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Section i

INTRODUCTION

BACKGROUN D

Projec t ion  of f u t u r e  operational  capabi l i t ies  required by the Air Force

in tac t ica l  reconnaissance indicates a continued and expanded role for thermal

(infrared) imaging sensors, such as the forward—looking infrared (FLIR)

sensors. To properly evaluate the capabilities and potential of such sensors ,

either in the developmental stage , or as an instrument of competitive procure-

ment , it is necessary to conduct laboratory and field tests of the sensors.

Fur the r , it is extremely desirable that these tests be as nearly standardized
as possible in order to permit objective evaluation and comparison of the

various candidate sensors. It is toward this end that the Air Force Avion i (s

Laboratory contracted with Systems Research Laboratories , Inc. (SRL) to develop

a Thermal Imaging Sensor (TIS) Evaluation Facility, to be located in Building

622 at Wright—Patterson Air Force Base, Ohio. This report describes the

development of that facility .

GOAL

The ultimate goal of the ongoing development effort is to establish a

fully automated facility for the evaluation of thermal imaging sensors. The

bl ock diagram of Figure 1 shows how such a f a c i l i t y  will be set up to perform

a test such as the minimum resolvable temperature difference (MRT) test or the

signal transfer function (SiTF) test. An infrared imaging sensor is set Up in

the collimated Image space of an appropriate infrared target. l i e  t e m p e r a t u r e

d ifferential (‘~T) of the target with respect to the background  ( a m b i e n t )

temperature will be controlled by a computer according to instructions entered

by the operator through a computer terminal. In addition to the target ~T ,
the computer will also control selection of the proper target pattern , as

well as perform various other command/control functions. A standard displa y

unit (e.g., a television monitor) compatible with the sensor will be used to

display the TIS image . The display unit will be mounted on a numericall y

control led X Y Z — t r a n s l a t i o n  stage whose speed and limits of m otiot will be

controlled by the computer according to programmed instru ctions. Mt.asurvmen ts

of the brightness and spatial properties of the disp layed image will be made 
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by means of p hotometers .  Ce r t a in  tes ts  ( e . g . ,  1~~T) w i l l  r e q u i r e  tha t the image

be viewed by human observers. Both t~~IC human observers and the photometers

will provide input data to the computer upon command or appropriate stimulus.

This input data will he routed through a coupler—controller to a Hewlett—

Packard computer which will perform all necessary computations and output the

processed data in a pre—established format.

METHOD OF APPROACH

The approach to achieving a fully automated TIS Evaluation Facility

included the planning and research necessary to obtain the required equipment

and hardware , especially long lead—time items . Items which were defined and

initiated for procurement during this phase included the infrared source  and

target assemb ly, the associated temperature controller , optical components

(e.g., mirrors and photometer slits), and mounting hardware and translation !

rotation assemblies for the folding mirrors , the source and target assemb ly,

aad the sensor. In addition , a “mock” system was set up to simulate the

characteristics of the temperature controller , temperature measurement devices ,

and temperature readout instrumentation. This mock system permitted the

writing of computer programs for controlling and monitoring the AT prior to

receipt of the temperature controller and the source/target assembly. A

block diagram of the mock system is shown in Figure 2. The temperature

controller was simulated by a digitally controlled voltage source and a di g ital
• voltmeter; an RC network was used to simulate the characteristics (i.c., t h e

• time constant) associated with the therma l source . The amb j en t  t cmpera ture

was measured by thermistor p robes m o u n te d  on a metal p 1 ;l t  e.

the second phase configuration of the TIS Facility imp lemenLa .ion is

shown in Figure 3, which illustrates the facility in its present .~tatus . This

part ially automated facility incorporates the digital1y controlled temperature

controller and source/target assembly, although manual selection of target

patterns and manual control of the photometer ranging and scan n irs~ are s t i l l

required. In addition , the present configuration employs a modi ’ ii’d l agun

milling machine base as an XYZ—translation stage. Although this translation

stage can be remotely controlled , control is still manua l since ~une ric al

control and programmability have not  been inco rpo rat .  e d .
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Se ct i o n  II

TECHN I CAL D I SCUSS I ON

INFRARED SOURCE

The h e a r t  of t i l e  TI S t~vilua ti on Facility is tIie eomputer—cont .rolled ,

di f I e r e n t  i a l — t e m p c r a t  u r e  ( i n f r a re d )  s o u rc e  p u r c h a s e d  ron E l e c t r o— O pt  I ca l

I n d u s t r ies , Inc . , Sa n t a  b a r b a r a , Ca l it o rn i a . Nominal  spec i f i c u t i o n s  f o r  t h i s

source are shown in Table I .  The source is p rov ided  w i t h  a set  of t h r e e

in t e r c h a n g e a b L t  t a r g e t  p l a t e s  w i t h  var ious  p a t t e r n s , i nc lud ing  f o u r — b a r

r e so lu t ion  t ar ~ et s , ci r cles , sq ua res , and cross h a i r s , as well  as a s l i t  for

~-f~ F ri~easu r er~cn Ls

:~i~~ ~~~~~~~

t h e  d i t f e r e n t i I i  t e mp e r a t u r e  source (Lo T Model Ne . 19243) is a the r m o—

e l e c t r i l - i l l y C e O t c h  and cooled  me ta l  p l a t e  con ta ined  w i t h i n  i t s  own housing.

The ~ou r c : e  p l a t e  j t~~c l f  is pa in t ed  black ( K r v l o n  1602) and has a n o m i n a l

em i s s i v i t y  of 0 .98 ( 1 — 2 5  m i c r o m e t e r s ) ,  w i t h  a u~ c t i i a c t i v e  area of 4— in. by

4—in. A target (background) p l a t e  is held  in a r o t a t a b l e  slide mechaniso

which is mounted e x ter n a l ly  in f r o n t  of the  source  p l a t e  and insulated

therer corn . A sliding baf fle plate , in fron t of the target p la t e , a lso h e l d

in place by the rotahable slide mechanism , masks adjacent target patterns i roni

the sensor FOV . Both target and baffle plates are also pa in ted  b lack

(Krvlon 1602), and have nominal emissivities of U.9~~. One ei  t h e  1 n g ~-t

slides has a total oil t w e n t y — t w o  fou r—bar  r e s o l u t i o n  t a r g e t s  w i t h  n o m i n a l

spat m l  I r e q u e n c  1 es ranging from 0.25 to 9 . 0  cy/mrad when c~ ed w i  l b  t i l e

103. 1875 i n .  f o c a l  l en g t h  p ar ah o l  ic  mirror. The S I c o I l d  t i rg~ - t  5~ ld~ lOIS .1

series of c i r c u l a r  i p t _ r t i i i - & s , and t h e  r e m a i n i n g  s lid e h o l d s  squa r s, c l c ~s

he l l r :~~, ;i n d  a 0 .01)2 in. (nominal) s l i t , as w e l l as I s p ac e  t~~)r  U~0 I . l t i n g

a I I y des 1 gol d aj i e r t  l i V e s

(1

L ______________________- . - 
~~~~~~~
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TABLE I

SPE C I F1CAT I ON S FOR DIFFE ~ ENT 11\l. TE~~-E RA - ruL1 -:  SOU RCE

Dimensions :
Source: 8 in.  hei ght  by 8 in.  w i d t h  b y 12 in .  dep th
Target P la tes :  3/8 in. t h i c k  by 14—1/4 i n .  l eng th  b y 5 i n .  w i d t h

Source A c t i v e  A r e a :  3 in .  by 3 in.

Source Tempera tu r e  Range : 00.0 to 9 9 .9 ° C

Source—Target Dii ferential Temperature Range : —21 ).OC to +~ 0.OO°C

Source Absolute Temperature Control and Readout Accuracy: 0.1°C

Source—Target Differential Temperature Measurement Accurac y:
0.0 1° C (—20°C to +20°C), 0.1° C (above +20°c)

Source—Target Differential Temperature Control and Readout A c c cr a e v :
• 0.01°C (—2 0°C to +20°C), 0.1°C (ab ove +2O~ C)

Temperature Measurement Rate:
Manual Control: 4/sec
Computer Control: 10/sec
(Upon command to BC!) output interface , BC!) i/O interface
maximum time to select and read any desired temperature
must be less than 100 msec)

Differential Temperature Stability: ~0.0l°C due to ambient temperature
change of 10°C, or power line variation of 1.0% from nominal
115 VAC

D i f f e r e n t i a l  Tempera tu re  Slew R a t e :  0 . 2 5 °C/sec

Tempera tu re  Sensor Time C o n s t a nt :  I see

Sou rce Damp i n g  Coot f i c i e n t  : 0 . 7  • 0.1 (near  c r i t  i c i l  lv damped)

T em p e r a t u r e  G r a d i e n t  w i t h i n  F i e l d  of V i e w  f o r  i loth  S o u r ce  an d
l a r g e  t Plate: 0.01 ~c (Q) t o  20°~~, 0.05°C ( lOo Ve  20 ° C 1

t a r g e t Plate ‘l emp er a  t u r e  : A m b i e n t  I emper i L u r e  - 5°  1~ ( I i  rge p I I I  e n •) I
to he h e a t e d  or coo led by source to i p o i n t  w h e r e  i d i i  I eren  t Ia I
t e m p e r a t u r e  of  80 ° C cannot he ach ieved )

Source and Target Plate Em issivi tv: 0 . 980 0 .005 b e t w e e n  I and 25 nm
wavelength , both ident ical

Field of View: 15°

I nput Power: 1 15 VAC 10: si fl~~ i c  p lolsI h I )  II ; -

- .
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1 j~y r a t u r e_ C o n t r o l

Direct control ol the  d i i  t . e r e n t  i i i  t emp er a t u r e  sou r c e  is aeco mp i i . s U e d  by

means of the temperature entroller (LW Model No . D222.~+RS ) . The  o p e r a t o r  hoc

t h e  op t ion  of controlling either the absolute temperature ot ti e source

p la te , or t he  d i f :  erent i . i ~ t e r n p e r : i t u re between t i l e  stitI r L e an d t h e  t a r g e t

p la te , it’. i n c r e m e n t s  3s SOi tl i  as 0.01° C .  The sou rce  p Li t~ i i i s o l  Ott t e f l L ) e r a —

ture may be varied from 0°C to  100° C , w h i l e  the  t ar g e t  p l at e  r e m a in s  at.

ambtcot temper~ ture (f.e. , cann o t be c O n t r t ) ~~1eC) . A cc iira~ v oil  t oe  t e t ’ . pe r dt u r e

control is 0.1°C or the abso lu t e  sour c e  ‘ . t - m n e r o ’ .  u re  lOt.. I i .O l ° h f o r  t t i c

temperature differential from —20°C t o  ~- 1O~~C ~t I .  1° C u c c t r a c y  t O V ~ ±:u C)

A t o g g le  s w i t c h  on the i ront p~~i l t ~ i u l  L Se  t~~~..l l i 1  I t
. 

~~r i roller ~ linw s

s e l e c t i o n  Ut either t h e  REM OTE ( c o mp u t  ~- c  - e n t r o l )  or  UI A l .  i 0 t i i l l  i o ’ . t  r o l

on t ro 1 m o O t - - - . W i  Li i  t i l t . -  t o g g le  sw i t  c i i  in t h e  Li ( A , .  pus i t  on , L I t ,  I r eFi t P a n e l

co n t r o l s  ar e  e c oh i ~~d ,  t em p er a t u r e  o n t r o l  i s  I o n i p l i - i t -Li by  o t w i  o l  t i n -

• ABS OLU ! L / D l  F E E k E N t I .-\ l .  SW i t ch  and t h e  I o u r — d e c a d e  .MPER1 \ Rh t i i i i m h w h e i  I

switches.

In t i e  d L L u  I !  r~~d~ , the f r o n t  p a n el  c o n t r o l s  i r e  d i s a b led , an d coot  r o l

is a c c o m pl i sh e c  t :i l r o u gh  the  d i g i t a l  i n t e r f a c e  by t h e  c o m p ut e r  a c c o r d i n g  to

programmed i f l s~ r t i c t  i on s .  I h i e  d i g i t al  i n t e r l a ce  Is t o u r — d e c a d e  BC!) , v i  L i i  TT 1~—

c o m p a t i bl i -  pos t i  Ce ~ Il~~ 1C in ~i — n — 2 — t  code , p lus a s ign  hit. D a t a  on t h e

i n p u t  I i  n ’s  is l r .p u t t t - 1l when  a ‘‘ ii to re  d a t a ” command is i e e e  ived . The ‘ s t o re

da ta ’’ command is t v p : t  a l l y -~0 I )— n s  d u r a t i o n , p o s i t i v e  true l o g i c  w i l i c i l  c m  h~
r e set  i i i  t • - r  1( 1 sec by a ‘ b u sy ’ s ig n a i  . Ili e temperature con t r ol ler r e t u r n s  a

“ h I I ~- ,- ” S i g n - I l  di t e r  r e c e i v i n g  t i l e “ st o re  o a t - i ’ command unt . i I i t  l a s  l a t c h e d

the 0 1 1 1 1 .  t h e  ‘ b u s y  s i g n a l  i s  — 20 Sec  p o s i t i ve  t r u e  l o g i c . o~~ i i n p u t

i n  11. r I ace  p i n  ass i gnmen Is f o r  tempe riilure - ti nt r I t  I a re  shown in T a b le s

t h r o u g h  4. l ’i~~s 15 t h r o u g h :~ a r e  used  f o r  i n p u t t  i n g  d a t a  ( r e f e r  t o  l a b  I .  -

I o r  p i n  a s s i g n m e n t s  and assoc i at ed  s i  goals) . P i n  1 +  s e l e c t  s t h e  s i gn (1 1 ( I i  -

inputted da t a  
* and p i n  20 se I c i t  s : l ie  dec ides  i n t o  w l i i  c l i  t h e  two i i  t a  h i t  s

are  to be i n p u tt e d . P i n  2-5 is usea I ’  i n d i c a t e  t h a t a r e a d  or  w r i t e

o p e r I t i o n  i s  ti he p e r f i ) r f l ) e d i , wi ll Ic p i n t  22 and 23 III, ~~~~~ t o  s e l e c t  n t L l r t - t - ,

t a r ge t or I l l  I r t n t i a l  t e m pe r a t u r e  I or i i  L h er  ti t i - . u r e m t n t  01 c ou t t o l • d e p t  n O i ng

8



lA th i - ; 2
BCD I t~PU i 1 NTI-RFAC F

Pin No. Code Record/Program Character

BO (Least S i g n i f i c a n t  B i t )  or 32

Bl or 33 (Most  S i g n i f i c a n t  B i t )

34 sign bit “1” = minus; “0” = plus

20 bit select “1” = BO , B 1; “0” = B2 , B3

24 read /wr ite “I”  = read ; “0” = w r i t e

select See Table

25 control  ‘i” = local; “0” remote

32 store data “1” = store data

26 ground

33 busy “1” = busy 
- -

TAB l E 3

SEl E C T I O N  CODES

Pin 22 Pin  23 F u n c t i o n

0 0 Source

0 1 Target

1 0 Differential

1 1 No operat i on *

invalid condition 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~—•--
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TAB LE -5

BCD OUTPUT i N T f R F A C E

Pin No. Code Output Character

S i g n i f i c a nt B i t  BO

13 d c c  i ma l  “1” = 0.01 ; “ 0” 00.1

• 17 s i gn b i t  “1” = m i n u s ;  “0” = p l u s

9 i Most  S i g n if i c a n t  B i t  83

48 record  command “0” = da ta  a v a i l a b l e

46 encode “0” = o u tp u t  da t a

50 gr ound

on t h e s t a t u s  of p in  24.  (See Table 3 for assignments and assot.-ia ted signals

or p ins  22 and 2 3 . )  P in  25 con t ro l s  s e l e c t i o n  of e i t h e r  REMOTE or LOCAL

con t ro l  modes , and i t s  s t a t u s  is d e t e rmi n e d  by the  p o s i t i o n  of the REMOTE!

LOCAL toggle switch on the front panel.

I e n i 1e r i i t i i i -  ‘b’ i s t i r et ncn t

Ah s o l u t .~ - an d  ti ll ferent ial t e m p e r a t u r e s  ~lr  ilt i s ur e d  by li - IOn ot I I  i h r i t  e l

p l a t i n u m  r e i -; i s  ~u i c i  t I i - r n o r i , - t  i - r n  (PRT ’ s) embedded  in t h e  Soliit t p 1 a t  i 111111 t lit

target si i d i -  b o ] t h r .  l i l t  P R I  o u t p u t _ s  a re  r e ad  by the t empt - r i )  l I r e  meI ln I I e t f l e n l

c i r c u i t r y  of  t h e  t e m p e r a t u r e  c o n t r o l l e r .  Readout is performed e i t h e r  v i sua ll y ,

by m e a n s  o t  t h e  c ’u r — d t o - n l t -  d igi t al P°1~~ 
1 meter • o r  h\- t he c o m p u t e r  til rougll

t h e  1 i g i t ; i  1 in te rt l I c e .  In  the  h . O ; \ 1 .  mode , t i l t -  a b i - i i ’ l n t &  so u r ce  I I l l i p I r I t  l i l t  i i -

disp layed on t o d i g i t a l  p a n e l  m e t e r  when  t h e  S( ) i E ( b / T J T - \ I i C h - J  s w i t c h  is in

SOURCE position. S imi I or lv, with ) the SOl R( 1:1 / TA R CE T sw i t c h  in til t’ h . \ R C h - Y I

pun it ion , tlii - dig i t  i I p a n e l  met or d i HP i c’s t i lt lb s  I l l l t i  rg~ • t erip 1 1 1 1 1 1

11)
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~~~~~~~~ —-~~~-—~.- -..~~~~~- _ . ..- -- ~~_‘-

With the switch in the ‘T pos i t i on , the s o u r c e — t a r g e t  t e mp e r a t u r e  d i f f e r e n t i a l

is d i sp l ayed .  Readout r e so lu t i on  is 0.1°c for the absolute temperatures , and

0.01°C for the difiere ntial temperature from —20°C to +20°C (0.1 °C above

+20° C).

In the  REMOTE mode , the measured t empera tu res  are read f rom the

temperature controller via the digital interface (again four—decade BCD ,

TTL— compatible , positive true logic , R—4—2 -- l code with sign bit). Pin assign-

ments and associated signals are listed in Table 4. The temperature data is

latched onto the output lines by an “encode” command , nominally of 120 gsec

duration , negative true logic (TTL—compatible) . When an “encod e” command

is rece ived , the temperature controller sends a “record” conmiand (10 sec

duration , negative true logic (TTL—cornpati b1e~ ), i n d i cat i n g  tha t data is

available on the output lines , and the data is then recorded by the computer.

Target Plates

The JR source was supplied with three target plates as described above .

Table 5 lists the various targe t apertures and their nominal sizes. For the

four—bar resolution targets , Table 5 also lists the measured mean spatial

frequencies of the targets as they were received from the manufacturer.

OPTICS

~ pt  lea 1 (Ion

Laboratory resting of long—range optical (inc l uding infrared) sensors

r equ i r e s  tile use of a co l l i m a t o r  sys tem w h i c h  p laces  a v i r t u a l image t i t

i n f i n i t y  of the  t e s t  o b j e c t  to he viewed . Such a c o l l i m a t o r  system mo~’ h~

either refractive or reflective . The ‘lIS Evaluation Facilit y uses a collimator

system of the latter class , consisting of a 12—inch diamett -r (103—3/16 in.

focal length) off—axis parabolic mirror segment , whose focal p l a nt - is d i s p l a ~ t s t

by reflecting th o p t i c  a x i s  90 degrees by means 01 a p lane I i r s t — s t i r t  l e t

mirror (Figure 4 . When an i n f r a r e d  t a r g e t , su ch is One of tIo st described

above , is placed in the  c o l l i m a t o r  f o c a l  p lane and viewed by an in t r i re d

11
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TA B LE 5

TARGET APERTURE SPE (IFICATI ONS

1. Four—Bar Targets (7:1 aspect ratio) (Target Plate No . 1)

Spatial Frequency (cy/mrad at 103.1875 in.)
Target

No. Nomina l  Measured % Difference
. Mean

1 i 0.25 0.2490 -0.40
2 - 0 . 5 0  - 0.5017 +0.34
3 0.75 0.7489 —0.15
4 1.00 0.9996 —0.04
5 I 1.25 1.2487 I —0.10
6 1.50 1.4951 

- 
—0.33

7 I 1.75 1.7517 +0.10
8 2.00  1.9955 — 0 . 2 2
9 2.50 2.5009 +0.04
10 3.00 3.0146 +0.49
11 -

i 

3.50 3.4920 I —0.23
12 4.00 3.9901 - —0.25
13 4.50 - 4.4967 —0.07
14 ; 5.00 ; 4.9747 —0.51 *

15 5.50 5.4832 —0.31
16 6.00 5.9567 I —0 .79
17 6.50 6.4419 —0.89
18 I 7.00 6.9706 ; —0.42
19 7.50 7.4337 I —0.88
20 8.00 ; 7 . 9298  I —0.88
21 I 8.50 8.4624 - —0.44
22 9.00 8.9581 —0.47

2. Circular Apertures (Target Plate No. 2)
Angular Subtense

Target  Diameter  a t  103.1875 in .
No. (in.) 

— 
( m r a d )

1 1. 816 17.6
2 0.540 5.23
3 0.454 I 4.40 —

4 I 0.381 3.69
5 0.320 3.10
6 0.270 2.62

13
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TAdLE 5

‘l’ARGET APERTURE Sl’ECIFICATIONS (cont ’d)

3. Squares , Cross Hairs , Slit (Target Plate No. 3)

Angular Subtense
Target  Dimension a t  103.1875 i n .

_____-- ~~~~~~~~~~4 _  (m rad) 
- -

Large Square Side — 0.682 6.61

Sl:mljl Squ~ re 
- 

S ide — 0.170 
- 

1. 65

Large Cr oss -

Hair Length — 0.682 I 6.61
H oe W i d t h  — 0.040 0.388

Small Cross
Hair - Length — 0 . 1 7 0  1 .6 5

Line W i d t h  — 0.010 0.0969

Slit Height - 0 . 2 5  2 . 42
Width — 0.0194

sensor , i t s  angular  subtense as seen b y the  sensor is the same as its angular

subtense with respect to any point on the surface of th i-  parabolic mirror. To

min imize  the  presence ol stray infrared radiation , a ri gid baffl e system has

been c o n s t r u c te d  and placed around tile collimator system . Space is provided ,

between the ri gid baffle and the  sensor , to p lace a s p e c i a l  mounting fixtur e

desi gned to ho id  window m a t e r i a l s  in  any o r i e n t a t i o n . A wooden I r ame p l a c t - d

around this lixture and a b u t t i ng  t h e  rigid baffle allows the use of a

blackout cloth to provide additional baffling between the
1
rigid baf i le and

the sensor.

A seco n d i - s sen t  i a l l y i den t  i ca  i collimator system , io -att-ii in t i i t

collimated image space of t h e first , is used to test transmi t_ Lane - , spt -ctr ~i1

response , and ~m g e  s p o i l i n g  p r o p e r t i e s  of w indow m a t e r i a l s .  In  t h i n  ca n - ,

an appropriate pattern p laced in t h e focal p lane of t h e  t irs t col limator in

Imaged by t h e  se ond o n t o  an appropriate d e t e c t o r  p r e ce d e d  i n  t h e  op t  i~~~~~ i l

1) 0 1 1 1  b~’ t ’ t t  her a w I di —i,-iiid l i l t  m r  or a n a r r o w — b o o t h  - i rc- ii l n i  var i oh li I i I t or.

_ _ _ _   _~~- - --‘.-~~~~- - --~~~~~~~~~~~~~~~~~



L o c a t i o n  of the  Sensor in Col l imated  image Space

The maximum distance of the sensor to be tested from the collima t ing

mirror can be determined as follows . In Figure 5 the collimator is

represented as an off—axis section of an ideal lens. This ideal lens

collimates light from a point source at its focal plane into a cy linder o f

light. The angle that th is cylinder of ligh t makes with respect to the optic

axis can be det~ rm1ned by extending a ray from the point source through t h e

center of the lens where it would pass through unrefracted . For an extended

source , an infinite number of these cy linders of light exist in the

collimated image space. For a circular source of radius y, the superposition

of these cylinders produces a cone of uniform irradiance whose apex at point

T (Figure 5) can be shown to occur at a distance X~ given by

rmf
Xc

where rm is the radius of the collimator (i.e., the active portion of the ideal

lens) and f is its focal length . For a 12—in, diameter collimator with

f = 103.1875 in.,

619.125
Xc in. 

-
~~~~

So that the sensor to be tested is uniformly irradiated over its entire

entrance aperture , the diameter of the entrance apelrture must not be greater

than the diameter of the cone of uniform irradiance ; thus the larger tile

entrance aperture , the closer the sensor must he to the collimator for a

given size target pattern . The farthest point at which the sensor should be

placed from the collimator for a given entrance aperture is represented by

point S in Figure 5. The distance X0 = RS can he shown to be given by

— ~~~~~~~~X 0 —

1 )
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wher e ra is the radius of the sensor ’s entrance aperture. For a sensor w i t _ i

a 9--in, diameter entrance aperture , with t i l e  values given above f o r  f and r m ,

154.7 8
xo = in.

y

Obstruction of the Uniform Irradiance Region Due to
Placement of the Folding Mirror

The plane first surface mirror used to fold the optical path 90 degrees

from the optic axis was originally sized to allow the imaging of a maximum

3—in, square target. The largest four—bar target presently in use is

2.0472 in. d i a g o n a l ly. The mirror has been located to permit imaging of

targets 2.05 in. or less in diameter . The required p lacement of this mirror

with respect to the parabolic collimating mirror can he determined from

Figure 6 using analytic geometry.

The equation of the upper ray from the upper source edge to the upper

edge of the collimating mirror is

y = x t a n ~t + 2 R N + D A

where

2RM + DA - r 5tan i

where -
~ is the angle of the  ray with respect to t h e optic axis , ~~ 

is t h e

— 
radius of the collimating mirror , hA is the distance of t h e  l o wer  t -dg t~ 01 L i i i

collimating mirror from the optic axis , r5 is the radius of t h e  Iarg t t

pattern (assuming a circular pattern) , and f is the collimator local length.

The equation of the plane of the folding mirror is

y x + f - Dm

wher e D
~ 

is the di s taft-c from the source to I l i e  ~() in t where t hi  i P 1 one

Intersects the opt i (- axis. h u e  source is l oc i t emi I t  t h e  point (— 1 ,01 .

17 
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S o l v i n g  th e s e  l w  e q u a t i o n s  s im u l t a n ~~ou n  I v  yields t h e  point (x , v) at

which  the upper edge a: the folding mirror should be p l a c e d  to allow imaging

of the largest four—bar target (2.0472 in. diagonall y). With k’1 = 6 i n . ,
= 1.0236 in., 0A = 3.0 in., Dm 

= 12 in., and f = 103.1875 in.,

2k~1 -t — r5 12 + 3 —_ 1.0236tan-i = = 
103.1875 0 .13545

and the two equations above are solved simultaneousl y to giv e

Dm + r5 12 -t- 1 0236x = — f = ‘
~~~~, — 103.1875 = — 88.1235il — tanem ) 0.864~~

and

t a n z ~ r6 12(0. l354~ ) * 1.0236
y = --- - -—-

~~~~~~
- -— —  = - ____ — = 3.0640

(1 — tani ) 0 .86-+i5

l iking into accoun t the t h i cknes s  of t h e  mirror substr ati- ( t  = 1.0 in. ) and

allowing for a 1/32 in. bev el on the edge of the mirrored surfoct- , t I l e  p o i n t

(x ’ ,’,’)  = (— 8 8 . 8 0 9 , 3 . 7 9 3 )

represents the location of the upper rear corner of t h e  mirror substrate.

Tm) determine how much the folding mirror obstructs the region u t

uniform irradiance , it is noted tha t the depression of th u lower ri-I I - c t _ i d

ray with re ~p e t  to a line from the lowe r td gt- of t h e  mirror p i r t - id to the

optic axis , at a distance X p is

X )1 r~,d =  - -

~~~~

-

At X p J = 88.H9 in .,

~~~~ 
l~~~ ) 9 ( I . 0 2 36 )  -= ] l  ~. l 8 7 ~ 

- - = 0.881 in.

I i

~ 

-
~~~~~~~~

-
~~~~~~~~

--
~~~~~~~

- - -
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With respect tc- the origin ,

= d + 3.0 i n .  = 3.881 in.

and

y~~ 
— y ’ = 3.ml — 1.793 = 0.088 in.

Thus , t h e r e  is no o b s t r u c t i o n  of t i i t -  r e g i o n  o: uni f o r m  i rradiancc due to t :- e

f o l d i n g  m i r r o r  w h en  i t  is located as shown ~ hove .

LI  fe-ct c i  t u e  ~ o 1 1 t m a t o r  on M e a s u r c t ~c~ - 
o : 03 i c i I

T r a n s f e r  F u n c t i o n s

For the  p u r p o s e  01 t h e  f o l l o w i ng  a n a ly s i s , i t  i s  a g a i n  ass u m e d  t h a t  t i n

c o l l i m a t o r  can be r ep r e s e n t e d  by an iLleal lin s , a l t h o u g h  t hit o f f — a x i s  c h a r a c t e r

of the real collimator will be ignored. Figure 7 illustrates , in ~‘irv

simp lified fur~n , a typical OTF measurement setup .

An a p p r o x i m a t e  p o i n t  s o u r c e  is c o ll i m a t e d  by l ens  L . The opt ical svst tm

to he tented (in this cast - a simp le lcns ) , L , is p lace d a d l ~~t~~t c t -  ci b e h in d

i t  anti  it- intt:ns it v d 1st r I j o l t  ion is r u - i n u r e d  in  p lan e 0h ~ ‘ , t h i c  foc~ 1 p l Of le

01 t i l t  t i - n t  l e n s .  I t  i s  i m p o r t i n t  t o  kn ow w h a t  i i  I t  I f * - c t ~ of t i l e  cal i~
lens art on m(asll rdm eiIt . Pie q u ; i n t  i t y  b e i n g  mm~ i s i r i - d  i s  t h e  m i l d i l I t I t  j u l - i

t ran s  f u r  I l in e  l i o n — —  t i l i -  modil I l l s  0 1  L i i i  opt i i i  I t r o l ls  c i  nine t (10 . 
1 1 1 

j i lt

optical trans; r t o i l e t _ i o n  is L i i i -  I -au r ~ t-r Lr an st ui-rn o t  the iiii t I ro~ paIu- ~-

f u n c t i o n .  r i0  Ci ar t -  s e v e rl i  ty p e s  i t  u n  it r e s p o n s e  I l it_ l i t i o n s  and opt i c - I I

t r a n s fe r  fun ctions .

In generit , we di-si- rih i- op t  i c i l  s i g n a  I s  i)V 0 comp l e x  I l l l i t t io n .

U(r) = A (  u )  i :  ( r )

c oi l s  nOr i h g  t i l t -  uiie d 011* 1 1 1 1 1 1 1 1 1 1  3 *  I~~~~~~ >1 I or Sill!j ) i i c li v , t l i t -  * X t  i l l S i o n  t o

Inure * h h I ’ n - l l - ~~i u h 1 s  b e i n g st r i i g hi t loi- w ;ii -d. Wi a r * -  i n t * u t s t e n  I I I  p i  i 1 * t - l  t i * - — ci 
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the optical signal in a p l a n e  r e s u lt in g  f r o m  a si g n a l  i n  p lane (s e e

Figure 8) with -o at- opt ical apparatus in the  region (schuuma t ~~i ally) i,etween

and t . We will finall y consider t i l e  lurt hi er transfer of the si gnal to a

third plane c .

a 8

- 1 2
- I -~~~~~~ ~~~- -

Figure 8. Transfer Function Notation

Different Kinds of Transfer Functions

I. Amp litude or coherent transfer f-~~n t t  iOn

I ’ h i t -  amp i it_ ode in t h e  second p l a n t , V 2 (  ) , is g i v e n  i n  t i r r o  a t  t I t t -

in ii ia l signal , l~ (
~~

) , by

P ( -
~ ) = U 1 () K ( e ~~ ) th t i )

the in tegra l ha i ng  carried ou t  o ver  t i l e  entire 
~ p h i~~~ - . :~ is  t i e  Ufl  i t

amp litude responsi- f l l n c t  i o n , i . e . ,  th e signal which would nit i~ it

1 i ( ) = ( — 
~
) bi t i obim ri nt t i lt_ i s I ~r i  unt t ion K ( v) i s  l i i i  1 a t I

trannt arm of K ,

K(-4 F )[K( ) I

‘3 1 5 * ) , we I~~IIi u ) t ; l i n  ti n i — o u r  i t - C  I C h i t  orm a t  P by t - l v i l i l t  O i l)  t i l t

l i t -i

t J ( ) U 1 ( ~~) K ( v )

-~~~~~~~ -- - - -~~ - - - - - - -~~“-~~~~~~~~ - -—- --- - ~- -- - -~--~~ -4



2. Mutual intensity transfer function

The mutal intensity, F2, at points i~ and in the  p lane is the

average (time or ensemble for signals obeying the ergodic hypothesis which we
always assume) of the product of U(z1) and U*(n ),

1 2 ( . , ~ - )  - U ( t ~~) U *( ~

wher e * denotes complex conjugate and < denotes averaging.

Applying Eq. (1), and interchanging the linear operations of i n teg ra t i o n
and averag ing ,

- 
- , ~ 

= 
H b 1 ( :~~ ,~~~~~

, )  K( 1— r 
~
) K*( * - - )  d~ d1 (2)

As can be seen by letting

1
~i (~:,~~

) - -~~~ i - ~c - j )  ~(

the product U (11 ) = K(11) K*(~~~) is the unit response for ihe mutual

intensity. The mutual i n t e n sity  t r o n s i e r  i i i n t t i o n . H (  , v ) is toe F o i i r i  t- r

t r a n s f o r m  of the mutual intensity unit response funi-t i on ;

= F [K(y1) K*(~3 ) I

ihe i-uuri er t r a n s f o r m  ol - is g i v e n  i)V

- - ( ~ - , )j  I- I - - - ( - , - , ) I = - ( -  - , ,
~~~

) 11 ( - , 1 3)

3. In tensit y ir iinnl t- r funu-tion

N o t t  th~it  l I ( v  , ) is not t h e j f l t t - i I ~~jtv transfer t unet ion. h v 1 ~ c I t  jog

i i  = t _

( ,  i )  1 ( ~)



but the expression inside the intt-gral (2) does not contain the intensity,

(ç ,ç1) , but ~s still the mutua l. L nl e ns i t- i . For the c o m p l e t e ly  i l c u h er e n t

case, if we set i 1 (ç1 ,~~- -) = 1(ç1) o (ç1,ç~ ), we have an expression for this

extreme (unrealistic) case of no coherence. From Eq. (2), after performin g

the ç integral using the delta function ,

= i (ç~ ) K(~~1_ :1) K*(~~ _ç~ ) dç1

Now , let ~~ = - i ~~ and we o b t a i n

i( ~~) (~~j ,  ~~) = 1(ç1) K(-~ 1- - )  dç 1

Thus K (t1 —~~1)
’ in t h e  in tensity transfer function for the c~~~~~i- telt-

incoherent case.

Cascading of Optical Elements

I f  more t han  one optical component is used in series we would like t o

know how to find the transfer function ol the combination , knowing those at

the individual elements. The first q u e s t  ion to hi- answt-red is, which

tran sfer function ! Since intens i I i e n  art- the measured quantity , ii mig h t  st em

that t h e  intensity transfer func Lit -in is llppr opri a t i . H o w e v e r  this f l l n et  i o n  is

tin I v appropriat e for comp le ti- I v I ncoht-rent Ii gli t . in the n t - a s i i r c l i - i t S 01

interest , part i I c o h or t - n e t -  ox 1 s t_ s , par ticularly in tOt- ( i l - i t emnic i  i at t i  ) p1 ni~-

in Figure 8. Since we do not measure amp litudes , the am~)i i Lude ransi i i

f u n c t t o n  is  no~ h el p f u l .  The m u t u a l i n t e n s i t y  t r a i i s :e  r f u n c t i o n  is  t h e  p I o p t r

quanti t v .  An ni Int ed out in Item 3, t iit m ellnll ri - d q uantit y , w h ii cc is t I l e

intensity (in t h e  plane of Figure 8 or the plane PP ‘ in Fi gii r t 7 )  , c m  hi

obtained using the mutual intcns i t v t  r i n sf e r  f u n u -  t ion.

We bi ;i v i - , by us ing Eq. ( 2 )  tw jet - ,

I.
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F (ri. --- )  l - ( r
~~,

8- ) K ( 1 - 1 — - i l )  K *( )  d-i 1 di

= F 0 ( ç 1  ,~ ) K1 ( , 
~— 1~1) K l

*(t ~ ) K (f-1-~~1) K 
*( 

- 
-

) d1 1d ç d ~~1 d t :

where K 1 ( ~~~~~~~~ I )  K i *( — 
~~) transforms from the ç plane to t h e  p l a n e , and

K - (-~ 1— ~1) K
*(r — ) transforms from the plane to the plane . 

~ 
is tbii-

mutual intensity in the plane .

Fourier transforming,

- 
-
. 

7
~~i (r  ~i — —

F ( - i i -:) c~ 
- - ~~- : 7 ( ~~ ,r - )  d -  1d

By substituting Eq. (4) and using the convolution tbieorem , we obtain

2 ( ~ 1’ ~~~
- )  = ~1 1 (~ 1 ,~~ 2 )  H -  (~ I ‘ ~2 )  F (v 1, -

~~~)

But , from Eq. (3),

~ ( 
~~ 

= F 0 (v 1  , v~~) H
~ 

( i~

where }j
~ 

is the mutual intensity transfer funct ion for the entire system.

Thus we have t h e  following rule: t t i i -  m u t u a l  i n t t n s i L \ -  t r a n s f e r  f u nc t  ion

for a cascaded system is the product of t h e  mutual intensit y transt t- r  I u n e t  l u l l s

ot  the components.

Since U = 11 - ~
- ‘ 

~ ( j  = I , 2)  and h1~ = u1~ - i- ’ , wi a l s o  h a v i

ii ~~ = ii 
- ~I i (and - = 

~1 + - -

; t i l k  ( l ’ ; i i t  ia I j n i t - i i n j  t y )  mu diila t 11 * 11 t r u lis t or I u n i t i on  Ii - u s a  I 1 I aw-

a p rodlh i I rul e .
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DeVelis and Parent~
2
~ show for t bt - case of a diffraction—limited lens

that

- 1 , ~~~~~~
H = K (~~1, )1 =

( 0 , otherwise

where a is the  lens di  am ter , is t h e  opt ical wavelength , and f is t h e  f o c a l

length . The product of two such functions is of the same t a r n , i .e . ,

1 , ~i - ,~~--

= H H  = Kj( i , ) 1
U , ot  lIe r w i  si

w ho r* t he ~~~ - - ‘l1i ~~ i hi l i t  lOt-I  t i e  m i n i  Iliu m V u  l i i i -  ( I t  ii / I i I I  Ill I t u t -  i t-uses , i . e. ,

the maximum f/nt,.

Comparison of i / N u m b e r s  in a Cascaded System

Figurt ~ 9 iiows  1 collimator such as tuat of Figure 7 with a pro~ i-ct 1o fl u t

the collima tor lens into t ) i t - aperture space. the b u ilt angle ol the l i m i t i n g

cone of rays determining the e fie c i iv e f/no . of lens 1~ is

=

where 1)1 ‘ is the d i ame t i- r 01 C ‘ , t he iii i gt - 01 L , and h is t 110 e 1 st - i n  - e *

f r o m  t h u  st -and Iat -~~l point oI - .  L 1 ‘ is lot - a t &t ) a d i st uinci - C in - lu nd

I . S t r ; u i g i i l  t r w ar d  -~~~- u u r n - t r ~~~ - opt ns nitows thai

C = d/ ( d — I  )

h =

and

= f l )~~/ ( d — f  ) .  H e n c e , ~ = 1) ‘/0 = 0 / I  .

-
- 3) 

—~~~~~~~~~~~
- -

~~~~~~~~~
- —- --~~~~~~~~~~~~~ - - - -~~- - ---~~~~~~~~
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Since~~ , the  lim iting ise Io~~~L i s ~~~~~~~D / I a comparison 01 the

efte-etive f/nos .—— i.o ., esse n tiall y 
~ 

and u2, reveals tha t if the collimator

is large r in diameter than the lens being m easured and is diffraction limited ,

its effect may be ignored since the cascaded transfer function is determined

by the  smaller lens.

Figure 10 shows a typical Mh F curve of the 12—in , off—axis parabolic

collimator (with a 10—in , diameter exit pupil) compared to the theoretical

diffraction—limited MTF. This shows that the actua l collimator is very close

to being diffraction limited and , therefore , its effects on sensor M1F

measurements can be safely ignored so l on g  115 t i l e  sensor ’s entrance aperture

diameter is both smaller than the collimator diameter , and within the uniform

irradiance region .

MEASUREMENT CA P ABI L IT1 F: f

The purpose o f  t i l e  TIS  E v a l u a tion Fun i l i t y  i s  Lite tin ting and evalo ation

of thermal imaging sensors. A number of performance tests can be emp i t u \ e d  i n

the subjective evaluation and comparison of such sensors , and most of these

can be conducted in the present T1S Evaluation Facilit y with existing

equipment. Some of the more useful t f  these tests are described below .

Minimum Resolvable Temperature Difference (MRT L) or M Ph)

The M P h  is d e f i n e d  as t h e  e q u i v a l e n t  h i a c k ho d v  L e m p i - r a t u i r t -  H i t  f e r i - n e t -

( I T)  between a four—bar resolution target o f  a given spat iui l t requ~encv and its

background such that the individual bars are just reso l vable by an ObSi cv t - r .  
I )

th e MR’I’ t x j st i-n e t - conditions art- sati n t it -U wlit- n the FIS i-ontro is a Ct  s i t , or

var ft-cl h o t w t - t - n  1 i i w l t _ s , such t i i i t  tb - it- - v t  t i l l  ~s operated q u u u - I— ) ineuu r i\ - , h u h

Im th u i-Il — I i I l l !  i~~d r;i t i l t - I than ton i rant — I in i t i - i ) .

In the T I S Fac i 1 it v , MR i te nts are i o t u i l u i c  i - H  u -  l i e  i i t  wi-n t v — l w -  t a u i  -

b ar  re so l u t i o n  targets r a n g i n g  t r o l~i 0 . _ ’ i - v / m r a d  t o  *1 .0 t V  C 1 r u i l  - [in

t emperature u t the JR solh r i - t - is contro l I I  and n * - . i s i i - ii t o t  Imm ut ~ t il lv i v  - I

(-u)mputt- r progr am . i t  t e r  ul z* -r o— i - ter - t-iii - * 1 h i s  h - - i . i H  i l — i t - c , t i n  I i s
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grad ually increased from that zero—reference U until the observer can just

resolve the four bar s of the resolution target , at which poin t he activa te s

a switch. Activation of this swi tch causes the coniputi r to cease i n c re a s i n g

the :T , measure t h e  ~T and absolute source and targe t t em p e r a t u r e s, and ri- t urd

the data on magnetic tape. Th e program is then reset at the beginning , a l l o w i n g

the test to proceed with a target of different spatial frequency.

Signa l  T r a n s f e r  FunctIon (S1TF)

The SITF is dot m o d  as the photopic luminance outpnt of the sy st e m  d i s p l a y

as a function ot the t a r g e t — t o — h a c k g r o u n u  ~ e mpt -rature di ffert -n ce in a square

or circular t i - s t  pu t t tern. ~ I n  t hi1 s L e s t  t ) l t -  I ui rgt -t pa lL t m  and i t _ s back-

ground art- s it  at t h e_ - St Ct r e fe r i .-n c t -  F , u i n o  the b r i g h t  nt-us and g a i n  -ontro Is

are set to typical operating sitt ing s . A nair om p b o t nietu- rs are f u t c u i s e u l  o i l

the display , one on the target pattern , the other on the background. As t h e

t e m p e r a t u r e  d i f f e r e n t ia l  i s  i n c re c i-t e d  i n  small increments , thi - t a r g e t — b a c k -

ground brightness differential (B) is measured by t h e  p h o t o m e t e rs  mis ;t

function of . 1 . The r e s u l t  is a p l o t  at log -
- B versus ~T. Tu e ut -a s u r e m en t s

are  r e p e a t e d  f o r  a s u f f i c i e nt number  of  c o n t r o l  s e t t i n g s  to  u i d e q u a te i v

characterize the operation of the system.

In the present TIS Evaluation Facility , II s e r i es  of sis circular

apertures (with diameters subtending 2.62 mrad to 176 u m : r u i d  it 103— 3/In i n .  )

are available f o r  use in signal trans fer I I n n - L i o n  m u t - u l m -m l l r t - m t - n t _ u m .  i - a r  t i e

stui ndui rt i S i b  F ti-st , a p a t t e r n  i s  -h o s en  w h i c h  - u i c t i - i u d -  a u u  a n g l o  ~I t t t c - r

than 1 (1 0 - r e e n t  u t  t hii- ~h l S  ilu r izu t it ti l l u - I d  10 V i t W .  f i t  i i  I H i t  - i r a

b’r i t - b i m i  rd or ( amma Sii ent i fi t - p ho t o m t - t  i r s  m ay  h i -  l In e d  I or t l i t -  I I S  inul n

measuremen t n , a i t  bough t ile  ones  p ri-si-nt I v 1lV: l  i l ab  ii- r equ  i t - 
~

- u mmmnuu I I rul t gt-

select ion , tha-reby prec luding comp l e t e l y  a u t o m a t _ i d  pert -- r I - n i l - i- a S iT F  I i - s t  s

The E R source , however , can be computt-r — controllod , and ;*mp l i t  it- -s and - - /l )

c unvi -rt * -r m ; (anti the net-essarv sti t t w u i t - )  ar e  av a ilahi t - I i i  un it onlui t i- lli\- r -mid

t h e pho tome ti -r u upon command .

1 ( 1  
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Sensors with Automatic Contrast Enhancement (ACE)

Some thermal imaging sensors employ a technique called automatic contrast

enhancement in which the sensor ’s level and gain is automatIcally ad j usted

according to the average scene contrast. Each object in the scene contributes

to the scene average contrast in proportion to its area and IT, except that

objects whose A l ’s are greater than some set valuc- (e.g., 50° C) are allowed to

affect the average scene contrast only as if their IT’ s were equal to the

limiting T. The system gain is then controlled so that the maximum output

voltage corresponds to a peak—to—peak signal of a given factor (e.g., 4X) times

the area—weighted scene contrast.

For sensors with ACi - equi pment , a test similar to the SITF test is used

to determine how the 115 output signa l varies with cargt-t size and temperature .

Two different tests can be performed , in the first , tfl * .- target 1.1 i~— held

constant while Liii- target area is varied . A series of five circular apertures

are available (the same as described above) whose diameters in object spaci-

(with the 103.1875 in. focal length collimator) vary from 2 .26 mrad to 5.23

mrad such that their areas increase sequentially by a factor of i 2 .  In  the

second test , the target area is held constant while the IT is increased.

~~~~ _~~pread Function (LSF) and Modulation Transfer Function (MTF)

The modulation transfer function is the modulus of the Fourit-r transform

of the line spread function (or one— il  i m e n st o n a l im p u i s i -  r i - sp o u s e)  and

describes til e relative frequency responsi- of a sy s t e m  t i n t  p u t  t _ t  ~i u n i t  i imijuuil s e

i n p u l .  A s l i t  p a t t i - r n  is placed in thi - i - o i l  i n u a t o r  0 - - l i  p l a n t -  and i rr ;ich i~i t ~ - * i

l l y  tilt J R  n o u r t - t- . I i te  Itngtll lr suh t c-nse-  i t t  t h it- s l i t  in oh ~~~
- I s p l  0

gen e r a  I I y m u t m i i  smut  l i e  r t h an t lie st-nsor ‘ s dci i-ct or a ncu  I a r lO I t-fl5t- . l i i i

displayed sI it image , as deLi- i-t e d by Li i i -  s enso r , i s  st unned with a

photometer outfitted with a narrow slit to measure Liii- l i n e spread 1 u n e t  ion .

By taking i n t o  proper u i c c o t l n t  t h e  -f h i t s  of t h t e  d i s 1 - i a v  ( i u i i - l i i d h u u g  i t m ~
spatial characterist ics and its inh ieri-n t MTV ) the LSF i -ni hi- F u u r i & - i — t u  I n s t  ~i Tt - _

by means of a computer to determ int- t Imi -  M l F  at t lit ut -u lsu r i t st- i I

1 1 



In tile p r e s e n t  f ar  i i  i t y ,  a 55 ~m by 6 ,3 5  mm eti -}u imd slit is available , i-

wu-ll as an adjustable slit w h i c h  cO n  I c  l l O L t m t u J  in a space rcst- t- ve ml for

special target patterns on one of the target slides. A Gamma Scientific

scanning p i u t - t a m e t e r  w i t h  2 3  ~m by 2300 ~m slit Is u~ e-J , in c m u u ~~u n c t  i o n

with -i a lX or 2 . SX o b j e c t i v e  lens , to u m u t - a su re  t h t - - line spread f un c t i on .  T h e

LS 1m can be r e c o r d e d  e i t h e r  on an XY—r ecordt--r , or by means of the Biomat ion

Tran sient Recorder , t b n  l a t t e r  p e r m i t t i ng  d i r e c t  i n p u t  t o  the computer.

I u I i t  a r m i t ’ ;  
~~~~

‘i t l o t b u e r  i l l  u- rt :~n t  m m c m i s i ! r e m u i - n t  or tut -r nu a l i m :mi gi n g si - ; u~~u i s  is the

unit ar rui ty oh tnt - st-nm ;u - r output w h en  the sensor is viewing a u n i f o r m  s e t - n t -

(fla t f i e l d ) . h i n i f o r mi tv  t e S L ~ can be mnacu c over large and small a r e a s .  In

the  l a rg i -  area uniformi ty t e st , t h e  p o i n t — t o — p o i n t  d e v i a t i o n  of the display

output is measmu red with respect to t I e  Z i V e O t i i i u O u t p u t  Ov e r  tb - ic  e n t i r e  f i e l d

of v i ew .  Small area unifor m it y tests measure the  v a r  i ation of the output at

a particular point with -i respect to neighiuoring areas separated by dist-sn - -~-n

on tb~~ order of one equiva lent detector angular subtense. Uniformity ti-st _ s

ar e g e nt - r a l ly  p e r f o r m e d  by scanning t i l e  d i s p layed image wi th a p iu c t om ct -cr

e q u i p p e d  w i t h  a s l i t  ap e r t u r e .  For iargc-  ar e . i  u n i f o rm i t y  t e . t s  , the n -qui n t

s l i t  s iz e  i s  d ett-mr i ne~ i ron the cr i t e r i o n  t b i a t  t h e  p r o~~u - c t t - d  slit width at

thi- d i s p l a t -  . i d m t o n d s  : i p p r c t x i u n m l t e i - v  l u - t i n  I t n t - s t i l e  i - l l l i v a l t - n t  w i d t h  of one hAm ,

and i l l - l i  t i u t -  s l i t  f m - i g n t  is at I t - m i s t  f i v i -  t h i s .  g u s - u t - n  t h u - I n  i t s  s - idt bi .

~ idth of th i- s l i t  or L i e  small art- m i nu t i fiu mm j tv is ii tar oh It ) sm;i l h r  1 111:1

t i e  large slit. Un if ommi ly s ans are made i n  both-i L i ~~ b a r  i m o n t u l  and vt - u~ t - i i

d i rcc Lions.

In tbu t - p ri nt-n t facilit y, a Pt— t t c imI r d :Hu iutarm ut - ter i s  u s e d  t ti snamu the

di sp lay ( tIn- I-iu.atometer is st_ it ionary while t i u t - disp I~iv is trans_ aN 1t)

Pre sentl y ;iv :iiiah h e- s l i t s  inc lud i- -i 1.22 nun (n .SS m r a d )  slit and a h is) -rn

(0.675 mm ii) . It in normall y requi rid t h i t  the  scmi u ituin g vt -t acit- - - mus t h~

sin-h that t h e  ; b iotome ti- x n u it p tl t (lot a given input) is at ht m i s t  13 pt - n - i - l i t

o f  l i i i  - p i l o t  c’me t i  r O ut  t i l l  t when a- si it is 11(1 t flht ) v i m g  w i t  hi ri-spei - _ to t I

li ~~1i l a y .  i h l i s  i oud it i u t t  in s u i t  1st j t - i l  s l u t - n  L i i i  S F  diii- t o  t i i t  i lu tn i o g not in

ii . - i h  - i t  t i t  I u u t i  c i a  ii  i t - t mu I i I I r i - ( 1 1 1 ( 111 - , I • - -

12



I

sin(- v t )
= 0. 95

where v is the scanning velocity, and - t is effect iveh- the p hotometer

integration timo (i.t., time constant). Solving this equation by iterative

methods  y i e l d s

v 0.552 /tf r it -

Table 6 shows the m ax i m u m  s c a n n i ng  v e l o c i ty  for each slit as a fuuu ~ tion ~f

photometer time constant (range setL ing ).

1 A R l l -~ cm
S \~- I ~ [lS~~~~~~~’c lN ( ;  V E L O C I h ’ m l ’iln t lSl H R S L I I  S A S .\ Ft Nd ION lIP

I b hiY ! OtlI -I I hR T I  511 (IONS—FAN i

* 1 . 2 2  mm Slit I 120 ~m SlitPhotometer Time - - - - -I - Saxi.mum Scanning Maximum t~canningRange j Constant - 
-

- - - 
Velocity \e]ocit\-me tt ing (mu,)

( m n m / s c c ) i i n . / o e - ) ( m m/ s~- c ) (  in. / 5 1- i) 
- -

10 0.72 595. 36 2 1.439 55. 30 2.. b Ofi

3 2.0 21 4.3 1 s, 435 21. ( i s  1 . 5 3 0

7 . 2  59.54 2. 144 5.855- n , 2bl

0. 3 20 21.4 1 0. ~4-. 2. l O S  ii , ( ( 5  (5 -

0. 1 72 5, -c 14 U , 2. 14 l ) ~ - - c  ( ( . 02 Ii

0 . 0 1  2 ( 1 ( 1  ~ . 1- c ( I , i h44 5- , 2 . 1 1  i i , ((OS ( ( I

0.01 72)) 0. 59 5  0. 02(3 - .01) 0.n(c . ii

*spe I ru t  ‘ri I c h a r d  l’ho tome tim MoOt- I 1~~ 7 O — P R

- -

~ 
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m m tort ion t - -~ t 5

Ano ther Important p1- rt armmlon ce test Ls t O t -  m e as u ri - : - u e u m t  o t  i n m ue ti- n t

distortion in t ue d i sp tc - -u 115 image  w h i t -n t h i t  s ensor  vie S- - a patt cm n of kn own

- Ing um I or dimension-, and/ti c known angular position . A -abm u i re apert u n -  (wit

mi n gul m u r suh tetim e app ni x t n iul u~ - 1v 3 perot-li t at ti 1 -  smallest di :mu ~- uu .ni - um Ut the

sensor mUV ) is p lacid i i  t u e  c o l l im a t o r  ( - c i i  pimi li t- in the Icr ‘ 1  t i  Vu) V.

J O e  l u u ,  n i zen ta 1 and vi-r i cal u tnens ins em the uti m ug e i ’l l  i c  di s li v  ui r i  lilt -as u l r t - u

with ~u p h o t o m e t er and t m I e  p t - cc  l s i a :b  t : a t ms i a t  i on  urive. \ s cuu l ing I n - t i c  S~
is computed front

= 
i :  u i -  s i ct- cm

- L angul ar 5 I i ~- ot  t a rg e t  (m r a d )

I lit - squart- p u t t _ c - t n  is then rep iacn- d 0’-- a r i - s n — I a i r  n i - I  h i ~~t u t t Im e sm t~-

pt,si Lion (mm ci m u m i v l n g  thc- s irne a n g u l a r  suht - mm m e )  . l i i i -  S e u i s a l  is li - i -n l i i t  - it _ i’d

i u f l t  i I the n i t  I C i i  l i -i loi m i t i - ti m i t  m l  i i - u i  u i u i - m i - - l u r t - t m~ t - u i  I p ain t , and t i - m i - l i  / o i l t ; l  I

- i n t l  v e r t  li ii m i n g l e s  t h l r u u l g h l  wh ic h tin- s i -u us t ir bi as i- i -n n o tated l i e  r i - i t t n t i ~-t l ,

as - In - th u 0 0 m m  z o n t i l  m d  vt -m t i c u L  0 i n t o n es ‘ I  ~~- l Y - l m l i u l b  o h  I - i  i t - m a g ~~- -n  t bit-

d~~smu l m iv. Ih l e distortion i n  t i t h e r  d i r t - c t i i u : t  i s  L i - u i  gL - t - u i  h - v

(S i - 
-

i~ dis torti on = 100 - - - - )

i-ale rt-

= 
0 H- t i  - m i ~~~~~~s~~- I 

- 
( i - r n )

- 
- i n  -~~ Ic of n i t _ i t  ion ( m r u i d )

l i i i -  p l i t  I ; i n h  l i t  v h t m i s  t w o  - - mu oI sip i ri s m i t i i t  c t - ass cm i In -  ova l l u i h i t -

f u r  I i . l i l t  i m t g l l l i r  s i u h t t t i a ( i  1 1 ) 1 . ) ;-3 7 5 i n . )  c i t  - i , - -  - i t  han m p i  l-

i _ I _ i _ _ i  l im i l I • , , t _ (  111m m - ; i t t  t O t -  I l l _ i  I I c - c  - i -  , I . - — r u c i , m _

(It li e r I 
-‘ - - - I

—ic -v c- rm i l a t  u i - n  p c - r t - ’ n m m u l I i c - i- t - - , t i — i  - s i t u  0~ - i i - : i i l u n t i - I  i t t  t h u  I ft I - - i ]  - i t  i - - m i

P i t - i l  m t v .  At tu ne. t b -  a i n c  I l l - l O U l t  i c - i l  m i m i  ( f l u  m .p i ’ i t i - m c i  i t O j H mls t . I l u  ( a - i  i l l - m i ,

( i c r  t h o s i -  i - O - I t s - ’ I s  w i t i c u t  i n c  1V — - a n u 1 ’ i t  ~h m l c - , t h ~ i t-ave t e S I S  i - I t t  t i c  ~i t  1 -  l i -  -



by processing and analyzing the V id e c -  output signal , lm sn g  a Bitimut ion

Transient Recorder coup led to the computer to look at individual li t~m i-s ef

output. Further details on the latter c u r  be o b t a i n e d  f rom Rc- f~-n i -rn c -3 .

C0~II’UTER SOFTWARE AND INTERCONNECTN)NS

The following is a description 01 t h e  o p e r a t i o n  o t  t he  M i n i m u m  kem,olvahlc-

Temperature test progran (MRTST). A supp lement to this report contain s listi tt gs

and descriptions of the routines involved. Prior to operating the program it

is essential that all equipment be p r o p e r l y  set up. This equi pmen t inclurl t-s

the coup ler controller , tempera ture controller , and , if the vid eo signals art-

to be analyzed , the Biomation Transient Recorder , line scanner unit , and l i n e

selector unit. The s w i t c h  s e t t i n g s  and cable connections of the coup h i -r

con t r o l l e r  and t e m p e r a t u r e  c o n t r o l l e r  m i r e  contained in  ( m u - I c  7 and Figure I I ,

r e s p e c t i v el y .  Tab le  8 and F i g u r e  12 c o n t a i n  t h e  s w i t c h  s e t t i n g s  ~m t t i i  cuihit-

connections of the Biomation , line scanner , and line selector.

For t h e  f o l l o w i n g  d i s c u s s i o n , r t - t  Cr to the appendix . (Examp le ust-r

responses mire underlined.) To begin t h e  program th e operator must ti-p r- liii

following message (page -30):

PR , MR S F

(It w i l l  lie a ssumed  from t h i s  paint on t h a t  R E T [ R N / L I N i - l F b i E h  w i l l  L i i  l i c w  a l l

opt-r otor inpu t:-; . .c lie program then hr - g i n s  b ’.~ t y p ing j t i t l e  m.~~m i on t i t i -

t t -  rm’i i h u t  1 ( p i g i -  i l - )  . Tbte p rug rant vi 11 p rua t - er- d Iii - n t u~ - PAl - I m - m l t  I - ui is

p r e s st i b y t O  m i t i t l , to list an o p t i o n  t mi h u ui - (;i. - Ig i - i i )  in  t i l t -  t t - i ~i m b l l i

Fl u- p n e - r a m  then w a i t s  (or t h e  a U u - l l t o n ’ s c h o i u e .

I i c  I h I t  u c
~ I j o t c i h i - - - -c cc m I~i o i l I  b i t -  i iu tHi. - r  ‘ ‘ , I I i i  s d p I  l u - n  111 1 I I a  l i t - -

p 1 1  - l in t - t c - r - - I i c r  t i - c  - - - t - l i i i  he I tig t c - - - I i- ui  . ( bit - ( I i  - - i i i t s  I IsIs I u I -  ;~~ m l u - - I t Is

g r o u p s  Ut) I I -  t tm rmi c i a t  v i  tO I n i - - I ru i a n - , i n  ; -a g ~ - - - I i c i c t ~~ 5-  - I .

t i l t -  t x i m p l t  sh a w i  c t t u mbt - r Is mus t; i g u i  1 t ic em ich p l l ~~1:~ - I  c t  - I i ’ h i l t  i i l l  c a
g I v u - n  pa r an t -  t r - r i t -  o p -  c i  t o n  nt is  I t v i c e  i t s  O l I t l i h i  m- • - i  u u c~t m t ~m ,  , c l i i i t i c - : , c S

v il c~e . An ‘i ii  t~tmhi b a , ì  t~ l i - u  i c r  l i i ’  ui - i t  - m I I of h - p~ l i -  - in-i - t ‘ S - - I i i  - i i ’  - u p  ii -

3-) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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lA t I n 7

SWITCH S I I T I  I Ni  5 b :OR E l ) )  - - ~i i 1 F --~\TLRO ( i  l ’~l ’R O I 1 F R  AND
lIP Mi - FR CAL. I I u E A j  OR

Te~~~ rat ur e Control le r

S w i t c h  Position

ON /OFi- ON
AB SOL I f u/ dl F F I - R i - I N ’ l  T A O  DI F F V R I - N i i  AL~
RE>IoTC/LOCAI, Li g:\I **
S O U R C E / i ) FLTA I /TAkGLI 010 IA F

** Aft er nil connections h OV e  m e  II n l m m u e  im m O sS-it c l u e s  set , S i t

REMOTE / LOCAL to P 0Mm F,

* s’iu1 -t t RIP-hi ) I 1:/LOCAL is in RIP IU L p o s i t i o n , t hes e have  no ef fi c

HP 692 O B_h et e r Ca librator

Swi  t c h i  P - s i l i-m u

0 F F / A C / O I l  IN
RAN I t , 1
(iN’ i 1-1st / U l - F /0N 1101 0 iN  1 ) 1 - l i )
d i A l .  SI-JO 151 299

FAiN lI -S

- 5 1 -I IC H Si - :TT I \ ~ ; .- h~OR O T NI SC.’-\Ni:R/lJ ’c( S I l I i l i l u l R

Sync SejNmir utt ir , tulo Su - inner

Sw i  t u : h m  P a m  i t _ i o n

di- pt -nuii - u t on m i -nsa r

‘
~~~~

. ~/,. 1 /. I

( h - l i d I / I- l b  I i l  2. A S 1) 115 I P P

N l i i O - : i  / 1 ( 1 5 1  l N I u ( t S i - u N  Ilui p ;
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initialized. To continue to the nt-xt group simply enter a zero , “0” . ( i i 1 c c~-

the parameters are initialized the program stores the data onto ma gnetic - tape .

When the storage is complete tu e terminal’s bell will sound and the option

table (page 59) will again be iisteu on tat e terminal.

Option 2 should now be chosen by the opirator. Th is option is the first

half of the check for the zero—reference point. Th e temperature c o n t r o l  li- r ‘s

AT will be decremented by a constant value at regular intervals in time until

the observer resolves t h e lowest frequency target in ot-gative contrast

(i.e., the background is hotter than the target). After t i l e  o p e r m i t o r  ch o m is e s

Option 2 the program requests four inputs (page 61). Th e f i r s t  is the

absolute value by which AT will be incremented on decremented . This value is

a real number no smaller t han  0.01. Ihe mcxl input 1s t _ l i e  upper  l i m i t  w i i i c b i

:2.1 may reach . The time (in seconds) b i t _ w e - e n  each inimrem e-nt on dt -cr em ent is

t h e  third number to he input. It is an intt -gi- r and n u m s t no t  exci-t-d 32., 7h7.

The last number is the value at whic h T sh i ct uld he st - I bet ore tht t i~~~ I b e g i n s .

When the values have been it ipu t  by time operatol- , t i c e  program pulust s for

30 seconds during which time .3’ is set to the ini t ial vmmlcii- iust en li- ri -t i .

The opera tor  mus t  make sure the MR’F but ton is of I during this pause; u i t hii -rw I se ,

the program will not proceed. When 30 seconds have  i-xp i ri-d the operator m u s t

type GO to start the test. The program proceeds tm - decrement 1 tint i 1 t I l t -

observer can barely resolve the target and pushes tilt MR F h u t  ton  - At Ii is

moment the 1’ and source and t a r g e t  t e mp er a t u r e  r e a d i ng s  ar t -  t a k en  I ca~t i  t h e

temperature controller. The ambient laboratory t i - u m m p e r m  t u r i c  i- i  a l~-u i t - c a r u l e t l

~ m u i  t u i n t i o u s  ly . At  t i m r t u e dm i  I m l  is rei-oi-~li-d the opt-rat or is mis Ki ’im t a i l p u l l 1

thu.- p u u r m i m i - t e r s  whi ch w er e  m i t  i i l i z i - d  in O p t i o n  1. lbc i - p r a c t - - s  u -I o 1 i d t t inc

f li t p - irmurnu-tc- r s i~~ I den  F i m i l  t c )  t l ie  tI le t h o t h  ul~ sir ibi d i l l  t i c -  d i m - i t  i- I O i l  0

Opt 11,11 I . Ihi- tet -o r dt -il r t s u l t ~ntl p - i t i l m l i - t e r m  d l i  t h i n  s t _ u - I  ed a ti u ~ m i - m i t  t m

t ape- 1011c r I I h e -  rc ui me i— MR1 0(11) t l l r a i l g h l  M R l Y ’ t ° . I l i t  p r a g r . m l m m  i f l c r c flS li t s (u I i  I i

m a I m s -  hit- l i t  i~ t i - m l c  0 sI - - c l  gi s i t  t h a  00 illI p 1 I c u t  i - - n  m-_ w i I I - i i  t - i i ~ . I I t i l t  I I It -

titimh ,i- r eXi i - , - u l s  M R I  9 9 9  the p r c ig r im w i l l  ri - q i l t - S I  l i l t ’ op e r a to r  F m )  i n p u l l  f I S t  -

new - l I l t  liters to c c - ; i  I - m i t -  MR I , thus c r e m I  i n g  a t i es  - -~ t i t  I I I t - l u i t t i  s.  i l  t i t

t h e  st i r m g t -  i s  c t t m l i u l t - t e , a t m i l - L -  u I  rt - stm l t s a l u m h u t - I i I t  m i u : I  u i t l m l t - r  s o  ich

iui- - _ a ru mu t u  — r - it I s w r I t F t  - I - t o  I l I t -  1 t i  - i I f a r I I t  - - m - t - ! i t  - - I ‘ 5 I i . ~~~ I - t f l

L ~~~



(page 66) . c f l e  p rogra: :l wa i to unt ii thu.- ;i t  S~ it  a t pri - ssr-s l i i i  MACI : hut tan

before it 1 ists the opt ion tahle (page 67 - again. T h i t  second h a l f  of the

z e r o — r e f e r e n c e  t e s t , O p t i o n  3 , should now be run . The procedurt- s far

operating Option 3 are identical to tFmosa jus t described far Option 2 , t-xcept

that the :~~ is incremented in Option 3 rather than decremented. At ti t-

conclusion of Option 3 lI m e option tab l r- is  aga i n  d ispl m iv t -ih on the - t ert mmin al .

if the v iar-o is to be ana lyr iC dur inc the MRT t_ em - ;t s , Opt  ion S shot i l d m i - v

be c i i t i s i - n  0 t_~~ r- a -pc rOt an . I lie O~~ 01. i 5 m ~r- cem-isary to i-am - u n -  that thu svst t rim

b r  - i m i m mip l i n g  t I  i v l~hi-mt is properl y set up, and to obtain the i-tign imm l ’ s hack—

por ci l level for input during t i l t ’  MR ’F t e s t 5 .  Th i s  st- ct ion nt -quirt - s two i n t i ’gi - r

i n p u t  -~ b y t I l e  u m p e  rmi tor : t i l e  s t a r t  Lng pos Ion f - mm i 5.115 1) 1 jog, and t i l t -  nuonhi- r

01 samples (1 t i-rat ions) to St t m i k t - m m  h\ t h e  B i t i ma t  ion 1 r m m t i s i e n t  R i - m a c a r .  l b i ~

B l o u i . m a t l m t r i ’ s d i s p l m i v  r u - p r e s e n t s  2045 ‘da tm m p oint s of s ’ I u Ii -Il m l av 251i i - t i n  b

-~ im p Ied for S/N measllrements . For tit i s option , h~ - start ing posit i o n  sh o u l d

be chtosen so t i m m i t t lu i- h m i m : k — p i r i - I i  l e v i - I i s  L I c e  m i n i m u m  p o i n t  of  t b i t ’ 2 5 ) -  pa iso ~~

samp led. Wlit- n the dt-si rt -h number of samp I t s  1151 5 i t t - i )  ave Ua ~~m - m I  and I hi - flu l

(standard di - vim t ion) cm tl cul a tt- 1 , the si gnal and f l u ’ I S i ’ data wI fl Sit p l o t _ t i - I  a n

th i- terminal (F i gun - 13) attd a hard copy sil l  he madi - , if t i e  S a l - i t ron i x  ha rd

Cl i ~ )’, unit is connected to t h i -  terminal . l I f t - t im m l  m u l c t _ mm c _ _ c l m m ~ 1 1s t  ~-d a u d i - n  l i t

signal plo t (top) is the b~~ck—p u - rm - iu I i - va  1 antI sliou 1 a ~~ n o t  ccl . I l u u t u l  p c i  - - ~ s I ng

t i l e  PAC -. but t O O  t h u . ’  l r ) g r a T I i  w ill c~ l nb n un - and the a m i f  hon t a b  I i  w i l l  he

disp lm mv r-d.

Fhic i t b u t - i— . l I u l r  has two Options i t fl w i l l - i l  Ic ) uI l t i u — s i -  i l p t  I i - n - , -  ir 5. lii ’

s h o u l d  m - I t ~~ i~~t - Op t  i o n  4 if the vi dt- o is t i m  h c - - i m u m ; i l c -C t o m  S i 1 l ) . i l — t i u — I i u h S t -

I - i t  i i )  uiu t - m s u m r u m m i - n l s .  O p t i u u n  5 s h o u l d  i i -  i i t t t s c fl i f V l t h e a l s m h  i t  t e  i~~i -  - m t i m t l v ’ e - il.

I-or c l c t - r i t  I m n , h m c t h  c i p t  i t c f l m - , r ,- — 4 l11 ri I i , - I - i I i (. 1 t ’ t t i u i i t  • fll m 1 X ~~ t I u i l r t  I . t 1 cr - c

J O l t  i , - m l  ( i n  s ’ i c c t i c l m - m )  i c - t w e r ’ n i n i - r e m m i c - i t s , m i n I  l iii- i ii i i  i - c l  V h I I l l c -  m i t  5 ( 1  i t l i

h u ;  t u c  be ‘-i- I. F l i t - m i- v~u ltit-s l I t  t i c - s u i m u m I c -  i5 t I l u S t ’ i h i m  t h u - C  fl t i i t  t i j n u c ~ - -- 11 )11

o f  Op t  i o n s  2 -  n i l  3 ,  I n  id ib it i o n , I c t r  l I p t i on  S • I t  - I l l I t -C I n p u t  t s I rcitn I b i t ’

o per a t o r  - m n -  t a -  f - - I  l o w i n g :  F l i t  si I r t i m i c  - i - i n t  -a B i - c - m t  i on  m m m r m p l  i n c .

number c t t  m , tmb ) t m ;  , I I iii - ntlmb t’ i- s of s . imp  I t - I  I i t t t - , Ii u - u m m c I  I i ’Vt ‘ -i vu -I t u p -  t c  ngc-

- c I t i n g ,  s imp i c- r ; i l u ~~ t -  s i - I t  h i n t , t n i g c i - I dt ! cv , c o d  I~~ ~ i e m m . u l ’ s - .o~~~— ; -- -i c i t

I e v t  - . l i l t  - sImi r t t r i g pt t~~ I I liii) I c i i  a .  c r - m t  - I r ig l b  I t ’ h i i ~ im i t  I 05 5 i ’  II C i- , - - c c  - -

-
L.
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ti-a: the mmr g t - m is v i  H i  in l i i i - 2. t i ~ t i  m t _ s b eing smoimp l e d .  ~l i i t -  1 i f i t  - m m m t m : m - c - r  is

t h e -  n u m b e r  of the lint- at  video S t i n g  sam 1m l t -d m t u ~i I s  m i m l i  t i - i l liv r u l m I t  i m i g

t he  t h u m b w h e t m l s  on t h e  line m-, t i t - ct o r  t_ In i t V i m  t h e -  desi re- C Si n e -  : u i a m m l a -  r .  The

voltage range setting, samp le- rangi- setting, and tri gge r dc-la~ ire m ,el t table

and read from tI lt- h h i - n m i i t i o n ’ s front pant- i thmimhwluee is. I l i e  i n p u t  s i g na l  ‘ s

back—pt r i - i l  level 1 5 oht~ ned in  Opt li~ m 8 as previousl y d esc r  i h u t d . 11 is

usually eam-i e st tu ) d UO-i t the S~~m m m t i r g  1 c m - i t  j a m )  ~ f I , s i  t ; l : m t t i m e  f i i m t

256 points more samp led , an d  s ia-a l mme -oc~~l p u -si Lion t i l e  t a r ge t  vi  L u l l )  t lii -se

l i m i t_ s  u s i n g HIe I l i o m a t iu m )  ‘ s t r i gger  - C e - i o n .  After :iue appropriate dat u Is

entered , the p r o g r a m  s i ts  i to t i u i ’  in  i timu l value and ibm l a y s  311 Si - d O n u i s Sc

that time- t emptm c i  t o r e  so u r c e  ti m; . s L~m h l  i t - . I f the - di ffc rt -~a-~ - t u e -  LW i  in  t hi s I

setting i i f l m l  the prt - v l o i l s m  s e t t _  i t ig  i s  I :mrg - , i s i e  op e ra to r  m miv  a sk  t h e -  ohse-rver

to p u i s h i  t I i t - SIR i h u t  I - - i l  on .  i i i l s  w i l l  lo s e  an  : - m L t - m l i h ~~-0  di- l i v  u n t i l  t i n -

butto n i s  t u n i c - C  o f t  . ~ l ; t i1 [ S i  m h m l i y  i s  ~- i n f l p l e - t~~ , t he- p r u i g i  m i tm I  will pr -cit- C

to i n c r i - m u t m l u t  .1  m I t  t i c e  il - s i r e - C t i m T t  i n t i r t - - u l  u n t il  t h e  M a l  b u t t o n  i s  ~l e I i V ; i t - m t .

Put  t h l m l t  Sl u r - I c - l i t  t I m e  S m i u i r c e  and t_ ;mnge i i - i m i ; e r m m t u r e - s  m i m u i h  -
- I , m i s  w i l l  imm tOt-

laboratory amb Lent te-mpt- r m t i c t -  , ar e  r~- u i r l i m  C . I f  Opt i - mm 4 w m m m m -  ch in -a- u i  t l i i -

Biommi tion is samp li -ih and a p lot of the signal and foist - is n m m m m l e  on t h e

termi nal . S u e t  tha- program con I i n u e s  , rite operator is  a sked  to enter t im e

status c i t  t O t  t e s t  as being valid or i n v m m l  i i i .  A f t _ i - c  t;lls is ent eni -C , tl ut-

operator mro s t m p u a  tic t i m e  pa rome - tens W i  I m O  s-c r t - in  t iii ii m i-C in O p t  ion  1 . T u e  
- 

-

method of up da tin g tilt _ tim is timi 5 i t m : t  im - i  h i m  ~ t i ali zi;ug t i l , iS . 2.m With ) t h mi - Zero
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t e s t  proceeds  i d e n t i c a l l y  US in Option 4 or 5, whichever was just run . 11 t h e

video data sampled was not good , i t  mm mv be resamp led hy choosing Option 7.

The starting position and number of i te r a t i o n s  ar e required inputs for this

option. Whenever a new observer is to begin testing, Options 1, 2, 3, and ,

if requi red , Op t ion  8 should be repeated b e f o r e  s t a r t i n g  the  MRT tests. Wlui-n

testing is comp lete , Option 9 should Ve - chosen to end the program .

A sample cialogue between operator and computt-r for ~IRiST is contained

in the appendi :~. All opu-raton r e s p o n s e s  m r e  u n d e r l i u m e c h  -

- 
___

~__ 1_ 
-~~~~~ - - -~~~--~~~~~~~ —~~~- - - - --~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~~~~~~ - -
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If  the origirlal goal of a full y a u t o m a t e d  S I R  E v a l i i : m t i o n  F a c i l i ty  i t-i to

be realized , some additional work viii be- n e c e ss a ry ,  i n c l u d in g  t h e  a c q u i s i t ion

oi~ a remote—con trol target selection system , and the pm mrcbm mi se i ll new

phiotometers .

Rl-I b’hi)FE bA R bEl i-mEJ _ lI( _ iJ O N

‘fbi e p r i - s e - u— t  d i i  fcre-nti ai ti- n m l I t -l - m m t l i r t - - n - h r  - was ‘ I lp p I l i -u i  W i  t O  mu im ~ m n i i ; m l i v —

o per at e d  t u i r g e - . s e l e c t i o n  sy s t e m  I m o m i h i o c e d  o f  mu r m i t m ~~m m n l e  s l i d e  h o l d e r  51 01111 c _ _ I

externall y to t h e  sol l r i  a h o u s i n g ,  a I r u n t  Omi t l i e  ~i i  a c- , i r a  t i l l _ i _ i H u t _ e r —  -

ch angeab le  t a r g e t  sh d t ’ m-m . f b i - , t a r p - - t  s e - l i- c t  i on  S V S L  i-fl i s  i m f  ~o poor  l i i - c t i m l u i i a a l

des ign , and f o r t - r a i l s  d i f  l i c ult  I t a  h i ve -  he -- n  t -n i m o u n t u s r n - I  i n  i t _ s  i i m ~~ l i i i -  s l i d e -

ho lde r  and t h e  s l i d e s  15cre- mm unuf o ture m ill t h e  s m i m i  t i e  t u i  ( a l u m i n u m )  t u  i- l ose

t o l e r a n c e s .  As a r~-sul t , t h e  s i  i d es  and t i l e  si i de  m o l d e r  h iav i -  a t e n t _ h i n a y  t i m

gall and bind up d u r i n g  o p e r a t i o n , ~i problem wim jab lois re - su m it t _ m i  i n  s e v e r m l

se rious  del my s in  -i r i - c u - n t  t e S t  p l ) g r l ; m  Pu t i i i i 1i m r i  cm- fiN h m i m -m m i - c -S a c i l  lev i - m I

by t i n — p l a t i n g  the  mating p~ i r t  1- I l l s  01 tI~ ~~i t i m e s  m m SI s i  H i t -  u i m u  i d i - r , p r u - v i d i n g

ad d i  t i ona l l u b r i ca t  i on , m i nd  I r e qu e n t  ch a i n i n g ,  h u t  i i i -  p r oh l i -n i  r i -m a i n s  m i n d  i s

expt -cted ti wors e-n over this long t e r r u . At tl~~- vi-ry li m~- iI , t i m -  sl I S -  h c u ldc -r

mind targe t si I Ues i’Vt -fl t iI; i I lv w i l l  l i V e  In-) bus n e p l m h m  i - C  on ru- n um i nti t , 1i~ t u r c ’ uI

I n  a d d i t h u n  t o  l i i i -  ne - m l i u i m  i c - u i  m p r o h l e u m i- ;ssoc l m t  c - m i  Si Il u L i i i  t u -  I m t l u ’ u [ j o l t

~~V s t i l m i , t i l t -  f u i e 5 5 1 [ V  t c u  m Ilnu l i l l l v  si - l i - c t  i n u l  t o - s i t  i m i t u  1 i i -  t ;tng ets h u t s  s i g m u u l  i—

can t l y to the L ir a  r e q u i r e d  to i m u i i i l u c t  - : u t i t l n  t e - s t~~ ( H i  - o c t  i c - u  or , t I m -  R h I

l i s t ) .  F u r t h c - r m o re , l i m e  n ; o t u r i - a f  h u t - s i -  t e s t s  gu i i e r m u l  i v  r e - q u i t - - t h m c t  t O e - v

be- c~~m f l 1 h i l m t c m i  in  t h u.’ d a r k , mi nd t h a t  ~i m i n i m u m n u i t i h e r  o f  - - u s e o n n t ’ 1 I t 
~ 

e - i i i t

in the  I ac 1 1 1  t~- durin g It-mI t h ng .

Fun  l i i i -  r e m u m - m u l l m l  mt-nt . i o n t - u i , ; svs te rn  Is nt - i - d i d  s-Cl i l l  III I - -v - h i -  d~ -~ I n t -C

tan g c -t _ I i -  ( - t -  s I t  i d  r i -ma r c l v  otuuh /u r ccii cm; - i t  I c a l  1’ , ;Wi h s - l i  I m I m  is Imit- c h Illi l - u  I

r ’ - l  i c b l c - . I t  us t h u c i m - m  n i - c - u m u u u l i n t l e - d  t o o t  a It s-’ t u r g e l s e l c c t  i O f i  m - i\ iten) lit

i r o n - c l .  l i l a  ; t u ~ - a i b l e  c H i t  I c t i l l i t  i c r )  i s  t u e  l m u i ’ e  1 . 1 1  ‘ - I  w h u , -  I h c - m - i f ’ u i

p t u v I o > I I m l v  - I l b l i I  F t c - m t  ba _’ -i h ~ b _ .
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AUTORAN G INC P I-LOTOM ET ERS

Several of the tests commonl y p er f o r m e d .  on t h e r m a l  i m a g in g  s vs i  -u - amp l m i \

photometers to measure the brightness of displayed images , e i t h e r  s t a l l -  m c l i v

or b y scanning. Photometers presently available for use  in  t h e  TIS iIvc lu i at i o n

Facility were- procured for other purposes , anti their usefulness is t h e - r e t  ore

limited. The Pri tchard photome t_ i -r is an older modi- l w h I m ~h u is n ot  eq u i pped

with t h e  Ile-Cessary apertures and doem f i l L  t i mv c s  an a n t - - r i n g i n g  - - i p m m i m i l i t v .  As

a re sul t , display brig h tness measure ments over tb mt- - uutire d y n a m i c  r m i u l F u -  i i i  m l

sensor r e q u i r e s  manua l  c h a n g i n g  of  t m i c  photometer range-s. Thus Pritt -b u ard

photome ter also was designed to lie  u~~~d w i t h  a m e t e r  i u u t p u t , and t h e  v a c u u m —

tube amp lifier generates a nois \- ana ogule signal t i -m a t  mus t be strongly filtered

b e f o r e  b e i n g  i np u t  i n t o  an A / D  i- onve-rter. The Gamma Scientific p h o t o me t e r ,

although more nearly compatible with the ri-quiremc-nts of the facility , also

suffers from t i-i c lack of an autoranging capability , as w e - i 1  U S  the limitations

imposed by its maximum lie-id of view not being large enough for most

applications involving lV— tvp e disp lays. It is therefore recommended t h at

action he taken to proc ll rt - two p b i m - t  - - m u t t - t i - n t - i v s t c u u i S  w h i c h  i u ; u v e  an a u c t o —

rang ing capability , a r e  p r o v i d e d  w i t h  ml set of ap ertulres mcf o p t i m u m  s I t - i t -  an t _ I

shap e, and m i re- compatible with a digital signal p r u c i - s s in g  s m u s t i - I m .

bOLL IMA FOR A l .  I INMI - I N  I i - : I  P11-15 1

Any t i r m i -  one or more  of t h e  o p t i c a l  c o m p o n e n ts  c m l  t h e  two cii Il i umi a tar s

are moved or relocated , the  e n t i r e  m i p t  i cm i ] sy st e m  m u s t  Iiu  m c m i i igned . ‘I b i s

is ml t i m e — c o n s u m i n g  and t e d i o u s  t a s k , and is  ag g r a v a t e d  by t i l t ’  i k of ;- r u - p e r

equ i pment  to p e r f o r m  t i m e  task. In t h e p a s t  it has been n e c s s s m i u - -  t o  s p e n d  mu

si g n i  f L i - m i n t  am o u in t  of t ime l o c a t i n g  such - i  e q u i p m e n t , or u s i n g  t i ;  H - r u t  . 1 is’ b l i c h u

was l i m I t  desi gned f o r  scich purposes. I t i s  recoimTl e - l l i iu - c t_ i i ~ i t  ml I i c u i S m e n  I i - q u i p —

me ’nt he m l c q u i r e d  and kept  p e r m a n en t  lv i n  t h e  I R  h uh I or I h u i s  p u t ’ c - e-e . I t t r-u m

t h u a t  o ru- needed include- two i m i m l u  p u - u t  i — p r i s m s , t ill mi nt _ h r m i l i t i aI  I - i l - m i , - - - t o

bo l t! t b c e - r n , smmi l I l a s t - c s  (h i t - S c ) ,  j a ck s , m o u n t s  m i n d  h e - v t -  I i n g  t i l L s  f u r  I lie-

LI m e - c s , t r u t h  mc ; - t  c i i ; c i n — l c o l t -  ; i ; t e r t u m r c s .
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Because the testing of ti-me t h e r m a l  imag ing  s enso r s  r e q u i r e s  t l i c -  use  i l l

therma l sources , and t h e -  accurati- calibration of th c-s e - sources is critical

to ti-me evaluation muf t i le-in performance , i u  is desirable to have an i n — I l u u I s e

ciu p a h i li t y  f o r  th u e c a l i h r m i t i t u n  of t e mp e r a t u r e  m e a s m m l n - r u e - n t  d e v i c e s  such  as

t h e r m o c o u p l e s , t~ i e - r r t i i st or ~~, and p l a t i n u m  r e s i s c a u m e e -  I i u r l m m o t u u i u t t ’r s .  I n — i l o i i s e

c a l i b r a t i o n  of t e m p e r a t u r e  s ensor s  can  t- t i u m I i n o t e  the  1 n r o l v e n i e n r i -  m ) l  sen d in g

these  sensors out  f o r  ca l i b r a t i o n  and , i n  a d d it i o n , c a l l  p r - i v  L i e  an i n d e p e n d e n t

check on the  c al i b r a t i o n  of sensors  p u r d t l m u s e - c i  f r o n t  t h e  t - ; c m I o u s  s m s m m r m  es .  I t  lu

recommended that tile ’ necessary equipment be purc i1~ l t- ,ed [o r  t h i s  p u r p o s e .

- c- 

- -- - --~~~~~~~~ ~~~~-“--- - -- ------ - - -



-- 

I

.1

4

\ : ‘p i u N l J i x

Samp Li -  m I t  m m L o g i i t - h e- t w i t -n  ope r a  t ar  m i n d  d u i S i p  u t e - r  t’or p r u g  r m m m m l
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