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ABSTRACT (U) 

This : )ort describes and presents the results of an analysis of the 
perfi r dnce of the infrared acquisition system for a Self-Initiated 
Antia ,craft b1issiJ.e (SIAM). A description of the optical system is 
included, and models of target radiant intensity, atmospheric transmis- 
sion, and background radiance are given. Acquisition probabilities are 
expressed in terms of the system signal-to-noise ratio. System perform- 
ance against aircraft and helicopter targets is analyzed, and background 
discrimination techniques arc discussed. 
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SUMMARY 

Denial o f  t h e  use of enemy a i r c r a f t  i n  a European t h e a t r e  war could provide an 
important tactical  advantage t o  NATO forces .  
denial  is the  S e l f - I n i t i a t e d  Ant ia i rc raf t  Missile (SIMI). 
planted,  acous t ica l ly  ac t iva ted ,  automatic homing guided miss i le .  
scenario,  missiles would be implanted near enemy a i r f i e l d s ,  probably by a i r  drop. 
The system would'be ac t iva ted  during aircraft  takeoff  by t h e  acous t ic  s i g n a l  from t h e  
a i r c r a f t .  
I t  i s  proposed t h a t  terminal homing be accomplished with a Redeye-type seeker  head. 

One concept f o r  accomplishing t h i s  
SIAM i s  a remotely i m -  

In  a typ ica l  

The missile would pop up and acquire  t h e  t a r g e t  with i n f r a r e d  techniques.  

The SIM1 concept could provide a submarine defense aga ins t  Soviet  ASW helicop- 
t e r s .  
deployed from the  ocean surface.  
l a r  t o  t h a t  described f o r  t h e  a i r f i e l d  denia l  scenario.  

The missiles could be launched from a submerged submarine and subscqgently 
System a c t i v a t i o n  and operat ion would then be s i m i -  

In t h i s  r e p o r t ,  which es tab l i shes  t h e  f e a s i b i l i t y  of using i n f r a r e d  techniques 
f o r  t h e  t a r g e t  acquis i t ion  funct ion,  t h e  following f ind ings  were obtained: 

1. The 3.0 t o  5.0 !.I i n t e r v a l  is the  most promising wavelength band 
f o r  operat ion of  t h i s  system. 

2 .  AGC-type log ic  is adequate f o r  acquir ing t a r g e t s  u t i l i z i n g  

a f te rburner .  

3. Background discr iminat ion techniques m u s t  be jmployed t o  acquire  
t a r g e t s  u t i l i z i n g  c r u i s e  o r  m i l i t a r y  power. 1 

4 .  Helicopter  acquis i t ion  a t  a range of  4.5 km can be accomplished i f  
e f f e c t i v e  background discr iminat ion is  employed. 

5. Two-color d i s c r i n i n a t i o n  is an e f f e c t i v e  technique which u t i l i z e s  
simple de tec t ion  log ic .  

6 .  Additional da ta  on the  s p e c t r a l  radiance of  var ious backgrounds 
a r e  needed. 
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ANALYSIS 0' 31E SIN4 INFRARED ACQUISITION SYSTEM 

Introduction 

Operation of Warsaw Pact tactical aircraft in a European theatre war may be 

from widely dispersed, temporary airfields. 

hardened aircraft shelters. 

deny the use of enemy aircraft in a tactical situation. 
denial is the Self-Initiated Antiaircraft Missile (SIMI) , previously known as Little 
David. 

Some of these airfields may emp?ov 

Such procedures make it difficult for NATO forces to 

One concept for airfield 

1 

r 
\ SIMi is a remotely implanted, ground-to-air, automatic homing, guided missile. 

Activa- In a typical scenario. the missiles would be "seeded" near enemy airfields. 
tion of thc system during aircraft takeoff would be accomplished by an acoustic scnsor. 

Upon receipt of the proper acoustic signature, the missile would pop-up, acquire thc 
targct with infrared techniques, and home on and destroy the target. 

tion would be accomplished by a linear IR detector array, and terminal homing would 

be provided by a Redeye-type seeker head. 

Target acquisi- 

In addition to the airfield-denial application, the SIMi concept provides a 
possible submarine defense against AS14 forces. 
t o  be launched from a submerged submarine, deployed on the ocean surface, and fired . 
against Soviet ASW helicopters. 
by acoustic signal, and IR acquisition and terminal homing systems would again be 
employed. 

This concept calls for the missile 

Activation of the system would again be accomplished 

One of the key items in the successful operation of these systems is the 

infrared acquisition system. 
both the airfield denial task and the submarine defense task. 

This report presents an analysis of such a system for 

Study Parameters 

. .. 
, The acquisition system comprises a lincar detector array and an optical systcm 

having a fan-shapcd field-of-vicw of 64 by 0.11 dcgrecs. 

by rotation of the missile about its spin axis. 

Scanning is accomplishcd 

Acquisition probabilities are 

Y 
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govcrncd by the  signal-to-noise r a t i o  i n  the  de tec tor  channels, In  t h i s  ana lys i s ,  
the spec t r a l  rad ian t  i n t e n s i t i e s  of  an F-48 Phantom JI and a CH-47C he l i cop te r  and 
typ ica l  WIG 21  a i r c r a f t  maneuvers were used t o  charac te r ize  t h e  t a r g e t s .  
LOlVTR ' 1  2 computer code obtained f r o a  AFCRL has been used t o  compute atmospheric 
transmission. 
Tiifget range and aspect angle were obtained from a separa te  engagexznt ana lys i s2  f o r  
f i v e  d i f f e r e n t  a i r c r a f t  maneuvers and two d i f f e r e n t  he l i cop te r  loca t ions .  

The 

Background s p e c t r a l  da t a  i c  t h e  1.5 t o  5.4 v regime were u t i l i z e d .  

In +.lie a i r f i e l d  denia l  t ask ,  f i v e  poss ib le  maneuvers a r e  considered fcr thc  
MIG 21 a i r c r a f t .  They are nominal, low slow, low fast, s p i r a l ;  and maximum climb. 2 
The f i r s t  two maneuvers involve operation a t  mi l i t a ry  power and F c ru i se  power, rcspec-  

t i v c l y .  
The missile system usua l ly  operates i n  the  tail-cliase mode s o  t \ a t  a favorable aspec t  

angle is obtained, However, i n  the submarine defense t a sk ,  t h i s  s i t u a t i o n  i s  no t  

The l a s t  t h ree  maneuvcrs a r e  performed under f u l l  a f t e rbu rne r  conditions.  

always r ea l i zed ,  and lower t a r g e t  i n t e n s i t i e s  and s h o r t e r  acqu i s i t i on  ranges are 
to  bc expected. 

System Description 

'The SIMl concept f o r  t h e  a i r f i e l d  denia l  task is  i l l u s t r a t e d  i., Figure 1. 
Deta i l s  of system opera t ion  a r e  given i n  References 1 and 2 .  
miss i l e  i s  ac t iva ted  upon r ccc ip t  of  an acous t ic  s igna l  from a departing a i r c r a f t .  
After a dolay t o  allow f o r  cooling of  t he  in f r a red  sensors ,  t h e  mis s i l e  pops up, 
acquires the  t a rge t  w i t h  an in f r a red  dctcctioii  system, and t u r n s  i n  the  d i r ec t ion  of 
the t a r g e t .  
frmi thc  acquis i t ion  system t o  t h e  terminal Iiomizg system. 
tlic usc of  . a  S t inger  (improved Redeyc) tracking head f o r  terminal phase guidance. 

The remotely implanted 

A t  the proper poin t  i n  t he  missile t r a j ec to ry ,  guidance i s  handed over 

Present plans envision 

I)cploymcnt o f  a s imi l a r  missilc system f o r  submarine defense is i l l u s t r a t e d  i n  
Figurc ?. 
marine. I t  remains on the  ocean sur face  i n  a f l o t a t i o n  mode u n t i l  t h e  r ece ip t  of an 
acous t ic  s igna l  from the  ASW hel icopter .  After launch, t h e  operation of t h e  missile 
is s imi l a r  t o  tha t  i n  the  a i r f i e l d  denial  t ask .  

Ilcrc, t he  mis s i l e  is launched through the  s igna l  e j ec t ion  po r t  of t h e  sub- 

Rcy f ac to r s  influencing successful i n f r a r c d  a c q u i s i t i o n  system opcration are 
tlic o}! L c a l  system, the de tec t ion  system, m d  t a rgc t  and background c h a r a c t e r i s t i c s .  

. b.'' .. 
i . 
I '  : . (  . _  
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prOVfdcS a small field-of-view for each clcmcntal dc tcc tor ;  as w i l l  bc scen l a t e r ,  
this is lmportant i n  rcducing thc  dc lc tc r ious  cffccts of background c l u t t e r .  
systcm considcrcd hcre, the clcmcntal ficld-of-view is 2 by 0.11 dcgrccs. 

In  the  
A folded 

C Sclimidt op t i ca l  systcm w i l l  be uscd t o  minirnitc space qequircmcnts. 
providcs an f/l.O op t i ca l  systcm. 

Present design 

ACO GUIDANCE SECTION 

C. -- 

1 2.75" OD 

v - 5.50"- I \ \  

50.00" 

- SUSTAINER - 

\ Array Detail 

Elemental 
Fleld-of-Vim 

Ax- w = .atz" 
Figure 3. Optical  system 

Dctcction Systein 

'The pcrformancc GI t1rc acquis i t ion  systcm is described i n  terms of t h e  proba- 
b i l i t y  or detec t ing  a t a rge t  under ce r t a in  givcn conditions.  
c r i t i c a l l y  on tlrc signal-to-noisc r a t i o  (S/N) a t  t hc  output of t h e  in f r a red  photo- 
dc tcc tor .  
systcm a r e  given i n  Appcndis A .  
tlic c l i a r ac t c r i s t i c s  of tlic t a rgc t ,  the background aga ins t  wliich t h c  t a r g c t  mus t  bc 
dctcctcd, tlrc in t r rvcning  atmosphere, and the sensors thcmselvcs. 

This p robab i l i t y  depends 

'f'lrc fundamcntal equations describing t h e  performance of  t he  SIMI acqu i s i t i on  

The S / S  is spec i f ied  i n  Eq. (A-11) as a func t ion  of 

c 

J 
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As,.the missile sp ins ,  t he  s igna l  from each elemental de t ec to r  w i l l  f l u c t u a t e  

as its ' field-of-view encompasses varying, amounts of background and t a r g e t  radiance.  

A hypothetical  single-scan va r i a t ion  is indicated i n  Figure 4 .  
determined by t h e  con t r a s t  between t h e  minimum s igna l  generated when t h e  t a r g e t  is 
present  and the  maximum s igna l  generated by t h e  background c l u t t e r .  
de tec t ion  is  a commonly used technique f o r  de tec t ing  such con t r a s t s ,  
because t h e  background radiance l eve l  va r i e s  i n  time through wide values re la t ive 
t o  t h e  de tec tor  no ise  level, t h e  zhreshold l eve l  cannot be clamped a t  an absolu te  
value,  
during some previous time period. 
t he  amount, i n  r e l a t i o n  t o  the  noise equivalent f l u x  dens i ty  of  t h e  de t ec to r ,  by 

Sensor performance is 

Threshold 
However, 

I t  must  p r a c t i c a l l y  be referenced t o  t h e  average background radiance received 
With t h i s  technique system operation is l imi ted  by 

which the  target-generated s igna l  exceeds t h e  background con t r a s t .  3 

;can Background Background Darkest Scan 
Background 

t -  

Figure 4 .  Hypothetical v a r i a t i o n  of  de t ec to r  vo l tage  
with time f o r  a s i n g l e  scan 

Equation (A-11) includes a f a c t o r ,  D,  c a l l ed  t h e  background d iscr imina t ion  
f a c t o r .  
na t ion  techniques. 
i l l u s t r a t e d  i n  Figure 5. 
time Constant i s  used t o  reduce the  e f f e c t s  of background c l u t t e r .  
must average t h e  slowly varying component of t he  background radiance while passing 
t h e  faster t a r g e t  pu lse .  

This f a c t o r  can be used t o  descr ibe  t h e  e f fec t iveness  of background d iscr imi-  
A value of un i ty  f o r  D can be obtained with t h e  de tec t ion  scheme 

Here an automatic gain cont ro l  (AGC) system with t h e  proper 
The AGC c i r c u i t  

Should completely e f f e c t i v e  background discrimination tech- 

niques.be poss ib l e  (or no background c l u t t e r  be present )  $he value of  D may be reduced 
t o  zero. Detection p r o b a b i l i t i e s  f o r  both cases w i l l  be discussed l a t e r .  



Target ‘I?;XESHOLD 
DETECTOR 3. Bnckgrounci PHOTODETECTOR --+ AMPLIFIER- FILTER 

Irradiance # 
Optical 
Bandpass 
Filter 

Figure 5. Block diagram .Jf AGC detection scheme 

Target Radiation Characteristics 

Evaluation of the S/N requires specification of the radiant intensity of thc 
target. In this report, two possible targets are considered. For the airfield denia 

task, thc MIG 21 aircraft is a rcprcsentative target’ and for thc submarine defense 

task thc Hormone-class ASW helicopters of the Soviet Union are representative targets. 

Spcctral distributions of radiant intensity arc required for both targets. 

Extensive intensity measurements have been made on U. S. air~raft;~” unfortunately, 
little spectral data are available on the Soviet counterparts. Consequently, the IR 

spcctral signatures of the F-4B Phantom I1 aircraft and the CH-47C helicopter have 
been uscd in this rcport for S/N evaluation. 

both arc shown in Figure 6 .  
length interval. 

Rcfercnccs 4 and 5. 

by atmospheric water vapor and carbon dioxide, respectively. 

taincd at tail aspect and at short ranges from the target. 

thc radiation rncchanism (hot metal o r  plume), little difference should be noted in 
the cmission spectra for Soviet aircraft. 

Spectral radiant intensity curves for 

Maximum intensity is observed in the 2.5 to 5.0 IJ wave- 
These curves are smoothed versions of the raw data appearing in 

The minima at 2.7 and 4.3 IJ result from absorption of radiation 

Both curves were ob- 
Because of the nature of 

I 

In addition to specifying the spectral distribution of the target intensity, 

the variation of intensity with aspect anglc must also be known. 
blackbody radiation from hot metal parts plays a dominant role; whereas, at nose and 
side aspcct, the emission produced by the hot exhaust plume becomes important. 
Plumc cffccts are pronounccd in the 4.15 to 4.2 v and 4.4 to 4.5 IJ wavelength inter- 

vals. 

shown in Figurc 7 taken from Rcferencc 6 .  
intcrval are givcn. Values arc given for cruise powcr, military power, and maximum 
uftcrburiicr throttlc scttings. 
with thc intcnsitics shown in Figurc 7 ovcr the wavelength interval 3.9 to 5.2 p 

prior to pcrformiiig the  S/N computation. 

At the rear aspect, 

4 
I 

Variation of radiant intensity with aspcct angle for the CIIG 21 aircraft is 
Intensities in the 3.9 to 5.2 IJ wavelength 

Thc spcctrnl curvcs of Figurc 6 arc adjusted to agrec 

14 
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-----CH-47C Helicopter 
Range: 266' 
Throttle - 70% 
- F-4B Phantom 

Aircraft 
Range: 400' 
Throttle - 100% 

I ~ !V , I 

2.5 3.0 3.5 4.0 4.5 5.0 
Wavelength (microns) 

Figure 6. Curve of target radiant intensities--tail 
aspect--for F-4B and CH-47C 

1 b. At afterburner power 

Apparent 
Radiant a. 
Intensity 
(wattslsr) > 

At cruise and military power 

Apparent 
Radiant 
Intensity 
(wattslsr) 

Figure 7. Aspect function €or MIG 21 
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' P. 
. r  Necessary aspect function da ta  f o r  t h e  Soviet  Hormone he l icopters  a r e  not I . 

available to the author's knowledge. Consequently, the function shown in Figure 8 , 

top of t he  fusclage. Therefore, t h e  bes t  viewing f o r  IR de tec t ion  i s  from, t h c  t o p  
and r ea r .  

i 

. c  was synthesized from Reference 5. Engine placement on Hormone he l i cop te r s  i s - o n  . . -  -- . 
A*' 

-. ,. 
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The da ta  in 'F igu res  6, 7, and 8 are used i n  eva1uatir.g t h e  SIN 

Tai l  Aspect 

No! 

. -. 

Figure 8. 

Synthesized aspect func t ion  
for he l i cop te r  radiance 

i 

d 
Aspect 

Atmospheric Transmission 

Atmospheric transmission of i n f r a red  r ad ia t ion  decreases with d is tance  through 
thc  atmosplicrc. 
locatcd throughout t h e  I R  s p e c t r a l  region. 
systcni should be sc lec tcd  t o  avoid these l i n e s .  

Absorption l ines  r e su l t i ng  from various atmospheric molecules are 
The spec t r a l  bandpass of  t h e  acqu i s i t i on  

Computations of  transmission as a 
fuiiction o f  rmvclength a r e  pcrformcd in  t h i s  ana lys i s  by the  LOlrlTRAN 2 computer code. 7 

This code prcdic t s  the transmittance of  thc atmosphere between any two spcc i f ied  
points i n  thc spcc t r a l  rcgion 0.25 t u  28.5 u. The spec t r a l  rcso lu t ion  is 20 cm- 1 . 
Thc program provides a choice of s i x  atmospheric models and two haze models. 
l a r  absorption, molecular s c a t t e r i n g ,  and aerosol ex t inc t ion  are considered. Data 

Molecu- 



may be at wave number intervals of 5.0 cm-’. 

visibility of 23.km has been chosen for the calculations presented in this report. 

Figure 9 is an example of the atmospheric transnittance in the wavelength region of 
interest obtained from LOWTRAN 2 code. The effect of a decreased visibility (5 km) 
is also shown for comparison. 

range of 3.2 km and located at altitudes of 0.326 km and 1.095 km were chosen. 

The-U. S. Standard Atmosphere with 

For this example, two points separated by a slant 

Figure 9. Atmospheric transmission as a function of wavelength 

The effects of fog and clouds on system performance are not addressed in this 

report. 

the atmospheric transmission at infrared wavelengths. 

It is well known8-’’ that the presence of these elements severely reduces 

Background Models 

Background clutter is the most severe impediment to the successful operation of 

the SIAM system. 
target altitude where ground clutter can be severe. 

clutter on system performance, background radiance as a function of wavelength must be 

specified in Eq. (A-ll), Appendix A. Fortunately, a large body of background data has 

Target acquisition must occur in most cases at a relatively low 
To assess the effects of this 
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been compiled.11 An example of these data is  'shown in Figure 10. Background 
radiances of  a blue sky and of a cloud a r e  shown i n  Figures 10a and lob, respec t ive ly .  
O f  primary i n t e r e s t  i n  the evaluation of the system S/N is  t h e  value'. of t h e  background 
contra t a s  spec i f ied  i n  Figure 1Oc. 

a. Spec t ra l  radiance of b lue  sky J' 
2 3  4 5  

Wavelength (microns) 
2400 

n c 
U 0  w 
.I;g2000 

$$600 - 
8.80 

Wavelength (microns) 
n 

-a 
004 

400' 

02 

' 

. '  *-'yL 

2 3 4  5 
Wavelength (microns ) 

b. Spect.ra1 radiance of a cloud \ 

c. Blue sky/cloud con t r a s t  radiance 

b .  

Figure 10. 



, Reference 11 provides background radiance values f o r  15 d i f f e r e n t  background 
con t r a s t  s i t u a t i o n s .  
simulation of system performance. 
f a c t o r  D i n  Eq. (A-11), Appendix A, corresponds t o  the conservative assumption t h a t  
the background radiance changes from a minimum value (N (min)) t o  a maximum value 
(N (max)) i n  scanning a s i n g l e  de t ec to r  width, i . e .  , the  background c l u t t e r  ha: very 
sharp edges. The e f f e c t i v e  value of [EiA(max) - NA(min)] i n  the  S/N equation may-in 
p rac t i ce  be lower than the  values indicated i n  the  con t r a s t  curves i n  Reference’ll .  
This  stems from t h e  f a c t  t h a t  these a r e  “d-c” con t r a s t  values,  obtained, for example, 
from measurements a t  the  center of a cloud and of a patch of blue sky. 
e f f e c t i v e  value o f  the c o n t r a s t  may decrease g rea t ly  as  t h e  field-of-view of t h e  
de t ec to r s  is decreased because higher s p a t i a l  background frequencies a r e  u t i l i z e d .  
While not enough data  a r e  ava i l ab le  f o r  firm conclusions, it appears12 t h a t  t h e  back- 
ground r ad ian t  power f a l l s  o f f  as  the  r ec ip roca l  of the  s p a t i a l  frequency r a i s e d  t o  
some power. In the  present  ca l cu la t ions  of 
system performance, the  d-c values of background con t r a s t  a r e  assumed, and t h e  esti- 
mates thus obtained should prove t o  be conservative.  

These curves have been d i g i t i z e d  and used i n  the  computer 
Assignment of uni ty  value t o  the  discr iminat ion 

h 

A. 
. .r ‘9 

Actually t h e  

The exponent va r i e s  between 1 . 5  and 4 .  

Detection P robab i l i t y  Requirements f ’  
The equations descr ibing the  detect ion p robab i l i t y  f o r  an in f r a red  acqu i s i t i on  

system are given i n  Appendix B. 
S/N’rat io  a t  the  photodetector output and upon t h e  f a l s e  alarm p r o b a b i l i t y  require-  
ments. In t h i s  repor t ,  a f a l s e  alarm p robab i l i t y  of  was assumed. This  proba- 
b i l i t y  implies a time of 64 seconds between f a l s e  alarms caused by noise  spikes .  
missile f l i g h t  time is  of  t h e  order  of 20 seconds. 
a s ignal- to-noise  r a t i o  of 7.0 (16.9 dB) gives  a s i n g l e  look de tec t ion  p r o b a h i l i t y  

Detection p robab i l i t y  depends c r i t i c a l l y  upon t h e  

The 
For t h i s  f a l s e  alarm p robab i l i t y ,  , I ’  

Of 0.98. 

System Performance 

Acquisit ion c a p a b i l i t i e s  of t h e  i n f r a red  system previously described have been 
assessed f o r  both the  a i r f i e l d  denial  t a sk  and the  submarine defense task.  In both 
cases, da t a  on l i k e l y  missile and t a r g e t  t r a j e c t o r i e s  were obtained from Bennett. 
S/N values were computed throughout the  launch-to-intercept t r a j e c t o r i e s .  
emphasis was placed upon t h e  S/N a t  a time of 1.1 seconds a f t e r  i n t e r c e p t o r  launch, 

2 

P a r t i c u l a r  



the time at which target acqtiisition is assumed in Bennett's calculations. The first 

step in evaluating the S/N 'is parameter specification. :. 

Sensor Parameters 

The fixed parameters chosen (Eq. (A-11) , Appendix A) for the initial 'design are 

as follows: 

A, = 5.06 cm2 = collecting area of the optical system. 

Ad = 5.03 x 

Af = 1.57 x 10 Hz = bandwidth of the electrical filter. 

cm2 = area of elemental detector. 

4 

o = 7.79 x 10'' sr E: field-of-view of elemental detector. 

To = 0.9 = transmission of optical system. i 

13 
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Other system parameters which are at the control of the designer are the detectivity 

of the photodetector, D;; the transmission characteristics of the optical filter; and 

the area correction term 

determined by factors outside the designer's control. 

Other parameters needed in evaluating this equation are 

The sensor detectivity, D;, characterizes the noise voltage generated by the 
photodetector. It is a property of the material chosen for use as the photosensor. 
Original calculations were performed with InSb which has a peak D; of approximately 

10l1 [cm(H~)~'~]/watt at a wavelength of 5 microns.14 However, this material prefers 
to operate at a temperature of 77'K,and initial estimates of the cooling capability ' 

of an acceptably sized dewar indicated that there might not be sufficient time between 

system activation and launch to cool the detectors to this temperature. 
with detector manufacturers indicate that certair. proprietary processes can yield 

adequate detectivities in the material ((Hg, Cd), Te) at a more acceptable temperature 
of 20O0K. 

Discussions 

Consequently, the curve shown in Figure 11 was used for D; in this analysis. 



2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 
Wavelength (Microns) 

Figure 11. D* as a function of wavelength for 

Spectral Bandpass Selection 

Maximization of S/N of the acquisition system involves maximizing the contribu- 
tion to the signal from the target while minimizing the contribution from the back- 

ground. 
detectors affects both of these quantities. 

scan sensors have used different wavelength bands for different applieations. 

example, Aerojet-General Corporation has designed and built a system operating at 

2.85 to 3.19 p for the B-1 aircraft;" AVCO- Corporation has built a tail warning 

device for use on the F-111 aircraft which operates in the 3.8 to 5.5 p wavelength 
region; l6 and Hughes. aircraft has designed three different systems for possible use 

on the AWACS, B-lA, and F-111D aircraft which operate in the plume-sensitive 4.1 to 

4.7 p regime.17 An inspection of Figure 6 reveals that the peak radiant intensity 

from the target occurs in the 3.0 to 5.0 II wavelength band for small aspect angles. 

Variation of the spectral bandpass of the optical filter preceding the 

Manufacturers of infrared track-while- 

For 



Atmospheric transmission i s  a l s o  high i n  t h i s  band,as  evidenced i n  Figure 9. 

best choice f o r  maximizing t h e  s i g n a l  received from t h e  t a r g e t .  

These 

’ fac tors  ind ica te  t h a t  an o p t i c a l  f i l t e r  located within the  2 .5’ to  5.0 P band is  t h e  

Consideration must a l s o  be given t o  the  s p e c t r a l  d i s t r i b u t i o n  of  t h e  background 

radiance.  Spectral  contrast radiance for a blue sky/cloud s i tuat ion has been illus- 
t r a t e d  i n  Figure 1Oc. 
d i f fe ren t  for -  d i f f e r e n t  backgrounds, although t h e  absolute  radiance l e v e l s  are 

Figure 12, obtained from da ta  i n  Reference 11, i l lustrates  t h i s  t rend.  

highest  values near  5.0 p .  These facts i n d i c a t e  t h a t  it might not  be poss ib le  t o  pick 
one s i n g l e  s p e c t r a l  bandpass within t h e  2.5 t o  5.0 P regime which would y i e l d  an ade- 
quate value of S/N r a t i o  f o r  a l l  poss ib le  backgrounds, i .e . ,  a f i l t e r  y ie ld ing  optimum 
S/N f o r  a cloud background might y i e l d  a suboptimum value €or t h e  blue sky or ocean 
background. 
S/N t o  take on negat ive values .  
diance a t  the  sensor  exceeds t h a t  received from t h e  t a r g e t .  
system alone is  not  s u f f i c i e n t  f o r  t a r g e t  de tec t ion .  

In  general ,  t h e  shape of t h e  s p e c t r a l  radiance curves is 

general ly  always less than 120 microwatts/cm 2. -sr-P i n  t h e  s p e c t r a l  region ?.5 t o  5 P. 

radiance is  seen t o  peak near 3.6  p ,  while radiance from t h e  ’r 
Here, cloud 

ocean and sky have t h e i r  

Background radiance l e v e l s  a r e  high enough i n  severa l  cases  t o  cause t h e  
This  means simply t h a t  t h e  background c o n t r a s t  i rra- 

In  t h i s  case, t h e  AGC 

110 - 

loo - 

50 - 

Wave Length (microns) 

Figure 12.  Background s p e c t r a l  radiance f o r  cloud, ocean, sky 



Table I lists values of S/N f o r  'two d i f fe ren t  spec t r a l  f i l t e r  bandwidths f o r  

A f u l l  explanation of t he  d i f f e r e n t  t r a j e c t o r i e s  w i l l  be given 

811 backgrounds considered. These da ta  a r e  fo r  one of the t r a j e c t o r i e s  i n  t h e  a i r -  
f i e l d  denia l  task. 
later,  0 (perfect  discr iminat ion or uniform background) 
and for  D = 1 (AGC system, no o ther  discr iminat ion)  and illustrates t h e  va r i a t ion  i n  
S/N f o r  f ixed spec t r a l  bandpass as d i f f e ren t  background levels are encountered. For 

t h i s  pa r t i cu la r  t r a j ec to ry ,  t he  spec t r a l  bandpasst 4.15 I.I S X I 4.60 1-1 (favorable t o  
plume rad ia t ion)  gives a higher percentage of pos i t i ve  S/N values than does t h e  
3.38 IJ C 1 C 4.17 p bandpass f i l t e r ,  Note, however, t h a t  a l l  t h e  S/N values except 

t h e  D = 0 ,  3.38 II I X S 4.17 P, case y i e l d  SIN values which are too  low for adequate 

de tec t ion  p robab i l i t y  for t h i s  t r a j ec to ry .  
obtained with the  3.38 t o  4.17 p f i l t e r  are l a rge r  i n  magnitude than those  obtained 
with the  4.15 t o  4.6 II f i l t e r .  
ning a background scene with sharp edges w i l l  have a g r e a t e r  transcendence over t h e  
target s igna l  i n  t he  former case  than i n  the  l a t t e r .  
undesirable .  
s igna l ,  r e l a t i v e  t o  t h e  de t ec to r  noise ,  is  higher  i n  t h e  former case. 
choice of spec t r a l  bandpass must  then depend upon t h e  s i g c a l  processing log ic  
employed. 
t o  t h e  de t ec to r  no ise  l eve l  i n  some given time af ter  encountering t h e  background. 
t h e  t a r g e t  appears su f f i c i en t ly  far  from t h e  edge of t h e  background so t h a t  t h e  
de t ec to r  output  has  been set near  t h e  noise  l i m i t ,  t h e  3.38 t o  4.17 IJ i n t e r v a l  should 
be chosen. 
within one AGC time constant ,  t he  t a r g e t  w i l l  more l i k e l y  not be seen i f  the.3.38 :o 
4.17 1~ f i l t e r  is  used. These arguments are predicated on t h e  assumption o f  sharp 
background edges. 

The t a b l e  lists S/N f o r  D 

In  general ,  t h e  negat ive values  of S/N 

This means simply t h a t  t h e  s igna l  generated by scan- 

A t  first glance, t h i s  seems 

The proper 
However, considerat ion of  t h e  D = 0 values  ind ica t e s  t h a t  t h e  t a r g e t  

For example, t h e  purpose of an AGC system is  t o  d r ive  t h e  de t ec to r  output  
If 

If, however, t h e  t a r g e t  appears near  t h e  edge o f  t h e  background, i .e.,  

Experiments involving ac tua l  backgrounds-must be conducted t o  
. determine t h e  s e v e r i t y  of t h e  edge problem. These da t a  can be used i n  s e l e c t i n g  AGC 

.. . 
.I ' system time response and t h e  optimum o p t i c a l  f i l t e r .  
;jz 
*I? 

In general ,  t h e  bes t  poss ib le  discr iminat ion techniques should be employed so . 
t h a t  t h e  system bandpass can be increased t o  permit u t i l i z a t i o n  of '  t h e  e n t i r e  target" 
spectrum. Here, t h e  same t r a j e c t o r y  is  u t i l i z e d ,  
a cloud/sky background is  assumed, and system performance for  nine d i f f e r e n t  spectral 
bandpasses is i l l u s t r a t e d .  , P o s i t i v e  values are indica ted  for D = 1 f o r  only two o f  
t h e  s p e c t r a l  i n t e rva l s .  
r e s u l t s  are obtained when good discr iminat ion techniques are employed and t h e  s p e c t r a l  
bandpasses are increased.  

I 

Table 11 i l l u s t r a t e s  t h i s  po in t .  

Again, t he  pos i t i ve  vzlues ,  when obtained, are low. Better 
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' Curve 
Number i n  
Ref. 13 

1c 
2c , 

3c 
4c 
sc 
6C 
7c 
8C 

9c 
1oc 

11c 
13C 
14C 
15c 
18C 

TABLE I 

S/N Values f o r  Dif fe ren t  Backgrwnds 
(One Poin t  i n  Nominal Trajectory) 

Background 

Blue sky/mountain snow 
Snow/s ky 
Blue sky/cloud 
S ky/cloud 
Blue sky/mountain peak 
Blue sky/ t ree  
Snow/shaded ground 
Blue sky/snow covered 
mountain 
White s u r f / c l i f f  
Sky horizon/ocean 
horizon 
Sky/land s t r i p  
Sky/ocean (1) 
Skylocean (2) 
Mountain/sky 
Land/ocean 

S/N 

3.38 p 5 X 5 4.17c.p 4.15 p s X c 4.60 p 
T- - 

D = O  D = l  

7.26 
7.26 
7.26 
7.26 
7.26 
7.26 
7.26 
7.26 

- 25.6 
- 35.2 
-137.4 
-143.6 
- 82.9 
- 11.6 
- 4.9 
- 3.1 

7.26 
7.26 

4.0 

- 5.4 

7.26 
7.26 
7.26 
7.26 
7.26 

4.0. 
- 28.9 
-322.0 

1.9 
1.5 

D = O  D = l  - 
2.42 
2.42 
2.42 
2.42 
2.42 
2.42 
2 .'42 
2.42 

1.15 

- 1.24 
- 5.22 
- 5.13 
-26.9 
- 1.30 
- 6.66 

0.12 

2.42 
2.42 

0.36 

2.00 

2.42 
2.42 
2.42 
2.42 
2.42 

1.73 
1.97 

1.71 
1.74 
2.34 

TABLE I1 

S/N f o r  Cloud/Sky Background 
(One Point i n  Nominal Maneuver) 

Spec t ra l  In t e rva l  S/N 
D = O  D = l  - (PI 

0.4 - 4.4 2.5 t o  3.3 

2.84 t o  3.18 
3.38 t o  4.64 
4.15 t o  4.25 
4.4 t o  4.55 
4.42 t o  4.64 
2.5 t o  5.0 
4.4 t o  5.0 
3.0 t o  5.0 

0.3 
9.3 
1.2 
0.8 
1.6 

12.64 
4.35 

12.57 

- 1.4 
-148.0 
- 5.4 

0.7 
0.2 

-177.4 
- 21.2 
-176.3 



In.summary, the proper choice of s p e c t r a l  bandpps  depends t o  some extent upon 
While t h e  d a i a  shown i n  Tables I and I1 are tile d i scr imina t ion  techniques employed. 

for  one of t h e  worse-case t r a j e c t o r i e s ,  it is  evident t h a t  successful system opera- 
t i on  demands good discrimination aga ins t  background c l u t t e r .  
d i scr imina t ion  can be employed, t h e  spectra! bandpass from 3.0 t o  5.0 p can be 
u t i l i z e d  t o  y i e ld  adequate S/N values.  
i n  a later s e c t i o n  of t h i s  repor t .  
reduLed by a f a c t o r  of 3, t h e  e f f e c t s  o f  background clutter could be v i r t u a l l y  elimi- 
nated, i f  a l l  o the r  system parameters remained f ixed .  Unfortunately, t h i s  would 
r equ i r e  smaller de tec to r  elements which appears t o  be beycnd t h e  p re sen t  s t a t e -o f -  
t he -a r t  i n  de t ec to r  f ab r i ca t ion .  

I 

If near perfect (D = 0) 

Discrimination techniques w i l l  be discussed 
However, i f  t h e  elemental field-of-view w were 

Acquisit ion Capab i l i t i e s  f o r  t h e  A i r f i e l d  Denial Task 
2 Bennett has evaluated SIAM missile performance aga ins t  f ive  poss ib l e  maneuvers 

f o r  t h e  M I G  21 aircraft .  
c a p a b i l i t i e s  of  t h e  acous t i c  sensor system, emplacement f o o t p r i n t s  about t h e  a i r f i e l d  
were derived. Missiles implanted wi th in  these  f o o t p r i n t  a r eas  have miss d i s t ances  of  
from 0 t o  6 meters when it is  assumed t h a t  t h e  t a r g e t  is  acquired a t  a time of  1.1 
seconds after launch. 

From these  hypothetical  maneuvers and a knowledge of t h e  

A g r i d  showing t h e  emplacement srrangement i n  r e l a t i o n  t o  t h e  runway is  shown 
i n  Figure 13. Acquisit ion p r o b a b i l i t i e s  were computed f o r  missiles f i r e d  from each 
po in t  i n  t h e  implantation g r i d  f o r  each of  f i v e  -ssumed t a r g e t  takeoff  maneuvers as 

follows : 

1. Nominal -- aircraft takes  o f f  with f u l l  a f te rburner ,  climbs to 
50 feet a l t i t u d e ,  acceicyates t o  550 ft/sec, c u t s  a f te rburner ,  and 
climbs out  on m i l i t a r y  power a t  15 degrees. 

2 .  Maximum Climb -- aircraft  takes  o f f  and climbs out  a t  33 degrees 
a t  f u l l  a f te rburner .  

3 .  Low Fast -- aircraft takes  o f f  with f u l l  a f t e rbn rne r ,  climbs t o  
70 feet a l t i t u d e ,  and f l ies ou t  a t  t h i s  a l t i t u d e  a t  f u l l  
a f t e rbu rne r .  

.4. - LOW Slow -- aircraft  takes  off a t  f u l l  a f te rburner ,  climbs t o  
50 f e e t ,  cuts a f te rburner ,  and f l i e s . o u t  a;t SO feet a l t i t u d e  a t  

r 



m- 

, 5.  Spiral, -- aircraft 'takes of€ with full'afterburner, initiates a 
2 g lateral ,turn, and .climbs at maximum rate to make axial accel- 
eration' zero with full afterburner. 

The above maneuvers are illustrated in Figure 14. Acquisition capabilities for each 

of these maneuvers are discussed below. 
' .  

Downrange (kml 

Figure 13. Footprint of implantation area for airfield denial task 

N Nominal 
M Maximum Climb 
LS Low Slow 
LF Low Fast 
S Spiral  

Range fkm) 

Figure 14. Aircraft maneavers for MIG 21 
c 
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Resul ts  f o r  Nominal Maneuver -- Emplacement po in t s  for zero miss d i s t ance  f o r  .. 
t h e  nominal t r a j e c t o r y  a r e  denoted by 0 i n  Table 111. 

, g r e a t e r  than, zero a r e  denoted by x. Evaluation of Eq. (A-11),  Appendix A, using 
missile and target altitudes, aspect angles, and ranges from.Reference 2 on this 
t r a j e c t o r y  i n d i c a t e s  t h a t ,  f o r  pe r f ec t  discr iminat ion (D = 0) ,. t h e  S/N is s u f f i c i e n t  
i n  a l l  cases t o  y i e ld  an acqu i s i t i on  p robab i l i t y  o f  g r e a t e r  than 0.98 f o r  a l l  po in t s  
i n  the  implantation gr id .  
5.0 p f o r  t hese  computations. 
(D = l ) ,  t h e  S/N r a t i o  f o r  t h i s  maneuver aga ins t  a cloud/;ky background becomes nega- 
t i v e  €or seve ra l  po in t s .  There- 
fore ,  j.11 orde r  t o  r e a l i z e  the  k i l l  p r o b a b i l i t i e s  reported by Bennett, e f f e c t i v e  
discr iminat ion techniques mus t  be employed f o r  t h e  nominal t r a j e c t o r y .  
discr iminat ion f a c t o r  D = 0.3 is  s u f f i c i e n t  t o  y i e l d  adequate acqu i s i t i on  p robab i l i t y .  
A l t e rna t ive ly ,  t h e r e  are some po in t s  i n  t h e  f o o t p r i n t s  f o r  which AGC-type l o g i c  i s  
s 'u f f ic ien t  and e f f e c t i v e  P k l s  may be r ea l i zed  by demanding more p rec i s ion  i n  missile 
implantation. 
i sks" in  Table I11 a s  range increases  r e f l e c t s  a f t e rbu rne r  cu tof f .  
decrease i n  t a r g e t  i n t e n s i t y  allows t h e  background term t o  dominate the  S/N; there-  
fore ,  e f f e c t i v e  discr iminat ion must be employed f o r  successful system operat ion.  

Points  with miss d i s t ances  

The s p e c t r a l  bandpass o f  t h e  system was f ixed a t  3.0 t o  
If no discr iminat ion o the r  than AGC is  employed 

These po in t s  are denoted by a s t e r i s k s  i n  Table 111. 

In general ,  a 

For values of cross  range i n  excess of SO0 m, the  appearance o f  a s t e r -  
The r e s u l t i n g  

TABLE 111 

Footprint  f o r  Nominal Maneuver 

Range (m) Cross 
Range 

(m) 1900 1250 1500 1750 2000 2250 2500 2750 30CO 3250 3500 3750 
L_ - - ..- - - - - - - - - - 

1 
250 

x x  X 
x x  0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 0 0 0 

0 0 0 0 

' 1000 
1250 

1500 

0 0  o* o* o* o* 
0 0  o* o* o* o* 
0 o* o* o* o* o* 

O* 
O* 
O* 

O* 

O* 

O* 

o* o* o* o* 
o* o* o* o* 
o* o* o* o* 

0 - Less than 0.5 m miss d i s t ance  
X - F i n i t e  miss d i s t ance  
* - Effect ive background discr iminat ion must be employed 
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Computations of  S/N.as a funct ion of time f o r  t he  nominal t r a j e c t o r y  ind ica t e  
t h a t  t he  t a rge t  is within the  field-of-view of  t h e  acquis i t ion  system f o r  a per iod of  
2 t o  3 seconds, i f  acquis i t ion  occurs 1.1 seconds after launch. 
system m u s t  acquire  the  t a rge t ,  t u rn  i n  the  proper d i r ec t ion ,  tnd hand over t racking  

t o  the  terminal system. With a sp in  rate of  10 rps, 20 t o  30 scans are provided frJr 

zcquis i t ion .  

During t h i s  time, t h e  

Results for Maximum Climb Maneuver -- Table IV presents footpr int  data for the 
maximum climb, t r a j ec to ry .  
a i r c r a f t  a f te rburner  is used throughout t he  maneuver. 
t i ons  i n  the  foo tp r in t  where the  de tec t ion  range of  t h e  acous t ic  sensor has been 
exceeded. 1.1 seconds a f t e r  launch the  aircraft is out  of t h e  field-of-view o f  
systems launched from t h e  pos i t ions  marked with "t." If t h e  missile is allowed t o  

f l y  ve r t i ca l ly ,  the t a r g e t  w i l l  r een te r  the  de tec tor  field-of-view a t  a later time. 
Bennett has calculated in t e rcep t  t r a j e c t o r i e s  f o r  t he  case of  acqu i s i t i on  times 
g rea t e r  than 1.1 seconds. 
not degraded by acquis i t ion  a t  times between 1.1 and 5 seconds after launch. 

For a l l  foo tp r in t s ,  S/N is adequate with AGC log ic  because 
The le t te r  A denotes t h e  posi-  

For t h e  maximum climb t r a j ec to ry ,  system performance is 

TABLE I V  

Footpr int  f o r  Maximum Climb Maneuver 

Cross 
Range Range (m) 
------------- (m) 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 

1 0  0 0- t  0- t  0-t 0 - t  0 - t  0-ti  0- t  0 - t  0- t  0-t 
250 0 0 0- t  0-t 0- t  0- t  0 - t  0-2 0-t  0 - t .  0-t 0- t  
500 0 0 0  0- t  0 - t  0-t 0 - t  0- t  0- t  0-t 0-t 0-t  
750 0 0 0  0 0- t  0- t  0 - t  0- t  0- t  0 - t  0- t  0-t 

1000 0 . 0 0. 0 0 0 - t .  0- t  -o-.t---o-.t-- -o-t--o--t - 0-t  
1250 0 0 0  0 0 0 0 0-t 0-t 0- t  0- t  0-t 

1500 0 0 0 0 0 0 O O A A A A  

A - Outside acous t ic  range 
0 - Less than 0.5 m miss d is tance  
t - Greater than 1.1 seconds acquis i t ion  time is  required 
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TABLE V 

Footprint for Low, Slow Maneuver 

Cross 
Rarlge Range (m) , 
(m) 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 35013 3750 ------------- 

I 

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

250 0 0 0 0 0 0 0 0 0 0 0 0 

500 o* o* o* o* o* o* o* o* o* o* o* o* 
750 0" O* O* O* O* O* O* O* O* O* O* O* 

-1000 . 0"- _. -o* -O? o* o* o* o* . -.o* .- I)* .._ O? _. O?.- o* _. 
1250 o* o* o* o* o* o* o* o* o* o* o* o* 
1500 0-M 0-M 0-M 0-M 0-M 0-M 0-M 0-M 0-M 0-M 0-M 0-M 
- 
0 - Less than 0.5 m miss distance 
* * - Effective background discrimination required '- 

M - Pd ... 0.8 with perfect discrimination 
. 
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than in the previous cases because this maneuver is asymmetric. AGG-type logic is 
s u f f i c i e n t  f o r  a l i  po in ts  except t h ree  a t  1000 m downrange. 

' the  cause of  the  reduced s igna l  i n t e n s i t i e s  a t  t hese  poin ts .  
cross  ranges i n  excess o f  1000 m are unsui table  f o r ' a c q u i s i t i o n  a t  t = 1.1 secocds '*',- 

Severe aspect  angie is  
A few of  t h e  po in t s  a t .  

I .  I because of  t he  view angle o f  t he  in f r a red  system. However, t h e  t a r g e t  can-be ..- . ' . . .;' . , ;  . .- :. . ,, . ,  
I : , , .  ; t i  

( I  

acquired a t  a later time. 
f l i g h t  dynamics and acous t ic  sensor  c a p a b i l i t i e s  than by in f r a red  acquis i t ion  , 

K i l l  p robab i l i t i e s  f o r  t h i s  maneuver are l imited more b; **. I .  - .  .* 

.-. * . .$* I ,  e ,  . * 'I 
~ .. :'', 

c a p a b i l i t i e s .  
, .  

L., I 

I ,  ,TABLE VI 
.' I , Footprint  f o r  Sp i r a l  Maneuver 

, i  Cross 
Range Range (m) 

(m) 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 , ------------- :.. 
I .  

! -1500 0 0 0  0 0 X X A A A A . A  
-1250 0 0 0  0 0 0 0 X A A A A  

,. -1000 0 0 0  0 0 0 0 0 X A A A  
I - 750 0 0 0  0 0 0 0 0 0 X A A  

- 500 0 0 0  0 0 0 0 0 :'O O X A  
0 0 0 0 0 f O  O X A  - 250 0 0 0  

* .  1 0  0 0  0 0 0 0 0 . o  0 0 X 
250 0 0 0  0 0 0 0 0 0 0 0 X 
500 0 0 0  0 0 0 0 0 0 0 0 X 

0 0  0 0  o o o o x  
I000 o* x 0-t  0- t  0- t  0 0 0 0 0 0 X 
1250 O* x 0- t  0-t 0-t 0 0 0 0 0 0 X 

1500 O* x 0-t  0 - t  0 0 0 0 0 0 o x  

! 

2 '  

' ,  
' .  .' 750 0 x o  

- - I..__ __ ___- .* .__, . - - .---- . - .---..---. --- .. --,--.-. -..-- --.. , .  

0 - Less than 0.5 m miss d is tance  
' <  
I ,  t - Greater than 1.1 seconds acquis i t ion  time required , ,  

X - F i n i t e  miss d is tance  
* - Effec t ive  discr iminat ion required 
A - Outside acous t ic  de tec t ion  renge 

Acquisition Capabi l i t i es  f o r  Submarine Defense Task 

As described i n  Figure 2, t h e  submarine defense t a sk  involves launching a 
miss i le  v e r t i c a l l y  and a t tack ing  a he l icopter .  
an acoustic. sensor as i n  the  a i r f i e l d  denia l  t ask .  

System ac t iva t ion  is  accomplished by 
From the  s tandpoint  o f  missile 
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dynamics, the  most d i f f i c u l t  he l i cop te r  l oca t ion  t o  a t t a c k  i s  one a t  low a l t i t u d e  
and d i r e c t l y  above t h e  launch point .  
locat ion involves having the  in t e rcep to r  ascend v e r t i c a l l y  t o  an a l t i t u d e  of 600 m 

and then t o  turn as sharply as possible  t o  make the intercept. T h i s  trajectory is+ 
shown i n  Figure 15 (taken from Ref. 2 ) .  The numbers 7 t o  18 shown i n  c l o s e  proximity 
t o  the t r a j e c t o r y  curve denote time i n  seconds a f t e r  missile launch. 
associated w i t h  the  vectors  a t  each po in t  i n d i c a t e  t h e  angle between t h e  missile axis 
and the  t a r g e t  l ine-of-s ight .  The t a r g e t  is  assumed t o  be located a t  an a l t i t u d e  o f  
200 m. Because of the  l imited field-of-view o f  t h e  I R  acqu i s i t i on  system, t h e  t a r g e t  
is  i n  the field-of-view f o r  only a s h o r t  period of time during t h e  upward t r a j e c t o r y  
(-0.5 s e c ) .  
t h a t  t h e  missile guidance can t u r n  t h e  missile i n  t h e  proper d i r e c t i o n  when an a l t i -  
tude of 600 m i s  reached. 
v e r t i c a l l y  i n  t h e  absence of an acqu i s i t i on  s i g n a l  u n t i l  a predetermined a l t i t u d e  is 
reached. 
9 and 10 seconds a f t e r  launch. 

Successful i n t e r c e p t  of a he l i cop te r  a t  such a 

The numbers 

To circumvent t h i s  problem, it may be necessary t o  provide a memory so 

Alternat ively,  t h e  missile can be programmed t o  f l y  

The missile could then reacquire  t h e  t a r g e t  a s  it p i t ches  over,  between 

S/N has been computed a t  a l l  po in t s  throughout t h i s  f t r a j e c t o r y  f o r  two poss ib l e  
t a r g e t  o r i en ta t ions .  The he l i cop te r  may be t r ave l ing  away from or toward t h e  missile 
a s  the  missile turns .  These a r e  t h e  two extremes as far as t h e  in f r a red  s i g n a l  re- 
ceived from t h e  t a r g e t  is  concerned. Because t h e  missile f l i es  above t h e  t a r g e t ,  and 
t h e  he l i cop te r  engines are located on top of the  fuselage,  t h e  aspect  angle problem 
i s  not  severe f o r  t h i s  scenario.  
p robab i l i t y  using only AGC-type log ic .  

S/N r a t i o  is more than adequate f o r  0.98 a c q u i s i t i o n  

A s  t h e  range between t a r g e t  and missile launch point  increases ,  t h e  in f r a red  
s i g n a l  from t h e  t a r g e t  w i l l ,  of  course, decrease.  I f a t h e  he l i cop te r  is  headed toward 
the launch po in t  (minimum signal case) the maximum acquisition range is  approximately 
4-.5 km, i f .effect ive-background discr iminat ion techniques a r e  employed. 
l o g i c  is  not adequate f o r  t h i s  range f o r  e i t h e r  t a r g e t  o r i en ta t ion .  
17 dB (Pa = 0.98) f o r  t h e  following parameters: 

.AGC-type 
S/N approaches 

D = O  
Helicopter a l t i t u d e  = 50 m 
Missile a l t i t u d e  = 700 m 
Horizoctal  range = 4.5 km 
Target o r i e n t a t i o n  = nose aspect  

Successful operat ion of t h e  SIAM missile i n  t h e  submarine defense task'  is  l imi t ed  by 
in f r a red  acqu i s i t i on  c a p a b i l i t i e s  and not by missile dynamics. 
s i t i o n  range is -4.5 km, i f  the  e f f e c t s  o f  background c l u t t e r  can be reduced. 

c 

Maximum t a r g e t  acqui- 
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Altitude - Hundreds 
of meters 1: 

Prop. 
Nav. 

Chase 

9 8 7  6 5 4 3 ' 2  1 
Range - Hundreds of Meters 

Figure.15. In te rceptor  t r a j e c t o r y  --submarine defense task  

Background Discrimination Techniques 

Improvements i n  AGC-Type System -- Ideal  operat ion of  t h e  AGC system occurs 

when background clutter provides a slowly varying signal from the IR d e t e c t o r  and t h e  
t a r g e t  provides a pulse  o f  s h o r t  durat ion.  
AGC system can be adjusted t o  cancel t h e  slowly varying ba-kground component and pass  
the  s igna l  from the  t a r g e t .  The ana lys i s  presented here  has assumed t h a t  t h e  transi- 
t ion  from minimum background t o  maximum background leve l  i s  very sharp.  This  w i l l  
probably prove t o  be a conservative a s ~ u m p t i o n ; ~  however, provis ion should be made 

I n  t h i s  case, t h e  t i m e  response of t h e  



AGC system because. t h e  leading edge of the  background pulse  w i l l  be passed by t h e  

System arid may cause false alarms, However, pulses from background clutter will 
normally be longer i n  duration than t a r g e t  pulses.  
a pulse-length d i sc r in ina t ion  network may be included i n  t h e  l o g i c  package. 
network could be set t o  pass pulse  lengths corresponding t o  a po in t  t a r g e t  and ye t  
t o  block t h e  longer background pulses .  
de t ec to r  surface as  a f i n i t e  blur .  

upon t h e  b l u r  c i r c l e  diameter and the r o l l  rate of t h e  mis s i l e .  
depends, i n  t u r n ,  on the  c h a r a c t e r i s t i c s  of the  o p t i c a l  system; diameters of 
5.08 x cm t o  2.54 x cm a r e  expected. Normadzed pulse  shapes f o r  d i f f e r e n t  

Appendix C,  to a i d  t h e  logic, system designer i n  specifying the  proper c i r c u i t r y  f o r  
pulse  length discr iminat ion.  
ca l cu la t ion .  
a point  convolved with the  scanning rectangular  photodetector.  
a l l  peak amplitudes were normalized t o  uni ty .  
r e l a t ionsh ip  between pulse  width and b l u r  circle diameter. 

Thus, t o  preclude f a l s e  alarms, 
This  

A po in t  t a r g e t  w i l l  be imaged onto t h e  photo- 

Blur circle diameter 
The t a r g e t  pulse  temporal c h a r a c t e r i s t i c s  depend 

b l u r  circle diameters a r e  shown i n  Figure 16. These J ere computed from Eq. (C-7), 

A missile r o l l  rate f o r  10 rps was assumed f o r  t h i s  
The pulse  shape i s  Gaussian, produced by t h e  Gaussiar, o p t i c a l  image of 

For p l o t t i n g  purposes, 
This f i g u r e  illustrates t h e  d i r e c t  
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Figure 16. Normalized t a r g e t  pu l se  shapes 
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The pulse- length d i s c r h i n a t i o n  system should be designed so t h a t  pu lse  shapes 
as shown i n  Figure 16 ,generate an acquis i t ion  s igna l .  
from background c l u z t e r  w i l l  look s u b s t a n t i a l l y  d i f f e r e n t  from those of  Figure 16; 

however, more experimental d a t a  descr ibing t h e  sharpness of background edges are 
needed. 

I t  is expected t h a t ' p u l s e s  

Another hindrance t o  idea l  operat ion of t h e  AGC system could arise from back- 

ground f luc tua t ions  about t h e  assumed average value.  
ground radiance used i n  t h e  SIN ca lcu la t ions  reported here  are t h e  average or  "d-c" 

values.  
l e v c l s .  
t h e  de tec t ion  system, and have amplitudes approaching t h e  d e t e c t o r  no ise  amplitudes , 
reductions i n  S/N would be expected. 
densi ty  of  var ious backgrounds are, a t  the  present  time, not  complete enough f o r  a 
f u l l  assessment of t h e  magnitude of t h i s  effect. 
small amount of  data as shown i n  Figure 17 f o r  which a sample ca lcu la t ion  can be made. 
This curve i l lustrates t h e  rapid decrease i n  background power dens i ty  as t h e  s p a t i a l  
frcquency increases  f o r  a cloud-covered-sky background. 
i n  a frequency band d i f f e r e n t  from the  one o f  i n t e r e s t  here; however, t h e  t rend should 
car ry  over i n t o  t h e  3 t o  5 P region. 

T h a t f i s ,  t h e  values of  back- 

Radiance l e v e l s  can, of course, be expected t o  f l u c t u a t e  about these  average 
If t h e  f luc tua t ions  a r e  rapid enough (small s p a t i a l  regions) t o  be passed by 

The d a t a  descr ibing s p a t i a l  frequency power 

However, Mundie has presented a 

Admittedly, t h e s e  d a t a  are 
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Spatial Frequency (waves per radian) 

Figure 17. 

Average-radiant power d e n s i t i e s  
f o r  partially-cloud-covered sky 
background 

For the sample ca lcu la t ion ,  assume a background radiance which f l u c t u a t e s  
s inusoidal ly  with s p a t i a l  posi t ion.  In  a scanning system, a radiance d i s t r i b u t i o n  
with s p a t i a l  Ercquency kx induces an e l e c t r i c a l  s igna l  with frequency kxv, where v 
i s  the vc loc i ty  of  an imagc point  moving across  the  scanning d e t e c t o r  sur face .  
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Therefore, i f  f l  is t h e  lower cutoaf frequency o f  t he  e l e c t r i c a l  network following 
18 t he  photodetector, t h e  lowest s p a t i a l  frequency passed by t h e  system is  given by 

2af 
kxl = - . V 

. . .  
Now v = xd/Td, where xd is  the  de tec tor  width and Td is  t h e  dwell time. 
system inves t iga ted  here ,  v = 159 cm/sec; a l so ,  an e l e c t r i c a l  cu tof f  frequency. o f .  

For t h e  
... 

1 kHz i s  assumed. With these  values  and an o p t i c a l  system foca l  length of  2.54 cm, 
kxl is computed t o  be 100 cycleslradian.  Figure 17 suggests  an at tenuat ion--by a .  " 
f a c t o r  of 10' f o r  background radiance a t  t h i s  s p a t i a l  frequency over the  'ld-c" case. 
The e l e c t r i c a l  s igna l  r e su l t i ng  from t h i s  type of  background f luc tua t ion  i s  lower 
than t h a t  r e s u l t i n g  from de tec tor  no ise  by a f a c t o r  of  approximately 10. 
a r e  needed t o  properly assess t h i s  problem; however, t hese  sample ca leu la t ions  ind i -  
cate t h a t  t he  assumption of I'd-c" values of  background radiance i n  the  ca l cu la t ions  
presented i n  t h i s  repor t  w i l l  s t i l l  y i e ld  conservat ive estimates of  de tec t ion  range. 

blore da t a  

Two-Color Discrimination -- Successful discr iminat ion aga ins t  i n f r a red  back- 
grounds has been accomplished through t h e  use o f  t he  two-color technique." 
technique, two photodetectors  having common fields-of-view are u t i l i z e d .  
de t ec to r  i s  equipped with op t i ca l  filters having d i f f e r e n t  spec t r a l  bandpasses, and 
t h e  outputs  of  t h e  two de tec to r s  are compared t o  determine whether t h e  received 
i r r ad iance  is from background o r  t a r g e t .  One f i l t e r  is chosen t o  pass  wavelengths 
which are c h a r a c t e r i s t i c  o f  t he  t a r g e t ,  while t h e  o the r  channel i n t e r roga te s  wave- 
lengths  where t h e  t a r g e t  i r r ad iance  is  low. 
s igna l  channel and [A3, A4] for t h e  background channel can be chosen by t h e  system 

se l ec t ed  as t h e  discr iminant .  The designer 's  t a sk  is then t o  pick the  spec t r a l  i n t e r -  
vals so t h a t  t h e  value of t h e  discr iminant  when t h e  t a r g e t  is present  w i l l  be substan- 
t i a l l y  d i f f e ren t  from i ts  value when only background radiance i l lumina tes  t h e  sensor .  

I n  t h i s  
Each 

Bandpass i n t e r v a l s  [Al,  X2] f o r  t h e  

' designer .  Some c h a r a c t e r i s t i c  of t h e  de t ec to r  output ,  e.g., de t ec to r  vol tage,  can be 

In  order  t o  perform t h i s  s e l ec t ion ,  a computer program has been wr i t t en  which calcu- 
l a t e s  t h e  vol tages  V1 and V2 a t  t h e  photodetector outputs  f o r  t h e  s igna l  and 
background channels, respec t ive ly ,  as a func t ion  of t h e  f i l t e r  bandpasses. 
program was evaluated f o r  e ight  of t h e  backgrounds l i s t e d  i n  Reference 11 f o r  severa l  
f i l t e r  bandpass i n t e r v a l s .  
mountain peak, snow, s u n l i t  snow, blue sky, and ocean below-the-horizon. 
these  vnlues, ((HgCdj , Tc) with a peak d e t e c t i v i t y  of  3 x 10" a t  4.5 CI has been 
assumed as  the  de t ec to r  material, and the  peak respons iv i ty  of t h i s  material has been 
assumed t o  be 6 x 10 V/W. The t a r g e t  was assumed t o  be f l y i n g  t h e  nominal t r a j ec to ry .  
The only background spec t r a l  radiance da t a  ava i l ab le  a r e  i n  t h e  1.5 t o  5.4 P wavelength 

This 

The backgrounds a r e  cloud, ocean, vegetated mountain, 
In  computing 

, 

3 
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The first spec t r a l  interval investigate'd here  u t i l i z e d  t h e  band 4.2 t o  5.0 IJ 

, f o r  the  color  channel and t h e  3.38 t o  4.17 p i n t e r v a l  f o r ' t h e  s igna l  channel. These 
bands are near those used successfu l ly  i n  Reference 19. An e f f e c t i v e  method of  dis-  

playing t h e  r e s u l t s  o f  t h e  computations is  on a f e a t u r e  graph as shown i n  Fjgure 18. 
Here the  vol tage i n  t h e  background channel, V2, is p lo t t ed  as a func t ion  o f  t h e  
vol tage i n  the  s igna l  channel, V1. 
when no t a r g e t  is  present ,  and t h e  sensor  views t h e  background indicated.  When t h e  
t a r g e t  i s  present ,  both vol tages  increase t o  t h e  poin ts  denoted by t h e  l a r g e r  dots .  
The objec t  of  t h i s  exercise is t o  f ind  t h e  o p t i c a l  filters which cause maximum separa- 
t i on  between the  l a rge  and small dots .  
can be drawn separat ing t h e  2arget  and background values. 

ind ica tes  that  this cannot be done for  t h e  pos tu la ted  f i l t e r  in t e rva l .  

'r 

In  t h i s  f i gu re ,  small do t s  represent  t h e  vol tages  

A favorable  case exis ts  when a s t r a i g h t  l i n e  
Inspection of Figure 15 

- 
v1 LI d 

g lo-&- - 
>N 

- . ... 

10-3 
1 0 ' ~  10'~ 

v1 (vo 1 t S  ) c 
1 

Figure 18. Feature graph f o r  d i f f e r e n t  backgrounds (color  channel 

Signal Channel ( 3 . 3 8 - 4 . 1 7 ~ )  

Color Channel ( 4 . 2 - 5 . 0  u) 

Background Only 
*Target Present (nominal trajectory,  

T = 1 s e c . )  

Men. 
Pk/ 

Sunl i t  Snow 
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Figure 19 i l lustrates t h e  s l i g h t  improvement which r e s u l t s  i f  t h e  s i g n a l  channel 

bandpass is  se l ec t ed  as 3,O t o  5.0 p and that of the color channel as 1.5 t o  2.5 K ! ~ ~  

Here, a s t r a i g h t  l i n e  separa t ion  can be obtained between t h e  t a r g o t  and background'$: 

s i t u a t i o n s ,  except f o r  t h e  mountain ?eak background. 
+- C 

Siznal  Channel (3.0-5.0 u) 

co lor  Channel (1 .5-2.5 u) 

Background Only 
Target Present (nominal trajectory 

T = 1 s e c . )  
Cloud 4 

Ocean 
Ntn. A 
Peak 

. Ocean / 
Sunlit- 
Snow 

Blue Sky . 

Figure 19. Febture graph f o r  d i f f e r e n t  backgrounds (color channel 
1.5 t o  2.5 v, s igna l  channel 3,.0 t o .5 .0  v) 

Figure.20 represents  t h e  b e s t  r e s u l t s  obtained t o  da t e  i n  t h e  1.5 t o  5.4 v 
i 

rogion. 
background po in t s  by a s i n g l e  s t r a i g h t  l i n e .  
log  paper can be expressed i n  general  terms a s  

For a l l  backgrounds considered, t h e  t a r g e t  po in t s  can be separa ted  from t h e  
The equation of  a s t r a i g h t  l i n e  on log- 
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V2 = klVl k2 . 

For t h e  l i n e  shown, k2 has a value of 2.0. In  p r a c t i c a l  terms, t h i s  f ind ing  i s  
s i g n i f i c a n t  because it descr ibes  p rec i se ly  t h e  required s igna l  processing funct ion.  
The use of a sixpple squaring c i r c u i t  i n  t he  s igna l  channel with a va r i ab le  gain 
amplifier (k ) is a l l  t h a t  is  necessary t o  obta in  proper discrimination against che 

backgrounds considered here. 
1 1 

Signal  Channel (3.38-4.17 u) 
Color Channel (1.5-2.5 v) 

- Background Only 
.Target Present (nominal trajectory, T = 1 s e c . )  10-3- 

rn 
U : 1 0 ' ~ -  Sunl i t  Snow* 
(v 

V1(volts) 

- -  

Figure 20. Feature graph f o r  d i f f e r e n t  backgrounds (color channel 
1.5 t o  2.5 P, signal  channel 3.38 t o  4.17 P) 
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Figure 21 is  a block diagram of t h e  two-color system d i c t a t e d  by f e a t u r e  graph 
considerations.  
squared output i s  then compared t o  t h e  vol tage  i n  t h e  co lo r  channel. 

reverse is true, a t a r g e t  is  indica ted .  

prope?: value; but  t h i s  constant should be determined experimentally during t h e  hard- 
ware phase of t h i s  p ro jec t .  Accurate ca l cu la t ion  of  i ts  value i s  sub jec t  t o  var ious  
assumptions involving t h e  de t ec to r  cha rac t e r i s t i c s ;  i t s  determination by experiment 
should prove t o  be more r e l i a b l e .  

The voltage i n  t h e  s igna l  channel is squared and srcplified. The 
If t h e  co lo r  

The va r i ab le  gain ampl i f i e r  is  included t o  
allow t h e  s e t t i n g  of t h e  constant kl. For t h e  d a t a  shown, kl = 2.6 x 10 4 i s  t h e  

Optical 
Filter 

( 3 . 3 8 ~  -4.17,~ 1 
Squaring Variable Gain 

S I G N A L  C H A N N E L  

C O L O R  C H A N N E L  

Photodetector 112, Amp. 

Optical 
Filter 

(1.5.u -2.5u 

Figure 21. Block diagram o f  two-color d i scr imina t ion  system 

- 

t h e  author.  
cessing func t ions  may be ind ica ted .  
mental d a t a  is  apparent. 
t h a t  o the r  wavelength regions,  e.g., 8 t o  14 l~ o r  v i s i b l e ,  might y i e l d  even f a r t h e r  
separa t ion  on t h e  f e a t u r e  graph. 
co l l ec t ion  of s p e c t r a l l y  resolved background da ta  i n  these  regions.  

~ These computations a re .based  upon t h e  only background s p e c t r a l  d a t a  known t o  

Should these  d a t a  prove no t  t o  be r ep resen ta t ive ,  d i f f e r e n t  s i g n a l  pro- 

Further impetus f o r  experiment is  found i n  t h e  r e a l i z a t i o n  
The importance of  ob ta in ing  add i t iona l  experi-  ! 

These p o s s i b i l i t i e s  can be assessed af ter  t h e  

Other de t ec t ion  schemes based nn pulse amplitudes can a l s o  be devised. For 

exmplo, if nn AGC system i s  used t o  d r ive  the slowly varying components of t h e  



' detector  voltages t o  a common value, a network can be designed t o  de tec t  fast changes 
. i n  the  voltage i n  the,  two channels. 
sysiern encountering the  'sharp edge of a background t r a m i t i o n ,  the  amplitude of t h e  
pulse w i l l  be greater  i n  the color channel than i n  the  t a r g e t  channel. If,  however, 
the pulse a r i s e s  because of the  presence of a t a r g e t ,  t h e  pulse  amplitude (above t h e  
ACC level)  i n  the s ignal  channel w i l l  always be grea te r  than t h a t  i n  t h e  background 
channel. 
cation. This threshold level  w i l l  probably have t o  be determined by experinent. 
There are some instances, e.g., going from a snow background t o  a 61ue sky background, 
where the  s ignal  channel voltage may increase while the  color  channel voltage decreases. 
TO prevent a f a l s e  alarm i n  t h i s  case, it may be necessary t o  require  t h a t  t h e  direc- 
t ion  of change i n  the  two s igna ls  be the same f o r  t a r g c t  ident i f ica t ion .  
t h a t  most of the  other  s i tua t ions  can be handled with t h e  threshold leve l  s e t t i n g .  
I W l e  t h i s  is not intended as a complete analysis ,  it is useful i n  pointing out  the  
proper direct ion t o  take i n  hardware implementation of t h i s  scheme. 
features  a r e  required: 

If a pulse  arises a s  a r e s u l t  of the  scanning 

A threshold f o r  t h i s  transcendence can be s e t  f o r  pos i t ive  t a r g e t  i d e n t i f i -  

I t  appears 

The following 

1. AGC i n  both channels 

2. Slope detector  i n  both channels .to enssre  t h a t  a target. i s  not 
ident i f ied  unless both s ignals  have the same s lope 

3 .  Threshold log ic  placed on the r a t i o  of t h e  pulse amplitudes 
of each channel. 

This preliminary assessment indicates  t h a t  t h e  two-color discrimination tech- 
nique can e f fec t ive ly  discriminate against  the  background radiances given i n  Refer- 
ence 11 f o r  a n  a i r c r a f t  i n  the  nominal maneuver. 
simple squaring c i r c u i t .  

Signal processing log ic  involves a 

More background data  a r e  needed t o  ver i fy  the  computations and t o  allow inves t i -  
gation of additional spec t ra l  in te rva ls .  

Conclusicns 

Acquisition ranges f o r  both til,: a i r f i e l d  denial  task and the submarine defense 
task a re  adversely affected by the  presence of background c l u t t e r .  
the present op t ica l  system t o  e f f e c t  ii decrease i n  the  elemental field-of-view 

Modification of 
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by a factor of 3 will alleviate the problem; however, this modification may require 
exceeding the state of the art in detector fabrication. AGC-type detector logic is 
a minimum requirement for successful Pistem operation, and it is likely that pulse 
length discrimination and/or two-color discrimination will also be required to 

effectively reduce the deleterious effects of background clutter. 

' 

For a single-channel system, the 3 to 5 p spectral region appears optimum in 

that the target radiance I s  high, the atmospheric transmission is good, and the Jack- 

ground radiance at its lows5 value in this interval. 
spectral interval [1.5 u, 2.5 p] is recommended for the color channel, and the inter- 

val [3.38 p ,  4.17 p] is recommended for the signal channel. 
based upon an analysis of the available background data in the 1.5 to 5.4 1! spectral 

region. 
gation of other spectral regions. 

For a two-color system, a 

This recommendation is 

Additional background data, spectrally resolved, are needed to allow investi- 

In the airfield denial task, the target is easily acquired if the aircraft is 
using an afterburner. 
tion probabilities in excess of 0.98 for all but a very few of the emplacement points. 
P!ncuvers included in this category are low-fast, spiral, and maximum climb. 
%Lse alarm probability of 10- , an S/N of 16.9 dB will yield an acquisition probabil- 
ity of 0.98. 

from 35 to 76 dB for the low-fast maneuver, 25 to 82 dB for the maximum climb 
maneuvers, and up to 60 dB for the spiral maneuver; these depend upon the location of 
the missile in the emplacement footprint. 

In this case, AGC-type logic is sufficient to provide acquisi- 

For a 
6 

i '  
S/N vaiues at acquisition time (1.1 sec after missile launch) range 

No discrimination, other than AGC is 

required. I 
c I 

I 
acquire. 

ment grid. 
vers therefore requires very effective background discrimination techniques. 

perfect discrimination, S/N values range from 14.9 to 59 dB fcr the low-slow maneuver 

and from 20.8 to 75 dB for the nominal maneuver. 
for all points in the emplacement footprints which have cross ranges in excess of 
250 meters. 

AGC-type logic is not-sufficient for a majority of the points in the emplace- 

Successful operation of the system against the low-slow and nominal maneu- 
With 

Effective discrimination is required 

The submarine defense task also requires effective background discrimination 
techniques. 
at a range of 4.5 km. 

Elimination of background clutter will allow acquisition of helicopters 
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APPENDIX A 

Derivation of Signal-to-Noise Ratio Equation 

The model describing the infrared acquisition system' performance in this report 
is the same as that used by Mundie of the Rand Corporation. 

derivation of the proper equation for SIN; however, a parallel derivation will be 
included here for completeness. 

Reference 3 gives a 

Two cases are o f  interest. In the first case, the 
system will be assumed to be detector 
not be considered. Then, the effects 
tlie resulting SIN equation given. 

A .  Detector-Noise-Limited Case 

, Infrared detectors are normally 

noise limited, i.e., background clutter will 
of background clutter wi'll be introduced and . .  

f 

described by a term called NEP (Noise-Equivalent 
Power). 
an output signal equal to the detector noise. 
area Ad and spectral detectivity Di is given by 13 

NEP is the radiant flux incident on the detector surface necessary to give 
The spectral NEP of an IR detector of 

A Af 1'2 
NEP(X) = (d_) 

DX 
(watts) 

where Af is the bandwidth of the electrical circuit employed. 
expressed ih  terms of the flux density at the entrance aperture (spectral noise equi- 
valent flux density) as 

This quantity may be 

NEP (A )  NEFD(X) = - To(h)Ac (7) ' 

Here ",(A) is the spectral transmittance of the optical system and A, is the area of 

its collecting aperture. 

The electrical bandwidth required in the detector depends upon the scan rate of 
tlie system. 

mately rectangular (apart from blur circle considerations). 
The output pulse from a detector scanning a point target will be approxi- 

Th'e system bandwidth 
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should be approximately one-half the reciprocal  of the pulse width t o  produce a 
recognizable pulse a t  t h e  output of t h e  band-pass filter.*' Therefore, 

AfTd = 0.5 (A-3) 

where Td, the dwell time, depends upon the  scan r a t e  and detector  field-of-view. 
From one-dimensional considerations it can be shown t h a t  1 

eT Td = - 2aN (A-41 

where eT is the  acceptance angle of the  opt ica l  system i n  the  scan direct ion i n  
radians, and N is the scan r a t e  i n  revolutions per  second. The angle.8.r is deter-  
mined by the detector  width, Xd, i n  t he  scan d i rec t ion  and the  focal  length of t he  

opt ical  system, f ,  as 2 xd/f. Therefore, 

nfN A f = - .  
Xd 

(A-51 

For the system considered here, 

xd = 5.08 x cm 

f = 2.54 cm 

and Af = 1.57 x lo4  Hz f o r  a 10-rps r o l l  r a t e .  

I t  i s  now expedient t o  introduce the  opt ica l  so l id  angle field-of-view, o, of  
each elemental detector  as  13 

Combining Eqs. (A-l), (A-2) , and (A-6) y ie lds  

(A-ij 

where n has bccn introduced as  an  eff ic iency f ac to r  placed on the  col lect ion area,  

A c e  T h i s  fac tor  w i l l  vary as the  square o f  t h e  cosine of the angle between the  

L 
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target and t he  optical 
amount of irradiance required at the photosurface of the detector to produce the 
detector-generated electrical noise which is present at the detector output terminals. 

-'Pi is the quantity which must be compared with the target irradiance to determine S/N. 

The target spectral radiant intensity is denoted by JT(A) (watts/sr-u) . There- 
, , fore, the spectral irradiance at the acquisition systei caused by the presence of the .. 

! 13 ' 
. .  
$arget at range R is 

cm -!J ' 

In this equation, TA(A) is the atmospheric transmission between source and receiver 

and is a function of wavelength, and F(A) is the transmission function of the optical 
filter used ahead of the IR sensor. JT(A) includes the effects of target aspect 
angle. 

The signal-to-noise ratio for the detector noise limited case is then given: 

- =  
N NEFD (A) 

'1 . 

where [A,, A * ]  are the limiki of the optical bandpass. 
(A-6) in the above equation yields 

Substituting Eqs. (A-7) and 

- =  S JT (A)Ta (A3 F (A) D;To (A) dA 
f @ R 2  

(A-9) F 



ef fec t ive  sensor i r rad iance  from background 1s 
. I I ,  

, .  Nb 2 % = - UR = Nbu . 
R2 (7) i (A-10) 

Now Nb w i l l  change a s ' t h e  sensor scans i t s  pa t te rn .  
background irradiance can  be found. 
of background radiance a r e  observed during t h e  scan.3 Denote these  values a s  NY 
and N;ln. 

I n  one scan; several leve ls  of  
Assume t h a t  a maximum value and a minimum value 

During one scan, t h e  sensor i r rad iance  might appear as shown i n  Figure A-1. 

' Scan 
Start 

Darkest Background t - 
Figure A-1. Idealized description of de tec tor  i r rad iance  . 

f o r  one scan ( a f t e r  Reference 3) 

Sensor performance must then be determined by t h e  amount, i n  r e l a t i o n  t o  t h e  
2 NBPD, by which the  minimum s igna l  generated by the  t a rge t  (JTT/R + w N P n )  exceeds 

the maximum background s igna l  ( U N ; ~ ~ )  . 
the sensor must  be reduced by the  amcunt of background. 
[JT(X)Ta(X)F(X)/R2] , i n  Eq.  (A-8) is replaced by 

Therefore, t h e  e f f ec t ive  s igna l  a r r iv ing  at 
I f  the s igna l  level, 



. 
The additional factor of 2 is needed if the target is to be detected by simple 

threshold circuitry in which the threshold level is determined by the average back- 

ground level established during one scan (narrow band AGC). Target irradiance must 
exceed this average value by a sufficient amount to prevent false alarms, and this 
requires the factor of 2. 
factor D, the discrimination factor, and write the effective sensor irradiance as 

It is more general to let this effect be handled by a 

When D = 2, a narrow band AGC is implied. 
discrimination techniques are employed. 

logic is employed, the threshold level can be allowed to vary as the background radi- 
ance changes. 
concept allows direct comparison of the effects of various discrimination techniques 

on the S/N ratio. 
limited S/N is obtained. Note also that, if the background is uniform, i.e., 
NX(max) = N (min), the system again operates at the detector noise limit. 

D can approach unity if proper background 
For example, when (wide band) AGC-type 

In this case, D = 1 is the proper value. The discrimination factor 

. .  
For perfect discriminetion, D is zero and the detector noise 

a 

The signal-to-noise ratio for background limited operation can then be expressed . 

as 

This is the equation which _._ has . been _ * .  evaluated . in this . report. . -  . .  

f 
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APPENDIX B .. . 

Detection Probabi l i ty  Equations 

13 . Quantum noise i n  photodetectors is  usually described by Gaussian statistics. 
I t  i s  the  tendency of some authors t o  descr ibe t h e  detect ion probabi l i ty  of a scan- 
ning I R  system i n  terms of Rayleigh s t a t i s t i c s .  The Rayleigh descr ipt ion 02 noise is 
correct  only when a c a r r i e r  system i s  used, e.g., video detect ion of radar  s igna ls  
and detect ion of I R  s ignals  by r e t i c l e  t rackers .  For a c a r r i e r  system with threshold 
detection, curves of detect ion probabi l i ty  as a function of S/N r a t i o  may be found i n  
many radar  handbooks.21 
l i n e a r  process i s  involved i n  s ignal  detect ion.  Therefore, the  output noise  should 

However, i f  t h e  search set is not  a carrier system, no non- 

22 
* be cbnsidered t o  be d is t r ibu ted  norinally. 

The probabi l i ty  t h a t  a noise pulse alone w i l l  exceed the b ias  o r  threshold 
leve l ,  y ,  i s  given by 

Pfa = &[ exp(-u2/2) du . 

False alarm probabi l i ty  can a l so  be expressed i n  terms of t h e  time between false 
alarms, T ~ ~ ,  as 13 

1 ! Pfa = - * 
TfaAf 

The maximum f l i g h t  time of the  SIAM missile system is 22 seconds. I f  a time 
between f a l s e  alarms of 100 seconds and a bandwidth of  approximately '10 a r e  assumed, 
the f a l s e  alarm probabi l i ty  can be seen t o  b e l & - . .  

of the  threshold voltage above the  noise voltage,  Eq. (B-1) may be equated t o  10- , 

4 

IP order t o  determine the  s e t t i n g  
6 

i r e r , '  

is 

4 

I 
I' 

I '  
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Equations f o r  Target Pulse Width 





APPENDIX C 

Equations for Target Pulse Width 

Point ta rge ts  a r e  imaged by opt ica l  systems a s  .blur c i r c l e s  with f i n i t e  
, diameters. A t r u e  point  image would y ie ld  a r4ctangular s ignal  pulse  with time dura- 

t ion  equal t o  the system dwell time. 
charac te r i s t ics  of the  t a r g e t  pulse generated by t h e  scanning detector  are not rec- 
tangular.  
detector  area with the  b lur  circle of t h e  t a r g e t  image. 

In t h a t  the  image is not a point ,  the  temporal 

Instead, pulse shape is determined by t h e  convolution of  t h e  scanning 

18 The temporal behavior o f  the  output pulse i s  described by 
-. . 

where 
h (x,y) = normalized b lur  energy i n  the  image plane 

Ad(x,y) = detector  area 

’ 

I 

I = veloc i ty  with which the detector  is scanned across t h e  
b lur  image 

Scanning is assumed t o  occur only i n  t h e  x dimension. If x and yd represent  d 
the  detector  dimensions, Eq. (C-1) may be wri t ten as 

! 

Td = dwell time of a point image on the  detector  

I = xd/Td . 

The b lur  circle is  described by a Gaussian d is t r ibu t ion  with a standard devia- 
t i o n  radius  denoted by u. If zero mean is assumed, the energy d is t r ibu t ion  var ies  
ns 
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where K i s  a constant. 

Subst i tut ing Eq. (C-3) i n t o  Eq. (C-2) yie lds  { 

Now 

2 2 In Eq. (C-4) let y / 2 0 2  = t /2 and integrate over. y. This gives 

Equation (C-5) may be wri t ten as 

exp(-x2/202) dx 
~ yd [[(t+Td) 

p( t )  = (KG a )  erf - 
z3IzU 

Again u t i l i z i n g  a change of var iable ,  the r e s u l t  may be shown t o  be 
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The normalized version of Eq. (C-7) has been p lo t ted  i n  Figure 16. 
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