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ABSTRACT

IMAGING INFRARED SEEKER DESIGN

''nal , Ahmet
M. Sc., Department of Physics

SupervisorAssoc Prof.Dr . Ser hat <¢cakeér

June2014, 78 pages

Thesubject of this study e designof animaging infrared seekdor aerial targets
Firstly the radiant power of the targetas discussednd optical design ofeeker
lenseswere donewith ZEMAX Optical Design Softwareconsideringthe MTF
(Modulation Transfer Function values optical path differences, distortisrand
detection rangealculations. After that, detection range calculations asithulation

results of theptical systenwere presented.

Before lock on range calculations, spectral band of the system was analyzed and
chosen for aerial target#fter that, lock on rangewas calculated considering
detector noise, background noised target radiation.Afterward the optical
parametes of the seekewere determined. Focé&ngth and F (F-number)of the
seekemwascalculated as Wvas receivinghe aerial targednd background radiaticat

5 km distanceDesignwasdone using ZEMAX optical design progranMoreover,

the lens materialsvere Silicon, Germaniumand Cadmium Selenide and Sapphire
weredome materialFinally, optical performance parameters have been analyzed.

Finally, test plate fitting is applied to the optical system. Manufacturing parameters

were presented and discussed.



Keywords: Infrared Imaging IIR, Optical Design ZEMAX, MWIR, Infrared

Seeker.
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olarak hedefiik € z e E R € B8 M g ¢kctyéert dahak 8lome apttMTF d e’
y ol farkl ar e, di st or si ydkkate & e € nhaEMaekf | al g
progranéle optik st em t a s ar éDula sogn@apesd enféik t &lrg €1 a ma

veopti k tasarémén sonu-laré sunul muktur.

Hedefe Kkilitlenme mesaliedefinsplké&sapl amalnar €
anal i z edi | mi K Ve heddkdt ekd Cirl ng gpotarg Irt. ¢ s e
géereltegse ve hedef ékémasé dikkate, al é@éna
arayeceé bakl éjén optik parametrel eri bel
F+r (F numarasé),plhendedk éevemas drema &l & yno rnmeuska

hes apl abem énaltemelersilikon, germanyum vekadmiyum selenit dom

malzemesiolarak da afir s e - i |. §on aldrak, roptik performans parametreleri
analiz edilmixktir.
Sonu- olarak test plakalaré anali zi optil

sunul muk ve tarteékeéel mékteéer.

vii



Anahtar Kelimeler:Keéz el °t esi, GI°PIrRntQpteiyk cTasar ém, ZE M/

Kezeéel°tesi Arayécé Bakl ek.

viii



To My Parents



ACKNOWLEDGEMENTS

First of all, I would |Ii ke to thank my supe:

his kind guidance, cooperation, encouragement and advice throughout the study.

| would like to thank to Prof. Dr. Mehmet T. ZEYREK and Assoc. Prof. Dr. Hakan
ALTAN for their supportfor admission tdepartment of Physsc

|l sincerely thank to RST Uzaktan Al gél ama
Ti c. A. k. and giving ene tmea ananceea complete my Master of

Science degree.

Finally, 1 would like to thank my family for their continuous support and

encouragement through all my life.

VvV €



TABLE OF CONTENTS

AB ST RACT ..ottt ettt e e ettt ettt e e e e e e e e e e e e e s amt e e e e e e e aaas v

e e e e e————a e e e et et e e e et ea—a . ——— e eaert e aaaaan vii

ACKNOWLEDGEMENTS.....oiiiiiiieeee et eees e X

TABLE OF CONTENTS.....cottiiiiiiiiiie et eeee e Xi

LIST OF TABLES. ... .ot iree et e e e e e e e e e e e e e e Xiii

LIST OF FIGURES ......coitiiiiiiiie et Xiv

LIST OF ABBREMATIONS .....ooiiiiiiiiiiiee et mnne e XVii
CHAPTERS

1. INTRODUCTION. . .tttiiiiiiiiiiiiiieiee et s s smene e 1

2. BACKGROUND INFORMATION.....ccitiiieiieieeeeeeeee e 3

2.1 TheElectromagnetiC SPeCtrUM.........ccuvvvviiiiiiiiiieiciiiiieeeeeeeen 3

2.2 The Atmospheric TransSmittanCe..............uvveieerivieeniiiiiiiiinenens 4

2.3 Radiometry & Thermal Radiatian............ccccoeeeeeeeeeeeiiiicennennn. 5

2.4 Signature Estimation of an Aircraft.............cccoovvvvieeeenn 11

2.5 Optical Design Parameters.............eevvvviiiiiieeeieeeeiieeeeee e 12

2.5.3 Diffraction, Aberrations and Image Quality............ 14

2.6 Detector Parameters..........ouuuiieiiiiiiemeeii e eeeeea 26

3. DEVELOPMENT OFHEAT SEEKERS........ocoviiiiiiiiiiiieiieee 29

3.1 Infrared SeeKers.........ooovvviiiiiiiiiee s 31

3.1.1 First Generation Infrared Seekers...............c......... 31

3.1.2 Second Generation Infrared Seekers.................... 33

3.1.3 Third Generation Infrared Seekers........................ 34

3.2 Imaging Infrared Seekers............coooiiiiiiiieen 35

3.21 Scanning Infrared Seekers..........cccceeeeeeeiiieeeeeeenn. 36

Xi



3.2.2 Staring Infrared Seekers.........cccccevviiiiiiicc. 37

3.2.3 Dual Band Staring Infrared Seekers...................... 38

4, SYSTEM DESIGN.....cciiiiiiiiiiii e 39
4.1 Detection Range Calculations..............ccuvvviiimeeniiiiiniinnee. 39

4.2 Optical Design of Seeker ObjectiVe............ccccvveveeiiiceninnnee. 45

4.3 Optical System Performance Parameters................cceeeueeees 60

5. DISCUSSION AND CONCLUSION........uuuiiiiiiiiiiiieieeieesiieeeeeeeeeeeeeeens 67

APPENDICES

A. SOFTWARECODES OF 7l NFRARED RANGE AND NETD
CALCUL ATOR D et eee e 75

Xii



LIST OF TABLES

TABLES

Table 1.1IEmissivity values at 300 K [3]........uuuuummimmmiiiiiiieeeiiieiiiieeeeeee e 9
Table 4.1Detector parameters [L7]...cccccceevveeeeeiiiiiiiieeeeeeeeeeeeeeeeeeeieeeeeenn AL
Table 4.20ptical parameters.............oevvvivviiiiicccreeeeirirrrs e eersnene e 40
Table 4.3Lens parameters for Case.l.........ccoooviiiiiiiieee e a7
Table 4.4Lens parameters fOr CASE.2.......uuuiiiiiiiiiiiiiieeeieieeeeee et 49
Table 4.59.ens parameters fOr CASE.3......uuuuiiiiiiiiiiiii et 51
Table 4.6Lens parameters for Case.4..........ccoovviiiiiiieeee e 53
Table 4.7Lens parameters for Case.b.........cccoovviiiiiiieeee e 55
Table 4.8Lens parameters fOr CASE.6........uuuriiiiiiiiiiiieeeiiiieeeeeeee e 57
Table 4.9.ens parameters fOr CASE.7......uuuuuiiiiiiiiiiiiieeeiiieeeeeee e 59
Table 5.1Lens parameters after test plate fitting...........ccooovvvvieee e, 68

Xiii



LIST OF FIGURES

FIGURES
Figure 2.1Electromagnetic spectrum and infrared sub regions.[2]...................: 4
Figure 2.2Atmospheric transmittande infrared region [6]............cccevvvriivvviieene.n. 5

Figure2.3Schemati c represent.at.i.on..of..Kiérchhof f 6s

Figure 2.4Spectral radiance exitance versus wavelength graph...................... 8
Figure 2.9Different types of @MISSIVILY..........oooiiiiiiiiiiireer e 8
Figure 2.6S0lid angle model............oooooiiiiic e 10
Figure 2.7An aircraft Model [4].......ueiiiiiiee e e 11
FIgure 2.8LeNS ParametelS.....cccoeeeeeeeeieiiieeeieeee e e e eeeee e mmme e e e e e eeeeneeannaa 12
Figure 2.90ptical system SpecCifiCatioNs...............uuveieiiiimemiiiiiiiiiiiieeeeeee e e e 14
Figure 2.10 Focus points aj theoretical and b) real lenses.............ccccvvvevieens 15
Figure 2.11Spherical aberration.............ccccceeeeeiiiieeeiiii e 16
Figure 2.12Reducing spherical aberratiQn..............cccceeeiiiieecevviiiiiiiiee e, 16
Figure 2.13 Optical aberration of@ma, b) spot size of different fields........... 17
Figure 2.14 Different aperture stop positions are shown corag with stop in front
of lens, b) reduced coma with stop after lens.............ccovvviieee i 18
Figure 2.15AstigmatiSm [15].....uuiieieiiiieeeiieieeeeeee e 20
Figure 2.16FIeld CUNVAIUIe..........oooiiiiieiiei e e 20
FIQUIE 2. 17DISTOMION. ......uuiiiiiiiiieeieie et ettt e e e e e e e e e e e e e e e e e e e e 21
Figure 2.18 Chromatic aberratioasLongitudinal chromatic aberration b) Lateral
chromatic @aberratiQn............cooiiiiiiiiieeee e e e e e e e e e e e eaan 22
Figure 2.10ptical path difference (OPD)........ccoovviiiiiiiiiiiiiics 23
Figure 2.20mage of a point source with different optical path difference due to
(010 ] 10 = VPP PSUPPPPTTT 24
Figure 2.21Meaning of the modakion transfer function.................ccccvvviieeenn. 25
Figure 2.22TYpICal MTF CUIVES ......uuiiiiiiiiiiiie e 26

Figure 3.1Schematic representation of a heat seeker and target (FOV; Field of view)



Figure 3.2Heat seekers block diagram..............ccuuuiiiiiimemiiiiiiiee e 30
Figure 3.3Reticle structure and the detector output pulse.[11].........ccccceeennn.. 32
Figure 3.40ptical structure of the 1. generation infrared seekers. [12]........... 33
Figure 3.5Time domain aalysis a) no target, b) target, c) target in different angular
POSItION than CASE D)oo e 33
Figure 3.6Structure and Its output of tlhen-scan reticle seeker [12]................ 34

Figure 3.70ptical structure of the rosette scanning infrared seekandft rotating

frequENCIeS Of PrISIMS).....cuiiiiiiiiie e eeeer s e e e e e e e e e e eeeaannns 35
Figure 3.8Working geometry of the rosetgzan seekers [14]...........ccccoeviiinne 35
Figure 3.9Schematic representation of scanning infrared seeker.aptic.......... 36
Figure 3.10ptical representation of refractive imaging infrared seeker......... 37
Figure 3.110ptical representation of reflective imaging infrared seeker......... 38
Figure 4.1Spectral radiant exitance graph for a) 750 K,600 K and 500 K objects, b)
background 300 K ODJECL........ccccuiiiiiiiiiiiieeeei e 40
Figure 4.2Cold shield and F/#............coooorriiiiieee e 42
Figure 4.3Infrared range and NETD calculator software interface.................. 43
Figure 4.4Background dimension calculation..............ccooovviiiiccce e 44
Figure 4.550lid angle calculations..............ccccceeviiiieemiiiiiiieeeeeesieeeee . A5
Figure 4.6 FOV calculation for optical System.............ccccceeiiiiceceeevvviniiieeeennn. 46
Figure 4.7Zemax simulations for case 1; a) optical system, b) spot sizes for different
L1530 £ PPSRURT 48
Figure 4.8Zemax simulations for case 2; a) optical system, b) spot sizes for different
11151 0 TP 50
Figure 4.9Zemax simulations for case 3; a) optical system, b) spot sizes for different
L1530 £ PPSRURT 52
Figure 4.1(Zemax simulations for case 4; a) optical system, b) spot sizes for
AIfferent fIeldS. . ..o e 54
Figure 4.11Zemax simulation$or case 5; a) optical system, b) spot sizes for

Ifferent fleldS.......ccoo i 56
Figure 4.12ZZemax simulations for case 6 ; a) optical systenspot sizes for

different flelds. ... ..o e 58

XV



Figure 4.13Zemax simulations for case 7; a) optical system, b) spot sizes for

AIffEr@N fIEOS. . .eeeeeei oo 60
Figure 4.140PD of the optical system a).6DA field,
Figure 4.1%Distortion of the optical SyStem..........ccovvvviiiiiiimmiiee e 64
Figure 4.16VITF of the optical SYSteml.........ccooiiiiiiiiiiiiice e 66

XVi



AM
AP
ATA
ATR
CA
CT
EFL
ET
FOR
FOV
FP
IFOV
IR
InSb

LWIR
MTF
MWIR
NIR
OPD
SNR
SWIR

LIST OF ABBREVIATIONS

: Amplitude Modulation

: Amplitude Phas&odulation

: Automatic Target Acquisition
: Automatic Target Recognition
: Clear Aperture

: Center Thickness

. Effective Focal Length

: Edge Thickness

: Fields of Regard

: Field of View

: Frequency Phase Modulation
: Instantaneous Field of View
: Imaging Infrared

. Indium Antimonite

. Infrared

: Long Wave Infrared

: Modular Transfer Function

: Mid Wave Infrared

: Near Infrared

: Optical Path Difference

: Signal toNoise Ratio

: Short Wave Infrared

Xvii






CHAPTER 1

INTRODUCTION

For surface to air missgeand air to air missile one of the examples of homing
guidance ismaginginfrared homingand it isused to detect the angular position of

the target with respect to missile axis.

The objective of this study i® design an imaging infrared seek&eeked spectral
regionis usuallydetermined by the target radiation spectrum. In our teest@arget is
an aircraft and it radiates inMWIR and LWIR regiors of the electromagnetic

spectrundue tothe temperaturef the object

Detection rangeof a seekelis related withatmospheridrarsmission background
radiation, optical transmissiorof the optical components, F# -(fambej of the
optical system and the noise of the deted®r Most popular imaging sensor
materialsin the MWIR range aréHgCdTe (Mercury Cadminium Telluride) PbS
(Lead Sulfide) and InSb(Indium Antimonide).An InSb detector array was used in

this work.Other sensors may also be used mstefInSb detector.

Atmospheric transmissiain infraredband is sensitive to the atmospheric conditions
such as snow, rain, h@, smokedud and it depends orwavelength[3]. So the
performance of the optical system or seeker dependse atmospheric transmission
conditions.In the world, many companies scientific research labs uSBODTRAN
Software (Moderate Resolution Transmittance Code) to calculate the atmospheric
transmission in related wavelength regionin this thess, the atmospheric

transmsson will betakenfrom theliterature.
1



The seeker was designed to degetdargetat 5 km distanceMi s s i Imetérsvasd i a

assumedo bel40mmand seekerés optics WA0A Sassumed

the space requirement for the seeker optics was determined as 7RBefnactive
optical components wergsedin the optical systenRayleigh criteria ang@ixel pitch
of the detector were taken into accofortoptical performance.

ZEMAX optical design program was used to redbk best perfomance. Lens
parameters such #&ns material, radius, thickness and distand¢e/den lenses were
optimized for diffeent casesGenerally Hammer optimization was used this
work. Hammer optimizatioprovides glass substitution. So that, lens conjugates that
must be used in an optical design was determined by this me#tisal. the

performance criterions likepot diagams, MTF, distortion were discussed.

In the following chapters, the details of the study are presented.

In Chapter 2asic definitions of infrared bands are giv&heradiometricquantities
are discussed for a typicaircraft. Basic definitions and ief information about

optical systemdesign are also giveandsystem parameters are defined.

In Chapter 3the heat seekerand heat seeker types are explaimedworking
mechanismd-uture of heat seekersatso discussed.

In Chapter 4hetarget radiation spectral band is determined by its temperature. After
that lock on range calculation equations are carried out to find the detection range of
a seekerat 5 km. The optical system requirements are determined. Finally optical
system desigwasdoneusingZEMAX optical design software. Resultgereplotted

and discussed.

In Chapter 5 the study is completed witiscussion of the seeker and
manufacturability of the system.

t
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CHAPTER 2

BACKGROUND INFORMATION

2.1 The Electromagnetic Spectrum

Theelectromagnetic spectruis distribution of all possible electromagnetic radiation
according to energy, frequencyr it is the characteristic distribution of

electromagnetic radiation emitted or absorbea pgrticularobject [].

The electromagnetic spectruis the electromagnetic waves from low frequencies
(radio communication)to high frequencies gamma radiation Upper Imit of
electromagnetic spectrum for long wavelength is the universe and lower limit for

short wavelength is in the vicinity of the Plariekgth[3, 7].

The electromagnetic spectrum is shownHig. 2.1 with infrared part betweeradio
and visible wavesThe infrared spectrum is divided into 5 sub regj@ithough this

definition is arbitrary and it can change from one authantather [2]

The infrared region shown in Fig.1lis based on a combination of the atmospheric
trangnittance and wavelength.n infrared region some subregions have better
transmittance while other regions have no transmittance. The subregions or
wavelength intervals t hat h aatmeospheret t er
windows® . I nf r ar e dctos ara especialy designed fertthese wavelength
intervals. In this way, thenearinfrared (NIR) band is mostly used in fiber optic

telecommunication systems, whilst tHeort wave infrared (SWIR) band allows to



work on longdistance telecommunications (remote sensing) using a combination of
detector materials. Themedium wavelength infrared (MWIR) and thelong
wavelengthinfrared (LWIR) bands find applications infrared thermography for
military or civil applicatians, e.g. target signature identification, surveillance, etc.
The very long wavelength Infrared (VIWIR) band is used in spectroscopy and

astronomy [2].

o] [ o]

Thermal
Radiation

"/ @;@Z,@

10 1072 107 WD“ 100 10¢ 107" 106 10% 10+ 10° 10% 100

e 9

107 10 108 10w 10% 0% _towr” o Fgn 10m 10w 10m 0m~02 10 0% 10 0B 0@ 0% 100 0= g
102 108 10%  107® 10"’,10" 10 0% 110“ 100 10 f0n 00 108 10"-,1Q7\ 106 100 104 10 102 10 Frequency [Hz]
-

|
|
|
|
I
|
|
|
|
|
|
0

1 ‘14
Wavelenght [m]

)

=

Orange

d
0.74pum 1 2 3 5 8 14 1000 um
350 450 520 590 nm 740 nm

Visible Infrared

Figure 21 Electromagnetispectrumandinfraredsub regiong[2]

2.2 The Atmospheric Transmittance

In Fig 2.2, fourof five main atmospheric windowsfi nf r ar e d: NI R, 0. 74
SWIR, 1 to 3 Om,anwiwILRWI R3, &8 sh@vn\stof them

infrared systems use this band to develop infrared sy$&8ijs



The dmosphere isa gaseousombination of CQ H,O, N,, O, and Q molecules.
Because of thenolecularvibration of these, absorpti@itenuateshe transmission of

the infrared radiationAttenuationalsocomes from the scattering by particles in the
atmosphere. Fig2.2 shows the infrared bands and molecules that causes absorption.
NIR and LWIR bads are affected by water vapand MWIR band is affected by

CO. and Q[2].

100

80 |

60 |

40 |

20 |

Transmittance (%)

0 | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
Wavelength (pm)

Lmit 11 11 I I [ ] [

0 ~m H,0 o co Cco
2 COo, 0022 co, 2 H,0 2 H,0 CO; 2

Absorbing molecule CO,

Figure 22 Atmospheric tansmittance imnfrared egion[6]

Atmospheric transmittance is given 8];[
T(/)=e*"R (2.1)

w h e r ecallédeitirsction coefficientletermined byabsorptionand scatteringind
it is a function of wavelength. R the distarce (or range) to be calculatg2l]. The

equation shows the atmospheric transmittance of the weaileit & function of
wavelength and range.

2.3Radiometry & Thermal Radiation
Thermal radiation of very hot objects can be seen by human eye because the thermal

emission of the object is in the visible region of the electromagnetic spectrum. As an
5



exampl e, the Sundés temperature 1S approxi ma
humaneye. For objects at room temperature, the thermal radiation is in the infrared

region. So, it can be seen by special detectors [7].

Radiometry is a quantitativenalysisof flux from thermal radiatiotransferbetween
optical system and an emitter objethe radiated emissidinom an object transnst
through theatmospherandit is collected by optics. Radiometry is used to calculate

the optical power that is needed to generate electrical signal on d§sgctor

Total incident radiation that interactdtiv an object is equal to sum of absorbed,
reflected and transmitted part of incident eddin or sum of Transmittanced;(
transmitted energy over incidennergy), Absorbance(} ; @odd seaergy per
incident energy) and Reflectand¢ {  ctesl Briergyper incident energy[3]. This is
called Kirchhofb s  Lltacan.be formulized as

a+r+T=1 (2.2

It is also called ther mal equi l i brium and K

absorptionemission at thermal equilibrium.

OBJECT
\ ﬂ Transmitted
Incident / Radiation
Radiation
—_— w“ Absorbed
Radiation
Emitted
Radiation

Figure 23 Schematigepresentation of Kirchhadf law



Emissivity is a dimensionless quantity amndshows how much of the radiation is
emitted from theobject. It is equal to absorbed radiation of the object. If an object is

good absorber, it is already a good emiteer €(emissivity) blackbody [3].

When an object absorbs all incoming radiatstrikes on itin all wavelengths, it is
called Ablackbodyo. I't does not transmit

For blackbodyy=a =1, r =0 and T =0. Blackbody objects emit maximum

radiation of the objde at any temperature [3].

fiRadiant Exitanceis the radiant power from a surface per aedit is a functionof
temperatureand wavelength Spctral Radiant Exitanéds the radiant power from
a surface per areper wavelengthThe relation between spectral radiaritance

and radiant exitance 8]

M=pM, d/ (2.3)

Mais the symbol of the spectral radiant exitance and the umiaisper areaper
wavelengthand the M is the spectral radiant exitance and the umiatsper unit

area./, and /, are the wavelength interval. Blackbody radiation casgezified by

Pl anckds [quation is
c? 1
M/,BBZZIdl (2.4)
" ep("%)-1
/KT

wherehi s t he Pl akiksd st hceo nBa latnAl nsahe demperatorea st ant
and c is the speed of light. Fig2.4 shows spectraradiance exitance versus

wavelengthcorrespondindo specific temperatures.
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Figure 24 Spectrakadiancesxitance versusvavelengthgraph

When the emissivity U<1, it is
that is a function of wavelength.
Emissivity
A
1 Blackbody
\ e\ Graybody
v \\/_ Wavelength
Dependent
Emitter
0 >
Wavelength

Figure 25 Differenttypes ofemissivity

Emissivity can be constant or a function of wavelengimissivity values of some

materials are shown in ti@blel.
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Tale 1.1 Emissivityvaluesat 300 K[3]

Material Emissivity
Aluminum 0.05
Highly Polished Copper 0.02
Stainless Steel 0.16
Brick 0.93
Carbon 0.9%5
Glass 0.94
Sand 0.90
Human Skin 0.98
Distilled Water 0.96
Snow 0.90
Wood 0.9

By definition of blackbody, emissivitgan be definethe ratio of spectral exitance of
the object to the spectral exitance to the reference blackbody [3].

}‘p(/)M,(/,T)d/

e= I\I\//IIObject -0 _ (25)
/.88 M, (/,T)d/
0
If the objecti s bl ackbody, U i s e gadiance ekitancelis

defined as
M object = ﬁ?(/)l\/l, (/,T)d/ (2.6)
/1

Emissivity can be a constant or a function of wavelength for real objects.

fiSolidangl® i YO i s an ang]!l spacéand it Shovasihomelarge ithe n a |

objectis seerfrom the observer positiont is dimensionless and measuredquare
9
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radians or steradiansr(q3]. Fig. 2.6 shows the geometric representation of solid

angleand it can be described as

W=— 2.7)

wheres is the area of the surface on sphereraisdhe distance from the source.

Figure 26 Solid angle model

Radi ance exitance per u nRatliance o laindd acnagnl eb ei s

formulized as

2p pl2

M = {-dW= 7§/ f}-singdg =L

L=—QM,d/ 2.8)

wherelL is the radianceand unit is Watt per unit ameper unit steradiamnd M,

spectral radiance exitance for nonblackbody object but same equation can be written

10



for blackbody. In this situatiortM , will be M, gz and radiance will be blackbody

radiancd3].

2.4 Signature Estimation of an Aircraft

The signature of the target is variable from target to another thegause every
companyos aeri al vehicle hagematgseting i c e
designes haveto make an estimation tond the target signature model [9]gF2.7

shows an aircraft model for estimation of the target radiatiofig. 2.7red parts

shows hot parts of aircraft. Nosengine inlets andeading edges cause from

aerodynamic heats amghaust plume comes from engine temperature.

Leading

7

Exhaust

plume inlets

Engine
nozzles

Figure 27 An aircraft model [4]

The target can bdivided into n area elements where the radiance is uniform over

each element. Thetal radiancehat is emitted by the aircraft

I‘TOTAL =

aenM,d (29)

whereU, is emissivity of eaclelement, M iis the spectral radiance exitance of each
element and Ais the area of the each elemdaach element that shown in the Fig

2.7 are in different temperatures and maximum radiation is emitted from engine

11



nozzles.There are many radiation sources such as plume, hot parts, skin, reflected
sky shine reflected earthshine, reflected clouds. These sources make an exact
determination of the signature for an arbitrary aircraft virtually impossible. So, to

make calculatiosimpler some assumptiohas to doneThe assumptionare
1 The aerial platform is assumed to radiate asgaay body. In addition, the
emissivity for all elementef the aircraft isasssumed to benity.
1 The temperature is assumed to be uniform over saurce

Aerodynamic heating effects are neglected.

Maximum radiating element is consideredaamsain radiation sourci].

As a result th@.9 can be simplified to
1"
Lrora = /_7 efi, d/ (2.10)
Iy

wh e riandagarethe wavelength limits of the infrared band.
2.5 Optical DesignParameters

Single lens and parameters are shown inZER)

CCT
T
O\
1/ \
S D
L FFL : PO BFL _? b
! P o /’/v%\ : Optical Axis
| RZ) 1 D |
l L l
“—— EFRL SIS EFL —

Figure 28 Lensparameters
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P is called front principle point of the lens arfél is called rear principle point.
Plane that intersects principle point and optical &isalled principle plane of the
lens.Plane that intersect® is called frontprinciple plane and intersect® is called

rear principle plane.

EFL is effective focal length of the lens and it is distance from rear principle plane to
focal point of the lensCT is center thickness and tBf is the edge thickness of the

lens.BFL is back focal length and it is distance between rear surface of the lens on
the optical axis &d focal point.R, is radius of the front surface arfg}, is radius of

the rearsurface.Effectivefocal length of a thin lens is givers[22]

Qo

i:(n- ]_) 1

i 2.11)
EFL RR

I -0

where R, and R, are radius of first and second surface. For thick lens, effective focal

length is[22]

(n DCTQ

)5% RR, 8

(2.12)

wheren is the refractive index of lens material a@d is center thickness of the lens.

Fx or F-numberis definedasfocal length over clear apertufei t i's called
pupi |l diF.asmigenasr 0) .
EFL
F. = 2.13
" CA 2.13)

whereEFL is the effective focal length ar@A is the clear apertur&OV (Field of

view) is the angle with the optical system or lens accepts light [15].
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Figure 29 Optical systemspecifications

2.5.3Diffraction, Aberrations and Image Quality

Aberrations are failureof the optical systemskor real lenses image quality is
degraded by aberrationglealand real focussare shown irfFig. 2.10 AAiry dis@is
called as aideal spot size of an ideal lens ansldiameter is given a8 . 4CAa-/

whereads wavelength.
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Figure 210 Focuspoints ofa) theoretical and bjeallenses

For optical systems or single lensdserrations are failusof the optical system to

produce aidealfocus in image planélhere aré knownoptical aberrationglL5].

One of theaberratios is calledfispherical aberration. As shown inFig. 2.11, when
the ray height above the optical axis, the rays in image space cross the axis or focus
closer and closer to the lenghis changeof focus positionin focal pointis called

spherical aberration.
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Double Image Plane
Convex Lens
i e
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L.

30 LAYOUT

THU TAN 23 2014
[alla)

SCALE: 1.0 20.80 MILLIMETERS

SPHERICAHRL . ZMX
CONFIGURATION 1 OF 1

Focus

Figure 211 Sphericakberration

As shown inFig. 2.12 spherical aberrations can be reduced by splitting the lens or

lens bending15].

Different Lens Bendings

e

e

Lens Splitting

Figure 212 Reducingsphericalaberration

For minimum spherical aberration for single |éRss given a§22]

R

_2(n+2)(n-1) EFL

n(2n+1)
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for R,

_2n+2)(n-1
n2n- - 4

Anot her opti cal comddfthe mysiertento thesleng vaith anglel

R, FL (2.15)

this causes coma aberratidts shown inFig. 2.13every rayis focusedby the lens to

a certain height from the optical axi].

Meniscus
Lens Image Plane

— «— Focus for 10 AField

«— Focusfor 0 AField

a)
.
L.
30 LAYOUT
TUE TAN 21 2014 —t
SCALE: 1.0000 20.00 MILLIMETERS
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CONFIGURATION 1 OF 1
+ 4.2000
0BT 10.00 DEG 0BT: @.080 DEG
MR 0.800 MM
SURFACE: IMA
SPOT DIAGRAM
TUE MAY 20 2014 UNITS ARE pai,
FIELD : | 2
RMS RADIUS 793.767  255.151
GEO RADIUS 231865 490.347 COMA . ZMX
SCALE BAR : 2000 REFERENCE : CHIEF RAY CONFICURATION 1 OF 1

Figure 213 Opticalaberrationof a) coma, b)spot size ofdifferentfields.
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As shown irFig. 2.14Coma can be reduced changing the aperstop of the optical

system.
Meniscus
Lens Image Plane
e—= Focus for 10 AField
e s ; e—= [Focus for 0 AField
> | =
STOP
;
30 LAYOUT
WED TAN 22 2014
comMAL . ZMX
CONFIGURARTION 1 0OF 1
a)
+ 4.2000
0BT: 10.00 DEG 0BT: 0.00 DEG
IMA: 25.573 MM IMA: 0.000 MM
SURFACE: IMA
SPOT DIAGRAM

TUE MAY 20 2014 UNITS ARE po.
FIELD : 1
RMS RADIUS 631.729 73.958
GEQ RADIUS 1751.67 141,454 COMA1 ., ZMX
SCALE BAR 1000 REFERENCE ' CHIEF RAY CONFIGURATION 1 OF 1

Figure 214 Different aperture stop positions are shown ircaha with stop in front

of lens, b) reduced coma with stop after lens
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Figure 2.14 (continued)
Anot her optical astipmatsmat ildn ciasu sgsan thee d mi t

meridional and sagittgblanes are not focused at the same distance from the lens.

Astigmatism is shown ifig. 2.15[15].
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Figure 215 Astigmatism[15]

Anot her opti cal fiddcevaturet i Ars iddy.Rd@fodalesd A
planeis formed as a curvenot a plane. Reason for this aberrationthat theback
focal length changes withefield of the lens [15].

Paraxia Image

Plage__ — __
~
Meniscus //ag\ AN
Lens /
/ /

2 ‘;; =
L /
7
30 LAYOUT ~ _
Tng TAN 23 2014 [— -

SCRLE: 1.0
20 .00 MILLIMETERS
FIELD CURVATURE.ZMX Real I mwe

CONFIGURATION 1 OF 1
Plane

Figure 216 Field curvature

To reduce this aberration, there am known methods. In first method, a negative
lens is used between two positive lenses. Another method is to locate aentyeiv

near to the image plap#5].

Anot her opti cal destorgoror.atT hoins iaasesde lthet & do n i

change of magnificatn because of the field of view or distortion effects overall
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shape of the image. It causes depart from true replica of the olfjecta good
imaging systemthe distortion should be less thafo21, 15]. Figure 2.17 shows
different type of distortions. If the distortion dimension is greater than the detector

dimension, the distortion is called positive distortion otherwise negative distortion.

negative or barrel
distortion

ZEero
distortion

positive or pincushion
distortion

Figure 217 Distortion

Final aberrationis called fichromatic aberration. Refractive index is a function of
wavelength. As a result, the focal length of the lens or effective focal length of the
optical system will change with wavelahgin axial direction and this is called
flongitudinal chromatic aberratiom . | f the magnification ¢
direction with wa laterhl ehrogdtitaeberratidno s[ 1 58] .c aTl H ee:

aberrations are shown ing. 2.18.
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Figure 218 Chromaticaberrationsa) Longitudinalchromaticaberration b)
Lateralchromaticaberration

For an imaging optical systef®PD (ptical pathdifference) is a method to measure
the optical performance. As shownhig. 2.19, OPD is difference between the real
wavefront and a spherical wavefront (ideal wavefront for perfect focus).rédie

wavefront departs from the spherical wavefront [15].
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Figure 219 Optical path difference (OPD)

Lord Raleigh (reahame isWilliam Strutt, a Nobel Prize winner for discovering the

gas argon) showed th@di5]

AAn optical i n st sedoosdyrshort of the pedormarcd podsibld |
with an absolutely perfect system if the distance between the longest and shortest

paths leading to a selected focus did not exceeejaager of a wavelengtio.
As shown inFig. 2.20, the image of a point sour¢ehich is known as a poirdpread

function) for differentoptical path differencesause different focuses. Note that the

0.25 wave OPD igearly indistinguishable from the perfect agigc [15].

23



0 & Perfect

Figure 220 Image of gpoint source withdifferent
optical path differencedue tocoma

MTF is the most comprehensive of all optical system performance criteria, especially

for image forming systemsThe imagery will be degraded due to aberrations,
assembly and alignment errors. MTF measures how the lens system tréamsfers

modulation (or cotrast) ofthe object to the image plari@efinition of MTF is

| _
Modulation=—">—""0 (2.15)
I+

max min

wherel , is the maximum intensity antl,, is the minimum intensity. MTF shows

how the object space is degraded in image plane after passing the optical Bigstem.

2.21 shows the objeandimage plane modulations.
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Figure 221 Meaning of thenodulationtransferfunction

MTF is a function of spatial frequency artetcutoff frequency, which where the

MTF goes to zero, is

1

Ugpot = 7
cutoff /(f /#) (216)

Fig. 2.22 shows agraphical representation of an object and of the resulting image at a
low spatial frequency, aiaspatial frequencgnd at high spatial frequency regions in

spatial frequency domain [15].
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Figure 222 Typical MTF curves

2.6 Detector Parameters

In MWIR infrared band, QWIP (quantum well infrared photodetector) and
Photoconductive type detectors are used mostly. These are all semiconductor based
and are processed in clean room as a detector arrays and every detector element is
c a |l Ipieclpitcio .

NETD (noise equivalent temperature differencad D° (Specific detectivity)

parameters are mostjommonlyused parameterthat show theinfrared detector

performanceD’ is given as

D' = ADE (2.17)
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whereAq is detector area arad is the noise bandwidth of the detector and NEP is the
noise equivalent power which means tih& radiant flux to generate the signal to

noise ratio is equal to 1.

Another detector paragter is NETD and it is given as

2
NETD= 2P *1 L ‘/? (2.18)
"A"["p‘ena(/)uM/BB
2
NETD= ## *1 1 NEP (2.19)
p" opt em(/)“M/BB d/

whereF; is the F number of optial system, A, is the detectopixel area, ! is the
transmission of optal system,Uis emissivity, a(/) is theabsorptioncoefficient of
detector M, gz spectral radiant exitance of blackbodyd NEP is the noise

equivalent powerNETDis generally measured at tB8 AC Blackbodyandwith no
opticsfor MWIR detectorg5,19].
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CHAPTER 3

DEVELOPMENT OF HEAT SEEKERS

Infrared homingis a passive missile guidance systéhat usesnfrared emissions
from aircraft to detect and lock on tiee target Missiles which use infrared seekj

are called as "heaeekers" and many aircrafts have been lost in warfare by heat
seekers. Qjects such as people, vehicle engines and airenaitt heat as a radiation
sourceand this radiation can be detsglale by special detectors [10].

Radiations emitted from target and radiations emitted from background (sky) are in
different temperaturegFor air temperature is 2AC and for Helicopter exhaust
temperature is about 508C). This difference can be disominated using optical
systems and the angular position of the target can be determined by using
temperature difference of the target from background. The entire heat seekers use
this principle with their speéfic working mechanismsSchematic repsentation of

target, backgroundnd heat seeker are showrFig. 3.1.
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Figure 31 Schematiaepresentation of heatseeker andarget(FOV; Field of view)

HeatSeekers can be dividedto two divisions as IR seekers and IIR (imaging
infrared) seekers according to working mechanisaw they find the angular
position of targetrelative to the optical axis of heat seekesing temperature

difference between target and backgrauAdd alsothey can be divided into more

sub regions shown in ti&g. 3.2

Heat-Seekers

Imaging Infrared
Seekers

Infrared Seekers

3k (IIR)

First

8 Scanning

Generation

. Second
Generation
Third Dual Band
l  Generation Staring

Figure 32 Heatseekerslock diagram
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3.1 Infrared Seekers

Usually, IR seekers have single detector and they usiatngfir et i cl e0 t o
angularposition of targetOptical system is used to collect and focus the infrared
radiation from background and target onto the detector. Rotagitncle is used to
modulate (Frequency, Amplitupléhe infrared radiation on the detector. Infrared
radiation of he background is less than the target radiation because of the
temperature and it is uniform in atenesbut target radiation is more powerful and
comes to the optics on a specific angular position in scene. This difference is used to
detect the angulgosition of the target.

The seekers using single detector have three types ofisgamethod: spirscan,
conscan and rosettescan. Infrared seekers cdre divided into 3 sub regions
according to their scanning methods or working principles [11].

3.1.1First Generation Infrared Seekers

First generationinfraredseekers have a reticks shown irfFig. 3.3 The reticle has 3
different parts. One part is fully transparent shown orfFige3.3 as white, one part

is opaque shown on tlég. 3.3 as blackand the other part is semi transparent shown
on theFig. 3.3as gray. When reticle is rotated, the power falling from the target onto
the detector will change according to the rotating frequency and the reticle structure.
The output of the detector accord the rotation of the reticle is shown kig. 3.3

[11].
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Target

Spinning period, T,,,"‘
F—Carricr period, T,

-Wl—1L

1 | | -

0 T r
Time or angular placement of reticle —»

Figure 33 Reticlestructure and theetectoroutputpulse [11]

These types of seekers are also called-sgam seekerdhe optical structure of the
spin-scan seeker is shown in tR@. 3.4. There are four optical components, primary
mirror, secondary mirror, reticlend detector. Primary and Secondary mirror is used
to collect the radiation emitted from the target onto the detector and reticle is used to
modulate (amplitude modulation) the infrared radiatidinis type of modulation is

also called Amplitudé’>hase mdulation.

Target signal and reference signal is compared while finding the angular position of
target. When there is no target in the FOV of seeker the output of the detector is
shown in Fig 3.5a). When there is a target in the FOV of the seeker, ttpibaf

the detector is shown is Fi8.5b) and c). The differende Fig. 3.5b) and c) comes

from the different angular positions of the target.

IR dome

Reticle

Secondary Detector
mirror
Optical axis
Incident Primary

mirror

radiation \
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Figure 34 Opticalstructure of the 1generationnfraredseekerd12]

Background Signal ( 0 amplitude)

| | L L L -

0 t 2t 3t 4t
’ L
Reference Signal
Target Signal
Target
Detected
b)
0 t 2t 3t 4t -
Reference Signal
Target Signal
c)
0 t 2t 3t at >

Reference Signal

Figure 35 Time domainanalysis aho target, b)target, clarget indifferent
angularpositionthancaseb).

3.1.2 Second Generation Infrared Seekers

Second generation seekers are calledsuam seekers. It is developed according to

the drawbacks of the spstan seekers. When the target is on optical axes, in other

words, the angle between seeker and the target is zero, spin scan seeker modulator

doesnot work because the infrared radiation falls onto center of the reticle. Another

drawback is semitransparent region of the reticle, the infrared radiation is lost %50.

So, it directly affects the lock on range of the missile.

33



Conscan seekés opticalstructure is similar to the spin scan seekers. First difference

is spinscan seekers have stationary reticle and the structure shownFigy.tBe5 is
combination of transparent and the opaque parts. Second difference is the secondary
mirror is tilted androtated instead of reticle. Due to tilted secondary mirror, the
detectoroutput signal of the modulated infrared radiation is showign3.6. This

type modulation is also called FrequetiRlyase modulation.

Target

Time or angular placement of reticle —»

Figure 36 Structure andts output of thecon-scanreticle seeker [12]

3.1.3 Third Generation Infrared Seekers

Among the various IR seekers, the rosette scanning infrared seeker RSIS is a tracker
in which a single detector scans the total field of view FOV in a rosette pattern. The
rosette pattern is achieved by means of two countating optical elements such a

prisms, tilted mirrors, or off centered lenses [13].

The optical structure of this type of missile is shown g B.7. In this figure two
wedges are counteotating. This provides the seeker rosette scanning property.
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Rotating
1 Axis

Mirror
4—

Figure3.7 Opticalstructure of theosettescanninginfrared
seeker(f; and § rotating frequencies of prisms)

Working geometry of the rosetsean missile is shown fig. 3.8.

Figure 38 Working geometry oftherosettescanseekers [14]

3.2 Imaging Infrared Seekers

Imaging infrared seekers are state of the art in infrared seeker technology. Because of
the imaging nature of the system, small detector gpdeel of the detector),
algorithms such as ATR (automatic target recognition) and ATA (automatic target

acquisition) makes seeker more resistance to the countermeasuras Sacts.

Imaging infrared seekers can be divided into 3 sub divisions dueot&ing

principles. Scanning infrared seekers has scanning component such as mirrors to
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construct the image to the line element detector array. Staring seekers have no
scanning optical component it uses a focal plane array to construct the image of the
target. Dual band staring infrared seekers will be the future concept for the missile
seekers. There is no such a seeker but it will be developed in the future because off
the-shelf products of dual band (MWIR and LWIR) FPAs can be found in detector

C 0 mp acatyldgs.

3.2.1 Scanning Infrared Seekers

Scanning infrared seekers use line detector elements and try to construct the image of
the science using scanning mechanism with mirrors. Working principles are same
with the IR seekers. Only, the performance of the system depends on the scanning
time ofthe mirrors. One of the scanning mechanisms of the scanning infrared seekers
iIs shown inFig. 2.32and scanning infrared seekers can be subdivided into several

subdivisions according to the scanning mechaniframe is not shown in Fi¢.9.

\

Scan Axis for
Azimuth Scan

Figure 39 Schematiaepresentation afcanninginfraredseekeroptic

Because of the scanning mechanism, working principle is complex as in the IR

seekers. As in the IR seekers need and extra area in f@mekegn mirrors.
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3.2.2 Staring Infrared Seekers

Nowadays, imaging infrared seekers are very popular in defense industry. Most of
the missile seekers are using imaging infrared technology especially for aerial targets
(MWIR) andfor antitank missile$LWIR).

IIR infrared seekers can easily counter dotermeasures such as flares. Because of
the imaging nature of the system, target can be easily detected with algorithms such

as(ATA; automatic target acquisition, ATR; automatic targebgnition)
3.2.2.1Refractive Imaging Infrared Seeker

Optical representation oéfractiveimaging infrared seeker configuration is shown in

Fig. 3.1Q The configuration has 3 optical leng@®sitive meniscus, Biconcaeand
Positive Meniscusand a focal plane array. Number of lenses and lens materials can
be changeable according to the requirements of missiles such as FOV, focal length,

weight etcDome is not shown in Fig.10

Positive
Meniscus
Biconcave Positive

L Meniscs

Figure 310 Opticalrepresentationf refractiveimaginginfraredseeker
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3.2.2.2Reflective Imaging Infrared Seeker

Optical configuration of reflective imaging infrared seeker is showfign3.11 The

configuration consists of mirrors to construct image of the science onto the FPA.
Mostly, Cassegrain optical configuration is used in such systems. In some optical
systems corrector lens groups can be used with Cassegrain optical configuration.

Domeis not shown in Fig3.11

<—— Primary Mirror

Catadioptric
Mirror Image
Plane

Corrector
Lens

Figure 311 Opticalrepresentationf reflectiveimaginginfrared
seeker

3.2.3Dual Band Staring Infrared Seekers

This is the future concept. Dual band infrared foglane arrays or cameras are

newly developed. The cost is much because of the technology of the detector

elements. Imearf ut ure the HADual Band Stathee ng I nfrar
shelf products. Optical configuration may be classified into two sub categories but

the spectrum of the band is very broad becat
Om. Thi s malldesignvermhard.opt i c
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CHAPTER 4

SYSTEM DESIGN

4.1 Detection Range Calculations

Detection rangevastaken as km and targetvaschos& as an aircraft as shown in
Fig. 2.7. The hot part of the aircraftits nozzle and sizef thenozzlewas taken as
5000 crd. Temperature of the noezwas considered ag50K [9]. The seekewas
designed dr 140 mm diameter missileThis diameter may varfrom missile to

missile.

Before detection range calculations, speategion must be determineth Fig. 4.1

SpectraRadiantExitanceis plotted asfunction of wavelength
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Figure 41 Spectrakradiantexitancegraph fora) 750K,600 K and 500 Kobjecs, b)
background 300 K object

MWIR region hagnuchmore thermal emission than the LWIR regi&ithough the
nozzle of the aircraft radiates bath LWIR and MWIR regiors, detection rangés
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longer in MWIRregion because the radiation power is related with the temperature

of the object As shown in Fig4.1a ) MWI R regiondsagreageect r al
than the LWIR regionAs a result for high temperature objextdetection in long

range applications, MVR regionshouldbe usedIf the target temperature was about

300 K, LWIR region would be used.

After spectral region was determinebtly( considering theobject temperature),

detector parametergerespecified. Parameters are showable4.1

Table 4.1 Detectorparameters [17]

Detector Type InSb 2D Array
Array Format 320 x 256

Pixel Pitch 30e m

NETD 20 mK

Cold Filter 36e M 49e m
Cold Shield F.=3

In Table 4.1 dtector type shosvthedetectoraterial. Here InSbmaterial is used in

detector to detect the infrared radiati@Array formab shows the number of pixels.

During this work320 pixels are used in vertical direction and 256 pixels are used in
horizontal directionfiPixel pitchd shows the dimension of thgxel. The pixel pitch

i s 2 BIETO imameasure ofhedetector sensitivitylt shows how sensitivis the
detector.iCold filterd showsthe spectral region of the detectand it isa narrow

window. Thes pect r al region i s Raatwereemitteddom6 e m
theaircraft was consideredinh i s i @old shield & lused té cool the infrared

detector. Schematic representationhafcold shield is shown ifig. 4.2
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Figure 42 Cold shield and F/#

As shownFig. 4.2 this configuration was used as a startpuint for the seeker
objective designAlso F:wasgiven. To eliminateNarcissus effe¢t(Secondaryand
higherreflections betweelenses cause some spots on focal plane aatbgbjective
lensesare thoughtto have antireflection coatings instead of dome material. Dome
material was selected as a sapphire material because it is durable to aerodynamic
effects Transmission of dome wdaken approximately &85 [21]. As a result total
optical transmission was approximately 0.85, because dehaee antireflection

coatings.

Fig. 4.3showsinterface of the software for infrared range calculation. This software
wasprogrammedn C# anddevelopedcodesweregiven n APPENDX A. NETDis

the figure of merit for IR detectors:rom NETD, detector nois§NEP) can be
determined and according to results lock on range can be calculated for given optical
parameters. Left column Fig. 4.3, NEPwascalculatedCalculationwasdone using

AtrapezoNEHRE2mMK]| ewvavel ength interval i s

em spectral region (cold shiel dastakegrect r all

as 2% K and emissivity was takendB[19], because MWIR sensors are testedzat 2

AC temperaturebackgr ound conditions and wi t h
(Transmission of optics) is equal 1 andF number of optics is equal Absorbance

of detectorwasassumedas 06. (From literature it is found that theeflectance of

InNSb material in MWIR region isapproximately 0.40 [18]). Using Eq 2.16,

betv

r e

no

filnfrared Range and NETD Calculator s of t war e was programmed.

shownin Fig. 4.3
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o Infrared Range and NETD Caleulator e e o a =

Calculation Sensitivity 1000 Calculation Sensitivity 1000
I NETD Value (mK) 20 Lambda2 (um) 4.9 I
Lambda 2 (um) 49 Lambda1 (um) 36
Lambda 1 (um) 36 Detection Range (m) 5000
T Background (K) 295 Extinction Coefficient (um-1) 5
T optics 1 Target Area (m xm) 05
| Pixel Pitch (um) 30 Background Area ( mxm) 9
I F number 1 Target Temperature (K) 750
| Emissivity of Background 0,98 Target Emissivity 1
| Detector Absorption 0,6 Background Temperature (K) 283
Background Emissivity 0,98
' NEP (W)  3,12461050029262E-13 Focal Length (mm) 60
I F number 3
' o 0.85 SIN Target 1023429
Absarption 06 SIN Background 11,672
Contrast 1578,227052548¢
Power From Target (W) 3,19781798550363E-10
Power From Background (W) 3 64717634551451E-12 J |
NEP of the detector (W) 3,12461050029262E-13

Figure 43 Infraredrange and NETRalculatorsoftwareinterface

The NEP of detector isapproximately3.12 x 10 W. Signal comes from the target
must greater than the noise of detector and the background radiation.

For detection range calculation, right column was used which is shotig. 4.3.
For lock on range condition, power from target must be greater than power from

background and al9dEP of detector.
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whereAis area of target and backgrounf,,, is the transmission of atmosphere,
TopiiS transmission of optidJis the emissivity,M, is the spectral radiant exitanice

interval between/ and /, andq is the solid angle seen by optics.

Wavel ength interval was taken according to

and 4 .Fis ddetgctor propeytand was taken & Auger Was taken as 5000

cn? and Ay ackgroun Wascalculated using the geomefir single pixelas shown in

Fig. 4.4;

Optica
) / System
.
3 EFL &
Range 5000 m -~
Y]
ol
Iy
S
S - P . s-Range” =5000n39™ -3
Range EFL EFL 60mm

Figure 44 Backgrounddimensioncalculation

where Ao BM? =9M°. Fig. 45s hows solid angle (q) calc

background and targesame solid anglevas used because target and background
wereassumed as a point source.
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Point Optical System

EFL,

P L)
WE—= 2 = Z:#
R R R

Figure 45 Solid angle calculations.

Transmission of tmosphere was calculated using Ed. and extinction coefficienit

wastaken as x 10° cm* [20].

Focal length of the optical system was determined under those situdtmred.

length of the system B0 mm R, B, 4cqroun @NdNEP of detector were calculated

as3.198 x 10*° W, 3.647 x 10" W and is3.12 x 10" W. Power from background

andNEPvalues are below the target radiation. As a result detection can be provided.
4.2 Optical Design of Seeker Objective
The spectral region of the optizieddnd syst e

effective focal length was calculated @mm. Fig. 4.6 shows FOV calculation for

the optical system.
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320 x 30 pm=9%.6mm

3.84mm
7.68mm

256 x 30 pm

3.84mm 3 3.84mm

tand =

3.84
= = FOV=40=+tan () =+3.66°
EFL  60mm 60

Figure 46 FOV calculation foroptical system

FOV can be taken d$3.7A approximately. Optical parametergresummarized in

Tade 4.2.

Table 4.2 Optical parameters

Spectral Region 3.6-40@0m
EFL 60 mm

Fx 3

FOV N 3.7A

Optical Transmission 0.85

Required effective focal length is 60 mm, diffraction limited spot diemitr 3.6
Om wavel erOnt hanids fo&. 4. 93@®m wavel ength 29.

Lens parametensere calculate from Eq. 2.14. andEq. 2.12 second surface of the
lens with desired effective focal length waderived The derivation was

R = %n - D[2(n+2)EFL - (2n+1)CT]d

: n2n+1)- 2(n+2) 0 4.1)
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Using Eq. 4.1 and Eqg. 2.14 with 8 mm CT of the singlesapphire(refractive index
was taken as 1.28]) lensparametersverecalculatedLens parameters are shown in
Table4.3 Zemax simulatiorresults are shown in Fig.13 a) shows optical system

configuration and Fig. 4.13 b) shows spot sizes for different fields sucthas 0

N3.7A etc.

Di stance between Lensqpoitss 3&50&nomiTaotal lsngth f ac e

of the optical system is 66.906 mm.

Tale 4.3 Lensparametergor casel

_ CT R1 R2 Conic
Material
(mm) (mm) (mm) Constant
Lensl Sapphire 8 43.35 646.19 0
BFL - 58.906 - - -
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Lensl

a)
LAYOUT
FRI TAN 31 2014
TOTAL AXIAL LENGTH: 66 . 90556 MM
THESTIS . ZMX
CONFIGURATTION 1 OF 1
© 4.00008
X 3.6000
0BT': 0.0000 DEG 0BT 3.0000 DEC = 4.9008
0BT+ -3.0000 DEC
IMR: 8.000 MM TMR: 2.981 MM
b 0BT': 3:7060 DEG 0BT -3.7000 DEG
) TMR: -2.981 M1
TMA: 3,722 MM IHA: %@Qz M
SURFACE: THA
SPOT DTAGRAM
TUE MAY 2@ 2014 UNITS ARE e, AIRY RADIUS © 13.87 um
FIELD ' 1 2 3 1 5
RMS RADIUS : 580.835 585.316 585,316 666,112 702.627
GEQ RADIUS 1174.68 137646 1376.46  3747.73  2.0E+00Y THESTIS. ZMX
SCALE BAR 5000 REFERENCE © CHIEF RRY CONFIGURATION 1 OF 1

Figure 47 Zemaxsimulationsfor casel; a) optical system, b)spotsizes for
differentfields.

As shown in Fig. 4.7mot diameter of single lens wafound approximatel$y mmand
effective focal length of the system was found 68.45 Required spot diameter is

bel ow 30 Om and effective focal l ength is 60
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First surface, econd surfaceand BFL were optimizedo desired effective focal

lengthand spot sizeRResults are showin Fig. 4.8and Tablet.4.

As shown in Fig4.8, effective focal length was reached to desired value (60 mm).
Although the spot size was reduced to approximately 4, mims not in desired

dimensions. Parameters were shown inld4bi.

Tale 4.4 Lensparametersor case2

_ CT R1 R2 Conic
Material
(mm) (mm) (mm) Constant
Lensl Sapphire 8 33.061 162.430 0
BFL - 51.209 - - -
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LAYOUT

FRI JTAN 31 2014
TOTARL AXIAL LENGTH: 59.20939 MM

THESTS - 2.ZMX
CONFIGURATION 1 OF 1

b)

Figure 48 Zemaxsimulationsfor case2; a)optical system, b)spotsizes
for differentfields.

To reach required values of spot sizeygke sapphire lens was spditt into two
lenses.Fi r st surface of Lens1, second surface ¢

constant of Lensl were cbam a s vari abl e and optimized L
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