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f ORWARD

This Common Medule Designer’'s Mandbook wes written In order thet users of
Common Moduies and Common Module Therme! Imeging Systems or FLIR's gre pro-
vided with information on the function, theory of opsrstion, interface prod-
lem,, and the meintenance, testing and care of the Common Modules. The U.S.
Army Night Vislon Laboretory (NVL) has successfully developed a number of Com-
mon Modules which when assemblied Into & system cen be used for verious appll-
cotions. The individual FLIR functions have been seperated and unique modules,
that have the flexibility to be used In Therme! Imeging Systems of various
levels of compliexity, setisfy the large majority of Army applications, es
weli as numerous applicetions of the other services. Speciel system unigue

modules can be edded to setisfy specific requirements,

The purpose of the Common Module progrem Is to significently reduce
| the cost of reel time Therme!l lmeging Systems. Guentity production of com-

mon units which satisfy & large number of applicetions will schieve this goel.

A
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SECTION |
INTROOUCT ION

1.1 GENERAL

" This designars hendbook was prepared under Contract No. DAAGS3-75-C-0178
by Philips Audio Video System Corp., Government Systems Division, Mahmeh,
New Jersey for the Night Vision Laboratory, Fort Beivoir, Virginia.

1.2 PURPOSE AND SCOPE

The purpose of this manuel is to provide Information that will ald the
system designar in designing o Forward Looking Infrared (FLIR) or Thermal
Imaging System .sing the common moduies.

Chagter | provides design information on 8 Ytypical® system based on
the use of common moduies. This includes e functional description of »
typical common moduie system and ¢ system thermal discussion.

Chapters 2 through 1) provide deteiied design information on each of the
common modules. ltems discussed inciude, general description, technical
specifications, theory of operation, eloctricel and mechanical interface
informetion, design limitetions, end alignment/maintenence Information.
Schematic diasgrems, hiock diegrems, outline drawings and photographs of
the modules are included. \/

The cummon modules Incliuded In this manual are o3 folilows:

Chagtar Medule USAECON #/N

2 Presmplifier, Video, Infrared SM-0-773663
3 Postampiifier/Controil Oriver,

Video, Infrared SM-0-773900
b Auxiiiary Controi, Video,

Infrared SM-0-773896
5 Regulator, Bies, Infrared SM-0-77391k
é 0C/AC Inverter Assembly $H-0-77341)

(P/0 Cooier/Inverter, Infrared)
7 Modular Cooler Assembiy $M-0-7736A3

(P/0 Cooler/lnverter, Infrared)

-z(,-
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Chagia’ Nodile
8 Scan and Interlace, Infrered (60M2)
9 Collimator, Visual, Infrered
10 Imeger, Optical, Infrered
" Scenner, Mechenicel, Infrared
12 Detector/Dewesr, Infrered
13 Light Emitcing Diode Arrey, Infrered

USAECON P/N

$H-0-7730894
SK-0-773397
SH-D-773419
SM-0-773885
$M-0-77378)
$M-0-773638

The following is & list of the modulas and eppliceble specification:
Sescificetion

Module

Scanner, Mechanicai IR
Scen & Interlece IR
Collimator, Visual IR
Preemplifier, Video IR
Post Amplifier, Video IR
Auxiliery Control, Video IR
Bies Regulstor, IR
Imager, Opticel IR
Moduler Cooler
Detector/Dewer IR

Light Emitting Diode

82-28A050107
82-28A050120
82-28A050105
82-28A050106
82-28A050116
82-28A050117
82-28A050118
82-28A050104
82-28A050108
82 -28A050102
82-28A05010)







SECTION 1

FUNCTJONAL DESCRIPTION
2.0 TYPICAL COMNON WOOULE SYSTEM

A functional description of a typical common moduie system as shwn in
the biock diegram of Fijure 2-| foliows. Infrered energy from the viewed scene
is recieved by en afocel, magnifying, Iinfrared lens having 3:1 step zo00m cap-
sbility. A recollimated beam from the afocal lens Impinges on the front-sur-
foced gless mirror of the scenner module. The energy is reflected to the IR
imaging moduile which focusses it on the detector arrey. The common module
elements. starting from the output of the afocal lens form » fixed electro-
optical system since the physical dimensions of the common module elaments
are themselves fixed. Summarizing briefiy; the elemants sre as fol lows:

(1) Qstector. Array of 180 verticelly orlented elements of Mercury Cedmium
Telluride (MgldTe). The array is formetted for @ 2:1 interlace. The
spectral bend is 7.5 to 12.0 micror.

(2) I8 isager
o Effective focai length - 2.669 In.

o F/Rumbar - with no external stop the f/nusber is f/1.6, set by the

sparture of the first lens element

e Field of View - sufficlent to ti1] o fileld of view of 6.89° (correspond-

ing to B0 detector elements or 160 resviution elements taking the 2
to/! interlace into account).

(3' Scanagr: The wechericel oscillation of the mirrar can de adjusted to give

on active scen angle wp to 10° (5° (o eech side of center), with o scen ef-

ficlancy of at leest 70U as described in the 82 specification
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(&) Scan and Interiagce Electronics

Provides mirror motion drive. At the end of each scan the scen mirror
nods about an anis which Is 3J0° off the verticai. This motion provides
the required interlace through a vertical tilt. A horizental component
derived from the nodding motion provides horizontal trenslation of the

phase lens to correct for electronic phase shifts in the detector

signal channels.

Coplar: The detectors are cooled to approximstely 77°K by a Stirling
cycle cooler operating from 115 volts, LOO Mz,

Preamplifigr The presmplifier modules provide o gain of 70 volts/volt.
The electrical signal from esch detector is AL coupled to a low noise
presmplifier. Thera ere 20 preamplifier channels per card.

Post amplifigcs The post smpiifiers conmsist of 3 capacitively coupled
stages . The first two stages have electronically controlled gain and
polarity. A potentiomeier "etweer the electrically identical

first and second stages is adjusted to normel ize detector responsivity
variations. Gain control end polarity reversal commands are provides
to thex for all channels in parallel by means of the auxiliary control
module. In combination, gain control commends ' and 2 provide a gain
(contrast) variation of 30 ¢8. The gain command | circuitry also pro-
vide temperature compensation to assure gain stabiiity over verying
temperature conditions. The third stage of esach circuit is the LED
driver. The B( level of the output of this stage is electrically con-
trolied to provide display brightness control and end-of -scan blenking.

LEC Dispigy: Outputs from the Post Ampiifier boards are fed to the

LED moduie. Resistors are contained within the LED module in series




with esch LED to normaiize the brightness of esch siement, essur-
I ing displey uniformity. Visible light from the LED module is col-
i limated by the Visuei Coliimstor moduie. The collimsted beam |3
l passed thmugh s phese iens to the beck of the scen mirror.
| (9) jmags Intensifier  Since there is e one-to-one correspondence betwsen
I the detector elements and the LED displey eclements, end since both the
scene end the lisplay are scanned by the same amairror, & visual represent-
ation oy the Infrared scane |s imaged on the fece of the |asge Intensifler
tube. After Intemsification the image s viewed through e bioculer eye-
piece. The purpose of the phase lens, which moves with the outer (inter-

lace) gimbal of the scanner, is to optically correct for phase |itter of

tne [Image walch occurs due to the beck end forth scan and finite electronic

bendwi dth.

It should de ~.ted that the Image Intensifler shown In this typical system £
Is not needas in all systems., The visual imege may be focused on the target

of & TV camers tube for use with. ¢ TV displey system. [f direct viewing Is

desi rad snd the image (3 bright enough tc mest the particular system re-

quirement without intensification, en eyepieve end visible Imaging optics

can be designed for use without en Intensifler.
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2.2 QPTIGAL SYSTEM

The optical systes i« designed to provide a two dimensional infrared
scan in the 7.5 to 12 micron region and to present a converted visual image
of the infrared scene to an observer. Figure 2-2is an isametric iifustration
of a thermal viewer utiiizing ali the optical eiements of the common moduie.
Th: first eiement in the system is a coliector iens wnich will define the
effective f/number of the infrared opticai subsystem. In many appiications
a change of magnification is required, for wide field and narrow fieid viewing
appiications. Since the sc>a mirror requires & paraiiel bundie of rays, the
front end eiements must be an afocal design. A simple two step Zoom lens can
be accompiished by moving one of the iens elements comprising the afocal sub-
system,

The scan mirror is a two sided mirror which osciliates in the azimuthal
direction. The Infrared imager coliects the collimated scanned bundie and
focusses the IR energy on the 180 eiement [inear detector array. The de-
tector is fabricated from eiements of HgCdTe. Each vertical eleme ¢ s
foliowed by a blank space for interiacing purposes. Interlacing is ac-

compiished by a vertical displacament ol the mirrar. The dispiacament magni-

tude corresponds to 8 single detector element. A bidirectionai scanning
acclon is obtained by observing the IR scan on the forwerd end return
cycles of the mirror. During the return cycie the mirror Is deflected

in elevation to effect the interiace scan. Severa! possibie scan motions

a2 1 shown in Figure 2-3. Figure 2-3a is a 2 to | forward interisce. Flgure
2-3b is a 2 to | reverse interisce and Figure 2-3c is a ! to | interiace.
The | to | interiace differs from the 2 to | interiace in that the mirror i3

displaced In the elevation direction after a compiete mirror osciiiation

ycle.
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Scan Interlace Configurations
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The bidirectional scan mirror is an excellent wey to optimize scen effici-

ancy but it I+ not without its attendant problems. Elactronic phase shift

in the amplifiar chain is proportional to fraquency, and will resuit in an
information deley at the cutput. The phese deley provided by scanning o
single point source in & single scan line is shown in Figure 2-4, The ra-

verse scan accentuatas the delay b, o factor of 2 and would ceusa considersbla

[ blurring of the picture without soms maens of compensation. Phase shift comper.- |
| setion is provided optically by & ghese shift lens which is o week lens mechenical- |
|

ly oscillatead in o small lateral shift in the azimuth 4icection by means of o ‘

mechanical linkage actuated at the two end scan points of the mirror., Since
the phase shift lens will couse o sliight beam divergence, & nuilifiar fans is

used tu racollimats the optical bundie.

Each of the detactor aiements as it s scenned over the fiald of view
by the scenner mirror, generates s signal representative of & single scen
line in the picturs raster. Ths signels ars amplified sufficiently te drive
on LED linear arrey with a number of vertical alements identical to thet of
the detector array. Light from the LED array is collacted by & visual colli-
mating lens which directs thy rasulting parailel light rays to the reverse
side of the scan mirror. This visual analog of the scanned IR scene will be
presented to & viewer observing the scanned LED arrey. In order to obtain en
erect image with proper left to right oriantation, for the final output view-
| ing, the antirs opticel! train in both the infrarad and visual portions must be ‘
svaminad from the stand point of imege inversions, and raversions due to len-

ses and mirrors, It shouid be bdorne in vind in designing any system that o |

relay or raimaging ians rasults in inverting, and reverting the imege. A
singie 90° mirror fold changes laft/right into up/down, and s periscope

action or two successive 90° folds, results in the proper up/down and laft/




- PHASE SMIFT COMPENSATION INTERNAL

Figure 2-4 Phase Shift Resulting from Forward and Reverse Scon




and left/right orientetion. In the systen shawn, use is made of e pente-
prism which devietes the iine of sight by 90° without inverting or reversing
the image. It eiso has the volusble property of being e constant devietion
prism, in thet it devietes the Iine of sight through the source engle regerd-
less of its orientetion to the line of sight. The pente-prism is used where
it is desirebie to produce ¢ 9N° devietion, without having to orient the
prism precisely.

Figure25 is a schematic configuraticn of the physical configuration
described ebove which provides e veliusbie key toward understending the ection
of the various camponents of the system,

e final viewing is done through en eyepiece mounted et the reer en-
trance of the IR imager. In most sppiications it wiil be importent for the
viewer to cbsarve the terget by looking through the eyepiece in e straight
sheed menner 3o that .tto up/down and laft/right ere an exact cor._letion

of the terget scens. Figure2®summierizes the optical principias es dis-
cussed in the fcregoing test.
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Figure 2-6

Principle of Operation of Typical Optical Elements
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2.3 IMAGE PRESENTATION ANALYSLS

In & compiax opticai system consisting of & number of lans and mirror
elecments with sevaral path deviations, an anaiysis of the image presentation
at the output in terms of inversions, and revursions must ba dsterminad.
Fioure 2-7 shows the infrared portion of a typical infrared night sight
wnich scans up through a periscope. The tachnique used for image prasenta-
tirn is to first fayout & schematic showing the 1ight path as divartad by the
non-power surfaces such as & mirrcror o prism. A ieft/right and up/down ar-
ro- diagrem should be thus traced through the system. Next the lanses or
mirrors which resuit in changing the beam divargence ara insarted.

in the system shown in Figure 2-7 There i3 no image parturbation by
the gailiiean afocallens since its function is to produce s magnificatior of
coliimated space for the scanner proportionsl to the afocal reduction., How-
aver the imaging fans produzes a single invarsion and revarsion of the imege.

The effect of the visual optical system of Figure 2-8wiii now be anal-
yied. Wa start by fixing the azimuth ond eievetion directions in object
spece 83 shawn by the arrows. Agein wa determine the affect of the non-pow-
er path diverting devices without the lenses in piace. The collimeting and
imaging fens act as & single reiay ians and produce both inversion and reversion
of the image. Thus an erector iens is required for proper lmage presentation
to 72 viewer observing through the eyepiace.

2.).V NUMERICAL EXAMPLE OF SYSTEM USING COMMON MODWLES

An sxemple of a typical system using the commorn moduies (s prasented in
orcar to datarmine some of the numerical optical ralastionships which must
be taken into account. The viewer is to observe a scene which has a high and

low magnification or narrow field and wide fiaid of view. The high megnifi-

-17-
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cotion will be approximately 9.8X end the low mang!ficetion 3.3X. The
sconned flelds of view In object space are:

Nerrow fileld - l.S° elevation
¥ szimuth

Vide field - 4.5° glevation
9°  azimuth

The constants in the system are defined by the common module elements:

LED array - .0375° = .00375

IR imager - 2.5 clesr aperture - 13t clament
2.669' focal length

Visual col- - 1.58" clear aperture - I3t element

| imator 2.669'' focal length

Physical anguler excursion of mirror = 6.75°,

2.3.2 AFOCAL DESIGN PARAMETER

The design parsmeters of the afoca! syste- will determine the focal
length and clear aperture of the entrance pupli. A f/1.9 system as an ex-
emple requires the exit pupil of the afocal tc be 2.668/1.9 = | . &', in
the narrow FOV the afocal has 4.5X magnificotion given as 6.3 diameter
entrance pupil. The wide FOV is 1.5X giving @ 2.1' diameter entrance pupll.
Assoutior - To obtain engular resolution in scenner space we calculate the
detector element angular subtense in the focal length of the IR imager.

Resolution = %&L‘ . In object spacs the angular sub-

tense of the resolution is divided by the zoom magnification or

W e NFOV resolution
w » WFOV resolution.




2.3.3 EYEPIECE ANGUI AR SUBTENSE
The diagonal element in the scan field of 3° AZ » 1.5° gL is 3.35°
n the narrow field. The eyepiece must be usable to an angle of 9.8 x 3. 08"
32.8°
2.3.h Figure 2-5 presents @ typical optical system
2.3.5 OIFFRACTION LIMIT
The diffraction limit defines the maximum resolutior that can be ob-
tained with an optical system. The best angular resclution that caer be
achieved |s given by 9 = fk('J—““Aur in terms of the focal length end F/#
g- 5—;—‘:—'—" The F/# of the system is defined by the system optics
The F/# of the example system is F/1.9. The middle wavelength is 10 microns
or | x IOJ‘ and the fczal length is 6.78 om. The diffraction limit is thus

2.4 x 1073 5 .9

- F '3
é : 6,% “ = 10 rad.

For the narrow field of view the afocal magnification is 4. SX and the
diffraction limit is 0.15 x 1073 rad. The WFCV has o magnficetion of |.5K

giving & diffraction limit of 0.45 x 1073 ree.
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.4 FLIR PERFORMANCE REQUIREMENTS
2.4,1 ESTABLISHMENT OF SCENARIOS

Therma| Imaging Systemsor FLIR's are commonly used to detect, recognize
and identify miiitary threats under cover of darkness. For this handbook, we
have considered [ikely targets to ranges of up to 9 kilometers.

Afthough there are many possibie scenarios, there are always two critical
parameters which impose certain requirements on the design of a FLIR: cthe
charscteristics of the target and of the intervening medium (atmosphere).

In this section we discuss the manner in which these paramaters affect the
design of the sensor in terms of required resoiution and sensitivity.
2.4.2 SCENE CONTRAST

Emissivity Oifferences

Table 2-1 shows the emissivity of common terrain features in the visibie,
airgiow, near IR (3 - S aicrons), and far IR (B8 - 14 microns). [In generel,
objects becoms more emissive and hence iess refiective as wavelength is in-
creased.

It can be seen that emissivity vaiuves in the 3 - § sicron region range
from spproximateiy 0.8 to | and in the 8 - 16 micron region, they range from
0.95 20 1. [If an opaque target (transmissivity = 0) is at the seme tempera-
ture as its background and the background has unit emissivity, the rarget will
nct be visibie against the background, na matter what the target emissivity
is. The enissive radiance of the target s decreased by decreasing the emis-
sivity, and the radiance of the background reflected from the target wiil in-
crease |ust enough to make the target as bright as the background, since the

‘eflection coefficient = 1 - € , where € = enissivity,
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If the target is hotter then the background, the effective temperature
difference, to a first spproximation, will be *he actua! tempersture differ-
ence decreased by the emissivity of the terget.

It is assumad in these anaiyses thet all emissivities equal 1.0. There-
fore, the temperature dlffcloAcos used may be optimistic by sbout 20 percent
Iinthe 3 - 5 micron renge, by 5 percent in the 8 - 12 micron renge.

It should be noted that low emissivity materials such as polished metals
may have emissivities as fow as 10 - 15 percent. However, most objects encount-
ered on the battiefield will be dirty, so thet their emissivity will spproech
those given in Table 2-1.

Tempereture Oiffecences

Temperature di fferences in the infrared may vary from 0°R to tens of de-
grees depending on conditions. For example, If o tenk is exposed tu the ele-
ments, not operating, and out of the sun for several hours, there is essen-
tiaily no tempersture difference between the tank and its background. MHow-
ev:.r, [f the tank has been operating, the tread and engine compartments msy
heat up to 10 - 20° sbove smbient, while the exheust pipe mey be 100° above
amblent and the turret still at ambient. [f the cannon hes been fired, it
too may be 100° sbove ambient. Therefore, the target signature, or the tar-
get scene tempereture difference, myst be trested as & verlable.

Sgeng Energy Contant

Figure 2-10 shows netural iilumination ievels and the rediance of a )00°
bisckbody. It can be seen that the number of photons avelilable for imaging
in the Infrared (3-5 pm or B-14) far exceeds that avelisble for the visible
even In full moonlight. However, it is not so much the magnitude of the photon

flux which concerns us, but rather the 4ifference between the amount caming
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from the terget and the smount from the background which will determine how
cliearly the terget will be perceived.

As mentioned eariier, this difference is determined primerily by the dif-
ference in reflection coefficients in the visible, and by tempereture differ-
ence In the IR,

Figure 2-11 shaws the different ial spectrei redience for e one degree
temperature d.fference. Differential spectral redisnce in the 8 - 1k ya
band is an order of megnitude higher than in the 3 - S um bend. This does
not mean that operetion in the 8 - 14 um region is en order of megnitude
better then in the 3 - 5 us region.

So far, we heve considered only signail and not noise. The wagnitude of
the rediance levels are so lerge thet stetisticel fluctwations become com-
parable to the differentiel redionce providing signal. Figure 2-12 shg=s
S/N as 4 function of wavelength with the stetistical fluctuation of the
signal as the soie noise sourcs.

It can now be seen thet the beckground $/N reeches ¢ maximus st 8 p= ond
thet the S/N in the 8 - 1k sm reglion is lerger then in the 3 - 5 pm region
for tergets et epproximately JOO'K, Mowsver, es shown in the next section
that weather effects are less severe in the 8 - 14 ym region than in the
3 -5 um region.

In generei, at long renges or in foul weether, when weeiher substeatiel-
ly degrades signai, the 8 - & ym region will perform much better then the
T -5 pm region. At close renges or in ciesr wsether operation et 8 to I sm
is oniy slightly better.

2.6.3 ATNCSPHERIC TRANSHISS ION

Loss of energy end contrast caused by the etmosphere stems ‘rom two me-

rhenisms , sbsorption and scattering.
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Adsorption is dus to resonsnce of photon anergy (ralated to wevelength
by hc/ ) Jwith anergy leval diffarences in atmospheric constituents. There-
fora, sbsorption is discontinuous in wavelangth and shows no genersl trend
with wevelongth. There ars, however, ragions whare there is littls resonsnt
adsorption; thess are callad stmospheric windows .

Scattaring diffars from sbsorption in thet it does not axtract emergy
from the signa! but merely redistridutas it. The effact is essentially the
same as sbsorption, since the energy which is scattered out of the flald of
view of tha sensor is lost to It. Muitiple scattaring will causs & point
source to look [ike a disc, hence decreesing rasoiution. This effect of
suitiple scattaring, becouss it Is smell, s ignored in this analysis. Ap-
pendix | contains an snalysis of the affacts of stmosphers on anergy trans-
oissiovs.

Scattaring Is continuous with wevelangth and depends on the size of the
scattaring particle. Whan the perticla is much larger than » weveiength (Mie
scattering) the scattaring is uniform with wavelength. This is the case of
visidbia Iight scattared by a fog; the scattered iight is white., As the scatt-
aring particie becomes smellar then s waveliongth the scattaring coofficient
drops vary repidly with wavelength, approsching a |/ LY reiationship (Reyieigh
scattaring.) This is the case, for exampla, of air moleculas scattaring vis-
idble light, the scattared light sppears blue. Figure 2-1) shows the particle
size distribution for haze and foa. The pesk for both distridutions sppesrs
to be about 2 - ) microns. Therafore, ome would axpect the scattaring coef-
ficiant for fog and haze to be roughly constant (Mie scattaring) for weve-
langths shortar then the pesk at 2 - ) microns, and to fall off sharply for
wavelengths beyond the pesk,

Figure 2-14 shows the scattering coefficient of several types of fogs.
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Note that the behavior of stable fogs sgree extremely wall with that predicted
sbove. The curves used toc gensrats the dete for this study are those labeled
selective. These are characteristic of artificial smoke (e.g., bettiefield
smoke) as well a8 certain fogs. The thrae conditions are displayed as light,
eediun and heavy fog. Had the stabls cases been used rather than the selective
case the stmospheric sttanuetion would appesr less savere for all wavelengths.
However, the visible through } micron region would improve for mors then the
10 micron region.

Figure 2-15 gives the scattaring coefficient for the hate considered.
Figure 2-16 through 2-20 show atmospleric transmission as a function of
range and weather conditions. Note that In the infrared there are two regions
of little atmospheric attentuction, } - 5 micron end 8 - 1k micron. Table
2-2 shows the relative frequency of occurrence of vericus night viewing con-

ditions in the Eastern Unitad States.

JABLE 2-2

Average Frobebiiity of
Atmospheric Scattaring Occurrence in
Condition A Ly Easterp U,5,*
Clear Air 3 x 10 5 /matar .25
Haze (Light) § x 10°%/mever ko
Haze 2 x 10" /meter .80
Light Fog ' 10" /meter .90
De~se Fog b x 10" /meter .98

“This probebliliity is the percentage of night viewing time when

tne givan, or better (i.a., lower), value of scattering coefficient
can be obteined. Thus 80 percent of the time the scattering co-
efficiant would be bettar then (less than) 2 x 10-)/meter (haze).
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Johnson suggested that for purpose of perception, s complex terget
mey be replieced by en equivelent ber patte.n of frequency determined by
Tabie 2-3 and an overail aspect retio determined by the nature of the terget.
The bar pattern must have the sema contrest snd inherent S/N retio as the
original terget with respect to its background. The sensor must now produce
in 8 single bar at the dispiay & S/N ratio equal to the value shown in Teble
2-) for & S0 percent probebility of perception. Probsbility of detection vs.
normaiized S/N is shown in Figure 2-21,

Exper iments heve shown that when this procedure is followed for visibie
Tight systems, the calculeted probedility of perception for the target equive-
lent bar pattern is within 10 percent of thet msesured for the actus! terget.
2.6.5 SENSOR RESOLUTION REQIRENRENTS - INFRARED

Since the resolution end sensitivity have historicelly chersctericed by
seperate paramaters, we will trest them separetely in this report, recogn-
izing, however, thet they are fundementally equivelent.

An estimete of the required sensor resolution mey be obtsined using the
Johnson criterion and replecing the terget by a bar pattern of frequency
given in Teble 2-3. The probiem now reduces to detecting the ber pattern,

In choosing the size of & sensor resolution element to best detect e
ber pattern there are two conflic ing considerstions:

1. The lerger the element size, the larger the throughput
in the element when looking et en extended source.

2. The larger the element size the smeller the NTF, | .e., the
more ditficult It is to see contrest betwesen the bleck and
white bers.
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TABLE 2-3

BEST ESTIMATE OF THRESHOLD FOR DETeCTION,
RECOGNITION AND IDENTIFI OF InAGES

kg Threshold SMRg] for
TV Lines Spatiel Frequency (Line/Pict. Mt.)

per
Oiscriminetion Ninimon of f
__Lavel Sechground  Dimemsion 100 0 300 10
Detection Uni forme ' o9 2l - » L
Betection Clutter 2 L.8 2.9 2.% 2.%
Recognition Uni form 8 4.8 .9 2.5 2.9 [
Recognition Clutter 8 6.4 3.9 3.b 3.4 i
Identification Unifora 13 5.8 3.6 3.0 3.0 L
1
“Treoted o8 an Ageriodic Object.
&2-
I
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It is shown in Appendix Il that the optimun detector size for o
perfect scanning system is the width of @ black bar. The detector size ot
which the dleck and white ders are indistinguishebie (MTF « Q) is the width
of 2 black plus & white dbar. The optimum resolution for an imperfect sensor
I's somewhere between these two limits, Figure 2-22 shows the optimus de-
tector size for various tergets as a function of renge for both detection
and recognition.
2.4.5.1 Semsitivity Requiressnts

It is essumed that the sensor must be able to provide the display S/N

dicteated by the Johnson criterion st the requi rgd spatial frequency as shown
in Teble 2-3.

Appendix | shows thet the semitivity required of o device to perceive
8 given target contrast or tempersture diffarance et the scene is & function
of stmospheric conditions end thet the effect of atmosphers is to degrede ]
tempersturs differance. Thus, {f & temperature diffarence of 10°K axists |
between 2 target snd its background end the stmospheric trensmission between
the targst and sensor Is 0.1, then the sensor must be sble to detact o !°K
temperature diffarence. This spprosch |s somewhst optimistic, since the
analysis of Appendix | considers only energy losses from adsorption snd scatt-
ering. (As pointed out eerlier, it does not corsider thet multiple scetter-
ing couses & dlurring of & point source #s wel) as energy loss and, thare-
fore, @ degredetion in MTF,

Figure 2-23 to 2-26 shoxe, the required sensitivity for an effactive
scene diffarance of 10°K a3 & function of stmospheric conditions end weve-

langth dands.
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2.4.6 PERFORMANCE OF AN IDEAL SYSTEM

The performence of an idea! non-integreting passive system |3 derlved
in Appendix Il and presented in Figures 2-27 - 2-33.

This formulation represents the ultimate performance of a single ele-
ment sensor System optimized to perceive a terget at a given range. It should
be emphasized that the instentansous FOV /s optimized at eech renge as dictated
in Appendix 11, so that the curves shewing performance as o function of range
should not be interpreted as the performence achievadle by a single system,
but rather the locus of the best performance of optimized systems st aech
renge .

Figure 2-27 shows the minimum effect!ve scene temperature difference
required for target recognition by @ } - § micron system.

This system has & single element detector, !° FOV k6 and 2 high collect-
ing optics. The optical MTF is normalized to umity.

Figure 2-28 shows the performance of the corresponding 8 - V& micron
system, also ignoring MTF,

Figures 229, 2-30 and 2-3! prpvide myltiplicative factors for the

imum resoivable temperature If one wishes to use 2 fleld of view or collect-
ing uptics other than 1° FOV, or 2 Inches diameter, or more than & single de-
tector, respectively., Figures 2-32 and 2-33 provide the informstion neces-
sary to compute the optics MTF

The T sensor is computed as follows:

F Fs F
Teensor = Tnorm semsor * N . .
MTF
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where:

A 10@1- sensor —@» This is the ﬁnlMA T obtained from the
normelized sensor (see Figure 227 or 2-28)

factor thet accounts for field of view (see
Figure 2-29

factor that accounts for optics dismeter
(see Figure 2-30)

factor that sccounts number of detected
eioments (see Figure 2-32)

EER

uTF Modulation Transfer Function of Optics (see

Figure 2-32 and Figure 2-33)
2.5 PMASE SHIFT COMMECTION AND RESIDUAL PHASE SHIFT WTF
2.5.1 GENERAL
Back and forth scen systems with interiace are prone to dispiey verti-

cal lines with stagger |f some form of phase shift correction is not empioyed.
It can be shown that the effect of a phese shift (D in the channe! emplifiers
is to degrade the system NTF by a factor cos @ Cleariy, it is desiradle to
-ﬂnb as small as possible over the entire spatial frequency range of an imsg-
ing system. One method of doing this is to make use of the fact that the phase
shift produced by an smplifier is roughly proportionsl to the frequency.

For a signel izput to the channel ampliifiers of sin (/%) the output

will be sin ((L/x .¢)_ This may aiso be written as

sin [U(x - x (J)]

where < a/), the spparent displacement for spatial frequency (/ is given by

« W) - P

1f ¢ were precisely proportional to the frequency, then uM would

be Independent of the frequency and the image would appear sharp dbut displaced.

it would heve opposite dispiacement for the other scan direction and, for inter-

laced systems |ike those buiit with common moduies, wouid produce a staggered




vertical image from a straight verticel object. This image would appaar u
wider to an MTF measuring devicae, and this is what causes tha system KTF L

to be degrade 'y the cosine fector,

Phase shift can be corrected by introducing displacements into the t
display device which will bring the images of the two intariaced fialds beck
into Iine. In the common moduies syster this s dona by mesns of a iens 'l,]
in the interlace gimbel placed 3o that it moves very siightly from side to i

side, displacing the image in different directions depending on which inter-
lace is baing scenned.

In reality, ¢ is an arc tangent function of frequency end not exsctly
proportional to W. Also, there are variations betwean detectors and empiifiers,
which change the amount of phese shift, and hence apparent displacement, be-
tween cheannels. The phose shift lans can produce only one displacement f.or all

'
frequenc.es and channels, 30 the megnitude of this corraction should be chosen '
to produce a sort of medien displacement, thus minimizing the diffarences to 1

sach axtrems,

The apparent displacements due to two channels, one at esach (imit of
high-cut frequency tolerance and aach couplied to detectors of different time
constants, reprasent the worst cass limits.

The MTF due to the phase shift aftar correction Is then

Y” &/)) = cos @-Uu.)
where Xe Is the displacement produced by tha phase shift lens for one Intarlaece

{or half the peak-to-peak displacement between Interiacas).
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2.5.2  AVEMAGE VS, WORST CACE PWASE SWIFTS

An MTF or MAT measurement involves severa! channels, not all (or
not sny) of which mey be worst case chamnels.

We may sssume that the effective phase shift will fall closer to the
nominal phase shift than the worst cese tolersnce values. Assume the aversge
toleranc : as being some fector Y times the maximum, Now, one must establish
the velve of Wwhich would represent a resl situation as far as the distribution
of pole frequencies Is concerned. [f we assume that the distribution of fre-
quencies Is Gaussisn and that 95 percent of the ares under the Gaussian falls
within the tolerances on the frequencies, then S50 percent of the ares under the
curve Is contalined between limits which are spproximately one-third of these
tolerances. The residual phese shift MTF will be colcu-
loted for hi-cut frequency limits which are one half the specified tolerance
limits (T = 0.5). The detector time constant limits will be taken to be one
and four microseconds. The larger of the aversge residual apparent displace-
ments will be converted to phase shift and used o3 the argument of the MNTF co-
sine factor when calculating system MTF, Table 2<4 gives the resultant hi-cut
frequenclies In kMz and equivalent spatis! frequencies for o 3O freme/sec scan
rote.

TABLE 2-4

TYPICAL "AVERAGE'' ELECTROMIC HIGH-CUT FREQUENCIES
WHICH DETERMINE RESIOUAL PHASE SHIFT MTF-SCAN RATE = 30 FRAMES/SEC

Nl Phase Shift Lo Phase Shift
Chenne! Nominal Channe | Channe!
Anz) f(cycles/me) | (W2)  (cysles/mr) | (kM) (cycles/mr)
Detector 39.8 0.7 63.6 17.2 159 4
Preamp 92.5 2% 108 28.4 117.5 31.8
Post Amp 90 26,4 1Mo 29.8 130 38




The spparent displacements due to phase shift in thesa chennels are

plottad In Figura 2-34 along with worst case high end low displacements end the

i displacement for a nominal channgl coupled to a 2.5 microsecond detector.

The horizontal line at 0.125 x OAS is the displacement salected to
} be removed by tha phase shift lens. No spparent displacement for any chen-
ﬂ nel is more than 0.25 x DAS away from this correction [ine. As another ad-
vantage, this amount of correction tends to make the worst case displace-
ments approximately equal! for high MAT spetial! frequancies. This meens thet
the back scan and the forth scen wiill be in reglister for this freguency, which
is likely to be the most critical when measuring MAT,
Figure 2-35 is a plot of the NTF caused by the residual phasa shife,
the difference between the spparent displacement caused by the residual phese

shift lens and the displacement of an aversge chamnal. This hes bean spproxi-

mated by the phase shift equivalent of a constant displacement |ndependent

r of frequency (0.45 “OAS). This leads to & residual phase shift MTF of

T (f) = cos (27T ¢ (0.45 +~DAS))

I where f Is now an object speca frequercy.
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MTF Caused by Residual Phase Shift Vs. Reduced
Spatial Frequency. ODashed line shows aspproximate
MTF due to phase shift |f no phase shift correction
is used.




2.5 FY AT

Figure2)6 is a simplified drawing of the mechanical scanmer. The
mechanical scannor serves a dual purpo.e; scan of the IR dbeam on one side of
the mirror, and synchronized scan of the visidle display via the opposite sur-
face of the mirror. The scanner hes two gimbal axes, the azimuth scan axis and
the elevation interlace axis. Since the scan mirror motion is back and forth
in azimuth, time delays in the signal processing electronics (phase shift) will
nis-register the images scanned<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>