of the main bus by a generator or a park group

The parc group and the generator cannot be connected on the main bus
simultaneously. The following diagram highlights this condition. The gates "AND"
have a complemented input: two operations (inputs of the gate AND) cannot occur
simultaneously: this type of logical operator is an inhibition operator, often used
in diagram describing connecting operations. In this example, the Park Group is
connected (RP) closed. It has priority: the two generators cannot be connected to
the BUS (assuming of course that the GMPs are running), the output of the AND
gate being zero: the amber light of the generators is lit. The opening of RP would
allow generators to feed the BUS, gates AND having 1 at the exit, the lights would
switch off, confirming the new situation.
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Preface

Chapter 5.05 - “Logic Circuits” gives an overview of the main logical functions,

how to interpret logic diagrams and how to use logic functions to solve

mathematical operations.

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.

The students should:

5.5.

be able to understand the essential theoretical principles of the subject.
be able to give a general description of the subject, using, as appropriate,
typical examples.

be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

be able to read and understand sketches, drawings and diagrams
describing the subject.

be able to apply his knowledge in a practical way using detailed
procedures.

Logic Circuits

5.5.1. Introduction
Logic can be useful for different types of applications:

To synthesize explanations : General description of all the conditions necessary to

trigger a system or an alarm

To synthesize schemas : Logic symbols are also used to simplify the reading of

diagrams (Save time for understanding systems)

In electricity and electronics: In the diagrams, logical symbols can replace
relays and switches

In hydraulics and pneumatics, they can replace non-return valves, bypass,
etc
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FIGURE 1: CIRCUIT DIAGRAM OF A FOUR-BIT TTL (TRANSISTOR-TRANSISTOR LOGIC)
Source F1:
https://en.wikipedia.org/wiki/Circuit diagram#/media/File:4 bit counter.svg

In logic, we consider only two states :

- On/ Off
- Up/ Down
- Opened / Closed

A logic system processes logic inputs and delivers a logic output. The inputs and
outputs are characterized by the fact that there are only states or 2 logical levels:

level 0 and level 1

- The switch opened corresponds to level 0, closed, to level 1

- The light off corresponds to level 0, on, to level 1.

This mode of representation was developed by George Boole, born November 2,
1815 in Lincoln (United Kingdom) and died December 8, 1864 in Ballintemple
(Ireland). Georges Boole is a British logician, mathematician and philosopher. He
is the father of modern logic, based on an algebraic and semantic structure, which
is called today Boolean algebra in his honor.

Self-taught, he published his first works of algebra while exercising his job as a
teacher and school principal in the Lincoln area. His work earned him the Royal
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Medal of the Royal Society in 1844, and a chair in mathematics at Queen's College
in Cork in 1849.

From 1844 to 1854, he created a binary algebra, called Boolean, accepting only
two numerical values: 0 and 1. This algebra will have many applications in
telephony and informatics, thanks in particular to Claude Shannon in 1938, almost
a century later.

Boolean algebra is a mathematical tool developed to handle logical operations.
The variable of Boole knows only two states: TRUE or FALSE, 1 or 0, YES or NO
... And thus directly usable in digital computers. In electronic circuits this means
either different voltages, the presence or absence of current, the presence of
pulses or not, etc .... These pulses are then directed to logical operators called
"AND", "OR", "NAND", "NOR", etc. whose truth tables are given below.

5.5.2. Main logical functions
A logic function is a logical quantity whose value results from the value of one or

more logical inputs. The ignition of a lamp is a function of the position of a switch.

Logical function NOT

1input
s

0
1]0

The function is always the opposite of the input : S = -A





EPUB/xhtml/pdfw8bas/page5/page.png
5.5 LOGIC CIRCUITS

Logical function AND
2 inputs

nlrl o] o »
mlol o m
=l ol o o n

The AND function is equal to 1 if the 2 input values are equal to 1 simultaneously:
S=A.B

o
+ }A }A @ I

Logical function OR
2 inputs

=l =l o] o] »
~ o/~ o w
S QS QY = S

The OR function is equal to 1 if at least 1 of the 2 input valuesis 1: S=A + B
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For example: 25 x 5

25 0 0 0 1 1 0 0 1  Muliplicand
X5 0 0 0 0 0 1 0 1 Multiplier
. 0 0o 0o 1 1 0 0 1
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0 0 0 1 1 0 0 1
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o
H z
S E
t F Absolute value
g a i
8
°
For example: 25 x -5
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Two's
x-5 111110
complement
0 00 1100 1
0 0 0110 01
000 1 100 1
0001 1 00 1
00011 0 01
000110 0 1
0001 100 1
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0
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Division by 2 (entire division)
The entire division by two is done by shifting each digit one step to the right, the
right digit being the rest is deleted

For example : 11 /2

10 11
10
101
Cf. https://fr.wikipedia.org/wiki/Syst%C3%A8me binaire
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Source F7: D. Breyne

Source F8:
https://fr.wikipedia.org/wiki/ARINC 429#/media/Fichier:ARINC429 StructureMot.

svg
Source F9: D. Breyne

Source F10: D. Breyne
Source F11: D. Breyne

Source F12:
https://en.wikipedia.org/wiki/ARINC_429+#/media/File:Example ARINC 429 deco
de.jpg
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- Failure Warning (FW) - Indicates a failure which causes the data to be
suspect or missing.

- No Computed Data (NCD) - Indicates that the data is missing or inaccurate
for some reason other than a failure. For example, autopilot commands will
show as NCD when the autopilot is not turned on

- Functional Test (FT) - Indicates that the data is being provided by a test
source.

- Normal Operation (NO) - Indicates the data in this word is considered to be
correct data.

Bit Bit

31 30

0 0 Defect, Alarm

o 1 Not Computed Data
10 Functional Test

1 1 Normal Operation

Information BCD and Radio Command

In the case of Binary Coded Decimal (BCD) representation, the SSM may also
indicate the Sign (+/-) of the data or some information analogous to sign, like an
orientation (North/South; East/West). When so indicating sign, the SSM is also
considered to be indicating Normal Operation

Bit31 | Bit
30
0 | 0 |+, North, East, Right, To,
Above
0 | 1 | Not Computed Data
0 Functional Test
1 1 South, West, Left, From, Below
Parity bit

The parity bit is used to verify that the word was not damaged or garbled during
transmission. Every ARINC 429 channel typically uses "odd" parity - there must
be an odd number of "1" bits in the word. This bit is set to 0 or 1 to ensure that
the correct number of bits are set to 1 in the word

12
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Example

FIGURE 12: ARINC 429 WORD
Source F12:
https://en.wikipedia.org/wiki/ARINC 429#/media/File:Example ARINC 429 dec
ode.jpg
Advantages
- Simple and reliable architecture

One-way communication, so no risk of collision
Drawbacks

Heavy (many pairs of wires to install)
Low bit rate
Limited check for the integrity of the message
- The receiver cannot confirm that it has received the message

Other examples
ARINC 629
Description

- Developed in 1989 for the B777.

- Full duplex Ethernet network but not switched (no buffers used to avoid
collisions during data exchanges)

- Up to 120 receivers (compared to 10 for ARINC 429)

13
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- Bit rate : 2 Mbit/s to 8 Mbit/s.(80x faster than ARINC 429)
Advantages

- High bit rate.
- Improved cabling compared to ARINC 429.

Drawbacks

- Mid performance and possible risk of collision between messages.

- Difficult to implement for complex systems like the A380. The latter uses
the AFDX bus (Avionics full Duplex Switched Ethernet) which is adapted to
the internet network

ARINC 636 data transfer with optic fibers

14
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- Advantages
o Large Size
o Thin
o Good contrast
o Good reactivity
o No remanance
Drawbacks
o Power consumption higher than LCD but no consumption if dark
scene
o Plasma displays are generally heavier than LCD
o Does not work as well at high altitudes above 2000 meters due to
pressure differential between the gases inside the screen and the
air pressure at altitude

5.11.3. diodes
LEDs (Light-Emitting Diode) emit light when a current flows from the anode to the
cathode

The threshold voltage depends on the color and therefore the chemical
composition of the doping.

I[A] ¢

u UV

FIGURE 7: THRESHOLD VOLTAGE

Source F7: D. Breyne
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SDI (Source-Destination Identifier)
This field may indicate

1. The intended receiver or
2. More frequently, indicate the transmitting subsystem

Data
Bits 11 to 29 contain the data. Bit-field, Binary Coded Decimal (BCD), and Binary
Number Representation (BNR) are common ARINC 429 data formats. Data

formats may also be mixed:

- Two’s complement (BNR) : 1 sign bit and 18 data bits. This mode is the
most used and is used to transmit a value for calculation purposes.
Example : The sensor provides a CAS, label 206. The resolution is equal to
0,0625 kt (LSB = 2*). The data is defined with 14 bits from bit 28 (just
after the sign bit) to bit 15. CAS is equal to 149,625 kts. Some bits may not
be used. They are called « pad bits »

32[31]30[29]28[27]26]25]24[23[22[21]20[19]18[17[16[15[1a[13[12[11]10[ o [ 8 [7 [6 [ S [4[3 ]2

0(0 010010101101 0[0000f00(0110000

PRV BB NP2 P2 222324 pd BTS Label 206
[23

Source F9: D. Breyne

Binary coded decimal (BCD) : The bits are grouped by 4 or by 3 for the
last ones, each group representing a decimal number between 0 and 9
and 0 and 7 for the last 3. This mode allows you to simply represent
decimal digits in binary form. The maximum number to display is 79999.
Example : Data «DME Distance» BCD, label 201 , is planned for a
maximum value of 399.99 Nautical Miles. The resolution is equal to 0,01
Nautical Miles. Together the five groups are defined. Distance DME :
257,86 Nm

10
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Distance DME = 257,86 Nm

32[31[30[2928]27]2625[2a]23]22[21[20[19[18[17[16[15[1a[13[12[11[10[ 9[8[ 7 [6 [ 5 [ 4[ 321
000010010101 1110000110001000000I1
2 5 % 8 6 Label 201
FIGURE 10: ARINC 429 WORD FORMAT (DATA BCD)
Source F10: Breyne
Radio System Management Word : It's BCD word containing different
types of information such as the radio frequency
Example : ADF Frequency (label 032). ADF 1057,5KHz
ADF = 1057,5 KHz
32[31[30[29]28]2726]25[2a]23]22[21[20[19[18[17[1615[1a[13[12[11]10[ 9[8[ 7 [6 [ S [ 4] 3[2 ] 1
100001000001 01 0111 10f0/0f0001011000
NIV R e
1 0 5 7 05 28 Label 032
[
Fonctions spécifiues

FIGURE 11: ARINC 429 WORD FORMAT (DATA RSMW)

Source F11: D. Breyne

Discrete : Information sent on a single bit that corresponds to a state or

an order (0 or 1)

AIM (Acknowlegment, ISO Alphabet N°5, Maintenance Data). This
acronym includes all information exchange messages between systems or

elements of a system, such as the modification of the flight plan, the

exchange of information between calculators, etc.)

SSM (Sign Status Matrix)

This field indicates most of the time the validity of the data. It may have different

meanings, such as sign or orientation, depending on the type of data.

In all cases using the SSM, these bits may be encoded to indicate:

11
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Extra flat screen, light and flexible
Insensible to interference

Limited heating

Large field of view (160°)

High temperature resistance

0cooo0o

PLASMA

A plasma display panel (PDP) is a type of flat panel display that uses small cells
containing plasma; ionized gas that responds to electric fields. Until about 2007,
plasma displays were commonly used in larger televisions (76 cm and larger).
Since then, they have lost nearly all market share due to competition from low-
cost LCDs and more expensive but high-contrast OLED flat-panel displays.
Manufacturing of plasma displays for the United States retail market ended in
2014, and manufacturing for the Chinese market ended in 2016

In color screens, the gas used is a mixture of argon (90%) and xenon (10%). An
electrical potential is applied to a line electrode and a column electrode defining a
cell of the screen to produce gas excitation. When this one goes from the excited
state to the normal state, it radiates in the UV spectrum (thus invisible). Phosphors
will convert this radiation into visible red, green or blue radiation. A pixel is thus
formed of three cells R, V and B. The intensity of this color is obtained by
modulating the number and the voltage of the electrical pulses between the

electrodes.

There are 256 levels for each color, so it is possible to recreate 16.7 million colors
(256 x 256 x 256). Plasma does not draw the image line by line like a conventional
TV, it displays an entire image at a time by stimulating all the pixels.

FIGURE 6: COMPOSITION OF A PLASMA DISPLAY PANEL

Source F6 :

composition.sva
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Source F6:
https://fr.wikipedia.org/wiki/ARINC 429+#/media/Fichier:ARINC429 Temps.svg

Bit rate 1bit time 1/2bit time Rise time Fall time
100kbits/s + 1 % 10ps % 0,25ps 5ps % 0,25ps 1,5us + 0,5ps 1,505 + 0,5ps
12,5kbits/s £ 1 % 80ps + 2us  40us + 2us  10ps + Sps  10ps + 5ps

FIGURE 7: LOW SPEED/HIGH SPEED

Source F7: D. Breyne

ow speed / High speed

J—I_I_I_l_rILU_ﬂ_I'L

80 s 10ps

12,500 bits/second 100,500 bits/second
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ARINC 429-word format
Each ARINC 429 word is a 32-bit sequence that contains five fields:

1. LABEL (bit 1 to 8) identifying the data type
2. SDI (bit 9 and 10) Source/Destination Identifiers
3. Data (bit 11 to 29)
4. SSM (bit 30 and 31) Sign Status Matrix
5. Parity bit (32)
P ssM DATA soi LABEL
R EEREEEEREREE R e s [ [ [ 2]
FIGURE 8: ARINC 429 WORD FORMAT
Source F8:
https://fr.wikipedia.org/wiki/ARINC_429#/media/Fichier:ARINC429_StructureMo
t.svg
Label

Source: https://en.wikipedia.org/wiki/ARINC_429

Label guidelines are provided as part of the ARINC 429 specification, for various
equipment types. Each aircraft will contain a number of different systems, such as
flight management computers, inertial reference systems, air data computers,
radar altimeters, radios, and GPS sensors. For each type of equipment, a set of
standard parameters is defined, which is common across all manufacturers and
models. For example, any air data computer will provide the barometric altitude
of the aircraft as label 203. This allows some degree of interchangeability of parts,
as all air data computers behave, for the most part, in the same way. There are
only a limited number of labels, though, and so label 203 may have some
completely different meaning if sent by a GPS sensor, for example. Very commonly
needed aircraft parameters, however, use the same label regardless of source.
Also, as with any specification, each manufacturer has slight differences from the
formal specification, such as by providing extra data above and beyond the
specification, leaving out some data recommended by the specification, or other

various changes.
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Avionic buses are different from others in their physical nature (support), the
architecture of the network and the data rates (Kbps: kilo bits per second).

One of the oldest is the ARINC 429 bus developed by the Aeronautical Radio
INCorporation from 1977; It equips Airbus A310, A320, A330 and A340 aircraft,
Boeing 727s at 767 and Bell helicopters.

Other buses have been developed, such as the ARINC 629 bus (Boeing 777), the
MIL-STD-1553 bus (Military Standard) and the Avionics full duplex switched
Ethernet (AFDX) bus, which is used in the A380. This latter is adapted to the
internet network

5.4.2. Mode of transmission
A transmission is defined by :

« Direction of the information exchanges
« Transmission mode: number of bits sent simultaneously

« Synchronization between transmitter and receiver
Direction of the information exchanges

- Simplex communication: information is sent in one direction only
Half duplex communication: in a half-duplex system, both parties can
communicate with each other, but not simultaneously

- Full duplex communication: in a full-duplex system, both parties can
communicate with each other simultaneously

Transmission mode
- Parallel communication: multiple bites are sent simultaneously on different
conductors
- Serial communication: one bit at a time on a single conductor

A parallel bus simultaneously transmits each bit constituting the message on a
particular channel (n bits on n wires), while a serial bus transmits them one

after the other on the same channel (n bits on 1 wire)

Synchronization between transmitter and receiver
- Asynchronous communication: each character is emitted irregularly over
time; it is preceded by a start information (bit start) and ended by an end

information (bit stop)
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Synchronous communication: the transmitter and the receiver are clocked
at the same speed (clock); additional information is inserted to guarantee
the absence of errors

5.4.3. Multiplexing
Definition

In telecommunications and computer networks, multiplexing is a method by

which multiple analog or digital signals are combined into one signal over a shared

medium. The aim is to share the same resource. There are two main techniques

of multiplexing :

Time-division multiplexing : Time-division multiplexing (TDM) is a digital

technology which uses time to separate the different data streams

Mux Demux
Canversation A y— (—> Conversation A
Conversaton B 3—y  § 1 —
Canversation € - —
Conversation D H—2 Jpr—
Canversation £ -y

FIGURE 2: TIME-DIVISION MULTIPLEXING

Source F2:
https://en.wikipedia.org/wiki/Multiplexing#/media/File: Telephony multipl
exer_system.gif

Frequency division multiplexing : Frequency-division multiplexing achieves
the combining of several signals into one medium by sending signals in

several distinct frequency ranges over a single medium

~m. Im I
=~ le ) mon

FIGURE 3: FREQUENCY-DIVISION MULTIPLEXING
Source F3:
‘en.wikipedia.org/wiki/Multiplexing#/media/Filt

requenzmultiplex001.sv
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5.4.4. Normalization (ARINC 429)

Definition

ARINC 429 is an aeronautical standard that describes an architecture, an
electrical interface and a protocol for transferring digital data.

ARINC 429 description:

- Simplex data bus

- The physical connection wires are twisted pairs carrying balanced
differential signaling

- Asingle wire pair is limited to one transmitter and no more than 20
receivers

- The transmitter constantly transmits either 32-bit data words or the NULL
state (0 Volts)

- Most messages consist of a single data word

- Messages are transmitted at either 12.5 or 100 kbit/s

T

Récepteur | | Récepteur Récepteur
1 n2 n°20

FIGURE 4: ARINC 429

Source F4 :

https://fr. wikipe RINC429 Architecture_Emetteur Recey

wiki/ARINC_4293#/media,
teurs.svg

ARINC 429 Signal
ARINC 429 signal is transmitted under the form of differential voltage
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FIGURE 5: ARINC 429 VOLTAGE LEVELS
Source F5 : https://www.semanticscholar.org/paper/Development-of-SoC-for-
interfacing-avionics-units-Vyas-
Bhattacharjee/c669ca53c17f66c04d42102f819695286ca3e61f/figure/0

Bit rates

Messages are transmitted at either 12.5 or 100 kbit/s. The speed depends on the
importance of the data. For each of these speeds, the standard imposes
characteristic times:

- Bit rate,
- One-bit time,
- Half-bit time,
- Rise time,

- Fall time

FIGURE 6: ARINC CHARACTERISTIC TIMES
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Preface

Chapter 5.04 - “Data Buses” gives an overview of the main characteristics of a
data bus, how the information is transfered through the data bus and why it is
mandatory to normalize the transmission of digital data.

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

= be able to apply his knowledge in a practical way using detailed
procedures.
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5.4. Data Buses

5.4.1. Definition

A data bus is a communication system that transfers data between different
components in a computer or between different computers. In the case where the
line is used only for the communication between 2 components, we sometimes
speak of ports (serial port, parallel port). This expression covers all related
hardware components (wire, optical fiber, etc.) and software, including

communication protocols.

The exchange of data between 2 components requires to connect them with a
given number of wires and to respect prerequisites such as:

« The adaptation of different forms of information representation by signal
converters or interface circuits
« Standardization of information exchange procedures: format and data

processing

A data bus is defined by:
« The nature of information transferred: data bus, address bus...
* The number of wires
« The values for logical level (voltage)
+ Data rates
« The way the information are coded
« The normalization of addresses

Symbolization

SINGLE ARROW: UNIDIRECTIONAL BUS
DOUBLE ARROW: BIDIRECTIONAL BUS

FIGURE 1: SINGLE SYSTEM BUS

System bus

Source F1:

https://en.wikipedia.org/wiki/Bus_(computing)#/media/File:Computer_system
bus.svg
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FIGURE 23: PITCH NORMAL LAW
Source F23 :

Summary of the different level of law for longitudinal and lateral control

Normal Law “Alternate Laws. Direct Law

Longitudinal Control Pitch normal law Pitch normal aw Pitch direct law
Law

Lateral Control Law. Lateral normal law

Roll drectlaw Roll directlaw

Lateralnomaliaw OR T A Yaw ahemate faw

Protections. Allprotections active Most protections degraded orlost No

“Autopilot ‘Allmodes avaiable AP avaiable (no Autoland) No
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5.15.5. FMS

Objectives
FMS : Flight Management System

A flight management system (FMS) is a fundamental component of a modern
airliner's avionics. An FMS is a specialized computer system that automates a wide
variety of in-flight tasks, reducing the workload on the flight crew to the point that
modern civilian aircraft no longer carry flight engineers or navigators. A primary
function is in-flight management of the flight plan. Using various sensors (such as
GPS and INS often backed up by radio navigation) to determine the aircraft's
position, the FMS can guide the aircraft along the flight plan. From the cockpit,
the FMS is normally controlled through a Control Display Unit (CDU) which
incorporates a small screen and keyboard or touchscreen. The FMS sends the flight
plan for display to the Electronic Flight Instrument System (EFIS), Navigation
Display (ND), or Multifunction Display (MFD)

The FMS can be defined as a 3-dimensional flight management system: FMS =
RNAV + PMS

« RNAV : Radio navigation (optimized flight management in the horizontal
plane)

« PMS : Performance Management System (optimized flight management in
the vertical plane)

The FMS is a high capacity computer which works in real time. He prepares before
the flight "a flight plan" introduced by the pilot. After take-off, the FMS is coupled
to the aircraft's guidance devices (PA and autopilot), and guides it on a trajectory,
so that the pilot has not to follow the flight step by step. However, the pilot
remains informed of the situation and can make "strategic" (long-term) or tactical

(short-term) decisions concerning the flight.
The main functions of the FMS are:

- The construction of the flight plan.

- The sequencing of the flight plan.

- Developing forecasts and optimizing performance.

- Initialization (initial alignment on the ground) of the inertial units.
- The selection of the radio navigation aids.

33
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- The generation of information for the crew.
- The generation of pilot commands and guidance to the autopilot, to the
flight director and to the auto-throttle.

The trajectory of the aircraft (in the horizontal and vertical planes) is managed
from a flight plan generated at the departure and following modifications
introduced during the flight.

schom tqura ENSIR NAY
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System architecture
The FMS is composed with the following elements:

FMS Architecture

GDU

wsut S| [wsus Y| [wsuz 4

pate | | l<—— Caps Compass ——> | | Date
Base Base
le—  canc '—v
FMCY FMCY
1 2
o Flow Meter >

Thrust
(FADEC)
Command Bars
(lateral and longitudinal)
Flight Control 3 axes)
MCDU NO In map mode (X,Y) NO MCDU
1 Y [ ovetipaes —> 3 2

FIGURE 24: FMS ARCHITECTURE

Source F24: D. Breyne
Sensors:
. IRS Inertial Reference System (IRS) equipped with accelerometers

. Central Air Data Computer (CADC) : speed, pressure, temperature

. Flow meters : weight management

A w N

. Distance Measuring Equipment (DME) : it's a system that gives the oblique
distance that separates the airplane from the ground beacon
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The relation between the flight crew input on the sidestick and the aircraft
response is called a Control Law. There are three control laws:

The normal law
The alternate law
The direct law.
Three Primary Flight Computers (PRIMs). Each PRIM can provide aircraft
control under normal, direct or alternate law. The PRIMs perform the
o Control of flight controls
o Flight Guidance (FG), A/THR and AP/FD functions
o Flight Envelope (FE) function
- Three Secondary Flight Computers (SECs). The SECs can provide complete
aircraft control in direct law only. The computers receive inputs from the
pilot controls or from the Auto Flight System. These inputs are transformed
into control surfaces commands which are electrically transmitted to
actuators.

The A350 has:

Two Flight Control Data Concentrators (FCDCs) which acquire data from
PRIMs and SECs and send them to the:

o Control and Display System (CDS)

o Flight Warning System (FWS)

o Centralized Maintenance System (CMS)

- An Electrical Backup System (Backup Control Module - BCM) that controls
the aircraft in the case of failure of all PRIMs and all SECs (For more
information, refer to Backup System)

- Flight Control Surfaces and Actuators.
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Preface

Chapter 5.15 - “Typical Electronic/Digital Aircraft Systems” gives an overview of
the different electronic aircraft systems, with a description of each system, its
architecture and an example of the implementation of that system on a modern

airliner.
Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

« be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

« be able to read and understand sketches, drawings and diagrams

describing the subject.
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FIGURE 22: FLIGHT CONTROLS (SYSTEM DESCRIPTION)

Source F22 : http://www.smartcockpit.com/docs/a350-900-flight-deck-and-
systems-briefing-for-pilots.pdf

Control laws

The flight control law determine s the relationship between a flight crew order and
the aircraft response. The main objectives of the normal control law are to:

- Provide instinctive and comfortable handling characteristics
- Provide comfort to the passengers and crew.

Protections prevent the aircraft from leaving the normal flight envelope. Full pilot
authority prevails within the normal flight envelope. The pilot authority is
progressively reduced when exiting the normal flight envelope and entering the

peripheral flight envelope.

Progressive control law reconfigurations occur (alternate law) depending on the
number and type of failures (computers, sensors and actuator availability). These

reconfigurations ensure the best possible performance of the flight control system.
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There are three levels of control laws that are a combination of control laws and
protections:

The normal law, for normal operations, even after a single failure of sensors,
electrical system, hydraulic system or PRIM.

The alternate law. Depending on the failure some protection are lost.

The direct law. Indirect law there is a direct relationship between the
sidestick position and the control surface position and all protections are
lost.

The pitch Normal Law
Objective:

- To control the flight path of the aircraft through a load factor demand
- To secure the flight envelope

Features:

- Asidestick deflection results in a change in vertical load factor and leads to
a flight path variation. When the pilot releases the sidestick, the flight path
is maintained

- Load factor limitation to -1g/2,5g in clean configuration and 0g/2g when
slats or slats extended

- Autotrim

- Pitch compensation for spoiler deflection, slats and flaps extension or
retraction, and thrust variation
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System architecture

Mechanical Control of the Rudder

Rudder Lower Mounting Bracket

Teflon Tubes which  Pulley Rudder Pedestral
quide Cockpit Cables

Fuselage Cables
with Guide Tubes

Co-Pilots Rudder

lal Assembly Outboard ControlCable

FIGURE 20: MECHANICAL CONTROL OF THE RUDDER
Source F20: D. Breyne
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FIGURE 21: FLY BY WIRE OF THE RUDDER
Source F21: D. Breyne
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XDCR : Transducer (a device that converts a signal in one form of energy
to another form of energy)

FCPC: Flight Control Primary Computer
FCSC: Flight Control Secondary Computer
BCM : Backup Control Module

Example Airbus A350
Source : Flight Deck and Systems Briefing for Pilots (Airbus)

The A350 has fly-by-wire flight controls.
The flight controls can be divided into two categories:

« The primary flight controls which control the aircraft according to the
three axes (Roll, Pitch and Yaw) and fulfill the auxiliary functions (speed
brakes, ground spoilers,...)

« The slats and flaps which fulfill the high-lift function

Control Surfaces :
The A350 has:

* 4 ailerons

« 14 spoilers

* 2 elevators and 1 Trimmable Horizontal Stabilizer (THS)

¢ 1 rudder

« 12 slats, 4 Adaptive Dropped Hinge Flaps and 2 Droop Nose Devices.

The A350 has two independent hydraulic circuits and two independent electrical
circuits which power the flight control surfaces.

System Architecture
The flight controls system has:

Flight deck controls
o Sidesticks
o Rudder pedals
o Rudder trim selector
o Pitch trim switch

o Speed brake lever
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Performance Calculation and Opti
FMS computes the optimized speed/Mach profile and additionally also computes
for:

ization : For each vertical flight phase, the

- Takeoff: Characteristic speeds (F, S, O)
- Climb: Optimum target speed

- Cruise: Optimum flight level and ECON cruise Mach

- Descent: Optimized target speed and profile

- Approach: Characteristic speeds (F, S, O, VAPP, VLS).

5.15.6. GPS
Objectives
GPS (Global Positioning System)

GPS receiver monitors multiple satellites and solves equations to determine the
exact position of the receiver

The GPS concept is based on time. GPS satellites transmit continuously their
current time and position. Atomic clock are aboard any satellites and are
synchronized to each other and to ground clocks. Any drift from true time is
corrected daily. The location of each satellite is monitored precisely. The correction

of time and location is made from the ground by the control stations.

A GPS receiver monitors multiple satellites and solves equations to determine the
exact position of the receiver and its deviation from true time. At least four
satellites must be in view of the receiver for it to compute four unknown quantities.
Unknown quantities are the three position coordinates and the clock deviation

from satellite time

System architecture
The GPS consists of three segments: the space segment, the control segment and

the end-user segment.

1. The space segment is composed of 24 orbiting GPS satellites

2. The control segment is composed of one master control station, one
alternate master control station, four dedicated ground antennas and six
dedicated monitor stations.
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3. The end-user segment is composed of millions users, military or civilian
users.

All satellites broadcast at the same two frequencies, 1.57GHz and 1.22 GHz.

Space segment

The space segment is composed of 24 orbiting GPS satellites, on six orbit planes
inclined approximately at 55° relative to the earth’s equator and separated by 60°
from each other. The orbital period is 11 hours and 58 minutes, so that the
satellites pass over the same locations every day. At least six satellites are visible
at the same time from everywhere on the earth’s surface. The orbit is at an altitude
of 20 200 kilometers.

All satellites broadcast at the same two frequencies, 1.57GHz and 1.22 GHz. The
signals transmitted by the GPS satellites encode a large number of information,
including the position of the satellite, the state of the internal clocks, and the
health of the network. These signals are transmitted on two distinct carrier

frequencies that are common to all satellites in the network.

The United States is committed to maintain at least 24 satellites in operation 95%
of the time. To ensure this commitment, there are 31 operational satellites in
orbit.

FIGURE 29: GPS SPACE SEGMENT
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o -.

Source F29 : https://en.wikipedia.org/wiki/VHF omnidirectional range

Source: http://www.geo-orbit.org/sizepgs/geodef. html

Control segment
The control segment is composed of one master control station, one alternate
master control station, four dedicated ground antennas and sixteen dedicated
monitor stations.

The master control station is located at Falcon air force base in Colorado Springs
in the United States. The master control station performs the primary control
segment functions, providing command and control of the GPS constellation. The
Master Control station generates and uploads navigation messages and ensures
the health and the accuracy of the satellite constellation. It receives navigation
information from the monitor stations. The master control station uses this
information to compute the accurate locations of the GPS satellites in space, and

then uploads this data to the satellites.

16 Monitor stations, locate throughout the world, track the GPS satellites as they
pass overhead and send their observations back to the master control station.
Monitor stations collect atmospheric data, range/carrier measurements, and

navigation signals.

Four ground antennas, co-located with some monitor stations, are used to

communicate with the GPS satellites for command and control purposes.

a4
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Radio Navigation Tuning

FIGURE 27: FMS RADIO NAVIGATION TUNING
Source F27:
http://www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf

The FMS automatically tunes:

- The NAVAIDS used for the radio position computation
- The NAVAIDS for display on the ND
- The landing system NAVAIDS

In dual and independent FMS mode, each FMS tunes its onside NAVAIDS:

- 1VOR

- 4 DMEs

- 1ILS (MLS / GLS optional)
- 1 ADF (optional)

Flight Planning
The FMS can simultaneously memorize four flight plans:

« One active flight plan: For lateral and vertical long-term guidance and for radio

navigation auto-tuning
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5.15. Typical Electronic/Digital Aircraft Systems

15.1. ACARS

Objectives

Aircraft Communication Addressing and Reporting System (ACARS) is an
ARINC-compliant communications system between an aircraft and a ground
station. It is a radio communication and monitoring system used in aviation by
aircraft operators. It allows the automatic control of the status of the aircraft in
flight, send the control report to the maintenance center of the airline, send
operational and logistical communications. Thus the maintenance service knows
well before the arrival of the plane its state, its possible breakdowns and

therefore the maintenance to be made.

VHF and HF, the backbone of ACARS in the 1970s, are now supported by

satellite links (SATCOM) in ocean areas.
ACARS messages may be of three broad types:

1. Operational
« Departure times, takeoff, landing, arrival times
+ Weather information
o Aircraft tracking (estimated time of arrival, ...)
« Operating flight plan (technical flight plan, crew composition, ...).
2. Technical
« Transmission of system failure messages and Electronic Centralized
Aircraft Monitoring (ECAM) messages in particular to allow maintenance
teams to anticipate an intervention.
* Technical status
« Aircraft monitoring parameters, engines and systems (AIDS: Aircraft
Integrated Data System).
3. General
* Text-based transmissions via the MCDU

In the case of a transmission from the aircraft to the ground we will talk about
Downlink messages

In the case of a transmission from the ground to the plane, we will talk about

Uplink messages
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« Three secondary flight plans: Drafts to compare predictions, to anticipate a
diversion or to store company, ATC and OIS flight plans

Flight Plan Creation: The lateral flight plan includes the departure, cruise
and arrival and is composed of waypoints that are linked with flight plan
legs and transitions between legs

Flight Crew Data Entries: In order to make performance computations
and flight plan predictions, the flight crew has to enter the following data:

o Zero Fuel Weight (ZFW) and Zero Fuel Center of Gravity (ZFCG)
o Block fuel

o Airline cost index (CI)

o Flight conditions (CRZ FL, temperature, wind)

Predictions: With the lateral flight plan and the flight crew data entries,
the FMS computes the following predictions:

- Wind and temperature
- Speed changes
- Pseudo waypoint computation: T/C, T/D, LVL OFF,...
- For each waypoint or pseudo waypoint:
o Distance
o Estimated Time of Arrival (ETA)
o Speed
o Altitude
o Estimated Fuel On Board (EFOB)
o Wind for each waypoint or pseudo waypoint.
For primary and alternate destination:
o ETA
o Distance to destination
o EFOB at destination.

These predictions are continually updated depending on:

- Revisions to the lateral and vertical flight plans

- Current winds and temperature

- Actual position versus lateral and vertical flight plans
- Current guidance modes
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FIGURE 28: FMS FLIGHT PHASES OF THE LATERAL FLIGHT PLAN
Source F28:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Flight Plan Revisions: The flight crew can perform the following lateral

revisions:

o Delete and insert waypoints
o Departure procedures: Takeoff runway, SID and transition

o Arrival procedures: Runway, type of approach, STAR, via, transition...
o Airways segments

o Holding patterns

o Alternate airport.

The flight crew can also perform the following vertical revisions:

o Time constraints

o Speed constraints

o Constant Mach segments
o Altitude constraints

o Step altitudes
o Wind.

a1
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Computers:

FMCU : Flight Management Computer Unit, high capacity digital computer.
Data Base : the FMCU need a large database to perform the calculations:
aerodynamic parameters, parameters of thrusts and consumptions of the
engines, references of the standard atmosphere, information of
infrastructure ATC. This database needs to be updated every 28 days
Auto-pilot (automatic control of aircraft control surfaces around to 3 axes).
Flight Director, semi-automatic flight

- Auto Throttle System (Thrust calculator)

Interface:

- Navigation Display : one EADI and one EHSI
- One Control Display Unit (CDU).

Example Airbus A380

The Flight Management System (FMS) helps the flight crews to complete flight

operation tasks by providing the following functions:

Navigation
o Aircraft position computation
o Radio navigation tuning
o Navigation.
- Flight planning
o Flight plan creation
o Flight plan revisions
o Flight plan predictions.
- Performance calculation and optimization
- Long-term guidance
Information display on the MFD, ND and PFD

Architecture:
There are two flight management systems:

FMS 1 on the captain’s side
FMS 2 on the first officer’s side
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Each FMS uses:

A computer, called the Flight Management Computer (FMC)
The following cockpit interfaces:

o One Multi Function Display (MFD)

o One Keyboard and Cursor Control Unit (KCCU)

o One Navigation Display (ND)

o One Primary Flight Display (PFD)

o One EFIS Control Panel (EFIS CP).

There are three FMCs : FMC-A, FMC-B and FMC-C.

EMS 1 EFISCP __  EFISCP

PFD ND

FIGURE 25: FMS ARCHITECTURE
Source F25:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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Navigation

Position Computation

INERTIAL

FIGURE 26: FMS POSITION COMPUTATION
Source F26:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

The position computation function consists of determining the best estimate
of the aircraft position and evaluating the accuracy of this estimation. Each
FMS computes its aircraft position and the position accuracy, using three
sources:

- Inertial via the ADIRS
- Global Positioning System (GPS) via the MMR
- Radio navigation via NAVAIDS receivers

The FMS position is a combination of the inertial position and the GPS or
radio position, depending on which equipment provides the most accurate
data
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o All the limitations due to the failure

o Advisory Indications, if a monitored parameter deviates from its

defined operational range

o Status indication, following an ECAM alert.

Normal operations Abnormal perations
Checklist Alerts and Limitations and | Not sensed abnormal
procedures memos procedures

The SD display is divided into three sections:

1. The SD Main Zone (top section) displays:

In normal operations:

A system synoptic page (SD page) or the MORE INFORMATION page

In abnormal operations:

The failure related system synoptic page

The STATUS page after the flight crew has cleared the procedure(s)
on the E/WD. The STATUS page draws the flight crew’s attention to
limitations and deferred procedures and displays inoperative systems and

general information.

2. The center section (Permanent Data Zone) mainly displays temperature,

time and aircraft weight data.

3. The bottom section displays the ATC Mailbox

16
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FIGURE 10: ECAM SYSTEM DISPLAY

Source F10:

htty
The different SD system synoptic pages are:

APU (Auxiliary Power Unit)
BLEED (Pneumatics)
C/B (Circuit breakers)
COND (Air conditioning)
CRUISE (Cruise)
DOOR/OXY (Doors/oxygen)
ENGINE (Engine secondary parameters)
ELEC DC (DC electrical power)
- ELEC AC (AC electrical power)
- F/CTL (Flight controls)
- FUEL (Fuel)
- HYD (Hydraulics)
- PRESS (Cabin pressurization)
- WHEEL (Landing gear, braking, ground spoilers, etc.)

'www.smartcockpit.com/docs/A380 Briefing For Pilots Part%202.pdf
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ECAM Flight Phases and SD Pages according to the ECAM Flight Phases

1500t or 2 mn After
Lo

Last
ENG

FIGURE 8: ECAM FLIGHT PHASES

Source F8:

Shutdown

smn
Afer

http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Condition Flight SD System
Phase Synoptic
Page
Aircraft at gate and no engine running 1 DOOR
During APU start-up and until the APU is fully | All APU
running
During the engine-start sequence ENGINE
From engine start to the setting of takeoff power | 2 WHEEL
When on ground and the flight crew moves either | 2 F/CTL
the F/CTL sidestick or the rudder pedals
From the setting of takeoff power to thrust 3, 4,5, 6, | ENGINE
reduction at ENGINE 1500 ft or above 7
During cruise to landing gear extension 8 CRUISE
From landing gear extension to engine shutdown 9,10, 11 WHEEL
From LAST ENG SHUTDOWN to 5 MIN AFTER 12 DOOR

12
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The ECAM information for normal and abnormal procedures are displayed in

different colors.

Red

For

configurations or failures requiring immediate action

Amber

For configurations or failures requiring awareness but not immediate

action

Green

Normal operations: memo
Information in procedure or on STATUS page
Items checked in a normal checklist

White

Actions completed in a procedure
Conditional items
Title of a menu.

Cyan

Actions to be done in procedure / Checklist item to be checked
in checklist

Limitations

Title of an not completed normal checklist

Magenta

For

a specific memo (e.g. TO or LDG inhibition).

Gray

Items that are not valid/not active (e.g. actions subsequent to a
condition that is not detected, and not validated)
Completed checklist items / Title of a completed normal checklist

13
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ECAM Alerts

Alert Description

Type

Warning | For an emergency situation requiring

immediate crew action:

e The aircraft is in a dangerous
configuration or in a limiting flight
condition (e.g. engine on fire)

« Failure of a system that impacts the

safety of the flight (e.g. engine fire).

Caution

For an abnormal situation requiring
awareness but not immediate action:

« Failure of a system that does not
impact the safety of the flight.
However, to prevent any further
degradation of the affected system, a
is

crew action required whenever

possible

For a situation that requires the crew to
be informed (crew awareness) but does

(e.g.
system

not require a crew action

redundancy  loss  or

degradation).

Advisory

For a monitored parameter that is still
in the normal operating range but is
drifting away. If there is an advisory
condition, the SD display
automatically displays the associated
SD Page. The parameter that
deviating from its normal range pulses.

unit

is
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Displays

The ECAM information is displayed on three different displays (E/WD, SD and
PDF). Each display is divided into different sections or zones.

SD PFD

WARNING DISPLAY PERMANENT  AKC SYSTEM SYNOPTICS
P DATA ZONE AND STATUS PAGES

N - Navigation Display . .
m"'”'_‘q""m“ EWD : EngineWarning Display

FIGURE 9: ECAM INDICATORS
Source F9:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

The E/WD display is divided into two sections

1. The Engine Display Zone (top section) displays the engine primary
parameters
2. The Warning Display Zone (bottom section) displays either:
In normal operations:
o Checklist menus and items requested by the flight crew
o All the memos
In abnormal operations:
o Failure related procedures
o Deferred procedures, also accessible through the normal checklist
menu
o Not sensed abnormal procedures and associated menus requested by
the flight crew

15
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The interface
The interface is broken down into several modules:

1. Two screens (CRT or LCD)
* Representing systems (System Display),
« Representing alerts (Warning Display)

These two screens are controlled by a WSCP (Warning and Control Panel)
at the disposal of the pilots.

2. An system management control panel (opening / closing valves, turning on
switches, etc.).

3. Asetthat can be used as a last resort, in the event of failure of the detection
and fault analysis system, based on warning lights ("caution" amber) and
alarm ("warning" red) and a device WLDP (Warning Lights Display Panel)

Computers.

The heart of this system consists of two FWC (Flight Warning Computers)
computers. Both units receive information (sensors installed on all systems).
Based on the operating standards and "software implemented" in the FWC, they
check:

« The state of the different systems,

« The routing of information to the elements of the interface,

« Any malfunctions,

« The procedures to be implemented to deal with these anomalies,

« Routing of these procedures to the elements of the interface

The two computers FWC 1 and 2 exchange their information continuously by a
"cross-talk" line, a system to remove the doubt if there is a difference between
their data. The information should be presented on screens. This formatting is
effective thanks to the SGU (Symbol Generator Unit). The two SGUs (one per WC
calculator) elaborate all the information that will have to appear on the CRTs.

Sensors

For a centralized management of the systems, the computers receive a large
number of information from sensors. (ex: pressure, temperature, quantity,
vibrations, voltage and electrical intensity, ...). These multiple sensors are of two
types:

10
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« "Analog", the measurement is done in-situ and is then transformed into an
analog electrical signal before being sent to the computers.

« "Digital", the measurement is also done in-situ, but the information is
converted directly in the sensor into a digital signal routed by bus to the
computers.

Example Airbus A380
Source :
htty

‘www.smartcock| om/docs/A380 Briefing For Pilots Part%202.pdf

The ECAM is composed of:

- Two Flight Warning Systems (FWSs) that compute alerts and manage
the display of the ECAM information

- One ECAM Control Panel (ECP)

- Two sets of visual attention-getters

- Four loudspeakers for aural warnings.

The ECAM is displayed on four display units:

- The Engine/Warning Display (E/WD) display unit
- The System Display (SD) display unit
- The lower part of the two Primary Flight Display (PFD) display units.

FIGURE 7: ECAM ARCHITECTURE

Source F7:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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5.15.4. FBW

Objectives

Fly-by-wire (FBW) is a system that replaces the conventional manual flight
controls of an aircraft with an electronic interface. The movements of flight
controls are converted to electronic signals transmitted by wires (hence the fly-
by-wire term), and flight control computers determine how to move the actuators
at each control surface to provide the ordered response. It can use mechanical
flight control backup systems (Boeing 777) or use fully fly-by-wire controls.

The electric flight control system is radically different in that there is no longer
any mechanical connection between the control (joystick) and the control
surfaces. The displacement of the handle is captured and quantified by electrical
sensors (potentiometers) and sent to a computer which transfers this order to

electrically controlled hydraulic cylinders which actuate the control surface.
BASIC PRINCIPLE
Al the control surfaces are :

« Electrically controlled,
« Hydraulically operated.

In addition to weight savings, electric flight controls provide much more precise
control, resulting in lower fuel consumption and less stress on the aircraft's

structure.
ADVANTAGES

« Weight saving

« More precise flight control

« Secured flight domain

« Aircraft limitation insured

« Low risk of failure

« Failure rate < 10 flight hours
« Autopilot

« Easier maintenance
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In the electronic bay :

- Display Management Computers (DMC)
- System Data Acquisition Concentrator (SDAC)

Example Airbus A380

Source : A380 Breifing for pilots

The EFIS is one component of the Control and Display System (CDS)
The EFIS is composed of:

- Two Primary Flight Display (PFDs) units for short-term flight information

- Two Navigation Display (NDs) units for navigation
- Two EFIS Control Panels (EFIS-CPs) through which the flight crew interact
with the EFIS displays

FIGURE 15: MAIN INSTRUMENT PANEL
Source F15:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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The Primary Flight Displays

FIGURE 16: THE PRIMARY FLIGHT DISPLAY
Source F16:
htty ‘'www.smartcockpit.com/docs/A380 Briefing For_Pilots Part%20.

The upper section of the PFD is generated by the EFIS and displays the:

The complete basic T including the:

- Attitude
- Airspeed / Mach
- Altitude / Vertical speed
- Heading

- AFS status

- ILS deviation / marker

- Radio altitude.

The lower section of the PFD displays:

- Memos and limitations

Slat/Flap/Trim positions

23
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The Navigation Displays

FIGURE 17: NAVIGATION DISPLAY

Source F17:

‘'www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%20:

htty

The upper section of the ND, called ND Main Zone, displays:

- Aircraft position with respect to navigation aids, FMS flight plan and map
data

Weather radar information
SURV information.

The lower section of the ND, called Vertical Display (VD) Zone, displays:

Weather radar information
SURV vertical information combined with the vertical flight profile to provide
a synthetic view of the aircraft’s vertical situation

24
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Vertica! Flight Plan
Trajectory
Current Trajectory Safe Altitude

FIGURE 18: VERTICAL DISPLAY ZONE
Source F18:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

The EFIS Control Panel

Two sets of EFIS Control Panels are located on the glareshield

s SR e,

Data Display
ETACS Display Pushbutions

Barometer Reference
Display Window

Barometer Reference
Selector

Localizer and giide
slope scales on PFD

Velocity Vector | ND mode ND range

S
PFD Controls ND Controls

FIGURE 19: EFIS CONTROL PANEL
Source F19:
com/docs/A380_Briefing_For_Pilots_Part%202.pdf

‘'www.smartcockpif
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FIGURE 13: ECAM CONTROL PANEL
Source F13:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf

Two sets of visual attention-getters are located on the glareshield

PEPTRSEE S oot 7om i L

FIGURE 14: ECAM ATTENTION GETTERS
Source F14:
http://www.smartcockpit.com/docs/A380_Briefing_For_Pilots_Part%202.pdf
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5.15.3. EFIS

Objectives

An electronic flight instrument system (EFIS) is a flight deck instrument
display system that displays flight data electronically rather than
electromechanically. An EFIS normally consists of a primary flight display (PFD),
multi-function display (MFD), and an engine indicating and crew alerting system
(EICAS) display. Early EFIS models used cathode ray tube (CRT) displays, but
liquid crystal displays (LCD) are now more common

Each pilot therefore has 2 display screens for grouping the information provided
before on conventional instruments:

EADI EHSI
Electronic Attitude Director Indicator Electronic Horizontal Situation Indicator

ADI (Attitude Direction Indicator)
HSI (Horizontal Situation Indicator)
Anemometer-Mach meter

Radar screen

The main advantages to display the information on a screen are:

To display only the information necessary for the current flight phase,
To present the information by progressive colors (examples: altitude or

speed capture, excessive vertical speed)

20
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EADI displays the following information:

The scale of speeds, left on the PFD, replaces the anemo-Mach meter,

the upper part presents the different modes for the autopilot, the flight
director and the auto-thrust,

the artificial horizon is symbolized in the center of the screen,

the altitude scale, on the right, replaces the altimeter. Barometric setting is
selected on the EFIS control panel,

the vertical speed scale, to the right of the altitude scale, replaces the
variometer,

the heading scale, the current heading and the selected heading are shown
on the lower part of the PFD,

the radio altitude indication (shown next to the altitude scale) replaces the
radio altimeter indicator,

Marker tag information is presented under the altitude scale

EHSI displays information about navigation in different modes:

ROSE VOR mode: shows the course rose and the radio deviation from the
selected VOR route.

ROSE mode ILS: presents in a similar way to the mode "ROSE VOR" the
course rose as well as the radio deviation with respect to the axis of runway.
ROSE NAV mode: presents the heading rose as well as the flight plan
representation.

ARC mode: presents exactly the same information as in ROSE NAV mode
but only on a 90 © arc towards the front of the aircraft.

PLAN mode: presents the flight plan computed by the flight management
computer on a map always oriented to the geographical north.

System architecture

EFIS system consists of :

In the flight deck :

2 displays (ND, PFD) in front of the pilot
2 displays (ND, FFD) in front of the copilot

2 EFIS control panels

2 manual brightness control panels and screen transfer PFD/ND
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FIGURE 11: ECAM SYSTEM DISPLAY

Source F11:

The lower section of the PFD (Slat/Flap/Trim/Memos/Limitations Zone) displays,
in addition to the E/WD, the memos and limitations that have a direct impact on

the aircraft flight performance

FIGURE 12: ECAM PRIMARY FLIGHT DISPLAY

Source F12:

Controls

The ECAM Control Panel is located on the pedestal

18
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5.14. Electromagnetic Environment

5.14.1. Definition

The electromagnetic spectrum is a name given by scientists to a set of radiations
carrying energy in an oscillating form, moving at the speed of light (c ) and which is
equal to 299.792.458 m/s.

It is in fact a massless particle flow (PHOTONS) which covers the range of radio
frequencies (AM, FM, TV, Radar, GPS ...), the frequencies of light (Infrared, visible,
ultraviolet), X-rays or y-rays. The energy transported by these photons goes in the
increasing direction, starting from radio waves to y rays. It is admitted, however,
that the behavior of electromagnetic waves can sometimes be assimilated to a flow

of particles (for high energies) sometimes to a wave.

All electronic systems therefore operate in electromagnetic fields, whether natural

(terrestrial or solar radiation) o artificial (generated by humans).

In either case, it is necessary to ensure the correct operation of the systems, which

implies the following tests:

« ELECTROMAGNETIC COMPATIBILITY (EMC) : it is the ability of a system
to function properly in its electromagnetic environment.

« ELECTROMAGNETIC INTERFERENCE (EMI) : it is the study of the electro-
magnetic emissions of an element which can disturb the functioning of an-
other system

« FIELD OF HIGH INTENSITY RADIATION
magnetic emissions of a powerful element which can disturb the functioning

t is the study of the electro-

of another system
+ ELECTRIC DISCHARGE : it is the study of the behavior of the systems of
an airplane (Avionics and/or Flight Controls) in case of storm

5.14.2. Electromagnetic compatibility (EMC)
(https://fr.wikipedia.org/wiki/Compatibilit%C3%A9_%C3%A9lectromagn%C3%A9tique)

Definition

Electromagnetic compatibility (EMC) is the ability of an electrical or electronic device
or system to function satisfactorily in its electromagnetic environment, without itself

producing disturbing electromagnetic disturbances for the others in this environment.
3
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A good electromagnetic compatibility describes a state of "electromagnetic good
neighbor":

« Limit the level of unwanted emissions from the device, so as not to disturb
radio reception or other equipment;

« Be sufficiently immune to disturbances from other equipment, or more gener-
ally from the environment.

EM Compatibility between different aircraft systems

The voltage supply of the various electrical systems on board is provided by a com-
mon circuit; as a result, interactions take place between a system and the input of
the neighboring system.

These reactions may take the form of pulses (abrupt rise of current or voltage) oc-
curring during switching on or off. They are classified and grouped into an aeronau-
tical standard that prescribes characteristic test pulses.

In addition to pulses, high frequency oscillations have undesirable effects on the
onboard circuit. They are caused by cycles of connection succeeding one another at
a very fast rate.

Interactions in the cable bundle: As the aircraft cables are grouped together in
several bundles, they are subject to significant capacitive and inductive coupling. The
disturbing voltages (mentioned above) are transmitted by the power cables to the
neighboring cables. The cables connecting the "actuators" are disruptive neighbors;

in fact they are generally controlled by fast-rising pulses of V-shape or in I-shape.
These reciprocal influences can be avoided by:

« Reducing the rise and amplitude of the pulses by mounting diodes or resistors
in the actuators.
« Shielding sensitive cables

« Arranging the bundle of cables to minimize coupling effects
EM compatibility between the airplane and its environment

Radiation: In order for the airplane to not interfere with the transmission of radio
or television broadcasts, its radiation must not exceed limit values imposed by an

aeronautical standard.
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Preface

Chapter 5.14 - “Electromagnetic Environment” gives an overview of the different

aspect of the electromagnetic environment: the electromagnetic compatibility, the
electromagnetic interference, the field of high intensity radiation and electric dis-

charges.

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.

The students should:

be able to understand the essential theoretical principles of the subject.
be able to give a general description of the subject, using, as appropriate,
typical examples.

be able to use mathematical formulas in conjunction with the physical laws
describing the subject.

be able to read and understand sketches, drawings and diagrams describing
the subject.

be able to apply his knowledge in a practical way using detailed procedures.
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most direct possible, namely in the axis of the fiber. The losses are therefore
minimal (less reflection on the interface core/cladding) even for very high speeds
and very long distances. Single-mode fibers are therefore suitable for
intercontinental connection (submarine cables). A single-mode fiber has no
intermodal dispersion. On the other hand, there is another type of dispersion:
intramodal dispersion. Its origin is the finite width of the emission wave train which
implies that the wave is not strictly monochromatic: all wavelengths do not
propagate at the same speed in the fiber which induces an expansion of the pulse
in the optical fiber. It is also called dispersion. These single-mode fibers are
characterized by a core diameter of only a few micrometers (the core diameter of

the single-mode is 9 pm for broadband).

5.10.5. Materials used in the manufacturing of optical fibers

In the field of optical telecommunications, the preferred material is highly pure
silica (Si02) because it has very low optical losses. When attenuation is not the
main selection criterion, it is also possible to use plastic fibers. As a reminder, the
speed of propagation of the light in the glass is of the order of 200 000 km/s
compared to 300 000 km/s in the air.

Electromagnetic Spectrum

Ulraviolet Visible Light Infrared

400nm 800nm 850nm 1300 nm

PICTURE 3: ELECTROMAGNETIC SPECTRUM

Source P3: D. Breyne

The attenuation will vary according to the wavelength. The silica fibers have a
minimum  attenuation at about 1550 nm. This near-infrared wavelength wil
therefore be preferred for optical communications. Nowadays, the manufacturing
processes make it possible to reach an attenuation as low as 1% / km at 1550
nm: after 100 km of propagation, 1% of the power initially injected into the fiber
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will remain, which may be sufficient for signal detection. If it is desired to transmit
information over thousands of kilometers, it will be necessary to resort to periodic
amplification of the signal, most of the time using simple and reliable optical
amplifiers.

On long-distance transmissions, the transmission speed is slowed by the presence
of many repeater required to reshape the signal. For example, the theoretical
latency (transmission delay) of a Nouméa-Paris computer link is 90ms. In practice,
it is measured at 280ms after a covered distance of more than 20000 km in
underwater optical fiber, where the signal is regularly re-amplified and reformed.

The distance between servers therefore plays an unfavorable role on latency.

5.10.6. The manufacturing of optical fibers
Video : https://www.youtube.com/watch?v=uSnjo5tOGQA

Standard optical fibers are made by first constructing a large-diameter "preform”
with a carefully controlled refractive index profile. For the manufacturing of the
fiber itself, the preform is placed at the top of a drawing tower of about fifteen
meters in height. The end of the preform is then in an oven heated to a
temperature of about 2000 ° C. It is then transformed into a fiber of several
hundreds of kilometers, at a speed of the order of one kilometer per minute. The
fiber is then coated with a double layer of protective resin (this layer can be
deposited by the drawing tower, just after the stretching) before being wound on
a coil. This layer is particularly important to avoid any moisture, because the fiber
becomes brittle under the effect of water: the hydrogen interacts with the silica,

and any weakness or microcracking is amplified.

A glass preform with a length of 1 m and a diameter of 10 cm allows to get by
stretching a mono-mode fiber with a length of about 150 km.

5.10.7. The limits of optical fibers

Attenuation in fiber optics, also known as transmission loss, is the reduction in
intensity of the light beam as it travels through the transmission medium. The
attenuation will vary according to the wavelength. An absorption peak, due to the
presence of -OH radicals in the silica, can be observed around 1385 nm.
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After a lightning strike, a thorough inspection of the aircraft will be carried out.
Al of these discharges produce radio noise that can disrupt the on-board equipment.

Static dischargers can channel discharges to the atmosphere through locations where

the arcs cause minimal radio-dielectric interference.

Some figures

« Up to 175 incidents / year in the world
« 1 lightning strike / 1500 flying hours

+ The risk is highest at 10000 ft (3000 m)

« The take-off and landing phases are the most critical

The risks
Direct :

+ Physical damage to the structure and external equipment
« Cable break
« Dielectric explosion

Indirect

« Induced disturbance on electronic equipment. Here you don’t need to write
any text anymore. You can delete this text even. It is actually the last ‘blank’
piece of paper (two pages) of your book (if you delete this text of course).
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Light scattering. The propagation of light through the core of an optical fiber is
based on total internal reflection of the light wave. Rough and irregular surfaces,
even at the molecular level, can cause light rays to be reflected in random
directions. This is called diffuse reflection or scattering, and it is typically
characterized by wide variety of reflection angles. The light scattering is even
greater than the wavelength is small.

The chromatic dispersion is expressed in ps/(nm-km) and characterizes the
spread of the signal related to its spectral width (two different wavelengths do not
propagate exactly at the same speed, the refractive index of fibers varies slightly
with the frequency of light, and light sources are not perfectly monochromatic).
This dispersion depends on the wavelength considered and results from the sum
of two effects: the dispersion specific to the material, and the dispersion of the
guide, related to the shape of the index profile. It is therefore possible to minimize
it by adapting the profile. For a silica fiber, the minimum dispersion is around a
wavelength of 1300-1310nm

The radius of curvature of the fiber cannot be too small. If the radius of
curvature of the fiber is too small, there is no longer total reflection and the light
ray escapes by refraction and is absorbed by the cladding layer (opaque). For
mono-mode fibers, the radius of curvature cannot fall below 10cm.

5.10.8. Data transmission with optical fibers

Any telecommunication system has a transmitter and a receiver. In an optical link,
two fibers are needed. One manages the emission, the other the reception. It is
possible to focus emission and reception on the same strand but this technology
is rarely used because the transmission equipment is more expensive. The
information is carried by a physical medium (the fiber) called the transmission
channel. At the ends, two transponders exchange the signals, the transmitter
translates the electrical signals into optical pulses and the receiver performs the
inverse function: it reads the optical signals and converts them into electrical
signals. During its course, the signal is attenuated and distorted: repeaters and
amplifiers placed at regular intervals make it possible to preserve the integrity of
the message.
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ata Transmission With Optical Fiber
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PICTURE 4: DATA TRANSMISSION WITH OPTICAL FIBER
Source P4: D. Breyne

The optical transmitter (transponder) has the function of converting electrical
pulses in optic signals to be conveyed in the core of the fiber. In general, the
binary modulation of the optical signal is a modulation of light intensity obtained
by modulating the electrical signal in a diode or a laser. The optical transmitters

used are of three types:

- LEDs (light emitting diodes), which operate in the near infrared (850 nm),
- Lasers, used for single-mode fiber, whose wavelength is 1 310 or 1 550 nm,
- Infrared diodes that emit in the infrared at 1300 nm

The receiver also called optical detector uses the principle of the photoelectric
effect (emission of electrons by a material subjected to the action of light). Two

types of components can be used: phototransistors and photodiodes.
The optical fiber which is the physical medium also called transmission medium

Repeaters or amplifiers. The attenuation and the deformation of the signal are
direct consequences of the length of the optical fiber. In order to preserve the
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5.10. Optical Fibers

5.10.1. General

An optical fiber is a wire whose the core, very thin, made in glass or plastic, has
the property of transmitting light and is used in particular for the transmission of
digital data. It offers a much higher bandwidth (data rate) than electrical cables
and can be used as a support for a "broadband" network through which television,
telephone, videoconferencing or computer data can be transmitted.

Guiding of light by refraction was first demonstrated in the early XX century. But

it was first used in the 1970 for data transmission.

Surrounded by a cladding layer, the optical fiber can be used to conduct light
between two locations, hundreds or even thousands of kilometers apart. The light
signal encoded by a variation of intensity is capable of transmitting a large amount
of information. By enabling long-distance communications and unprecedented
data rates, optical fibers have been a key element of the telecommunications

revolution.
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PICTURE 1: OPTICAL FIBER

Source P1: D. Breyne
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5.10.2. Principle of operation

Optical fiber is a waveguide that uses the refractive properties of light. It usually
consists of a core surrounded by a cladding layer. The core of the fiber has a
higher refractive index than the cladding layer and can therefore confine the light
that is fully reflected multiple times at the interface between the two materials
(due to the internal total reflection phenomenon). The assembly is usually covered
with a protective plastic sheath.

When a light ray enters an optical fiber at one of its ends at a suitable angle, it
undergoes multiple internal total reflections. This ray then propagates to the other
end of the optical fiber without loss, by taking a zigzag path. The propagation of
light in the fiber can be done with very little loss even when the fiber is curved.

5.10.3. Advantages
Optical fibers are particularly appreciated for their following properties:

- Low losses in a wide range of wavelengths

- Low attenuation loss over long distances

- High bandwidth (1 to 100 GHz)

- High flexibility

- Small dimensions

- Low weight

- Immunity to electromagnetic interference

- Electrical insulator

- Security of information passed down the cable
- Natural abundance of glass materials (silica)
- Material cost and theft prevention

- High resistance to chemical attacks

5.10.4. Different types of optical fibers
Multi-mode fibers with step index

Multi-mode fibers with graded index

Single-mode fibers
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Preface

Chapter 5.10 - “Optical Fibers” gives an overview of the main characteristics of
optical fibers, a description of the different types, how they are manufactured and
their use in aviation

Learning outcomes

General knowledge of the theoretical and practical aspects of the subject.
The students should:

« be able to understand the essential theoretical principles of the subject.

« be able to give a general description of the subject, using, as appropriate,
typical examples.

+ be able to use mathematical formulas in conjunction with the physical
laws describing the subject.

+ be able to read and understand sketches, drawings and diagrams
describing the subject.

« be able to apply his knowledge in a practical way using detailed
procedures.
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PICTURE 2: SINGLE-MODE AND MULTI-MODE FIBERS
Source P2:
https://fr.wikipedia.org/wiki/Fibre optique#/media/Fichier:Optical fiber types.svg

Multi-mode fibers (so-called MMF, for Multi Mode Fiber), were the first on the
market. They have the characteristic of carrying several modes (several light
paths). Because of the modal dispersion (wave propagation velocity difference),
there is a temporal spread of the signal proportional to the length of the fiber. As
a result, they are used only for low data rates or short distances. However, the
modal dispersion can be minimized (at a given wavelength) by performing an
index gradient in the core of the fiber. They are characterized by a core diameter
of several tens to several hundred micrometers (the multimode core has a
diameter of 50 or 62.5 microns for the low bit rate). However, the most recent
fibers, of the OM3 type, make it possible to reach Gbit/s over distances of the
order of one kilometer. Long distances can only be covered by single-mode optical

fibers.

In the step index multimode fiber, the index of refraction drops abruptly from
a value in the core to a lower value in the cladding with the disadvantage that if
the source is not point-specific, the different beams will have different paths, a
weakening and a temporal dispersion at the output. In the graded index
multimode fiber, the index of refraction in the core decreases continuously
between the axis and the cladding. This causes light rays to bend smoothly as
they approach the cladding, rather than reflecting abruptly from the core-cladding
boundary.

Single-mode fibers are used for data transmission over longer distances and/or
higher rates. These fibers are called SMF, for Single Mode Fiber, and are
technologically more advanced because they are finer than multimode fibers. Their
very small core diameter admits a single mode of propagation of the light, the





