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Abstract 
 

Modern  era  aircrafts  are  fitted  with  intelligent  Electronic  Line  
Replacement  Units  (ELRUs)  incorporating  different  type  of  sensors.  
Each  ELRU  is  Electro  Magnetic  Interference  (EMI)  compliance  to  
ensure  its  reliability  and  compatibility.  Head-Up-Display  (HUD)  system  
is  one  of  the  important  LRU  of  a  cockpit  that  displays  critical  flight  
information  to  the  pilot  superimposed  onto  his  outside  world  view.  The  
internal  temperature  of  HUD  is  monitored  by  the  Mission  Computer  of  
aircraft  via  analog  sensor.  In  the  present  work,  we  have  proposed  and  
experimentally  demonstrated  the  temperature  monitoring  of  HUD  system  
using  FBG  sensor  placed  in  the  vicinity  of  EMI.  The  temperature  upto  
630C  was  monitored  and  performance  compared  with  the  conventional  
temperature  sensors.   
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INTRODUCTION 
The  off-shoot  of  optical  fiber  telecommunication  has  an  outbreak  of  R  &  D  
activity  around  the  world  which  led  to  the  emergence  of  the  field  of  Fiber  
Optic  Sensors  and  Devices.  The  key  features  of  this  new  technology,  which  
offer  substantial  benefits  as  compared  to  conventional  electric  sensors,  are  its  
advantages.  FBG  sensor  is  one  of  fiber  passive-devices  which  have  gained  its  
importance  in  every  sphere  rapidly.  FBG  sensor  is  light  weight,  thin  diameter,  
strong  ability  of  anti-electromagnetism,  anticorrosion,  enduring  high  temperature,  
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small  signal  attenuation  etc.  hence  it  has  the  ability  to  solve  some  measure  
matter  which  conventional  detection  techniques  can  not  finish.   
 In  the  proposed  work,  a  FBG  temperature  sensor  has  been  introduced  in  
HUD  system.  The  information  displayed  on  HUD  is  generated  by  Mission  
Computer  (MC)  via  sensors  mounted  on  the  aircraft.  Many  critical  parameters  
of  HUD  are  monitored  through  handshake  between  HUD  and  MC.  Internal  
temperature  of  HUD  is  one  of  the  critical  parameter,  which  is  monitored  
online  through  sold  state  temperature  sensor.  The  solid  state  temperature  sensor  
is  placed  in  the  vicinity  of  deflection  amplifiers  of  Cathode  Ray  Tube  (CRT)  
that  generate  Electro  Magnetic  Interference  (EMI),  which  may  leads  to  
inaccurate  temperature  measured  values.  The  HUD  is  hard  mounted  to  the  
airframe  and  bore  sighted  to  the  datum  line  of  the  aircraft  as  shown  in  the  
figure1.   

 

 
Figure  1  HUD  Installation  in  Cockpit 

 
 

 A  noisy  system  can  lead  to  unpredictable  logic  and  phase-locked  loop  
failures  that  reduce  overall  reliability.  A  smart  printed  circuit  board  (PCB)  
layout  design,  selection  &  population  of  electronic  components  and  complete  
system  packaging  controls  the  EMI.  The  HUD  system  demands  high  reliability  
and  qualification  of  MIL  Standards  tests  and  MIL  Std.  461C  demands  test  
methods  for  Emission  &  Susceptibility  of  EMI/EMC  of  the  electronic  systems.  
The  major  source  EMI  generation  in  HUD  is  electromagnetic  deflection  
amplifiers  that  draw  74  Watts  of  power.  The  whole  system  is  concealed  in  an  
Aluminum  housing  to  dissipate  the  heat  energy.  In  full  display  mode,  the  
internal  temperature  of  HUD  rises  to  600C  approximately  and  is  monitored  
online  by  MC  via  solid  state  conventional  temperature  sensor  placed  in  the  
near  to  deflection  amplifiers.  The  radiated  emission  from  deflection  amplifiers  
leads  to  deviation  in  measured  temperature  values  and  hence  the  reliability  of  
the  system.  To  overcome  the  problem  of  EMI  in  solid  state  temperature  
sensor,  an  Optical  sensor  based  on  FBG  is  proposed  and  demonstrated.   
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TEMPERATURE  SENSING 
Fiber  Bragg  Grating  is  a  periodic  variation  in  the  refractive  index  of  the  silica  
fiber  in  a  small  section  of  optical  fiber.  As  light  propagates  along  the  fiber,  a  
very  narrow  range  of  wavelengths  is  reflected  by  the  Bragg  Grating,  while  all  
other  wavelengths  are  transmitted  through  the  grating  as  shown  in  the  figure  2.  
The  center  of  this  reflected  band  is  called  the  Bragg  Wavelength  and  is  
written  as; 
 
 λ = 2n Λ …  (1) 
 
 Where      λ             =  Bragg  wavelength,  n         =  Effective  Refractive  Index  
of  the  core  and  Λ  =  Grating  Period. 

 

 
Figure  2  FBG  Reflection  and  Transmission 

 
 
 The  input  signal  constitutes  a  broadband  light  signal  to  the  FBG  and  the  
output  signal  of  FBG  is  a  reflected  narrow-band  light  signal  that  includes  only  
near  the  center  wavelength  and  the  transmitted  light  is  a  broadband  signal  that  
excludes  center  wavelength.  Under  the  influence  of  strain  or  temperature  
changes,  the  effective  refractive  index  and  the  grating  period  of  FBG  will  
change  that  result  in  the  change  of  center  wavelength  of  FBG.   
 
 ∆λ = 2 Λ + n Δl +   2 Λ + n ∆T  (2) 
 
 The  1st  term  of  equation  (2)  is  the  wavelength  shift  due  to  axial  strain  in  
optical  fiber.  This  change  in  wavelength  is  caused  by  change  of  grating  cycle  
and  change  of  refractive  index  due  to  elastic-optic  effect.   
 



4  Vipan  Kumar  et  al 

 

 The  2nd  term  of  equation  (2)  is  the  wavelength  shift  due  to  temperature  
effect  on  the  optical  fiber.  The  change  in  grating  cycle  and  the  refractive  
index  caused  by  thermal  expansion  shifts  the  wavelength  that  can  be  written  
as, 
 
 ∆λ = λ (αΛ + αΠ)∆T   ….  (3) 
 
 In  equation  (3),  α is  a  thermal  expansion  coefficient  and  α   is  thermo-
optic  coefficient.  Sensing  is  based  around  Fiber  Bragg  Grating  that  is  
fabricated  in  a  standard  single  core  germanium  doped  silica  optical  fiber.  The  
silica  fiber  FBG  is  designed  to  exhibit  almost  zero  temperature  sensitivity  to  
cope  with  the  traditional  temperature  sensors.  For  a  silica  fiber,  α   is  about  
0.55×10-6  /  0C  and  α   is  about  8.31×10-6  /0C.   
 
Δλ = 1547(0.55X10 + 8.31X10 )X1 C 
 
=   13.7  pm 
 
 Therefore,  for  wavelength  of  1547nm,  10C  temperature  change  will  cause  
13.7pm  wavelength  shift.   
 
 
TEMPERATURE  SENSITIVITY 
The  second  term  in  equation  (2)  represents  the  temperature  effect  on  an  optical  
fiber.  There  is  a  shift  in  the  fiber  Bragg  grating  centre  wavelength  because  the  
thermal  expansion  changes  the  grating  period  and  the  index  of  refraction.  This  
fractional  wavelength  shift  for  a  temperature  change  ( T)  could  be  written  as; 
 
 ∆λ ( ) = λ (α + Π)∆T   .…  (4)   
 
 Where  ′α′  the  thermal  expansion  coefficient  of  germanium  doped  silica  fiber  
(approximately  0.55X10-6)  and  ‘Π′    is  thermo-optic  coefficient  of  Germanium  
doped  silica  fiber  (approximately  8.6X10-6  for  the  Germania  doped  silica  core  
fiber). 
 From  equation  (2),  the  expected  sensitivity  at  a  1547  nm  wavelength  is  
approximately  13.7  pm/°C.  Figure  3  provides  the  experimental  results  of  a  
fiber  Bragg  grating  centre  wavelength  shift  as  a  function  of  temperature. 
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Figure  3  Shift  in  wavelength  with  varying  temperature 

 
 

GRATING  PERIOD 
When  a  Bragg  grating  exists  in  an  optical  fiber,  it  will  reflect  a  specific  
wavelength  dependent  on  the  period  of  the  Bragg  grating  and  the  index  of  
refraction  of  the  optical  fiber.  The  grating  period  for  effective  refractive  index  
1.5  and  Bragg  wavelength1547nm,  is  defined  as;   
 
 Λ =      ….   (5) 
 
 Λ =

.
= 515.66  nm 

 
 
EXPERIMENT  SETUP 
The  schematic  diagram  and  experiment  setup  of  temperature  measurement  of  
HUD  is  shown  in  figure  4.  The  electromagnetic  deflection  amplifiers  are  the  
major  heat  generation  because  they  draw  approximately  74  Watts  power  and  
the  heat  is  transferred  to  the  mechanical  housing  by  convection  method.  The  
conventional  temperature  sensor-2  is  placed  at  the  end  point  of  HUD  and  FBG  
temperature  sensor  along  with  conventional  temperature  sensor-1  is  placed  in  
the  vicinity  of  EMI  generated  by  deflection  amplifiers.  The  experimental  setup  
with  FBG  temperature  sensors  in  HUD  system  is  shown  in  the  figure  5. 
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Figure  4  Schematic  diagram 

 

 
Figure  5  Experimental  Setup 

 
 

 A  broadband  light  of  adjustable  wavelength  of  1540nm  to  1550nm  from  an  
Optical  Sensing  Interrogator  system  is  fed  to  FBG  temperature  sensor  [3]  and  
the  temperature  readings  were  recorded  along  with  both  the  solid  state  
conventional  sensors.  The  experiment  was  conducted  for  eighty  minutes  and  the  
temperature  readings  were  recorded  at  an  interval  of  five  minutes.   
 
 
RESULTS  AND  ANALYSIS 
The  electromagnetic  (EM)  radiation  near  the  deflection  amplifiers  was  measured  
by  scanning  the  spectrum  analyzer  response  from  0  Hz  to  20MHz.  The  
maximum  EM  radiation  was  observed  in  the  1KHz-4.5MHz  frequency  band  
which  is  a  small  signal  bandwidth  of  the  deflection  amplifiers.  The  frequency  
response  of  spectrum  analyzer  in  terms  of  noise  amplitude  in  dBuV/m  of  EM  
radiation  is  shown  in  figure  6. 
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Figure  7a  Performance  curves  of  sensor-1 

 

 
Figure  6  EM  Radiation  of  deflection  amplifiers 

 
 
 The  performance  of  solid  state  temperature  sensor-1  deteriorated  more  than  
the  sensor-2  because  sensor-1  is  placed  in  the  vicinity  of  EM  radiation.  The  
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performance  recorded  for  both  the  solid  state  temperature  sensors  is  shown  in  
figure  7a  and  figure  7b.  The  performance  of  FBG  temperature  sensor  was  
faithful  in  the  vicinity  of  EMI  as  shown  in  figure  7c. 

 

 
Figure  7b  Performance  curves  of  sensor-2 

 

 
Figure  7c  Performance  curve  of  FBG  sensor 
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 The  comparison  of  sensors  data  is  shown  in  table  1.0.  The  differences  Δ1t  
and  Δ2t  of  temperature  values  measured  via  FBG  sensor  and  conventional  
sensor-1  &  Sensor-2  shows  that  there  are  sharp  transitions  in  the  o/p  of  
sensor-1  in  comparison  with  data  acquired  through  sensor-2  that  is  placed  away  
from  the  EM  radiation  source.  The  plot  of  data  acquired  through  FBG  
temperature  sensor  shows  that  the  temperature  is  varying  gradually  without  any  
interference  of  transition/spikes.   

 
Table  1.0 

 

 
 
 
CONCLUSION 
We  have  demonstrated  the  temperature  measurement  with  FBG  temperature  
sensor  conventional  solid  state  temperature  sensors.  The  results  show  that  
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performance  of  FBG  temperature  sensor  in  the  vicinity  of  EMI  is  faithful  and  
is  immune  to  EMI.  The  experimental  results  indicated  that  the  sensitivity  of  
FBG  sensor  was  13.7pm  /0C  approximately  [4].  Also  FBG  sensors  are  thin,  
flexible,  light  in  weight  and  hence  highly  reliable  in  operation.   
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