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ABSTRAQT
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multiple sensor systems and their interactions in the context-of an integrated xecon—~~

naissance system Performance is analyzed by computing for each sensor the detect-

abili ty, identifiability, and localizability (CEP) of each target lxi a scenario , including

the effects of interactions with other sensors. 
- -  - -

Incorporated in the model are provisionS for defining scenarios and missions.

Variable parameters are used to specify the characteristics of targets , backgrounds,

terrain , weather , equipment, reliability , and data integration arid transmission. The

• model then integrates the performance of all sensors to give total sy stem performance

as a function of time-late , and evaluates the marginal contribution of each sensor.~
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ABSTRACT

Thi s volume describes the AIR S (Airborne Integrat ed Reconnaissance Sys-
tem) Performance Model , an analytic-sj mulatj oi-1 tool fo r specifying and evaluating
fu ture airborne tactical reconnaissance systems. The model is also used for studying
multiple sensor systems and their interactions in the contex t of an integrated recon-
naissa nce system . Performance is analyzed by computing - for each sensor the detect-
abili ty, identifiab ility , and localizabili ty ( C E P ~ of each target in a scenar io , including
the eff ects of interaction s with other sensors.

Inco rporated in the model arc provi sions for defining scenarios and miSsions.
Va riable parameters are used to specitv the characteristics of targets , backg rounds ,

• terrain , wea ther , equi pment , reliabi lity , and data integration and transmi ssion . The
model then integrates the p er iormance of all sensors to give tota l system perform ance
as a fu nction of t i me—late , and evaluates the marginal  contribution of each sensor .
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• SECTION I.
INTHODUC’flON

Analytics, Inc ., under NAVAIRDEVCEN contract number N62239-68-c-044 1,was requested to develop, in conjunction with Kettelle Associates , a simulation model
for studying the performance of future tactical airborne reconnaissance systems. The
immediate need f o r  the model was in support of the Airborne Integrated Reconnais-
sance System (A~~ S) Concept Formulation Study, called the AIRS Performance Simu-
lation Model (in this report j t  is called the AIRS model). The model is , however ,
sufficiently genera l and a(b 1)tal)le that it may be used to study the performance of
nearly any proposed tacti-~al airborne recoimaissance system (TARS). L

The AmS mod ~1 was developed because existing models did not appear
capable of readily providing the types of answers required from both the AR~S and
anticipated future TARS studies . These studies required a model which could meas -
ure quantitat ivel y the ability of a range of surveillance candidate systems to see ,
localize , and report a wide var ic t~ of target types over broad ranges of geographic~ti
and weather er.vironlyj erj ts. Further , this model had to be dr iven l~; iwielional rather
than engineering Parameters since the stndv or ie n ta t ion was toward determining the
worth of future surveillance concepts rather than evaluating existing or nc~ ;Jv e~~st iug •

systems.

Existent models were found to: (1) be heavily orient ed toward ca]np axg~1
operations (i. e.,  considerations of mission scheduling, squadron on—hoard mainte-— 

nance , etc. ), as in the case of the TRISECT Model developed by Yort.h America-
• Rockwell; (2) be based large ly upon engineerin g design parameters rather than fun c-

tional parameters; and (3) conside r oniv a port ion of the ~ idc range of sensor , data
integi ation , and data h andl ing possibilities defined for AIl~~ ~~f l ( !  s hs equ~’nt futur e
TARS systems. These models , then , were deemed more than adequate for ( le SCr ib ing
the capabilities of conventional stwvcillance svst cnis which \v~ ye well specified in an

• engineering sense but were inadequate for study of fu ture  r - onn a i s s ance  concepts ~~exemplified by AffiS.

In developing the new AIRS model , requi red for t h e  r out l ined ah a v e ,
a standard modeling t ’ - ~ l in iqu c was followed. The pr obl em , soe~ inc1l v slated , wa~ to

-
~~1- 
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predict the performance of future  TARS. As a necessary first  step, measures of
sys tern perforn~ a ace were developed.

The remainder of Section 1 presents br ief def in itj 0~ 5 of the reconnaissance
performance measures Which the model has been desi gneci to P r O v i d e ;  this is follo\~-ed
by a brief over~~e~ of the AIRS model as currently confj gur ~~ At the conc 1usj oj~ of
thi s Section a st~~ mary of recoin)neflded modificationi s and cxte ions to the AIRS
model is given.

Sectj o~~ II to V pres~~~ detailed discussion5 of the techn ica l  and pro~~’am —
matie aspects of the AIRS model ; Sectj o~ vj delineates in de ta i l  the suggested recoj i) —
rndndatj ons for additiona l mod ifications and exte Iofl~ to AIRS.
1.1

The four primary measures of performance for a tactical airborn e re-
connaissance 5ystem are defined as:

(1) Tar get detcct ~~jj i~t~.
(2) Targ(’t i d e n t i f i a b i l i t y
(3) l~Jc ah iz a l ) i 1 i t \ .  of the target
(4) Time—late stat i st iC5 (defined s th e t i m e  t h a t  H tp se~ between

the Collection and proc(~s s ing  of data ) ,
• In contrast %~itJi conventional models , th~ sc pa earn el ei-~ are Com i )Il ~od for

each of foui’ data Pl’OCessuig levels , flame]~’.
(1) Real — t im e  and neal ’_rc a i tj mc  pro ccs~~j 1,~ ofdata on board the aircl ’aft
(2) K~yj ii~ (I . e. . fJ : ’~~ i 0 . )  of di~t :t  ~ h ic -h c o n Hj t i ~ r e l e v a n t  

~~~~~~
infor m atj onj  an ti 

~~~~~~~~~~~~~~~~~ n! t h H  H \- e (;  ( l ain IC) th e  L’
SUppoj ~t S ta t i on  for ( ‘arJ ~ f l h t ( - ) - 1) ) 0  I I  ion .(3) Kcy in~ of rcle~ a at  dat a hut  no Ira I1~ f lh is  ~i a of t h i s  data toground suppoi t s ia t ion .

(4) Conventj oiiaj  level of Process i~1~ (i .e . . no ke~ Jag of re le~.~~~
data and no trans mission in gl~~I I f l ( j  

~~~~~~~ s l a t
The l)arame (ers  of ( Ie tc ( . t a b i l i t ~. i l  n ( i 1 i : i l , j j t ~. a l l i l , e a Jj / . lj ) i i 1 l ~. arc ’ com-

put ed firs t for eac h la ~ ~, •t  afl ( 1 each ~~ c r  (
~~~! C~~,0~~I 1 ’ •~ I :  t he  

~~~~~~~~~~~~~ of each
of the Season ’s v i s — a — v i s  g k e i ~ i a i ;~~.t :ii ‘ ~ ~~ ‘ “ ‘ i i ~~d to ci~ i t h e  l~e ! f n r z i~ ii~~ of~!I(’ o Ve i n i l  

~ Y r t e f l )  
~I:~aj ) I~,f t Hu
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Targets arc then grouped by typ e s  (c. g . ,  t ransmi t t ing  enemy radar , moving
vehicles) and integrated data prepared on the detectability, identifiability, and loca liza —
bility for each sensor and for the overall reconnaissance system rel at ive to each of the
target groups.

To aid in answering such questions as ho~’.’ impor tant  the contribution of a
given sensor is to the overall system effectiveness , an analysis of the “marginal
effectiveness ” of each sensor is performed . This allows the user to gain an under-
standing of the re !ative iml)or t ince  of each sensor , and is superior  to present ing  the
user only with statistics on the absolute performance .

1. 2 OVERVIE\V OF TIl E AIRS M ODEL

The AIRS Simulation model consists of four sep: rate models :

SCENARIO

EXECUTIVE (EXEC)

EVALUATION (E\TAL)

PlIOTO~IN ’l’ER1~flETEfl  A - ;r )  Qt J EU J - ~IN u (P 1—C? )

The in te ra ct ions  amon ~ these four models a j-
~ shown in Fiy !re 1 - I . The

fol lowi :ig discu ~ si ~ II ~\ i l l  I e s c i u l , in very  l) I’ O ;L d I c - i ni~~, wha t each of th e four mu d e l s
accomplishes. A more (leta hledi d iscussj oii  of ( nell model is uk fc -n ieci u n t i l  latei-
sections : Section Ii (liscusses the Scenario model , Section lIT discusses the Execut ive
model , Section IV discusses  the Eva lua t io n  model , and f~c c -  [ion \ discus ses  t h u  P1; ~t O

Interpre ter  and Qucucing model.

The Scenario model t i t i l  i? ( 5  USd 1’ —pi O V i ( ~( I hI t  t o  ICO n) a ( o n C C 1) t U f l l  m a p .

or scenario, of the  geograp hi cal area over vi ich t h u  1 U (  I n n  ~ : I n ( - c  1 ) 1  ise 1011 W~ 11 I~
flown , i n c l u d i n g  u b s t a r u t o u l  [ ‘ - u - l a i n  and v ( ’a the y  d: u ~n . This map i t - ~- l a i ~-s (he lo~ ;~% ioas
of all  1;u rg - 1 ~-z , as  v e i l  : s  th e n l t i t u d e  and ~- I : l L’t ii i - I  end I l o i t ~ o ~_ ac l i  pa ‘;s of the
mult i  -p ass r cconna  I s~ an ce mi ~si on . For c: t b  In r~’cI , t i l l  I i S~~X~~~ i I I u  - .~ the  t V I) e  a Ii I I

phy sical  d n a  rae t e r i st  ics (c . g. , an a i r f i e ld  t in  at (~~u \ 1 0  I I I I  ~-~J u u ; l r  1’ mu  1 ci’s of ground)

as well :us ind icat e s  the t V l ) C  of vi  i ’onhilent i i i  ~v 1 h ( l a  i ; i i o ’t is l n : u h ’ d  ( i . u ’ , , th e
b ackground ~u u l i ’ ( ) u I a d i n ~ t in e l a u r e l  has cer!: iI i  u - H u - v : m n l  ch a t  : u ’ i , - I  h 1 i y ~ such as

temperaUu’c , ph oto - u c  Ik r t i v i t 1- , ~
- t r , ), \\ ‘h ’ n~’~ c - u a t f l i : ~u ’ t  t u u t u  i~~~ t i c  f i e ld  1)1 Vi e\v of

a g i v e n  seu :s m , ~~~ ( - I : I P 1 o  ~~- in u’al ’~ u i n t : u  ~i’1 ( l ’~ t l uu ’  o i g h : lag da ta  i t s e l f  ( e . g . ,  the s l a n t

I - —;t
k~4
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range to the target), (2) the probabilities that the target is not masked by terrain and
not hidden by clouds , and (3) the probability that the sensor is operational . The first
of these is straightforward , the second is computed using inputs such as rms of the
terrain, prevailing visibility and precipitation rates , etc . The third is computed using
data on the sensor MTBF. Note that detectability , per se , is not compute d within
Scenario.

The user must provide the Executive model with relevant performance data
for each sensor ; for example , the user must specify the thermal  resolution of the Ill
sensor. With this information , and the sighting information computed iiv Scenario ,
the EXEC model computes tile probability that a given target is detectable by a given
sensor. Based Ofl the assumption that the target is delectable , the probability that
the target is identifiable is computed. One other stat ist ic is computed for each target-
sensor pair; namely , the localizability (CEP) of the target v i s— a—v i s  the sensor.
Finally, the EXEC model integrates the individual sensor l) erfornu a ilce and computes ,
for each target , how well the reconnaissance system as a ~ hole performed us ing the
criteria of detectability, id cnt i f iab i l itv , and 1oca1izalj iii t ~- .

The EVAL mood uses the output of LXE C an d computes how ~vc11 each AIR S
reconnaissance system al ternat ive performs against  ( 1) pa r t i cu l a r  target t vpcn , (e . g.
radars), (2) various groupings of the ta i-get types (e. g. , emi t t i ng  enemy n a i l n i -  s

and (3) preplanned versus non—pr ep lanned targets . In addit ion , EVA L computes  the
marginal contribution to system perf ormance of each scns~ r on the a i rc ra f t .

The P1—Q model serves a two-fol d purpose:

(1) It accepts statistic- s supp l ;e&l l~v t b Seciun r io  an d 1 N  EC models
and uses them to e s h i m a t e  the c : u o : d u i l i t i  u - u- - of h i d  s ’:stu ,’i i z .
selecting ,  for ea r l ’  p J i o t o — i n l - - l > u I_ - u a l i o u u .  ( 1 1 , 1 : 0 ’  ~thotogi’ap 1uic
frames which ni-c 1 c m  t i v e l y  i-H- h in  t :u I ’ m - s-I coud c u t .

(2) Est imates  the length  and ~va it i u u ~ , 1 i u i i c s  ( i f  th e (IlIt ’UCS t l i ~u l
develop prior to data communi c:ut ion .

These two factors ar e th en  used 11) C O ifl l J hut ( ’  t i m e — l a t e  u t  u t  s t ics .

In S Um m a t ’ v , th e  usc-i- ( ‘sta Id i s l u e s , vi ; :  i n l u u t , a g( ( I a i f l J u I i v  01 i t u l c r c - s l . I-’oi
specified lii i SSiOflS , I he model CO fl ) J l I l t  (‘S h ut ’ j )erfo r in n i c e  of I li( ’ -\ I i  ~~ - a n f t gu r a t  io n

be ing s tu d i e d , as ~‘cI1 as the l)( ’I’ f ~ i’m~l f l - c  (11 c-n h S I - l a - I in  t i uc  - u - ’ t~ - I i u , :b ; i i I i  -t each

t~irg -t a tid each In rge t type.
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1.3 RECOMMENDATIO~~

Section VI presents recomn)endatioli s for improving the AIR S model. Theserecommenthtions are : 
-‘

(1) Incorporation of a visual sensor.
(2) ~~ o~~sion for automati c topographical mapping.
(3) Modification to allow for the automatic detection of targets bythe system.

I
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. 4 SECTION II.

~~~~~SCE~~AfllO PROGRAM

The development of the Scenario Mod el is the result of the joint effort s of
Analytics , Inc. and Kettelle Associates , Inc. Kettelle ’s contributions have been
presented in their final report , (2

~ and the contributions of Anal ytics are discussed H

in this Section.

-l 
An overview of the Model is presented first , followed by a summary of the

methodology. The discussions in these two areas draw heavi ly  upon the Kettelle
Report . (2) Paragraphs 2.3 , 2. -i , and 2.5 discuss the three areas of Analytics ’ con-
tribution . Briefl y,  these areas are :

(1) Development of a model for a 1-’orward Looking Infrared
Sensor (Paragraph 2.3) .

(2) Development of a model which s imula tes  t e r r a in  (Paragraph
2.4) ,

(3) Implementation of an event t ime—line  eapa lo l i t v  (Paragraph
2 . 5 ) .

Paragraphs 2 .6  and 2.7 discuss the detailed input s ant i outputs  of the Scenario Model ,
and because of the changes made necessary by the work of Analyt ics , this i n f o r m at i o n

supersede-s the information presented in Sections 113 and IC of the cited N e t t e i l e  Report .

2. 1 OVITR VIEW OF SCENAR I O

The objective of the Scenario Program is to describe , for each sensor on

board the aircraft , the time interval d u r i n g  whk-h each tan -get is in the sensor ’s field

of view (without regard to ter ra in  masking ) .  \\ ‘hc- n cven - a given t : u i g e t  is w i t h i n  the

field of view of a sensor , the Scenario \1u ~ b’l comput e s  the fo l l owing  output  data , or

- a subset of the -in :

(1) l ime ( s )  that target is in f ield cu f v iew of the sensor ( t i m e  of
detect ion) .

(2) Grou nd range from [ha airc raft  to t he  ( au - ge t .

2 —ri 
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(3) Ground range from the target to the fli ght line , measured
perpendicularl y. -

~4) Slant range from the target to the aircraf t .

(5) Slant range of haze traversed.

(6) Slant range of rain traversed.

(7) Slant range of clouds traversed. - -

(8) Camera frame numbers .

(9) Projection of target velocity onto line of sight.

(10) Probability that the target is unobscureci by terrain.

The output , or subset of quantities computed , depend s upon which sensor is being
considered. For example , it would be meaning less to compute the projection of a
target velocity onto line of sight of a sensor that has no moving target detection capa-
bility.

Pcfore these basic outputs can he computed , the following i nputs to the
Scenar io Model arc required :

(1) Aircraft coordinates at the start of each leg of each pass.

(2) Wind velocity.

(3) Coordinates of each target ( la t i tude , longitude , and elevation).

(4) Velocity of each target.

(5) Sensor parameters .

(6) Altitude of haze. 
-

- - (7) Al t i t u de  and cloud dens i ty .

(8) Rain  factor (the fraction of the t e n - a  in cove-red by r a in ) .

(9) Wavelengt h , rms , and coherence ang le of ( lie t e r r a in .

The above inpu t s  are se l f—exp lana to r y , w i t h  the excc-j ’t ion of ~o) au i ( i  d~i

The c oherence angle of t e r r a in  is defined and discussed in P ara graph  2 . -1 . Seuls ir

parameters  and other i n p u t s  a re  c l ef iun d in Pa i ; ~ :u’ap li 2

.2
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2 .2  METUODOLOGY

A flow chart of the overall Scenario Model and the functional sequence is
shown in Figure 2— 1. Each box of the program is niumbereci for convenience of the
reader. In box (1), the main (or control) program , called “Scenario ”, reads the
input data. The outermost loop, going from box (16) through (17) to box (3), repre-
sents the passes flown by the aircraft on the mission being studied. Then , moving
in the next loop , box (15), (18) , (5) , for each target in order , the main program Sc—
quentially calls in subroutines to compute required outputs for each sensor (box 10).
(These subroutines are discussed in detail in Paragraph 2 . 3 .  As represented by
box (11) , for each sensor/target combination within a given lc~ and paSS , the main pro—
gram then calls a subroutine which computes the probability of that target not being
obscured from the sensor being considered by mountain s oi other terrain considera-
tions. When all legs of a pass have bee-n completed for a given sensor anti target
(box 13), the control program calls the next sensor for the same target . \~hen all
sensors have been interrogated (box 14), the control program then considers  the
next target , again using all sensors. When all targets  h :tve been covered l o x  l~~ ,
the control progrc rn proceeds to the next pass. This proce dure is continu ed for
all passes in the miss ion.  The job of fornwiat  ing and w i - i t i u g  the out l~uts  d O  tape is
performed in the Scenario program.

2.3 SENSOR MODELS

The Scenario Model considers the following 10 b as ic  types of sensors :

I
(1) Dunirny Sensor .

(2) Infrared Sensor.

(3) Side Looking Bada r .

(4) Side Lo oking 13adar w i t h  capa lu l  1 i t \ -  ( I f  detect hug mo v ing  t a f l~(-ts .

(5) Forward Loo k ing Radar w i t h  e: p :ih i  I ity of u t c - t  -~- c-t i ng Ii i  ~ ing
targets.

(6) EC \ l .

(7) Forward Lo okin g  Frame (‘ a~~-~-aa .

(8) Siuk - Obli qa” m - ’u- ;t!a t a u I - u - : ~~~.

2-3 
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(1)

Start Read Input Data

(2)

Initialize
Pass No. = 1 - 1

(3’
Initialize Variables for Pass I ( l~~~I

(4) 
~~~~~I n i t ia l ize

Target No. r J = 1

~~~nit ia l ize Variables for Target ~ 1 1 (15

L~~Li
In i t i a l i ze
Sensor No. K = 1

—— 
71

F lj n i t ia l i zc  Variables fur  Sensor K 1
(8) (1 9)

thit al 7.e
Leg ~~ s . I .  I ]

191

[i itiaiizc \ a r ~it tes for l o ~ L of Pass I

( 10 )
(1l~

Compute the Call  the S u b r o u t i n -  whb -h , for l e g  L , - 
(20

Terra in  non - and l arget -I , computes the output I. ~. -

Shadowing variables fur  Sc-nsui - K

Pr obah i l i t ~-
12

~ ‘r i t e  ( u t  the compute d  d at a (In app i- ox I m I t e  1:1 1 -s

13
l ust leg of p : s ~~ l .’ No

‘“‘S
~7 (1- 1 11:,_?jj) .._...._. “‘‘ 

-

target -I t h e  las t  t a i get  N o

\ C S  ( i d . )

T tlw : 5 1  pas s?

Figure 2 - — I . F lowchar t  of Scenario

- 
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(9) Oblique Pan Catneras.

(10) Forward Looking Infra red Sensor.

2.3.1 Work Done by Kett elic ’ ~ ssociates

The Kettelle report~
2
~ contains detailed discussions of the first nine types of

sensors. Since Anal ytics ’ effort has not affected the operation of these sensors , the

Kettelle material will not be repeated in this report.

2.3 .2 Forward Looking Infrared Sensor (FLI JI )

The FLIR sensor serves a dual put-pose. First , in its elementary mode

of operation , the sensor is positioned to point forward and downward to sean the

ground directly in front of the aircraft . In this mode , a detection is possible whenever

a target moves into the field of view of the sensor.

The second and more complex mode of operation for which FUR was es-

pecially designed is to point the sensor toward the t a r l~ot a f t e r  the F’L lfl was snp~t li e cI

with the coordinates of targets wi th in  i t s  range . Target C- n - d i n a i c s  raa~- he su , p i icd

in one of two way s :

(1) Targets may be pre— p lannc d:  that is , hav ing  been g iven the
coordinates at the start of the  mission , the  sy stem direc ts
the FLIR at the appropriate t ime .

(2) Alternatively,  the other two sensors which can detect targets
in front of the a i rcraft , forward looking radar and F C~ l upon
picking up a target , suppl y d~ a f rom which Coordinate S are
computed and supp lied to FLIR.

The latter of these , called “sic \v ing capabil i ty ” , is expe cted to aj a r  la- ( 1l~ fll~ fl V O

tat-get detection.

In ordcr to model this  dual cap abi l i t ~- , tV. ’ ( )  sensors are c (  n c - c I~tua l lv  dc—

velopeci within  the program; the only di fferen c- c h~- lw - ( - n them is  in  the f ie ld  of v i ew .

The first  has a field of view which encolnpasses th e 1 ) 1:11 3 1e:I over ~ lu ic -h the  FL I R

may be pointed , and the second has  a f ield t i f  vi ew xvIi h - l i  s tha t  a rca seen 1 y the

FLIR scnsor when it . is in i ts  rest posit  l e n .  

- = - ~~~ -~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—
~~~~~ - -- - --
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Whenever the main Scenario program calls upon the F U R  subroutine , the
two conceptual sensors are processed sequential ly. Outputs are collected for each;
the Executive model will later decide which of the outputs to use.

In the following discussion , the term FLIRE (for FLIR Expanded) refers
to the pointable model. Similarly, the non—pointabl e model is called FLIR S (for
FLIR Stationary) .

2 .3 .2 .1  FLIRE—Directed Mode Ana ly sis .  The domain of FLIRI - is nearl y the whole
forward and downward quarter of the sphere . The pori plieral  I ) oit l tab i l it Y ~vi l l  probably
not be 90 degrees from center , nor will the maximum depression angle he 90 degrees
(because , among other reasons , of the physical l imitat ions imposed by mounting on
the aircraft) .

Apparently,  the domain of FLIRE must comprise the horizon as an orienta— —

tion aid . However , in the model , this cannot be imp lemented because the number of
targets falling within the range of the FLIRE would be t oo large — an unmanageable
number of records would he generated.

This consideration dictates l imi ta t ion  of the forward view by i n s t i t u t i n g  a - 
-

minimum depression angle. The model is nonetheless a real is t ic  approximation be-
cause resolution beyond a certai n slant range is too poor to be considered , i . e . ,
would only yield useless data . According l y,  the ground rovo rage of the FL IRE has
the plane characterist ics shown in Fi gure 2-2.

For conceptual ease , the a i rcraf t  remains s t i l l  and the t arge t  moves. Let
(Xe, Y0) be the coordinates of the target at the start of the leg ~in the a i r c r a f t  C ) —  

~ 
-

~

ordinate s\ -s tem) .  Then the equat ion of the t im i-get path 5

y y + (X~ — X) ~~~ ~ (2. 1)

where 6 is defined as the difference between the headi ng a t - c , It ’ , o , a 111 the course
angle , 7 .

7-- li
-

—rn— -
~ 
— JL—--- — —
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Then:

I1
~~~~

= h/tan 
~
0max~ (2.2a)

R2 = h/tan 
~
0min~ 

- 
(2 .2b)

The equation of the circle of which arc is a pa rt (in A/C coordinates):

x2 ÷y 2 
= R2

2 
(2.3a)

and of which arc CD is a part:

X
2
+y 2

= R ~~ - ( 2 . 3b)

Line D13 has equation

X = t a n --~~y (2 .4 )

Line CA has equation

x = _ tan (.~.
_
~~~Y 

- 

(2. 5)

Anti :

XA = XB = sin (~/2 -~~~~ (2 . ci)

= H
2 

cos (~/2 -Th (2 . 7 t

X~ = X~ = H~~ sin (~T/2 -)3) 
- 

(2 . 8)

= 1-~ cos (~/2 —
~~~) (2 . 9~

Next , it is assumed that the target ~vil1 enter the i-c -g io n dea - r d n - d  by AB(’l) ; it m u s t
enter fr om the front , i. e. , it mus t  cross arc ~~ This is not an liii  m ’ea st nab le  assump-
tion . For exam ple , the m a x i m u m  dri ft angle ~vi II hi- ale al 10 leg . In a l l  cases
the FL~~~~~E \v ill be p ointab le n i o m - c- than 10 d i c - ~~i~cc-s off center .

*Aj i a i r c- raft  t r a v e l i n g  mach I lZ l O d l )  f t .  /sec . ) n 12 - i i  e i (  (~~l t I l  a 8 V_ t a d  ot 2 ( 01 f t .  /sc~(about 150 miles/hr. ) J~ -r , u - a d i c - u l a r  to i t s  I m e a d l i n i ’  has a cfti fi ~fl Id’ ‘f only t h u t  11
d e ’i - e~ s — arctan (200/  I 00

2--

LÀ -
~~~~~
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The next step is to solve simultaneously the target path equation and the
equation of the outer circle. Let the solutions be (X 1, Y 1) and (X~2, Y2)*, and the
convention adopted is X1 > X2.

The following al gorith m is used to test whether or not the target enters
ABDC :

Step 1: Is X1 > 0 ?  If NO , no detection is possible , if YES ,

Step2: Is YA �Yl �YB ? (2. 10)

Step 3: If NO , no detection is possible.

Step 4: If YES , the target enters the area of observation .

li the target enters the area of observation , one of three cases can occur:

target path target path target path

A
~~~~~~~~:,~~~~~~~

B A~~~~~~~~~~~~ 
1’ 

13
1) 

- 

A~~~~~~~~~~~~~~~~
’n 

1;

• Case 1 Case II Case II I

The intersection of the target  path line is then formed with:

(1) The l ine passing throu gh poi nt s  ~\ anci C — - - the i iii c er - i -t i i tn is
called ~~~ ~1 3 ) ;

(2) The line passiag through poin s D and I) —— the  ii  1t t - s e c t  i t f l  iS

called (X4 , \ 4 ) .

TI_i c c o m p u tat i o n  is p res en te d  i r  Appendix  :\. 
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Then if :

X3 >0 (2 . 11)

and

Y < Y  < Y  (2.12)A 3 c

Case I is observed

If:

X
4

> 0  (2 .13)

and -

� Y4 � Y3 (2. 14)

Case III is observed.

And finall\- , if neither Casu I nor Case 111 is ) ) ~ c - i \ e 1 , Cas e II must  oc cu r .
If Case II exist s , solve equation (2. ~b) and the target  ~at~h c~L a t ~~ n aimulta ncoush- .
Let the solutions be (X _ ,  Y _ )  and (N - j ,  Y ) -. let N - > N

0 -, 0 6 ~ 6

The path can he de f ined  more expl ic i t ly.  For all  thr ee eases , the t i m e ,
T1, to reach the region ABDC is:

T1 =~~~(X - + ( Y -  Y 1) 2/V (2. 15)

where V is the ground velocity of the aLt - c- ‘aft.

The t ime , T , in the field is :

1 2 1 1/2
[(X 1 -- X , r 

~
Y I - 

~~~~ J (2 . HOt)Case I: F

* ~~~~~~ 1~PP(-~1diX -\ for - n m p t i t i t !  i ’o .

7-1 0
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r 
2 2 1 1/2

— X .) + (Y 1 
— Y

5
) J (2— 1Gb)

Case II: T =

r 2 2 h h/’2
-- X 1)  4 (Y~ — Y4 ) J (2 —lG c)

Case III: ‘1’ = _____________________________

Having treated the family of FLIR variables , which are functions of posi-
ti on , as a parameter , it is now necessary to consider time us a pararnetel’ common
to another family of variables.  Human factors analysts working with the projec t have

advised that it is preferable to have the FLuE output  disp layed as a ser ies  of fixed

snapshots rather than as a continuously unrol l ing  panorama . Therefore , the op t imu m
display time for a single pic ture  is considered to be DTO.

One record v -i l l  be generated for each such snapshot , and for each snapshot
the following is required :

(1) Groun d range to target in ~ M.

(2) Slant range to tar-get in N — I . -

(3) Slant ram ~~e 01 haze  t raver sed in N M .

(4) Si a lit  range through m- a i n in ~

-- 
(5 )  Depression angle to t argeL in radians. 

- -

(6) Azimuth ang le to target in rad i ans .

Another assumption is tha t  only t w o  “looks ’ ( i . e. , snapshots )  ar e taken ol
any g ivc- n target .  More specif ical ly , the snapsh ot s ‘vi i i  he a r b i t r a r i l y taken  at
TE XIT — I and T 1.~~ri. 

— 
~~~~ 1) ,  where F J~~~~. is  th e t i m e  at \‘~~i ch flu t a r g e t

ex i ts  from V ; ( - W .

There a i-i- iwo re asons f r  l i t  s a s s e i m m i  I t  on :

(1) It w i l l  sol ve th~ t a t - g i l l m r i t v  ; i o l Icin .

(2) It v i i i  km -p the na a - o f  — l a  - - h t  - of  ni Ii  ( : 1  r~u- t  I ‘ ii

ma m n ~~ - a l t t a mmilx- r , n am ely -- ‘ .

_ _ _ _ _ _ _
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A priority problem arises because , w i t h i n  the s imula t ion , each target is

treated separatel y. Thus , target Q may be in range frun i  t ime  1000 to t in _ i c 2000 .

However , target H , in which there may be more int em-est , mi ght be in v iew from t ime

1050 to 2050. Obviously , both targets cannot be traced for the complete t ime  they

are wi th in  range and viewing c-a~_ i ab i l i ty  of the FLIHE . fly l i m i t i n g  the number  c)f looks

to two , both targets can reasonably be seen.

After K seconds the a i rcraf t  has moved a d is tanc e  of KV : therefo re , a f te r

K seconds the new coordinates of the target  are :

X , = X  — K V cos S (2 . 17)
K o

Y = I • NV sin ~ (2 .  18)
K o

For the f i rs t  look :

K = T -f T1 — 1 — DTO (2 . 19a)

where

‘1’ = t ime in v ic - w (see equations 12. lG a—e)

t ime to reach region of v i ew (see equa t ion  (2 . 15)) .

Likewise , for the final look:

K = T -i T 1 — 1 (2.  19b)

l’he t i n _ i c  of the f i r s t  look ( 1 1 - 14 iS:

TFL = ‘f + — I — J ) .1~Q ‘J o (2.  20a

Si n m i l a r l v  , the t ime  f a’ the second look (TSI 1 i S :

TSL — ‘1 T~ —I ‘1
~~ 

(2.  20l~

~‘.he rc is th e  I m c -  i ii  t lmc s t a r t  of the l , ç.

2 - 12
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Groun d Range

Ground range (GE) is:

/
~ 1, 2

GR = [(x 1~~ ± ( 2 . 2 1 ,

Slant Range

The slant range (H 5) i s :

= EGH (h - Il ,1d
2 ] 1/2 ; (2 . 22 )

where h is the aircraft height above i\IGL, and is the target hei ght above i\1GL.

Slant Range through h aze

The slant range through haze  (
~ j i ) i s :

- 

- If

h > I I ~

Rs ~~R — 

~~~~~~~~

- 
( )  - ) - ‘ ,

-
‘ H h - I L 1. - . - - - t~

If 

h < J 1 1~

~vhei’e J i~ is haze hei ght and 11 .~. is t im e he i ght of the  t e l - g e l .

2— a 
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Slant Range through Rain

The portion of slan t range in rai n (R 1~) is assumed to be the product of aconstant times the slant range in haze

= (C) R
~~ (2 . 2-1 )

where C is the appropriate constant .

Depression Angle

The depression angle (f) is compute d directly from the diagram shown inFigure 2— 3 .

( 9 9 5)Aircraft  -.

h f =  arc t : t ’ t  ~li - I I .
~

- i  ‘ ;i ~

I 

~~~~~~ 
~~ J - m r - ~ t

± ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
T 

~~~~~~~~~~~~~ GR _ _ _ _

Figure 2— 3. Depres Sian Angle C on_ i put at ion

‘rime azi m n u t i m  ang le to the  t~i eget , J i ,  can h -  f ou nd  l iv u s ing  1 he d i a g r a m  ii —I UStrated in Fl gim u~ - 2— - i .
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Fligh t Path
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x

~~~~~~~ h-ij , I J 2r \ I —.—
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~
-•--

~~~~ . 
(~‘~K , ‘1 K )

~~ I I
~~~~~ \ I ~~~ ~~~~~~~~~~~~ Ta i-get

(Target Al t i t ude  11T~

Ii
z

Y

Fi gure 2—- I . Azimuth  Ang le C o m p u t a t i o n

2 .3. 2. 2 FLIES — Unp c~inted T\lndc ~\n n l vs i  s . In an unp a in ted  mode , the  axis of t h e
FLIRS sensor has a depr ess ion angle 0 , r e l a t i v e  to the h o r i z o n t a l  ax is . I n add i t i on ,
the field of view is given by tw o ang les , ~ and f) , shown in 1- igur c - 2 — 5 .

The equations for AB , AC , 131) , and DC (see J- ’i gui - e- 2 —a )  am -i - g iven us follows:

Equations for ~T3 and (‘I) (X is a ( ‘on stant  in bot h cases ):

Equat io n f o r  ~~~~ X X I\IAX h ’ t: e n ( 0 — ~~ ( 2 .  2 7 a c

r -;quat io i_ i for ~~~ X N
\11\ h / t an  ( 0  

2 .  27 ) u

The equat ion for  AC is g iv en by :

Fy _
~ 1

X 
~~~~~~~~~~

-

~~~~~~~

-—- \
(

. — I ‘ (2 . 2 — c t
C’ A
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[X C - XA1 [x~ 
- XA1 - 

-

X _ [ y ~~~~~~7~
] 

Y = X A - Y A L~c~~ Ti 
(2.28b)

Likewise , BD is given by the equation:

1’~ ~ B ’1
x =[,

~ 
- 

~
—j [x0 - XB] + XB 

(2 .29a )

fx - x l  Ix - x 1
x — f - ° 13 j Y = X B

_ Y
B ~~~~ 

B 1  (2.29b)

L~o - ~~BJ  L~
’o - ~~~ Bj

It can be seen that the maximum drif t  is about 10 degrees *. There fore , it

is assumed that targets enter the field of view onl y if they enter across the lc~tding

edge , i. e.,  onl y if they cross the line segment AB.

Three cases arc presented :

A~~~~~~~
1
~ ~~~, 

B ~~~~~~~~~~~~~~ B ~~~~~~~~~~~~~~~~~

(X4, \ 4 ) —

Case I Case 11 Case III

The equation of the target path is given by:

y \
0 

~~~~~~ 
- X) tan ~5 (2.30)

where S is the ( l if ference  between he ad ing  angl e and course ang le.

“I

Let :

~~ y ) 
Intersection of target path aimd l ine  pass ing throug h A

‘ 1’  1 and fl

(X 2, ~~~ 
intersect ion of ta i-~ et path and ii I rig th m- ou gh -\
al_ id C

~ An a irc -ra  ft t r ave l ing  :11 m a t - h  I t s m i e e d  of ~- ii u aJ I ( t i l t  f t / ~ i i - wi l l _ i  a si~l~- v, i l  of l~ l)
miles/hr. , P e i P CI ) d i t ’t I l ti’ to 1_ iea i l  m _ i~ d m t  ft a ( l l _ i l \ ’  th ot i t  I t i eg  m - e

2— 17
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(X3, Y3) Intersection of target path and line passing through B and D

(X , Y4) Intersection of target path and line passing through pointsC and D

The following algorithm (Figur e 2-6) illustrates how to determine which
is the correct case. (The equations yielding these coordinates are solved in Appendix
B.) -

/ Does target path intersect I/ AB in such a way that No .......~~~ No observation

[

I-
Yes

/‘
~Does target path intersect 

~~~ hav e( CD in such a way th at )-.-_. \es —
~ Case /,X 1 � XD? / 

____________-
No 

~
•1

Does target path intersect
AC ~n s u ch a \ \ a3  that ‘icc .~~~~~~ Ca e I

____________________________________ \ (>  
~~~~~~~~ 

( tse I l l

ii
Figure 2— 6 . Algorithm for D e t e r m i n i n g - h o w  a Target P I s se s

‘Jh r ough  I- ield of V i ew .

2 — I S
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Let (X1, Y1) be the coordinates of the intersection on line AD;  (X E , ‘1 E l
will be the coordinates of the exit Point. The target is in view for

1 2 
- 91 1/2

— XE) (V1 
— \~) j  (2 . 3 1 )

V

seconds.

For reasons similar  to those for FLIHE , it is assumed that FUR S is
given oni one look at the target , namel y, time T

EXJ l._ I

Exit time is

T
EXIT [(X () - X E) 2 

+ (‘i~ 
- ‘i E~~~~ 

1/2

] 
(2 . 3 2 )

where T0 is the time of the start of the leg.

The coordinates of the look are given by

y = V sin (— 
~~) ~~ (2 . 331

X = V CO S (a) + XE ~2 . 3-i )

The relevant ranges and slant distances arcs computed in t i _ i c  same manner  as in
FLIRE (Pam-agraph 2 . 3 . 2 .1) .

_ _ _ _ _  
—_—
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2 .-I T E R R A I N  SII A DU\ V ING MOD EL 
I 

-
-

2. -i . I In t rodu ct i on

One of the m ost s ignif ican t (leguacling factors in low a l t i tude  reconnaissance
is terrain shadowing: that is , the reduct ion in the qual  liv of r econn iassance clue to an
OI) Stl -lie t e ( l l ine of sight between the vehicle and a nea i-b y t arge t .  A l though  not a fu etom’
affect ing reconnaissanec- S stem design , the effect of t e r r a in  shadowing is to degi-ade
the capabilities of even the best sensor systems (for a given s( -enario and mi s s iun l ,
thereby tending to equalize sy ste m (I e smgns.  I -or  these t e L s ( i n i - i k t i - i - l a i n  sh ad i t~v i ng
model has been incorporated in the AiRS s imula t ion .

Experience with t e r r a in  shadowing in vo lv ing  the use of at -h i t ! t opo gra j ) lmi ( -u l
data and geometric- al al gor i thms to compute al -tual l ines of s ight  has shown th at  th i s
approach has two maj  or cii saolvantag-es ~~~ t h e  present l) 1’ObIem

(1) Typical ly IOU d ata points  are r equm rod  Per sqc’ o t’e n a u t i c a l  —

mi le of seenai’io ~1his is about 2 x I pet ’ miss- i an Ia i the
scenario of i n t e re s t )  to fait’lv r cl)rcs ( -rit  t e r r a in . l1 t c r n t i i _ i i s —
tie t e r r a in  (l i ta  t i n s a m - c a v i t l i l i l e  l i - oat  the -\ rn l v  \ I a i t  S-rv - —
ic-c for t h i s  purp ose .  The coin u t a t  h i t _ i s  r c-qei r c(I , t ial  the
input / aut  pu t dc-inandecl Iw the I ii ’~ e v o lume  of data , i m i k e it
expen sive in  e i t i r i p u t e i ’  t i m e  to u l i h i i .e t he t h  - t i l e d  t e r r a i n
shad owing g i i l n l e t  cv in t h e- A I R S  i n t i d e l

(2) flc’causc the i ’esu It  of a ~e omiic t  m ’ i enl  [d ra in  shadun i n~ cal —

cuiation n- c hi nam -~- ( the t a r g e t  is or is  i_ n t  i l t s t - u r i - - d t  , and
because a t r i v i a l  change in a i l ’ c i - i i I  )u S i t in di n-n ni- l e i o s s  - 

-the fli ght p: ith , at the  a l t i t u d e s  ti f  i n l - l - esl  , is l i k e l y  to e arn—
pletclv change th ese  resul t s , a s i i  si i i i  i n  I numb e r of \ h t i i i t  e—
Carlo c a l c u l a t i o n s  woul d  h ave t i  he n i:i d c l i i  each I t  i ~~
f rame , ser _ is i  i i , and J l i 5 _ 5  in  . u ’o lc-r t o  s in  1_ i i i  the  i i~ r - h  - v t  nt
e f f ect s  of (k- ta i led i l i c - r a fi p t ~ i t i i 1 t i ~ l ( f l e d - i  se nso r  t i m i n g
re la t ive  to  c- kx-k lime . Thi s  w o u l d  i i i  a— - t h e  k -r i m  e a k u —
I at j Oils bc ’y t i icl  all l ’e:tson

Since the p i t i p o s ( -  of th ~ ;~ I RS s i m u l ti ion is t o  t i t : i l v ; ’ r a l t e r n i l i v e  s e t i s u-

sv stc -ms , n i t  op erat ional  1_ i u i s s i o n s , the \\ t t h t h  of r e su l t s  t h t t i i _ i i I i l ’ fran _ i  a de ta i l ed
t ( ’ r r a im _ i  sbaclou v ii ’g model a m e  ai s( )  h i d  ( - e e s s i h - v  .

* Fai’ ( X a I 1 1 1 1 1 C , h i t  U.  S. A t t n ’  d i g i t i ’-d t e r r a i n  rn :ip s h la v ( ’  a gm Id oh I I I  ft - i - )

h o  — o m : m I - l ~ - - I t o )  dal i po i n t s  s r  a i l u : u i - i - n a u t i c a l  m i l e .

2—2() 
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Consequently, a statistical terrain shadowing model was developed which ,

when suitabl y adj usted via three bas ic parameters to represent a given san_iple of

terra in , produces estimates of the proba bility of terrai n shadowing and its serial

correlation (fo r multiple—look sensors).

The Terr air ’ Shadowing Model operates in an off—line or pre—process ing

mode to the Scenario Model. Using the model , Monte-Carlo simulation was per-

formed to develop a set of terrain—shadowing probability distributions , expressed

as segmcnted polynomial curve fits to the Monte-Cai~lo data. These curves we re

then inserted as a simple subroutine into the Scenario Model. This procedure ct_ i -

abled the direct rapid com putation of terrain shadowing prob ability at each step u _ i

the basic simulation without rccoursó to a cumbersome Monte-Carlo process.

The followiag paragraphs describe the development of a general method

for terrain representation , a discussion of some special problems related to scaling ,

and the model implementati on and utilizat i on .

2. 4 . 2  The Problem

A reconnaissance ~i i _ ic - ra f t  f l ies  over a reg ion in a series of regular l y—

spaced , parallel , straight—line passes in a horizoiitaJ pl:uie . A narrow aperture

surveillance device scans the region (or , al ternativel y, a wide aperture device ~uc—

cessively photographs portions of the region) ahead of Of to the side of (he ai rcraf t .

If the terra~in is not flat , low Si_ i CIS w i l l  be masked ft - ui _ i_ i observation . Ti_ is  pai’a

grapl _i is concerne d with the problem of including tl_ icsc t erm’amn — ma sk ing effects in

a simulation. Lool :ing forward , the desired output of the model is the probabi l i ty

that the targ et is not shadowed by terrain.  The foh1o~ ii i ~ par.1~~1’al)lI discusses t h e

method bv which th i s  is accomp lished. ‘1
2. 4 .3  i3asie Method

The problem of mathematically u-epre senting the t er m - a i m _ i  lies at the 1_icarl

of the m o d el . In cont t’ast to soi_ i_ ic 1) 1-iou’ t erra in  nhi adowi  rig i_ iin~k- ls , i t  has h c c ’mm de—

c-ided to use a r t u i d o i t _ i  funct ion to i-epr en - at  the t e r r a i n , and then h i t  n e t  Ic the  Sc—

lected function according to the  measured s~ at i sb li-s of the t e r r a i n  act  ta l l y ( ‘hl )p I(lyed

2 — 2 1  
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in the scenario . Oceain ’s Razor * is the most useful tool for defining thi s terrain
model . -

What data at’c reasonably available to characterize t h e  terrain? Three have
been selected:

(1) The rn~s deviation of terrain heigh t from its mean.

(2) The expecte d value of distance between hi l l s ;  th is  is defined ,through symi_i_ictr , as the expected y ; t I i ~e of dl in t ince betweenpositi ve—going zero crossing of the Lei-rain rela t ive to itsmean level . Th is eorres l)(_ incis to the wav - lengt h of theterrain.

(3) A terrain coherence factor representing the existent -c am _ iddirection of rolling terrai n te .g. • the Al leghenies , as opposedto broken te i-r ain , such as the inter ior  of Puerto R i c -o )  ther e-by characterizing tim e con chi t ioj -ma.l p ro b ab i l it  that a tai’get, ifseen , uv ill  s t i l l  be seem_ i at a later point in tl _ i - a i rcraft  f l i gh t .This coherence faetoi- is defined t& S an a:- - i n u u t h  a n t t l e  measuredfrom the target , representing t u e  c l enac u _ i  ‘ anr :ic’ Ui _ i a - ’’ ofthe target requi red t s r  two Sta r-ca s v i _ i n to he s t a t i a —t ieallv ind epench ~_ iit . Titus , if th is  fa -to u - ~v m-c sr-i at -I . ~ ol e—grees th ~ aft-c-raft would have to a -
~~ ~ t h r o t i t -~i 4 5 de~rr es ofazimuth re lative to the t a t -n e t  in  u t e r i ’  t ,  h i t : t i n  Iwo St - i l  sti c - —ally independent U p p a r t t i y u t j c n  for ai~~i i t i j i _ i~ .

The f i rs t  two of these data are used as ti_ ic indep endent variables of th e
terrai n representation (ti_ ic th i r d  ~vi11 be introduced later) . Give _i ( 1_ ic rum and the
wavelength of the tot -rai n , foui ’ addi t io nal  mathem it ic a l  r o t i n  t i - a  h u t  a must  be i mfl l ) OSC d
on the random fwi c-t ion chosen to represent the ter ra in:

(1) ‘I’I_ie amp litt ide dist r ibut ion of the  i -_ iu i l ~ ,~ fun d ion should beGaussian.

(2)  TI_ ic expected d i s t am _ i c e  h i - t w t - t n a c m - t i ft ~~~t of the r n i _ i , t i t i _ i _ i
function n_ ins t  I_ ic f loml — Zej ’ c) ( t h i s  is i t  t h e  e :tsi  w i t h  a S i l _ i_ i J ) Ie
rat_ iclom m_ iuml ) cr n ( - q t t ( ’~u t - e i .

(3) ‘r ime expected value of the slope (if t he  I t- i - ’ :  i i i  mus t  be h i ii t l e .

~O c t ;u t n ’s U t - to m ’ , pr incipl e  a t t i - i h u l m i  l i i  the lin~ lb -h I~~i~ ! isoJ i i i  \ \ i h h i a m  ofO cldmamn ( 14th (‘C f l t t i t ’~~j ,  st i l e s  (hat when a d i i ’~~i o t i  1 i t i : : t  i~ n _ i ; t~lt ht-~ , - :c- - t_ i  lw ’_ iapparc~ntl y c-quiva k ’m t a1t cm - i i t (k ~ - _ i~, th e  Simp l er  ; l h i ’ l - i _ i : i h i v t -  is  bu ; t -~ t h e  h t t o r tcorrect.
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~4) ‘J’he expected distance between reversals in the slope of the
terrain must be non—zero.

Because of the resulti ng ease of computation oi_ ie must consider the follow-

ing process lnr Lr:~~n generation: take a ranclont funct ion (e. g . ,  a m acIon_i white

noise where the t ime parameter , T , is interpreted as distance from the ai rcraf t )

and pass this function t I_ irough an appropriate fi l ter  such that its output meets the

constraints and exhibits the independent variables desired.

The simplest fi l ter of this type is a l inear f i l te r  (see Figure 2 — 7)  having

the transform;

L [Z (x) ] = F (S) = (2.35)

The factor K is an amplitude scaling constant proportional to t i_ ic i’ m _ i_ is t e r ra in  devia-

tion , and the constant _i
~ is inversely proportional to t l_ i e expected dis tance  between

hilltops. Tl_ iat this fi l ter must  be third order can be shown re la t ivel y s in _ ip l : if

there is no f i l ter , com_ istra ints 2 , 3 , and -1 are not sat i sf ied  although co m _ i s t r a im _ it  1

may be sat isf ied ~~ using a G aus nbu i i  d i - i v i m _ i g  fun c t io i _ i . Fi~’~ [— e tch e r f i l l e t -  ic ld s  a

function sa t i s iv ing  constraint  nu n _ ihet’  :t . A E e c - o t t _ i l —  nad i r f i lt c r  w i l l  cause e sns. t i - a i m _ i t

number 2 to be sat isf ie d , and a th i rd—order  f ilter  is re quut -col to co m_ i fo u ’_ i_ i_ i to ( - i j i _ i~~~t t a i n t

number 4. (3)

i— il
Low Pass 1-i lter ~ Thi rd  O i d e m ’

[~~~itc ~~1 1
- ,~ I Interp r et

‘— H—
~~ ”r”~~~t”~ -- 

i ~~~~ 
as

Generator /c [ .

~~~

--- .

~~~~~ ~~~~~~~~~~~~ 
_____—

Figu ma - 2 — 7 . ] t  -r r a i n  Gem _ ier a tn r  Schematic

2 .4 .4  ‘l’errai n Ana ly sis

Having  decided On a te r m - a  l i t  inodc ’1 , 01_iC O ’ ( t l l  d n i m _ i m p l y ~~~~ t l i  - i i i ’ Ic  i i ’ :: ii ~‘i t h i t _ i

the s i m u l a t i o n  am_ i d c n _ i p ’ t t c  cxplk’ i ( iv  the n u _ i : o h t w i n h  it  any given t i m _ i _ i c . Th i n  would ,

however , v i i  t i e  t u e  en i rr ’ approach , Il i t  p ‘p~ se of t - ] d  cii w i t -  t o  avoid i r i -el c ’v _ it  nt li -
~~

in the calculations
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The approach selected is as follow5 . (1) Identj f ~ th~ ~‘a4 iies of the inde

Pendent Variables of ter~~~~ Sha~j o~~ p g  p r oJJ ab j 1 i t~, (i . e . , rms 
~md waveJefl~~h of th e

terr aff l) . (2) Cofl_ ipute the p 1’obabiIj t3. funet ion giving teri’af~ siiado\vuig as a fun ctj 0~

of these variables Th u8 Px’obafjj Jut~ function (actuaii~ a cumuj atj v  di s trj bu io fun c_

tIo~ ) is then embedded in the Sl I ml Watj o _ i_ i  
~~~ si~~Pj ~ used whe1_i requir~~ The r es ul t

ing ten -aim non_ sh~~ owu Probability is thea carried thr oug l_ i t ime sum ulation as a

Pr oba bility , not a Stochastic event

algoni t~~~
The remainder of this Paragraph discusses the (IC elop _i~~_i~ of the t er r aj ~

Let x be the honj zontaj dist~~ ee variable and z (x) the grou~~ eJet ’ati oj_ i at X:
Z

Z (x)

The differ eflt elevatj 0~ f w_ ic tj ~ u] S z (X) oecuru i_ig in different Cr O SS Sect io~ 5 are eo n—

Sidered to be San_ ip les gcnc_ i~~t 0~ by a sta tj oy Ia_ i~, Stocha~ tj c  Proc essThe St0chas(i~. Proc’e55 whm i~~_i gci_iei’u~~5 th e  teri-~~1_i has at_ i au t o t ~-0~~1 I’ia m _ i (- Q

ftmcti 0~ (by (Ie f ini t l O fl )  of

R ( T )  E )z Z(x - t 

(2 . ~ 6)
and a sp a tj nj  Power SPCCtI ’ UnI of :

S 
~) feos ~ 1) fl ( r)  d r 

(2 . ~7)
(Al l  In tegr als  

~c ovo r th e i I l t e r y ~tl (~ 
, ,
, ~ h Whc m - e h i n m j ~5 i i ( ~ ia~ S h i ( i _ i _ i  

~i. I H r , ni

( ‘( iI i i va I e n t l y S(k), has l) Ce , m S e J o ( - 1 1 , 0 1  (~ C~i _ i 1 m ~_ i t ( t e I j ;  th e ( e r - - 1~, t o  I 
~- i m _ i _ i j ~~~~~ Sa~ _ i_

Pies of 7 (x) are be~a m . .i [Cd by J ) : t  i1 ~~ ~~~~~~~ no~~~ I h , ’ 1~~ ,~~ a f111 - 1 - _ i i J ;fl- , n i - i : _ i~ , l v  r ela; ed

2-2 ;
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to the function S~k) ,  as defined previously in equation (2 .  35). The samples z (x)

are then analyzed as follows: -

For each sample , an arbitrary point 0 , shown in the following diagram , on

the ground surface is selected to be the origin. The visua l  hor izon  in t h e  d i t - e c t ion

of increasing x is therefore ti_ i c lowest m v  from 0 in that direct ion that does not go

below z(x) ;  its ang le above the horizon is u ’. Simi la rly , v ’ is the ang le above ti_ ic

horizontal of the visual horizon it _ i the direction c i  deer o -a sit_ ig x . For s i i_ i_ i~) li c ’ity let

u = tan u 1

v = tan v ’

With respect to a target at 0 , which was a r ami do mn l y n c - i c - i - te d  p d _ i t t , t i _ ic

pai r (U , v ) contains all ti_ ic pertinent infor i_ i_ i a t io n about l i _ i c n t tn _ i l ) lC ?ax ) .

At this point  a n_ ia jo r  s in_ ip l i f i c at ion  is m l  roduc -eci , n ai_ i~ei y to equate u ni_id v

This is possible if the following cond it ions  arc met :

( 1) The t e r r a in  pe ’_ ic- r : _ i t i _ i _ i~ f u n c t i o n  iS 5 t _ i t t i t i ( n t l l V  5 \  i_ i _ i u i _ i o i ti i’ _ iu i

with  i’c t ;p i ’et to r -f l ec ’t i on ahot it ti _ i t 1 \ _ i  5 •

- (2) ‘J’he local 1c m - s _ i t  in slope about the t o i-get i s  t i n t  d c t c r n _ i i n e d  :u
an i n d e p c n :u i i : _ i  u _ i l _ U t ; i .e.  , i t s  expc te~ v a l ue is ac t - u . Th is ~
Coiis i~-t c i i i  w i th  the m - a s t n : : l t l c  t s s i t m n p t i o f l  t im _ i t t  m ost t : t m ~~t - t s
a t e  on r e l a t i v c l \ - i I _ i t t  t t i’otfl _ id . : - 

-

-

(3) l b  covj ’c l a i i o i_ i  of t _ i - r m ’ _ iu i n _i - l m : t i h t i ~v i n _ i _ i , f i r  a g i \ -(- I_ i t : _ i i~ - -t w i t h
r( J i c ( t 1( 1 two oh~~ i v : : u i o i _ i s  on d i f f c r c m _ i t  _i i ( l o S  of th e  t : i i _ i : & - t
(e- . t’, . , ch i f f e i ’c - i_ it r -e t n n _ i u i s : - : u t _ i e e  b ;~: )  i t  p i t  i c t i .

_____  _____  -~~~~~~~-~~~~~-- --~~~- - -~~~~ - - -~~~-~~~~~ -~~- - ~~~~~~- ~~~~



_ _

~~~~~~~~~

. — - -- - -- . -
~~~~~~~~~ -=- -~~~~~

--- -
- — - - -‘---- - _ _ _ _ _ _ _ _ _ _ _ _

These assumptions are equivalent to assert i ng that the entire problem is
symmetrical in the left-ri ght sense , the fact that a target m a y  be on a slope and
therefore more visible from the east than the west is not utilized , and that the cor-
responding gai n resulting from viewing that target from both the east and the west
is not ful ly accounted for .

However , the target elevation (Z 0) relative to the terrain is a significant
independent variable.

In other words , the two coefficients of the distr ibution which cl_ ia r acterize
the terrain are a and X , the rms hill height and meai_i distance between posi t ive—
going zero crossings , respectively. The two independent variables of the dis t r ibu—

Uon are u , the target sighting angle , and the target elevation . Thus ti_ ic desired
terrain shadowing probability to be dct ermim_ ied is

F (C , X , Z
0, U)

The problem can be fur ther  s impl i f i ed . By observing t i _ i _ i t t  the p i ran _ ic - t cr s
can he scaled , let

-
~

(2. 3~ l
u’I_ = U

U

- • This amotu_ its to d i st o r t i n g  the x am _ id z :ix~-s to norma l ize  a and X. 1 i_ u s , the fu m _ i c - t io n

to be determined is now :

F (Z* , u *) Prob LGiven z~’, t ha t  the V i C W i _ i t _ i  : n : J ~~ — t _ i o t e n t  is (2 . ~9)
gi ’eat t -r  ti_ ian u~]

It must be pointe d out tl_ iat sc - _ i l l  ir t g,  as done here , assut-i_i es h _ i t t  l i i i  I m’i ’a in ( ‘ aim i_ i (Iee ( i

be sealed ; this  n i _ i t  i_ iot he ti _ i c O n  nc , because of a I_ im’~
b i( -m ca l led  t h e  ‘

1 i_id il t i C  i_ i i ’nbi C i_i ’ .

‘I’hmc di~~- u t s n i t ~ _i so for l i : _ i _ i :  b eet_ i t- t i t _ i - t - t _ i s - I  ~ (h 1 1 t ~i t - - j 1 t P I i 1 v t i m _ i _ i t i _ i c  a i r —

craft of a 1) t i nt - Li I pet. ‘l i t e  po in t  t i f  i n t e l - c- - f is the  v i H l t i l i t v  t n t  n i a  p u i t m t , b i t t  of

t am’g t - t n  w i th  f i n i  Ic-  ~l n~~m _ i t - i  tt t _ is . The pu i ( t  _i -c in I ’ d - p l : I t _ - i i i  i l _ i c  I _ i  i _ i a  a by t i t _ i t s  was i t t  
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eliminate the target-siz e parameter from the maski ng effect s.  As has just  been
seen , the fewer the param eters that may vary, th~ fewer the computations am_ id the
simpler the presentation of the masking-effects model. However , the s implif icat ion
can lead to problems .

A target small in size compared to its range Iron_ i the reconnaissance air—
craft n_iay , for most pur poses , be treated as a point , but in one important respect it
may not. A point of no dimension c-an be concealed behind a pebble-sized obstruction
close to it; an actual target cannot. If time paran_ ietc r—r ecl u c-im _ ig : t ( i v on tag c  of the j _ io i r i t
target assumption is to be gained , the “pebble problem ” must he solved : sn_ ial l t e r r a in
elevations very close to the t arget—point m_ ii u st  be disregarded i t _ i  measuring m , u , and
V.

The pragmatic solutiot_ i to this problem comes about in the wa ti_ at the
function I’ (z~ , U 4 )  was actually calculated. Ti_ic nun_ i cri c -al ca lcu la t ion  employed ef—
fectivel y quantized th e terrain it_ i umts of (~ /1o). Thus , any “pebbles ” closer to the
target than this quantization ~‘em-e ignored .

Afte r considerable a_ i_ ia lysi s ii  “-~ s d _ i t c - m _ i n  i_i~- -d t hat I- v , u~ ) co _ id ol  i_n t he
explic ’it iy solved , at least  by the p_ i’cn~ n i _ iwt l_ ior s. ‘l i me qua n t i t y  1-’ (0 , ui (ci ttid! be
ap 1)roxim_ i_ iateI~’ found for U * <<1 , as cOUl d ti m e rd nil  om_ ish i p_ i ; between k and o tu i_ id be-
tween w am_i ] X (equations (2 . 3 5)  and 2 . 38) , I’cspec’t i i -el v . The deve lopn_ ient  in  found
in Rice. (3) 

Howevc-r , a Mo nte —Car lo  procedure was s t i l l  r equ i red  t t  t C ( % n _ i u t l t l € -  F.
In doing th i s , t i_ i c qua m _ i t i z a t i on  errors lend to  the necessity fi) 1’ n o r n _ i a i i z l  i p .  ‘j ul s
was done experimentall y w i t h i n  the cot i _ i  u t a h  nm _ i .

2 .4 .5 Model U t i l i z a t i o n

‘l’l_ ie fnl lo ’.v i r p  I i i  :--( - e-- nt c-p l~~t c e d ;u t e  \~- :is u i _ i - i d  i t _ i  : t i - t u : i l ~v £ I_ i 1;i l e n _ i ( - _ i u i  h g  h~i’-

t e r r a i n  model :

( 1) A set’ies of p 50 g m - t i n _ is  \~~‘i ’ c’ w i _ i l  i i i  h it pet _ i(- t :;tt - I - - _i t i l l  t i t i p l ( -_ i -
accord ing to the  ; t t - t -s - 1 - i p t i u j _ i  1 l~ _ ic  t i i d - i ti _ u i on _ i t  ~~~~~~~~ 

( ‘a ’  I t
basis U t  c t ’n ipu te  I- (ii , z t I t ’  m j l  op .

2 --7 .7
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(2) The resul ting cum ulative pro babilit y histogr ams wer e used asinpu ts to a pol ynomi al curv e-fit t it -ig progra m . Based on ex-peri ments with this technique , a segmented thi r d—order  least-squar es fit to the sample d data was selected .

The resulting al gebraic representations of the cumulat iveprobability distribution were compared to sonic actual t er ra indata made available through another project , and norn _ ia liz edby further experimental runs to perm it sealing to any giventerrai n Statistics.

The final model , expressed in terms of the scaling functions at_id the
cum ulative probability distributions obtained by curv e-f l  tti ug, was i n_ iplement ed as
a subroutine within ti_ i c Scenario program , directl y reporting terrain shadowi t_ ig
probability for each simulation event without the need for ad dit ional Monte—C ai’lo
computati on. App endix C contains a descript ioi_ i of the in_ ipl en_ i en h a tj on technique and
resulting algorith m .

2.5 TIME-LINE MODEL

h uman factors anal ysts associated wit h the All l S pm’oje -t h o ’e  ind icat c-ci a
need for a chronologica1 1\~_ or(j(~1-~~ journal of m issu on ev et_ i t s .  They ha~-e Spec i f i c a l ly
request ed a t im e—line da ta sci_ ieme of t i_ i c reconnai ssanc e if l i ssion to I uui- t m’ _ i lv  the type
(in terms of sensor response) am_ id time of passage abeam tim e aim ’ cm ’a f i  of each t _ i l r l 2c t .
The purp ose of the t im e—line  is to permit  stat ist ical  est i mat io n of hum _ m i_ i factors such
as crew slack time .

This capability has been designed it _ ito the Scenario Model . A tape contain-
ing target number , target t i-pc , and t ime  of passage abc- tu rn ma he genem-at ed at ti _ ic
Opt i on of the p 1- 0 g m -a m_ i_ i usc- r .

As pr eviously  indi cat ed , t h e-  symboli c  i d e n t i f i c - a t i  t i  on ’ n _ i t m n _ i h ; - i ’ i n g  t i ~~ t a t  ge l s
is _ i t r i d t i - _ i _ i i -~ and m a y  i t t - n m _ i r e t a t - - d  to t ime , location , or an t _ i l~n r  n _ i r s _ i - J im J t l ~

- _ iimcp - I’
Specifi c_ ic! l~~, Sec-na rio is t t r p _ i m n i  ~_ i - d  t ibo ut a I ~a ~_ i ; — ’1 ar’get—Sc-n s~ t’— I 0 - ~ I Hi m - -a m’c! _ iy _ i t -

~-Fi gure 2 — 1) ;  ti _ i l s d_ i~t _ i is  onl y c o i n c i d e m _ i t a J i~ • t i m c — r ela t ( - ( i .

A di a c-tin _ i_ i cc! in R t i _ i t -~ t _ i u l t im 2.  7. 1 , ti _ i c ~~
- - c- n _ i t  510 iu ~~t i ;-~ - u  I i l - ~- I r c i t _ i t  t o  ion of l i i i  n t apeby t i t i ’i i i t _ i ~~ (‘U ~~( I _ i _ i - c -  ~~e t t i  ii 2 t i _ i  t i i ~~ ( J ) (  - 

( ‘ O h _ i l i _ i t  - i  C - t O _ i t d e .

2 — 2 _ i -
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To obtain a hard c opy of the ch aIn in t in _ ic—orde red sequence , the tape pet —
ciuced by the Scenario Model is passed to a SORT px ’ogr atmi CI)C l ib ra r y  r out i ne (
The t im e—ordered— dat a  tape generated by SORT is used as an input to a program i-al led
LIST , which , in t im ri_ i , genera t e-s the desired hard copy . Program LIST , an d in st  i’cu- —
tio mm s for setting tip program SORT , are givc- n in Appendix G. *

2 .6 SCENARIO IN P U TS

‘l’he following i n f m r - n _ i t c t i o n  serves Iwo pLii ’poSCs to d ief i tm e  all ne ( -e- -a- _ i _ iu - \ -  i i u p l m t
paran _ iet crs of the Sd-cnar io pI ’ogl’tt m_ i _ i , am_id to P 1’oi-i ic’ i i _ i s t  m u l c t  ( l i _ i S  for P 1’el)_ it s _ i t t  j t t f l  c t f
the input deck i tself . EXCCpI f t t i  changes I nc-orpo i’ated to  r e l I c - c t  the in _ ic! us m u  i ) f  it

f if teenth sensor , F LAi l , the fol lowing infor - i_ i_ ia t io n  is dupl icated from_ i_ i pages ~H — 92 of
the Ketteile Report. (2)

2.7 SCENARIO (UTPU TS

Muc-u _ i of the im _ i f o r n _ i atj  0fl u _ i  t i _ i t s  Sect iom_ i ivan taken Iron-i I l_ ic i ett ch ic  ilepo ~aIt was decided to  !)r~ scnt ti _ is Sec-tion as a complete ( - i _ i t i  ty t o _ i mv tic i  h a v i n g  (he m ’e ;t de m
scan I mo-k and forth betwee a t im is doc ’unm c -m it and t It - Net t i - I l  c- I ic ’po m ’t .  A a a result t he re
is redun dancy I _ i _ i t v (C- I the I U n  i’eport a.

2 . 7.  1 hi _ i t r o t j c mo- t j t i ; _ i

Seem_ ia r io prOgl’:t In Ou t p u t  a a I.e pi ’oi-iclcd on two , n m opt i n m _ i _ i d l y m i _ i  - & - , m ii :m g n t - t  i C

tapes. Output Tape I c onta ins  a d e s c ’r ip t iv c -  r ’eo-ct rc i of tin- ct sight i ups by encii of t h e
15 se-nsoi’s t tm rn o ’d on f i t -  a gi i-en r u _ i t _ i , at_ i d se l v ( - s  as i mipu t  it) th e  I - : \ i - c -uum i ye M (t( ic l .

‘I’he second I a J ) e , O u tp u t  Tape 2 , coat a I us a f rom e—l jy — f ran _ i _ i c-  d~-sc i - i  pt i
record of iti at eac h  of t i t e -  t ip  to ~ c;tu_iiei’as o i m--ho _ i  u - t i ti _ ic- ai1 - (-t - _ i t R suri- -v - ~l . - \ i i e m ’
sort ing,  tb _ i l s tap e se t - y e_ i ;  as I n m~ ni to (he I ThOtt)— I ; _ i~ i I ’()  r et  c t  .\ _ i  k _ i

‘l l i c  opt i n _ m i t ape , Outpu t  ‘J ’apc , :t , l i s t s  l i i  i t ’t m u u t u t i h e  i~~, t _ i t  t y ~ -t t ype , nai l
the t ime  at wh ich  th e  ai i - -i ’a ft f l ew p _ i t _ i l time 1 _ it uget - This tape is  s t i l t e d  by t i m e  and
then l is ted t t t  pr ovide  _ i m t i n t _ i c — j i m _ i c -  i c-cord of th e  - ( - v h _ i n i _ i t i~ _ i - 0 m1 -e i l _ i 1 _ i _ i~~~l t t _ i .

* ‘I’his _ imp pem md lx is iii \‘o lcui _ i -ic- I I .
Thi a t ape i t ;  J i l t  t t ~m n- ed i f  Sense ~~ii m I t - h  2 °mm li mo- ( ‘ I )( 

- 
( u i _ i~ I L _ i l  i i  ( t  t _ i ~~~ Ic i s t u rned  i t t  -

2-
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2 . 7. 2 Output Tape I

This tape , w r i t t e n  on 1(- I g i_ i ’d l  tape un i t  11, conta ins  b ina r y  rec-oi-ds of 73

words each. The fi L’St 1eC() 1d contains header in fo rma t i on  aS indicated in l able 2 —1
Fo 1Iowin c~ the header record is a sei’ies of records which  describe t a r~ et si gh t ings .
The are ordered by pass , i _ i u i ~~~c - t , sensor , and t ime.

For each t .t rget—p as s combinat ion , a record for the Dunimv Sensor is :I 1\\ - _ i I \  S

produced which cont ains t ime in foi -m a t i  on. TI~is i-nfm ’m_ iiti  on is used u _ i  C\- _ i I ~ anti flL! t h e
othei  SQi_ iSO1~S.

Imm edia te ly  lol low ing the  I)uminv Sensor record a i I ~ i l_ i l - ce  1-( -c( I1 -CI S , the 1 ‘ i

mat of which is shown in I _ i l l _ iC-  2—2 , for the Fl lfl  Sc-nsoi- which  a x-c - I c - F _ i l L - I ‘.\ h V t i I t - C -

Or not the sensor domain en com p_ i t ssc- s the  t C C F ~~~- i b e i _ i~: ( t ) f l S  i _ i I t ’ ic on the cii i l _ i  ii

The f i r s t  two of these records c on t ain  infoi ’m at i on on in i~~~~~l C— i~)hl  t ogs - I ~ C en t  V IC I

the assumpt ion that the set iso 1’ was slewed or that  the  i _ i l  I _iL l - t \ \ C I  s pi- i--p l _ i I I I I C - I

Paragraph 2 . 3 . 2 . I t .  1he  t h i r d  ctn - i t _ i l i n S s im i l a r  i n f , i r n i a t u t i i  ( - I n s I s t _ i - l a  \ : it h t c -  _ i i s —-

sU fl _ ip t itlll t b _ i t the seilsor ‘ V _ i l _ i  I _ i _ ic  — I C -wed and oi ’ tha t  t l i -- I a  r _ i L e i  C C -  11 1) 1 pI~t~1 ‘I l O I C _ i c I l .

TA1t1.F 2 — 1 . in :~~oiw 1 01- ’ O t T  Pt. ~- ‘_i ‘1~ I

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

- _______

1—3 Dummy words ax I , j ( i -_ i i r i l v  set to ‘ - i n 
-

-1 —23 An ~ ( I ~~~h a I - n -L - 1-  a l ph _ i t nu m e i ’ i c  1: hc ’I which tlcsi -i j ht - t h i s
pax ’t i cu la i ’  i -un.

Fjit t - _i ’n in -b c-c ’s , one m i ’ c _ i _ i c - l i  t i  t h e  1 I  _i- ’ ’i so i s. If t i _ i ’ ~ _ i I 1 U c
of flu - in d ’x is 1, the  S t ’ i l S I l  ~~~ i i i c I _ i _ i d 4 ’~I i t _ i  1I1c - i n :  i i  h i t
\ aluc is (I . liii’ s e n s ) I -  i~~ 

11 ( 1 1 i f l _ i ’LF  C t - - I .

[‘I_ ic nw~ I 1 ( 5  I l l  S _ i  — 1 _ il FLCVI ( ‘ ( I l _ i _ i i n i l  j ~~~~~ - - -
~~~ ~: Co I l l _ i  t i l l

t apl . It Va i l ’  (‘ i S  S C f l l~~) I V  I IL ’  l i _ i l  1 _ i l i  c I t i  ‘ _ i l _ i ;  _i~~~C-- i i  I l _ i C ’ S t h e
l ot _ i ll i _ i i i i _ i _ i l , t ’ i ’  t t  t _ iu i ’ _ i ’ t l s  h_ i - i n _ i’. i-, i i _ i i u I a t c - , I . ‘ -

-I II— 17 1- . C _ i l _ i t  i t t  I _ i t _ i _ i, ( l i l t ’  f t i i ’  c- ac-l i t i  i _ i t  - “ p i i t t t o _ i :i - ap i i i c ’ _i— I I C — f t I l ’ —- .

Tile v _ iu I uc ’  t ) f  an  l i t i c ’ \  ( 1 ( 5 1  i i  t t - —  H ’  - iC j ’~
- 1 1  : i ’  ‘1  I _ i ’  i i j I l l i t ’

S ( ’ I l S I ) l :  0 ‘- pa n - _ i l n l e  I _ i t :  I s~ i i _ i - o i I i i ( I u _ i - 
~~~I l C l ( ’  V;II’a l ;i:

f t C  i \ C _ i i  C - I l I I i  I l l ’  I I l _ i I i i ( ’  (‘CC ICC 

—1 ~‘ -  l- ’j i I c - i  i t t  i l l _ i t i  i t _ i t  i n  i I i i i l i i l l  I 4 1 ) 1  i i  I1~ ~I l l .

2-37
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TABLE 2 — 2 . TARGET SIGHTING 1il- ~CO1U)S

WORD VAHIA n iLE I)E FIN ITT ON

1 ~TARG A fi ve d igit nun _ i her. TI_ ic f i x - s t  two a i t  - the pass numb er  
the last three are fo _ i ta l - CL ( ’ i  n u m b e r .

2 ITYPE This two di git  index i d c n t i i i  c-s ti_ ic Sensoi-. Tabl e I — i
l i s t s  the sensors at _ id the i r  associated u _ u k-c’s *

3 ITI~ IE This gives the t i m e  of the si3 t i t i n g  in tu ’ i_ i ths  of a second ,
as measured from m i s s ion  s t ;u i ’ t  t in _ i c - .

-1 —33 G(l  ) These ~voi-ds contain ~~- ui _ i~c ’ t x i c  l > ~ i _ i ~ mu-tess des_ i i-ibing
G(2 ) t _ i 1 - 3u -t  —a i r c r a f t  r e l a t i onsh i ps. ~~

- , g. , slan t range -

• (See Table 2 — 3 . )~~~

‘C

G( 15)

34 — -43 P(l ) These var iab les  c-onta i _ il ltI’oUal )i] it ic’s i c-latin . I t >  h i t ’
P(2) s i g h t i n g ,  e . g. , p ro t I _ i l  hil liv equipment is up, probability

- of c loud cover. (So-c ’ Tablo - 2 — 1 . ) -

P (5)

— I i  —i: ) \ V ( l )  1 11c ’_ i ; o- v ai ’iah lcs  cont :uui \Vc attic - i - _i- 1 _ i 1 ftll t: _i_, i- t - l c vr i i i t  C ’ ’

\V (2) t i_ ic ’ Sci_ iC-o ) 1’ I I V I 1 _ i 3  _i c t C i . -_i I t k’ i t - 4I , c . - V j s j h j l j t y  t l _ i _ i o u g h
. r a in .  (Sc- c Table 2 - i . ) 

- -

5-1 —7 3 T(l ) ‘I ’Io su - v a i - i a i t l c - s c oi _ i l a i i _ i  pCi’ t I _ i ( - i l t  H I i O i - l _ i l _ i u t i o i )  o t i _ i  t h e
T(2) t a rget  a nd i t s s l I i - 1 I > C C l _ i ’ t i n _ i L ,  ‘ . - I _ i l l _ a t and h _ iic kg~~ u t i t i

t eii i pc r at  ui’es . (Sec 1’ :i l  >1 c’ 2 H . I - - -

T ( l 0 )

* F ; u i t i  c 1 1  I C - ,  l f l ( ’ Ci tC d i t _ i  _i\ p p t I _ i  i t  -_ i I , \ n l u i_ i_ i c  III  - a t i _ i l  _ i _ i - I t I c - t i  docu O t t > !  -

-t j VFh(, con ten t  of t I l e _ i — c a I’l _ iIVS V _ i i I V  I I~’pc -n i I i n i 4  i ip t ~ i_ i i l _ i _ i - 5 t h — I )  I I t _i  h e i l i r  (- t I l l _ i - - I ( l t - I e l i .

I ’h is _ i t i ’ i ’  a \  V_il i ’l l -S ( Ic -pc i_ i l l  IllC 4 ti~ Oii til t ’ i _ il i - I  I h i > i ~ ’ I >  t f l — I t > - I _ i ’ I -

-- - -  - - --—-- -----— - - -~~~~~~~~~~ --- ~~~~~~~~ —* — —
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For most of the other sensors , a sing le record is pi’oducc-d , if and onl y if
the target was actual ly detected. For the EC ’,i and Photo sensors there may be more

than one record generated for a given p a ss—ta r g c l- sensor —lc- ~ comb inat ion . In the case
of the cameras , a separate record is generated for each camera fran_ i c during the t ime

the target is in view . For ECM , a distinct rceot-d is created for each separate beam.

Since the number of such records is variable , a flag is used to signal the c-nd of tile set.

The flag is a record made distinct by fil l ing ti_ ic fourth and fifth words of the record

with a large , floating -point , negative number .

Table 2—2 shows the form of each of th2 target records . TI_ ic G i l t , P( l ) ,

\V(I) , and T(I) a r ray s  are defined for each of the sensor types in Tables 2 — l a  and 2— 3b.

After all t _ i t r~ c-t records for the run h ave been t’~r ’ i _ i _ i ’va t u -d , a clcsing record is

generated which serves not only as an end—of—fi le , but also contains data . The var iable

ITAIIG (see Table 2 - 2 )  is set to t~9999 to indicate end—of—f i l e .  Variables (1 (-11 to (3 ( 111

contai n the final f ran_ ic  counts  for  eac’h of the ei~ l t  c a i n c - r a s .

2 . 7 . 3  Output  T_ i ip a 2

Output Taj_ ie 2 conta ins  a f ra me — i ,  — f x’a on - 5 >  -~ ye  i ceo ~‘d of what  c - L I -h of

the (up i t _ i  S~ ean _ i C x’ns on hoard t h e  au -cr -aft sc i- _ i c y - i. ,-\1 I c r  sort 
~~~ 

the i _ i t  i-c sc I’V ’S I s

input  to t i_ ic l ’i_ i oto — Ii _ it e ipx - etc- r Ti _ i ( C ( leI .

This t apc , \\ ‘L ’ i ttefl on gi c-a l tape u n i t  12 , c c i _ i t n i n _ i - _ i  i - i  in  i~\ rocic -ci it  -ci i l _ i d  C o  F —

orcis , each being 135 cl_i a~’ac-ters in l - i ’ t l _ i  . The f i r st  i c-cord is th c - iii  - _ i I ier . ‘I _ i I i ) IC  2 — -I

i s a descr ipt ion of ftc’ data c -n i _ i t c - _ i i t  of this  r u-c- _ i t - i ,

l ’O h l O \ V i l i I ’  I be b c_ i_ i cIer is a ser ies  of i >~ ’ ‘Co f i ’_ i ime r eel  l ’ O I F .  I _ i _ i ch I i i_ i ie Ci t a i’ _ i~ t - t

appeal ’s ‘ v i t i n o  a fr _ in _ i_ ic  of _ i t c_ i l l c l ’ _ ii , a so -p al - _i - c- ;i  i _ i _ i  t ’ ’ ’ i _ i l l c ’ I i  V .  ~~~
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TABLE 2-4 . RECORD 1 OF OUTPUT TAPE 2

Character Format Description

1—4 14 These records are arbitrarily set
5—12 18 to zero .

13—18 16

19—98 20A4 An 80 character alphanumeric label
which describes the run ,

99— 114 812 Eight two—character on—off indices
for the 8 photo sensors: 1 ~ - on;
0~~~off .

115—119 15 A number , used a~ a program con-
trol , which is the mult ip lication of
the number of passes in the ni i ss ion
by the number of t _ iuc’ ~~- ts ~ considered.

120—135 812 Eight two — c l_ ia i -ac- t er in t egers  m di—
- eat ing the t~~s _ i of e_ ii c ’h ~_ i I  )t ( , _ _ i ( _ i ’ i _ i c ’ 1 , _

0 J C _ i 1 )  Ca_ i cc ’ .- , - :  1 ~, l ’ F I ’  I~ F J u i c J u e
pit’t ne 1-a lu ( ’i’ _ i i ;  2 -

~ foi v,’ai’d obl iqac
plane ( _ i L _ i ’ : C ’ F i’_ i l  -

analyzed. Each time a ta i -gei  enters  the field of ~‘ie~ ’ of a sensor , a lCccorcI conta in ing

information about the sighting is generated. H e i s t - c ’ , the t :u’g~’t s arc- not ordered \Vith

respect to time

Output Tape 2 is sorted by camera , f c’ac> _ ic , and ~~~~~~ and J ) _ i ~~~~_ i 5 _ i ( ’ 1 1  to a J)I’O—

gram called 1Al~LQN l (see Paragraph ~ - 5. ) \vlticli COn _ i l  u t c r  the ‘, _ i i a~~) ( 1’ of C _ i l  t -gI ’-t s

seen on each camera frame.  The r esui t in~ in;  I~~’ ( ‘ ( m t a i n C -  rcc -o)- ( lCC of the  fm-rn S I I ’ \’ , I _ i  rn

Table 2 —5;  these records alwa\-s ap po _ is r  a f t e r  thc ’ he ads- i ’  i ’c-coi -d.

The last record on the tape is an end — of-- f i le  in( licatol - , and con ta in s  a V _ i l ]  in -

of 99 for th e camera index. It is a control i’s - c - o i d  and dues III)! i I  ‘ i i i  _ i i  S n  i n f o I ’ I n C _ i l  II I j _ i _

2 . 7 .4  Output Tape

Output .  Tape 3 l i s ts  f _ i _ i r s ’ s - I  n u s n h _ i ’ i ’ , t _ i H ’~ > I f ’ ,’
~
,’ , and the ( t i l l ) ’  at \ V C I i ) ,’h ih i ’

ai I’ L’r :t ft f l ( ’ \ V past the t _ i u i ’ s ’,ct , ‘I l s i s  i, _ i I 1 I[’ S C - ’ S O C - l I d b\ tim e and fin C-C ‘t s s ’k’d t u  ; ‘ t  ) ‘ \ ‘ S I i c  a

‘ I ’_ id ’ — l s f l C  l ( ’cI ’F’d Of the  l’t ’I ? I f l _ i u i C ’ S _ i ’ F t ( ’ ( ’  I C C - - C - i O n .
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TABLE 2-5. SIGI-ITING RECORDS I-’OH OUTPU T TAPE 2

Character Format Desc-ripti on

1—1 14 Two-digit ind ex of the camex-a to
which this re (-( - l ’d pe r ta ins .

5— 12 18 The camel-a f rame number being
considered .

13—18 16 A f i v e — d i- ~ it  m_ i n ihei -  1 . -  i den t i f y  the
t_ i ir~’;~ t iflC i tsi 1 (is _ i_i siS) and th e
pa ss f f 1 1 _ i — I  2 d _ i 1 _ i _ iIC - t o  w h i c h  thi s
f rame per ta ins .

19—30 F12. 6 - The pi-obability that this  tai ’~_ iet is
not masked b~- te r ra in .

31—4 2 F12. 6 The ~1roh Wil i ty  o s _ i _ i t  t h is  t _ i s i~g-t in
v ien ’ed th rou~ l i c louds  in this
frame.

4 3—47 15 The tot al numij ar of 1 _ i u1 _ i ’C -’ 15  seen
i n th is  f j - ; I  05(5 (1r t - I I C -  T,\ PEQN ’I ’

____- C-—--—— - i1~ii_ ~~~~_ _ _

The user h a-s lh C - opt ion of g_i c-I _ ic ’ r a t i isg th i s  t a i l s .  ()fl i o 1 _ i j i ’ _ i d  tap c- un i t  IC -

records are binai’y coded clc -imal and as-c- GO char ac-tci-s  l o s _ i g .

Each t ime a target is passed bi-oadside , a s-cc- ’- - C - C ]  is t _ i c ’ U I ’ t ’ _ i u t I  d _ i  the contents
of which are described in Table 2— 1 _ Recor ds; ai’e gIJ ’flc r , I tCC i  on a p ’i sn~ t _ i u -~y~ - - 5 - _ i ( 115110

basis , ansi are not eodrd chronologi c- ally . G u l p _ i _ i t  ~l’ c _ i~ e Cl 15 so _ i - t ( - &l - hv t ime III ,] , \\i t h

the aid of a progr am c-ai led 1.1ST , is listed a S hard  cop y  oulp ul  - This I ) I l S t i l c ’ L  is t I _ i  - - a  a :1

t i m e —U n _ i ’  of f _ is  i-ge- f ; a  C - C - -~~I _ i~
’ -

~ _ i I 1 f  I _ i _ i _ i _ i is C I - ’ s ( ImJ) i  1510 I] i ) \ ’  ~~ I ) r t  ~ I 5 ’ _ i  o u tpu t  t : I j  -_ i - CI u si  i l _ i  t] lc’ _i f Clfld _ i _ i )’)] (‘IX’ l i}Is’ary 5 1  ‘C - i

rout ine.  SrI cp  of t a _ i  I’ l l _ i s  I C IS  di C — S C S I  - _ i ’ d  in \ pp -r d  ) ‘_i (

‘1
~

~~~~~~~ 
I L ~~~~~~1 J ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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TABLE 2-6. RECORD FORMA T OF OUTPUT TAPE 3

_________________________________ ____________________________ ________________________________________________________________________

Variable Format Descri ption

ITARG 120 A live digit desi gn ation of the tar —

get number (last 3 digi ts )  and the
pas s number for the current target.

ITP (ITAR ) 120 An integer designating the type of
ta-i-get being passed.

ITIME 120 An integer dcsi~f 1s _ i l f i ng  the t i ~ne , in
tenths of seco nds , from m i s n i o n
start time a.t which the target is

- 

pasc-ce-cl abeam.

— —.
_
‘ ‘—‘,—-~~ z_ __ -____..~ _* — —
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SECTION I i i .
TILE i - C N L C t T I \ ’ l -  \ i (  ) 1 ) I - C I ,

3 . 1 IN’I’ H OI)t ’CT lON

‘l’hc purpose of the Executive program in to dc-te rn sin e wi th  what p i ’ob _ i u l s i l s _ i  v
each target being c _ i _ i n s  P k-i t ’d is detected , identilie- d , a-nd local i~ ccl by I ,  cat - l i I f t he
Sensors on boa r 1 the rcc- cInini  155 _i115 (’(’ ai rc ’raft , and _ i2 by the oyc rail ret- I l~~fla- in s  _ i t n -c-

s y s tem , 1 . c- . , by in tegr a t ing  th e results  of all sennor s .

This is clone for’ ~- _ i _ i r h  of lour Il 1’~~C- eC -~ 1 5 1 _ i _ i  l i - v e i n :

l- e-’~ cl I . f l e _ i u l — t i n i e  aisci n e a r — r e a l — t i m e  pC -I Ic ’t’si-O 113 ( I f  data  ( I ) )  I l _ n o d
the a u - s - i - _ is  i t .

Level 2 . Dat a k ey i n g  ant i  t r _ i u i s n u s s i o n  i l l  a g r ou n d  s ta t  i - - s _ i .

Lav e l  3 . Data k e y i n g  l I n t  no t r a n s m i s s i o n  to a gi - o uin l  s t a t i o n .

Level -1 . N I  data keying and no t r _ i f f l S l ) U _ i - ; S l l l f l  1( 1  a ground s _ i _ i t t  C I n .

Ifl i ’ e _ i u I — t i n _ i t ’  p1’l c’ess~i Isg tht - _ i ’C - s - u i l l s _ i l i S S C u l i e - C  s~~ I s ’ I ’_i l f o 1 ’  OI ( s (- I ’Vc ’S isa d _ i~~~~~~d - I Y

t e r m i n a l s  a suhset  of t i n -  n i - c~s l _ i ( ~ i I ’ C - _ i  v i c ’ -,r~-c 1 ifl, - t he S e - U C - I l l ’S - T i_ i c  o i e - i ’; u t  - - 1 ’  _ i l I _ i _ i~~~\ ‘ s -n  I 
-

(lie dls is la \ ’c-d i n o r i n _ i , t i ( l n  I r  t _ i ui’ g - t  ( - a _ i s P - _ i _ i _ i, _ il1 _ i l I , wlic-n pl a C - i l l i e , d i n t _ i b i s  (P t ’  t _ i t 1 ’3 l i .

When l i sp -  I ’ t _ i t i l t  t a - i ’  t ’tn a I~i’ (Is 1cc-It ’d hr  can s’i~,r_ i s ] _ i }n - gro~i i _ i - I  51:1( 1011 ( l i i  l i l y .

The on ly ~iirpose- I t  th e  i _ i~~ s s._ i f u ) R - li - n i n  l evi -I 1 is to u s a _ iC i i n j ” u n _ i I n t
( b it _ i l  for latci’ p C - o s c ’C - S I f l g .  l- ’or t ’ ’ - _ i _ i I C - l l l l ;  , ( ia- au -b s-no e l :  c ’ i ’ V s ’l i i5 _ i i~ tOll ‘,‘ _ i~~I I  u s  n i g —

na- i t he  t_ i i ’ oui id  s t a t  I on I J I I I  It — u l )_ i i \ ’ ’,V ~~ I I I  I C - I C  S i t s _ i ] l ( I t ( ’ d  _ i -1 : _ in i f i t _ i _ i l l _ i C - i ’  \C- u i _ I s  a f u n  u t _ i ,

l ie  would th en  ‘p t _ i r i s  a 1 0 _ i t - i i ’’  to o r  th e  i i ’ _ i i ’ n ’ . i i ’  t i l e  ‘_iao ’ & _ i f :1 i -1’C~ ] _ il _ i _ i _ i -l I ta Ct I -

the fu ’am e is to n - I - I  i f u t o u l i a t i t ’ _ i l i  lv when i n  S C - i l l s ’ i -  i _ i  t , l L s ~~ . \\ lit- ft I _ i I l 1 t ( 1 t 5 ) _ i I t  u - a l l y
C - I ’  311 _ i l i i ’  i _ i t !  I ’, P I l l  h I l l e d  - ht’~,

- I S  5 , o _ i  - I t !  :de i I t ’  I ‘ I ( s o — t O t s - i - _i I C - I - i - i ’  I Pit - C 1 e r _ i i l l l I ’  i l

t h e  f l _ i l l _ i s  I ’ S  most Il k ’ I v  I I I  C - I - I  t a - I l l  1:1 I ’ g r t  11111 ‘i ’ n u i t  - ‘ i  -

In 1.1 - - I -
~ 2 , th e  s~,~~- P ’ i t i  _ i u t i t o l I _ i l i _ i c  a] lv  s- ’ ‘P_ ~ - 1~_i ‘‘ ( 1 _ i l l _ i l  I t , ’ I , , s , a s,S ’’ f - i I i _ i _ i n s _ i - i  - s I t ’

I r a-asm I _ i _ i- _ i i 1  I _ i  I - a i nn ! . ‘ft is a ‘t 1 ( 1 1 )  l i n t  l i i i  i~~t _ i ( I f  t I  I P _ il I Il _ i’ nv _ i t ( s i )  1 1 1 1 1 1 — l I t  - I - - I ’

‘ r a u c i u l 1’ ( - ( ’ l , f l h l _ i u T t ’ s S l i t ’ S 1 1 1 1 . 1  f l I t  h I lt ’ to P- t-V _ i I 1 1 ; - i u t - -I ( II i l - a l l _ i  l i t - _ i _ i l t i _ i u l i .

L - ____
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Level 3 assumes that th e dat a has been ks -y e -t i  b ut is not t r an s m i t t e d .
Neveri !i c-l -s~ , s~ ~t e u t i  p erformance , especially t ime —la te , is improve s! because P1
operators examine keyed data f i r s t , that is , (lii- data th at  is r e l a t i v e ly  tat -get r i ch .

In l evel 4 data is col I c -c-t ed (In lss i _ iu i ’cI and brought ba - s’k to the ground for
an ai\-sis , as evidenced in c-un -eat c -u v c ’ nt i i l u l a l  r ecofinaissance Sy s tems  e .g .  ,

Paragraph 3 . 2  contains a discussion of how to cletci -minc wi th  t i b a t  p rob _ i t —b i l i ty  each target can be ds ’t ect e-sI , hk-ii t i  fled , a nd P c _ i l l  :cc’il , h,s5(’Il on tP ~ - quantity and
qua1it ~- of the information Provided by _ i i  1 )_ i l :‘t icu lai ’ 551 1501. ( S ’ - s i _ i  I - I s  det e rns iu i i - s  if atarget  is in the field of VIOW of a S5’flS II- , but it is not  (k-te1’ miu ) e ( l  by Ss’€ ’nai ’Io ii ’ t h e
target is detectable. ) 

-

1~ara gr ap h 3 . 3 d isc u sses  how data P l y  eat -h n e t i s o i -  is (fl)flhijj fle(J i n to  sta-
t is t ic- s for the overall per formance of the sy stem in i ’elati on ( ( I  ens - l i  t a i ’gt’t being
(‘OIlS idei- e( 1_

The l’:xc-c- utk-e COfl lpuICr  j ) 1 03 i ’_i I u s  iS I t t - k - f l y ( l l S c l l s se c !  i l l  P _ i i _ i ’_ i s _ i _ i i ’_ i i _ i } 1  : . -1 .
Detai l e d  d i s ’ : -u ns i l t -ss of the progs’aj n _ i _ i _ i l l C l t a  and ( l i l t  s i t s  f - i - ~~t i’ u I ’ _ i 1 - ’ , 1 _ i _ i i a - 3. . 1 ~nd C • 1 ,
r s I e ’ t i v i ’ i ~- . (‘o l le ct i - .-o I1 , I ai ’ _ i _ i _ i i ’ _ i i p } i s  ~. -I , C - C - and 3 . P loruu OIl _ i u I ) I I I ’ r \  i _ i _ i _ i  I ’ll 115 _ i ’ I S
guid e Io i ’ the ~ Vl C _ i s a - u n

l5aragt -aplu I _ i .? desei -ilx ’s how a user can s t I l ls 115 - - ( 1 1 1 ( 1  I t s - I a ’ S _ i - 
I -~ 1 1 110

sensor at ~s I i  inc wi thou t  exerc is ing  th e cul l  I t ~ model , t } i t t n  
~~~ 

I t ’ 5( 11111_ i an I l l _ i t H i  i/ _ is _ i inn
tool fox - single sensor s .

3.2 ~‘s 1 G l _ i I C 1 S 1-01 1 l-C~ ( ’ I f  “_ il- :N3oI ~
The S t l b n s - q i s i zi t  i l _ i l  C - _ i I I _ i I _ i l _ i ) 1 1 5 _ i  ( 1 5 5 ( 1 1 5 5  [ l it ’ a - - I _ i n P  I I S _ i ’ ;  1 1 5  I f  o , Is ’Is 5 1 I _ i - - , I l

iis oi lc ’i . ,-\ ic~ ’ ( k ’II l i l t  j llfls _ i lO ( ’  311 ( ‘ I l  (If t In -  115 ’ l’P ‘r1O;Il)t ’5- - u - l ie r i _ i l I l  I I  c _ i _ i - h ~~ _i _ i~~~ 1 5

. I ) e t e i ’ t _ i I b i l j t 1 - —

I l l _ i l _ i l l .

(‘o u uI i t i t I n : l l I _ iC - tI (‘1 _ il l _ i l  I t t  is  Pa - I ~ i -  b _ i _ i l  ‘ I l l _ i t  ~_ i ; ’ f  I hr I ’ 5 5 ~~- ’ 1 1 ’
t o t ’s  [ lie  I ~ 5 i t  O s-: - I _ i !  l i  t i p _ i  I lIe - I’ ll ~ - II I I I  1 1 1 1 1 _ i l  - S - ‘  i s ;  1 5 1 —
(‘~-_ iuI b :  C _ i l  th e  1 _ i l  I~n I - l  i _ i -  I n i _ i a  1,1 - I- l y  b - i l _ i l  I l l _ i  c _ i f _i Ii. t -  ip t  u
i 5  1101 ( I I  )t~t ‘ ( 1 1 1 ( 1  11 I - I l l _ i _ i S  -

-~~-
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Total :

Total detectabili ty is tile probabi l i t y  that the sensor sees the
target taking into account consideration of terrain , weather ,
and equipment up probabilities.

• I dent i f iabi l i ty  —

Conditional :

Given that the target has been detected conditionally , the
conditional ident i f iabi l i ty  is the probabi l i ty  that the target
can be identified.

-‘ Total :

This is the product of total detectabilit  and condi t iona l  ide_ i -a I --
f iab il i tv , i .e. , the l) i ’Obability of idcntilving a target considering
terrain , weather , and equipment—up condit ion s.

• Local iza b i l iuy -

Conditional :

This is the CEP of the target posit ion gi l - en by the sensor in
the absence of cloud cover , tet -ra in m a s k i ng ,  and equ ipment
failure .

‘lot_id :
Th is  is  t i ’t~ ( ‘Ei~ p i v _ i - n  by  Ike  51 - 1150 0 \t ’hCll tei’ra n , svcatl sec ’ ,
and f _ i-u _ i l L - t ; t a t i~~P cs _ i I I ( ’  eou ssl (  coed.

3 .2 .  1 ç ’ i - y i _ i _ i y ,- (SI ~f ’ f l _ i : 0 r M(I( 1els

3. 2. 1. 1 I - lbolo :T\’ ~Io ds ’l .  A sing -Ic model in used fll 1- P1101-1 , l \ , and 1, 1 I V , c-ve il
• though both the resul ts  an_ il their  anal  s in  let -c-i s ti re di f f i - i - t ‘ s _ i l  - 1~a~ P ’ _ i I f l y , th e  i _ i _ i ft is-

assume that (lie f—st p sctt i ‘g, V/il f _ i s  c i o r _ i s , s- Ic . , arc ’  a_ i  p r t  Ip r i  a te  a- nd in l a n g e , and
cou ’ucent rate on it _ i _ iS 35’ qua l  it\ ’  ( Icp i ’ _ i H I _ i I t  l I l t ) . If (a rpe t-- h_ ia ’I_ igi’ uunI I (‘11 010 _ il SI is r a d  lb s -  I

by atnsospls -i ’ i c  n - _ i t t _ i  I - C - _ i n s _ i _ i ,  a ( ‘ 1 1 c c _ i -  is m _ i llle ass I I )  svhetlic’u - there is e n - - I l _ i _ i l  coat r _ i l s - t

r c u u l a i u l i n g  for a Us - _ i llIll ’ image , in the ( ‘_ i sS i ’  I f i  11 1 1 1 0 1 1 ) _ i -  -d i o ” l i t  _ i l )  - 1 ° _ i l ’, _ i I ’ , , I I , ~’ O S —

sumpt i on  is ni _ iud e I l _ i - _ i  t h e  i a _ i  ( I _ i - C -  10’ l i _ i s _ i  11 1 ‘ ( t I  (- - I I’ ‘1 I I  I \ 51 I - I I I t -  - i t _ i t  a i l l _ i L X  I 1 1 1 : 1 _ i  I v

(ls’I s;-; c _ile(’eptal)Ie 1 1 1-p _ i _ i t se at il _ i l -  u i r c r _ i I I L  n a l i t O , a - n i l  a r l s s - _ i - C .  is if l , P~ I I I  5_i ( - ( ’ i f  tin _ i r~

(‘Pt~~)1~C- 1 0 3 01 ~~~~ ~1~ ’t ~S 5 i lI’ II d _ i I c l l l  _ i I I  I l l ’  1 _ i t  I ’ s _ i t  1 t _ i l l l : n _ ’. I I t _ i - l i l t  i s t i  I t _ i  o~ n s_ i  I l k _ i

flCXI 011(1 l l I ’ Y l ( ’ l  I l I l t ’  1 _ i l  I_ i5C - , 5 _ i l _ i l  at a I _ i _i _ i l  o , h i l l  I ( ‘Of t  V _i  _ i : t  — 111 11115(11 t ls ’~ i n t l _ i t  111 11 . 1 i’ a l

the coo 1- i - I - I  - ‘II I’ s _ i - _ i l  _i~ 0 1 1 1 1 1 1  va-i t _ i , Ia ‘n i  (II ’ I’C - Itl us a nd ideal _i fk ’n  I I l l )  I I I ’  ‘I ‘ _ i _ i I n  1 _ i t o - s  O i l ’

(!(lIill)llle(I - 1:- I u is ~ (‘11 ” 0 — l I t  s to oh s- i ’ u - v _ i t t  I I  i S _ i 1  1 I _ i .  1 _ i ,  - H I -  I l - - I _ i a  j i ,f l i t - f t _ i  I I  ‘ I I  for  t i l l  1 _ i _ i 1

f t c _ i _ i t  1011 iS _ i 1 _ i ; 5 U f l 5 ( ’- I I - I I t~’ f i t ’ s- i l _ i  - s’s t i _ i l  - - _ i l  u l I l l  i’ i ’ I I u i l  I ’ l l ]  1w’ I I- _ i I I I  0 0 1 _ i  1 l I t  : 1 1 _ t-

il t— _i -, I _ i l _i II I - 11 1 15 (1 1 _ i  I _ i  ! ~~‘ I ’ s _ i l ’ ~ t —
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Photos ar e labeled as to whe ther or not th e~’ were keyed by alerting for
segrega tion of total detecti on and id entificatio n Proba})jlitjes 111(51 a n _ i U v s i s  levels.
TV and LLTV are onl y effective at Level 1 (unless reeorded~, whi le  photos are
potentia lly effectiv e at Level s 1 , 2 , 3 , and 4.

For the optical sensors , positioning CE P’s are nons idered negligible corn —
pared with naviga tion erro rs and ar e therefor e ignored .

3 . 2. 1.2  ~~~~~~~~~~~~~~~~~~~~~~~~~~ The JR model generall y follows the V a _ i n c
pattern as the photo model , except that one look , at most , is p_ i ’ovkk-J per target ,
and the system is self—keying .  Targets are char acter iy ,e~ by cross section arid
temperatu re , normaliz ed to an assumed 18 centigrade degrees background. Using
JR sensitivity equations , a detectability is estimated aftei- the t _ i s  I -get output r e l a t i ve
to ba ckground is attenuated and scattered by distance , at i_ i i osph er t ’ , and clouds . -‘t
present , the cloud attenuation is a rough es t imate , because i n — c l o t u d  v i s ib i l i t y  is ha-i ’d
to predi ct. Ide ntificat ion is only rou ghly Possibl e wi th  JR i i i  flh i O-i t eases (except t h a t
targets st -i ll be classified as to rad iatIve output)  unless a - - f i t t e d  sped 1’nsco1)ieal i~’
Sensitive JR s~ stet i i  i s proposed. Iuu gem - i _ i s _ i , Il k- 1 _ i t  i -ge t  s _ i_ i  ~_ i e v, i l l  be ss i t f f i c - i  e m i l

smaller th an t h e  1i’SI J I S I I _ i O f l  spo t sizc ’ , l f lak inr  _i (_i 1 5 5~~~_i C - I c _ i t  I I l k - I _ i t  I _ i l  I _ i _ i t  1 1 1 1  i !) lp ) _ i _ i ’ il _ i l t _ i ’ .
Positioning errors , on the ethos- hand , a re ss _ i - i s i  f i c ’a_ i i t  for 1 _ i  l iecause f l _ i c  i _ is s-p - t  at  t i  —

t ucks is not ~~)O\s~1l to certalilty . Therefore, p 1 5 1 _ u s i a  (‘i-i- or (-stim_i~k’s IflU st he t o _ i l l _ i c
and incorporate d with  navi gat ion errors. ~\k -i ’tiu l g via IR a~ s- u s _ i _ i e~ :1 l _ i l t p(-( stuf fk’ic uit1~-
hot as obsc-rvecl , to hey a gaussian square—la n - dc-I cet l l r , whi le  I H i nl _ iup ’ i’y as~ 111th - s
d isp l ays  and f i lm recording.

-
‘ 3. 2. 1.3 lthdar rsloclel . Til e basic i - n d _ i s -  mod -) is appi i eabl 5 ’ to  th e Su b ’ 1 1111,1 t _ i g

Radar , the T\lovjng ‘Fas- _ i _ i -t Infos ’inn l ion Side lal, 13 113 Ha d_ i  I’ , 01  1 1_u  - : d I  \ ‘ i t  I _ i _ i  ‘1 _ il I _ i _ i c - I
Info i -mat  iou i Forts-a t’d Lilok ing fl_ i da i’ .

These i-aclar mt del o- folloy; ( ‘ l _ i l : - t ; R ’ _ i l l  11111 ’S , i ll(’iuIiuII _ i_ i :Ituususpllel -ft- _ i i ’ i _ i l  I _ i l _ i l )
dcgra dal ( I l l  af fe c ts  as tt c - I l  _ i IS  s’ai n ci u t t e i ~ sshere  _ i _ i l _ i _ i _ i I ’c ’_ i ) l ’ i a i e  I I  I I ’  t h e  P _ ill _ i _ il I ’ I ) _ i I l l d  I - I la
employed . The ~~I I 1 V i n g  ‘I _ iu rg~ ’t l n f o r f llatj ou l  ( ,\l I I)  _iU0I l I t _ i I t i u u i I l _ i _ i _ i  ( ‘i II _ i Iilicl s tu 1’O e l I _ i l —
side s-ed 5 ( ’ } l _ i ’  ra (c ’ ly. ,-\ s i m p l e  3i ’l l l t l t t l  c l u b s - i -  1111 1 , _ i l l I S  ( l _ i Sp _ iII \ ell , w i t h  1_i C - ’  1111111 el _ it  t el
r e ) t - s - t  tIll _ i 

~~~~~ 
ll ’l ’C- S,(’d :15 a- S 113_ ic ’ f l U l l _ i I 1 0 0  i l l  (h i) . ~l i I da ta  a r t ’ l b _ i - - I _ i 0  I I  I by ~H I c I u i I t ’r .

~~~~ 
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3 . 2 .  1.4 ECM Model. The R CM mod el follon’s a - classica l pattern except that , in

general , seve ral ind ependent looks are available. The ECM pickups are approximated
by N independent rays (N is genera ll y equal to the number of ECM receiver antennas)

rath er than a correlated conl,inuum of inputs. The only significantly complex submodel

is the passive ranging model. It assumes approximately art optim al (minimum variance )

estimation of range from passive observations , arid combines these results with navi—

gationa l errors to get an EC M -CE P .

3. 2 . 1 . 5  Forward Lookin g Inf rared Sensor ( F [J H I .  The FUR model is similar to

that of the Ill , except that  niul t ipic ’ I -  i I ; ~, at a t _ i i r e s ’ t  may or may not occur.

If a target is preplanneci , or if F U R  is slowed by other  sensors , F U R  is

;ivcn two looks at the targc-t. Slowing occurs when a forward looking sensor ( i . e . ,

MTL FUR , EC \1 ) sees a i _ i l _ i - g e t  and pro\-ides FL 1R with the  c o o r d i n a t e s  -

3 . 2, 2  Infrared Model (ft_i )

In s impli f ied terms , for each of tile four levels of l) I ’ (_ i c e ss ing , the IJI model

accepts the Scenari o ou lpu l  - _i _ i t n~l , f~ _i - l t n- ( _ i s  t’ _ i _iet  h C I _ i  I llS i ( Is ’!’e. I , (‘I Imputes

(1) H _ ic JR  se_ i so l ’  dy t y ~ t _ id  I _ i l _ i l s of 11 _ i _ i -  1_ i  rgc- t on the c,1r1- ent  leg
and pa ss-

(2) ‘I ’hcs condit ion al  p t - e _ i  It I _ i l  i t y  lb _ i l l , I - n e t -  dcteet c-d - the 1 _ i s rget is
ident i f ied.

(3) The c ’ s - s ’ l I r  iC l - ~P_ i in l o c - a l i z i n g  the t _ i I 1 ’gI’l.

Jlon ’ever , since the lH sensor is ac tua l l y  t’ ,v( I i ndependent  IR C-eec lv i  ‘ I ’ S , a high tOl d

a low band , e_ i tc h of the t h r e e  ( ) l tR ih t i I  icS _i~_i l’ s’ C(’)flll’Illte (l s Z S ’ _ i l _ i l  I :11( 1 f lu ’ chIc - h  band a u _ i l l

thets combined to y ield the lI \ ’ c - t ’ _ i _ i l l  S ’ ’t i F M r  (iC l d C ’ t _ i I h i l l i O  , ! 5 _ i e _ i 1 5 1 t _ i _ i t l l ’ l _ i l~~ , a i d  ( 1 - P

st a t i s _ i t t c s _ i .

-
‘ 

‘ihe i l l I t _ i t 5 -  t o IlIc i l _ i  i~iot1cl S i l t ’  ~f 1—sn k i t _ i l _ i  _i 1) tho se 1 1 0 1 1 5  idc t l  Ii ~ t i _ i c

Scena rio p1’~ 3 C - _ i ltI1 , arid 2 t  t I 1 - - h l _ ’ prnt’ideil Ilv the  t I _ i - I i.
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INP U T S_FROM SCENAR IO

GEOGRAPHIC :

• Ground range when passing broadside in NM .

• Total slant range to the target in N M ,

• 1. arget height above MGL in feet.

• Variance of terrain height about its mean in feet.

• Slant range through (1) haz e and (2) -lou d~ in N M.

• Probability that target is not niaC - Ic e l by t er ra in .

• I)epr ession ang le to the tar get.

WEATHE R 1)ATA :

o Preva iling visibi l i t y  throug h ( 1) ha _ i -_ i c and 2 -Iou ds in N ,\ 1 -

• Probability of no undercast  clouds.

TAII GET/ I3A CKGIi OUN J) 1) :\TA _i

• Target ~~I ’CO i ll shua s e n _ i l - t e l ’s -

e Temperature of t :li-gel al_ i ll hackgr ounsl  11_i ~l\

• Resolution u _ i  meters r equired for _ i t U ’ prob abil its ’ of
detection

O Tar get and backgr 0511_id t ’mu S _i-n \ l i t  - ~ - for hot ii l .oiis ds I a rid 2

SENSOR A N _ i )  NA\’IG A ’l ’lONAL S’_i ’S’l EM J) A T ~~

• Prob abi l i ty  t i _ i - i t  l i _ i  c - q t u i j ) u l l ( ’ n t  u s  ti p .

* • N as- ’ i g _ i t iO n _ i l l  V _ i i ! ’ i _ i l t l v e  t i  ho _ is _ i l _ i _ i _ i _ i  in i_ i _ i _ m o sq t u a t ’ cd .

o N a s -ig at  i l l _ i _ i _ i l l  v _ i t I l _ i S _ i s _ i  i t t  _ iul t  I t _ i s i s ’ i l _ i  l _ i l ~ i I _ i l t iS S s _ i U _ i l  I I  I _ i  -

1 1 5 1 - i _ i  I N i ’[’’I ’S’

• A t _ i g u l  r i’eS _ i II l ist lol l fI l l - 1 - _ i s _ i - _ i  _ i c -~ I 2 i _ i _ i  i s _ i _ i - i s .

o Iht _ i ,~, -s - t ‘ s I  l o l l -st 5 \ O \ l I i  g I l  ( i f  t i l t _ i  I - _ i s _ i - b -  I _ i l u l l l  i i i
mi I ( I l l s - ,

Par_i lrIsi-tel ’ _i -’ Stl (’}l :is- 1 151 - ti ll )( ’ arid 50-110 i - _ i _ i n  flrt’ .L~S l , l _ i ’ (’sl I l l I -  _ i l 1 , ’ il  I -_ i l _ n h

:l— ( ;  

3
... - . - I . - - .. - . , . -_  

-
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• Thermal r esolution of bas_ids I and 2 in °K
• Variance in angular measux-ernents bands I and 2 1 in

radians squared .

• IR SyStem f i le  g_ i Imu n a

- • Mi m m  t m _ i  detect  able loga i-u i imn Ic cont r_ i i s t .

The se inputs are d raw n together i u i  the fo l lowing  manl i e r :

Pa rag r_ it ph :1 .2 . 2 . 1 L l _ i l I \ \  s boss t I l e  I t _ i  S l l l .l l _ i _ i l l d e l , tl ~~ I l _ i _ i _ i  t h l ’ i l _ i _ i l _ i _ i _ i  5 1 \  S _ i 1 1 I  i t ’ ,
can  pr edict d c ’ t e t - l _ i u j _ i u ] u t -, - , _i d s - _ i _ i ( i h _ i _ i l _ i j l i t y  u s  ( i _ i s - ( ’ I O _ i L ( I _ i  _ i l  d c ’ t _ iml I  l u _ i  P _ i i s - _ i _ i s _i i ’ _ i 1 1 _ i _ i  _ i ; , 2 . 2 - 1 _ i
h i  - l I S( ’ l iS 5j O f l  Qf I l _ i c  l o e _ i l l I s _ i ( t  Oil is t he  subj e c t  l lf  I ’ _ i _ i r _ i _ i gl’ , l _i I l l  1.2.  _i ’ ,g .

-
‘ 3 ,2 . 2 . 1 J ) ’ t ’ ’ t _ i u l t l _ i _ i \ . - \ s  l i s _ i g l s t  I _ i c  t ’ ~~~ p - ’ t l - l l , the  st_ im: ’ l ils g 1 - 15 111 i n  -o t i l l l _ i _ i _ i  I l _ i s _ i  111 ’ - -

tectabil itv i s  t i_ ic c o n i p u t a t i l I n  I I I  t i _ i t ’ p cIss -eu - i - _ i l I i n t t ’ I l  ps- I ’ I l t i _ i t  a I’I’_ i_ i O_ i~ I’ l i l t ’ h I I I O I - s 1 I l l l - l t
by b oth the t _ i 1 l ’ g ( ’ t  and Ps  l I _ i l _ i - k _ i _ i l -  ‘ _ i _ i i _ i d .  ‘ I b i s  is P _ i _ i 5 ’ l iv  I i i ’ s- i ( ‘ l I l i l p ( l t l l ) 1 r  t h e  t - 5 1  I ’ i _ i ( ~~

clu at e si  by a l J ) _ i l5 ’ l~ body _ imnd t u t u 55 11 1 1 i l - l y i n g lo i l _ i & -  a l l ; l l ’ I l j I l - i _ i m l l -  t I t u s - _ i _ i _ i  V i t  _ i ( - -  -

N ’ Nt , I i _ i i~ I l_ i~~~ Il _ i ’s-n I I  -~~~~~ ~ s- ~flI l i l t  i l _ i  - i’ t ’l i 5 l i s t  1 _ i l l I l l ’  I _ i _ i _ i _ i  C I I ’ S _ i t  l t ’~~ - ,
s- i _ i u t i t  l ’a lb ct ’  I l l  I lii ’ 1 _ i l  l’5t ’1 I - s _ i t _ i l  t I _ i t ’ i -  i l _ i l  i l l _ i _ i _ i t t _ i  i l l _ i  I t ’ . , t -  I ’ l  ( ‘ 1151’ C- h i I L _ i  I ( ‘1 1t h - s _ i  I I -

( ‘ l ) t i l l i t l l l l O , i tt d o t h i t ’i ’ s n c’ l t  i l _ i l l _ i  i _ i _ i  t h e  j l l ’ I i l I _ i l l l l l i t f l  _i- I t _ i l l S i t  I I I  _ i s -  - S te  i _ i  _i h i _ t I

t he  Pm r get i s  i t  u i _ i  _ i e~l-~~- I 1 v  t t ’ l ’ i , i u u i , (1 11<’ (Ii I _ i t -  I m p_ u I - lil t _ i l l ,_it _ i u t i t l  I u-I s_ i i ’  I _ i _ i _ i ,  i _i ‘ - I _ i ’  I -

1-~~~’ ( u n i t  1 l I _ i l  b u t _ i l _ i l l  Is  u ss’d _ i l l  he I I I  I ( 1  I _ i l _ i  ‘P1C I I  1~~ c i  t ’ t ’l t ’ t  -

( I )  
~“- _ i _ i l I I ’ r i s _ i _ i _i.

(“ I Al Is -fl u _ i - I  l o t _ i  - l~ s - i 5 l 1 _ i  I -

l _ i _ i ) _i’, _ i l l l I l ’  I _ i _ i l l  I l _ i _ i _ i l l  I .

‘
~1 ___________
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These r eceived powers arc then ad us-ted by the a_ i-ca t i f  target  a rid baek g round t ii ~~
served , thus changing t h e  data fro u i i  power per uni t arc a received to power rec eived .

Finally , one forms the i-a t io of the poss-cr received iron s the t _ i ui ’g et  t I_ i the
power received from the backgi -ound . This contrast ra t io  n_ i ay then be used to Pre-
dict the detectabili ty.

Figure d —1 is a flowchart of  tlse computation of det ectab i l it ~’ . The elements  of tile
flowchart are elabora tedl in Pa i’agrap i_ i s 8 . 2 . 7 . 1 . 1 through 1 . 2 . 2. 1 . -1 , which  c-omp i- i  SC ,
respectively: 

I 
-

(1) Co n_ ip tl t at ion of ti _ i c power radi ated by t i_ ic t :mi - gs ’t  zu i_id th ebackground , 
-

(2) Co i n p ut _ i_ i t  am of t h e  poss’cr rcc ’eivesl  at sel l s - i l l ’  i t  _ i l l ’g c ’ t antibaeh’gl -otuI _ id l -

(3) C o m p u t _ i t t i o u _ i  01 the noi se p _ iis 1 ’er reed s- ed _ iI (  t i _ i c  S t ’ l _ i S I  0’.

(-1) C on _ ip ut a t i o u_ i  of the overa l l d€ ’tc ’ c ’ t _ i _ il , i l j t  -

:_ i . 2 ,2 . 1, 1 Pos ’, t ’r 1 _ i - u _ i i a t c’~h I ” , f l _ i i ( - _ i , _ i~ _i ’ _ i _ i _ i _ i ,j _ i u t i _ i t  _ i ’ _ i u i _ i _ is 1 . A l i I _ i u ’ I c  body ( I t  _ i ’ ’ _ i _ i _ i _ i S ’ l ’_ i I l u l ’ t ’
‘I l I I ’go s - ( - , _i I~els ’i ul l- _ i t d l I z t t e s -  _ i -~~t i I  h i l _ i t l h l i S _ i I _ i k ’ i ’e i  \\~~~ I \ I  s’, - hlt l _ i l it-I ’ s1 I_ i ’ _ i m r e  l _i 1 s - t ~~~i ~1L ( l i e
s, ; i v - l e mi g - tls X ( i n  f l l _ i c _ i ’ofls I 5’- I _ i c _ i c

w~ ~~ - 

[
~Lz~:~~1 ~~ 1 u ) ~~

][ 

i i  1~~7 ,~~s X - t - ) j ~ I _ i

1’h is - _ i ed itu _ i l t  u o u i  i s-_i I n i - a - i_ i  fu om rc ’fer( ’ll(- (’j ’1

‘I ’h~- p I ( IVI ’I ’  i ’ _ i i~h t _ i i _ i _ i -, I isv s-~~’h a l~l 5 _ i~ 10 t h u u h _ m d (~~ , ~~ is t he I l \ t s ’g i- _ i I _i n f t ’ _ i 1 _ i _ i _ i _ i _ i i m u _ i _ i  : _ i , 1 ) _ i

~v ~‘ I i  f \\ x~~ d \ s s - _ i m ( t s . s - q u _ i m l - c l i _ i l - I l - I ’  
~d . I I

It is-  l S S _ i l l h i ( ’ m l  ( l i i i  I I _ i t~ ( le t  I l - t i p  S I l L _ i l l s  i ts (-(‘uvt’ I t S  l ’ _ i I t _ i _ i  h _ u _ i l  I _ i _ i  l i  i _ i _ i I l _ i g \ l l _ i l _ i’ 1 I t ’ l l ,
\V \ s v l l l l ld  hav e t o  I I I ’  i _ n u l l  i p i i t ’d Il _ i 

~~_ i X l , t i l t  _ i ’ C _ i i _ i-~ j h i s i t s  c _ I C - V t - , hI t _ i t _ i  ti _ ic l- -~~_i u l l
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I l l Il_ u_ id = tow

A ut Il .und = h _ i _ i u i  -

(‘ o u _ i i l _ i _ i ’ -  I l mi - i l l t \ ( t ’ i ’  I’su s l _ i _ i i t i~I pe r S h o u t  5(1’ S _ i l  uf( tue I l _ i i 5 ’ t_ i _ i  l ( _ i U f l l I  - (  lId ot t h e  Lt m g i- I

(‘( IT l_ i p s u t & -  l i l t ’ fl ’ _i u t - h u u r i  ( I I  h ut ’  m ’ _ i i d j a t t o n  - t tNt-
I I _ i i ( I 0 _ i l ( l _ iu i i l l  i l _ i t t  t_ ii r -~~- i (pt -i ’ U I _ i l l  a r c _ i _ i ) r(’s- c-_ i v t , l
I i ~ h i t ’ _il * I l i-_ ,  I I

---
~~~~~~~

--
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

( S u m u l p u t -  - t i l l ’  11u0, - ~i ’ \ _ i I I  i c c _ i - i _ i  id  liv t i _ i t ’  _ i - t l l - - , , l i ,
l l _ i I l l I I j l l , , _ i  _ i i _ i I I 5 i _ i u I - I I - , , 

-

(‘t I _ i l l  I _ i _ i _ i t ’  S a _ i l l _ i l l — I - I - I i i  I !  - -  u _ i l  t I l l  15 i t t _ i  hO_i t t  Si i t l _ i , t  I
i _ i  _ i _ i ~ u’ u _ i u~ i i  t I l l ’ S t ’ i 5 ~~~I I  I 

-v i _ i ,  - s_ i  I H _i~~ I l _ i l _ i  - I ,  - — m i  = 1 ’  I _ i _ i t i -  i r n _ i  - _i I H -

I l _ i t t ’! S t i l l _ i  - l i _ i _ i t  - m i _ i t  ( _ i t I l l I t  l~~~ ,

< I I  _i u I l I I H  l i _ i _ i  I i  t

lLL _ i R ; I m 1o~~~ a s j  1” o-  5 - :  
]

-- - - - -- -

I _ i l

I _ i ’  _ i . 0 - i , l , , ~~~~~ , , _ i  I~ I’ t o ’ ’  It

l - ’ l i i u l l - I ’ _ i I  - I .  l t l l \ , s ’ i y I l ’ t  P l u h l , l u  i t  s - n i l — I C -
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nun scr i ca l lv  integrated . Under ti_ ic s t _ i _ i t t - i l  _ i lss u mption , us ing t iuc t l u r e e—p oint
Gaussian Me chi _ iu _ ii cal Quad _ i - at _ u -c , - cqtm _ i _ i t ior i  (:1. 2~ may be ev alu u aled to y ie ld _ i

W (T ) =~~~~ 1~ “x ~~i 1 - ~ 5 \V~~(X3)~ (3 3t

v,’he re

D = 

~‘2 ~~~~)~“2

(A 2 -

C — O.77-1 59 G6 7

= S - 1) -  C

x2 - s

S +  1 ) - C .

This formula (as proved by G _ iis i _ i = s- is g _ i _ i _ i _ il’ _ iu _ i _ its-~ - I to h _ i l _ i t ’  _ iu l  I t _ i s - i  S I _ i s ’  same _ i _ i _ i - c ’ u r _ i l s ’ y

as t ’ould he ou t _ i _ i nc-P by r’ei t n s - i t _ i g  t he  i l_it  c g u ’ _ i _ i _ i _ i t _ i  l l - q _ i _ i _ i t t l _ i _ i  _ i 1  - i _ i  w I t _ i a  il _ i _ i ’ I _ i _ i ~_i-’ _i f t t t i s _ i~_i
(ovei- t i _ i s’ l ’ a _ i _ i g s ’  >_i~ , X 91 f _ i f _ i s  P _ -_ i -  i - s - i’ i l O l Y u l l _ l n _ i i _ i l l  - (I I  V 15 f _ i - t i  1_ i t l f l l ’ l l S S _ i t l ’,V I - f i t  a

‘ h i gh s - i -  order POlYll ol l _ i i _ i t l  to t u e  C t l _ i _ i _ i l l  I l _ i _ i .  I

‘flue power i’adi at cd by si _ i c  t a_ i -gcr  p~~- mh u _ i i t  O t c ’ _ i t  i s  t i _ i c - i s _ i

IV iT, 1-i

and of t i_ ic back grouu ud

\V (T 11 1

sti l l - I - s E ,1, :mnd i-: j _ i m i~e h u e  c l_i u i s _ i - _ i i v t h i c s  of th e  t _ i _ i u~~_ i-1 a t _ i l  t I _ i _ i  I I _ i _ i i - I , ~o’ _ i _ i _ i _ i i l , u ’ i s - I I s’ _i - l i V t I s

is h i _ i - h t : uck  bi i i l _ i ’  i — a u l i _ i _ i h i t i u u  _ imI  th e I _ i _ i C - g i l I I _ ’ t l l l I t ’ i _ i l t l _ i _ i l  1 1111  II’ l i _i i s t i n ’  l i I : I t - I ~
i t t _ i - l _ i I I l i ; l t ilI _ iu s it liii’ t e m i _ i p e l ’ _ i l t m l I ’ e  I t  t l _ i c__’ l i _ i _ i s - l _i~ u ’ m i _ i u t i t h

‘ h _ i s _ i s-s i t _ i - i s _ i - _ i _ i _ i _ i t  t - :Ued t i _ i _ i t t  _ i _ i  h I l ls  I I C ’ _ i _ i ’ l ’ _ i ’  i I I  y u i ~~_ i i _ i  - 51 l _ i _ i _ i l V  I I I ’  t ’ \ l I ’ t t \ I i ’ S  15  I , l S t  i l _ i
k~s ’ i _ i ;  u _ i s _ i _ i  t I l l _ i s ’  t l _ i  - 5 _ i l  lot ’s I if I In- t ou st -h i--is _ i _ i  I m I l l  ( ‘ 0  t I  O I l  i i i ’  ~, - - i _ i i  S .  I _ i i _ i  I I  ‘I l u _ i  S I l O S ’
IS m ’ N ~ I l  I l  I _ i t ’ l l  111111 i i ’ )  I ’ l l  ‘li _ i I’d i _ i _ i  l i _ i c  - I~ I ’ l l _ i ,  u t  ~_ I _ i m l l u t ’ t s s _ i u l  s - _ t i  I - _ u i S l i _ i l _ i - , S i  i l i  5 _ i _ i c ~i I I  -

4
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3.2 .2 - 1.2 Power Received at ti_ic’ Sensor from the Targ~~ and_l-~ack groun d. Severai
para_ ixu_ icter s must he defined in order to compute the pov~’er i-eceived at the sensor ,

Let:

As = effective sensor aperture in square meters.

AT = target area in square meters (a sph erical tar-get is assum ed) .

H = slant range to the ta_ i-g et in meters

8 = the an gul a t- resolution of the system in rad ia uss.

Then ti_ic area , normal to the radius vector , which is exposed to the sy _ i- ’ te _ i_ i_ i

at one time is _ i

2 2AN = S R (3 . -1)

The de tec tor, when on target , * sees a t _ i _ i i-get area of A 1, ss-herc is
given by

A 1 --  \ T i nu j_ i _ i u lm  of A ,1, and ~‘_i \ .  (3 .

Similarly,  A2, the projected background area sect_ i by the St_ i l_ i s-Or, iS g i v c - u _ i  by

A2 l \ i ax imun _ i  of 0 and ‘1 N — (3 SI

13~’ assuming t i _ a t  the back g_ i ’ot tn d is au_ i i so t rop ic , f l _ i I r a c l i ,_ i l  a_ i- , L_ iu n _ ib c-i-t  ‘s
Law can be us-cd — onl y ti_ i c equivalent a_ in -a nor m _ u  to t h e  r a cl it t s  sector ’ i _ i t - i - - i  ic’

cou_ isidcr cd .

ut is a s s - u t _ i _ i f - _ i l  t i s _ i l t  at s - lo l l_ is’ p _ i l _ i l _ i l  t h e  l ’ I l _ i 5 _ i u l l _ i t c ’  t h ( I 5 _ i ’ i  i _ i .  i _ i 1St ~ , -1sl t i f  ~, i l _ i ,  l I t  I tO ’
(Id e _ i _ I  1_ i ’ .

— i i
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The fractional rad iated power captured by the systen_ i from a target 
~~~~

and background 
~~B) is then: -

~~ [E~ A 1 W ~ F1,) + E B A 2 ~ cr B~ 
(3. 7)

R 2 [E b A N ~v (T B~] 
(3 .8 )

where E t and Eb are the t : t t -g et  art d bae i _ i~ r o t _ i t y I c ’ n_ i i s~~i v i t ic s , r c p ~’c-t ivel y.

Ordinarily, the i’ecc-ived h)oss’cr would be multi plied by a broad—band ab-

sorption fac-tor for each b _ iu cl to determine the -ffc- ctu_i of absol’jsUI iiu . hlosvevem - , in-

spection of _ iul l  re l evant  chapters of the ONR Hanciboo L of M i u i t _ i - ui - y Infrared Technoiogy~~
indicates that at svav, :’len~ ths of inte r es t  such absorption woul d be s i_ i_ ia h l.  F u r - t i_ ic r ,

since absorption reduces bot h _ i 
~T and P B its effects tc n d hal  cancel at l_ iig her s igna l—to—

noise (S/N) i-atios .

h owever , ti _ ic s - c a _ i  t c - _ i - i i _ i g  c f f c c - t  _ i i f  I ua _ in~ or c_ i ( i _ i _ i _ i f _ i  c _ i _ f m _ i _ i t  lie i g n _ i _ i~’_i -d - ‘i l_ i c

approximate e ff u’s’ t  , for a ~ve11 coil m a t s_ i l  reed VC’ r l ) C _ iI i i _ i , )S to s-ed uce t i_i c C O f l t l ’ i b ) U —

tio n of IV tT 1’ in ( ‘qu_ il t i on G I . 7) .  TI_is is cc_ i u _ i  val c ’u_ it ( I I  addi l_ ig in bac- kgrl i _ i s _ n i , s - _ i l  tha t

the result : -

~Ti A 1 ET\V(T T )
~ ~ 

A
2 

E~~V(T
13

) - l (1 - 

~~~ 
—~~~~~ 1- 1~ ’1(T 13~ _i\

s- / ~ ( 3 .  9)

(i~~1 , 2)

Wheic

P,1.1 =- the p_ i
~\_i er uoo ’ c’ i s’cd _ i _ i t  t i_ ic sensor  f r o l _ i _ i  t i _ i s  I _ i C - gu i When d l  oid s -

- 

-
- intcrv c ’u -_ i e

- t h u  - 

~s- I ’IV I - t ’ t n- - e _ i v cc l  at ( i _ i c ’ s e t _ i s - o r  f rom t in - ta r _ i t t  s s h u e n  c-loads
(10 OlI t i n t elVi -us-

(51 the to t _ i l  s- _ is-: t t tc C- i 115 s Ims ’ i i  ( ‘1 t _ itu d s at -c- lO~ ’S -t _ i t
1

(u , th is’ I ( I t I l ) schm t b ’ r i l u _ i t  W h e T _ i  c lou ds  _ i _ i  i - _ i ’  l i _ i l p ln ’s--ent

‘l he lO st (if th~_i- _ i I l _ i l  _ i I _ i._i h _ i l  ~h i s - devoted to c’ I l l ’  s i t _ i  i _ i g  o hI C-lId II • 
*

‘ S c - _ i l t t (~~’il1g of J’ l ’ i l i I ’  ted t—’ l _ i l _ i l l ) l _ i l  i _i- _ i i g t _ i o l O , I  i - _ i l l _ i t t i - i - I t o _ i  1I ~ _i t i m  I ’ t \ _ i _ i t I i b _ i  I S  l l d f f d d h l , u
t i _ i romig h  ( ‘ b uds , 5_i h u h _ i ’  I I  i s I V i ’ H;i t h e  st ,~~ i , i u  ( ‘ t l f l t  t i _ i a _ i l  a is  s - c - I - v - s - - i _ i l l  .

—---
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The ON1~ refer enc ’e~
4
~ shows , further , that for 1 ~ XS l0~i the at n_ io s—

pheric haz e scattering is small out to 10km and highl y inconsistent wi t _ i _ i  respec t to

haze thickness. Thus any physical i_ i_ iodel of haze scattering would be conjectural .

However , there is a relationship between IR and optical scattering outside the ob—

sorption bands. For visible light~~ the scattering coefficient , o ,  is

1
~~ V (meters

where V is the n_i eteorological vis ibi l i ty  in metes-s. Taldng the mean wavelength of

visible light , X = 0 . 55~ M , the ill w a v c I c - t _ i~~~h can he sc -a_ ic -U to th i s  value.

The JR scatterii_ig ~ _i’) is found by f i r s t  defin1tu~ a constant 7. ‘

7= 0. o58v 1/3 (3, 10)

and then assuming, as is gc-_ i_ iet ’_ ich ly  the case , that :

~~~
= (c~~) 7

>1 
-Y

~=-(~~ (-~-L\
k v 1\O . 35/

ss - l_ iel’ c V is 11055’ the optical v i s ib i l i ty .  I l _ i u z _ i~ s - c - _ i _ it t i - i l ansi - lo u ci s c - _ i _ i l t c  I’I tig c-al_ i l i _ i ’

computed by i-cp lac’iis _i~ a- s_ i - i t h c~ ot ‘_i~~ and \ ss’iIl _ i I _ i C - ~fl u ! c _ i _ i _ i u i t i _ i _ i _ i -  b t  - I () I ansi

- 
(3. 11).

llc ’ncc , l u _ i t _ i l l  s-ca t t c t ’ i h g ’ , 1_ ill ’ t i _ i c  c _ i _ i _ ic sv h c ’ i ’_ i ’  t i _ i re _ iit s ’ both _ i  ( ‘ i l _ i _ i R I S anti 1 . _ i  i s - :

— (_ i r 1 X a- N , (5 , l~~~_ i u u

ii ~~ 
c

where :

X sla t _ i t  i _ i _ i t _ i _ i - c  th r m l u _ i _ ih h as - ci_ i ‘ ‘ - - - -

N - slan t i ’ _ i i _ i _ i _ i I ’ t h i s - u _ i _ i  1_ i t h u - _ i t _ i l  u _ i ’  f i g  s - i i \  u - i -

‘ i s  \ v o r _ i _ i t  ( ‘ h I _ i - c  i s  _ ilf _ i _ i ’ _ iil _ iusOl. 1-ig m shn ’ I 1 i _ i f  _ i l u e  (
~~\! h l _ i _ i 1~~! l u l l ! ,  5 V _ i ’ ,~ s’ht _ i= , ’ i m ,

I I  (l \ ’ , ’ _i \‘ ,‘ s’ , I i  gt i l’ t’ , - _ i: t i i i  l i l t  ( l i l t  m i t _ i _i , - )  5’ .

- 
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-
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I f no clouds intervene (a probabilisti c event)

—a- Xa2 = e  h h 
(3.12h)

These two values for 
~ i and 

~ 2 are inse r t ed into equation Id _ i . 9)  y ielding t \ V u _ i  values
of 

~T Value 
~i 

yields 
~T1 

when inserted into equation (_ i_i . ‘D) and (5
9 y ields P12,

~ T1 is simply the power r eceived at the sensor fros-_i_ i the tar -get  ss’han clouds are
present ; 

~ T2 is the power receiv ed from the t_ ius’g s - t in the abs -c-n ec of clouds .

3. 2. 2 . 1 .3 Noise Power _Received at thc _Sensor. In c iddi i i o i i  to the  degradation in
detectability result ing from the targe t—r -elatj v e t en_ iper att_ ii ’c ’ of the tar -get bael ;ground ,
the int erna l noise of the system affords another limitation . This intes’i_ial noise can be
of at least two varieties:

(1) Thermal wI_ is-c c _ i _ i _ i _ i s - e d  by tI_ ic ambient t e t _ i s _ i ) c s- _ i _ i t u i ’ e  o f t i _ i _ i -
detector .

(2) ~~ot noise caused by the condition that r e l a t i v e ly  fC \’: ( j t _ i _ i i  ‘ i t _ i tare received (per t ’ c s u u l c _ i~ is - a t~ c _ i s - i t  - _ i -- :s-i ) at ii- s- i-c-cd ver :
- I l i en _ i -c , hie lI _ i g c’i S I _ i s _ i  i i  l i  ens - - s -c-v  _i~_ ih 1 i’ _i r rU _ i _ i _ i 1  I g >1s - s - ’1 i l l  5 _ i  i _ i _ i l _ i _ i c -  -sampling I_ i _ i _ i s - c  is -  l _ i _ i duc-c _ i !  at dc’t c’u ’ iu _ i x ’ .

To determine the effects , or _ i ’ u _ i ’ lati~’e i ;np - _i - _ i a _ i e  s ’ , of (1) s-n d ( 2 )  n_ ic _ i r e
detai l is requit -ed of the I II  sys t e m _ i _ i  des - i  ~ - :_ i i  t i _ i s ’ s  i s o r d i  _i_i  : 1 _ i _ i  _ i _ iv,ci I s _ i _ I _ i ’ at Ib m ’  l’ccjri il- c—
n _ i c - i _ i t s  level . These include the effect iv e  apes-t t~i- e of t luc ( ‘ j _ i _ i  1( 5 5 1  _ i _ i y s t e t i _ i, the l _ i u i ’ _ i !  -s  i’
of cl _ i- _ i  ( ‘ e l I _ i i ’ s , all geometric details of (h ~ 0_i  u~i e _ i _ i 1 sy_ i- - t e n _ i , ti le (IL s- ’c’tox’ an_ i ! ic- _ i _i t cn i—
perature , and teinp eratui ’c’ rise pc i- un i t  rod 1_ i s t c - s i  p _ i _ i- -v s-s it_ ip ut .

h i _ i s l e _ i _ i _ i _ i  of t r v i i i g  to compute  t i _ ic  p l rysP ’_ icl  ( ‘ I l l _ i t  t ’ i L _ i _ i _ i _ i 1 _ i_ i _ i _ i~ I I ’  n c- i s - c  it ii - -  i n - - i ’s—
sai’~ to s_ i t o - k f rom the other es_id : froi i_ i a s - - p eei fic ai i i _ i _ i _ i l! _ i~it t~_ ie t b _ i t - n _ i _ a l  s - _ i ’~~v l _ i _ im _ i , in is
AT (gi s en i~ 

( I ( ~~~ Ai _ i c q r m i v _ i m l e t _ i t  t ini se p ’ 1_ iv e s ’ , of i _ i .  _i - i ~_ i _ i’ ( ‘ C C - i’ t ’t  p _ i n ! _ i _ i~ _i t i  7_i ‘I
thermal r esolut ion , i :~ ( ‘ s _ i t i _ i _ i i _ i _ i l t iI _ iund ( ( u L _ i _ i t t (  I t  t i  t I _ i c  c l l u _ i~~_ i l ! c’n ( w u i s u  l x ’ s  I ’m ’ .

For the pum ’pos e j u s t  s t _ i _ i c _ i l , it is s u f t i s - - l _ i- s - t  II) (‘ I l _ i _ i s -  i t i c - i ’  t hi ~ i _ i s - i ’  ss’IIes -e the
l ’Csolutinn cell is at  the i - _ i _ i _ i l _ l u ’  t e n i ; ) era tum ’e , ‘V. ~\ s  1’:1. is- ~h s - el_ i. t i _ in ’ Il l ~(‘t _ i _ i_ i )~’l ’ _ i I l i l(’ (’,
the ch _ imu _ ige  in p u _ i s’ ;_ i - h ’, P , - _ i _ i _ i i _ i -c- , i  I I V  a s i u i _ i _ i _ i i  c ’ h _ i u _ i t _ i _ i i , ~ 5, iii ‘1 i _ i: I t C-- i l_ il t h u  ~ R’f~m i _ i —
Bol tz inan e qua t ion , ( I i  f ; t ’ t ’ t - u _ i _ i  i _ i _ i c _ i  w i t h  I u _ i I I I~~S _ i  i - f  ‘1’) :

Ai~~ -
~ PA’i’/T

- : - i - _i 

-

- - -~~~~~
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The desired goal is to express the changeAP in r-eceived power cu r l - c-

sponding to the given thermal r eso lu t ionA T.  fly equation (3 . 13), A P  U _ i - _ i ’ s’r_ i ’,ls not

only on~~ T , but on P and T also . 1’ in turn , depends on the attenuation _ i _ i r _ i _ i (  s e _ i _ i _ i t t - r —

ing coefficients.  It is no problem since the thermal reso lut i oi_ iA T must a l a _ i , t i ’ i _ i~n

physical reasoning , depend on these fa r~tors. T he i_ iAP depends onl y on T:

AP(T) = 4AT P (T)/T .

This has two i n~p 1ieat ions - First , to ciefi t_ ic the the i-inal rest_ il u t i  on as a
constant AT independent of t e i _ i_ ip cr _ i t s _ i _ i- I’ C- cc _ il  i c_ i cu _ i s - c a l _ i s - t i e .  11 th _ i c resolut ion l im i t
is due to internal noise ,AP svoulcl be ir_ i lep endent  of t c t_ i ip cratu m - e , and if i t  s’ as -  5IU C

to back ground radiation noise , it would be proportional to J’i~ T . E quat ion  Id _ i . 13_ i

shows that ne ither of these is correct. Second , if son_ic c ’ _ i u n s t _ i _ i _ i : t  value of ‘1’ , e .g .  ,

the coolant temperature (T 0) is tak e_ i_ i, the noise p 0_ i_ i -cr , N , is given by:

N = [4 ATP (T0)/T 0] b i- t I
b = constan t of pro llol -t ion

for estab lishii_ ig tho I s - I _ i s - _ i ’  !cvc- l , : _ i i , ,i t i , s u~~~_ i _ i f t _ i - i -  ~s is c u _ i t _ i s _ i d _ i ’ s - i ’ d  t i be is _ ic i -_ - ; ’ _ i ’ s _ i ’  k - _ i _ i t  _ i ’ f 
- 

-

‘I ; t b _ i - _ i _ i fl_ ic - no i se  is , - _ i t r i l j _ i ; - t e _ i !  t u  i _ is _i c _ ia - _ is ] detec tor  s _ i c _ i _ i  i . If t l ’ (- _ i it _ i ui g it _ i _ i S  S u h i _ iwl _ i—

ground r a d i _ i _ i t i o m _ i  t _ i - i5c- is  (It ’ s - I l _ u _ i _ ic , ti _ is -’ u u o i S e  s - ! _ i u I u l t I he pr~~ l l _ i _ i _ i _ i _ i _ i _ i . 1  to  P _ i

N = (-1 AT ~/i~~l’ ) 1 _ i I ~_i t ‘I ’~_i } 1) (3 , 1 5 _ i

T1 _ i em’ e f o t s - - , Il _ is -  i _ i c _ i _ i t  l ) r U cc d Lt ~ c i s t o  c _ i l _ i _ i _ i _ i  I L _ i _ i l -  the  e q u iv _ iu lc ’ i t e l i _ i t _ i c - i -  in l i _ i _ i s - _ i t

p ra y s- - v clue to i’_ iu d~ U_ it I _ i _ i _ i _ it s - s _ i l l, h i t S w _ i _ i c _ i  s i _ i l t _ i d d i  U t e i _ i _ i p c m ’ _ i _ i i  _iu i ’t ’  (~ _ i ’ y ( i  _ i _ i  i i  _i t ; _ i~ - l v i ! :

(say 1 . 0) ;  ti_ is cul l ’m - l - s _ i i _ i l i _ i _ i I _ i _ i  I l l a c - i _ i a _ i _ i c - _ i ’  - f l ’ .

Th u s - i  t ! _ i _ i -  c- t o u _ i _ i t t c d  I _ I l l s - c  P~~V eC - , ~“ , is: 
—

_-\ _ _ -\ -

N - 2 [ \ V _ i : I l S i\ - A i~ - \V Id ;l’- ’ K( J - 
- ‘

IT

A ‘i’ is i _ i _ i u ’ a s u m ’t - _ i i  i l l  °K for  ( ‘ ( _ i f l s - i _ i t i- . s _ i V of u n i t s .

- The a_i - _ i ump t  s _ i ’ u u  I _ i _ i ’ m u  - , _i i_ i c _ i t _ i - i-_ i  , is t h : m i AT is a Ve _ i i _ i -  I C - i -  c l _ i  s _ i  u _ i a  Ic I _ i t _ i l _ i c _ i- ‘ ‘ ~ ‘t I — •~~
‘ -

fl_i l - ]  i l  i - u  t i _ i t  t i _ i _ i _ i - _ i, j u s-~t I _ i L - , e . g . , (‘ u ’ l l ’  iv ~’r s - u - _ i _ i s - _ u i _ i  i _ i ’  , -~ 1 i t s - ’  - u - nt ‘I i s  t a _ i  - Ii

1 _ i _ i  3 1 ~~k , a l  u h t u r t g l _ i f l u -  eh u i 1 - -  is h u n - e r _ i f  u -_ imI .

-~~~—-~~~~~~~~~~~~~~-~~~ -- - -
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3. 2 . 2 . 1 .4 
~~~

ectabihth’ ConU)ut-Jti0n . For infrared , detectability is handled as two
separate cases: in the f irst  case , Level 1, electronic detection and th_ iresho ld
triggering are assumed; the model for this detection closel y fol lc”vs radar h i n e s .
In the second case , Levels 2 throu gh 4 , ph otographic or display in i_ iu_ it es - y are pre-

sumed~ and an imagery—detection model is used.

In each of the ts_ i o cases , detectabil i ty computa t i ons  are n_ iade for ea -Ii of
the two bands , and for each of the al ternat ive  hypotheses that target is/or is not ob-
scured by clouds . For one bin_ ic !, the detectabi l i ty  re sul ts  f_ i - on_ i Il _ ic ts_ i’o a l t e rna t iv e
calculations su m - c - combiu _ i cd via  lineac- sveis_ii,t i t _ i c -  where the _ i ’ c i g i _ i t s -  are detei -n_ iui_ iecl  b’,
the fractional under cast , This resul t is t l_ ic n con_ ib in s--d wi t h  a l ike  result fi’cu r _ i_ i t i _ i c-
other band on a conj unction basis , i .e . ,  if either band ‘sees ” ti _ i c- ta_ i -get , _ it  has bc-en
detected ,

3 . 2 . 2 . 1 . -i. 1 Electr cuflj c J)et .ct i ol_ i~ _ il (-, du- ]  Si’s-e r_u Se t _ i s - s  s -_ i - s - i - c ’  xm _ io dc-lc d s is su ini l_ ig
HF—type electronic detection to convert I - e s_ ie i v s-_ il s ignals I i i  data , v i a  5) sq t ua i ’ c—baw
detector with thresl_ i old ing .  This inc -ludc ’ s t i _ i t -  r _ i l i ’ i  i - ad _ u -s , the  1 _ i t  , a s _ i d  Less- I 1
p roce ss ing  b_i t ’~_ is - -  I f _ i  s- ub _ i -: V s - j c -Ifl . (Electronic de l_ i ’d  i t ~n is - is - ‘t i u_ id uck-~i i i i  t i_ ic 51 , 1_ i
imag c i-v  mock-I because inte _ i - _ i _ is _ i1 I _ u i Sc 18 I_ i ot cou _ i s i dc  t e l  a sign its  u, - _ i _ i n t  1 _ i _ i d  or _ i _ i i a - u i

colic-i -c-nt _ i n l t ’ _ i _ i  I’s- I 1 _ i l _ i _ i  iS  _i ’ _ i _ i u _ i i u v ed.  I S i g i_ i_ i_ il - i_ i— n o i se e l _ i _ i i i ’s -ct-s - r i  - t _ i ’ : -~ uuf  _ i _ i de tector ,
while  S c - I _ is  i t m v e  to fake ala s - u _ i_ i  rates anti i n te c_ i i - :s t  ion  t i _ i _ i _ i - _ i , a t ’ s’ i s -  i t  p_ ii.i ’t i c t m l _ i u m ’ l  s - _ i - i _ i s - i  —

- y e  to ti_ ic I inca r _ i lv chax -a ctc_ i - i  s t ies of t I_ i c d et ect _ i -1’ , s _ ic - _ i-I _ i v _ i _ i u - v i t _ i c -  rn l I e  t i _ i _ i _ i n  cl_ ic clb .
‘i l_ i c rc’It re , the s - s - s - s _ i _ i n _ i  i l _ i o n  tha t  t i _ i s -  detector is of the s~~i _ i: _ i  _ i - c —1 _ i n _ i -  tYpe , Wi  U _ i _ i s _ i  un - c - _ i i r d
to the f _ i t _ i - _ i  t ha t  it u n _ i u~ - ac ’ttu al lv be ot l_ ic ‘-wise fe . g - , a l i t _ i _ i _ i _ i u- —I - u_i ~ ( i ( ’t ( ’ct i t ~ , is

reasonable -

The pro bl em is as 1 - l b s _ i s :  c - i _ i -e l i  a s - _i c - _ i s - u i  i s ] ’ _ i ’ _ i _ i t  s~ - I -  : u i _ i _ i pl u u i _ i _ i k ’, _ i _ i t _ i _ i 3  a

th l - e s l _ i _ i I h c I  u l s ’ c i i - i _ i _ i _ i Os- I I ,  s’, i _ i u t l _ i c r ou - no t  the s - i t t _ i _ i _ i l  iS  - s - _ i ,  _ i _ i t at _ i s m l v  c - s  ct_ i t h u _ i ’ , s- I _ i _ i _ i t
i s -  l i i i ’  l u l ’ t _ i ] s - _ i! m _ i ] i t y  u u f  d _ i ’lu- - ! i u u u _ i of i l _ i - - I  s _ i c - _ i _ i _ i - I  s v l ic - _ i _ i  i i i  t h _ i - i ’ s - l _ i _ i _ i l t i  I s - i s -  l I c e _ i l  _ i i S I J U - l u i i  I _ -

sm . given am_i d i_i~’_ i - t ’ _ i c - u ) _ i l _ i ’  f _ i _ i l _ i c  _ iu1 _ i&r~i_ i i _ i t _ i c ’.’ I f  11_ i c s _ i -c - _ i _ i -u i  s - 1 ’ ’ u~~- u s -  i _ i _ i _ i n I,,fl _ i u s -  indeet i  it
is i i ’ _ i u h : u t - t l— -- u _ -u3 _ i _ i _ i- s - S I _ i _ i s - u_ i ’  i s - _ i  _ i i s - s _ i u u i _ i c d i  (moo n_ i c- i _ i t  I _ i _ i s - I  as s _ i _ i l l  _ i u S s - t _ i l ) _ i e  f b i _ i - I  i t I s -  hi

Si f l t l $ ; uu i l u l i l  s- i c - m i _ u  wi ti _ i  j u d m u _ i - u u i u _ i — ;  t _i l U -u  iuuc ~. l I _ i _ i  s- ls-~~iut i s -  ( ‘ h i s -  u i c ’ u i t & - u l  (l !_ i I I I  t I _ id ’  u- c- f-
t C - i l - i - f ’  Cii u - _ i l h~ ’l - s-_i . ) I _ i  ‘ _ iu n i  t m _ i l  I i i  

~~
_ i i  - !  _i - u , I _ i _ i l  - I _ i l l _ i  5_ i  I ’  h i s - - s - t i  _ i _ i _ i u - _ i l  Ic l I t ’  _ i u U _ i l _ i _ i  _i s

_i’,_ i _ i u i ._ i ian , h i l l _ i !  u u f  i _ i m u t c d  I _ i ; u t _ i l l s _ i _ i t l _ i l i _  ‘f l _ i _ i s  (i _ i _ i _ l u l l  l~~_ i ; ’ s - s - _ i  t i u u  s _ i ’ l l  k i l l ,’. mu I ‘_ i t d u ’ c f l’

~u i  i l ] I ! I _ i 5 i  of 1 _ i - p c -  c - C - t ’~~t u , _ i l l l _ i - - d b u - ( c ’ t - t _ i l u l _ i _ i  ‘ : t - I ’Cts C 1 5 1 1 0  I I  ( ‘ 1 1 1 1 1  5 f ;u l :o ’  i l _i u - n m _i . ‘ I h i ’
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problem is solved in Skolnik , Section 2. ~~~
. 

(5) A curve—fi t  to the solution ft iu ’  _ i i  false
s - - - - - - fG )alarm rate of 10 per integration interval is gu v cu _ i  in Betars.

P1)C =~~ .320G 91  S/N [~. 027 15- 1 S/ N  (0. 001 ~~09 - 4(10Th ( S / N ) ) ]  (3 . 16)

constrained to 0 ~ PDC ~ 1 , where S/N is the u u _ i i t l e ss  s igu _ i a i—to— uio ise  ra t io  (not dh) and
PDC the cor i -e sp ond im_ ig conditional detectabil i ty .  Subrout ine PDET implements  t h i s -
equation in the s in iu la t i o r _ i  program . Adjust m ents for other values of false a l_u -n_ i

rates are handled inte_i-nally with in each sensor n_icicle! as f_ i_ ill  o’,v s - :  An u i _ i p ut  va r i ab le
IFALS represents thc c- :- :_ i, u _i_i t ’ i _ i t  lu _ i t b _ i ’ desired f _ i _ i _ i s s -  a l _ u rn _ i  s - _ i _ i _ ic, that is

x = 10 -IFA LS 
- 

(3. 17)

where X is the desi i- _i’d false alarm rate per uni t  i I _ i t _ i - c - u’_ i _ i t  i _ i s - _ i  t iu _ i i e .  S_ i_ ih rout i ne PDP ’r
is f irst  entered to c-cu_ ilpul e the Us- leo _ lo t _ i  ~~ I’ l ) ] ) _ i _ i I _ i _ i h i t y  P 1 s -  f~ i’ ti_ic u_i on_ i_ i m l  s-alue of

X - ~~~~~ This q u a n t i t y  is u s-c d to adj ust ti _ i c s i g u _ ia I —t o — n _ iU s-c u - _ itt in by the  f n u _ i  c - _ i s --
(1° )curve—fi t t ing  equation: —

C =- ( l l - ’ALS - -S)  (0 _ l ) _ i i ’ i 3—P 1 )~ ( _ i ) . I10 2 1l )  _ i 3 . _i~~_ ii u

[s/Nj  (~ _ i /  N) (10~~~) _ i 3 , I s - u _ i

and su l_ i r su u t inc  P1)ET is et_ itc red a sec - i _ in _ i l  t i _ i _ i _ i c  w i l l _ i  t i_ i c _ i u ! (  s _ i s - - t e l v a l t ue  i _ i t  s - i c - _ i _ i _ u  - t o —

-
‘ 

noi Se rati o , [S/ N j  , to c i  m _ i _ ipu te  t i _ i c  adjusted pi’ohahi h i ty  Of _ i k - t  ( i - l i  i _ i .  l u _ i _ i ’  i _ i s -  i _ i l l  is

the u_ i i - c - t i _ i r n c ’ d  t i  t i _ i _ i ’  a _ i _ i l _ i _ il - c - _ i ’  s_ i c -c s-’ C ’ns- - _ iu i i ’  n_ od d  f _ u ’  k_ is -t i_ i c r l _ i i ’ _ ic _ i
~~_ i s - t _ i_ i,

3.2.2.l.-1.2 De tec tab i l i t y

(1 )  l i - s t - i  I - \ i  t h i s  leve l , t i l t ’  _ i _ i  I~ _i~i i _ i t ~_i;, ( ‘ I _ i - c t  m u _ i _ i _ i s’ d~~l_ i ’ c l i _ i ll _ i 1 _i-_i a _ i ,~ _ i _ i t im c u l

(see Ru ’s -c - _ i _ i _ i l_ i _ i :: .2 .1 - I . ] ) .

\\ c - l i m o  a _ i -~ ven I l l  k m _ i _ i _ il, t l d s - i~_ i _ i _ i . I l  i’ _ i _ i I ’  i v c ’u l i s -  s i i i _ i p ly tl’c (1 _ if _ i I - u ~ u ’~ _i c i ~ 1 - i- _ isv - -

the ta~~~t u - t  p- I _ i ’ s - - I ’ m d l i i _ i l l _ i  h i m _ i l l  t i m e  l i _ u -c - c - i - h _ i _ m u _ il ; i - - -- s - ’l ’ i’~-u ’ t - i v e d .  _ i l _ i i ’ i ’s ’4 u _ i l ’ c _ i

(S/Nt I~~. - P ,~ - N  _ i : i . l O u t
(_ ij 1 1 -,

(S/~~_i
0,, 1~J / (~_i , l ’ l ’ u

3— 1
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where (S/N) is the signal—to-noise ratio wher clouds are present and (S/N) is the
signal-to-noise ratio when clouds a_ i - c ’ not present . is given in equation (3 . ~~) , and
N in equat ion (3 . l5~, 

~T1 is found i _ iy subst i tut ing equation (3. 12a) into (3 . 9); P12 by
subs t i tu t ing  _i3 . 12b) into (3. 9) .

Su b St it Utimi c -  equation _ i : _ i . ID a_ i  into equation _ i3 . 16) yie ld s  the conditiona l p s -oh—
bility of detection when clouds are present ; denote this quant i ty  by PDC 1 where the
superscript denotes Level 1. A subs t i tu t io n  of (3 , 1Db) in to  (3 . 16 _ i  s_ i- i l l  yield the con—
ditional probability of detection when clouds are u _ i c - t  present , PDC 1 

-

2
(Note that PDC 1 and P~~C 1 n_ iust each be c o n _ ip u t e d  t w i c e  — once for III band(~~91 and once fot - 1l~ band 2 . )  —

Comb in i n g  t he  t s-,o bands to de tc_i’c nc ti_ ic ecu_ i d i t i cnn  I
d e t e c t a bi l i ty  f o r  t he  o\-’ e rali  s e n s o r  ( d e n o te d  h s -  P D 1)  y i e l d s ,
s~I i er c  R is f r a ct i o n  of u n d e i ’ c _ i _ i s t  c J ou d ~I V 1 ]P1)T = R 1 - (1- P i ) C ) 1- P 1)C~ ) + ( 3  - R) I - (1~flC ’ )

i

(1--i ~!_ i C 2 
) I ( 3 .  20)°~2 
jI - 

4‘I l_ i c t o t al  d e t c c t a k ~ i i  t v , P1) , is th en ct j ’ :cu _ i b y ;

PU P1)C (P 1) (P~~) (K 
~J ) ) (3 . 21 )

- ‘

= t i _ i c ’  t c r r a i i _ i  n o n -  s i _ i  :u do i _ i - i _ i I uu g  p r o c - n h  i l i t _ i -

P 2 t h e  e o u j n r - s c t _ i t

= t i _ i c  d c c i s j o u _ i
- 

- 

(0  nO , I = s- e s - )  as to t b _ i e  _ i u _ i - n i  I _ i _ i 1 _ i j  l i t  v of t i _ i c
J R  sen sor  _ i u t  J , cvc - I I -

3—1 s-

-
~~~ ,-~~- -

~~-
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(2) Levels 2 , 3 , and 4. \V i t l_ i these levels (all assu m ed to have the
same detectabilit y) there is au _ i i _ i _ i _ i _ i _ i c - c r y  problem and the m_ io is e N acts l ike a I’a 1 _ i _ il _ i!~_i

fluctuation und ei- whic h a contrast must he d etected. Ext rapolat ing f rom _ i _ i  the I ’ho to—
Visual Model :

The contrast

~~ =~~~ ~
O

~~10( p ÷ (3 . 2 2>

where y is th e s3 ’st c-nu f i lm g anhi _ i _ i _ i l.

If C <C 0, t i_ i c condition s_ il  de tec tab i l i t y ,  l’l)C , I S  s-C’ s - I _ i . (C is :i 1 _ i _ i d ’ im _ i 1_ iu t

= 
‘ and is the n _ i i n i _ in u u m con tras t  at which detection is p os - sibie .  ) () thc- rv,-i sc ’ , le t t ing P

0
be the required rc -solut ion for 90 p _ i _ i s - cc _ it _ i t  pr l, ib_ iub l e  detect ion at hi gh cont m - _ i _ is - _ i’

PDC = 

[_ o.i 
~~~~~~~~~~~~~

wl_ ier e A ~‘ ~‘ns- in e c _ i u _ i m t _ i or_i (3~ -i ) - This equ al  i _ i _ i _ i _ i  f _ i _ i ’  I ‘DC I ’e c -_ i - s a _ i - _ i _ i t s  a _ i _ i  en _ ip i  s - _ i s - _ u
curv e fi t  to ,. ,, c-,. , I _ i _ i _ i t _i _ i _ i  t ied i t _ i  i-c I’i-ren ce (12).

‘This equati on for 1~i)C m _ i _ i u ust he mod f l _ i - _ i _ i  to 1_ u k _ i - il _ i a_ i ’d _ i _ i _ i _ i a t he c - rn uu _ i d  ce l l
size corrected fot- co u _ itu ’_ i _ is-_it d e c - i - _ i _ i _ i _ i _ i l  ion , vield im ig :

u 1—0. 1 
~~~ >~~~~

. 2 3 _ i
I P

- PDC~~~ e 0

where  IT is given h_ i - (f l - o n _ i  s-c i_i ’s- u ’  _ i _ i _ i’_i’ > 1 :~> i

- — (
~ -- _i~~~ ?( ’

\ /
i-quma t io um (: - ; - 2 : _ i _ i  t _ i _ i _ i _ i s -  I l~ ’ (-i _ i :_ i_ iput ed ts’, ue _ i ’ f _ i l ! ’  i _ i _ i i i i  ham _ i d , I u _ i d _ i ’  f _ i ’ m ’ d _ i i I  i _ i  v _ u _ m e

of c_ i (as gis’ u’m _ i in equ al i O u  (3 . I c - c - .  1 _ i l  l ’ l ) C.  he th e v a l u e  u il l ’l ) C t r o u s -  ( ‘ _ i _ i , _ i _ i _ i t u u u I _ i  _i c - c - )i _ i _ I
wlu en u~~ is u_ is - - ed amm d l u - _ i _ i_i j i _ i _ i  h e n _ i c -  (-ui ;_ is _ i k I’ (_ il - P1 ) ( ‘ . 

- 
i s  a m _ i _ i _ i l  i ic-h u m _ i _ _ i h is-

‘ — 1 f_ i

-

~

-

~ 

- - - ---- ------- ~~~~~~~~~~~ -‘
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Then let

PDC
1 

= 1 - ( 1 - P D C 1 ) ( l - P D C 2~ ’ ) 
- -

2

PDC 2 = l - ( l - P D C 1 ) ( l - P D C 7 )

PDC TOT \ I = R(PD C i~ 
+ (l-R) (PrIc 2~

And finally , the conditional detectabil i ty ft) r the sensor Lcvcls 2 , 3 , and -1) is g i ven b~-

PDC1.01,~~1 1 - (1 - PLC1 ) ( 1  - PVC 9)

As us cu :ul , the tot _ i _ i l  c l e tec t sml j ih i tv , P1) , is gi ven b~-

PD 1
~~~ T0TAL ‘ 1 ~ 2 ~‘ i i i

where , as in cqu m a t ion (3 . 21) :

P1 = the terra i i_ i  non—s i_ ia i i o s_ i’ing prob ,~_ i b j 1  ity

1)
2 the equi pn _ ie u _ i t  up pr okua bi l i t

K =- the decision (0 = no , I -- s c- s - _ i as l u _ i  w h cl ! _ ie _ i -  tb _ i- 1I~ s e t _ i s _ i l _ i ’  i s
available in pr oc ess iu_ ig I eec - I s  2 , 3 , am _ id - I .

3 . 2 .2 . 2  I d cnt i f j ~ b i ) i t ~- . L _ i -u p
1
(j )  be t i_ ic c _ i _ i i _ i k l i i _ i u _ i a l  iu lc ~_i t i 1 i _ i u h j l j _ i  I _ i _ i _ i s _ i  i _ i Up _ iJ I_ i  ham _ i _ i l  i

in Level I,.

J3eeausc c om _ i d i t i on a l  i d c mm tif i a h i l i t ~- v - e s - l i t _ i t _ i n _ i - _ i !  i _ i _ i _ i  _ i l c t e _ i - t i o i _ ii , cu _ i a p em - — — t _ i _ i m - c - _ i ’t
h _ i t s - _ i s, i s u _ i _ i _ i t  svc l l  u i _ i J c - i - s - - t _ i _ i o d, app ro x in _ i _ i _ i t i ou _ i s  m _ i iu _ is t he c _ i _ i - c - _ i t.

Fm- I , c - ~- c ’ l  I , arm u npim t p ara mi _ ic t e i -  is  _ ik ’fi u_ i c ’d I _ i l  hO au_ i ‘‘ id eal. i f i _ i d j u l i t y  t I _ i  u _ i s - —
hold , ‘‘ ‘I l i eu_ i

( 0 If P_il < S -1
- — 

0

11 12 
1. 1 If 1k! � S S

It is assun_ ic d ti _ i _ i _ i t , as u _ i t i_ i c  l _ i h : i l u c - i ’ _ i l pi_ i i _ i _ i - - I _ i - I  _i~~ cc Pa m V _ i ll _ i  1 . :‘ . 7 . c - i
f l _ i c  t im i ’ t cs t i _ i c  i c ,  u i _ m t  l i i i  m i ce ul ed f i t ’  detec t j i l t _ i  is -  _ i s - - _ i -u l - d  for  i d c ’ u _ i u i f k ’ _ i u u  j u t ) . ‘I l _ i _ i s  a s —

Su mf l _ i u J I i c in  is- d i s c u s _ i s - s -u i in i’ u ’ f i - i - c  s - _ i  _ i 1 3 . The m _ i f m — n m _ i _ i  l i i i ’  ‘ u ’ _ i _ i , I j l i u u _ i _ i _ i _ i i  } u ? i u t i u _ i u l i t y
1’(j umal j i l l _ i :

1’ (A IB) ~
- P _i - .-\ A k u , -’ P _ i U _ i  c- . c - I )

2 . -I
,

(2 .) _i t : ’, , ( 1) i ,
~ l i  ‘ I i  

1 1i ~ I ~: _ i . : ’ ; _ i c-

for  I ,

: _ i — : ’ _ i i
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The overall sensoi- condit ional ick - u _ i t i f _ i ,~bu l _ i t v , 1 1 L ’ (LI _ S C I  L) ,  is gi ven ii

I _ (i - - ~~~(L )) (3. 2- tb )

3 .2 .2 . 3 Loc- ahizabil itv .  A C i-:P val ue is co_i_ i_ iput ecl b _ i -  each of the two III bands.

The CE P for the overal l sensor is defi ne_ il as equal to the least of the band C 1- P~s.

The following l i _ i t  s - dc - s-api_ is cli scuss how the CE P is co i_ iuputc ’d for es_ ic-h band .

In the lateral di_ i - ect io n , ground d is t au_ i ce es t i _ i_ i_ i a t io n errors , u _ ico n -ecu as - _ i—

suru_ iption of target l _ iu - i ght , au_ id grsi u_ iu lari ty crro i’s a _ i e  t i_ ic 1 _ i _ i l l s - I  s i g m _ i i f i c a m _ i t . 0th_ ia_i-

sources of Ia tc r: _ il  error are not c’ _ i _ i _ i s i _ i l d l ’c _ i l  s i _ i _ i - _i- ti_ icy rq _ ip c ’ar  to lie neg l _ i g _ i h i e .

At thi s pcmint the v a u - i _ i _ ib lc ’ s  used in thi s di s c u s s - i t u m _ i  a s-c dc- f ined :

H = the true I _ i _ i l - c - _ it h eigi _ it  _ iul j ovc- the gu- mm t m _ i d ti l l ~‘Cti tlI ,)

11 = the true grou t_ id s -amig o to 1 _ i _ i  i-get

L.. 1-J o the tm _i’ a i rc ra f t  hc’i c-i_it above mean c - r i  i _ i _ i s - I  los -el (:\ \IG ii

Ti! = the I ru m e  > _ i m r g - ~ I h _ i - i c- I_ i t ,-\ \ lLl -

11’ = t i _ i c t r u u ’  d i i i _ i - i ’ci _ i _ i’e bc i _ iu ’( ’i ’ _ i _ i l i _ i t  s - i_ i -c- _ i -a L a _ i _ i _ i l  t a _ i  c - _ i t  i _ i _ i - _ i - _ i _ i t  ,-\~ t _ i ; l ,

the t r u u e  ui _ i ’1 _ i i ’ c - - _ i s io u_ i am_ i c - i c t o  t I m e i _ i _ i  i c - _ i’!

‘S
R = U _ ic _ i _ i ’ s t _ i _ i i _ i a t c d  gi’u u u _ i d  s - _ i _ i  u _ i _ i _ i _ i -  t o the I _ i l  u- c- c t

— 
- t i_ ic mcasuu-c’cl dc-pres s- ion _ i u i _ i c -le I _ i _ i  ti _ ic ’ 1 - u ’ 

~~ _i -t

-~~ t he e s h u i _ i _ i _ i u l ; _ i _ i m _ i  of II

1-’i gure 3-- c - i l l c i s t t - _ i _ i t e s  the u _ i s - c ’  cml t i c - _ i - _ i ’  v _ i _ i  r u _ i _ il _ iL _i .

1” _ ir~ i , th e e s-r I m’ in l~ u t t ’ r _ i u l  ( l i _ i~ _ i ’ y t _ i l u _ i _ i  _i~ _ i _ i - _ i ’ _ i _ i _ i - _ i _ i um c - m _ i ! _ i m  I t u  F l _ i c -I _ i l  l _ i u t l _ i (  i s  ( h i t _ i —

slu R- u - _is - I . Ti_ is  _ i - n f l s i  of I s v _ i _ i  l m _ iu m ’ t s - _ i  ti _ i _ i- er r i ~ _i ’ i l _ i _i ’ to i _ i _ i c -  u _ i f  Lm uos v le_ i g_ i’ i - i  11_ is-

1_ m s-get ’ s s ’e u ’t a ’ : m l  d i s _ i _ i u ’mc ’e _i~o m i u _ i _ i i’ _ i _ i l  r e l at i v e  t o  1i _ i~ m i s - u ’ s - a f t , a nd t im e c r _ i _ i _ i t -  du n ’  t i

Ufl ce t - t rm _ i l _ i I )  h_i tb_ i f l _ i i ’ _ i u _ i u u _ i t ’u - _ i i  ( i c - I _ i _ i s -  _ i— _ i i u m m m  m m _ i c -I c of t h e  I _ i _ i _ i c - r i  -

‘i bm’  1 _ i - _ i _ i c  g m _ i  i , i _ i i d  di  s- i _ i u m _ i e c  I i i  t l _ i _ i  - t o  J3- :~c- , I~ , i _ i -  gu \ c u _ i  l i v

Ii (~ l u — ‘
~~
‘
~~~~~ i -c l 8 ii ’ c m _ i t O c- . :‘:a
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Figure 3—2.  _ i u l m ,_ i s t _ i - _ i u t  ion of 1 , _ i _ i t  c ’ _ i ’ s - _ i  IR Po_ i~i t io _ i _ i  Eu - i - _ mr

On the oti_ icr i_ ia _ i _ i d, t he s-v s- i c -_ i _ i  c - sic _ i -_i - _i a gi-uici:_icI la nge H b_ i _ i s - c - _ i l oi_i I s _ i c ’ . su m _ i - ed ni _ i - c _ i - aft
hei gh t , fi , arucl t i _ i c ’  n_ i e a sur _ i-ci  t i _ i - p s - c s - r i o t _ i  _ i u n g i e : 

u

1-I = Ii c-ct 0 (3 . 26)

TI_ ic c-i -u -or in ti _ ic i _ i _ i es u s _ i m rc ’d au -c_ i-aft 1_ i c-i c - h I _i’ u l _ i _ i t  s u m s- I s v _ i _ i  r _ i t u_ idom c -n n _ ip o—

ne _ i_ i ts , namel y

(1) 8 Z — tb_ i’ c- i ’ m - i - i’ (jim_ i’ 1 _ i l  t i_ i c f _ i _ i c t i _ i _ i _ i t  t i _ ic ’ _ i ui  ‘ ‘r :u f t  u mad i u is t _ i u  - t  _ iu t
u _ i _ i c _ i _ i _ i _ i  ; . r o_ it nd I c- _ i - c l  

— ‘

(2) ~ II — a heigl_iI er ro r  _ i _ i u ’ i _ i - i _ i _ i _ i ç  f r o m _ i _ i  i t _ i _ i p s- r fcct  _ i _ i u l j m _ i _ i u i c ’
me as us - c - u _ i_ iou _ i t

M ath ema t i c ’ sm l I y:

I I  i i  _i 8 z 8ii (: 1 . :t ’ u’ _iC) 

- - - — ----- -_--
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The error in the depression angle consists of a m u _ i _ ib m angular measure-
ment error , 86 . Then -

8 =  6 -m- 80 
- 

(3.2s_ i

Substituting equations (3. 28) au_id (3. 27) into equ_ iu tions _i 3 . 26 _i y ields

R = (H 0 -u- 8Z  ÷ 8 1-i ) c-u i ! ( 9 + 8 9)  
I -

-

The argu meu_ it of the cot angent f_ i_ i nct i o u i  cs_i n be exp au_ ided by a T_ i 5y l o _ i’ ’s s - cs - ic ’s_ i
neglecting terms of t i_ i ui - d au _ ic! i _ i i c-bee _ i _ i r _ i ui ’r :

cot (6 -u-  86) = cot O — 89 csc 2 0 (3. c - I _ i _ i

Incorpo i-atiu_ ig this expat_ ision , the equation for H h c ’ c _ i u u , 1 _ i-s

II = (H + - _i 11) (cot 9 — 69 c-sc ”O ) (3 . 30 _ i

The lateral error variance , ~ 2 
is t l_ i cm _ i g i v e_ i_ i by

~ 
= E f l i  _ nj

2 

~: f ( il -i 6 Z~ - 6 Ii )  s- - Il 0 - 
~~o 

_ i ,~ _ i , 2~~ _i ( .  : _ i i

- (H ’- ‘I’ll) c _ i _ it 
C]

Sinc e the eri or tei -_ i _ i s s_ i - _i a s-sun_ i_i’d indc ’p end c ’u_ it a id I l _ i c  ra m _ i _ i l _ i  om _ i _ i ’  s - _ i - _ i _ i - s - y r _ is _ i - - at  m i _ i ’ ,

the solution is

[ Tii 2 
-_ i  

~ 
°n~~] cot 0 _i i i ? 2 es-c 9

wher -e

is Ihc - _i - a r j : _ i n c’ _ i -  of t i m _ i ’  t _ i~ ‘ ; ‘ , _ i _ i l  l u _ i _ i _ i l  i i . ~ 1 _ i _ i c _ il l_ i

is hl _ i _ i~ v _ i _ i u - i _ i i : s - ’ e  im _ i li ~c ~m i u ’_i - m - : m ! i  hei it _ i _ i ! - I’, _ i ’ m _ i s - - _ i _ i m _ i  c - _ i ’- i s _ i _ i _ u I  h - v _ i - i  i _ i ’
l i _ i C _ i _ i  s _ i  a u _ i - -  I 1 _ i y  _i~ I_ i c s -V _i _ il l  - u _ i _ i

2
0 is- U_i c- s ’ _ i u s - i _ i l m _ i C _ i -  of dc ’i _ i  m a _ i - : - u n _ i _ i _ i _ i _ il _ i ’ s -  ‘_ i s  m s _ it- _ i _ i _ i u _ i ’_ i-- l h~ ¶ _i u _i~ s-y : - _ i i - s _ i _ i

The last te rn _ i  i s - s - c i t _ i t _ i _ i- t i _ i -  s - _ i _ i _ i _ i mP , _ ii s - , i  s - - i t s - _i ’ I I  ‘I ’ l l , ! _ i I u  s- j - 3 _ i u l j u ’ :s me
(‘s-I” I c  is lu _ it m i  i, I u -  ‘ _ i I 1 v  u - _ i l  t i  ~

‘
~~~ I _ i u -  5_ iP ; I_i ’ i ’-_ i m m _ i _ i s- ‘ u _ i

II  ~~~ I~ t o t  t1

- 

-- ‘c - 

-



Hence ,

a 2 
= + 0

Z
2 ÷ cot O +a 2 

(3 . 32 _ i
sin 0 cos o

This sigma calculation , being wh olly corr elated among th e bands , should
be compu ted only once . If , howev er , the sys tem is d iffL’ ae ti on—j j _ inj ted and o-9 _i aries
be tweeu _ i bands , then the higher va lue of o-~’ is chosen.

Longitudinall y,  the granularity cr_ i-or and the I _ i c _ i - l u n g  erro _ i - co u_ i r ibutio _ i_ is
are Con sidered . It is assumed that V/h is effectively within l imi t s  and that the speed
error may be ignored . Then

2 2 2
2 R ( ° ‘

~~~ 
~~ 
°‘6ia = ——---— —

~~~~~~~

- -- 

(3 .33)y 2cos 0 1

where

~~
- 2
0 1 ~ the s _ i v _ i _ i _ i _ i _ i _ i- _ i _ i in _ i - _ i’_ i _ idmg .

And f inal l y ,  the CEP for each b at_ id is given , c c _ i _ i _ iv _ ii _ i _ i, i _ i u i _ i _ i _ i l l s,’ , as

CEP = 1.178 (:3 . 3-1 )

The C1-~P fo_ i- the ( _ i v c l ’ _ i m I i  Seflscfl- is taken to  be l i_ i c n _ i i u _ ii n _ iuui _ i _i 1 th c  CE P’ s- con_iputed
for each b_iu_icl .

3.2.3 Side I c _ i _ i u k i ng  Radar  1m _ i c - - : _ i - _ i ”,’ \ I _ i _ iiI _ i-i (~ I 1l _ i 
-

~~ ~

‘1 1_ic- pu u-p_ iirc of tb _ Is - model is to compute , ku _ i- i t  c- is- _ i - _ i _ i l _ iu _ i ’ c - c’t , t i _ i _ i -  c - u ’ i e r t _ i u —
b i l L y  ai_id ide ntjf :_i_ihi ljt\’ f ; m ’_ i u i _ i _ i i _ i u I j t : e ,~ ‘t i _ id  l i _ i c’ (~1 - l ~ m u )  i l ~~ ’ _ i _i i _ i ,- ’ _i_ i 5j (_ifl i ’ : u ~ c _ i l  tu p oj i i t _ i --
f u m n _ i _ i u t i  i I _ i  l)rovi dccl by f l u e  ~ L R s- ( ‘ u _ i s - _ i _ i _ i’ .

As in the c ’s _ is - c ’ of the IR , t i _ i - i m p _ i _ i t s -  I _ i l  t ime SLL s i u b m _ i u o d _ i ’ i  _ i u t ’ _ i ’ ( ( F  two
V’triei  i c _ i , :  ( I )  t ) _ i ( ’ _ i e s tu pp hed  d i r c c -t i ~ ’ b _ i ’ t he 1 _ i _ i _i - I , am _ id 2 _ i  1 1 _ i _ i _ i s -c s - _ i _ i l _ i p l  _ i _ i - _ i i  l i v I he

‘ c _ i _ i _ i _ i _ i _ i’ - I ’ s - i  -c - m m  m i .  -\ _ i _ i  s-i l l  I ’ _ i  I i  l i _ i - i s _ i sv , t h e se  j u :u u -_ i _ i  Ins t I l - _i su m - _ i - b _ i  i l _ i t  I t i m _ i ’  ~1 - U s--i_ u -
model s _ i ’ l l  h i u _ i  I~~ i-:c’ s - m i m i  a re  i _ i _ i-s - i l h i  ( ‘ l m m _ i _ i ; _ i u t _ i’ f h c ’  t h _ i - _ i . - n _ ni t _ i  O U I I i u t  ~~.

:3-2-1 

- 
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User 
- 

Inputs[ Inputs 
j  

Supp lied

Scenario Program

Executive

L~~~~~~
LH Submoclel

~~~

__ Detec t abi l ity
l _ iIC _ i’_ i u i f i _ i _ i u l l i ty

— Loc a l i za b iu i ty

More specifica lly , t i_ ic inputs arc :

INPUTS P R O v I I ) I ; n h i y sc J~~;:\ j u o

GEOC RAPT-I IC

• Ground u’ s-_ i_ i c- c to tai-gc-t at li _ i _ i _ ic - u _ i f  _ i _ i b c’ _ i m _ i _ i _ i  p a ss - sic -c
o Slant rat_ ic-c to target at t i l_ i le  of si gi _ i t iu _ i c -

~, Al s - c _ i - _ i _ i  f_ i i _ i c i c- i _ i _ i  _ i ’~ _ i - _ i s -_ i ’ 1 _ i _ i c _ i l l _ i  c -_ i -_ i _ i _ i _ u _ i l  icvel

~ 
‘l’iu i - c - t I  h c ’ i c - _ i _ i’~ s_ ic - v_i - c- me_in_i _ic- ‘i _ i _ i _ i _ i _ i _ i l  levi ’l

o A i r - r a f t  s~~c_ id i_ i_i i ’c s -_ i ,_ iu

o \‘ u_ i ’i au _ ie e c_ if ter r a iu _ i i_ ic- i c-I _ it ab_i _i mt it s - 1_ i_ ic -a u_ i

o Radial ground p_ i’_ i j c ’e t 1 c m _ i _ i  ci I _ i l  cc -ct v _ i ’ l_ iic’ity - 
-

• Pr _ i ibs -hi1it~’ t b _ i _ it , _ i l  t i_ i c  t i _ i l _ i c  of s - _ i c - c - i _ i _ i _ i c - ,  l i_ i c t : _ i  u - i _ c t  i sui _ i d u r i _ i m  F ; I _ id ’_ i J  by t _ i’ _ i ’ u ’ _ iu i u u

\\‘ T I - \ ’ I l l i - ’l: i) :\’f1\ -

o I ‘i l  _ i _ i ! ’ i t  : ml _ i _ i i _ i l _ i _ i~~c’ , _ i  s c-I _ i _ i  s-_i m ’ a m - m u f ’  _ i ’ ,_i u _ i oi~ r u _ i _ i _ i ’,’,

• ‘1 YP” f p m~ ‘C ’  i~ 
- _i~ (‘i i u _ i . I - - , l~_ iu i l _ i , s - I _ i _ i i_ i_i’ I I s - 1_ i o u _ i c _ i

1’Af lGJ : ’1 ’/ i t ,- _ i ’Kc W ) I ~ - , I )  J ),~ ’L-\

• ic - _ i _ i l _ i _ i ! - ( ‘ t I _ i _ i _ i_ i s e _ i - _ i  I _ i l _ i _ i  m i f  t _ i _ i i - c - -_i~
• ~

_i u - i _ i ui— u ’ i - t i t ’ _i ’ l _ iv:ts ’ _ i t’ t : _ i _i
~c- m ’ f  a m _ i _ i l  I _ i _ i u - I _ c - _ i -- - u I _ iuJ

- 

:i-~~5 

“ --- - ‘
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SENSOR DATA

• Resolution required for 50 percent probability of detection

• Probability that equipment is in an up state at t ime of
sighting

USEII SUPPLIED DATA

• Range resolution

• Cross range resolution

• Depression angle of SLR

• Radar wavelength

• Film gamnia

• Resolution (in lines /n_ in_ i or line pairs)  of lu _ u or display

o M ini m um d etectable l oga i - i t i _ im _ i _ i ic  conti-ast

• Width of f i lm

~ M i u u i m i m m  and 1_ i_ iax i u _ iu _ iml _ i _ i  sl ant  r _ i _ iu _ i _ i~~’s cove red by fil  n_ i
(a subs_i-I of ti_ ic- t o t _ i _ il s - _ i _ i s _ i _ i c’ ‘‘:151 c l _ i  is 1_ i _ i t i_ i c Ii ( ‘ i _ il _ i ’ f s u e s _ i ’
of the SLR)

o Width of rau_ ige d isplayed

• ‘l’he variam _ icc of t i _ ic pcr cei s- _i — I azin_iuth s _ is _ i c -ic to the t _ i u u - c - c- t
(for u _ i _ ic  u _ i  cornp utin c -  l o c a l l y _ i _ i l l _ i _ i s _ i  e r r o r s _ i

The foil ( i ’-_ i’ i m_ ig i _ i _ i l  l ’ _ i _ i c - _ i ’ _ i c -  u i _ i s -  contain _ i m c i is c -uss i o i_ i of ti _ i c I c -cm _ i c _ i _ i l  man m _ ie u ’  in

whic h dete ct i on , id e_ i i t i f i c :_ i t io n , au_ ic! l ocal iza t iom _ i  arc 1 _i’ c ’ _ i ul cci i _ i _ i l ’  h i _ i-  SI ,I~.

3.2.3. 1 1)_ i tectahili tv. • - -ie Look in c -  f l _ i ui au -  I _ i _ i -e s - c _ i _ i t s  i_ in i _ i s _ i _ i _ i c - _ i - I - v  f _ i ’s - ! ‘ 1c m _ i _ i s i t _ i _ i l l s - _ i -
to t i m _ i _ i t  of l u l _ i u u t u _ i : ’, _ i ’_ i_ i p h y .  ‘1’l _ i~~si~, çi _ i _ i _ i l _ i _ i t _ i c l  s_ i ’ s - I ’  _ i 1 _i gai u_ i c l _ i _ i _ ira _ i’ ! _i ’l ’J ,’-1 1e 5’- _ ilu-c ’ s - u i _ i l _ i  l b _ i n

d e t c e l s u l i _ i u i t y  in t a r _ i _ i _ i _ i -- u _ i f  c _ i l 5 l s - _ i S i c _ i u l  u ’ _ i Lcl _ i _ ir — t y j _ i c  (‘_ i) m _i s - ; l I _ i ( ’ _ i ’ _ i _ i t i i ’ u u s  _ i vi _ i-~— : _ i — s ’ _ is -  I_i _ i s i s - u ’  _ i _ i _ i _ i _ i l

- 
- 

attenuation) _ iv o _ i m id be s - s - cn t i a I ly 1 .0 f _ i _ i t -  a ‘‘s_i’hilc ’’’ I _ i _ i s -_ i _ i _ i t s _ i c - _ i ’ l l _ i s - I  _ i _ i ‘‘ c - r _ imy ’’ i m _ i l _ i d _ i c - _ i ’i _ i _ i m _ i _ i _ i i.

‘li_ ic op cu-ati ou_ ia l  v iew of ( 1_ ic - u _ i_ i odcl in t erms  of ~~~~~~~~~~~~~~~~~~ I S  _ i _ i e s _ i’I’i bC(I heio s_ i’ .

‘l’he s - m~’, _ i _ i _ i _ i l  1 c - h _ i t  u _ i _ i :  - c - e m _ i ’  - i - _ i _ i t _ i’d c- v hi s_ i ’  I _ i _ i c - c ’  t , J _ i _ i _i _ i ’ 1
~ c- 1 ’ l _ i _i _ i I _ i ( l , a m R I  u _ i _ i  ; _ i u t  _ i u t j u l _ i

h a ck _ i- _ i c - _ i _ i t t _ i -  m’ 1 m m ’  s - i c - l i t _ i s  c l v  a m !  c_ i u } i , ’ _ i ’ i - m _ i f  l v J ) u ’ (_ ic ( _i~Sc’s-1 I t _ i  at  _ i _ i  l i ’ _ i _ i m ’ _i i l _ i u _ i _ i  s _ i l _ i  a u _ i  _ i _ i~ s j i s ’ u—

p m ’ i : m l - ’  l _ i l u _ i a ( ’ — ( - _ i m m _ i i  u - _ i _ i l l _ i- _ i l lu t e _ i -  I _ i  ya’ld f i l m _ u  ~ I _ i _ i _i u _ i _ i - s - .  I f  t i _ i _ i ’  t i _ i c - c t  s i_ i--c is s - l c - m _ i u f i u ’ _ i _ i _ i l i y

~S — c - _ i
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larger than tb_ is radial projection of the ground resolution cell , ti_ ic energy return_i’d

in the filled ~_i- l l s  is the sum of:

3 (1) Target i-eflect iv ity return .

(2) Prccipitatiou _ i clutter in the th i-ee dimeu_ isionai resolution cell.

If the targct is smaller than ti_ ic projected gi-ound resolution the ene u-c-v
returned in the filled cells is t i_ ic sum of:

(1) Target ’s radar c-ross scc ’t ion return .

(2) Back grow_icl I’c-tt m rn in that part of i - c ’ so l _ i mt i _ i i t _ i  ccli not eov~ rcd by
tal-get 

-

(3) Precipitation clutter  in the resolution cc-il .

The baei -;grouncl adjacent  to l i_ ic I _ i c _ i c - ct reflects _ i ’ m _ i c ’_ i ’ c - y as t i_ ic sw_i_i of:

(1) Baekgr o_ iund rc fleetis’ity and the re tu rm _ i  c_ i ll size.

(2) Precipi ta t ion c lu t t e r  in the i’_ i s - ol _ i m l i _ i _ i u _ i  c_ i ’ll .

Si_ i_ icc i _ i _ iu lv  i _ i n _ i _ i c - e l y  i _ i _ i  _ is f L _ i _ i_ i or CR1 ’ is of _i ’ _ i _ i _ i c ’ _ i ’t s-s , _i’ f fc _ i -t s-_i d _ i _ i c  to radar

figure of meri t , i ns-ei’sc f _ i _ i _ i t r i h  ~_ is -v:c ’i ’ sp i -e s -_ iu in c - ,  at n~ es- ; i _ ic I ’ i _ i -  a t t e u _ i _ i _ i : _ i t  _i _ i _ i s _ i 
, si m_ i tc _ i ’ina

pattern and _ i _ is - _ i _ i o _ i ’L- d  constant s wil l  canc el out ‘ ‘,‘h_ i,’ _ i _ i  1 _ i _ i r g c_ it - b _ i s - - l: c - u - c I _ i _ is uui c- _ i a _ i _ i t _ i _ i l  st i s :

considc_ i -ed _ Fi-o n_ i ti_is p s - it _ it  on , t l_ i et u , t i_ ic’ p t - e l _ i l _ i’ s _ i _ i  is _ i u _ i _ i e of i - _ i s - _ i t  _ i ’ _i _ i I a_ i _ i_ i l _ i’ _ i ’ s - oi _ i  _ i t  i l _ il _ i

on the vi s_ i_ ia l  i n _ i _ i _ i c - c ’ at_id _ is _ i ulv ti_ ic app _ i -c u p _ i - is - I c  _i-’ c j u _ i _ i s’ _ i 1 _ i em _ it _i, -_ i ’ re-_i s s - _ i_ i’u , ’ t i i _ i _ i _ i_i-_i pcu- uu _ ii t arc-a

(i. e. , the equiv al em_ it  r c - f l e c t i s - i t i c s - l  u_ i cc _ il b _ i c ’ _ i ’o _ i _ i S ) t lc ’ l ’c ’ ( l.

3. 2 .3. 1 . 1 ‘11_ic (‘c l i  U e f i c c t _ i ’ : i I i c s _ i . l e t  flue I _ i - _ i - c - ct eu - o s - ,-- ‘- c _ i - t i _ i _ i s _ i  i_ ic 0 _ i i ’ _ i ! i t s  r_ i ’ —
f l e c t i v i t y  i _ i _ i ’  ~

‘

_i
. Ti s _ i - t a t  c - c t ’ s- v i s_ iu _ iul ( ‘ r u _ i S _ i _i s - _ i- _i - _ io u _ i i _ i- ; t 1 m c _ i 1  0 T ,~r 1 , ns -c -l c - _ i ’ t i uIg c - b _ i _ i :1 

-

1,_ i _ i t ti _ ic 1 _ is  s-c- -t (1_i - I u _ i ’ _ i s s s - _ ii (mn s u _ i t g l _ i ’ be ~ ‘ .

l~et h su m _ id j i_ i c , i - _ i ’ s - i  - s ’ c t i v t ’ i v , t i_ ic _ i : u u : : , , _i ’ : _ i ’ _ i l _ i’ m ’ _ i ’ _ i s — _ i -_ iu ; _ i c - _ i’ m u ’ - - ’ _ i l _ i m t i _ i~m _ i uf  t i _ i c

radar in u_ i_ icte rs. Ni u t _ i ’ t i _ i _ it t i t  is  au_ i _ i _ i  ) f l _ i ’ _ i _ i~_ im u _ i _ is - It’ c i a _ i  u - _ i _ i _ i ’! s - i _ i  s-I i t ’ i _ i f  f _ i  i c ’ s _ i - u i i  e m  ‘c-u - s-_ i’ m _ i t

r _ i m d _ i u m ’ s -  th at tile - f t e _ i - tive s _ i/ _ i un _ i _ ill _ i u _ _i ’ , ‘ - i c u t  i _ i_ i  v _ i _ i u - _ i c _ i  i _ i _ i v u ’ m ’  s-c l _i’ r i  
~~~ ‘ ‘i _ i - _ i _ i _i l 1’’ i’ m _ i -  u

and l i _ i _ i _ i t  the qi,mantity j is i _ i _ i _ il _ i I ” j ul _ i-i _ i t of s - _ i _ i l _ i c.

_.~~ - ‘-~~~~~~~-“~~~~~~~~~~~~~ - -- - - - -~~~~- _ _ _ _ _ _ _
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Then the ground resolution cell area , Ar ,  can be found wit h _ i the aid of
Figure 3— 3. In Figure 3—3 , ti _ ic second part is a cross section of the first :

p = ground range to target

R = slant rang e to target

h = rau _ige resolution

4 j = cro ss range resoluti on

Z ’ = the ground projection of ii

A = 
~~~~ 

Z ’

A
r can be found as a function of p ,  H , and i_i by u _ i o t i m 1 c -~ that

Z’ (2p+Z’ )  s-_ i h (2R 4- h)

+ 2p Z ’ - h (2R÷h_i) = 0

ZI ,, _
~~~~e± 

ZI I (J~~2 _i1~~ -~) ( 3 3 ~ )

lieu _ ic - c , -

A = 
~ (~

ç
~ h (211 ÷ i_ i) - (3 .~l ( _ i _ i

~A _ ivell known I l u c _ i _ i r c u _ i ’m f r on_ i plan e s - ( u _ i _ i-_ i )_ ia J ’V StoI c ’ s u _ i _ i _ il  c - - \ I : _ i  _ i B ]~ _i _ i ( ’ i ; _ i  _ i i~;i:~w i_ ic_ i -c A tI s-u_ic ! CI )  as-u.’ l u _ i l c- _ is - ._i c l i  i-c- _ i ’ l _ io _ i’d _ i _ i of i l _ ic san_ i c ci u _ i - i  c’ .

A 
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Figure 3—3 . Ground Ccli

Let XT and Xb be , respectivel y ,  the equivale nt ref lectiviti es of a radar
cell centered on and off the target . Let rT and rb he the corresponding raclai’
reflectivit ies (sometimes design ated as in the l i terature).  is t a k e n  to
be T b ) .  ~~~ A~ he the  e q u i v a l e n t  t a r g e t  a r ea , i d e n t i f l e d  as
the  ratio of cross section to reflectivity.

• a
A = 

T 
(3.37)T

Then from the f fc~~() i !1~ (Ii S~~ U~~~~i 011:

if AT~~~A

XT = r
T (3.38)

If A < A
T

X
T
i r
T(~~~~~~ 

r
~ (i4)

~—29
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3.2.3. 1.2 Rai n Clutter. Let H be the slant range to the targe t and H be the aircraft
height , AMGL. The reflection from rain in a period of time corresponding to one
radar range cell at R is from a volume covered by a depression angle ~ :

arcsin 4 ~ ~~~min (3.39)

where 
~ min is given by the minimum depression angle for which the csc2 beam

pattern is valid. The csc2 beam pattern is assumed , and is conventional since ,
within the pattern , all equivalent targets at a given relative altitude , hut any range ,
return the same energy to the receiver. It is assumed the beam power density is
(~i)csc 2

~~, where w is a generic constant related to power and antenna gain.

In a volume dV = hR2~ ~do, where h is the range resolution and ~ ~ is
the azimuth beam width , there is

O
R d V =  a

~~ 
hR 2

~~~ cos ~~~~ (3. 40)

backseatter area , where o~~ is defined as the backscatter area per unit volume .

Then the antenna sees rain—clu tter power (where I1~. is hei ght of rain)
H H r 1  •tmax (~~min , aresin , —a— ç lL  H r ’~.. H

~ f ~rnin if Hr�H
• CR = \va

1~ hR~~~ 
~~ 

cse4 c5dO (3.41)

~ arcsin H/fl

where w is still a generic constant. This integral is benign:

fcsc
4 
~dø= - ~~~~~~ 

+ 
2] (3 .42)

and so equation (3.41) becomes 4’

CR = (~v a~ h R 2 
~ ~ /3) { A _~~~~~

2/I12 ) 1)~ 2 + (n 2/ 1 1 2)  } (3.43)

where A mm IB , C (3.44)
and 13 cot 

~~~ ~2 ~ ~~~~ 
~min~~ 

(3. 44 a)

= J—~
_-~ -1(2 4 - ---—-

~
‘
\

~ (H — 11 rY \ (H 11 r) / (3. lh)
It remai~ s to consider w and o~~: f i r s t  w .

I

1
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On the ground , at range H the ground clutter is , using the symbols used above ,
C
G 

= w csc4 
~ 

h R A ~‘ = wR5 
°G h A ~ /H

4 
(3. 45)

r 
where the w is the same in equations (3. 41) and (3.43). Therefore ,

C
R 

= CG(~J
Ji

~)(ii~
)(4) (A~~T(~2) .~. i  

(
2 +(J~_))~k (3.46)

and here °G is actually “r ”, the appropriate ground backscatter coefficient.

Therefore , the rain clutter causes an effective increase in total clutter from CG to

f C~~\CG + C
R 

= CG + - (3. 47)

The quantity CG is identified , as appropriate , ~~th either target or background.

It remains to evaluate o~~. Referring to page 512 in ref erence ( 5 ) ,  the given
empirical curves may be fitted to :

log = a + ~ logP = log (a P) $ (3. 48)

where P is the precipitation rate in equivalent mm/hr.  of water. Then

C (H=-2) P (3.49)

By the curve , derived from reference (5 ) ,  this is

K- 10~~ (
~

-
~
) 

p1
~~~ cm 2

/m
3 

(3. 50) -

where P = rainfall  in mm/hr .  The qu an t i t y  K is u n i t y  for ra in f a l l  and 0. 22 for snow
(Ref (5) ) .  To make this into a dimensionless prod uct (1~~ f l , 11 must  he given in meters
(in this term only) and

= K. 1o~~ p1.6 2/ 3 
(3. 5 1)

L~1~ 
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H and H must be in meters and X in centimeters , because the coefficient
i0~~ is an empirical constant.

Since normalized radar returns have been used throughout , CR can now be
identified with ~~

‘. th oqu~~~ r~ t ~~~~ -itation backscatter per unit area. In this case ,
using the stated normalization , CG must be identified with ° G Assembling the previ-
ous results ,

X~ = K(~~~
_
~(
10 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (3. 52)

3. 2. 3. 1. 3 Target Contrast. The target contrast is given simply by

x, +x
C = Y log10 

r p  (3.53)
b P

where y is the system gamma , including film gamma , typically it is 0. 8. Note that
there is an additional improvement in C if the precipitation return is assumed inco—

Aherent , i. e. ,  the projected raindrop speed in range is large compared to -i-, where T

is the integration ti inc. For now , it is pessi i i i  isticallv assumed that precipi ta t ion is
coherent.

If the target contrast is insufficient , i. e . ,  if C < C0, the target is not do—
tectable; PDC = 0.

o 3. 2. 3. 1.4 Effective Resolution. The interaction which degrades resolution as a ftmc—

tion of contrast is not known for SLR. It is assumed that tie general l)i’occss of (lCgI’a—

dation of resolution proceed s as in photograp hic svstcI11~~, for which there i : ; ava i la b l e

a curve f it ted to actual fi lm data as given in Paragraph . 2. 7 . — ,

Let Y he th e effective system resolution in meters.

Let L1 be the fi lm resolution in lines/mm

L1’ he the display resolution in total l ine  pairs .

Let 1) be the width of film in meter s ue r l i n e  . 1 ct  R • R be1 ITH I) P ’aX
t h e  w i  ( I t l i  Of r a n c ’,e d i  sji l a e d  in  t h e  d i s p i  :i I n  1110 1 C r 5 , and
R 1 is t h e  w i d t h  of r a n g e  d i s p l a y e d  ( i n  r n c t e i -~~)

3-32 

~-- —~~~~~~- ~~~~~~~~~~~~~~~~~ -------—---- -- -- ---— “- -. -- a-



—----~-r ~~~~~~~~~~~~~~~~~~~~~~ 
— _________ —- - -

H:

The effective output resolution is

for film (Levels 2 , 3, 4)

11niax - H .
Q1 = 3 

— meters (3. 54)
D1 x 1 0  x L 1

for display (Level 1)

H ’
= ~ 1

’ meters (3 . 5 5 )
1

Then the effective system resolution is

H 
_ _ _ _ _ _ _ _= (—2C) metcrs (3. 56)

1-c

where Q
0 

= Q
1 

when considering LeveJs 2 , 3, and 4 , and Q
0 

Q~~
’ when considering

Level 1.

I
Note the correction for the proj ection of range in comput ing  Ar.

3. 2 . 3. 1 . 5 Detectah i lit .  Assuming the conditions imposed by equation C > C0 (i. e.
PDC ~ 0), the basic detectability is estimated by an empirical data curve fit (12)
given be low:

I y2 1J - 0 . 69 —
~

-— I (3. 57)
L Yj , J

where is the 50 percent prob ab le radar detection resolution requ irement  for the
target type , Y is from equation (3. 56) above.

Note that equation (3. 57) is computed twice; n amc ’lv :

(1) For Level 1, using the value of V from equation (3. 56) when Q
0

(2) For Levels 2 , 3 , and -I us ing the value of V f rom (3 . 5 6)  when Q
0 

= Q .
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To obtain the total detec tability, this fa ctor must be multiplied by 
~ T’ the

terrain non -shadowing probability, and SLR-up probability , and by an indicator
KL which is 0 (or 1) as the SLR is not (or is) available at Level L.

PD = (PDC) 
~~~~ ~~~~~~~ 

(K r) (3 . 5 8 )

Again , PD is computed once for Level I and once for the remaining levels .

3. 2.3.2 Identifiability. Since , for SLH , about three times the detectability resolu-.
tion is required for identification (12), we have , using the conditional probability
equation (3.24) ,

~
2 1 (3. 59 )

p
1 = e  L YT2 J

where: Y is given in equation (3. 56)

is defined in equation (3. 57)

Again , two values of PT are computed : one value for Level 1, and one value for Levels
2 , 3, and 4 . When P1 is computed for Level 1, the value of V is found in equation
(3. 56) by let t ing Q0 = Q1’ ; similarly, the value of P1 for Levels 2 , 3, and 4 is found
by using the value of V from equation (3. 56) when Q0 = Q1.

3. 2. 3. 3 Localizabilit. This is expressed as a CEP measure comprising two
Components , lateral error and longi tudinal error.

3. 2. 3. 3. 1 Lateral Position Error. The definitions given below are used in the fo l-
lowing discussion :

TH = the true target he i~ I it above mean ground level

fl the t rue a i rcraf t  e levat ion above mean ground level (met ers )

SR = the slant range to the t a r ge t  being considered (meters )

= the bearing angle to the tar get  ( r adians)

~ 2~~) the Var i anC e of the t e rra in  hei ght about i ts  mean  (met  ers 2 )
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The SLR actually measures the slan t range to the target (by Counting signal
return delay), but , unlike the IR , does not measure the depression ang le to the tar -get .
Therefore , as far  as the SLR can tell , the target may be located at any p oint  on the
circumference of a circle of radius SR with the aircraft at the center.

As shown in Figure 3—4 , the actual target location is at the interse ct ion of
the circle of d iameter  SR and the ground . However , the sy stem does not know the
ta r get elevation , so it cannot give the ground distance , p , to the target correct  lv.
Rather , the system assumes (as shown in Figure 3— 4 )  that the targe t hei ght is the
same as the ground d i r e c t l y  below the a i r c r a f t . This is the soui-cc of the l a te ra l  error .

Referring to Figure 3— -!, the ground range to th e Ia i-get , p , is si mply

~~~f~~ 2 _ ( I l -Z) 2 -

Note that  Z is a rand om var i able which shows how the  ground hei ght d i r e c t l y  below tht -
ai rcraft  differs f rom the mean groun d level .

‘ - I I ”

A

/\
\ ~~~~~~~~~~~~

N /

_ _~1 —

~~ 
- 

~~~~~~~ ~ H
- - p -

~~- ~ - - ~~

p - --

Figure  1 — ! . 1~r tc ’ra l  ~ LH l ’ I .~i t ~on E r ru r
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On the other hand , the true ground range to the target , p, is given by

= ~~~~2 
- (H-TH) 2 

(3. 60)

solving for SR yields

I’ 2SR = - (H-TFI ) (3. 61)

Substituting equation (3. 60) with (3. 61), and writing ~ as a function of z gives

(2H) (TH) + (TH) 2 
+ H ( 2 Z )  -

For any given value of Z this would give the true ~ and would be the error in
localization . Rather than introduc e the nonsi gnif icant  numerical  values of z , it is
preferable to discuss

2 9E (~~~ 
- 

~~ ) = E - 211 (TIl ) + TI[ + 2H Z - Z~ - p

~~Ef ~ ( i  - 
TI!2 - 2 H Z  ~ z 2

J)}
_

= — 
211 (TI!) = T11 (3, 62)

which is the mean localization error in di x -ect io n of Ia rget bearing.

Equation (3. 62) must  now he evaluated. As a f i r s t  step, not ice t h at

r9
~~(o) — / [) 

— 2 11 (T I l )  (T11)~ (3. 63)

Next , the value of 
~~

‘ 
( 
‘/ ) can he computed by u t i l i z i n g  a ‘I’av lo r  expan siOn .~~ -i ~

shown by the fo l lowing  equations

~ ( Z ) .  ~~(O) z[~7 ~ ( Z )]  3 £~.- [_~L 
~ ( Z)] ~~~~. . . (3. (;. l )

Z 0 — -  (1Z J Z 0
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or

~ (Z) =~~~( O ) + Z ~~ t (0) +~~~ ‘(O) + . . . 
(3. 65a )

= (211 -2Z) =(~~~~~?~~
) 

; i3~
’ (0) = 

(3. GSb)

= - 
~~ ‘ (Z) ~~~~~~~~~~~~~~ 

~~“ (0) - —
T~~~~~~ 3 

- (3. 65c )

Substituting equations (3. 65b) and (3. GSc) for equation (3. GSa) :

~ (Z)~~ ~~(0) +-~ -~~ - - —
~
--

~
- ( 1  + + . . . (3.66 )p (0) 2p (O) ( p ( O ) )

Then

E~~~(z) = ~ (0) -4i~1 ( 1  ± —
~~~

) ÷ . . . (3.67)(p( o))

1~ 
c~~(Z)) 2J E (p 2 

211 (T11) + (TI!) 2 
4 2HZ - Z 2 ) (3. 6~ )

2 
- 211 (T11) ÷ (1~J{)2 

- (Z)

= (~~(Ø)) 2 2 (Z)

2 
E ( (~~ (Z) ) 2) - (E~~ (Z)) 2 

= (F 3. GSb) and ~1. GSe ) (3. 69)

~~cr
2 Z 1 112 

1 ~
(~~ (Ø)) 2 2 (Z).( p (0)) 2 +~~2 

( Z )  (I  I~~~~~~~~~~~~~~~~~~~~~

) 

-
~~~~~

-__
~~ 1

(p  (0)) “ 2 p (O) - ( p ( O ) )  J ~

(Z) -f Terms in an d Ii i gher .
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Summarizing, the variance , in p ( z )  is

2 -

H ç  Z

(~~ (O))2 (3. 70)

where , from equation (3. G3b):

~~(0) = - 211 (TI!) + (TH) 2 
(3. 71)

and p = the true groun d range.

It Is already known (from equation (3. 61)) that the mean error in lateral
position is

- 
2 

(E )  - 211 (TH~ + (TH) 2 
(3 72)

The root mean square (rms) error squared is not the variance because of
the bias introduced by the mean error ~ 0. Taking this into account , the rms of la tera l
u error , is given by

I.  2
U = 1 vnr ian~ e -4- (mean error)

(3. 73)

I
3. 2. 3. 3. 2 Longitudinal Position Error. The doppler effect causes a systematic

longitudinal position error (see Figure 3 --5).

~~~~~~~~~~~Vg

_ _ _  _ _ _ _ _ _

9 ~~~ 
. Appar ent  ‘I’arget l’osit ion

in Ta i’ge t Pus~t ion

Actua l  Target Position

Figure  3—5. Dapples Effec t PO~~ i t l ( 4 I 1  l’a ’rui
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Let VD he the radial Sr OUP dl— pr oj e ct  ion comp onent of target veloeitv , andlet Vg be the aircraft ground speed (knots). It is assumed that  all photos are cor-rected by the measured drif t  angle. If it is small , the sys tematic error is
RSV D COS ~

(3. 74)g

where ~ is the depression angle to the target (see Figure 3-5).

The drift error introduces a random tispl acernent
2 -) -‘

~~ ~~~~~) ~~~ (U ) p~ (3. 7.5 )

Then

V = v~~~~ T~~~~~~~) + A r  
(3. 76)

where Ar is the ground resolution cell area as defined in equation (3. 36).

3. 2 . 3, 3. 3 CEP, Comb in ing  the  la te r - a l  and longi tu dina l  error s , the CEI ~ is

CEP = 1.17 S 
(3. 7 7 )

3.2 .4  Forward ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

MTIFLI ! is Cousi dci Q( 1 a sensor although FLH imagery is valuable  on ly  as anavigational aid , because the lat ter  !s 1o~ - resolut i on makes it an ine f fec t iv e  backupfor the SLfl. Neverthelc~~s as a source of mov ing tat -get in format io n  (~ JT 1) . t h i suni t  is quite useful,

There are two types of inputs  to th e ~1Tll- ’LH niodel . The f!rs~ chiss  ofmI)ut s  are suppl ied h the Sc’ena r io Pi ogi ’am; the second s suppl ic I by th e  i i

INPtJ’l’S_ FHO ’11 SCENARIO

GEOG HA PIJ 1C

• A i r c r a ft  an d :~ r~~et J ic i  ght above mean g r ou n d  leve l
o M i n i m u m  an d ~~:, ~-: i mu m  g i - ’im l r ange at ~vh h - h  t a r ge t  is(k ’t ec- ta })k ’

:1- ;~~ 
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4 • Expected number of target s ight ings  unmrt sked l  by te r ra in :
also the Variance

• Absolute value of the target  velocity projected along the
slant range vecto r

• Variance of the terrain height about i ts  mean

• Slant range of rain traversed

• Probability that  target is not mas] :cd by terrai n

WEATHER DA TA

• Precipitat ion rate of ra in  or snow

• Type of precipitat ion (none , ra in , or snow)

TARGET DATA

• Radar CIOSS section of the target

• Backscatte i- coeff ic ient  of the target

SENSOR DATA

• l’ro b ab i l i tv  tha t  the equipment  15 o p e in t i o n a l

US EE INP U TS

SENSOR PARA I~IE T ER S

— • Size of the rectangular resolution ce l l

• Radar wavelength in cent imete rs

* • Maximum depression angle

• Threshold clo d t ics  above which a tai - i~ct c an ( 1) be ( le te d -t e d
(2 )  bc i den t i f i e d

O Pi-oc ess i ng levels in v,l~ ich the :\l Ti l’l ~fl ape i-al es

TA HG F :T/ B A CN GEOU N I )  DA TA~

• Si g n a l —to—c l i i t t  CS and si grm 1—to—n o ise  I ’ )  S s tan ( lc i r ( I  t a r ge t
t inder  s t a n ( l a r ( l  Co l id i t i  is

~Thc t e rms  s t a n d ar d  t a i - c~~- l and s t anda rd  hack ~~i ’ oun d  ~v i l l  be ( l e f i u I . -d t a l l - in t h i s
p aragra t )h .

3-10 
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o Size of standard targe t

• Slant range to standard target

• Difference in altitude between A/C and target under
standard conditions

• Reflectivity — hackscatte r coefficient for standard back-
ground

NAVIGATIONAL DATA

• Standard deviation of the perceived azimuth angle.

OTHE R

• False alarm rate (noise induced)

These inputs flow into the MT I FLR subinode l of the Executive Mode l
where they ar c used to compute detectability , identifiability , and localizability
statistics: -

[ User Inpu ts  fromL Inputs Scenario

EXECU TIVE PRO GRAM
MTIFLR Submodel

- 
. J) cteetabi l i tv

— Ide:itiliah i !ity

— Loculiz abi1i~v

Factors th iluencing dct ectahi1it ~- are discussed in Paragraph 3. 2 . -I .  I . Ta rget
detectability is the topic of Paragraph 3. 2 . -1 . 2 . Pa r a g r a p hs ~l . 2 .4 . 3 and ~~ . 2 . 4 . 1
d iscuss , respectively, the tai-gi- ( i don t i f i ‘ ! ‘i l i t ~- aid loeul i zabilil\ .

: — ~~~ 

~~~~~~~~ ~ . ‘
..
~~. 
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3. 2. 4. 1 Factor s Influancing Dctectability . In order to properly model detec tability ,
several factors must be known. - 

-

A very important concept with this sensor is tha t the target may be “seen ”
more than once. (This is in contr ast with suc h sensors as the IR , which sees a target
only at abeam passag e . )  Statistically, it is assumed that the sensor is given a number
of discrete , independent looks at the target. Detectabilities arc computed for each look
and then integrated over all looks.

The detect ability for a given look is found h~- f i r s t  a .~c er t a i n i n g  if  the x -adhi l
component of the tar get velocity is sufficiently large to be d~- tected . Th en, assuming
that it is , a careful analysis is made of the signal returned fi-om the target to the
sensor ; in particular , the effects of noise , clutter , and a t tenuat ion  are modeled . if
the signal degraded Lv all these factors is still suff ic ient l y lar -ge , detection occurs.

The following paragraphs will discuss:

(I) Statistical treatment of the nurnh c’r of independent  looks
(see Paragraphs 3 . 2. •~~. 1.1 and 3. 2 . 4 . 1.2 ) .

(2) Velocity fi l ter  mode) (Paragrap h 3. 2 . ~~. 1. 3)

(3) Signal—to—Clutter and Si gnal—to ~oise Ratio (Paragraph
3. 2. 4. 1. 4).

(-1 ) Attenuation due to rain or - S n O W  (Paragraph 3. 2. 4. 1. 5).

Paragra ph 3. 2 . -1 . 2 illustrat es h~~v detectabilit\- is actually computed once
the abov e factors ar e known , both for single 1oo)~s and for the integration over all
looks. 

-

3. 2. -1 . 1. 1 Number of fA ) oI -. s ’d ml As sue in ted Vi ( ‘Wi n~ An -J es. A ‘‘look is del ine d as
one r a d a r -  scan , pr o\ -ided th e t a - L i t  is ~ iU i i n  the rnd lcl r  ‘ 5 geometrical  l im i t s . Sweep —

IA) SWCCj) i n t eg ra t ion , ho wev er - , is handled separii  t c l v .  Scvci ci I va r iab l es  w e d  in the
following discussion are dci ip e( l  below:

mci x in lun i  s lan t  l ange of (h e scm-arm a x  -

H - I n i n i n n i n i n  s l an t  1~i t I l g e  o f the  n e w - o rnun
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The next step is to find the expec~ted value of the square of the nu m ber of

( unobstructed sightings. Thi s variable is called EXSQC and is computed in one of two

alternative ways. Let ~ ~ be the coherence angle of terrain masking,  ~ ~ is an input

parameter.

If — d .  the looks are assumed to be completel y correlated with

respect to terrain shadowing and

NL
EXSQC = ~~ (2(NL) - 21 + 1) PM. (3. 89)

i= l  1

If , on the other hand , 
~
‘ 2 

— 

~ 1> ~ ~~ , a somewhat more complex situation

exists. The looks ai-e divided into two i ndependent sets , the looks within a set are

held to be completely correlated. The sets are formed by defining a variable N ’

defined by:

I NL/2 if NL is (?Ve11 )
N’ = ~ (3.90)

~ (NL + 1)/2 if NL is O(ld J

Then the first set consists of those looks before N’ . i. e. , the set ] inch t~~-~ :~ 1 ~ J ~ N’ ,

and the second set consists of those looks a f t e r  N ’ , 1. e. , the set K su ch that  N ’ ~ K ~ NL.

The probability of exactly i unobstructed s i g h t i n g s  in the f i r s t  s i t  is

I 
i f i ~~~O

~ il = 

~~~(N’ - i + 1) PM (~~! - 1 )  if i 1, . . ., (N’ - 1) (3 .91)

[ P M 1 i f i ~~- N ’

The probability of exci c ’l) y i uno~ sti ic ( ’tc ~1 s i g h t i n g s  in t i nc  s( ( ) n ’ i  ~~el ) S

~~~ 
PM~~~ if i 0

~i 2H  
1
~~

1
(NL — i t  1) PM ( N L _ i )  

j f j = ] , . . .,  (NL — N’ — l )  (3. 92)

t.. P1\I~1 4 N’) 
ii i N h  - N’ 

_ _
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The probability of exactl y i unobs tructed sightings altogether is

I •
~~~~~~~ 

~~~ -~~2 for i = 0 , 1 , . . . ,  (NL -N ’)
= I (3. 93)NL-N ’

I Z 
- 

~~~~~ 

for i NL-N’ + 1 , . . ., NLI-. j = i — N ’  ‘- ~~~

Then

NL
EXSQ C = 

.2 
(3. 94)

i = l

The variance of the number of unobstructed sightings is

VAR = EXSQ C - (EXC) 2 
(3 .95 )

The expect ed value an d varianc e of the num ber of unob structed sightings
(equations 3 .94 and 3 .95)  will be used in Paragraph 3 .2 .4 .2 .2 when computing multip ic
look detectability for a target .

3. 2.4 . 1. 3 ~~~~~~~~~~~~~~~~~~~~ I\ITI applies onl y to targets wi th  a velocity whose
radial component is in excess of some fixed threshold value. The radial  velocity must
be Computed and then checked against th i s  threshold to determin e if detect ion is possible.

Let ti r e rad ial component of target velocity, i. C. , the Dopp ler ve loci ty , be
denoted by Vr~ and let the threshold value be given b\- V~ an input parameten - to the
model.

The first step is to find V r • If the target in c i t  I~~n~ n - cn n , - . i t is likely to be
masked by terrain,  If it is at  ( ‘lose i - c rn ige  i ts  rad ial vvI~~- iiv - u n 1 n i n ’~ a m u l t i p l i c a t i ve

• fa ctor , namely the cosine of the depress. i t o  angle; as (lie t a -r - g~ t i l~~i W 5  closer , the
cosine of the depression angle tends to zero , To take in to  n ( -t -our i t  the extent  of over -
lap between the region of t e r r a i n  v lSi l ) i l i  tv and the  i - g l i  n of I l~~~~ i i n ) t r a j i cosine ( de—
pression a ugle 1. more comput a  (ion an ’  I pr ogra m l i i i  n~g is i-tuj I n’ c~ I t h a n  can be afforded .
Therefore, only a single innta n it  is exu r a i n e d  to de t e rn i  inc v~ - i ~ ~~

- i -  in’ not ~u ioc i l y  is
MTI - d i ’( e c - t c d r l i ’ . ‘I’his eonn l-wtcition iS COtIdi lCtcd as f o l Iu ~i 5.

_____________________________________________ — -
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Let V~,, be the targ et velocity com~ onent in the dire ction perpend icular to - . 
-

the flight path ; V~ is positive if the distance from the flig ht path is increasing. Simi-
larly, let V,~ be the target velocity component in the direction of the flight path; it is
positive if the aircraft is overtaking the target.

Compute an average target azimuth angle :

nf’ 1 + t h 2
2 .0  (3. 96)

and an avera ge depression angle to the tar get

~~1~~~~2 -

2.0  (3. 97)

where (from Paragraph 3. 2.4 . 1. 1):

~~~ ~2 are tile f irst  and last azimuth angles and ,

~~~ ~~2 are the first and ]ns t  depression angles.

The radial component is

Vr = cos ~~(Vy sin iJ- + cos d ) ~ - 
(3. 98)

The radial velocity component is tested against the threshold Vt. If V1. < Vt ,  no
detection is possible; the pi-obabilitv of detection is set equal to zero and no other
computations are made. If V1. 2 Vt , the computations cont inue .

3. 2. 4. 1.4 Signa l—to— cluttcr and si~ nal -- t o— ~~) i~ (- m i tj r w . A classical appr oach for
determining the signal—to —-clu tter and si gnal —to - noi se r a t i o s  of the radar S t c~~1 in  —

volves comput at ion over the radar m ange equat ion s  us in g  In:  s~e el ’ar ne te r i s t i c - s such as
effective system bandwidth and receivei’ noise f i gu i - c - . ; . For si gnal --to —clu t t e r  analys is .
a detailed knowled ge of the clutter rejection select r a j u t l i i i i l i c s  is I-( ’qu ire dl . A lt e rn a  —

tively one may select ‘‘specification st and :i iuls ‘‘ 0 0 ( 1  - : - - i h  th em to t ii t -  rea l —wor ld  en —

vironment. The latter approach ‘.va s em~,loyed ft i lb e s im u l a t i o n ,
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These specification standards , as given in , say manufacturer ’s literature,
are with respect to some standard target and environment, If the specification claims
X db sign al—to -clutt er ratio , this must be described with respect to a unit are a targe t
at some extreme range with defined clutte r reflectivity , i. e . ,  a standard target. The
parameters oi the standard target are used to determine th e radar parameters, as the
most useful approach available in the absence of a known radai design .

The procedure adopted is necessary because the designs of the detector and
of the clutter rejection circuitry are not fixed or known . Thus , the approach of us ing
input specified signal—to—clutter (S/C) and signal -to--noise (S/N) ratios for a standard
target and ran ge is adopted.

The following definitions are established for the standard target :

= size of standard target , in square meters (radar )

= slant range of standard target

= difference in altitude between aircraft and target under standard
conditions

r0 = r eflecti ’- i tv , backscatter coefficient , of standard back gi’ound

s/c0 = s ignal—to—clut te r  ratio in decibels for standard target under
standard conditions

S/N0 = s ignal—to—noise  ratio in d ecibels for a standard target under
standard conditions

d 
Other definitions used include :

r = backscatter coefficient of t h e  back g r o u n d

TI ! = target elevation above mean te r ra in  level

= radar crosssectio-n of the target

= - TI1)~ 
Y 4 Y  2 

(3. 99)
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Then the ~~~~~~~~~~~~~~~ ratio is (in db)

~~~ RS/C = S/c0 10 io~ io~
_

~~~~~~
] 

- lOQog
10 (X~ + 1) ) (3. 100)

where X~ is the precipi tatj oi~ cl utter correction (see Paragraph 3. 2 . 3. 1. 2) 0 0(1 thesignal-to-noj s~ ratio (assuming a csc2 beam ) is

4r } J ~S/N = S/N0 4 iog 10~ 
_

~~~~~~~~~~~~~iO log
10 Q (3, 101 )L~~0 (hI - TI1) J

where Q is the preei lj it atj on attenuatioll and is foun d as follows :

~~ec ip itatj on Attenua tion for Rain

( 5 )From Skoblik (Figure 12. 11) empir i( ’al curves are fi t ted to yield tilefollowing attenuatioll equation for A ~ 1 0 cm.

0 37g -s -1Q =  —
~
----—- 3 . 7 x 1 0  g~~

~1
where :

a is t h e  at tenu at iorl  coeff ic ient  in dI ,/N ~ l
A is the wavelength 

~~fl Cm

g is the preCip itation rate in mm/hr .

Let D he the dis tanc e traveled through r a in  in X~ I. i’lren A , the  ov er - :, II  a l t  - m m  l i o nCoefficient , is:

/ 0 . ;~7 gi) 
~A ~~QD 

~~~~~~~~~~

--

~~~~~~~~~~~~ ) ~.7 ~~x l )  g i ) A X~~~l ik-f l l
(3 1 02 ; i )

0
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Thc, tw oway  m u l t i p l i c a t i v c -  a t t e n u a t i o n  f o r  r a d a r  Q,  i s

Q - ( 10~ A / l o  
)

2 
= 10

-A ’ 5  -

Pr ecipitat ion A t t e n u a t i o n  b r  Snow

Using the same data fi-om S~cohlik~~ (E qua t iOn 1 ~ . 34)  and a m e t h o d

analogous  to the r a i n  case ,

a = 
0. 00648 

~~~~ + P~~~~~~~~
-’- ”

~ 
g

A

where g is now defined as the Precipi ta t ion rate ill mm/ lu -  of water .  Then , again

- 

A a D =  { ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ X~~ 1 0 c m
A (3. 102b)

0 A > 1 0 c m

mid

Q 1 0 A/5

3. 2 . 4 . 2 Detcctabj 1it~- . D et e c ta i>j lj t v  is assumed to be the same for all leve ls .

3. 2 . 4. 2 , 1 Si ngle Look I )e tec t nb i l i tv .  Using data in Sk olniek , the e ic et ron ic  (h t c e  -

tint-i model of Paragraph :; . 2 . 2 . 1. 4 . 1 is used (equat ion (3. I l ; ) )  to co mp u t e  d e t e c t i >  >~~

proba b i l i ty ,  considering s ig n a l - - t o—noi r e  and si gna l—to—clu t t e r  ra t ios  sepa - a t ( ’ 1 \ .  Sim —

ph x’estatiiig this equation :

l)DC S,N ~ -0. 32069 1 ~ (S/ N) (~. 1)271 3-1 (SiN) (0. 00 1 ~~~~~ ( l ~~) - -1 (10 ’) (5 N)))

— 

~~~~. I 03~

PDC S/C 
= -0. 32069] ~(s~ c) (0 .  0271 .5- 1 ~ (S C~ (0 . 00 1 ~~ u~J - - 1( 10 > ) (5 C))~

S/N and S/C arc uni tless (not ( 11)) s igna l  -to - -no ise  and sign:r I -  t o - c l u t t e r  i- at

As shown , ti n s equa t ion  mus t  be p c r l m i  i -med t w i c e , 00CC I o n  t h e  si ~n :, 1 - t o — noi  - c : i— e

(l’l)C s,\ ) :nrnd  on e> - - for the  s ign a l  ~t o — c l u t t e i  ease (P!X ’5 ~~t. Tim e i - e su l t s  : i i  e multi —
p1 j c ( l  togeth er -  to v ie ld ~) J), the  logic — l ook COW it i nna l  det ec t :, !  i I t v .

P1) P l Y ’ 5 ~ 
P1)C 

~ 
(3. l O l l

:1—30
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3. 2. 4. 2. 2 Multip le Look Detectability. The problem in computing the multip le look
detectability is to take into account the effect of E~,’ , the coherence angle in terrain 

I 
-

masking. Thinking of E as the number of unobstructed looks and ~ as the keying prob - - -

ability, the following relationship exists :

17 f ( E )  
-
~~

Both £ and ‘i are random variables. The mean of c , E , and its variance , ~~2 
~~ are I >

known (equations (3. 94) and (3. 95)).  The mean of~ is examined by taking a Taylor

expansion about E in the above equation:

2 ,,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ I

- 

~>. (3.105

E( ?)) = + 0 
2 

(E) ~~~
“ (

~
) 

+ , ,  J
That is , ~.2 

(E) shif ts the mean of ?) by the amount

(~~~)

2

from tile “naive ” estimate

~~~= 1( E )

In t h i s  case  f (c  ) = l - ( 1 -P I ) ) 5
Thus , the conditional multip le l ook detectibil i ty,  I’D—1’, is

PD.r = 1- (1 - PD)~~( 1 ~ [Log (I - PD) J 2 {~~
2 (E ) 

J ) (3. lo(; )

where PD is the single look dcte~ t ab i l i t y  fi-om equation (3. 10-1).  The values  of ~ ain d

~ 2 
~~ are , as indicated , the expected value and \- a i - innee  of t i m e  numhei’  Of u ii , h : - t r m i e m

sight ings  (equations (3. 94) and (3 . 95) .  The total mu l t i p l e  look d c i & - c t a h i I  i t y , 1> 1) ’ • is

PD PD T ~~~~~

where

is the pr obah il  it v t in i t the sensor is oj ~- m - a u i l &

3—5 1
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3. 2. 4. 3 Identifiability Data on MTI idcntffiaijj lity is sparse , The following“cookj e-cutter t~ approach is adopted . - - 
-

C 1.0 if PD >PD .T —  fo 
(3. 108)1. 0 .0  if PD,~, < P D T

where :

P1 = Conditional probability of ident ifial - i i lj ty

PDT = the multiple look detectab ility

PDT a threshold detectabi l ity  (a user input parameter reflecting thefact that if the detectab il it \ -  pr obabj 1j t~- is not sufficientl y high ,no identification can be expected)

This approach can be improved ~ hen useful data becomes available.
3. 2. 4, 4 zabili ty Leca 1i7ahi1it~Y is expressed as CEI) s ta t is t ic  that can bedivided into two componenit~~: a lateral error , and err-or introdu ced by target hLi ghttmcertaj ntj es

The cOmpu ta Lion for the lateral posit ion em’m-or is exact1~- the same as in theca se of the Side Looking Radar (see Paragraph 3. 2. 3).

Simply stating the results:

U E~~~~) + f E ( ~~~~p~~~~ (3. 109 )
where :  

-

I’ in t ine l a t e r - a l  error
9

F (
~ ) varian ce of la ter a l  el-i-or 

(3. 110)
!- (

~~
— p )  = th e mean latera l errom-

Thu r ange  Cc ~- due to the sizc , h , of t } e  ( i t  -1 :i I - )  g r ound r e s o l u t i o nce l l  is ( i s  ~- , n  i r i ~ t hin  t a > - - m - ~- I t  a l t i tu d e errors a r - c r e l a t i v e ly  smal l )

3 -.52
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(3. 1 1 1 )

2 ~2 / b  \ I SW\  ( 1  112)° ~~

due to range resolution. In these equations

p true ground range

h = tile size of the rec tangular resolution cell

SR slant  range to tine t arget

The factor 1/12 is s imply  the var iance of a rec tangular  pr o l ) a }) i l i t  d l i s t r ibut ion of
width 1.

Then , the i’ms error due to height uncei-ta inh i c s  and total  s tandard  dev ia t i on
in range is

‘2
~~ ~ jo- p + ~j  (3. 113)

The total  c ros s range re so lu t ion  is - 
-

~~~~ 
(SR) ~ (0) (3 . 11-1 )

whct-e 2 
~~ is the var i an ce  of the  measured angle  to th e to i -get.

Combining th c~s > - -  s t a t i s t i c - s . for a s ingle  look , the  loca l i z ab i  I i t ~- is g iven hr

CE “(1 look ) 1. 1 7 (3 . 11 ~ i

Th is equat ion for CE P ( I , I~ 
mu st , howeve r - . -o r i c e  lcd foi -  t i m e  c ho ice  of a I e n l e  -

sent a t i vu  511. Sin e > - -  flu ’ t : r r - :~ - t is ~~~~~ i ng ,  no .- ; m m ’ ’ o t ’ m i n ’ -  >- an  he L n e  u n l e s s  sop l n i s t k - a t > - -d
1at ~~e t U-aelcing is uu tk -u - t a l s t -n . It is best to w - aut  for  th e rang e , 11, to n i i n i i i i~~ - . \Vlmen
th i s  Occui ’r s

1~ 
‘
~a 

—- _____r -)

Sl~~. ~I ;~~ (I I  — i ’I l )  ( : I . I I )

:1-53
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and the expected number of successful looks is 1. Therefoi-c ,

CEP = CEI ’ ( I looky (3. 117)

3. 2. 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The MTISLR is t reated in exactly tile same manner as tile M T I FL H  (Para-
graph 3. 2 . 4) . The inputs (one addi t ional  input  the ground l a n g e  to the target at
abeam passage — is provide d to the tITI SLH by Scenario ) and the desii- ecl outputs  are
the same .

As in tile case of the  \1TIFL 11, several factor ’s mus t  lb-si. he computed before
de lec tab i l i ty ,  i d e n t i f i a b i l i t y , and Ioc a l i zab i l i t ~- can be pred icte d

First , the radial comp onent  of the t arget  veloci ty .  V1~, must  be computed
and checked a m ~ n i n i s t  a thresho ld va lue , 

~~ 
(t he value below which no detect ion is

possible).  ‘ru e equations for computing th i s  are ident ical  to t i mose in Pan - a g i -aph
3. 2. 1. 1. 3 and are tht ’r cfoi-e not i-epeated . If V~ � V~, a vai iahle  Xl) is (k ’ f un -~c(l to be

I and computa t i ons  c on t i nu e . it , on t he  othci -  han d , 
~ r < V~, Xl) is def ined to Ir e

The next step i s  to ( - omm ) nn t e  l i n e  s ~n u : t  I — t o — c l i n t  t e i -  (5 t ) 011( 1 s i~~1a 1 — t o—flo i se
(S - N) equal j oin s . Fhese a i-c ( f i - ~~~ti I ‘a n -agr ap l-t 3. L -1. 1 . I ) :

0 r  H
S/C = S1C 0 t l O t l - °~-~1 ~~~~~~~~~~ (I ~ 1Mg 10 \ (3. 11 

~~~~~

and

0-U
>-)S/N = S, N ÷ ( I 0 ) L o g  

~~ ~~~~~~~~~~~~~~~~~ ~i ‘ i t  (3 . 11 s t ) )

wh en e

c ross sec t ion of I Inc S tan d ai -d t an -gel

H sla n t rain -c to tine stan dard t a r r t - t

hl t~ 
- d i f fe ren c e  of a l t i t u d e  i-teL wt -e n  a i r - c r a f t  a 11> - i  ~~~ a nda n -d 1 a r -~~ 1

— - ,  I
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. 1
r0 = ground back scat te r coefficient of stan dard backgr ound

S/C0 signal-to--clutter for standar d target (db)

S/N0 signal-to-noise for standard target (db)

r = backsc at ter coefficien t

TEL = target elevation above mean ground level

H = aircraft elevation above mean ground level

= cross section of target

H = target slant range

Q = precipitation attenuation

X~ - rain clutter

Q and X~ have been computed in Paragraph 3. 2 . 4. 1. Two definition S are
now needed :

Pd 1 = t h e  dl etec tnl ) i1 i t v  wi-nen sig-nal —to —clu t te r  is considci -ccl

Pd2 = the detec t ~ Ij fl ~vhc- n si grial — to—no i~~ is consic lem-ed

Then , from Pai-agraph 3. 2 . 2 . 1. -I :

Pd1 = -0. 32069 1 + 0. 027 154S1 + 0. 0018896-I S1
2 

- 4 (10~~ ) S1
3

(3.119)
Pd2 = — 0 3 2 0 6 9 1 + 0. 027 154S2 + 0.0018S96- 1s2

2 — 4 (l0~~ ) S2
3

where :
( S/C \ - H

S 10 ’ 10 /
1

(S/ N )
s2 = 10 10

- 

~1- - i 5
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3 . 2 . 5 . 1  Detectab ilit y .  The overall targ et detectabi lit y is given by

PD = (Pd 1 (Pd 2 ) (XD 
~~up > 

~~T > 
-

where 

1 If ~XD = { 0 If 
r 

~ V
t 

(3. 120)
r t

is the probability that th e  MTISLR equipment  is up,  and

is tin e probability the target is not masked Lv terrain (see Pai-agraph3.2 .4 .1 . 2).

3 .2 .5 .2  Ident i f ia b i l i ty .  The concept of a “cookie-cutter ’ model is adopted in the
same manner as in the case of the MT 1FLR . P1, the iden t i f i ab i l i ty  is:

f l  if PD ? P D
0 — )  - 0 

‘~~ 1olI 1 0 If P1) < PD -L 0

where PD is a us er— est abli she di lb r~~slin l  r l pa sa :~~~~~~
-
~

- I r -~~- e t i i  ~l i t  v. Tin S SI nI l plv-
- o -

reflects t i e  f m ~- t t h at  u i i l t - 5 5  t i ne  d e : e c m H j 1 i t ~- i ro!:tbul i t~- 
~~~~~~~~~~~~ k :m -

~~ i t : t i n v a t u ~ (i ’i)
0m o iden t i f ica t i on  can i-eason ablv l u  exp ect ed.

3,2 .5. 3 Loca1it~ 1j j j i t ~- . I o c a l i z a h i lj t v  is c-onlputc- d the s a n e  as Il l  l i i i -  c a s t -  of the
M’f l FL11, wi th  the CX cd- ~~t i s a  i h at  t L m -  Sal t r  sh i f t  ten - nu n  in f lue  ‘

- T h l  1.11 ( - ( b u n t  I ( f l  is
zero. Simply sl i t in ~ i’~- s u l t - ;  (see Paragraph 3. 2 . -t .4 for t i m e  t- n -~~ I l a l i s i u ) ,

CEP = 1 . J7 S  ~~ ( 0-p) ( °~ - t  - (3 . l 2 2 i

whe re 0-p iS tile n ’ms en -;- or  b ecause of height c r ’- e i ’ Ia in t i es , n~~s i is t ir e c i t  ‘55 1 : 1

resolution .

I
3 -- SO 
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3 .2 .6 ECM Mode l ,

As in tine case of t h e  other seven subnn odcl s , the inputs  to the I-~ :\l a r- c ,f
two kinds : (~ 

) those pr ovid ed (via tape output — Paragraph 2 . 7. ~~ 
by the Scenari o

program , and (2) those prepared by the user. These inputs are:

TN J’UTS FROM SCENARIO

GEOGRAP h Ic’

• Ground distance to target at abeam passage

• Al rera ft speed and h eight  above \IG L 
S

• Slant range to the target

• ~ ime of tile -look

• Target hei ght above MGL

• Slant range of ra in  traversed

• Angle from nadir to target  e-\/C as apex

o A key which Im i i c a t e S  t h u - ~I s ~1d t :~~ i~ - fro m n ad i r  tn t a r -~~-t —

i f  angle is less t~i a r  t i m i ~- va lu e , t a  i-~~ -t is a~-~ iama ~d iru u en-
air ci -af ~

O ‘lei-rai il non —m a sh in g  pi~ei 5 1 ) j  I i  lv
- 1  \\ 1-~VI’1I 1:11 L )AlA.  -

It-

• l’l ’ccipi ta t io n l  r aid -

e K ind of pl - c ( - u p i l a t i on  fl~’fl~ - , r a i n , ot -  S iTh \ \ i

-
~~ 

- - 

Sl- :Ns( )fl I)~-\ ’I -\

• Pr - ohabi l i tv  i- ~~~ i ( ‘qiIi p l u l c nl up at  t i l l ) > -  of 1( ’~
- FAnGI - :- i / l l - \ ( - K u l i o l - \ } )  DAT .\

o l ’e:nL t ~~~~~~~ 1 lcd ~
s ‘-~~tsn - in ( I t )  above 1 wat t

• h n - n s i n n i t l c -,- II~m - nunna  g : i i f l  — n n a u n )  loht ’ ill ilh

• J- r e q u u c r n ( - \ -  i n n  t i i  i /

• I i — i  ri ~ in) l [ I  t 1  I I s ’ S  I t )  I t ac t ~ i— n t u n  d l ,
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• Pulses per second

• Pulse Widtll

• Target scan period

t S i - : R  J N P I TS

AVION I C S DATA

• Variance of A/C position (from actual)  as given by tine
avionics sy stem

• Variance of v e l oc i ty  as giv e n  by avi on i c -s  sy s tems

• Angular measu cement precision r e l a t i ve  t c)  beam ~vicith(typic- a l ly  1 , — i l ;

SENSO R DATA

• Number of rec eiving beams ut sua l lv  ant n un s )

• Receiver bandwid th  (10 ‘,lJ -I z

• Receiver noise Iigun-c (in dli)

• Threshold F r e q u e n c y  (in \H I z )  a imo\ - e  whi c h  it is possible to
sc-I an angu la . - f ix  cnn target

G Table of reed vt antenna g a i n  p lus Ii  IlC losses vs.
fcc’ q un e 0ev

These inputs are used as show n n in the fo l lowi n g  (h ifl gl’a I ) )  to 1) 50> -luC e ti n > -
ti ll-Ce outputs of ( 1 )  de tec t ab i l i t y , ~2 i i c l en n t i f i ah i l i t v , and i t t  loi -a 1i ;~ab i l i t ~- .

ln ~~~~sInpu t s  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
ce n arki

* [ i-:( ’M S u h i i u s j , - I
[ of l- Xee t i t i y C -

~~~~ I ) c tec t ab i l  i t v
Ide al i f i : r h i 1 i t ~-
Ix . r i i l i / : i I i i h i t ~

3— . - -->- 

~ - -—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Paragraph s 3.2.  6. 1 and 3. 2 . 6 . 2  discuss how detectability is foun d ,
Paragrap h 3 . 2 . 6 . 3 discusses identifiability computation , and loca lizabi lity (i . e . ,
CEP) is discussed in Paragraph 3 . 2 . 6 .4 .

ECM is modeled in a uni que way. First , since the inputs to this system

are continuous over a long interval , single-look modeling is inadequate . Second ,

localization depends on passive ranging which , in this model , is assumed carried out

essentially in an optimal manner via the on—board computer.  To meet both these 
t

needs , the model assumes that there are preci sely n indc-p endent t e c c ’A v e r  beams ,

correspond ing to n antennas  in the 1-eceiving array , dispo~-ed s y n n n i n L  t l ’ id -ai I \- about

(but not including) the forward direct ion.  A single poss ible detect ion event is recorded - -

as the target passes through the center of each of these beams . I ) e t ec t a bi l i tv  arises

from the conjunction of , in general , n/2 looks; iden t i f i ah ~h i t v  ( l v  a s surnp t i ( -n i  f rom > - he —

tection by at least 2 of the n/2 beams; and loca l izab i l i ty  by a probabi l i s t ic  m i n i m u m —

variance passive r a n s~e ealcul a tio a .

3 . 2 . 6 .  1 Single—Look Detc -ct ah i 1i t~- . I) etcctabul i tv is computed for each of the  ECM

looks by f i rs t  comput ing t v ~o ~- aluc-s  of i r i t er im s i u e i > - - —o p p o n - t u n i t y  c let cc -t abil i t ics

P 1 and P 2. P 1 is c-ofl lputC dl u sin s: the rad ar  t r a n s n u i l t i ’r  m a i n  lobe i . d ia t io i ~, w in ik ’  P ,

is found by using the side lobe r ad i a t i on . Both P1 and P~ ar c uccessar because the

aircraft sees the m a i n  and s ide l , ; b c -s alternatel y . P1 and P0 arc then comb in ed , along

with ter ra in  masking and o~ ct-load probabil i t ies , to y iel d a s ing le look d c t ee t a l ) l l i ty .

P 1 and P2 are computed from the receiver s ign a l—t o— n no i s - r a t ios  as follows:

For main lobe r a d i a t i o n :

~ ~H- 
~~~~ 

>~~~ ~~~

(S/N) 1 = - - -~ — (3. 1~~~i
(4~~) 2 i~~ ~~

(S/N) 1 sign -mI—t o—-noise n - at  lo for  the i- a: in I ’ lie rad ia t ion

where

P~. ~~ d!O h t I-; in  sf1 I I t t  ( I l)~~’s’C 1’

t r a n n a i ’t e ~ gall )  — ma in  Isl e

4:
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receiver antenna gain plus line losses , at tine appr opriate band
XN = 4 x io -15 x bandwid th x rec eiver noise figure

R slant range

A = wavele ngth

Q precipitation atte nuation (see Paragrap h 3 .2 .4 . 1.4)

(Ga, XN are functions of frequency by band , e .g. , P , L , S, C , S, Ka ,
K p Band) . Foi~ the side lobe radiation

-
‘ 

- (S/N) 2 = (S/N) 1/K~

where KA transmit ter arnten na front—to —back ratio (N A > 1 . 0) in x-atio units .

Using (S/N) 1 and (S/N)~~, two values of inte r im s ing le-oppor -tur i i t ~ de tec tab i l i ty  P1and P2 are calculated as in Paragrapln 3 . 2 . 2 .  1. -i .

The targ et lo am - i  beam ~vidIi n ~ is est I flint ( - ( 1  from

~~ 4 -rr
= ~~——— 

~~~~ l :fl ,

and the fra ctional main -i beam tim e fr om

1~ 
-~~~ (-i . l :’~~2 n  1T( ~ y

except that a- = 1 for a lock ed—on I n-a cking i-ada r - . The expe ct -d si ng le— opj a 1’ tUf l i l v
det ect abi l i ty  for look 1j ) is 

-

- ~~~ = f(i P 1 ( 1  — o )  P2 J 1 : 5  

~a . I 2i ;

where P3 is tine t e r r a i n  f lo rn— sh .n do~v ra g  I)robabil i t  and P . the  n on—ov er lo ad  Pn ’Ie~t i I i l y
as defined in Paragraph :t - :~. 6.3. Ai r assumption is made t i n :  I the I;r i- ge I pass :Ige - ci-  -

through the I (’(~~( i v c r -  lob s inde 1 e n n d > - - i  y of t a r t i ’l can  1 : - I c .

3- -m 

--- - -  ~--~~~~-- -——
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‘rload CaIcu la t i tn l . This paragraph defines P4 , the non — over - load P r t ) ba —
b i l ity  used in Pa i-agraph 3. 2 . 6 . 1. In the i n i t i a l  innj ; l en n ent at ion , t ine en t i re  > -> ve r lu: id
section has been repla ced by 1>4 = 1 and the total Pulse R epet i t ion  1- requencv (PH I - i of
targets in view have been separately ac-cumulated by ten second in te rva ls , computing
the maxi iii urn and mean of tin is quant i t y  at the end of in iss ion . The fol lowing pa i-a—

graph s discuss how overload should be implemented once there is s u f f i c i e n t  empi r i c -a l
data.

Duty F’actor Oven-load . Each frequency band (octave ) accumulates d u l y  f in - t s r -
(DF) as a func t io n  of t ime for  all  observable t a n - ge t s  - Let the hand have fi -equ cne~-
ratios f~ , 2f. then if f0 is the f!-equenc- v d i s e r i n i i r -n i t io n  of tine b road— ba rn d receiv er - ,
compute and accumulate oven- the t ime of observation for each target :

f
N = (Dl- ’) _~~2 .  

~~~ 127 )

as a function of t ime  and oc tave band. This co nn pu t a t  ion does  not include the present
target which is added to a l l  appropr ia te  tern second in t e r v a l s  a f t er  ~ i- o - e ss  i g .  I ) u t v

Factor is th cii :

Dl - = P\V ( PR I- ’) ~1 Ø
_ 6

) (:t . I 2~

where P\V ~S the pulse w i d t h  in mic rosccon> -l s and J~I I F a i l l  5CC~~~~ -

PBF Overload .  Tine ~a n iab le  1, ( l e f i n ) ed  as V ( P11 1- ) ( Pd)(\v ~
-ie rc 11d s- th e

total  ( lct ectal ) i l  it s - , u - su n Pa n- :ig i - :I~ ii  :~ - 2.  ii . 2) is ac cumul  a ted svc- i- al l bands as a tu rn - — -
l ion of l ime  (t ent in—s eco nci  i n t e r - v a l s i  - ~~L I I & ’  l l n , i t  f o r  t h i s  > - - a i t - u i a i  toni  the  ‘‘p re seln i  ‘‘

to i-get is not added i n t t n t i l  ft i-i - l~~ is c on i r pu ted  -

The cx I n ’ - t a t i sn  of t int ’ I n * : u l  p t 1 ~ cs pe r second , Z , lo ’i urr  v o l  In t I n -  I
s vst cn r  a t  t i le  t i m e  t i n e  f ) r e S e l n t  t : i n ~~c ’I i~ - ( ) l ) s ( - n \ ~~( i i s :

1 0 i f  Y ‘ P i l l - ’ ~Z (d . 1

~ ~
-
~~~~~~~~~ :- i f  Y P111- - > !-~

~v ii t ’ re  ~< (~l 1l- is t i i > -  m m x i  mim i P11 I- c : i l ) : ih i  l i t ~- 1 t h e  i- :c~ i a \ s t e l n n . 
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Computa t ion  of _P4. The non—ove r - load prob abi l i t y , P4 ,  is estima ted as
follows :

L e t p =  1 — X ~ 1) 1-’

except that p is constrain ed by: 1/2 ~ ~ 1 (3 . 130)

then P3 = p (1. — Z)

Updating of X an-id V. After the ECM calculat ions au -c completed for - a given
target , its duty facto n- (Dl- ’) and PRF are used to upda te N and V in tine above discussion:
at the same t im e the DF and PR I-’ of those targets , ~ I n ic h  h ave passed dri l l  of r a d a r -
range , arc subtracted from N and V.

This is a crude but pessimi st ic  overloa d ca lcu la t ion , i u s t i f nab le  if N is
small  and if the rad i a t i n g sources are on hi l l tops , ke ep inng the t e r r a i n  flo n l— shad o\ vin lg
probabilit y hi gh.

3. 2 . 6. 2 �~~l~JJ ie—Loo k Det c .etabil ;tv If there ar -c n independen t  samples  ava i l ab l e
around the a ir - c ra f t , U ndlep ennient  n t - d e l v e r  b eams an - c a ss i t n nc i i  \‘~II )5e (‘ cnn t e n s are
located a t :

- - 
__!_ t 2 1-  1): 

j  1 , - . . , n (3 . l~~l )p 5 3

F:a c’li passage of tin e tan -get  th r - o im in a r e l a t i ve  :mz in lu i l n  
~
‘ is recorded and r ’q t n a t i  1)11

• (3. 1 2G ) sepai -atciv appi ne d , y ie ld ing  for ’ each ta rget , a set of ( I t - I  e( -ta }) i I i t  ( ‘ 5{ p (i 1 
~~ 

j - 1 , . - , n. If , however , line In r ’get f a l l s  w i t h i n  th~ ci 1( - I ( ’  ( I e i t n c ( i  by
com e , w it i n  :r s id e slope of -15 cleg I- t-es (Ii reel lv below the a i r ’ c - r - n Ii , t ine  to t  :nl ( i t ’ t t  - t  —

a b i l i t y  and i c1eu t i t i ab i l i t ~- ar - e t ak en  as 1 . 0 , :n m n cl l s c a 1 i i a h i 1 i t ~- (:15 ci  u - i - i n Lr r ( u - r o n -  p t - o i l — —
- ‘ 

I ) i l i t y t  is taken as

C1-~P -- 1 . I7~ i l  t i i )  iS

win e re Li is nm -c t-a ft a l t i tude  in fc-ct above inc-an g r - oo u ni i  level  - if h i t ’  t o  ct :rl o i l i t y  a in I
i d c m i h i t i : r h i l i t v  are both I : i s n i - c smr l t  of t h i s  f a ct , no f i u r t l i c u  - n h i ) j ) t l t : l l i s i n  t o o l  i t , ’  t i m id - . 
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Having computed the set {p U)} for each target the probabili ty of detect-
ability is

~d [~ 
— i~;i ( 1 —  p (~) ) ]p~~ (3 . 132)

where ~~~ is the probability that the ECM equipm ent is operable.

3 . 2 . 6 . 3  Identifi ability . It has been assumed tha t (except for near—nadir passa ge , as
noted in Paragraph 3 . 2 . 6 . 2 )  two looks are required for id entification to assure that a
triplet of noise pulses is not mistaken for a target. The conditional ident i f iabi l i t y  is
then given by sim ple combinatorial s:

= 1 ~~z p(
~ n (i - (3. 133)

d j  F~j \  /

3 .2 . 6 . 4  Locali zahility . Except for the near—nadir passag e case , loca l izabil i t v is
assumed to tak e the form of an optimal mini r nu m— vaz - ianc e estimation procedur e de-
rived in Appendices I) and E.  In Appendix 1) , equations (10) ,  (9 j ,  (17), (16) , (24 ) , and
(25) are used in that oi cier. From Paragraph 1) . 4 it can-i be argued that the (‘EP is - -

degraded by the fa ct that  tile expec-tcd nunhl)er of d etections is not n/2 but P~n ( n / 2  , in
a proportional w a .  Then , to f i rs t  order:

C E P =  I . l 7 S r i  
~~~ (R) ~~ ~~) (3. 131)

dS
V.

where
CE 1’ locali zabi lity

n number of looks
1dS = PW (eq. 3. 12G)

J
a (H) = is - standard clevi: iti on of e st imat ion  of tan -get o f f s et r ange
a (X) = is slanria  rd dev ia t io n  of CSt ifll l t i o tn  ( o f t ;i i- i~et posit km-n along a I tue - -

parallel to the aircraft  f l ight path. - 
- 

-

The last two data arc computed in A ppendix I ) , in cqu :ml  IOflS ( 2 4 )  and i25 ,
respectivel y.

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
_ _ _
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Had it been assu m ed that the expected number of detection was n/2 , the
quantity 

~d would not appear in equation (3. 134) .  -

3 . 2 . 7  Photo —TV Model

A sing le model is used for all optical sensors , e .g . , photographic cameras
and TV. * The main figure of merit of an optical sensor is its ability to detect targets
and produce identifi able i mages of these targets on either f i lm or a CR T . Optical
sensors have a relative precision which is genei-al l y far greater than navigation errors
in the aircraft , hence , the localizabilit y p roble m is effect ivel y ignored.

Following tine established pattern , inputs to ti-i c Photo—TV portion of tile
Executive model are of two types : (1) data computed within  Scenario and passed di-
rectly to the EXEC model , and (2) data input directl y by the user.

Th4 PUTS FROM SCENARIO

GEOMETRIC

• Aircraft  hei ght abov e m ean grornnd leve l

• Depression ang lu to target

• Slan t range to targe t

• Slan t range of haze and/or rain trave n-scd

• Probability of r iot being masked by te r ra in

WEAT IIEII

o Prevailing visibility in clear weaUnc i and in rain

• Whethe r day or ni ght mission

• Probabi lity of no ui n dei - c  :ist clouds

TAII GE T/ BAC K GII OUN I)

• R cflecti v it ics of t:ir g t ~t a ri d back ground

The model ( i t  )cS not incorporate a vi s it u i - - n - k - -s .

0 H
:1 — 6- 1
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EQUIPMENT

ó Probability that sensor equipment is operational

• Resolution required for 90% probability of detection

H 11’~PUT S 
-

SENEOR DATA 
; -

• Film (and seamier) resolution

• Lens resolution and focal length

• Film (or display) gamma

• Logarithm ic scale of the fi lm (or display )

• Minimum detectable logar i thmic contrast

• Processing levels at which canneras  func t ion

COMMUNICATIONS DATA

* Fraction of all I :cvcd ph otos wh ich :‘. rc t 1-am a:- I (ted to
ground

Outputs of tine Photo submnod el are , as in ti-ic case of all rna ol- s , dett-~~. —

ability , ident i f iabi l i ty , and loc-ali zab i l ity. In block forn n :

User Inputs Input s________________________ J _ 1-’ro in

_____ 

~~~~~~ Sccnari~~

l-:xe -ut ny c ~ l o o d d - i  -
~~

Ph oto—T v Subr nn o

F-
~“ 

D e t e c t a b i l i t y

Jdc ’nlt i f i : i i u i l  kv  P l a t t o — l v
— Lo -a ) i zab i l i t v
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3.2.7. 1 Target Detection. As one migh t expect , the computation of target detect-
ability begins with an anal ysis of contrast; quite simply, if tine contrast between the
target and its background is not suff ic ient , no detection can occur. Contrast is a
fu nction of three basic parameters : (1) optical scattering, (2) target and back ground
reflectivities , and (3) characteristics of the film being used . The latter two are
user inputs , scattering is found by examining the effects of haze ar-id rain on ove rall
visibility .

The critical factor in detection is camera resolution . There arc , of
course , two components to this resolution — tangential and radial — each may be
determined geometrically. Us i n g  these two components , an effective ground resolu-
tion may be conn pute d . This effective r esolution is then modified ~enlp irica lly) to
account for the contrast degradation.

Detectability may then be dct ei -nnined by using eun-ves which give detect—
ability as a function of ti o~ effective ground resolution relative to the resolution re—
quiz-e d for- 90 percent probabil i ty of dctcctionn by an ide al observer (an input) .

~~~. 2 . 7. 1. I ] r - : u -~ (~~~ n~ i~ t . The f i r s t  step in the procedur e is to compute tIn e target —

Co -~~t vast  , a~ - 14 i O u  n ig that  t i i - m~i - o u u t n i  1~v 5 o  du Uo n  cell is smal ler  ti - ian the t a r -~rc size.
Let R-~- and I:  be t I ld -  r e f lect  l v i i i  es ( o f  t ine ta r -~ ct and bn c -k ground , r espec t ive ly .  If
S IS th e total ~~- a t t c  u i  ag of ta m -ge t  or hackgi-ound r ad l i at ion of t i n e  optical path ; then ,
by d e f i n i t i o n  of l o g a n i t h m i c  con t r a s t :

[ ~-s~ - s 1
-- )‘ log~~ ~~~ + 5j  (3. 135)

When -c Y is the f i l m  or d i s p lay  gamma and the loga r i t hmic  c ontras t of the too a rt - I  is (‘ .

‘f lue value of S c - o n n i  be & - s t  n i ru t ed  f ro m nn tin s i~° c-v:o ~ l i i n ~ v i s l l o ~ I i t v , N , as d l v — -

cussed belo w- . ‘l he pr evai Ii  v is i i ) i  I i t ~- is general  iv def in ed as (lie cl i s tar n c e co1’l-e—

sponding to a redu -tio n in - i c o u nt  i a  v t  of a clack target ou g ai  in s t  a l ight  b ackground to (t O

percent. This corresponcL approximate ly  to S S/r — 0 . 625 .

— (; 
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Then , genera ll y,

s = i - e~~~~/Xo, (3 . 136)

and substituting,

0. 625 1 - e ~~~“Xo

I-

where X0 is the prevailing v i s ib i l i t y  in naut ical  miles ( N M ) .  Since v i s ib i l i ty  is usua l ly
given in statute miles (S~ i) , and X , tine slant range tin rough haze  is give r -i in NM , tine
constant , K , becomes 1. 13 ielciing :

1 - ~ 
(_ i . 13 

(3 . 13 7)

The distance X used in the computat ion of sc a t t e r in g  is not n e c e s sar i l y  tine
total ray path distance beenuve ci the va m -j a t ion  of v i s L n a l  s c : o l t e u - i i n o ~ w i t h  a l t i t u d e .  No~knowing (an d mnot being wi l l i n g  to pz - edil d- t )  t h i v -  va r -j a r  ion , a const ant  s-cal t i m i n g  is as—
sunned from ground level up to th e  pr evalent  h aze  level .

Let :

U = the clepi-essiou angle to the Ia u -g et

hI j -i the h ;v’e level 1) l ’eVaI cnL in the  a u-ca of s t u dy  (above mean sea
level)

~~~ ~~~~~ ~~~~~~~ above mc - i n  s- -a level u ~-~~ l . i

the  a i r cm - ~uf t  a l t i t a l . - ot i ny c -  ~ft°1

I ~ in - 
~~ if  I I  � I I

(Si n 6)  t’~~~H ( ) )  
o n in

1! - 1 1

(S I U 9 )  ~ ~ a < ~ ii 
j

:t ~~~67

_ _ _  _ _ _  _ _  _ 
--
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The above scatterin g equation does not tak e into account scatteri ng due to
precipitation , therefore , the scatteri n~r equation is amended as follows:

(_ 1. 13(~~~~~÷~~~~ )) 
(3 .138 1

and t

S~ = width of precipitation traversed

II the fra ctional ground area upon which precipi ta t ion is fall i ng ¶
r 11h 11t i~X’ =~~M I N 

~~~ ~
—
~

--— JJ. R (3 . 139)

X~ = the prevai l ing visibili ty in precip it at ion .

X0 = the prevail ing visibi l i ty in haz e.

The variabl e X ’ reflects the fact that preci pitat ion cain occur on ly  below lI
~~

.

The final val ue of S given n by equat ion (3 . ]~3 -~ is used in tine contrast equ n—-

- 
- tion .

A simp le tes t is now made : If tin e contrast , C , is lc - sv than the m i u i n n u n n
contrast for detection , 

~~~~~ 
(an input to the program) then-i no detection is possible.

3 .2 .7 .1.2  Local f l l u n i t h~t t i o n .  If local  i l l u r n i n a t  ion is cnnnplo v cd for the pinotosensor
rather ti -ian ambi ent i l i umi  na t ion , the following procedl u i-c is used : as sunie  tha t  the
fi lnn or display is corn ec-~~v exposed at n n a x i m l n n n  d e n s i ty  for t ine nea r es t  poi nt  of t i-ic 

.~~

picture , i . e. ,  the nadir  po or - it lJ ~ AGL ) . Thcn if !) is thc  t c ’t a  I ioga ci I i n n n ic  Sl Ol Ic o f
the fi lm or display an d li is tine t O 1-get sian -it I-aungc in inaut  lea I ni lies

R max (
~~

) (10) - 

(3 . 140)

In pn - a c l  i cc , (
~~ 

is on f un n e l  cnn  of the  - l n nu 1 : - t o ’- - - ouc  ii i n n  and t h e  - . 0  0 - —
S : n : 0 - -  (o t s ( r v c - r  and h a s  lo ~ cn deL-r~”i ,. - - at’ : u n r n ( - n n t o n l  ft . I~, I i - c t - ’  - ‘ - c . ~~

- /
-- -- 

L ~~~
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Then if ,

R > I ~ -— max

no detection (or , consequently , i d e n t i f i c a t i o n )  is pos sible.  ~

3. 2 . 7. 1. 3 Ca lcu la t ion  of R esolu t io n .  F-i-on -in a c a l c u l a t i o n - i  of the sy stem angular -  reso-
lution , the ground n-es~ ci U t i o n is appi -ox in inated b~- tine root mean square ( i -ms l  of tu e
radial an(l tangential gr -ound p i-ojection i -c - so lu t ions .  The ground re solution is then
corrected t o account for the degradat ion e ffects due to low contras t .

The angular res olut ion of t in e sy s tem is gi\ -c -n by geometry  as

1/9
9 9 - —

~~~~~ 
(_L) ]

23. 41-’

where

L 1 when ii Im is being - u sc’ l

L 1 wher n c o n n s i o l e u - i n s , t ine scai n c u -  or d i sp lay

and 1 is tine f i lm resolut ion in l e s/ m i l l i a n s t e r , L’ is th e sca n incu -  o1~ d i s p lay i c ~~ o —I I - 
tlulion inn line pa i rs per mi l l im e te r , and L 0 is the e ffc -t i\e lens n - i - scm ’ L o i n  in l ines pei

m ii l in -re t e t - . The r - : id ial ground n - es olu t ion is:

p -- ——--- - -  ——-- —-—-— ( 1 . I-I
• X ( (tO S O) ( Sin 9 t

where il is tine slant  1-ange in n a u t i c a l  m i l e s  ari d U is l i f t -  cl~- i c n ’ e s s I o u n O 0  ug ic .  1h e

t angen t i a l  ground u - csol ~ I j  c on iv  Si n -ipl v

p = (H p) - tO I to — i I

t h en - i t i ne e f fec t iv e  e~u - ound resoi 1i~ ion is t ine  n - i n - i s :

- n s i i n 2 O
~ 

- 

2 
- t~~~t t l~P~

J 
sj i i 2 9 

- 

~0 .  1

* l ) : u y  a m t  r n H !n  - o m - i - -s i sn nnd n i s I c - o t~ \ o - l v  t o  arn ° -~t -inl cii i I - - : 1 1  i l i n n u n i i : n i o : , .

:t on

— -4

- - - ——-- --rn-
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i’in i s  data ous t  now be co r i e - t e d  t on -  cc i i i  u ’:ist ok-g i ad:i t i on  , f u \ n n n  i’ur ~- e — f i  t s  by tine
ot t i t h i c in s to a c t u a l  rei’oununa  i s  sounc-e f i lunn  d:i Ia (12).

- V 
_ _ _ _p —

,
--

~~~

- 
1 1 . l - 1 M

1 — e

when -c ’ C is time c- ( o nt r - a s t  onu nd ~s g iven  in equation cO - 105

No t e , I iow ev€ ’n ’ , th o nt  it - i  p r o - ic- t i c- c’ / )  i s c-ouns t r a inned  by

(0 l16i

3.  2 . 7. 1.1 Me t ect  n m 1 is - i- ’ ro cm i-U  I ’ v e — t o t s , t aken ‘iv tine o i i n th o rs  0 c-ella inn  1-ec -onn ai s —

sance data  (12)  the d e t e c t o n ~’ i i i  t v  l°~
) n t h e  t a r g e t  - : o  a g i v e n  f r a m e

is now c o m p u te d  as

p p ic 
- 11 . 1 

~~~~~~~~~~ p - 1. 2 )  
0 147 iT up NC -

\Vhere I )
i 15 t i - id ’ gr ound  re so l u t i o n  t -equ i re d  t o n i — 9 0 -  p ro- l  a b i l i t y  t o f  dc’tec’ m 1011 by an

ideal ccb~ c i-yen , P - 1 -  i s l ine n t n — ~-~c : i d c o v i  n~ ; - r ~~’:n ~ o i l  i t ~ o f t he  t c-u - i - a i  n . P is t he p i- c h o n —- - I l l)
hili ty t i i ~i t t ic t o j u t p u i l e t n t  is c i k - t n i t i v e , a U d i  l’ -~~~, 15 t in c  pl’ o l ) : i l ) i l i t \ - t i i : i t  One l i t r e  ot s o ’J’ r
is n o t  o!~~cn n ed by u n d c r i ’a st  cl ouds . 1’}ic ~ : i o i a h h -  ‘ is g i \ e : n  t r y  e j u o t t i o n  k - t  o~ .

The :1i~~cVe exp r e Ssion  (0 , 1- 1 7 1  5 c o n n p i t i ’ d t i n t -c per t o i - g et and  coi ~-e p o r
f r a m e .  1io ~~eve r , i n n ~cn e i : i 1  th en - c oi l - c ’  so -v c r a l  fn ’o r n n n cs  : i s s c o e i c t e d  w i t h  on g iven t : l u ~~ct -

‘1 hic ’ r c ’ b o n t - , i t  i s unct ’css a u - v  1 - c  o o c e u m r n u l : i t e  t h i o  i io !eloe i i t - o t ck ’tc ’c t i l ( l i i o ’ s  Ion’  e :i ih

f r a m e .  L e t  i ° l )  - h o e I t n e  de t e e  ain i i i  v on I :o i t o - e  - . I et  10 - he t i n e
1 - 

L i

kc ’~’ i n n  p n - o h c ! c  i i i  t v  fo r  t i n e ~ 
t in  

I r a r ~e a n d  l e t  i’
~ 

~~~ be t i n e  d e t e c t  -

a b i l i ty  at  Le~-e i  I..
‘I h eni , ot t  I .evel I 

—

o ~:o . 1
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Level 3 allows keying but no t ransmission , therefore :

PD~
3
~ 1~~~~~ (1 - P~j P

ki ) }  ~~up (3 .150)

At Level 4 there is neither keying nor transmission of data and detectability
is: 

~~
(4) =[~ 

_~~~(1 - Pdi ) ]  P (3 151)

3 . 2 . 7 . 2  Id en t i f i ab i l i t y .  Based on tin e a ssumpt io n  that one needs five times the detcc-112)- - tion resol ution for identif icat ion: ’ -

p 
- = e -2 .5  (P ’

~~
PT

2) 
(3 . 1-~2)r’

Li
where P1~ is the iclcnti fiab il ity of the target on fran-ic j .

- - Letting ~~~ be the ic1 enti f iabiI i t ~’ probabi l i t y  for l evel L:

= 0 (3. l~ 0t
- 

~~~ = I - ~~ (1 - 10
~~ 

T) (3. 15-4 t

oven- all j e o n t a imn in t g  the toti’ g c-t - - -

P 1 = 1 —7T ’i — P~ 1’kj (3 .

ove r all j c o n t a j i ij n i o~ t int- tar -get

p (41 
j  - 

~~~ (1 - 
(0 . h O O c

O % e  r ni l! j (‘ o n t i t o o n n o  ing the I oil -ge l
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, L 2 . 7 .3 L o e a l i z ab i l i t v .  Since navigat ion errors dominate any optical sensor errors ,
the re la t ive  Cl- P is taken as equal to 0 . Admit ted ly ,  geodetic technique s can be used
(and indeed , tine geodetic n ’eco nnst r in ct ion probability is est in i ateci  in the program) , in
which case the sensor en-rot -s are not ins i gnif icant . Howeve r , this  feature  was not
anal yzed . For program stab i l i ty  pur -poses , a low value of CEP  (50 f t .  or 100 ft.
depending on tine sensor type) has been arbitrarily assigned to each of the optical
sensors.

3. 2 .8 Forward Look i~ g Inf ra red  Sensor

It is necessary to di gress for - a moment and d i scus s  the mode l ing  t e c h n i q u e
of the l-’L[R Scinsor in the Scenario Model , The reader i - - u i i-ecall t inat  F’LIR is as-
sumed to always have ti n ree “looks ” at each target :  th e fi r si two as sinni n e that the season-
is slewed whi l e  the th i rd  assumes the sensor is not stewed. h owever , it shall be
pointed out tha t  if 1-’LIR sees tine target in tine non—sl owed nn ocle , it m ay  also see the
tat -get in - i the slewed mode.

For each of the three looks and for c- nr c - h of t inc -  I ons  p r o c - - c  -s~~i o n n ~ levels , the
}‘LI!t nnode l computes de tec t abi l i ty ,  i c l c n t i f i a h i l i t v ,  and ( El ’ usin g the  sam - in c c j0000 c cn s
as the IR sensor ~1-’aragrap ln 3 . 2 . 2 i .

Inpu t s to  the F U R  suhnn oc!cl of t in e 1-xec ’ut ive I ’ i-ngi- am are ncle tn t ica l  to  t } n c c s e
of tine ’ IR (see Paragraph 3. 2. 2),  both user - deten -unin ed in n pu t s  and those supplied l c y  t i re
Scenario Model - ‘I ’Ine ou tpu t s  diffe r only in tha t  FL 1R lin k -p u - ;oU s t i n -  pc i ’fori nn an --e ove r
three looks , whereas the l1~ onl~’ c-ompcutes l) e i’ for fl - i an (- e con a s i n g l e  h oo k bas is .

3. 2 . 8. 1 D ctcc t ah i l i t v ,  1~et 1’ PD~ hoe t he p r o b a b i l i t y  (ci dot cci n o i c r  loot - ; i at in u o~
- ss-

ing level j . ‘F l°l~ I S  (‘( o ! f lp tn t e ( l  U s ing  t ine  I H equ at ion  ( i i  1 0 .0 0 0 1 : 1 0  p in : . 0. 0 . ‘l ire index
i varies fi-om I to :t . Ih e  overall  c o n n d i ( i o c n ; , l  d c t c c t o c n  ln ot o 1 i i n t~ ft ni -  I I . I i t  at pr oo-rss -
i ng level  j iv  gi V(’n b o\

P1)C. = 1. 0-( 1 .0 — T PI ) 3. r ( l . n -  h °~ ç T l ° l ’  I i  (1 . 0 —  P~ (T °P 1 ~p t O . 107

wher e PS is t ine p r o b a b i l i t y  tha t  the  s ( ’ unn cr  is  S lo - ,’, i - ri , ‘I b o c -  t o o t ; t i  ( n e i - - 1 : I i c i h i t \ ’  i s  g iven  I i  -

l ’J)~ = PlX~’~ 1 T K 1 ~ :t - I 5~~

3 --70

— -— —~~~~~~a-



- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ 
- - - —

~~ 
- - - -

where

i s tine pi ol ) ab i l i t ~ that  the target WOOS l i t  blocked by t e r r a in ;

K 1 is the pro b abi l i ty  that  tine l-’L IH sensor - operates u n  leve l  1 m r  O .

PS remains to be computed .

Slowing can 0cc-nc in n one of two ways :  the  tan -get  can be 1) reploimn u ne d , or -

the ta r -get can be sensed h n v  a d i f fe ren t  sensor which , in t u r n , d i rec ts  tine l- ’ l , I U to

point towards the tan-get. In tine prep lan nne cl  mode , t i re  s \ v t e m  rec c - i \- es c o o u d i n : i t  o~~

of known ot su spected tar -gets at the Ii  fl i t of mi ssi on m i  t i o r t i o n n . 1-ou - the 5 ( 0  - o c o ; l  i t s

the sensor-s min st lx’ consicle reel which n n a -  rea sornably be expL -t -t edl to pick up a tot  rget
in t ime  to cli n- ect t ine 1—t in town n d  the t a r - g e t  - TIne t oo r ;&et must  ix’ sensed win i h e s t i l l
in f ront  of tine at  r c - i af t  s nt - ic - c FL I  H looks ( U n Iv in :n f o rw o n n- cl d i  i o - i -t ion , aind t i ne t o t  u : .:o t

sensing must  be in real t ime , i . e - , I h’Ve l I p r ox ’c - s s i  ng .  Onn ’t v t i n c  i t  ),1 and M l  I l l  .1 1
senson-s can meet t lne sc- c - i - i  t e n - i a ;  cacin can o k - t c - t  t o t  r~:ct s i n  l ’~ o o n n 1 o f t h u e  ai ~t - i -~n 0.  c i  P
each operates in l evel I - ‘l ir e on ly  cot hc c r 5o - i i s ~ rs w i n i  c -i n ‘‘ sc-c ’’ u n a forw ot t o t  c i i  t - m’c - t  cnn
are the earnn e u-as , inut t lnev dir  tnt - i t  f t ino ’t ic o n in I evel I - Th er e f c u-e , I 0~ t i n e  h o ’ c i c i i i l i t  \

of s lewing ,  c-ann he t akenn 015 :

PS - 1 . Ci - I°1° t i  - 1 0 1 )  i 1 - P1 ) 
~ 3 ,  I P c ix , 1 i , i

when-c

PP is equal t o o  0 i i  h a -  t o i u - pe t  n~ - h o i ’ t p l . 0 1 51o 0 1  i o n - I  1 it ii i~ not :

1D ~~, 1 is the  IWo 0 1 or l o i l i t y  t in ’  t I U ~~t t  i t) 1 5 \ i l  I t o t ’ t h t ’  l~~~~1
sem n so c i’ :

P 1 )  
- is t In e  j o t - - ci 0 : 1 1 ) !  I l i ’  - I  - l i i ; t l ~ ’ ‘

~~~ - ‘ in  I ev i l I t o o r  11:0 -1 , 1 
~~~~~~~~~ ~~~~~~~~ 5 0 1 1 5 ) .

:1 - 2 . 5.  2 0 1 0 1 ) -  i In t l  i i  i t  v - 1 0 I ‘ I ’ I ’ I  
- - 

I o~ ’ ~~~~~~ ~~o ‘5- 0’ 10.0 I it I i  i t ’ l l  - I ~~ h a  - 1  c c i i

look I ; ot t  le~ o h  j .  I b 1 ~ u s  s o  - i i ;  c - i t o - t i  0 0 - . u r ~ I - ‘ I o i l . - !  t o ’ -  i n n  1 ‘ : i  i~~n , i a t o l i  . 0 . 2 .  l ’ l i t - n n
PI~ , t i m e  s v v t e n i  t fl I n t n omi:t I id~ o t  a l t o  ~t ’  • t ~

- ;‘ i i  h i

l ’l I — ii — o I . 0 0  I ‘n-~ o I ) ‘ l  ‘ 0  1 _  I ’ —  o h  I 
— 

i i  - i i  — I 1 0 1 . ,  — 1 
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3 . 2 . 8 . 3  L oe al iz abr l r t ’,- . If tin e 1-LII1 senson- is slewed , looks 1 and 2 are val id
(look 3 may on- ma inot be valid i ; when F LEEt  is unslewed , onl y look P is val i d ,
Consider - each case .

For each processing level  j ,  if slewing occurs , the err -or in local iza t ion
is taken to be :

CEP
J 

Mi X [TCI-: P2 ~~~; TCEP
1J }  (3 . lG l

wher c

CEP . = CE!,’ of 1-’Lllt at 1,evet j

TCEP~ . ~
- CEP given by b ob ; i ‘at Level j

Choosing the m i n i m um of tine two ( ‘E l > T s was fe lt  t o be as n - c a U s t i c  as at —

t c ’rnp tinng to cor n th inc- t ln e n n  by some a~-cu ’ag ing tec hn i que .

In the tm nns lew cd ease

(‘I-:! ) . - T(- i- : P.~ (3 . I ( ~2 i

3 . 3  ftVE ’ A_ (‘()~ 1l~l~~I~~~; 
~~~t t  o 1 ) l - 1 ,

Tin is model operat es sepa n - o t t  ei ~
- fo i- each In rget and s i m ini  t anx-o , onsl v  Ion - n i l

sensor-s . It J n r e s o n p p c o s o -s o i l l  s c ’ n n s c o n ’  c -a lc -u l at i ons t ’ o f l n i p l e t o ’  I o n -  t he  t im - g et  i c i n n g  co in—
sitt er- cd , Sonne cii the calc-ul a t io t n s  siic-~i n be low a u  e n’ & - d 0 0 1 o I o i f l t  w i t h  t h ro s e  i i i  t in e  seno-:oo -

model sec -I l o i n s :  b io o w e ~ t ’r , inn t i - i c i u n p i c - n n i e n n t o t t  l o l l  t h ey ar-c fl in t  n- c- i s - o i l e d .

i hc- va i’io ’h lc ’s that an -c used in t h i s  pa r :np u ’ : t l c ) i  O 0  n e  d e f i o n - o l  I c o ’ ] t ) W :  -
~

P1 K’ . - Comb  I i c o i n o r l  o h e t e c - t o i l n i  I i t ~ t o n r  Sc ’ns o  u l eve l  -

I ’ N P n — c i h n o t h n i l i t i  t l r : t t  senrs or  i is not s l r on o l o nee d  In  1cm-a m ,

1k ( ‘ . i ° i - oul n ib i l  ii  v t h a t  se n s or  i is i t o h  ob st  r n n c - t e o l  I o ’~ ~ t - : i t hen ’ ,
Ti n t s  p r - c o P : r i o i l i t y  s 1 . 0 ) II’ t i n e  Si - i l s o t ’  is  o n n i c n — v j v i n : n l  s o - c o  c i .

N ot ’-  t }n:i l  ‘l’ ’t ’P~j is o - - o m m n p n n t t -P i o n  e o i o ’lo m o n t o ! j u s n i s :  the  1i~ o - o j i c o l t o n~ I

° i h ~- t h i t :  b 0 - h o ’ k P” t ’ o c i  ( - I l ! o h i t i 0 0 0 n O i l  o u t  t o c t o l  t u o o l o : h i l i t n c :  o re ’ o l i ~~~’ tn ~~y o ’d  :1  l e n i g t h i  i n n
I ’ , i _ i - - , n - - -

:i ——7— I
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K~. Equals 1 ~ ~th sensor operates at tIn e ~th processing le vel,  - ‘

‘ 
If the sensor does not operate at level j ,  k u~ = 0 .

PUP1 The probability that tine sensor i equipment is up.

PD.. PNS~ PCC. PUP - PI )C~ ~~ (tine total detectability provided S

by sensor r level j ) .

PI~ Conditiona l identifiability givet~ by sensor i level j .

= Alerting probability (see Paragraph 3 .3 .  1).

CEP 1. = CEP given by sensor i level j (in feet) .

-) The outputs are as follow (again for each target , wincre the subscript
refers to the level , i . e . , j = 1, 2 , 3 , or 4 , *

PD~ = Conditional detectabi l i ty  of ti-ic target over all sensors.

PDT~ Total detectability of the target over all sensors .

PI~ Conditional ident i f iabi l i ty  of tine target ove r all sennsors.

PITS Total id e-n -nh l i ab i l i t y  of the t ot  ri~e[ d o \ O  all sensor’s,

1,~ PG 4 = Pr -obab il it\ -  of successfu l geodetic h oc o o i i , .~~t i o j n t  at Ik”oC l  4

CEP~ = Be ln t ive  lo ca l i zab i l i t v :  i . e. , a s sr n nnino g  A/C’ c-o o c i - d i  no r t e~ arc
- - 

known

CEPT. Total l oea l i z ab i l i tv ;  i . e . ,  the unce n - t a i nn i ty  of A/ C coordi nn ates
at-c taken into accoumnt

• 3 , 3 1  Alert ing Probabil i t y

Let:

tine I ,evel I IR (le leCtabi Ii Iv

= the ?oi’ I ’lSl Il (let ec ta ln i  I i tv  at I evt- 1 I

1)3 tIne M T I I L f l  delc ’ e i : rb o i i i l y  at Level I

P1) w i h ln  a s in 3 ie v i i h o s c ’r i p t  scio n - s l o t  t h e  ( - 0 0 0 0 j i t t o , i : 0 1  dc l i  o ’ t : c ! n i h i t y  o v o  r o n l i ~o - i ’ - - ° o u ’ ~- :
w i th  I - i t t  s u b s c r i p t s , i t p e r t a i n : -  t o o  0 ~- ° ~~e - o — e n v c c n ’ : P1 is : i n n: n b o go-is- - _

3.-75
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the ECM detectability at Level 1

D5 = 1 if the target was preplanned , 0 if not .

Then the overall aler ting prob ability for a given target is

1- 7T (1- Dg) (3.163)
g~~~1

This formul a states that a target is keyed if any of the four sensors (I R , MT I SLB ,
MT I FLB , or ECM) see the target and /or if the target was prep lanned. The keying
probability is j ust the conj oined probabilities that the target was seen b y the relevant
sensors or was prep lanned,

3 . 3 . 2  Integrated Detectabilit y

The conditional det ectability for level j ,  PD~ is given b y

PD~ = 1 —‘iT (1 — PDC~.) (3. 164)

\Vh ex-eas tine total det ecta bil it \ - , Pi)T , is
J

PDT . 1 -7T (1 - PD~J
)~ (3. 36 5)

A word of explanation is in order. By condi t io nn a l  de t e c t a b i l i ty  (i .e . , Pl)C 1 .)  is rmn c ant
the probabi l i t y  ti -nat sensor i sees the target  ~in Level j )  g iven that :

( 1) The sensor operates in l ,evel with c e m -tainnt v  ( i . e . , with p m’ob a—
b i l i t y  of 1. 0) .

(2) The target is not obscured by  v; o i t l c n w i th  ~nta ob n ; n h a i l i t \ -  I - 0 .

(3) Tine target is not unnasloed In - t e r r a i u i  w i t i n  P u - - h : i l o n i i t y 1 . t o ,

(4) The sensor - is  in  an ‘‘up ’’ o r ocpe i onl  o h  (‘ ecindi  t i c  ‘ 0  Wi  tin p robab i l i ty
1.0.

On the other hand , total de le cntaid l i l y  (i . e . , PD~~) (ha ’s l i s t  c ’onsl r :i i i i  lhc: ;c- f a c l on ~; t o t

be one: tha t  is , tine condit ional de tec tab i l i t y  is m u l t  i h o l  ed m v t he  n n n r — n o n : s h i u i g  pi ’e e h : t —

b i!itv , the nom — w ea t l i en — oobs o ’ui’ so l  p n - c o l 0 0 0 l o i h i t v , t he  1 o r o o l - : : h c i i t ~ - t h a t  t b 0  s o ’ n o s o e i ’  i s  up,
and tine p r o h n a l ’ i l i t ~- t h a t  the s e n s , o u -  i n s : :  an o o t n h p t n t  o t t  t h i & -  lo vo l i t - o n ~~ ( ‘ 0 5 5

3 — 7 r 
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3 .3.3 Iden t i f i a b i l i t y

Conditional i d e n t i f i a b i l i t y  is analogous to condi t ional  de t ec tab i l i t y  insofar
as it assumes tha t the t an -get is not masked by ten -ra in , ohscum-ecl by weather , and that
the equipn in em n t is up an-n d gives an output at tine level being considere d . This c ondi t iona l
iden t i f i ab i l i t y  is

Pb . = 1 -~~~~~~ (1 - P1. .) (3.166)

The total identif i ab i l i t \ -  is

PIT~ = I — 7T ( l  — Pl
~1

) (P l)~~) )  (3. ~h 7

3. 3. 4 I ocal iz abj lj t v

Est imat in g tin e CE P of in tegra t ed  data is in ph i v  dependent upon t i le  P~ C ’ I  Sc ’
operational method ennp bo ved fon- n ’esolvi n-p ta r -gel  p S  i t ions  o t n i o c i n g  seven -al  sers  0) 1
data. One is fom’ccd to a s sume  ti -n at  t h i s  w i l l  1)0 ( lone 1fl on n n  opt I t:n~il was- In c-i n c -c . tine
m i m i i m u n n — v a r i a n c e  O p t i n n i ; - : n ~ I o n  e n - i t ’ - u ’ i o : n  wo os u svi h t i t  a o i i p h i o ~~t t h i s  a c o d ;  - Inn 1 1n1 -

fo l lowing ( l iSCU S5 i Of l , tv.’o c a s c s a Sc ti’c’ i t t c o i :  0 1 ivincre inn the nbos ,-u ncc i - h  hj i o  o ;h -o l e

of tine on p1 - io n - i pn ’ob ab i l i th- s  o t s so ° d ’ l : n t e d i  ii ’i t hn i n n c l i v i o i c a l  S( ’i t S( ) n  do t i - ~’ t a b i U t i o - s  t I o e \  o n ’ t ’
assumed equ i pn ’i o bah~le . a n m d 2 )  ivine i ’e t i n t -  co mn opu tec i  c ic leet ob i  l i i i  i-s w i i  be ( ‘ n i i l r l c c \  c c  t o o

compute t i r e  n n i n i m u u n  o n m ’ i a r r c e  ( ‘l- P. In both -ases it is a s s i n i u n c i ’d  t h a t  t i n  o ’  s i p - o n ’  t i u r n i

for ope n -a t ion nal  da ta  c o n n n i ) i n i t n o ~ takes  i n t o  aec- o o n o n n t  t I re  no O r i o n - i  : c n s : o c n ’  C i - 1 ° ’ s , o n n n il  t h ou
the m -esu l ti  ng co n n ih i t n e d  data ( ‘L I ’ ’ s r c - f lc-e t  l i i i  s weig h t  eo l 

~ 
i c  c - C-S s-i n ip .

Though method 2) \v oi s  a e t u o n h l ~’ c ’n np lo\  c -c l  in n  t h e  nn ’epi ’a nn , on d i s c u s s i on -f

method ( 1) w i l l  }nn ’ uv r de  s ocn l e mn ee e s s on  i’y g t ’onnn d wou - h  - ~0 -

3 . 3 . -I . I l - : q t n i p n - cob a t o i c o !) c - t e e l i c o n n s , O j - o ’ r n n l i o u : o o l ! ~ i t  is o oss u nuc-o l  t h u  f t c -  ) c c o s - i i n o m n

tho t t o t  r e l a t i v e  to )  n s i u ’ o ’ r o i l t  p i c s u u i o n u  : n n - ~’ n r v e n - o u pc -oi s o n l o j i -e t  h on w - I p l u t ::p i i h i c - i n  n n n i n i n n n ;o -s 0

the ( ‘J - P . :\ss n t n n n i n g  l in t -  n n ’ oo h t i c u n n  to  In c si’ inn un i c °l i - I c ’ c i i i  t I r e  x ant i  axes , a 1 0 0 : 1 1  i :  t i c ’
es t i m at e  ~ . e. , n o t - s t  ( ‘ 0 5 0-  e s t i i m n o n t c ’ )  of l i n t -  Ioc ’a i i i o n h j  I i t y  c o r n  be rn inck- .

In n n r t u : n h i t y ,  t i nt ’  coin— ho ard i ’o o n i l h i o n t o  n ’ i l l  0 n o u n  c o b  I !  \ cs - I l  n n n : i t e  \ r i n d  I

s cpa n - a l eh v  for n - a c - h  5 c c  on t o o ’  - f  1 1 0 0 ’  i i . ion c l - I t t , ans i c o n n n i o i n o c . - t i n t  - o o : : I ~ est  i n r m n n t  0 s

coo “ o t t c - l \  . i nob -) oc ’mrelennl 1 - 0  do  n-d  — t i ~ - i s !  o v \ n ( -  o h  t i p  n c - 100 l i t ’ - -  0 )  lo on 0 :- n n m itt-

h o ~ - t t c  - i t l n o n n i  OUt’ oil - not I v s - m s  0 o ’~~5 -
I
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Once relative po sition is dletermin ed , target po si t i onn by t ime is obtained by
combining wi th  navigational data.

In Leve l 4 , howeven - , if photos an-c available , it is po ssible via geodetic
rectification to furth er rec lnn ce tan -get errors by mapping in n-elation to on geodetic con-
trol point . For all intent  and! pu rposes this error can be set to zero relative to n-nap
accuraci es , which themselves are fixed r elative to system desi gn . ‘flnis po ssibi l i ty
will be indicated by a prob abili t y output , P~~1, which is s impl y estimated ! by

g
= I -7T(1 - PDg4 ) (3 . lt1~ )

when -c the index g ranges over tine non- p anor aml ni c co - nmei-a s

or oth er cases , as su mpti oni s are : circ unl an ’ sy mi -mn n etn -y , ind ep eun d ein cc , and
snnall  deviatk,n s .  :\ linea n - unb ia sed es t i m ator - func t io n  is used f o n i -  x ann cl v :

V = L~ K, - V. - sinbjcc t toE . N. . 1 fo n- m n c i i ’n i n a l iz a t  ion (3 . 169)I ij  ij  I

and similar -h- for X,

~~~ ~~~~~~~~~ _ - 
~0~~~~~~~~ )‘-

~ ~~~~. 
i ,

‘The i-~~ for ivhi (-h tine e s t im a to r -  is n n i n i m i i u n r  ~-an ’ia n ic- e and m a x i m t u u n  l ik l i h n o cl  is

1
K . .  = -

~~~~~~~~

-

~~~~~~~~~~~~~~

--—-

~~~~ (3 . 171)
~ ( E i ~~~, ~~ ((‘ I - :  I ’ )

ii i ii

(by the fo n - n - n n t n l  at-’ in App endix i-~ o - 
- 

-

Now

- ,  _ ‘0 — I
(‘l- P , f Y  ((‘ l- l’ ,~ J (P .  1 7 2 o( ) )  n 1)

‘) — 1/2( ‘ I - P . f ~~ 
(( ‘ l ’:Iy ) J

rvh  I ( ‘ I i  I S  (‘orre(-t t n n n l t ’ s s  ~~~0 tft~5 ( ‘I-: I ’~ - (I.
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Note , however , that if any C i- P ij = 0 then , letting a bar over a quantity be
the expected valu e of that quantity :

CEP (j) = 0 . (3 . 173)

The above CEP tJ ) values are relative to the aircraft , am-id should be reported
as such. In addition , for each j ,

cEPr~J) - / CEP + NAV (~~~~2 (3. 174 )

Where NAVCEP 2 is the squared CEP of tire tn o lv i pa ional Sy s i e u u n ,

3 . 3 . 4 .2  Combining N on— Equiproba bl e Detections. In “real life ” the data from each
sensor are assumed connibined not knowing the ‘t i - ne ” deteetabi l i t ics .  Ti-n e precise
estimation of tire r e s u I t ionn ~ tam -get h -i -a l i , o o b i l i t v  was a inorren ndous calculat ion , so a
recursive approximation was devised .

Let Cl- P1 be the CEP given in - tine 1th sernsor . With each C EP~ is associ at ed
a 

~~~~~~ 
the d - t  n- - n t - : l m t v  of the ~O3 

~- t ’ ’ - - o~m - - There sr ’ o- ~
- such pai rs  of n n u r u n b c - u ’ s  , where

N is the tmc n n n h et -  ‘! sensors, 1- i o n - t i t e r , let f~ (C E P~)~ . ‘ 
—

The i 0 5 0 ; 0 ~~~~~~ 0 C  IIOV (’l \ i S  an 1 b ’ o ’ u l c c n n  on i , t ine th~-.. o o f  the sen ;so  ci’s i ~~
- 1, . . .  , N .

Jun ~~i’1iC1 t i , h-I

qj  = I - 
~~

Q~- -7~r q~

P,j ] —

Then 
~ N is ti r e o c t  ( l d ’ t c ’ C I o n l d i h o t v  ‘o f  t h i  t o n ’  - c - i , t o - n  1~ l~ ’ t l tC r n l i u n i o i ~e UI i n n l e p n - : u t o ’ t l

( ( J ~~J ) ) 2  at tire i t - i  n t - : - ’ o o ) i  - a .  ‘ l o s t !’, 1 1 f i~ ~~ 
~~~~~~ 

I - ’o S ’ S S  1 1 0 W c o i n  the U ll n

i t c - m ’ oi t j o in . ca ses onc e S i l o , nO
- - - - - - _ - —- —

~~~~~

-— - —- - 

~ 1

L 

I d  one I ’-- f:o - s - t I s - o n u s - u n - n s ac ’ t1 -~ t - i _ _ c t
_ c  

I

\ c o

1 k 1  t I n e  (1 ‘ I t ’ s o - U s - c u -  “n c - ~ ( u ,‘ 1 , I ( ‘
0 0 : ,  d i , I I

s-l~
(’ t i c :  t a r o a - t ’! 

- - 

\ o o  n
_

- C  1 , (~i 
—- 

( 0 ~ ( n o H )  J
P - n t -  of d : i  tn ’  : h l o - ’  t ° to- 0 ! i

~~ lo i n  1 -  - - o t t - - 1 0 ’- “ i i ’ I e ’ o n e  n - o t t  i o o  ‘a ! .
- , I~ n o -  ~- -r , I - . t o  i ’ r c ’  \~~ d t i t 0 o o  - 

~~S,’i ’ . o k ’  00 ° 0 - l O o p  t i n  - n l - ~ t 0 O t 1 o i t 5
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Case 1 , 0: Prob ~case 1 , 0) = P~ qp 1

F141 = F1 
- 

(3 . 175)

Case 1, 1: Prob (case 1, 1) = P1 Pj + 1

F141 = {r ~ 1 + f~~1] 
—1 (3. 176)

Case 0 , 1: Prob (case 0 , 1) Q~ 
p~÷j

F141 = f~~1 (3 . 177)

Case 0 , 0: Prub (case 0 , 0) =‘ Q~ 
q~÷ 1

Ff41 meaning less (3. 178)

(Note : progra mmati callv ~~ 1 ~ set to a very large numb em ’)

Thus , since the four cases are exhaustive and exclu s ive :

P1~ 1 =p j + i - - P1 — p  i+1 P1 (3. 179)

1 r p~0 1 r~ ~F 1~~1 = [n i -- 1 (1 — P1~f 1 ~~ 
P~ Fj (i — 

_

~~~~

— -_‘_

~

‘ 
) j (3. 180

Pi+1 - ‘  1

The i terat ion is carr ied out for i 1, - . . , ( N — I ) .  This np p r ox i m nro t t  ion is best
when the table of p

~, f 1 is sorted in on -den- of ciec r -cas imng p~/f 1 wi th  o s -nv un f i l l ed  a rr ay

elements oct the o -nd .  Then

C E P =  (3 . 18 1)

3. -i OH ( ;A N i Z A T I O N OI” THE_ C O M PU TE R  ~ l t  tI i l~

Fi gure 3—0 shows the s t ru c t t n n °e and in n erro l at o i o n s - i 0  i jos  o f the  pl - op i ’o umm n s -  ~~ h ich
I nnp le nnc- nt t ine  I- xecuti ~’e ‘o l c i o  Id ‘fln en ’ - are f oo i  i’ Ifl~ iL ’ nO i p n - o t n t n i n y , s inn t i m e  ( I i  ap r - a  uìi :

(1), The ma in  pm ’ o n pn-o m ° :n .
(2). Housekeep ing ’ s u l i n - ocut  inc ’s cal led upon by tine mr n nc i n n  p rogram.

(3). Sensor subi-out itn e s called upon ic t ine m a i n  j o - n ’  o n~n’oo lii .

(-I) .  Ut i  l i t ~- suhro n nt n n c-s m i s c  ii by ~hi~ Sc-nS (°r subi - c d i L l  f l c S ,

The ma i n pi - o gr amni , end l ed ) - N 1 - C , so - i - vt - s - o s  an t O c a e u i t  n c - p  i h o o t o s ’ , as ;v - l i

h n o n f l i n g  all i n p u t .  E a c h  t ime  an ev rt (Le . , a t a rg e t  s - i u : l n t i t up ho ~‘. jd5 i’~~~ ’\ ’ i c V  5- ’1~~4od )~~
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occur s , the EX FC program calls upon the relevant sensor subroutin e. Wheneve r a
given target has been considered for all sensors which saw it , the EXEC program calls —

upon tine lnousekeep ing functions whi ch , in turn , prepare output pe rtaining to that tar-
get . The following paragraphs contain brief discussions of the three groups of
subroutines.

3. -I . 1 Sensor Subroutines
ti

Each sensor su nbrou ti n c ’ computes detectability , identifiability, and localiza —
b i l i t v  (CEP) for its respective sensor. The methodology for comput iun g  th ese  St at is—
ties formed the basi s for Paragraph 3. 2 of this report and will not be repeated here .

3 .4 .2  Uti l i t y  S~rbro tntin es 
-

Utility subroutines wen-e written to be used with repetitious computations . —

Brief descriptions of these subroutines are given in the following paragraphs ,

3.4 , 2 . 1 i~~ ANCK~ As shown in Figui-e 3— 6 , this subroutine is called by the Ifl sensor
subroutimne. Its purpose is to compute radiated power intensi ty in v ’ u t t s - - - n el- _ square_
meter as a function of band l i m i t s , temp er o’utu i-c , anic l emis siv i t ’,’. 1-n-n s - n, u i s m i n : c r v , this ‘ -

subroutine computes equation (3 . 3) i n P o -r agrap i n  3. 2. 2 .

3 .4 .2 2 PI)ET . As shown in r i g -use 3— 6 , subroutin e PDET is called by the IR , 
C

MT1SLR , M-rIFLR , EC’ M , and 1-~LlB subrotn t in es .  ‘fine funct ion of t inis  subroutine is to
compute the probab i lity of detection for each of these sensors . This (lc ’iec t 1 0 0  pn ’obs---
b il ity is a ftnnct ion of the s i gmn a l—to — noi s e  r a t i o  and assuinnes a false alai ’nn rate of 10 ’s
per l i f t .

:1
3. -i . 2.3 PCFLm .  The l- ’I -IR subroutine calls P(’FLHL It is id cnn t h- o i l  to Pl ANCK in ,.~ 1
th at  it computes i-aclIa t ed power i m i t e n s i t ~’ i n wat t  s — p e r — s q m u o u  n 1 - - - n o t c h  - r as a fun - net  io n o f
ban d l imi t s , temperature , amid emissi~ i t v .

3 . ‘1 .3 H< o in s - c- I~c-ep i ing Sonlo ro ut hn es

3.4 . 3. 1 Z~~’o. This scnbn -outiue is i - s-l ied by t h e  l - X E C  pm’ ic ~ n -a ur n n-hc ’ n n cv en -  a new Ian - —
get is about to be C l n : i l v z c ’ ( i . It i n i t i a l i o - c s  al l  n c r n - o o v s -  ~v i r i c ln  p e n - b u n  t o o  s o n n ; - o o c n ’ - - ! : m rp ’t
comI) ina t ion s

Set to z c - n - c o

P1)C(l) t i n e ’  c o o ; n o i i t j c nt ’nocl  th ‘ o u j i n l i t ’ , of t ime  e u n m o  it l s ’
~~

o l ,
Sn I i s - 0 0 0 n  I

3— 82
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Set to zero (Contd . )  
-

PD( I ) the total cond~t iona 1 detectability of the current
- - target , sensor I

P1(l) the conditional identifiability of the current target ,
sensor I

PR 1(I) the terrain shadowing probabi lity for the cur-
rent target , sensor I

P 112(I) the probability that sensor I is up

PR3 (I) the probability that the current target is not
blocked by clouds , sensor I

Set to 9999

CEP( I ) the CEP for time current target as given by
sensor 1

[ 3.4 . 3 . 2 
~~ y. Subroutine KEY computes tine key ing probabil i t y for the Photo Mode l .

If the tar-get is preplanned , tine key ing probability is taken as 1. 0 . If the tan -get is not

prep lanned , the keying probabilit y is a f Lnnc - u P0 0 0 of the total det ectab ili t ies and C1-J’0 s

given by the I~fl , MTI SLR , MTIFLR , and L(’ \i season ’ n n ) ( o c l c l S  (set Pan-o ’ praph 3 .3. I c .

The KEY subroutine is called by ti-ne EXE C or~- ’  f o r  conch i s n’ p c t — p s - s s  connb ina t ion  j u s i

• before the first  c-all to the Photo model for t I a t t ar -p et  on th at  ~~~~

3. ‘1 . 3 .3  Output. As ti -ne name sup~ t-sts , t i u i  c subrout i nne handles ti -ne output fur nct i on of

the Executive program . \-\ ‘ithin a given pass , after c - n c - h o t a rge t  looms be cnn considered ,
OUTPUT is called by tine EXEC which tine -ni s - t i c  up the output .  Smic  COfliIrUtitt ions a - n’ —

ta m ing to t i~e FLIR sensor are don -ne wi th in  the OUTPUT subi -outinc , n am m ne l v

(1). Computing time slewing p r d ) i ) o o l o i  I tv  fo m- the- F U R  sensor .

(2) . Computing t i -ne f ina l  i t e tc ’ c - t : o! i I n t v , l o c a l i za b f i i lv , ar -nd iden-
t i f iab i l i ty  of tine n I H  sc nn s c n ’ . 1

’

Tht~ C o J ! o p U t s -t i O f l s -  an-c made by the 0! ~T PT ‘h m ’ c o n u t i  i e  h~ c -oimmse  l- ’U J R CO Ol I oP -
~~ chc ’t ee - t oo l  u1

ities , identiuiabi l i t ies , and CE I ° ’m for ’ each of t in ree loo1o~ (See Pa n’n grn p h ‘ .3. 1 ( h n n a t a s -
I 

- 
a time in which it cannot be determined if s l e w inp  occurs. This d e t c ’ r n n i n - n : n t i o u n  (- 0 1,_ n 0

only be made after all sensors O n ’  considered f o r  the t o o t - p - I  , an -me l ( u l ’ T N ’l’ i~ t im e  U n nc - a l

*‘fhe pr obabihty of not f l - n i rug past a b l o t  j o oiin c - t o u r - p o t i s  m l -  1 c ( o n o -  t o  l r n ’ c -nl  - ‘I ’m I a i s p s -c c l o t r

because modern navi gat ion S v c l e n n o f -  h ; cvo ’  o r r ( d r o  peu e n - a i l v  a t o o o f l o - r  t ln :n m n t~~p ic a i t i c - l i P

of ~
‘ i ew of n -ec -on -nn ai ssa nec u-zer ~-a i- s.

~~~~~~~~~ ~~~~~~~~~~~~~~~~ —-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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place for this to be done . In short , equations (3 .157),  (3. 160), and (3 . 161) in Para—
grapin 3.2 .8 are computed v.’i t l n in  OUT PUT . 

-

Part of the output for each target is the capabilit ies of time overall i’econnais-
sanee system vi s—a—vis  the target , e.g. , how well tine system as a whole detected ,
id ent i f ied , and localized the target. The OUT PUT subrout ine computes these stat ist ics
by calling in the Combine subro utine .

3. 4.3 .4 Combine. This subroutine implements ti -ne data-combining algorithm given
in Paragraph 3 . 3 . Using t i -mis a lgorithm , this subr -oc~t ine computes , for each target
within a given pass , the detectability , ident i fiability, and loca l iz ah i l i ty  of the overall
reconnaissance system vis-a —v i s ti -nat target .

3 .5  INPUTS TO TI lE  E X L ( ’U T I V E _ PROGRAM 
-

The input  to the Execu t iv e  Program consists of a tape a-n -nd a dec- k of eoii ’ oi~~.
The input tape is pr -ocluced by the Scenario program; tine card deck , which defines ti-ne
parameters  fox - each sensor- , is prepared by ti -ne usei’.

3. . I T o  1
’ ’~~

i h e  t a p e  produced b’, t ine Scenario psogi’an~ (Output T omp o 1) is 1 -t n I  - ot t f l ed
h e f t - c c -  i~~ i m n p  u se  ci as i nput to the Executive Program. Hence , the i - co ~

1 e’r is refe r red
to Paragraph 2 . 7 , 2 fo n’ a chi scu ssior of ti -n e domt a  stored on th i s  t o m p o - .

3. 5. 2 Car-cl Input

-‘ Table u — i  gives the form of the iunput deck by c’a n- d r u nn ih c- u - , vari able name ,
var iable  ( i l - f i n c h  ic o~~ , and fo i -nn at .  There are 2~ c-a ida in tine i np ut  deck , and c-~ c ’ 1i
car thsi perta ins to a specif ic  sensor as follows:

Cards Scr’n so m’

1, 2 , and 3 in
1 , 5 , and (; S i n
7 , 8 , an d ¶ , MT iS ! ~1(
10 , 11 , and 1? M ’F l I - ’ i R
1% , 1-1 , and 15 J ( ~~1

- 
- 16 to 2 -h Pinot o— ’I’V

25 to 27 l-’l u I i
28 C out n-ol -a r d  fo or l i o n - c l  copy oo,nl t oni

‘C
i,

‘, -— ° I

~ 

~~- - -- —-
~~~~~~~~

‘- - -
~~~~~~~~~~~
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TABLE 3—1. i:~:t > u - r  TO EN J-~CU TI \T  MO D T - : L

NUMBER VARIABLE DI-:FINJ-FION F ORMAT

RES( 1) An -ngu lar resolution for Bound 1 of tine
IR in r acl ianns

RES(2 ) Angul a r- i’esoluiion for Bou n d 2 of the
JR in radian s

ALAM22( i ) Hig hest wavelength of flan ne l 1 of tine
JR in n-n i c-ro n ’n s

ALA TuI 22(2) h i ghes t wavelen gth  of Bound 2 of the SF10 . -~

JR in m n i i ’ t o ) n s
ALAM2 1 ( 1) Lowest wavelen gth of Bound 1 of the

IR in nni el -on ns
ALAM2 1(2 ) Lowest n ;avelengli m of R t n c i  2 of tine

- Dl in microns
DTEMP( 1 ) Th ermal resolut ion of 1-t o tnu d  1 of the

JR in de’g m ’( (~~~ N - -  I
DTEM1~(2) Thc-rmai r c -s ol um t IC o it  of l- ~om y t d 2 of the

fl-I in - n t ic 
- 

- o s  ha- i y in

SlOTH] ( 1) Var iance  io n o n to  i~- m e a su r e m c - o i t  of
li :niI d I ‘od’ t he  th

SIG’F1h1 (2) V o m r i o u o n e ’c - o m n o  J o -  mete o t t ’  st of
2 B ound 2 of the  LB -1 p 1 (1 . a - 

- 
-

p lo-m n h u h  i t  a m mu o t o :
Ct12 M t t i j uim n et o i o l c c - t a ! c l c  l~~: o:u m i 1 b o m i C  I a -

o

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘ -—--—--

IFAT. 52 1’ m ’ c o h a b j l i t - ~ of l o u I s e  aP rn’i Ccc —

e f f l c i t - n ’ t . ] ‘ i i - u  P- — 1~~ g 111 of doe
m ota c- l n ( t O t c (  ol fo . t  s o -  o i l o i r n i i  u n t o
I a n ’ 0_tai l (tC(C_ lion t o m o o - , It a : o ~~I o 1
he b pv:o ’ - ~ S u n nid 1 -

~~. 615
3 I L E V L L ( ~I , L)-~ ‘r i i s  \‘ : o 1 ’ i 0 0 0 I -  y i V o - s- U- ’ o t s < of

U l , -I b 0 1 ’ a c s a i n m i - o  ott ~- m n ’ o - o l  ( I  i t  dc —I n o d ,
0 if  m i l l .  I” o~~’ I l O c - ’ lc- ~ o h ;  00! 1 - 0

- a 0 o i l  r o b 0  1 e oP 1 : t n c ’1
i l- 1 o n  1 0 - i  at ou I o ’\ 0 1  t o-: ci 0 5 0  -

d IR  11 .111 -1 1 , a o ~i ; o p a - o . -h io ’ p r I n i n o o o o i  ‘ c u l l
I c e go -m a r’ O i l  - c i  in - n  t h e  i 1 uu ~ - n - -nt 0 0 0 .

If 1111 - 1  , n - c  b i n -  n i - c - p  I s  go n ro-1 - o l t  -

-i

a
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TABLE 3-1. INPUT TO EXECUTIVE MODEL (Contc l . )

NUMBER VA R IABLE DEFI NiTION FO R MAT

HU TS Range resolution in nautical
miles .

AJ Cross r a n g e  resolution in -n nautical
miles,

PHEMIS Depression ang le in radians .
4 ALA M DS Radar wavelength in cent inneters .  SF10. 5

GAMMAS System gamma , including fi lm
gamma.

CØS Minimum detectable l o gam- i t in n - m ic
contr as t .

AL 1S Film resolut ion in l ines  ‘i’n i l l imeter .
o AL 1PS Display resolut ion -n in l ine pai~’~ .

Di Width of f i lm in mete r s .
RMAX Maximum slant range covered liv

film -n -n in met er - s .
T IM IN 1\ Iin imt n m slan t range cove-reel b 5 F l U . 5

f i l m  in nnet ei’ s .
5 R iP  Width of n -ang c d isp lay ed in tbn -

4 ~ isplmnv in n n o - t e - m - -~.
0 ! SJGTSS u ( 0 )  inn n o n d i n m o ~ 

—

0 is t ine p e n -c - c i v~- ob az i  n nu t  Ii
angl e- .

ILEVEL (-J , L) ’ , lL E\’l-~L (j l , l~) is I i f P1) o l ppoei tm’P 515
L=1 , 1 in -n Level L; it c o n m u o i  ls ~i if

6 ot lnc i - wise .  Levels 1 to 4 .
JSLR If ,JS LB - I , a c i i a 4 n l 0 0 0 - ; t m e  I m ’ i n l o n n t

- - wil l  be geni i -n  o u t e d  in - n t h e  SLB
subrout ine .  If -I ~ I - B = I , no
p r i n t o o n t  w i l l  he gc n e n ’ o o l o - o l .
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TABLE 3-1 . INPU ’F TO EXECUTIVE tb O l ) 1- L (Contd. )

NUMBER VARIA BLE 

-— 

DEFINITION FORMAT

DX Forward resolut ion inn meter -s.
DR Slant i ’angc ’ resolut ion i ii  meters.
PRE4 Depression ang ie in m ’on d i a nns .
ALA M D1 Radar w o o v c - l c n - ’~th in co n - SF10. 5
SCØ4 Signal—to- clcn ttcr  fo r - s tando - nr - d

target cn n d cr  stand oni- c l con idi t io ns
in dh.

SNI4  Signal - to t  —no is e for ’ s t o m u o c b o t i d
7 taI’geP~ under st-annda n-d conditions

in C II ) .
SIGØ4 Size of stnnc lam ’ci tar -get in squ o < n - e

- meters
1104 Difference ii ~ a i t i t cn cle be twc-en A . C

and target unn der s tandard con —

ditions in f e e t .  ________________ ________________

RØ-1 Ref lec t iv i t y , hacksca t t  c-n- c- a - -
effici  en -nt of at  to n cia i’d b o i ekg r -ouno l .

R ANCi ~ Sla nt ‘o u - noge  of a i n n ’: bon -d 1 - : a - P o ~o ’ o o o i o i o l .
\‘I

~~
l IN Thi ’ s in a ld  V t ]  ~~~~ I c  above ’ - n vh i c - in

8 t: u n :g nl  is c P - i i t : T l 0 h o  ] m : o : t o : . SF1 1 .~~~~

SIG TS4 (J 2 (O )( :io I i o m n s 2j  ((:1:; I t s ’  P-~’~’
C C  1 \ ‘ o c ~ Z nZ h i ~o t t t h ~ )

P0(2-1 Tlni’i-osln old P - c  l~i I Il t tV ]cl ’ : ) 0 ) o o1 ) i ’Ii tv
below ~v hi  l o u  t o m  n ’r  <~i is
unn id en t  i f i t n l d t - .

1l -ALS-l P i - o i ) a h ) i l i t \ -  of ftiiao- a t o i n ’ n i  co -
e f f i c i e n t , ‘1 k; h . - I m ’ g 1 c c o t ’

t m e t  noise incus - - d lo t I s o ’  o m I o n  i nn
i - tote- l o o n u n m i l  m t - ’ t o - : ’ l m c t n  t h i n - n o - . -

9 ‘I’hnc 1e~’r 1a i n n \ 0 _ i r - ] o  P 1) (~c Iutu o m t 615
ILE VEL (~J. J~~ , v a r i a b l e )  o n l m h m c - o m n ’ s: I l i i i  o ii a o o oc n’ s.

j~ 1 , 1 ( ( i t  m c i .  l ’ \ o l 5  t i l e  I ; I , L~ 2 ,
i,  3, o u r o t  l~ -l

.! \ l SI J I lm ’ , h 5 l 5 i ~J~ I , a c b o o o o m m o o - o l m o -  o n t n t —
a n n !  ~vi 11 I - g o - m o o  - u - to  1 - i  in I he
°ol’1’ J ” t I~1I s m n h o ’om u t j o ; -  - II  . h \ ] l - h j ~ -

,

I , m o o  l C n ’ i n n t 0 0 0 0 t  l o ;  !~ n ’ o \’i ~~ - 1 .

3—s 7
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TABLE 3-1. INPUT TO E) ECUTtVE MODEL (Contd . )

CARD 
• VARIABLE DEF INITION FORMA TN L M B L 1~

V R M J N  Tini -es ino lci vc-1 oo~ity  above wh ich
target  is detectab le inn k rm c P S.

ScO Signal —to —o I t n t t e r  for s t oo nd o nm ’ d
target  under stand ard conn d I t i onns
(cib).

Ref le c t iv i t y , hack scattei ’  coe f f i c i enn t
for st am dard h a c i o p n ’ o c - n c ] .

10 SIGMAO Size of stan n eia rd  I l l - p c - I  In  n o t - t o - n a , F’] U. S
1{ANGE~1 Slannt r on -it o- of a t o m n o b o m e i t  ta r - op in n

NM.
SNØ Sigmna l —to-No is e  for s t o i n i d a m d

target under sta m n ci a m - d c o n d i t i o n s
(db).

110 Di f fe ren ce  in o o i t i t u d c  h c-tw ec tn ,-\ C
and target  under ’ stam i oloii’d c ondi-
tions (ft .

SIG’I’ Stznnci ~ rd d c-cia t io rn of 0, t I me c -c  —

ceivecI a z i n nu th  a m no - J e- ( 1- o m P : - o — ) .

IILI’!’ Si-ic of doe  ~i”~- o ’ oo i i - ng u l o o i - )  m t ~~t o P o i i c m n
seotn l o , in N

Pi1I- 2°0l1 ~\ I)~-~t s - o - s s i o n n  angic- i n n r’ o o d i a n s .
11 AL AT o.l I)A Jla d om i - v - a ’- c - t o - m t - g t h  i n  c’ - o t t h ; , -, k m  a . 41’l 0. 5

J ’t ) C- Thr eshold o t i - t o - r o t a b i l i t y  ~ t c } : o b o i I i t y
tx- I ci v.’ whi e l m too m ’gc -I c a n n o t  l i e
id em nti  f l e a .

1I- ’A l1~E —L op 1 of the ’  noise m n : o b u m o o - c i  b o I s e
al a rm i- o u t  - - i n -  u n i t . ( l ( - tc C t iu f l  d u n e
(mo is t  ls~- b e tween ‘1 o m n m m l  I P i .

I L EV E L ( ~T , I j ) ’ , i o o ~~ Level I. ( U 1 , 2 , 3, - I ) ,  ( It o-
12 L~ ] , -l v o u h t o - is I i f t ] ie lev -1 is 1 he- 615

e o o ui ~b - P- n - ‘ h  ai~
o ]  IS o t i n e n ’~~i s e .

JMF L II  If j ’o f-i _ U  I , to c l j o c g n u o n o t  I ’  t i n - ; ‘5 :001
\e II he o n - c o - n - a m  - b  -~~ mt t i m i  l~~o

~T I’1 i-i~~I ~m ; b c m - 5 i t m n ,  il t To ] t - ’LB
/ I , no i ’~n ’ i n n t o n i t  x v i I i  1 , ’ p en - c - n - a t o ol .

- — —--

~~~~~~~~- _1~~
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TABLE 3-1 . INPUT TO EXECUTIVE MODEL (C oni t cl . )

N~~~IBER VA R IABLE DEFIN iTION FORMAT

A Measurement of the ;omn gul ar Incas—
urement precis IOu (siginoi I r e l a t i v e
to bean -n width (k~ u i e ’ oi  l Ic  1, 6) .

SIGTS Vari ance of time a m -c i-aft pc o s i t  ion
(fr onn the ac tua l )  ;o —; U iven ’n by die
aircraft avionic a\ s h - o n m s .

13 SIGVS V aria un e - e of (n i - d u o ) \ c - I - > c lt ~ on— plc  en
h’, the avion ic  sy st e m s in ]~ O t t  I S
squai- c-d. CFI  ‘ .

FREQ 1 Thn-eshold 1r equenc- ~- in n m m ;  -p a Inc - i t z ,
- 

abo v e which it is tiosaihi c to ge-I
om n a m n po m i a ! -  f i x  on I t o -  1 5 1 - a t ,

ANF Hece iver n o n u a c ’ fi - 
~ ; i ’  i~ cli

r - 

13AND Receiver I , ans l ~- i d u ) ;  i o n  no~e ’po;i;&-i -ti .
_ _ _ _ _  _ _ _ _ _ _  _ _ _.--— . -~~~ -- - -~~~~~-- --.

NBEA M Number  of beams .
ITABItI The num her of e mn t ni  c-s in n t h e- t o i l  Ic -

14 (1. ci. , t ine ncnnibei’  of t ’ a c -  1 5 ca n d s )  715
ILEVEL (J , U), Time levels of o m ~ i cc ; : o :u ro p  for ~- . I m i e - h

b r ]  , -1 tn p i’ o m b l t u h m l i t ’ , of del0 e’ o l ; - n n o  ahou l !
he eOi~~1p, ic -it 1 es , tO i t o .

J l - C M  If ,)EC ~-5 1, a ( h m o m . o - - .- - t i e  ~~r o n m com m
w i l l  be g o - n i e o ’ o i t o - o l inn I i - ;  ~-:c~ i
Sij hi ’otj t j n re-s . If -I d C 2 I  1 , no
pr intouts  nvi l l be proc u k - i l .

15 XTA B 1’Iic f m ’ e c ; u o o - n c - i ’  ot ~~ o - I o t t o m l  w i t h
-
‘ (Ther e ‘‘‘i’ f’A I t ’ ’  in nn ’i cg t ; lncr  t o—a

are YTA B This is th e- i-coo l v on -  n u t  n - inn  ga in
‘‘IT~~BM’’ i d in - ; l i n e  h o t — s o ’ . — o ’o~p e- n i t -u rc ~- : I t n t  P 1 . 5
of th e-se I i ’eqim~- nro -y “.\ .\ i t ” . I ‘n~ is are inn
cards) dbc .

-
~ 

-- - -- 

~~~i
:

l~ —-- t ~~ 1
_
~~ ~~~~~~~~~~~~~ ; :o ~~

- - i t o : 

- - 

~~~~~ 

-

Q( 2 )  \ c h i c - i c  are I n t o  ii5tnijtt ’ l to~
c m  ‘i t ; ]  at tnt  mill 5, s t u n - - c o n ’  i i tn mid  - Fl 0 0 , S
1 - 0 t o

—- - ..--‘- - -
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TABLE 3-1. INPUT TO EXECUTIVE MODEL (Contd . )

NUMBE R VARIA BLE DE FINITION FOR MAT

17 ALIP( 1) ALIP(I) is the d isplay  (or scanner)
ALIP(2) reso lutio nn for sensor I -

~ 6- The
• units are disp lay line pa i r s  per 8F10. 5
- millimeter

_________  

AL 1P(8) 
_ _ _ _ _ _ _ _ _ _ _ _ _  ____  _______

18 ALl (1) ALI(I) is the f i lm  resolution ,
ALl (2) in optical lines per mi l l i mete r -  SF1 0. 5

- for sensor I + (3

ALl( S )

19 AL2( 1)  AL2(I) is the lens resolutio n ,
AL2 (2) in optical lines pc-i ’ m n i i l i n m e t c r  8F1 0. 5

for sensor I 4 6 .

A T 2 (5)

2(1 F(1 ) EU) is the lens f o o - a l  1eni~th (in
F (2 ) incIs-ot ) for sc ’m n so o o ’ I + 6 -~~ F l o .

21 1)(1 ) D(I)  is the  i o umpi m ’ i th -uio  ic sc -oo le of
D(2) f i lm (oi of l i m o -  oh s l t I o m \ ’  if TV) of sF 1 0. 5

sensor’ J -0 (3

___  

D(8) 
_ _ _ _  _ _ _ _ _ _ _

22 Cfi ( 1)  (20(1) is the - ~o m i n i m n n n n n i  d o - I o - o I o i h n l c ’
C 0(2) i o g a i ’ i t h t n u l c  c - o n mt m’ o u t - I .  I t  is oo- q o n on l  ‘- - 1’l t i 5

— to l o g 1 0  (nn ’n n ’n inn tn n l  t a t - - c - n Ii ’

• gvoun~1 ~n - i~’htnesu- , m O O t  I i  o I(’ t o-o’toob c )e )
Ion ’ scmnstn n I - (I

C0( ’— )

P -
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TABLE 3— i . INPUT TO EXECUTIVE MODEL (Cor ntd. )

NUM BER VA R IABLE DEFINI rION FORMAT

23 GAMMA ( 1) GAMMA (I) is ti-ne f i lm  (or disp lay
GAMMA (2 ) if ‘i’V) GAMMA for sensor I -i- (3 SF10. 5

GAI~iMA( 8)

24 IL E VEL ( ,J , I )
~ 

ILEVEL(J,L) is equa l  to I if clet ec —

ILEVEL(J , 2) t i onn is possible at Level L. if 33 ( T )ILEVEL (J . 3) this  is not t i m e  case , ILEV E L(J , 14
ILEVEL(J , 4) = 0. Tine fir-st  four IL E V E L  values
ILEVEL(J , 1) - ar c for camni era  °‘ 1 , tine i-next four  for

- camera 52 , - - the- last four for
. camera #s .

ILEVEL (J , -1)
ILEVEL(J , 1)

ILEVEL(J.  -1) If J ~i-lOTO~ 1 , a d a  p noa t i o  l in ~ o m i t
J 1’IL OTO is p p- n c -r oo t  o i l  w i t h i n t he  p i m o t o  ~ i nln —

ro int i nc- . i JPI ()TO I , t h e u a  wi l l
he no printout ,

25 ANGHES( 1 ) Anng ul ar  re - i- - cl m m l i  - on fom - Pcmn nd 1 of tine
FUR inn r ad i o mn os o

ANGRES(2 ) An gular  re -a ’  i t Lnt  b oo n fci Rann d P of t ime
FUR i n n i - t i t i a n - is -

‘

HLAM DA (1)  Iii  l est \ vo uvo -J t i p  t i m  of Ban no l  I of t i -nc
Fl~I U i t  m i t - n - s .-

JIiJ
~
i\1DL\ (2) III  ~i ] i e S t  \ iO i  v o l  O i l ;  t l ~ cob Pound P of ( I c e

I- ’ L II I inn i n n  nO - i - o n ’s
BLA M DA( l)  Lco\0 ’ca t  \ v o n v o - I , ’ m t - o t b o c f 1 5 , i o c l  I c o f  t ine  a l l  u . S

1- ’! U in n-n icm ’ om n s
1n i ~ ’\ \1D i\(P ) Lo o n c e s t  \‘ : c v o - ° ’ - i t - - d n  c c ~ J 5 m n i i P of Ibm o -

I’I ~l 1~ i i i  l o , i c ~’ t i i ~~S

‘l’E ? o I R E S ( l )  ‘J ’i in-n i : c t ~l i’o- - c !c n t 0mm of I l o o n d  I of t i ne
l- ’1~1 U i n n  i i i - ; - n~ -e-s l \ o O V i t l

i’ho -n m o : mi  ro~s o o I m ; i i , :i of i~ n n i d  2 ‘I t h u
i l l ) ]  in ( h - t e e m - i -  ! - o - I~’in n

3 -91
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TABLE 3-1. INPUT TO EXECUTIVE MODE L (Contd . )

NUMBER VARIABLE DEFINITION FORMA T

26 ANGVAR(1) Variance in angle mea surem ent of
Band 1 of the FLIR in radians 2 .

ANGVAR(2) Variance in angle measurement of
Band 2 of the F U R  in -n radians2 . 4FiO . 5

SYSGAM IR system film gamma .
MDLC Min imum detectable logar i thmic

— 

contrast for tine F U R  sensor .

27 IFAL15 Pr obability of false alar mn co-
efficient ,  This is —Lo g1 0 of tine
noise induced false a larm ra te  11cr
unit dôtection tinne. It should be
between 5 and 12.  °‘ 615

ILEVE L(J , L)* This var iable  givo -s ti ne level s of
L=1 to 4 processing dc- sir -cd (I if dc-sired ,

0 if h o t ) .  For’ those levels of
interest , a p r ’ obahi l i tv  of to o m’ pe’t
clet cctio mn at tha t  level is c om nnp en tc - d .

JFLIR If JFLITh I , a d i m  ‘n o s t i c  p m ’ m n l ~ - o o I

~-iII be genera l o -cl c i t  ii in n (ho - 1’ LIR
suh i-outinc .  Ii -I F I lE  1 1, (Ito-fe
will be ~o ) l ) i ’ i n ’m t~ ut .

28 JEXC1 if JEXCI 1 , a ha m -cl cops ’ of EXEC
iS pm-epai’ed. If ~l EXC I / 1, no
hai’cl copY. 215

JEXC2 If JEXC 2 = I , ti -ne phrase “off ic ia l
use only ’ will  hue 1’ni’i nt ed coon each
sheet of the ina i -d copy to ~m ii  c o n t .  If
JE X C2 ~ 1, no o f f i c i a l  phra at -  is
r m e d .

*For the vu m ’iahl e I L E V L I  (-J , Li the i index -I is a code o n  d i e  o - f om’ I I ; -  s e n i c o t i ’
imum ] i --i ’ — ( h o -m e -  code n t n n n l t o -  i-s am- c t - i \ c - n  in Am p o - m l i \  I (\‘ol I l l )  c o t ’ t h i s  n~ 1 o o n O .

* l I m e  qu an n t i t y  ma c o m n p t n t c - d  o ; s  — s-— Log 1 --

~
- -) , w here  11 m . ~ t i n - - 0 - ; \’ :-, t c  i nn I o : n m I o I u  n o I t I n

which is ( - 1 0 0 n i v o l l ’ . :n mt  to the  p o ’~m o I u i c I  of c l n o ; p l o i v  t ’ n’ c -m l nn mmc v o m n ~l I V i , - nnum c :i l, ’m - I  i n ; - —
l i n i g u i s h o n h i e  5 1 0055 on the-  screen . ti n s t h o -  n u i n n i - e r  c o t  - o ’ l c so c m u l c t - foni ~~o t n i o n n ’ n i t
spots c o n s t i t u t i n n g  o n f a l se  ; o i a n ’ m m n . 1” is t I n t -  a C ’C ej ) Ltb o ! t ’ lilt- o ’ a l a n m m i  l o t o ’  n i m c - o i s u n ’ C ( I

in false ala i-ms per sec -cnn :1 -

3 . 6  E X E C I ’T I V I -  i ° i t (  co 1 t . \ S l  n - i ’! j t ~ T

The Ext - ’u t iv c  pm ’cpm ’ o n n n  p r o - I c o n  ‘ ( - S  t~ \ o ~ o o i n t l 0 0 1 t t apes :  u u , t 1 t t m t  Tape 1 oh -s ’ n - : L ’ - ’-o ,

on ~ l 0 0 0 i o i_ — - t O L i g ( ’ t  I o t n ~~i a , the m i e - n o - c ’ t a i o i ]  i t ~ - 
, i d e - r i  i f i a b i l  i t v , t im id  I-  -c ’ ;  1 ~o o b  m i t t  : 1 : 5  - i _ I  m o - a

3 — 92
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for each of the sensors. This tape serves as input to the Evaluati on Model ( 1 l o - c ’ i n - -Sc d

in Section IV. The second tape 1Output Tape 2) contains information corn -nput e-d wi t h in

the Executive program which is used by the Pi-Q mod el discussed in Section V .

hr &ldit ion , if the user so desires , a hard copy of the i r iforniation rec orded

on Output Tape 1 is prepared.

3 . 6 .1  Output Tape 1

This tape , also called the Taigc-t/Sensor Output  Tape , is ‘.‘.- r i t t en in b in n rv  
0

form and is org anized on a pass basis. ~V ii hin c-acm pass , each -n target is considered

- - 
in order (up to a mrLximum of 200 targets) and a grocn p of 20 r-ec- crds for each target

generated. -

The 20 records for each target can be logicall y divided into three gn’ ( -onpa :

• Group 1 consists of ftc f i r st  I S records. Record I contains
- - general header ’ in forno at i on , t rue to ’ n -got cio ta (C- , p . , actual

tim e of bc:!ro ’i p015 agc- i , and vs r i o n m a n - ;\ -a t en  -i c n o ’  n ’r ~- tt - i ’~ a- - p .
navi gst i c ons!  or -~~ -c-d 0 - r t  ‘o-sl . P5~’ i tot o m - c ’oat io m~ is in n r e o n l i t v
the stati~ l ic -c  prov ide m i  hoc the P i n t s  o;o ’  - 

~~ ~so- i i i ’  - Th~- semooini ni p

14 records - ‘ o ’5 s~~s , bo o- cs ln of th e  c - m i ’  U-vt -l~ to ~ 1 - i cc-i- sinng ,

sta t i st hu -s  o — n ~ t O ~( 1- ’ c l O t , - ” ac~0 t ; - :n’5 —-- - ‘o U r  t ’d by o o ~ n u n m —
ber ’. ~1 im ~~ c- ~ i t i t  Pc-s m - ~- ?cooi e  ~k~0 o , -~~ u i l u , 1- , l m i o - n 5 m f i t m h i l i t y ,
and l o c a L s o h c i l i t v  0 15 \‘- ‘ o t ’a t ei’r aiti  ~b m t o d c - ~ m n o g  ~o r o o l m : d ; l l I t v  f i r
the scnsom ’ si t o t  Vf,Ct h ,o~ 105 ( ct l ’, f i n o - r e - cl -

o Group 2 e o a O l i n ~ t , i n n l o o p l e a l  i’i~~ o oi ’ , l t ’, 1(1 ibm o i~n -hi  19 , lI m o - o -  ‘ n i l —

biii~~i~Tat a f o - om - :n al l  r e i n ~- un ’s on-n eac ’in level ‘‘I pn’o o o ’ - o~-5 105 for

the given ( - u i  pp’i — ‘ T h i s  doS on dt ’vc’ n - i to ’ s , t o o i ’  i i m c - \ ‘ n-a l l  i- :v~ t o o  m m

of sc -n 000i ’a , m o w  et e c t i v e ly  time I o org o  m ~‘as ol c - t e - l c d , io ien nl  i f i o d ,

and I ooc - ; n l i ’i- d .

o Group S e - o ’ m m o i s t i m ’ - ’’~ 
(‘of iS o , -orol  - ‘ml , ( - o O t S i! , 0 -  t t n e  geodeti c ’

p i’ol o: t i i i n t y  o o o s l  i o o c - ’ l i Z O - I m o t U,- coo t h e  t o o t ’ g e - o .
0 ’,,

Table :t - de f in e s  t l i o - ~~o - r e eon ” ls  in p ” e t O e r  0 ( 0 1 0 0 1 . 1- n m - m u o n -  O - - ~ t - o \ \

log i co o l  p; r oup ing of records on l i m o -  lo p- ’ .

A f t e r  lim e ’ last i - on as , to n ngo ’t , onad - - i - ; - - n -  l n o m v e  i o ~ - o -n - n anod e ‘ c t , 0 :  H ( - o m f i -  I - - t m  t o

i’d ( ’ °  o ° ’ o i , n’ ’) o ith it - on ~ mc , C o ofl~ 0 t i t ~ (1 0 1  a , L- i mlae  o l  - ; I t IR - t S 0 I  o I  t ine  t 0 : ~ o ’ ,

~~~ ~-\ ~~ - o- o m ~ I i  -o 1 , f ’ ’r  l i m e n nc n mmnhcr  on - ‘- s o - o - I  ml  c c i  ~n S 0 ) n t - ; o o i i  so n ’ - - - n ’ . ,\ t o i m o n d i\  I i ;  ‘ - m l  a i m ’ -~!

in \ ‘olu ;n t ’  H i .  

—-- -~~~~~~~~ - -
~~~~~‘—  - 
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TABLE 3-2 . RECO RDS ON OUTPUT TAPE 1

G r oup 1 -

Record 1

\Vord Numb e r Name Def in i t ion
1—2 0 IALPHA(J) Header info rmat ion , obtained f rom

J= 1 , 20 Scenario tape
21 ITA RG Target ID YYXXX where YY is

the pass index ar-nd X O~ is the
tar-ge t inndex

22 ITT YPE Target typ e code
23 ITP P Time of passage (tenths of seconds )
24—25 PK’(I) - Probabil i t y  of au to m n n a t ic  k ey ing
26—27 CEPKEY CEP of automat ic  Joe -r i n g
2 8— 2 9 XOFFG Ground offset m - a o m a c  (NM ) —

30—31 EN 1 Error in heading
32—33 EN2 E rro i- inn s~oe-ecl
34-35 EN 3 C EP N:\ V (Y’.1)
36 1TKE’I Code d om ~ot~n5 if ta , -~ e- t is t o e - co d  t o o

aim’ —to —a m - eon-ei m - n - ncmm n icoot m omma (I no ,
O=’yes)

Records 2 t lnrough 15 
— _______ _________________

1 Ii Sensor N m m m o bcr

2 NSE N(I1 ) Indicates whether  the sc- nnso m - st ow
target (1 = ye-s . 0 = n-no)

3— 1 PRI(I 1) Terrain sh onc io ic in n p } ) r o ) l ) 01I ) i ln t  
‘1(probabi I i tv  targe t is not shado~vccI t

5—6 PE2 (Ii ) Prohal 01)1 ty t h a t  equ i pm ennt is nip
7 -S PE3(Il ) I’m -o hal j i  I i t v  of Ho c un d - i - c O s t  e l i c o n i ,

Ir act i onn riot oIo ~ ei n c  ‘ I

9 — 1 0  1~J ) C( TI , 1) Coniol it ic o n - c o i l  I) et - c - t o m h o i i  i t v  t om ’ 1, c-n e )  I
11 —12 PDC(T1 , 2)  (‘ o o n m o l i t i o n a l  1) c - t cc tonh i l  i l ~’ I c r  l e n t -I S

1 3 — i - I  PDC(I1 , 3) Cond i t i o n n o m l i ) t - t - c t o m l - t l i t e ’  I o n -  1 o ’\’ - I

~~~~~~~~ L ~~~~~~~~~~~~~~ IV Ve1~~~
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TABLE ~ -2 . RECORDS ON OUTPUT TAPE 1 (Contd. )

Word Number N a n n e  Del initi on

17—1 8 PD(I1 , 1) Total Detec t ab i l i ty  for Level I
19—20 PD(Il , 2) Total Detec tab i l i t y  for Level 2
21 —22 PD(I1, 3) Tota ’ Det ectab ilit ’, for Level 3
23—24 PD(Il , 4) Total De -tect aLoil ity fo r’ Level 4
25—26 P1(11, 1) Condition -cal Ident i f iabi l i t y  for Level 1
27 —28 P1(11, 2) Conditional I den t i f i ab i l i t y  for ’ Level 2
29 —30 P1(11 , 3) Conditj onnai Io l c io t i f j a b ihj t v  for ’ Level 3
31 —32 P1(11, -I) Condit ional Iden t i f i ab i l i t y  for Leve l 4
33--3-1 CEP~I1) Conditional CEP

Group 2

Records 16 throug h 19

1 L Level N um ’nther
2—3 PRC Co oim d it i ona I Delc-c ’t~n Lou Iv

4 — 5  PR ‘ 1” o ~ o m I  J ) r  t c c l o ,b i l i ( ’’

6 - 7  PHI C ot i r l i t i -n ’ mo l !- ! e-m i 5 o o l o o l p v
8 9  PREI’ l o O t t o l  I t o - c i t  i U :  - -~i i t v

10-11 CEPH R e l a t i v e  1 ooo~I i z a b i i i l y

1 2 — 1 3  CEPT 
- 

Ttotal  ii~ -a i izab i1 i t v

Group 3
Record 20

1 —2 PG4 ( U-od c - t i c -  Pt’ohab i l itv
3—4 CEPG -l Geodetic Loe-a l izal  o il  i tv

3 .6 .2  Output  Tape 2

Output  ‘Ia ~:e 2 is w m - i t i -n irn BC!) , with ~h i - - i ioooc to - r i t n t c c m ’ m m m o o t i : o n  imI ~ m - m t i \ n o : . . t h e

run located in i-ecor-d 1. ‘l’hc, sc-oo-( cnd i- c e-Cord g in s - a , fom ’ eaci n of t h e  1 d b  0 1 0 0  ( ‘ 0 0 i 0 i ~~~ I o5 , t ime

fraction of keyed photos that are to - t o o  i n  t ransmit t -~ to tine ground s t u n t  j o - n o .

Next , each ta r ~’:(-t (wi th in  a given j ’ m o 0 )  is ( - ° m m : -  i & l c ’ 0 ’ ( i i  it ) o n ’ c t t ’ n ’ . N 1

records are t ’ : d - m o c - l o n t ( m i  for each ta r g e t , n- :h - i - e’ N is t I e  I c o t o u l  n m n m m m i o c - m ’  ci t o o l  r’ op iiio’

frames cont a in ing  th e  t o - n - p t - i .  ‘li te  fi rst N r’ e o - o - m’ o I - :  5 \  e do - t o  n ’ - t o t t  oro~ c - c - li n’ ; o n io d -  I’ ’

: —
~~~~~



- ~~~~~~~, - - - - - ,
~~~~ 

‘~~~~~~ 1,Iii~~~ T T  TT~T’~~~~ -
‘

~~~~~~~~~ I

S

~~~

- 

~~~~~ - -~~~~~~~~~~ ~~~

-

., -l ,-o c-r
•0 0‘P

- 0  0 -  - . 0  0
0 0

0 0 0 -)
~~~ ~~~‘

4-4 44
0 -

U) ‘-4 biD ~~~-

44 C/) 
0 ’

0 o - -  -.-.S U) :0) 
-~~0 0 

-~~ 0
4.) 44 ~~ t.4
_ 0 04

a. ~) 0 -~~

S ol 0 0 ~~
~ c’~ ~~~ .~~ -
44 

- 
.~~ 0 0 0U) U) ,—.

0 0 —U ) >  I 
-
~~ •~~ 

.
~~I c-mi .—-

~~ ~~ I - c-i
.21 c-i cmi .~~

U) &)
0 > 0 c-i 0 -~~b0 0 ‘o 0 0C..
c-mi ~~~ C) -

~ C)44 44 0
-~~~~~~0 0 - ‘

0 ~~ 
~~

U: ~~ 
-
~~~~~~

-
~ — ‘H ‘ 0 1 5  

CO0—0 — “~ 
‘c’ U)o 0 P~~ -‘ uo :-~~~~
~~~~~~ .~

--4

9)
C.)

~-1

Cc 0 0

9 ~~- ‘~~ -I’C-mu c-mu
on

- ‘ . 0 4-4— 0 0 0
0 t~t f~n1
C) ~— ~-) —‘— — c-i0

01 — -~ E °
0

0 C’ 0 -~~ ‘~~C/i - ‘I— ‘J~ C 
~~ 01U: — 0

01 - C)

nh ~~i
’ 

~~~ ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~

-c’

~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~



-
~~ 

- -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -— —- - - - - - - -

the target ; the N + 1st record contains a number specifying the total number of fr -ames
containing the target , i . e . ,  N. These records follow , on a pass—target basis , Record -

2. (N may be zero , in which case only 1 record is generated.)

The forms of Records 1 and 2 , which appear omnl y onc e at the start of the
tape , are given in Table 3—3 . Form for the succeeding records is shown in Table 3-4 .

TABLE 3-3. RECORDS 1 AND 2 OF OUTPUT TAPE 2

Record Nan-ce of Vaj ’iable Defini t io n Format

1 IALPIIA(I), 1=1, 20 This record contains an alp ina— 20A4
numeric head er wh ich identi —

fies the run .

2 Q( 1) Q(1 ) is the fr -action of keyed 8F10. 5
Q(2) pho tos taken hoc sensor ( 1-6) ,

- i. e. , earner -a 1, whicln are
• actuall y t i’ansnn it te d to the
- grounnci station

Q(8)

3. 6 . 3 Hard o o p ~~~~~~~o c ~

As an optiomn , a pr intout  of the c-oft  c-i Pso of Output l omp e 1 c-an he pi-oe1cnce- d~ .
This output is easil y interpreted since all ti -ne va r i ab les  arc labeled. :\f examp le of
such an output is given  in Ap~ etndix H , Volume III.

3.7 OPTIM iZA TIO N ROt ‘TIN1 - ~S !-‘O~ I- -\ Cf l  SL~~~~)fl TYI-E

It was pr ev ious l y  stated that  I me I i ’ !  h e . in~ r e n i so r  t\ -r ’c-s mom - u con isicle -x-ed in

the AIRS Simulation niodel :

( 1). Dim r r m any Se’n m s o r

(2) . I n I rareci (I I I )
(3). Sick- Loohinn g Ro ci ron - S L i t )

(-1). ~-hd c- l . , - o J - o j n m - 1-Si Joi t ’ w i th  M o o , ’ ic m~ iomi’ ~~’t Jco i - o m ’ m a a l i ( o n - n  c ” 1 t t S l , f l j

(5). l - ’o o i  nn om rd I c m o h i m ~m ’ l i . o i i m o n ’ wi oh ~m - o v i n m j :  1 o o r p o - t  lnl ’nn ’nnal i ecti ( M I l l -  1-h t
(6). 1-1’ :-J Sc-nsom-

~
) l o l m o .  o r 0 0 0 i j i l o  Co mm mm -i - o m m  i t  ‘ 1- u-::- t o t t o -  -I :  nv 1 u i i u o n - m m j n ’ o -  ~~:d! o-

I~cc eo o i i ~~ 1’ r _ o n m m o - , m o i s t  l - ’ o ’v;oo n c  1 c

(H) I-oiOll lmt’ c J I o m c o l ~c t c ~ lt m o t : m ’  ~ c 1 ( 1 -  l i l O o

‘ l I am — d ( ‘ c o p ’ o c m m t ~~, m~ no m o m 1 m - : t  i f  ~o o-n: -- :’ —n i t o - h  1 (‘0 t ine (t)( : 1 - c o  , o m i o - , I o  im ’  t t c l  n o -c l  c - i ’ .

: 1 , — t o ’

- - 
~~~~ 

~~~~~~~~~ 
[~~~~J~~r VL~L~~~~ ~~~~~~~~~~~



TABLE 3-4 . OUTPUT TAPE 2 RECORDS

_

This re~~o~- .’ ~o - ° i ~ i m i ñ s  variable is equal to 0 if the 15onCL Lw eacn camera target is keyed air-to -air.
frame for the target 

- - -

being considered. (Tar- ITPP This is the time of target pa s- 110
- sage in tenth s of seconds.

0 gets are c onsidered in
order- within a given ITARG A five digit integer; ti -ne f i rs t  110pass — passes are two digits ar- c the pass numb er - ,considered in order . ) the las t t inree are the target

number
PK The probability t h at the camera E 15. 7

which generated tb :~ frame was
automatical l y keyed .

XOFFS The slant offset range to tin e E 15. 7
target at the t ime this f rame was
was taken .

ITT YPE An isndex which m~ vea ti m e typ e 15
______________________________ of t t t i - i- et.

TI—is record is gc-n — JFRAM The nun-iber - of e a m ( - n - 0l fm ’ omme: ;  i i  I)
eratc- d o n ie ’e P CI’ to ri - pet On which tin e cur r enn t  t m i - ~ c --t
and led j ows all f r an -ne  appears.
record s (the record
above) for th a t
targe t .

As ro ’,v programmed , the AIR S Simulatioin Model can iman d le 15 season- typ c-s:
one each of time first six SCfli-”OrS on page 3 — b I T , ei ght ccl tine pi n e -ct o ) eafl n - ms (th e seventh
sensor’), and one of the e m o - h l b  sensor ,  I i o n - i m p am given n ’i :n , ti c- sensors of interest
are placed in an “ott ” mode , :: n-i tim ose el no i n n t - re5( to ic  to i m~~d ‘ o c ~~~ ’ , l l en ee , i t  i s

g possible to  u ’-o t i n -  m o c k - I  t o c  study - t ine  e- ffe c ’t ivc- n eror  of t o s ingic - Scn ~ec - r i i . o ’ . , turn iup
t h i  - ( o t l ~(- 1 1-1 off) . I I c  \Y c -Ve F , in p r-ac ’t k-c , th i s techn ique is s-i n i p t y  to imn etlic ’icnt .
i ncoll  ic - ien cies  arc- obviou s in two are as~

(1) .  Data J c n - c p o o  n - o i  I ion

(2). Paramet i-ic repr esctnt at  l o om of th e  So -nts o -om -

3,.98 
~~
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Each area is b rief l n discussed below.

First , when run tni ng t in t -  overall model , sensor data must be p n’ - a - :c bu d for ’ all
15 sensors , even tho~ c plac ed i a an ‘‘off ’’ mode. This d ata is hard t o m  f ind and time-

consunn ing to prepare. l-’or example , an In spc-cialist wino wished to t c c t  ti-ce e f fe c t  of
changing the capabilities of th is s-:-n sor ‘-‘- m o u l d  inave to I~c’c I ~o~n ’c meaningful d ata for all
other sensors; if tine data isn ’t me animng fui , the program n a ~- abort.

Second , for - a single run the para . i e- --t ers a f fec t ing  t h e  perfornnancc of a given
sensor are fixed , and cannot hoc c l m : i n r c d . A n o m ~ n~ the se p i m r o : n n c i e r s  are gc-ogrnp lni c
data (c. g. , a i rcraf t  a l t i cuck - n wc - Oiti icl ’  data (e.g. , rairc i , and se- no sor data ft .  g.

resolution) . If a designer  wisines to opt imize a sensor over a wi ci c 1-tun e- ( of  c -om ndit ions
he must make a separate I’un of o opp i - o o x inn a t e l y  20 minutes for each -c combination of
parameters.

In short , the above cl isc cn ss ion iu d ic-a1o ~s th~- i the overall AIRS S i m nn u i a i i o n
Mock-i canmnot he i-easonab lv used to st udv a sing le s en ino t .

To solve ti n is pro oh i o -an , i t  s-as dc -co c b : - : i  te  develc:-~ i a sepou ’ :ot c-  C o t o n p o t t (  0
-

gram for each of t i -ne sev -n I op u s m l  o - enrol - s  of i n ~ c - I - c o t  - i i i —  (bunc o m y  5 l - P s m o n  is ct ~0 c c

i n ter est  i c e c -a i n s i-  it is O t  p C F i t e i  o - e 0 ~ 0--O r  i i i i i  is o m s~ o o m l \  as a bas is i - o r ’  P~~r b o r n m m 1 m e c

compar i son  in ti -cc :\l I -iS Si nn oml i t  I on Model . )

The se v en  11o~~~m ’ :c io i s  u l n i n ; s c  tnnc t o l l  -p t o n ’ o- c- (- I : l s~ e-s of t i : m e m ’ _ m m o b o t m t  i b i t 0 1 0

(1) Se- i s - m c o r  c - i i o o r : m o  t e m - : s P l e- clo it ot 
, 

-

- 4 —
(2) Cc igl ’ap }nic ’ and w o - i l  l i en  ( loll  a

(3) ‘t o m r~- o - t  n l m ’ n n ’ c - t - - n i ~~t i c  i l : o t  : .

‘l’he 1 o o ~~n e  ~-;hk-h c - - m o O t  r is  th  - - s:0 0 1  i t  :1 ( I c  a Sc n o f  ( ‘ i c m m o i o  cc t o i l  i c  ics - n o e l  u d i n o r.

jc i - n t o o o l o m l i t m c ’ s  oc f  d o - I c - c l i n g  an n !  id c n m : m o v omg 1 ! -  t a n  . 1  m t c - s o c - I n  c j  l i m e  l o am ’ Ievc- ls , is

id e n l i o - a i  to t h o n t  of ti ne - [~P l- ( ~o n - c g r o l n1 c c i  t i m e  A l l i S  Model I o n -  c - s o - l i  o f  the sun :  0 i 1 s .

.-\ SO ~’~~ il n - t I e  01 1 0 1  n o n - n o  - n - i l  op t I t  - 1 - n - - : -  ‘ a  n y  l o o m :  - i o t a - n  s ot  rn 1 1 0 :1 t o o  t I n

N a va l A l t -  I c \ - h q c n - u - m i l  ( c n i~ t ’ .

N
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SECTIO N IV.
EVALUATION ~MOJ )EL —

4 , 1 INT RODUCTION

The Evaluat ion Model (EVA L rout ine)  was wr i t ten  j o i n t l y  by A n o m i o t i m ’ s , Inc .
and Kettelle Associates , Inc . I ts  pu t -pose is to produce a report of sensor c ’I f e c t i v e—
ness within a number of dif ferent  t ar -get c lass i f ic a t ion s . T~1 c ~ spec i f ica l l y , EVA L
provides detec tabil i ty , i d e n t i f i a b i l i t y ,  loc ah iz ab i l i t ~- , and i ’e do in d -mn ev m e m o  s o n n o y s  for a
given sensor a mnd target con fi gii ro c t i o nm .  Tinese me mo su I-co - OilO- c om p u t e - c l  to t e pc-I — b y  — t om m p u I

for all 15 sensors,

Following these comp uLa t i u tns , t he- d c - t c - e t s n b i l i t v , idc nn t i f i ab i ]  i t y , and locoal -
i zab i l i ty  figures are integrated oven ’ a l l  tOl ’ c - Is of tIme same- t a n - pc -i t~ pe to p m - och n csi -  3d
s- u m n n ma r v  tables (oc n e for ’ each d i f f er e n t  target  type), and time - also in n t eg n ’a t c  ml on c -n
every l oo m - get  to pr odence total sy stem results . The redund ant - v me: ~- w m - e-s- -- n i t  m t t~~
grated only in t h i s  f in a l  su n n r n a r~- .

The us c -n- , Ih i -ou gln t I m e  use mci  m n n p m n t  ) : i F O n I o l 1 c 5  0 ~~~~ t~~~t~ ° i o t l O’.eo ;nio i t
~m i o ) c - e - a s i ng  a c t u o m l l t -  io m k -~ - b c - i - , It is uu - -ai im such c - - r I s c’! t b - s o t  l~V ,- ’ I .  0’: lo: ~ u s
f l c x i h i l i t - 0 .  Time user co in  - : - m - l i m m ° o-  c - i t : : i n  t o o  0 -~- ( - t~ ro od  s t u n  ~~-t a’: he \\ to i l o o l O

c o oon c id l em - a t ion n . m’ l SO , In c c - am - c a m o t l p o u i e ; m l e  t o o r t O c - t  I n  cc -S  i n t o  t m t l g c - t  I s i c c o n b o s  o m i ~- l - o h - l o i n
an abbrevia t e -c l  sum m a ry  t t t l , ] t -  i c  Suc ’ !n 0 1  5 c i o i . l’o m - m  O l o t l o o n s  s o r e -  c l e sc -m ’ i ~ otd in det a i l
in Paragr ap h 1. 2 . A f l o w e h a m - t  mci (Ia- E V A I .  n ’ - nm t i n n - -  is s l t o o V ’ I  in i-’i po n - t -  - 1—1 .

-1 . 2 INPU’I’S

T~ o I n  °-~~ 
of in iu ls o c n ’  o u s o - m i  1~ n - i- \’ - 1 :  n e - u - -  - 0 1 0 0  o c l c  00 m o b - i o n : -  - :;i ~t 1:. n c - I  ‘

sensor d a t a  - l ’s ( -n ’  op t non o t t :  i - s e t  - t - ~ t i n  i co r d  i m p  d m ~ mm m~° i m n  c - ( t o  ~ l h o  m 1 in - c ok- -I -

~ The t oo i~~~~, - I  ( sun s  o -ni  dat a  is I - :c - - i 0 n 1 - - t  -en~ 0 5  ( 1 m m  0 0 0 1 0 0  ‘ t o m t o -  - l o t  ‘ m i i i  1 : ,  - I gc-~o c - i - 
- 1 ) 0

t in e 1-X i - (  mo- -h- i ) ,  1 ° - c s  a r m  I t , t h ~ t ap e  o c o m m ~ c-is  of i t  - m i t ’ eI ~ c c - n I  O t t  m o o  t n - p  I lie t O o  - c - : --
- ; data for o omc h b o n g o - I  s n o 0 l i l i r g ,

4. 3 Pl l (  )~ I :SS T\ ( ;

I t i c  - - VA I I i -  t n t  n t i c  p io c -  bm n - -s on t oo l  v i o c  ~ :m - I c - I  i m y n  h i m ’ , c - i  j - ~- - - i  t o

-. St 0 - n c

‘li m o o i l  o o c~ o on ’  I c n l j a I - 0 -
~~ o h - c so il oi l  i t :~ 5 0 0 0 1  l I  S o ’ ’ - c i

o m i t  oO ’,~ 0 c m - i - i c o i t i : i l i .  c - I ,

LA - - - -  . 1 _ _
~~~~

_ _ _ _ _
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Step 2 :

A target—sighting record is read in. A check of the ims en - -de finec i (see
Table 1 — i )  ROFF M X , IH OL D , NONPR E , and IP P E P L  is made s n J a i n n s t
the appropriate t a rg e t— st gh t in mc ’  data. If the t a t - g e t  s ig h t i n g  is not to be
considered , the record is sici~ -pec1 amid th e sensor pe r fo rmance  meas-
ures are not affected, Step 2 i to then r epeated. if , ~~ ti -n e c o l l i e r han d ,
the sighting is to be considered , processing continues wi th  Step 3.

Step 3:

Input data for mul t ip l e  —sighted t ool -ge-I s  at -c c n x n j o i n n -d int o one set of
f igures per to o rpc -t .  For each ta i- get the fed [onc Pip c i 1:,~oe i l I tOcalt it ieS  a re
calculated for every sensor.

The derivations , except for it cn nn (S), az-c s t m ’ n i m - h t f c o o - n- - on i- m i . They mci - c- I v
require nnu lti p l i ca t i ou  of scalan ’s , 1. e. , on pa m -t i c - a la  t- nc t nohe i -  of m ci  01S (OFo -

by probabil ities.

(1) Ti-ce number of times tine tam- get fel l  n~ d b : i m  t i nt-  f i e ld  cf  v ie - nc (FO\ ’)
of t inat  pa n - t i cu la t -  sensor,

(2) The number of t im e-s the  t ar - pc i ncoo s e~:t oi - t’ t - c l  to I a l I  w i t h i n  FO\’
and was not masked icy ‘c c - I - r o n  0 0 0 .

(3) The expe -eto. d notun - c hem’  ccl t ime s  t ho - - t~ n ’ m~o - ’. h i - ! h  -, i t h i n i  Fe o n ’. \c 015 nut
l 0 1 0 1 S a e - ( i  by t c i ’ l n i t - n , and t l i o ~ S ( t l S c ; r  \ -O l 5 opo m :nc c u m o u l .

(-1 ) T In ’ u \p i -e t cd  n tn mn i ~c -n-  of l i m es  t h e  t m ’ o ’~~e1 fe l l  w i t i i i t n  I-’C) V , was 1 0 - 0 0

mt m ske d by t m - n u ’oi I , e c a m  m b c u m i c  :ot \ t0t ~ 0 ) 0 c c - S o :  I : o t -c m t l , s c i o c i  110m m u \v t i S f l o c

obscu i-itv due to c O o  c~~m bs -

(5) Tine expc-o . - t m ° o l  nunn ia - r  of t i m - c - n i - s  h a -  l o i n p e t  C o o s  o i o a o e c t s o h l e  at pm oc c s s —
ing Le n - c-I i ( 1=1 , 2 , 3, 4).

(6) The expected nun nb er  of t i n - m a .  t h o u  I : m n m o c  1 v - m m s i m i m s i t i f i o m b c h ’  at
pr oc ’esshng I eve- I i (i— I , : : , 3 , -h.

(7 ) The i I o o  t j~~c l :i n - g o -I r i p  m m t o -  -I  - eou  cffl( -oi as sin s o n’ i b bimoO I I I - :  t i l e  a no
Oven ’  si l l  s i g lt t i m o c o -  of t i n t  ( s I m o n  i t o  o j m m o - m t i c c u o ,

Qt) M ct i sun - i-s c m l  5o. io :uo l ’ n - -ol m nndt tncv ( i t - f l - I c  - I b 
~~ 

S I  n
d c - f i n e d  in - \ I o l o c - u i o h o x  F: t in se ai-e lcn c n ° in t in  l i t  ‘ ‘ i nn nsc ’ nn l ~- ol  o o t i d
“se- t i l e - cl’ ’  c o - n u t  m - il o u b i o n n~- , 5( 0- p -~- t l v i  l v .
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After co mp u tn n i -p  Itne eight quant i t ies , indiv -idua i sensor data is
intcgra te( 1 to m ’ each tat’ge t to y ie ld  overall sy stem n n c a s u m c s

(a) Total t am ’ si’t detectabil  i t \  at  each p n - ovcs s ing  l ev i - I .  This is
the conj oot~ned* pro bab i l i ty  over a l l  1~ sen sor -s .

~b) Tota l target identif iabil i ty at each processing l e n e I. Tini s is
also conjo ined.

(C) Rclati ’.c tarpe-t CE I ’ at each processing i c - n  c- i .  The nnetbod
for integrating CEP’ s over sensors is given in Data Com-
bining, Paragraph 3. 3. 4. 2 .

(d) Total ta n -p c - I  CF,P at cin ch p roc ess ing  level .  This is a C o o t - c l —
binati on of r e la tive  and ~i uc  a i m  ima vi gat io not i ( si  ~

-
~~ -t CE F,

Step 4 :

For all target typ es; not excluded fi -otnn 1o s- om s sing  To y ( l o t  i npu t
value of I I I OLI ) , an i r mt e . g t ’n c t ion  (over the t a r g e t s  inn th at  t y p e - )  ott

all quain t it i es  ca lcu la t ed  in Sm up i1 exc ept it cnn (
~ 

) , is ~c o - r i c o  u mo m c -

This yields a s- con  m m n s t r y  table  fan - one - l i  va l id  type. Tao. - i o t c - g i o o t h c n
process is as fol lows q t i s z t n t i t i e s  ( 1 1 , (2 ), (3) ,  ( -I ), (a c) ,  ar i d (d ) ,
arc summ nn c c i ; qua n n t i t i c - s  (7), (a ) ,  ( i c ) ,  (C), ainci (ci),  So c- nv u t - on gud .

o Fin i o e l iv ,  t h e  su n n m s n r v  l i m t o m  for each t o n i - p o t i\ }iv is i n l e g m o c t e d  over
typ cS to vit -I d f i n a l  m u n ’ f c c r l o m n u ; c ’t’ mfl e : o - c n n o - : -  f un ’  t i n t -  o v e n - a l l  sv o- Io . - m .
Added t~ tP Ia set of f i i u : m l  l l i c o I s i t l t 5 -  sil 1 1 c m  i u i t i - g n ’ a t e - o i  o and ~i
r e - d c m n m o n c c - v nome a s i t r euoe n t s  o k -c l n e l l  f m - u r n  (~ as u~m n d t o n m n - - c b  in n
Appendix  F.

Step ~ :

O It -n nc - -orla n O e l  w i th  ti - ce gr asp  n o l l n o  h~~- n ~ oms i g m o o r !  t o y  t l ~c i n l o o n t  V o o l ou cs
of ~ ‘I Y , t int-  (1 im alititue -S (a), (Ic). and (c - ) ,  t i r e  i t i t e p r o u l e - m i  ( o v e n - t s i t - ;-~c

- - t y i m - --c i c c lon t~i i g  t o o  :n pa r -t i cu l a m - g i o t o c l o , l loese Si t e - ( h o c  on ly  t : c t c a t

gr auj o s t a t i s t  es: (‘urn put ed .
_a

St up

If an c - n nd— - cc f — - f i k- mark is ( tic -  ne x t  c h a m - o o c - t o - c on tim e Sc t e r n  I nop ol
‘I’ O I c c - - 1 1 t c o ( S S u t i g  is c - m o m m o  h i m  o -o 

- 
( h o c -  I- VA L m l  inc c - m o - t o , O t t o - i  C OIl —

t r o d  i m ; n - c - am i ’r i o -d t o t he  is : 0 0 : .  ~o m u . i 10 - - t ’ l ° , I :  a , 1 1 -  - pt ’- 0 m n c t  -~u i l ls
t o  S t o p  I o-- - o  t h . : I  t I c  s o o n n e  i-:~~ ‘C -p o . - s o o : t - o b c - c i  t 0 0 ~ c c - t n - cony i c  lc t ’0~~, 5 ~~c d i

with m m d o f f e  re-n - nt o t t  at  usc- t —i n~c ii  I 0 0 0  t i  5 0 1 - b c  -a ,

n

* T(o 011 e - ; o n i b m c o t ~~o~ i c t ’ (  c o i l c i l h i n  is , of t 0 0 0 n i a c . t - o o ’ c m ; o ~u 1 c m I  I c , Pc - m u  I I - 11 t I ’  I’ i t v- l a st -
- I I

i t  15 a n t I i I s n i n g e s  ~ o t  li mo Sc  to o ’ : . I I : -  - tim ‘ c t S- a r c - t i n - a l m a - c l  o t t  m: t o !  Iv  i - i - h  -

~~~~~~~~ 
I c - n d  m I in to - 5 0 0 s o i t m :  o n l o ll ) i; olis(’0iS ~ c - 01 inn At ‘i c o - c  P -

‘ I .

1-3
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4 4  OU TPUT

The printed materials  generated riv an EVA L rout in e * (execution of Steps 1
throu gin 6) are :

(1) Pages of tables containin g the target ty p e -  surnn na m -y s ta t i s t ics  for c o n c h
type considered.

(2) A one_p age ** table containi t ig  the overall system p erfo i ’rnance me oisur -cs
with the except ion of the next item.

(3) A pa ge containing the  overall  a stern r o . - t t u n d o o u n c v  u - m o e-sn  so n  n e  for ’ each level
of process i m p  and a s imi la r  IJoope for t h e  me -a sur -e.

(4) A two—page table of time group (a user — defin ed set of targc- t t Y pes )
o statistics. 

-

(5) h eader material  containing the mnu nnbers of Ihe to m i - pe t  ty pes b ein g c’on—
sidercd , the max i mu m - n -i ott fact distance , oo~~~ l a f lap iro- l i co: t t in n -p n v h e tb n c-i -

o prep lanned , non p n - -p i on n n -cl , or- both kinds of t oo rge - l s  , o t l u  l i e - h a g  i nn—
eluded in the analysis ,

(6) A message in d ic at ing  how th e ~ i’edun da n ncv  ncn easuc - c- should be
intei’p rc- te-ci .

(7) Sevcr ;c l  of l i e  i - V  AL t ab l e  —pa pc ; c -aR t s  L O t  l ine fo i l c m w i s i p  a u x i l i o c  n n im nf am - m - n a —

tion whi c-h is u s e f u l  in - c imn t o - r - 1 c 1 - c-t P u ; ;  t t s  t a b l e s :

(a) The ntmnbcr of tai ’gct - s igh t  m op s P~~ 
tom rgc -t type.

(b) Thc- number- of Iotrpc-tso pc-i’ ta rget t yp e .

(C) The number  of  t argets pet ’ tan -get  gm’ oltp .

(d) The too n ’g o ’ t  t vpc -s in c l u d u d  i nn c-ac - li  I t t  I p u t  ~- I o U p .

(e) The tot on 1 in un n be-t ’  , f ton  s o n  s ig h t  bags .

- 
- (f) The tot al  expc ’ct uoi  n u n n ij e t -  c - f  t o n i - u t  sL ut t o ; ;  c c - t o  c i - ni t - t ar &- sn ein

I d a0 - — i ing i c -_ e l ,

* A sampi v i- \‘.-\ I - output  i u - p l o  c -n i  hi A p lx -n o n t o  x I I , \ -  I c  m a o  - h 1 ~
‘i’m p : n p c  - l u-i i o n  t o - I  c - c l  i o n  i’ m - c  - I To t o -  : ll ~ I V I  c c- 31 c .mfl5 o c t Icc - ot ~ - 1 i t c h - c l ,

1 - 1
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4. 5 SUMMARY

Great flexibility can be achieved in-hen using EVA L because- the EVAL routine
is coded as a ioop around the processing plnase. The user rna~- evaluate a p art icular
simulation resul t (as record ed on-c the Tar - get/Sensor ~~1tp ut Tape) in m a n y  way s by
stacking, one behin d ti -ce other ’ , sets of user option pa r amin et cr  cards (3 1)01’ i-un).

By using the ROFF M X (see Table ‘ t —l ) ,  the use r - can ck- tcr ntin ne tine effects
of varying maidmurn offset distan coes on systcnn p erfom -m anme -e in terms of target  ty p e -s
and groups. Moreov er , the us en ’  can evaluate  sn- ale - rn  er ’fo i ’nn an c e with respect to any
collection of target types. For a quick look at system perfor mance (I. e. , tota l s~ sturm n
detectability, iden t i f iab i l i ty ,  and local izabi l i ty  at each processin g leve l ) ,  t he user -
groups the relevant targets to gt t h m e - i’  through t l t e  use of the inn put va r - iai ; le NTY and t inc n
rea d s tin e  target group output t a l c i  c° . For a more detailed br eakout he simu p l~- “t u rn s
off’’ ti-ce tar -get types 1-ce is not intem ’estc d im - c (th i’oingh t i-ne u sc ’ of I I I O LD)  and rece ives the
total EVA L output w i t h  onl y the m ight  types considered . The user - input  variabl c-s

IPREPL and NONPR E sinn i l ar- l v provide f lexibi l i ty .  This f l e x i b i l i t y  is sumnn an ’]z e ( i  in
Table - 1—2 .

‘I’ABLl-~ -1—1 . USER OP’floN P;’o h i A ~o,tF  FER S

~~~ c IEEI ~~~~~~~~~~1 NTY (J )  NT (.1 ) ( ; t - m o m l b n  N a ol h r ( f rom 3(111 - 1 -30
1 t o o  ~t )  of ‘Farpe - t ‘Fn ;ce J.
I � ,1 � P 0 , J c-oo ’:e I j lsmnnl; if no - c
gn ’ou pu n -ip O c t  t o n i - s i t  :t i~ ( l Oot -i n c  1 . -

2 i l l O L l h i )  i f J O 1 . f l ( 3 ) - I i f  ‘I’ Oi  t O t  ‘l\ pe .1 m d l i i  1 —3~
i~ i c c  i c e  cun n s n o i o - r e - 1  eu  t h i s  

_
;~~~

1-: P ’ A L i -tnt) ; c) omh enn n i s t- .
1 �J �  p . 

-

N1J N I ° i~ I -’ N( n - ~T °1 ~L- = I i f  oi m u o - - ~ c n - o - 1 o 1 : o n y m c - t fl
ton n~~o -Ii -i o t t  l c C j iLt ci000 t l t  m d  O i l

(liP- - n - o t rn : U if no t .  
- -  —~~~~~~~~ - -

TPI1EI -I .  IPI EPL - l i i  1 n - I 1o-ifln (-d 11 - l b
t - t m u - n - t ; - m  O m t c  l c c i S P  (‘01113 c m l  on 

-

t h i s  t I c m o  U i L o t  , ~~- to  t h i  O t t  -
i t  I ~~ o i  IP is  so ;  i c ’  - o n  1 c o o t l n  ‘- I

[ N i a o m o i l n ’ R N P I ,  t o o  ~~ 1. 
- - - -

~~~~~~~~~~~~~~~~~~~ 
- -

h11. - ---—-~~-- -------——--—~~ -~~~~~- - -- - - - - - - — - ~-n~rcT fll rThmc ~ r~~~_ -~~---~~- r - - oot c i i  5m~~~ T
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TABLE 4-1. USER OPTION PARAMETERS (Contd . )

NUMBER NAME 
— 

DESCRIPTION 

- 

FORMAT COL UTnI N 
-

LABELS(I ) 1 � I � 5 up to 20 characters 5A4 - 17-67
of alphanumeric header in-
formation printed at the top of

___________ _____________ 

every Tar-get Type output pa ge

3 ROFFMX ROFFMX = maximum allowed Fl O.  0 1-1 0
target offset  distance. Th e
value may be ptuiched amiv w ine i - e
in the f i rs t  ten columns with
any number of digits be -foi c am n cl
after the decir n -cal point as long
as the decimal point itself is

____________ 

punched .

TABLE -1 -2 . USER FLEXIBILITY

r 
- - 

DESIRED OUTPUT 
-—________ —- 

RFJJ-;\~~ Y F  \‘. l A ~~i i-:~

U n i v  t on i - ge t s  wi th in  a Spe(’i f i c 0 t t  c c f f s et  c is -  - ROF l-~3lX
t ; n oo ’ - c  f rom t t t s  a’. 1’c’ Y~o) ft are considered- —— - -- -  ~~~~—- --~~ —- -_— ~~~~~~~~~~ ——-- - - - - - -- ~~~— -

Oni j o  t ’ej ) io i t ~u ien i . or non —pr c-planned , I PH E PL
( o n n g e t s :-m ’ c- considered NO NI °R l-r (~ n lv  targets of on c e r t a in  typ :  (c. g . ,  ic - — I I I OLD
v - l  t e d  a i t - c -ra f t )  are ide- i’cd

Stin imarv tOt) 1e’ S for g u - o)u~cs of t scr pe t  t\  pea I N F V
(c. g. , all t n - t o t - s of rad ar r ,nav f 0nn - n io  one

[ 
gr oetp ) are l)ro ( ltI c c( l

*%~p Tnl) l e -1—1 fa t  a n i m l i t i o m n o n i  i n f o r m a t i o n  on vot i a h i c -  s c - t t i n g .
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SECTION V.
PHOTO INT ERP RETE R AND QI L C I -~i\G MODEL

5. 1 INT RODU CTION SYSTEM TIML-LA 1’E

The Photo-In terpreter and Queucing t-Iod ei (P I -Qo is used in estin-m ating svs-
tern tin -n e—late .  PI— Q is a composite of two models wh ich i-ave been separated from
the main stream of the AIRS simulation model for programmat ic  purposes and have
been combi ned into or-cc computer program because th ey share many conn m tnun  inp u ts .
‘I’heir purposes are also rela ted functionall y :  to dec.’elop data necessary  for ’ e s t i ma —
tion of the s~-ster-n t im e—late characteristics of ti -ce reconnaissance system under
investig ati on .

System t ime-late  is generall y regaL-de~1 o s  th e u i o o s t  si gni fi c-an( pa l-son -c- n c-i’
gover-i-ning the decision to develop a n o-cv  reconnais sance sv st cn n . The d r iv in g  feor ce
behind d ata integration , rea l—time data analy s is , on—board proc’csssi r i g ,  an d direc t
dat-a commun ication s all i-elate pr i rn ar - i ly  to ( l i la  jos i ’oOmoepo- n - , th c’ r e - q u i rc -  P t - t a
which are dictat ed by a series of t a x - p e t  e l t o -cra n c- t ej ’j stP ’y  ~ e - J ~~t i n ~p t o c  th e- t i nn e  l i e - c ay  of
infornna t ion t’ep :° n d i n p  such t a r  gc- ~ .s. i-o r n-c 1-\ lug In ‘go - it , il-nc l t : t l f — I  ife ” eP u niv
re connnai ssanc -e data max - be tnc: isc i  r e d  in fn ’s c - t  P - oi~s o c~ a m i n u t e - :  for  hi ghly  no; - -hi Ic ta r - -
gets , the ha l f—li fe  of the data m i ght he nneast n i - ed i n n  n-n U n uon - - . In t ine c -o nsc  of I a c aib
i ns ta l l at ions , the data h a i f—l i fe  is of PC d 0 0 1 n s e - q i l e n o ( -e ill a c!\~na mn i c  c ’omn f l i c- t 5- -o - i ; . o  I c e - .

System t I m e—lot t e  is define d as th e di so i - i t  o u t  c!n of the i t  se di ffe I c - I C - C  be-
tween pre sentat ion of a n -e - i omn ona i  S t - o t n c c -  opporn i tn i l t  n - - call ne I ons t h c- t i n nn c  0 - 1  n-:id c - I n l i - c  -

a i rcraf t  f i r s t  p n s a c - s ~tbenm tine t~~i- - e-t ann ti r- o oo m ; °h - i i n n  o c t i - t O o a n m - o l n - --os . I P  ~ nnne otns
t h a t  commanc l—dec j sj op a u : c I  COf l ) f l  n i C 1 — c ( c r n 1 n n m i~ - c t  c c l ; t i m e  is n o -: P1051 0 f c o  n i o c a  ,0

r cc ’onnais u -’ancc- a - v a l e - r n, j O l t  da ta ( c ; n n o c a p c n t  omad u n t o  0 c m o i t c o o t o  I l i m o - c c c .  ,-\ l s - o , i i
mncoi tn a  t h o i t  ( m c’ qu oul it\ ’ of (h - s  d :o(oc a m m : i l ~ u - - i t -  a r i  -s n i  ic i o n  - i e  b i t o t  0 . nt ) J Ol \ , 5i\ c l o  I t O  one-

time , t he  p l a - c - m a i o n l  of the t t t t e rpn - c- i c-el i c  c o o n n o c i s l o o m o m  c -  d o i i i i n c - i  t o .  t a n . \ \ i t i m  i n c  (ho-
A I H S  model , i h  - t .  l at i on  h etnn’ ee nc d o n t a  ( lua l i lv  o m p I  I i  I o i o - —1: c t c -  15 (‘NJ-u - c d  too : ( 0  ~~~~

ing }oe ! ’ f o c t - n n o n p c ,  (i .e. , de t c -c ’t ; t1 c i l i t ~- , i d - o t o t i f i o t t o i j i t y , a c t  l o o c - o i i l l ; o h  h l y t  oi l  t o n i c  l i - n c 1 a

of o p c ’ I o c t  c n n , arid C siimi o a tino t t b y  flic o m i n y  ~f V - c Ph n~ i c o  - h o - i c  t i c ’ ( m m c c  — I t o i t -  c - i ; :  r o o t e r —
is t m i -a as .co c ’ i o c t c - o j  w i l !n  ( l i e ’  d o i l i ~~V 0 i i i O 1 l o h -  SI  t O I C t O  of ft- - : - c  k - v t - i s .  1 i o i a  n t~~- i o i o -  01 b o i l —

p01 ni t ( o t  I i  m o n t e  o~ l i n e ’  I m o o c h  - o f f  c c f  c l o m t j  u a l i t  y v ii t t t P e — I - - ‘- , S m h  t i f i c o n c  I: - a u~i-~n i  i t o - , c u 1

Ou tpu t  ( c c  l i n e -  o o n ’ c - i ’ a l J  o-: y .~P- nt i  o - f t - c - :  m e n - - . - ( n : k I i m ; - t o ( , n .

— I 

~~~~~~~~~~~~~~~~~~~~~~~~
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‘I’ime-j ate , as defined above , is composed of the fol lowing majorcOntijb~ tj015: -

(1) On—bo ard proc essing delay (usuall y insi gn ifica nt)
- (‘h) ~~ueueing of data to the on-board oper’ator (Level 1;.

(3) Quetn cin g of data communi cations to the Intcgrate~ Operati onalIntelli genc e Center (JOI C) (Level 2 > .
(4) Physical data tr ’ansport via the veh icle  re -tine lOft’ (I en - e - ls 3 and 4 ) .
(5) Qu eu ej n~ and in n te r p r et on t  ion etc -lay s at tin e IC)IC l e - c b ~ S and -I ,but  differen t for each) .~

Of these maj or contrib entj on s item (I) is in ferr ed via o - m u g i u u e e o - j m I g  c on n a - ider —ation s . Item ~4) can be est imated from the specifica tion o of t h y  om i i~y n-a ft  miss ion , andallo wances fo r- phy sical delays h e - lm — c-c -m m land ing and b egin ni t i g of ; cn - oc- -ss i ng. Ti ne o t h t r ’contribution s depend upon quduein g of data whi ci n ar e- , 1mm gcn en -aI , r ’cceivcd at a an on -hhi gher average rate than they can be prcceessed, Ih e  need :o n -i  ~o- ~ for on quc u ei F
. modelwhich can be t o-ee l to e st i  n c -n ate the dcl on v s ~and the  O t S O - - -  s- iomt c-cl cInO S t o o n  55c- V f l  i ° m e -  5 - o i a ~at tendan t  with the b tn il du 1, of such q o m e t - e - s .  l l t  Qu cen e i t ig  Mo c o l e-I  in  the present p c csL ’I - 1-c-~ these m iN ds , being desigtrc d fed ’ Us e, w i t h  di 1k- n e t c t  n s o i o o  m o n - t o - I - s  f o c i -  h e m s o00 0and (5 above. Qmn e m en e ’inng n\ 103 i- e-m n-c t t o o  101 C p I ’ O c o - s ’j  n Ip is o n S t mpt c unOFd I c i si ‘ i -  - , in ne f fec t , all the data t ’cloi tj Pp to one miss io n  an - c give in to thc- 10k’ at one l i m , ie -  i c o n  0 1least fax- niore r apidly than -n (hey an- c p r o c e s s e d 0 ,  lh ie - , n~ c l uiL -uc- m m p c-ai eu i  in loo n - c  t o o —yond si t r i pl e  a i i  t i nn uc i  I C -  is n et jw red fox ’ I tem (s ) ,  cun - c- ti -nc seque nt- c- in n ob ic ’ln t ine o l o tooare inte l-pr -c-ted i s  clc -ciclc ’d .

The opc’n a t io non l  di ffe, ’e-n~;c5 betw een l eve ls  :: am i d -l n - c - i  ~m l c-  n - - the-  i - c a t  i n - -  ofp o tcn tj on l ]~’ si g:x if i c-ant clat :n o c l o o t o c  w h i c h  an ’ c- m o o L e-\- c -c l ti n- c- l c n o n - e - s s c d  I t -  l i n e  - lOI (  o n t i t - o n o lof o t l n en ’  d :t ( on , if t ine ode-  o n  j m n~ noel t t c t j c m ; o  0 - t i t o m v s n - o m m  i~~- n i c o n ’ n n n  :occ - ccn - o j j n t c  t S ~~o t o n t O —l ions , l i t o  1 0 1  e-l :n ~j c t a  processed by the 101c ni n e- o ld of the  I en -1 -l doii ~ w i l l  he -i’e-! o n —t ive I~- I- i c - in c-i -  in  t oo t - g e - i  i n i i ~c g - ~~, i h c .- o o - t  c , v u c - i d in i g  ot n e - d u o - u m o - - c in  t h c -  :o vca i - o cpe-  t i l n n o - — i . c n ofon - t 1 m c - ~~o- l o i n - n t -i d~ t i , ih e  p t n r J 0 0 0 s e -  cd l i n e  I T h o ( o o — l o ~le- c - pi - t : t n ~1 - c n i c - l  is  b c  ‘ s t i n ; h i u ’ I l n i s
P c0 t e - V m o - y , l t v ~ l I ~ co n i 5 t i ( c ~t - ~. n 0 - - c t - - o m c m m m -  p r0 0 0 c - o o i n i o , , 1 c c~~1 00 i n n - o k 0 - . c ’ c f l - i m l m m , mcl ion V I o l  d : c t : c  i i n 0cmo  i c c  H t o -  lOJ( ’ 1 . m - ~~’l 1 ( o c n l n m r t ,~c s  t o n i e - o n m’m - o o 1 l - 0 o - , . c n o ~ c o  c mas i o o l  - t o t  t a l l y  i t , :  - - Ii-; - c l ;  t o ~ t o o  Oc ic-rI m ml . -; o mc I  i0~~t-~ n o - , 0 - c c ; , -- - o — n o  - m m - , - t o -  t \ o I I ca l l  t i n t  c - — c oW ci:- t o o  ;c u - I -  cS - c d  e-o o u ~c - m O m  - :00 0 j O y .

-



I~ww,~~~ ~~~~~~~~~~~~~~~ 
- -

~~ 
— 

- —
_ 

- -- -—
~~

enrichment , thereby nh lo mt - ing an es t imate  of the t im e—late improvement  due to the
alerting and key ing s~obs ~ ste m.

Thus , the Photo-interpreter  and Queueing Model comprises two 1ogic aIl ~-
indep endent prcm gr anl s :

(1) ‘rhe Pho to - c—inter preter  1)art est imates  the degree of d i sc-  r i m i t n a —
tion prov i d ed  by the au tomat ic  a l e r t i ng  and k ey ing e’:o o : - h : l i t i c - s
of the sy s tem in n e - l n - - c - t i n g  , for ear ly  l o I n c m ’~o_ in t er p1  et a t i o n n ,
those photographic frames which are r e l a t i v e ly  i- ic -h inn tam ’get.
content . 0

(2) The Q u eu e in i g  part es t imates  th e lengt h an -nd t im e  delay s of the
data queues wini ch form i n n f ron t  n-cf

(a) the on—bo ar d display 5y~ t e- n ) o  , :o i nd

(b) the data co ma nun i c-o n t ion  c-i r e  i n i i s .

Tine outputs ccl these two nnodels cn n - c th en used t o  es t i  t t r o m l c -  t he  ( I  noe ’— I o n t e  for l ine  r v~ —
tern. Paragraph 5.2 di se-c-sses the Ph n i o ~1e’l , and in 1- c u - : o m o t - : m n ; 5 . the  (~ Um in- ;

M i x i e l  is c l i s o ’ o t s o o c d .  ‘l’ine o n n t p u l s  gene r om t o  ci liv lit - Ph o n o o cl Que ut:Onp n c n o o i e i s , t h i n - In a rc -
used I c c  a s n - - e j - loounn  t j t o c y — i o u ( c  s t a t i s t i c s , O i r t  dl° s(-nc5~ .i . o~ i n Pont -o mg r ’ap ln  5 . -i .

5 .2  Ph OTO- l ’ < F 1 - ’ i m P k i - m i 1-: h~ MuPT- ~l .

‘rhe P1 modc -I l i u ’ o c ’, id c-s  s u f f i c i e n t  in i fo r a na l i  inn I c  c-st i u c o c l e  t in e i - c - r i - - n  l o u O 0 n i c ’ c

of the system iii a c- b -d u ng, lo t’ c - a r t y  i n l e r p r e t o t c i c o n , t I e - c c -ce f n - a i o c - -t - l o : : t  w e-Pc- r t - l : u i i v e - i t
rich in target  content .  T in i s  was a c - c oxn n ph i  s i t e - c l  l i v  c I e - t  clo~;i ng ti -n 1’ -e measures , tn a me -i :

N
1 

‘ui~~ u -- o b o e - t i e-d u m m u n m l - o - n ’  of I n o t n i e - m o  I c t d o - e - - f l t o ’d t o VI o o t  Leve l I . -~~

The ey I i n-~~t c - o l  m o c u n o m i  - ‘ of t o o l - ge - Ic i o - o n t o : n o i e d  ( c n n  N 1 f n - : n n n i e - s o
pI ’cse’ni cd t o o  t ime  t~ i 1 1 1 0  j~- 1 o i l  I - t - ,~~ l 1 .

-
c Z 1 

A mo -o no n u m e -  of tan - g e l c -c ~it c - nib pci’ l m - : u u o o o - ct  I c t  ~- I i _ ,  I l n e t ’o tl 101 (if
t o o  X 1.

‘I ’hus , 
~~1 i s o n m n i e o n s n n i -e of l i m o -  i c o - l u ic - oc s  of t o n  -~ -n c o - o i t o ; o t  o n  f r ame .

(1 l i c p e - f n n i  I c- , on t~~ n e - n o i o ; e - s t t n n t -  - t - y o-ol  r a n  un cu ld  h o n v e  o n h i o ~h Z oc n i l  -

- - -  

a - - S
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As discussed in Paragraph 5.4 , these measures also provid e thedata necessar y in a time-la te anal ysis . Looking forwar d , the 
~~~~ 

tell how n-cannytar-gets are processed at eac h level ; recalli ng that Level 1 data is pr ocessed befo reLevel 2 , Level 2 before Lev el 3 , and Level 3 before Level 4 , it is now possible toanswer such questions as~ “What percent of all targe ts are processe d in Levels 1
and 2 combin ed?” .

The thr ee measures which have just bec n discussed will  now be developed.

A nu m ber of targets appear on a given photo fr-anne , associated with each ofthes e targets is a photo detectabili t y and a tan- get alert ing probability . Let th e sub-script i denote the frame number and the subscri pt j denote the target number  wi th i nthat frame. Then the photo detectabil i ty of target j on the 1th frame is PD~ and th ekeying probab ili ty for the ~th target is PK. . I t is assume-c; that  a f rac t ion , T , of a l lalerted frames is tr ansmitted.

Let 
~ im be the probabili ty that fran ne i c - c ontai n s Precisel y rn detectable

tar -gets. Then

= (1 - PD..)

n fl

= II PD .. (1 — PD 1j,~ ( 5 . 1 )j = 1  K :~ 1 and I
K 

~ j

fl 11 ri
P. = 11 PD. PJ )~, ( 1  - PD. 1 j  -i2 

~~= i  j~~~1 K - I  ‘ Ii n \

j  
~~~ 

atn d
K ~ i or j

It can he o - e c - mu tha t  t h i s  se -t i e - s  b ec ome -o m ( \ t I  c - u i c c - l y  c t i i i i 1 o O o .~~, th ud l in o- t’efcom’e ,
ano the r  way to  comput e P. for o n n n v  t o n  w c c n n l d  t o e  - l O o t  C c l o - s i r a b l c ~ h o c  t h i s  emi t , tine
f o l i co o n t im e.\ - i ( - t  i t cm r ’o t t i y ~- l ( - e i n n i q n n ( -  W O O s  d Iev - l c o i i m - c I . 

—--- ~~~~~~~ --- -~~-- - -- - - ,-~~ -‘ -- ---- 
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L o t  P . be the gth i terat ion ca l cu la t ing  P . Fi r st observe that :
~g) m i  mm --

(1) h 10 = 1 - PD. 1

(5. 2
P = P1).(1) i i  ii

Then , for’ j = 2 , 3 , . . . n , the following i terative is computed unt i l  j = n .

~~
1> j O - i 1

~~ 
(1 - PD. .) ( 5 . 3 )

- P . = - P (1 - PD , ) + - P. PD -

U ) tin t j — i )  inn rj 0 — 1 )  i ( n i — I )  lJ

~fl = 1 , 2 —1 )

P = P PD
(j) ij ( j — i )  I U — 1 )  ij

where n is the maxinnunn  nc n mh er  of t a n m o c - t  a on -n f r ame i

N o t v  let p ii: ) i c e -  ti - ce- e c n t i ’ i b e n l  I n - n i  oj f f i - cn n n e  I t o  the -  t o o t : - ]  ex c e - : t - - l  n c u n m o ] ’ e - I -
inn -

o f f ran n o c - :  - ec -cnt h a l  h g  in de - t  c e -t ab l e  t o t r 0 g  05  at t i c  ode:-: n ’ : l eve l  I - :

L -t - c- l - - o c a i : c i m i : - :  n o  k ey i n g  or t n - o : n s n i i i t t i  :g c c f  d a t : i .  Ihe n ’e fo i~- :

p (i) 
- J ) 0. - i )

inn m m

l e v el S c -c o - s id e -n ’ s  kc -v i n ig ,  1 t n t fld) I n : ;  u - s1 isa 5-un. ‘I l i e  m o - f . 
- 

-

i -  1~in-mt  ti - mn - 
-

~~~

c

w i n - i c - H is giv cn i 1w the  l o i l c o o v i t i g  c o 0 m : :  t i c c i n :

H - I - - ( 1  - PN. ~: .

wi t h-h is , of (‘coil tSC , b t c c -  p in - b  : i l o t  h t v  ( l in t  t h e  - l t ’ : n n n n c -  i s  I - t o - - i  - l i m o  is  i - e - c : o m t s n ’  u n i t  I

( , f  l i n t - j t O t ’ ot u t a  R i o l :  t o o  l o t -  lo o t ed I u i  t h - ’ w i n o - I c  l r . n o u - - . h e -  b e  -!~~&“o c I .
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Level 2 considers both keying and t ransmission . Therefo re:

= P . RT 
(5 .7~

where , as defined nbove , T is the fr action of all alerted frames tra nsmitt ed.

(L) 
- -Let N be the numb er  of targets at Lev el L which eontou ni m targets .

Then

N~~~~ = ~ i-~~~

except tha t

N0~~ ~ ~ P0~~ (5 . 9 )

where \V is the total number of fr -ames co n t rth n in -ug no j ) c s s i i n l e -  t a rge t s .

The expected o i oun n h c - r -  of 11’ :- ru es p n - o- ~- eo - it d j  to t i nt- 1°i mode-I ;n I Le t  c i  1 , c a l l
Von ~ nine N

1 , i n-n j ust

N - Z 
i c . l O ~L intin

V 1 , t Iit ’ ~~pCC! ed i i i  u n n ~ cd i’ (°~~ ( l e t  ee-t tb It ta rget  m m  age- s p n e-:;e at ed t o - c Lbm ~ j ) ]  i l i (XiC1  Pt
I e v o b I -

In cV ~~
- i-n-n N (s . l i pI 

~ 
I c c  - 

—

A t n n e : p : iu’e- i’o n h n  he (1 -~-v d o l o n - o l  t o o  e N P i n - ~~a t h e  ‘ h - - t o m ; c 5S ’’ o f  c t t - t e m - i o i i i o - t o n  H o  ; o  pc i’ f t  on e - c
at Le vel 1 . This  n m n o o t o r e -  Z 1 ( v l n i e - l i  i s  not  c c i m o : ~l I m o  l 1 c e - 0 5oc e - t c o i  v o d u c - s  of t h e  ! n c ; n o m t c e r
of 1::  n go - c - p et-  I r o n  l i n e n  is :

V 
-
‘

- 

~~, I ? )

-~ 
-.
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5.3 Q U E U E I N O  MoDr ~L

The Qtn e -ca- i ng nnock-l was developed to s t tnd v :

(1) ‘I’he t ro n i u a nni s s  ion c i c ’I ot v ft - on - n - n t ine  o n i  cc’ r a f t  and hott - t h i s  ( le l on y
is a ffec te d by the en nui main  m t - a t  j oin m o p  n nd w id th .

(2) (low far  b e -hind the d i sp l ay  I-oUt- tine ai rhnr nne  Oper’ o t t o i t  f a l l  a
(at  Level I , n -enI ti  one p 1 m m  pru c ’essi t t ime in n f o r n n n t  loi n v hi -h
appears cnn h i s  d i s p l ay , as a f e n i n c t i t c n  of tine c l i sp l o nv  n ’o n t e .

Rather ti - co -nt - n use c l on ss  ic -al q c :eno e - i  mo - : nu odel :- - , t h e  ~ n e -n0 on r i o  0 o o u t j i t n t  :~oe ne  n e - t o  I

queues , and a se-j i :c i’~nt c  ~iont c- - — C a n ’ l o  s i m t n i o i t i o o n m  \°, O o S  u t l l n - e - .I te n e i o - t c i ’ n n t n i e  t i n e -  pe ’onh on —

b i l i t i e s , si zes , o n n o l  w a i V i n g  t i n - m e - s of ti -ce co on nm u nlie - aticm qui t -in c -S . ‘t h is t c e - l m n n n q n n e  wo e—

necessary because the comm i n n n c o i t i o n n  qu e en - s  on ce n t u i n n  o- o  1 t u i l  i i j i i  m i n i :  no - 1~ c~~e d — f e c  n -rn

solution -n can i)e c- to n - n i l  t i l e - i  I . —

(‘o m p i t t o n t  I o n n o i  II t , t h i o e  sepai-aIc c-a Se-S an - c- on nm on l y t e - d  to dc- ic- i ’nin n ine  q m n e  t ue

length and won i t i  ag t i n ines :

I
( o o s c -  A :  \ \ - - r a n  c o m e o n n n o n i v s m s  e - V c - n ’V } i o o s S W c I e -  i o t o e n l  o V ~~f l t  i s  O c S S i i i l e - l

t . c~~e . c 1 w i t h  00 pi e -b oo c !  i v  0 0 1 1 .

( Sn a e -  H : ~ i n - - o i n  c : : S e  o m ! o a l ’ S u s  - - C o o t I - c  eve-n ; 1 0 0 m m nu0  ~ ii o m -- c i’ t o i. c -t  n n m g  c 
-

pt ’ ob~ l n i 1  i ty  is o o o : s n n n n e i I  t n - o n : o s m i o m t o  ~ - l  t tb ce -n O o c i n t y :  lH i\ c-v e-n’ ,
the n-i / o .’ O c t  l i l t  ( b u n  - o u t on e  - c c  0 0 1 0 c m  1) 0: t! m ~- ov ( m u l m a  c u e  ! o - p :  cci A

by t he - f o n u t o o n  m c i  the ’ e - vn o i ~ o n c t e-oi L e t  m m n - 0  1 n i ~ c l n n h i h I y .

(‘rise (‘ o I l o i n i t e— ( o~n’ l - amO m l \ s i s  — e j o m i - e n e l i - b O l l ;  u n i t  t \ : n ; t n u m g  t 1 n n c ~ iSo

deter  m i n e - c l  l c \  ‘5- i m  e~ ( ‘ e- r h o  t & c  boo i - . ) m m e - : - ems u n m ~o keying i cr  - t i o m b i l  it n o - S

(i , e- . , a n eve-n i t  t - i l l n ( - m  t I o - t ~~ c c l  do c : -  nno o l o m~m - n l i n e  e 1 o m o  o , t h c
( let ) c o i l  i s  t u n i c  P l o t - us mu i~~ I l u e  -h--- u ru n j n ncc h onbil ut ~ - ant i  h i t  \ l o  - - : 1  c -

( 0 0  rI cc di t i !  ou t  b i b .

In  eoo ch o o f  t l o t - ~~c e :o se-a o p - un i o n , tii:t n 0 u i i m o u n  , a n n u l  Si o n n n o  I i  id o l c t  m l :  - mi  o o t  1! cc

(j ti c He -I e-n t i  t i t n e l  V o i l  I i :  c o n - ’  i n - c- o - I l m i o m u n  c o t ,

‘Fh - c L - I  ~i l  t i o c n i s  I n s t  ce - I  i c c - b o c ~v on n c ’ i i :  e - -~f in n t i n e - t o l l  ( O t t  m u m - l o o t  n : o  n : i i  I n s :

N ( I c e  - t o o t  o i l  t i t t f l n l  o t t  o o f  c - v c n u t rt (‘dolls n O ’ t i

lb  t i n e - c -  c c )  o n i 0 - n i  o t n o r p c - t o - i t t  1) I N

1 .  l i i ’  o n o c i : o I o t n y  - i  o n l o  m o o g f o c i ’  0 - v c ’ n m t  i n 1 , . ,  N

:

0 1



K. = b i n a r y  event imn o i i k e ’i’ : 0 i f  a l l - — t o o — a i r  r n o n n n n i l u n i i n - - o n t j o n s  —

are not pr eseint for c \ e - n n t  I , 1 if P i ’esennt i = 1 , . . , N
B = system bandt~-idth iii  un it s/ sec .

c o n t i n t t t a n n -  ou tpu t  rate in uni t s/ se t-  -

X = size of event ci at oc package in units

Y size of in ere m c-nn t oul  don to n  poic-kage in u n i t s  t’ lnenm om i t - —to—air  corn n i u n i c o n t  h on -m s ’ OtI’ e ensed l b . e . , total  pac ’Lom-
size wh en ai i- — t m o — o n m n -  keyed is X ±

= queine length at ’t e ’m’ OCcurren ce  of event I i = I , . . . , N
= wa it ing  t ime  to finish tn ’ansm itting t h n - -  ~th data

package

I when s t u dy i n g  ease ’ A
4) .  = P . svhe n s t m n e i v i n g  ( : iSe  -13

[0 , 1) A t t c n n l e — C a i ’ i o  d i s t r i b u t l  o m m  is ce - i t t -n - e e l  ot i t h
0 or 1 is ti -ne o u t p u t

Fun -then’ , le t :

fX -o V I~~) J  c
~
’.

t . ~~~~
‘1’

i - o 
—

- - 1 N~~~~N o l ~~~~ N
‘l’ 1 n I 

- l 1

R R H

0~ I (‘ ( on nn d u ~~u t h n n n t ( e 1 t t y o -~~~

l i i i : -  ~o o i r o u g n ’ o n pI - c  t i e - d u e - S c - s  t ine -  u m m o o m u m : c - n  in n t v i t i c - i u  t i l e  t j u n o e - : c - i t m ; n t l - c n - z  one - I  o n s —
Soci o c t c - ot  \V~l i t I n i ~’ l Ute- S 0 1 1 0  ‘ ( o i t n p m n t -d l o o t ’  e-on c - i j  o c t  t ) i c  d n m c -c - ( : e - c - s  I n e v m o c t m y t y  ( l i e - e~~ e - s o - d .

‘ l o o t ’  ( - d e - l i e-t t e - m I  i s  r u i n  n i n l o m i l  I i c O n  0 ( l i t  i \ o  - o  i m t  Vt’ ~l cc P - I - o n  - t i  1 0 0 u 1 1 ; ~ e m in  r l i i  c i t  -
Voc  i i  oublc— N oon a - l i l \  1- ‘o o f l c  o - - i’d I \ t o  c o o l  55)

- --5

—

~ 

—
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The queue l e n g t h , Q1 , im m e d i a t c i  f o l l o w i n g  each event is g iv en  b~

Q1 =

(s. Lb

Q. - MAN 1(Z~ ) or (Q i — 1  z~ — H t . 1 )

The nnax in iun i  quc-ue s ize  e n o - o o t n n n t e i ’ e d  is j ust ti - ce max i  in n on e- v a l u e  of o c t  e r ’  oi l  I I

~~MAN ~1:\ N 1Q~ 1.

The tin - c -mt ’s of tine e v e - m i t  a , ‘I’ . on ne -  i nputs  en-e --cpt i n o t h e  case of T\ . T h i s

is ( l i -f ine d to ic e

‘1’ . - T . ’~~~~ 
-

N -i- I N H

I e t  Q. ’ he t ine  ImOte’LO I ’OtI c o n t i ’ i b n n t i o n  of the  in te i ’ t - :n l f T . ,  ‘l~~ ~) 
t t d  t i ne  mt-an

vo u lue  of e len n t c t e c l  liv Q. Let V be tine- i n s t o u n t o i n o - ° - e m s  I n c - l i _ d o t  o c t  the- queu e- . ‘l in e ccj uo i t  b onn

fon’ V is s i t n i ~iv

— R I .  S o c lc o np OH - - ( b  — R I  - i i
i i  

- 
~~~~~~~~~ l b  ~5 . 1 1

V is a t - I  t o o  ie n’ o , o l m e m i  upj i  u t - n  i _ i t o - , t i c  t ’eIit °c ’t the  l a o -t t h a t t h e i e ’ is m o  s e n t - i n  ( h u ng o n e -

a i-md-grit vt- qn ne  one.
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Tine second case ex i5ts  when , as sh own in Figure 5—ib , t! c5 queue bui l t  up
at time T. is not completel y processed by the t ime  event i + 1 occurs. In th i s  case

(
t i f

t i
Q - J V at- J ~~~~~ ~~ ) dt

~-~
) ~2 Q. - H (t i ))

Summarizing,

-
~~~~ (2Qu — R t

~
) 

- i f Q 1 - R t ~ �0

2 (5. 15)
Q i i f Q ~~— R t 1 < 0

For completeness , 
~~N

’ is defined as

IQN \
t~ (5. lh)

‘~~

Q, the mean queue lc -ngt ln , is then g iven  in

i N
= 

~i .>~ Q1 (5. 17
i = 1

Let Q.” be th e  i n t e g r a l  c ’ o n n t n - u i o m m t i o c n  of the-  i n m t o - r v o o l  1’! . , T1 
t o o  the

Vat’iailce of ( ,~~~, ~, 2 
~~~~~~ I- S i r  b I , . . . , N:  j -

‘ i - I
( It

I K e c - t o i n u ; - , i n m i n d  t I n -  two c o n a n - s  d i s c - u n s s e - c l inn ‘o o mo l im 1 in g  Q . .
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t 1 + - Q. Bt~ if Q. - Rt~~> 0
= 

3 
(5 .18)

Q.
if

Then , as usual :

2 N
0’ (Q) = 

~~~ 
Q, ” - Q2 

(5. 19~i = 1  r

and the standard deviation is jus t \1~~~ (Q ) ,

5.3.2 Computation of W a i t i n g  T i mes

The wait in g t ime of the 1 th eve nt is g iven by

IQ. — Z 1 ± x o  Y K 1 J c - 1
= (5 .20)H

The m~~~i n m u m  wait ing tj tn e is: M,-\X (~~ ) , and t ine n ic : tn  tvo n i t  t i n e - c -  ~
is given icy

N
~~~~= ~~~~- 

~~~ 
(5. 2 1 )

i~- J

The vari~~1c- e of the tn - a l t  tu n ic 2 
~~ in

2 1 
~~

. (~~~
2 

- (5 . :2 )
i~— l  
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Case C , however , requires a numbe r of run s to ensure ti - mat tine results
become r elatively stable .

A problem arises in computing the numb er of runs necessary to reach a
relatively stable state .

Since is probab ly the “Nosiest” variable , at each re-inn (denoted by j t
a measure , S~, of the fractional varian ce of its mean -i is computed as fo l lows :

After the .th Monte—Carlo iteration , the vu n - i  o t r e - - e  of the in - mean - c is est i nnated
using the normal approximation to the di s t r ibut ion of v : t l - i : m n e- e  (which is val id  when
is large). The unbiased estimator of the variance is well known :

= 

i 0 -1) i~~ 1 ~~~~~ ~~~~ 1 
2 

(5 . 2:_ d

The value 
~~M~\\ d j )  

is the current i?oe o cf l  i-~_ due  o o f  f lu e  t : u ’ i e-Ho - Q \ j \ \ - . f i l ms
mean is m u ’ -.- assumed to var -v on ly slowly with increas ing  j , foi J s u f f i c i e n t l y  l0x r go - .
Then since

V~~1 - 

j - 1  

~~~~~~~ 
- 

%.-\ X  (I) ] 
(5 . 2-h

by subs t i t u t i ng  IS . 2-1 1 in (5 . 23 ) ,  the inc - n ’en n e on ta l  formed on f en i ’  ti -nc- y ou r i ou t ice  is:

f i  — 2\  1 r — 1 2
= 

j j  \‘~ - i 4 

~~~~~~~~~~~~~~~~ [~~ i - ~x - 

~~~I,-\N i ]  
~o . : : . O o

(‘nimn i c o o t  i n o - ~ th e- f r o i o  ‘ t i c c n m : o I t o o  i ’ i : u n m c  - e of h ia n u n  u - i o n , 
~ 

, i c  - c o o ;  1 ( 0 -  d l v i  ch i n m ~ 
\‘ . I c

~~ 1AN ~ 
t o ,  P 1~~e- e-t ’~~ c o c f l s i St~~flC~ ’ dof u n i t s :

s. = 
(j _ 2 \  
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For complet~ness , 3~~ 0.

This incre mental forn nu la offers a !nea sure of th e degree of stabi lity of tine
average d result s of the firs t i Monte—Carlo iteration. A practical stop rule is

12 1 0 0  and S. < 10~~ 
- 

(S . 27 )

5 .4 THE PI -Q PROGRAM

Figure 5 - 2  presents a flowchart of the overall program . Boxes mn un nb er ed
1 thro ugh 9 comp rise the Ph oto lnt c-r p re tei - P ortio n of the model , ot ind (he Qucu cing
portion consists of boxes 10 through 2-i .

Paragraph s 5 .4 . 1 throug ln 5,4 , -I discuss t ine fot u t -  u t i l i t y  subpr ograms:
PROBD , SQ l-I T , R U N , and R N uscocl by ti-n c Pl —Q pr og n - o nm .  l ’an -on gr ’ap h 5 , 5
discusses the inputs to the PI— Q Program and Pan ’ o u ’  n ’Oll)h 5. C the  fi t ’ og 1 - ont o
outputs.

5.4 .1 PROIWI

This sub i -out ine  comp er te s  thc ’ l’c c n u n ’ t i - mn f - - r u o m o o i u I - o n ’  t he  pntmh od i l i t v , nn ’tha t  exac t lv  m to t  n- gets ap~ m e-fl r on f r ame  i ~a’~- Pa ro ng n - ou ph 5 . 2 p .  This  s u h n e - c u l  l ine is
calle d whenever  needed by the i n na in  PI— Q Pi ’ogi ’ao n i .

5 . 1 .2  SOR T

‘l’his su b rou tine n e r o - l o t s thc ’ d o n t o n  i-cad fr on i  t h e  t : u l m o i i e -~~U~- e - t c l  i f l  l ° o n r o c - r - o c i c h
5. 5 . 2 , rmcl see -~-den’ s tine da t a  in a m nn onn n m n c r  easi lv l oo n 1 0 . 1  l i v  t i n e  P l — Q  S1~ - oh  1 ,

5 . 1 .3  RUN

‘I’his sc n hroumo m o o t -  is out the bc-art  of i i i  (~~ i c - t i ( - i t \ t -  ~-1 - o t t , c t o t n o j o t n t  m u ;  t i e -  - c 0 c m o - o :- -

l c t l g t  In s and wait  I i  f i n e s ,

: , 4 . -i RN

1’} iin -o im~ino’t jc o no St .f l l ll m o - oo i - on n id - o omm outoui o en - o l o u  t h i n -  S i o c n m n  - (  au - In s i n u n u j o t ’ - c u m  ~
ti ne - I ’I—Q \l o c u t -i .

~: ~~~~ ~~~~~~~~~~~~~~~~~~
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5.5 PROGRAM INPUTS

The inputs to the Pl -Q Model are provided by two tapes and a deck of card s.

Input Tape 1, which is generated by the Scenario Program ps ce Paragrap h
2 . 7 . 3 ) ,  contai ns the data used by the Photo Interpreter Model. Input Tape 2 , which
is generated by the Executive Program t re e Paragraph 3 . 6 . 2 , contains the data used
by the Queueing Model .

The Card Deck , which is prepared by the user for usc by ti -ne Queeiein~
Model , defines the parameters of the t ransmission sYstem on-c board the air c- raf t ,

5 . 5 .  1 l~put Tape 1

The irn fornnation stored on Tape 1 is pro duced by the Sr en oui -uo  and sorted ’
by camci-a , fran-ic , and tai’get , bef ore be i ng passed to a pr o gr an -nn called TAP1-QN ’l’ ,
which computes the nunnber of targets sc-en on each co mic - i-a f rame.

The result ant tape contains a ineader i - o u c c - r d  Table- 2- -S m and om Se r~ es of

- ‘ si ghting x-ecoi-ds (Table 2 — C o m . Tinis t ape  is rea d by the Pt mo,mk - l O L OOd used h c- orn i - m O l t -

the d:-u t i  c b s e - L t o r d  in P o u i o o t 0 i o t p i i  5. 2.

b . 5 .2 Inj~ nt Taj ~~~

Input ‘t’ apc 2 is prepared by li -cc ENee uti v c -  Po’ n-~ r oui i i  and is not modi f ic el I c e ’ —

fo o  :- -. - be it ig no sed as input  to the I ° l— Q model - ‘l he cont ent  of th is  t o i J  0- , on lo n og  t .- i t l n f o o i —

mats  and def in i t ion , arc given in Tables 3- : and 2—i

Tape i n p u t s  cou p led wi th  m o -  c - o m n ’ t i  i m ~n h ! s  ( l i S e - u o S o  ~o I in 1 0 00 u’ oogu’ o :~oh 5. 5.1 ,

0 form the d a t : c  l o o se for tine ’ Q o u i - u m c i u m g  ~ 1 i o t i t - 1 .

* ‘l’h is is t im - 
~~- t  Oct 1 0 ~~~~ ( ‘ I  )( 

- 2 l c d cl ) - O O t ’ V  (, c c i ’ t  n o  ou t  050 , 15 ide - u- - c , , ho o y  t o o  c - P  up
( ‘nu l l  o o l  c _ in ’ - ~ . p is u l i o - c - t u s o o i  of 0 0  - °

~~ 
o n t t -  c ’0 ( I , \ ‘o l u n n e  I I .

* Thie ~~~~~~~~ ~o i ’ oo g rot; tn p i o -~ o o i & d  I c y  L t i t - l R -  :\ S s i o o I : t t c e - , i l u m  o - u . o n - a - o l  i n n  \ ; - ; o  w t i ~,
\~ - 0 1 1 i 1 ) i ( ’  i i . 
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5 . 5 . 3  Card Input

The input cards contain information wh icin defines the parameters of the
transmission system. This data , together with that provided n- - t n I nput Tonpe 2 , n ll oo\v

the Queueing Model to compute waiting times and queue lengths for’ the t ransmiss ion
of data to the groun d station.

In order that the user have niax imum flexibi l i ty  in studying a wide range of
conditions , more than one set of parameters for the t ran smiss ion  sy stem can be con—
sidered oni any one run . Each s ine-In pai ’ocmctei ’ set is pr m -~ c~~o :cd scejtneniial lv .

Table 5— 1 lists and defines the input cards.

TABLE 5 — I .  CAR D I N PU T  DEC K FOR TilE PI-Q ~\ i O I ) L L

NUMBER CONTENT DEFINITION FO1~~ 1A’r 1
1 JEXC 1 A1~° ocys set to 1 215

JEXC2 if 1, a ‘‘ sc - c l - c - P  0 ’ label is
pr imnted on each p-- 

~~
- . S-~t C

if not dc - s i r ed )

2 IA (I) An al Ich ounn in a er i e -  n n~n onto - - which 20A -l
I - 1 , 20 describes or i o lc-t’t i f o e s  C - 0 -

set of -onn - am et ers  to P t -  e - fl—
sid e -n -cd.  This  i t - ; 01 u se -n’
e l -n y c-s i  cnc- c — tb e pro gra m

I
- - i t s e l f  on - u l y pn’in ts ti - m i s d o n t o c .

3 B ( ‘h o n nnn n c ’l b : o n nch o .- id t h i - - n ’  d o t o o  —1 1- - i t ) . -
~

I i’otnI ; m u ]  ~~5 i o  c n n  u n imu s/n -cc - oo n’d

HO ( ‘ h a n n u n o -l l o n e - c - i  o::’i m i o u t o m  ra te
i i i  t n l c i  :- ; ~ o 1 - i & - (  0 0 1 ( 1 ,

x 1 t o c ~~j m -  o l o , ( o u  i m o u c - lo ooee - s l o e -  in
n n o o j  t

miria m m e - i  out (lab ! i 0000hmigd ’
Site in o m n ui ts .

Note ’: (‘ ou rd -o :° o m n m t l 2 a i’e 1’e~ 00 001 on u s 1110 ’ :~1 0 0 0 ’ o f  t n O ;  Y 5 . 1 n o Ii 1 0 0  f t  1 ) 0 0 0 1 -  m ’ F
card s ni t ’  t i n t  1; 0’ i 0 O~~~in1 c - t O  n 1- 0 -I l o o t - ~0~ I o n  t o n  t n - o n  a n - mn i s  sn  0 0 0 1  y e - c l i i . ‘h
)) l O t t m I  ( i i i o l  o - d u o  - ‘ m i i i  t o - I l  c c . t i  i n u t - o n  l o o n  i t’s . 

-a-- - -~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~
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5 .6  OUTPUT OF TI lE  P 1— Q M Ol )E L

5.6 .  1 Output of the Photo—Interpre te r  Model

The outp lnt ‘i  the P1 is n t ab le for each nuniber of targets that can appear in

a single . -
~~~ _ :u.~, ih c e x inec t ccl  n -ut nber  of frames containing th at number of ton rgcts

for each level of pl~oe- 1-e-s i n m ~ (other th~an Level 1 which is real tin - nc p r ocess ing , Table
5-2 represents a hypoth etical set of results.

TABLE 5-2 . SAM PLE O F TPUT 01-’ P1 MO DI - L

LEVEL
N . 2 3 4

0 1.0 1. 1 500. 0
1 0 1. 0
2 3 .2  -1 . 3 10.0
3 4 . 5  7 . 2 20 .0

3 7 . 9  19 . 0 1 1 . 0

5 10.0  7 .0  9 .0
6 16.0 2. 2
7 .1.0 1 .3  0

8 1 . 0 0 2 . 1
9 .5  . s o

- - 
- 

10 0 0 0
Ex pm-e ~c-mi nun-nb ei- ol fi’anies -b ~~~. 9 -1 -1 . u-~ 3 C ( . 1

I-~xpcc(c- d number of looi ’gets 22~— . 0 176 . 5 22 9 , ~

As an i l l u s t r a t i o t i , then - c is an n c - s p t - o - t o - d  n i n n n n b c - r  (1 9 . C u  of li’o nn -o-s do le - In c o - t n —
la in  four  t onr ’g c ts  at L e u c a  Ii .

5. 6 .2  (h n t p u t  of t h e  (,° m u e - u e - 1n 12  °d uim - h - l

‘line Queue out m o ot  is on t ab le o f  o m o o - o n i o  , n n ’ , os-0 munn  , o i n u l  t i n e  s t o m n o f o t e d  d~- v i o i t i , o n n

of queue lengths oUi c l o i s o o o c i a t e ’ n l  w o o m t m u - a  t i n o c - o m  for } un - - - -  t 0 L O - t - : C , o ~ o -\ , W o nt -  cone -c - :

c-ova - B, ii ’ o i t n  civoc’ ; and co ne - c-  C , Im :i st- cn on o n M o n n n t c — C o c n - i o o  ~4 o n i i n n l o n !  n o n . C’°e- e  l° o no ’o t z - : c l c l o

2 f c ~- o ’ detoiiic-d (iiIu-inaI4iO)1 c o f  the’ I l o t a- - i- m o .- (‘S . P
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Table 5—3 presents a hypothetical set of results generated by Queue Models.

TABLE 5-3. SAMPLE OUTPUT OF THE QUEUE MODEL

I QMAX QME QSIG DMAX DME I DSIG
Run A 10 6 5 40 25 25
Run B 8 5 4 30 15 20
Run C 9 5 4 34 21 17

Notes for Table 5-3 :
QMAX = Maximum Queue length in units
QME = Mean Queue length in units
QSIG = Standard Deviation of Queue length in uni tDMAX = Maxirnuni wait time in mthutes
DME = Mean wait time in minutes
DSIG = Standard deviation of wait time in minutes

Run A is the worst case , Run B the mean case , and Run C the Monte-Carlo case.

5.6.3 Computation of Time Lat e

An impor~rnt part of this model involves manual computation . Using the
outputs of the P1 Model , a graph which portrays “time-late ” can be cons tructed; thi s
graph plots the percent of all targets (or alternatively, the number of targets) processed
versus time.

An assumption is that it takes K1 + K2 N seconds to process (on the ground)
each ph oto frame where K 1 and 1<2 are empiricall y determined constants and N is the
number of targets on that particular frame. ,

As an illustration , consider the example given in Table 5— 2 . In Level 2
there are 238 targets on 48.9 frames. Therefore , i t takes 238K~ + 38.9 1<2 minutes
to process all frames. Let K1 = 3 minutes and K2 = 0 .2  minutes. (Level 3 and 4
computations are analogous .) The result is the graph shown in Figure 5—3. Level 2
i s always processed first because the ground station receives these frames before the
end of the mission. Level 3 frames are next processed , hecause the “good ” f rames
are keyed. Only after all other frames are processed arc those in Level 1 considered.

5— 19
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In Figure 5-3 the heavy dashed line shows the time to process , assuming a
random selection of frames (i .e. ,  no keying or transmitting) . The amount that the
actual curve lies above the dashed curve is an indication of the improvement in time-
liness brought about by using data keying and transmitting techniques.
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p- -a

series of decision rules ; such rules could include priorities associated with certain
targets , consideration of queue length at the particular time , probability of identif yingthe target , and other such factors.
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SECTION VI.
RECOMMENDATIONS

6.1 iNTRODUCTION

It is recommended that the AIRS model be amended to include consideration
of:

(1) A visual detection model
(2) An automatic topographical mapping capability
(3) Automatic detection capability

These three recommendations are discussed in more detail in the
following paragraphs.

6.2 VISUAL DETECTION MODE L

r - As now programmed, the AIRS model does not include a visual observer.
This has not been a problem since , in general , the reconnaissance operators have

been fo und to have almost no slack time. Nevertheless , such a model would allow

stu dying the value of visual observation , especially from the point of ~-iew of trade-
offs with other sensors for overall system optimization.

6.3 TOPOGRAPHICAL MAPPING

The possibility of including another “sensor ” should be considered. In
• particular , a tactical laser could be used for topographic al mapping of the terrain.

Though not strictly a sensor , this would certainly he a valuable output of the recon-

naissance system .

6. 4 AUTOMATIC DETECTiON

Through operational use of the model it became clear that the on-board

reconnaissance operator cannot keep up with the flood of inform ation presented to him

by the system for analysis. As he falls behind he keys less and less data; syste m

performance corresponding ly decreases. it is recommended tha t  a stud be made on

the feasibility of incorporating an adaptive , auto matic , detectio n capabil i ty .  Sw h  a

capability would enable the system to present to the operator only that data ac tua l l y

known to contain target i nformation. The adaptabi l i ty  would arise fr om c x c l c  i s i  ng a

6— 1
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APPENDIX A. INTEI-1SECTION OF TARGET PATH COMPUTA TION

Points (X 1, Y1) and (X2, Y2)

Y

where

g = tan 6

y2 = y 2 ÷ (x0
2 _ 2 x 0 x + x 2 Jg2 + 2 Y 0 g X 0 - 2 Y 0 gX

x2 + Y0
2 + g2 X0

2 - 2 g 2 X0 X ÷  g2 X2 + 2 Y0 g X 0 - 2  Y0 g X - R 2
2 = 0

x 2 11+ g2 1 + X [-2 g2 X0 - 2 Y 0 g] + [Y0
2 + g 2 X0

2 + 2 Y 0 g X 0 - H 2
2 ] = 0

Let: -

2a = 1 + g
2b = - 2 g X - 2 Y  g

c = Y 0
2 + g 2 x0

2 + 2 y 0 g x0
_ R

2
2

— 4ac is negativ e , there is no real solution .

If

b2 — 4 a c > 0 :

, —b ~~~~~~~~~ - 2 2 , 2
2a ~~~ ‘~2 >~1

X2 = —b -\fb2 
~~ ; = H 2

2 
- X 2

2

X2 > X1, interchange X 1 and X2 ; Y 1 an d Y2.

A-i

IA - • - • ~~
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POlnt (X~ , Y3)

t Y Y0 -*- (X0 -X) g g = t an 6

Y =
~~~~~~ f ( ~/2~~~)

—$. = Y 0 - I - g X Q - X g

X ( g -~~J = y + gx

1’Y + g X ~~~f [Y0 + g X 0jX3 Y3 = - . ---—
(f g — 1 J  ff.g — 1J

Point (X4, Y4)

-

~

fY = X

X ( g +-~~] = y + g x

• = 
1Y0 + g X 0j 

~ Y - 

fY0 + g X j
ffg -i- 1J 4 f 1+ fgJ

Poin ts (X5, Y5) and (X6, Y6)

Exactly the same techni aue is used as in computing (X1, Y1) and 
~~2’ Y2 );

the only chang e is that H 1 replac es H 2.

A-2

- ~~ i’’~~
_ _

.~~~_
_

~~~~~~
_ - 

-~
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APPENDIX B. COMPUTATIONS FOR DETE RMrYIN G COO RDINATES
OF A TARGET PASSING THROUGH A F I L L D  OF V I E W

Computation of (X1, Y1) and (X4, Y4 ):

Y = Y 0 # ( X -X) tan 6

= constant Xa

Y1 = Y +  ~~ Xa ) t a f l t 5

X4 = constant = X~

Y4 = Y 0 + (X -X ~ ) tan &

Computation of 
~~2’ Y2):

Y Y 0 - * - ( X - X ) tan 5

Y - Y  X - X2 c 2 c
Ya • • Y c~~~Xa

_ X
c

r X 2 _ x c -1
Y2 = t ~Xa _ X c j  IYa Yc J + Yc Y0 ± t a f l & Xo . t a n 6 X 2

1~ a~~~c l rY a - Y cl
~2~~~2 L Xa - 

Xc 
~~~~ 

- 
+ = + X0 tan 6 - X2 tan & :1

I ~
‘a. - ~

‘e 1 1 ‘~a - ‘
~-‘clx3 L5~a X~ 

+ tan & j ~~0 -• Y~~+ X o t a n 6 + X ~ E~c-::--
~~j

~ a~~~~c- + X0 tan 6 + Xc ~~~~~~~x = .. a c2 
I~~a~~ -’~ctan 5 

~ b~ - ca C

aM finally

• ‘
~
‘o + tan & (X0 - X2)

• - • ~- -~~~---— -~~~~~~~~~~—• • _ - • _ - _ •  

1 
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I
Computation of (X3, Y3):

Following the same technique (subscript b replaces subscript a , and sub-
script d replaces subscript c) as in the computation of 

~~~ ~~ 
yields :

- YD1
Y + X0 tan & - + XD L~~~-XDjX3= P-’B ’

~-
’o1

tan 6 f lX B - x0J

Y3 = Y0 + tan 6 (X0 - X3)

t

13—2
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A PPENDIX C. MONTE-CARLO GENERATI ON OF
TE R R A IN  SAMPLES

C. I GENERATION OF A TERRAIN SAMPLE z (x)

The main ioop involves the computation of z~ according to equation (1)
below and the comput ation of u according to equation (2) below.

is the terrain elevation at the nth sampling point . Using the difference-
equation , approxi mation to the desired terrain function expressed in Paragraph 2.4
is computed according to the difference equation

2 3bz~~ 1 - 3b2z 2 + b3z 3 + cR~ (1)

where

b = 1/(1 + hr) 3 = i/i. i~~= 1/ 1.331000...

c = (1 _ b 2)2 
~~3 (1- b2)/ (l + 4b x b 4 ) - •

a = an input constant , the rms value of z (about its mean zero~,

a random number evenly distributed over the interval (-1 , 1) -
•

h = 0. h r is the horizontal distance between sampling points , and is the
breakpoint “frequency ” , in radians/ foot.

At any iteration of the main loop, u is the largest value of zn/nh so far

encountered. That is , if z5/nh ~ u , replace u by the cur ren t zn/nh ; if z
fl /nh = u ,

let the current value of u remain.

Or:

u = IViax {z ~/t~~} 
-
~

K < i � n  (2)

There are no printouts in the mai n loop.

C-I
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L
To start the process, set

= z_11 = z_ 10 = 0 (This lets the main loop begin with the digital
filter at a steady—state .)

and use equation (1) to compute

Z 9, Z_ 8,  Z
7~ . . L _2 , Z _1.

• The value of z0 is a preassigned constant (z *) representing target height .
However , it cannot be inserted into the sequence z 2, z 1, z~ , and continue with the
main ioop. First , test to see whether z0 fits the values z_3 , z 2, z 1.

The test is as follows:

Set R* = (z0 - 3bz 1 + 3b2 z 2 - b3 z 3)/c ,

where z0 is the preassigned value and z 3, z 2, z 1 have j ust  been computed us ing
equation (1).

If _ 1�R* � I , set to its preassigned value and enter the main loop.

If fl* ~ - —1 or R* > 1, discard z 9, z , . . . , z _ 1 and return to the be-
ginning “To start the process.

• To stop the process , there is a preassigned value N of m a i n  ioop iterations.
A stop rule has been written that can be used , if necessar , to save ( umputer  time
but for now N is an input constant. The entire procedure is repeated a predetermined
number of times (at least 30).

C.2 SAMPLE RESULTS

A Monte—Carlo analysis of the actual terrai n model ~vas maci c to check th e
arithmetic and to investigate the effects of quantizat i on at steps of 10 per unit dis—
tance. For 5000 tries , a (h) = 1.52 , X =  1.86 , where X i s  the mean distance between
zero crossings of the terrain.

( h — z ) X  1.52Thus , u =  —p a  1.86

Note that X eorresI)ouids to a “half wavelen~~h ’  est iniate since it mea sures  the mean
stance from a posi t ivc—g oing zero to the next ncg t i v c — ~~ ing zero .

C—2
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“Elevation ” is defined as airc raft distance above mean terrai n , i .e . above
the point z = 0.

If a target is at elevation z 4 and an ai rcraft at elevation l{, the ground range
is p .

Because of this scaling algorithm , proceed as indicated in Paragraph 2 .4 .
Basically, to simplif y matte rs , it was only com puted for values of z 0/o equal to (— 3 ,
—2 , —1 , 0 , 1 , 2 , 3). While the results indi cate d that geometric interpolation could be
employed for other values of z (linear interpolation being not as useful according to the
results),  actual implementation was ini t ial l y restricted to these seven integers above.

The results of the Monte—Carlo s imulat ion were fitted with cur s-es on a
least—squares basis , and the result ing terrain— shadowing alogi-ithm implemented in
the main simulation.

The procedure developed for programming in the Sc~enar io Model is as
follows. Referr ing to Table C — i  and le t t ing P equal the cumulat ive shadowing
probability:

(1) Sciect a target height re la t ive  to terrain  sigma (z 0/a) from
Column A .

(2) Compute the current value of u , the corrected line of sight
tangent given above.

(3) If u is less than the value in Column B , set P = 0 and exit.
• 

• (4 ) If u is not less than the value in Column B , but is iess than
the value in Colum n C , then set

~ ~~~ ] 
2

where the values B , C’ , D are given in the respective columns:
then exit.

(5) If u is not less than the  value in Co lumn C , but less than t!~e
value in Column F ,

set P = ~ l-:~ u -
~ l :~ u 2 i~~ u~~, where E 1 thr ’mgh F ,  are the

four values in ( ‘ o]i w~n J -~ for : inv z011o v a l u e  in ( o l u i n i i  A .

(_
• —3
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(6) If u is not less th an the value in Column F, set P = 1. 0.

The resulting algorithm is considered good to at least two significantfigures (al though the long coefficients need to be retained for precision in the third-order approximation) . This is more precise than any physical uncertainties as-sociated with particular terra in samples.
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TABLE C-i. COEFFICIENTS FOR TERRAIN
SHADOWING ALGORITHM

A B C D E F

—3 6.47098E0 1 6.6090342E0 1 5.6148369E —02 7.7343042723E01 9.060563E0 1
—3. 0561841003 I~0O
3.965926782~E -O2

—1. 6808448134E-04

—2 3.441621E0 1 4.459798E01 i.068 1267E —01 1.61528066 16 1L6E0 1 G.351531E01
—1. 06188579 14.E00

2.23 197 1170 $E—02
— 1. ‘i7-17275935E —04

—1 1.563301E01 1.60589E01 6.4571343E— 02 h.297 1G06791E00 3.5289-IEO 1
—1. 905G6974O~1E—O 1

8.7192342 903E— 03
—1. 0 1627 80732E— 04

0 1.4323E—01 4.2012E—0 i 2. 0586496E—01 6. 6064529761F-(2 1. 119466E01
3. 534096155E—01

—5. 010330503E—02
• 2 .28262372 3E— 03

0.0 7.837E — C 12 5.9392306E -02 —3 .0t iS19827oGE-01 1.O~ 959E00
5. 2-l29l9~~~~ fl CO

—7 .02 l~~~11~ fu ;L0 O
3 . O-i79~55 122 oE 0O

2 0.0 5.3E —02 1.60641USE —0 1 — 2 .483 (~~O7 Si) 7E -~)l 5.7648 E— 0 1
8. 83 1253 603SE 00

—2. 19764 1741CE0 1
1. 80 1G748475 F01

3 0.0 1. 144 E—0 2 1.9422261E—01 2.0- 1095435 24E--02 3 .23 13F.—0 1
1. 6159~~)37i)3E0 1

—8. 601197?l~ 2EU1
1. 3 8 5-11733 5IE 02

C —S



____________________________ • 
~~~~~~~~~~~ ~~~~~~ ~~~~ ~~_T 1~ T - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1

APPENDIX 1). ECM PASSIVE RANGING PRE CISION

D. 1 INTRODUCTION

- . 

Li. th~ ‘p. x’:~ ’~ ~~timates are made of the precis ion of passive ranging
from an aircraft assuming that it flies relatively quickly past a stationary target ,
inspecting its bearing as a function of t ime and performing the resultan t anal ysis.

By “quickly ” is meant that the aircraft velocity navigation errors do not change
sign ifi cantl y during the f l — b , he nce the anal ysis can be divided into two parts: 1)

estimation of baseline range and point—of—passa ge errors due to angular measurement

errors , and (2 independent contributions of navigational posit ion , c ourse , and speed

er rors.

This analysis fur ther  assumes that the onhoard computat ion of target posi-

tio n is opt imal , i .e. , the  on—board computer performs an unbi ased m i n i m u m — v a r i a n c e

stat is t ical  anal ysis of the data th is  is feasible in real t ime , but perhaps it is not cur—

rentl y done .

A d d i t i o n a l l y , th is  ana ly s i s  assume s a st r a i ght a i r e l a i t  path , but ii is

genera fly appl ieal) le to known cu rvecl paths , known up to the navi ga t ion  error .  Plus

heavy use of assu m pt ion s  is made of data indep emh ’ncc and n o r m a l i t y , wh en ever

reasonable , without  expi id tv  ca l l ing them out.

Fin a l l y , it w i l l  be observed tha t  cunsi (Iera l ) lc  s i m p l i f i c a t i o n  of the resu l t s

is obtained if the passive ranging is l)C1 forfl )eCl sy m m e t r i c a l ly  wi th  respect to the

aircraf t  V ( wing—to—wing )  axis , because by t ak ing  “looks in this  manner  the c st i—

mators for th - target 1)osit ion var ia!) lc s  become in depei id en (  of each other . Con se—
• quentl v , th i s  procedure is assumed for our r esu l t s , w h i c h , e. g. , is not v a l id  far

passive ranging from a forward lookin g radar  alone .

D. 2 ESTI MA T I ON ( )F BA sJ - :LIx l :  SI A N I  H A N G E

Consider the  I ~v t ) —di  mens ional  passive r ang i ng J )r ol ) !cm . l-’i Fst stu died is

• the error in h :iscl inc m t I i ~~t , H .



—

I f there are n beams , in effect -
~~ independent samples are taken at angles given by :

= .~~ (2i — 1) i = 1, . . . (I)

Let
21r

C (O f ) = A — —

2 
- 

2 _ . 2 11r 2
o (0 .)  0 — A  2 

(2)

0
whe m e  ~~

— is the e ffec t ive  beam w i d t h  and A is a nieasu rc of the a n ’u I  a r meas u r n ) ent
0

• precision ( s i gma)  r e l a t ive  to beam ~v id th  ( t vp ica l l ’  ~~ ) .

Let : - 

-

H • t rue distance , target to f l i ght - I inc

x axis  is fl i g h t — l i n e , and x0 is t rue  po int  of closest approa ch .

H (x—x ) t an  0 , where 0 is I rue t ar~ct l ) e :m em

A

Unknowns ar e H , X , a nd 0 .  I l owevt ’r , t here is mn est :n : ’ i (  N 0 for  th e  p o in t  ot

closest approach and t he eel- m — t -  n t : m m a i m m : i i e d  h ear ing s  ar e

A
0 0 4 ~~~0

A -There fore t a r g e t — t o —  Iii g Ii ~ — l i n e  ( I i  s tances , I~ , h ive l a cu  ~ t I in it ed

H~ (X i - t an  ~ 0

I ) -  :~



—..~~-- ~~~—•-—— 
-•
~~ - —-— --• . ——• ----— -••

~ —•‘—-— -—-- _________________________________________- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ An estimator is required

~~=~~ ci~~ i

that is unbiased and has minimum variance.

A
R = ~ C1 (X~ — X0) ta n (O ~ + &

A
= ~~C1 (X~ — X0) tan (O~ + & O ~) (X0 - X0) ~~C 2 tan ( O~ + & 0 . )  (3)

Since

E fta n W~ 
= tan

E~ = ZC. (X1 - X0) tan ÷ (X0 - )  ~ C 1 tan 9. R

÷ (Xc, - X0) ~~ C~ tan

A A
In order for H to be an unbiased estimator independently of CiT~~rS in X0 ,

it is necessary and sufficient that ~~~ = 1 and ~~~ tan = 0 . The 0~ is  not known ,

so ~ C 1 tan :- 0 is not of practical value , but going back to equation (3) it c-an be

seen th at

tan (O~ 
-
~ ~0~ ) = 0

gives at once
A
II = ~~~ (X - X0) tan (O~ & 0 ~ )

A
E H =  ~ C. ( X - X 0) t a n 0 = R ~~~C~

- so that

= 1 , ~~~ tan (0~ ~~~~~ 
= 0

are the necessary and sufficient conditions for

A
H = 2 C 1 (X 1 — X0) tan (°~ 

I 0 . )

I ) —3
I
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to be an unbiased estimator: ER = H ,

independently of errors in X0. •

The key expression = ~ C1 (X~ - X0) tan (O~ + 6 0 k ) implies , if the &0~ are
independ ent with zero mean and common variance ~2 ( 0) ,  that

C 2 p
(4)

where-

cos4 (
~. +~~g .)

K . = 1 ~
1 “ 2(X1 - X 0)

It is then desirable to minimize ~ Cr/K. subject to 1 — 
~~ 

C~ = 0 and ~ C~ tan (O~ -t & 9 . )  = 0:

Wri te

for 0 . + 6 0 . .• 1 1 1

Considering

~

it can be seen that

2C. 
-

j~L.X i ..X 2 tan 0 i = 0

Multipl ying by C~ and summing,

- 2C .2
-~~~ = O o r

2 2 ”
°

2 
~~ 

0 2 (0)

D—4
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Multiplying by K1 and summing over i gives

2 - X 1~~ K1 -A 2~~ K1 tan ~~1 = 0 .

Multiplying by ~c1 tan and summing gives

0 - X  ~~K. tan~~. - X  E K . tan2
~~ • = 01 1 1 2 1 1

fi rs t dividing each equation by 2 ,

____ 

~~K1 tan’~0~
2 = 2 - ~ i ’ 2  

(5) ~1
E K .  ~ K. tan 0 .  (~~K. tan O~)

where :

4 / 1
cos 0.

K i~~~~~~~~~~ 2 

A A
The situation is: Whatever is used for will give an B that is an unbiased

estimator , but the variance of this estimator ~vi ll  depend on 
~~~~~~

. Equation (51 shows

how to select the c ’s for given X0 so as to minimize  that variance , but tha t minimized

variance will depend on Equation (5) doesn ’t really explain how to select the c ’s;

an additional step shows that

-- 

K 1 ~~~ tan2
~~j 

- 
K1 tan ~ j  ~~~ tan 0”~

~ ~~~ ~ Kj tan2
~~ - (~~K j tan ~~) 2

but Equation (5) does tell us the resul t ing value of

2 ”0 R

What has to be done is to select so as to min ini i : -~e (5~. This presents

problems , since

R (X~ - X0) tan 0 .

D-5
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For each 1 , then approximatel y, i f the errors in 0 and in X0 arc not too
gre at ,

A X~~~ X0 
-

R~~ sin 0.
1 COS~~~

or

2 
~~ 

COS
2 

~~/R
2 (6)

This removes from consideration and no optimization with respect to
remains. In effect , what has been said is that near the best X0, which is near

the correct X0 as well , the optimum is relativel y flat. Then (5) becomes

2 ”
~~ 

0 ( R) 2 smn e i
= H - 

• 2~ 2 ~ 4 ’~ - 3 A ~ 2 (7)
0 (0) ~ s~n cos o~ ~ sin 0 .  — (~~smn 0 .  cos 0 .)

This is the limit using actual values of bearing (observed) 
~~~~~

. Matters
become simplified when assuming continuous or evenlv— snacecl looks . Th~ sqi’a m’ed
term in the denominator of equations (7) or (5)  is the square of a sum that goes to
zero if the same looks are taken going and coming . That is , a look at and one at

- cancels each other in the sum . The squared term m igh t be considered as a
loss of precision due to failure to take advantage of some looks. Dropping this
squared term

2 A o 2 (0) R 2
o (H) = sin 2 

~~~~~~~~ - 

(8)

or in terms of equation (5),

A COS 0~
0 ( I l ) — o  (0)/ s ~~~~~~~~~~~~

(X1 -X 0)

2 
~~~~ 

2 
~~~ ~~ 

— ~S
(112 — (X 1 — X0) 2 ) 2

I,
IS
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Substituting in equation (2)

o ( R) 2 I T A R q ( n )  (9)

where

2 \ -1/2
~ ( n ) = — ( ~ E sin O j cos2 O i) (10)

and where

~ (2i - 1) (11)

The function ~ (n) is tabulated in Table IJ-i.

D. 3 ESTIMATiON OF DOWN -R ANGE POSITION

The following procedure is not necessarily optimum ; it depends on the

assumption that the value of B (namely B) discovered is alsc optirnu mi.  for estimating

X0 . This obviously is not neccssa~ ih the case. As a mat t e r  of fact , finding H and

X0 from the observations with the objective of min imiz ing  the i r  CE1’ coul d have been

done , but the al gebra would be extensive.

Usi ng the sam e assumptions as in equation (2) and adding the selection of
R as optimum.

11 (12)
1 01 I 

-

Agai n

A
X0 = E C ~~Xoj

01 1

l) -7 
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TABLE D-1 . 
- 

-

RANGIN G PIl EC I SI ON

No. of BeamS 
- 

Value of ~

4 .353553
6 .272165
8 .176777

10 .1.2649 1.
12 .096225
14 .070360
16 .062509
18 .052378
20 .044721
22 .038764
24 .034021
26 .030172
28 .026997
30 .0243-13
32 .022097
34 .020 176
36 .018519
38 .017076
40 .015811
42 .01-1696
44 .013705
46 .012821
48 .012028

• 50 .01131-1
52 .010667
54 .010080
56 .0095-1 5
58 .009056
60 . 008607
62 . 008194
64 .007812
66 .007460
68 .007133
70 

S 
.006830

72 .006547
74 .0062 84
76 .00603 7
78 .005807
80 .005590
82 .005387
84 .005116
86 .0050 15
88 .0048-15
90 .Oo16 S5
92
94 .0o•1389
96 .00-1253
98 . 0 0 I I : . l
100 . 00 -hI I W

1) -S
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1 A A

o 2 ( X )  = 0 25.11 
2 ~~ 112 ~ 2 ( 0 ) CSC4 O~

tan 0~

~2 X )  ~2 
~ 2 A 

= ~ 2 ~2 ( 0~ EC 1~ CSC4 O~ (13)
tan 0~

Which must be minimized subject to the constraint ~ = 1.

Reasoning fro m the results of equation (2) , it is obvious that if the obser-
vations are symmetrically disposed about 0 = j -then , provided that C~ are likewise

assigned symmetrically, the result will be unbiased by errors in R. In fact the pre-
cise condition is , by inspection , that

2
E

Ci = 0 .
tan 2

Equation (13) can be simplified as well (i imter changing 8~ and O~ to simplify the analysis )

2 ( X )  = 112 0 2 (~j )  CSC4 0~

~~2 (X0
) = 112 0 2 ( °

~
) ~~~~ CSC4 0. (14)

Referring to Appendix E~

K1 = 11’~ CSC4 0~

and , direc tly

1
~2 (X0) = ~ 2 (0 k) 

~~ 2 
1 

(15)

H CSC

Thus , combining the results with equation (1)

2 ~~A R ~ (n) ( 16)

*Appcndix F prc~..;t :~n i s a technique for f ind ing  the m in im u m  — variance estimate of a
mean value .

l)-9
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where

~ (ii) = 

~ sin4~~~T7~ (17)

The function ~ (n) is tabulat ed in Table D-2.

D.4 SIMPLIFICATIO N FOR LARGE N

If n is large (say 8 or more) then the stuns in Equ at iun s (10) and (17) maybe replaced by integrals

o f ’  
~~~~~~ 

~~~~~~~ 
=

~~~~ 
-

~ 
S

So tha t , roughl y,

0 11 2 r A 1 1  ~~~~ = 
4 V ~~~AR 

( 18) 
‘-

5

0 x~ 
~~~~~~~~~~~~~ ~ii!i O R  

. 

(19)

Then

CEP~~ —~~~~~~ —
~~

- (1. 178)
~~ 

- (20)

CEP~~ 5.G3~~~ (21)

~ 0. 88 11 a ( 0 )  
(22)

And , if P is the fract ional  nunthi r of t imes  observed r ( 1 : I t i c ~ to t h (  possible n/2
observations

CEP~~ 
~~~~~~ -~~‘ ~~~ 

(23)

1)—b

_______ ____ • ~~~
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TABLE J ) —2 . c0 \1PU ’l •\TION 01’ q~ (a) l’OB PASSIVE

11A~\ G L ~\G P1~E (.’iS Ii ) N

No. of Beams 
- 

Value of ‘~‘

4 .353553
• 6 .157135

S .102062
10 .073030
12 .055550
14 .0-1 -1087
16 .03608-1
18 .0302- -Il
2 0 .02 5520
22 .022380
21 .019642
26 .0 17 120
28 .0 1558 7
30 .01-1055
32 .01275 -5
3-1 .0116-1 9
36 .0 10692
38 .0098 59
40 .009129
•12 .008 1~ -l
4-1 .007913
46 I .007 102
48 .1)0653 2
50 . 000159
52 .006 159
3-I .00 5520

.00551 1
55 .0052:? S
60 .00-1969
62 .O04~ 31
64 . 00-151 1
GO .00-1307
68 .00 1118
70 .0039-13
72 . 002 7 s0
7-1 . ( 1U o15
76 .003 I s ;
78 . 002352
80 .00 322 7
82 .003 110
8 I ( 1 1 ) 3 1 ) 0 ( 1

86 . 002s9 ;
85 . tH ) 2~ 9~-~
90 . O t I ! ( l 5

92 . ( 10_ I I 7
04 .

90 . (0 )~~.‘ I 5
OS . (11’: - ~

10( 1 . 0)2 :5)9

l i - I !
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1). 5 EFFE CTS 01 N ;~X 1GAT10NAL EI U ~0IlS

It has been assumed that  the navi gational e n -  rs are small and essent ia l ly
constant  over the t im e  of tar3ct observation.

9 •5)

Let a (X ) and a — v lhe  the va r i ance  of pos i t i on  nav ig a t i on  a long  and across
the track , respective!’- .

(Approximately ,  a X = a v 0. ~ I t )  CEP (Na v ~~.

Let :

~ ~~v be the variance of ground speed e s t ima t ion  ( v ) .

o 2 
~~ be the va r i anc e of h eading  0~ ) .

It is assumed tha t  the  d r i f t  ang le is small  am! tha t  in the  passive rang)
ca lcu l at ions  corrections were made for the pred icted d r i f t .

The effeets are as follows:

• (1) ‘l’he l):Ivii~:it l I~~ p i oi t  IOU \ i r i a n e c s  s i m p l y  add f - the passive
r a l ig in  I IlH l tj o f l  vani : in -es .

A(2) The speed e m r  eui usc ’s an cm i I ~i r i n (X~ I I) 1’OPOrt i ona l to
(X 1 — , hence ii is ei u i v a l e n t  to a scal e co r r ec t i on  of

as fa r  I t s  R— -measa remnen t  o & s . It ha s no f i r s t — o r d e r
effect on m easurement  in the sv n tmnc t  mica I ease , p rovided

• GX ,o v  are t : i I ~i n  at the  point  X 0 .

Thc h e ad ing -  e r r  I r  enS e l -s in  a C n u p l o x  ~vav , if  In mgi ’ . H owever , if  smal l
compa red t o  O~ , it h u t s , l ) \ S V I i I u ’i V , no f i r s t — o r d e r  e f f m- t  on E , hu t  d i sp l aee s  N .
l) V an a mount  H sin -\ (3 H -~~

~~~~~~~~~~~

•5) • )

O (X0) 
‘
~~ (1 -- ( N )  - 0 ( 0 )  (24 )

- 

- -- -)  - I  -) 
}I
~1 1 

2
~ 2 (~~~~ ~‘ ( U )  0 (vf - ‘ 0 - ( V t  + 

~ (fl~~~~ 1l7)~ 
Dl S

t~he re D IS = g r o u n d  I - .~ f l $~e t ~
‘ t he 1 a rc :c 1

= h e i  gh t  o f  the target
H . = h o i  g l i t  of t h e  a i i- L- i - a f t

I It

1 — 1 2  

- - - 5 - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - • --- - ---~~~
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Or , to use the simplified formulas

— 321rA 2112 - 

2 2 2~ 2 O~ ) = —s-- —i---— -+ 0 .72 I CEP(Na v) J  4 11 0 (O n ) (26)

~39~~~
2R 2 

2 112 9~ (11) = -~-~~~ ~
- 0 .72 [CEP (Na y ) )  • —~~ o~ (v) (27)

Ignoring the CEI’ (nay) t erms , assuming in effect that the posi t ion errol-s areremoved via relat i ve positioning, the navi gat ional  e l - o i-s become domi n :tnt 0 . e. , ci ssover) when , ronghly

or 

o( o )
,
r8 o( O~ . 28

o( v ) — - ~ f o 0 ~) 
29 j

I
H

I ) — .  13

ILk --~~- • --~~~
- - - - -~~~

-- -- ——-
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APPENDI X E. MINIM UM-VARIAN CE ESTIMATE 01’ A MEAN VA l UE

Consider a number of indep endent measu rements x1 mad e on a qu antity x to
ascertain a best value for some function y = f(x) . Let

y~ f~x~) (1)

Using small-error and independence assumptions , we have

~ 2 
~y •) = K 1 ~2 (x i) (2)

where ~2 (xi ), the varianc e of the 1th measurement , is assumed a constant for all i
and

I
(3)I

Let us use a linear unbia sed estimator 
~~~. Hence ,

= (-1 )

where for normalizat ion we set

1

— chosen for best fit , i . e . , min imum variance.  By s tandard formulae  we have

~2 
~~~~ 

= ~ ~~
2 ~ 2 

~~~ (6)

Minimize equation (6) subject to the constraint  equat ion (5) using a laig i-ai gc
multiplier A . •

Let

U 2 ;P1
2 0 2 (~‘~ A ( 1  - 

~P~) (7)

u = o 2 (x1 ) ~~P1
2 K 1 A ( 1  - 

(8) 

~~~ 
-.rr W$ ~~~~~ 
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and let

2
1 0

Hence ,

~~~~= o 0
2 2 p 1 K~~_ x = o  (10)

a p1

and

= 1 - ~~~ = 0 for minimization. (11)

Solving

A
= 

20 K 1 
, and

2
A = 

20 o
1.

2 2

subst ituting in equation (10)

• 22o
2o 2 P K  ° = 0

0 i
‘-K

~ i = K.~~~ l/K 2

Then from ccjuati ons (Ii ) and (2)

~~2 
~~ o0

2
~~~ p1

2 K 1

~ 2 
~~ 

O 2
~~~~~~~~~l (12)

_ _  _ _  --5-_ --5 -_5—’
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We can also show that this l inear unbiased m i n i m u m  variance est imatoris maxj rnun-i likelihood. For a partj eul~tj- estimate

~~~=

J
9 9the value of the log—li k elj ho~~ fun ction is (lettin g 

~r ~
- 9(x. - 

~- a . x~
Q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4lf
072) 

-

Hence ,

~~ 2( x - ~ ’ a x )  

(13)

For max imum l ike l ih ooti , equation ~1s~ mus t  l e  0 I >r I I I !

Hence , we m ust have

x.
~~ __j_ _ =~~

_
‘__)__J_j_

- 2 ’ -  21 
*(T
i.4

But (h is  w i l l  be true ( ‘nI \ -  6~1~

1/o~ 
2

_ _ __ _
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Now setti ng

2
1 0

and rewrit imig we get

1
a =- ------—--—---- = PI K.~~~1/K iI

Q ~

so our above estimate is n iax inium likelihood also .

‘I 

-

ip.

1:-i  

--~~~~~~ ~~ -- —-5
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APP ENDIX F. IND IVIDUA L SENSOR PEHFOHMANCI- : M E A S I H I - :-5 - -— _

F. I INTRODUCTION

The EVAL r outine computes a measure of i n d i v i d u a l  sensor contr ibut ion to
the overall effectiveness of the A[I{S System.

F.2 DERIVATION

Two measures are derived of individual sensor contr ibut ion s  that are
theoret ic -a l l y  sound and computa t iona l ly  s imple.  One is cal led the “scaled measure ,
and the other “unsealed” . Each rests on difiercnt  assumptions; hence , th L - ana ly s i s
will result in two sets of M numbers : ( i 1 and $~ 

. The ~~11 mbers a me between 0 and I
• and rep r esent the unsealed and scaled contr ibut ion of sensor i , respectively :  the

larger the number , the larger the contr ibut ion.  The input data for this problem ~~~~
sists of an M x N matr ix  P~ , I ~ i ~ i\ I;  1 � j � N . The input M represents the number
of sensors; N represent s the  number of target si ghtings : and ~~ is the l ) mobab i l i t y  that
sensor i det eeis target s ight ing  j .

Consider a s i t i m n t i n wi th  j u st  one target s ight in g ,  i . e. , fix j constant .
Let P

• ~ 
be the overall c ic t ee t iomi pm ob dbil  i t v  t ha t  at least  one of the M sensors w i l l

detect the tai-get . Then P0 ~ 
is precis e ly one minus  the pr oba b i l i t y  that  all sei is om -s

see nothing .

‘l’he probability that sensor i does not de tec t  the s i gh t i n g  is 1 — P 1 1 .
assuming the SCII SOI ’S operate independently ,  the prob abi l i ty  tha t  not a single sensor
detects is

• 
—
~~ j~ 

(1- (1)

h ence ,

1) - 1 — 
__?!~l~ 1•I — p e’)I I  ij’i - - 1

Note: Cap P1~ and Iowei- en Sc P 1j u m m e  used intet -cli n l i g l u l  hi ’-  in lI t  is .-\ ppenW\ .

1-’— ] 

—-— - 
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Let a Particular sensor k be fixed and removed from the AIRS system .
Let P1~ be the overall detection probability of target passage j for this new system of
M—1 sensors. By the above argument ,

= 
~ 

~~~~~ 
(3)

but

M
— (1 — P1 .)

J ( 1  — P ~ ) = i = i  (4)Wk (1 —

M
(1 — P~ -)P~ . = 1 _  1 r 1 1J (5)(1 -

1 —P — ~~~~ — (1 — P.-)kj . i )
~ 11

(‘
~~~kj

)
Øf , Si m ply ,

Pj~ (6)
-

An excellent measure of the usefulness of sensor k is given by pj~1 /P• ~~
‘the ratio of total detect abi l i ty  without sensor k to total de t ec t ab i l i t y  with i t .  

• 

If th is
rat io is close to I , sensor k is not very  important ; if it is near 0 , k cont r ib ut e s  

—

qu i t e  a bit .

To make thi s a di i’ect ra ther than inverse r e l a t i onsh i p let

x . 1 — T kj  (7 )kj -

.J

be cle f iiic-d as the Lix ed In rget coat r ib u l  ion of sc’~ sor k to c ’ ~ c t - a l l  A I R S  perfoi-m:1n1 - - .

1-2

~~.— - - 
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The case where 0 is an exception: Xki does not exist .  Sensor k
could be assigned a measure of 0 (afte i- all , the sy stem loses nothing b ci imi  a m U n g
k since it had im oth big to begin wi th ) ,  but this would be unf l U ny prejudicing the
measure ; l ikewise a value of 1 is plausible (sensor k provides all the System capa-
bil i ty — nothing is all of nothing ) , but for the same reasons i s  unfa i r .  h ence , no
assignment is made of any Xkj for :mll  sensors k when = 0.

algcbi~ue~~mm p l i f t c LtIo n of x i- ~ sho~~n helm’.

s_i S i j j

P • — P - P.. — 1~ - P..
J •J I j  •~ 13

p .~ p I’ 
- -

.1 .j ij

P. — P P
I j  ~I - I

P — P 1’.3 i i  o j

(~~ )
- P1 •)

Equal ion (~ ) is used to compute x~~.

To de r iv e  the f ina l  me: is tm ies  the x 1~. 
~ 

t i e c( ‘nil - t i ned m e t  al l  t m  I~~ t ’t s i g lt t

I fur  which x 1~ , ~N i si - Iwo  ( Ii fit ’ I - ( ’ I l t  i i i i  egmat  1011 I~ I I l t t ’ ( l t I  ~ (‘S a i ’  I I I  aUS i i  lit ’ I hci - t’ fo i e

t\vo di 1k’ rent nie:i sui’es are found .

F’ —: ; 

- -• •--- - - - -----_ ----------—--“ - - - 5 -
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First , assuming all target sightings are equally important  then a strai ght .
average ‘ .v i i l  suf f ice ;  that is ,

~~ 
j~

-
~ 

Ex 1~ (9) - •

where the sum is taken over all i such that ~~ �0 and N’ is the number of such J ’ s.
This is called the unsealed measure.

However , it may be desired to assume that  a l l  detected tam- get si ghtings are
equally important.  It is not known in advance whether  01’ im ot a pa r t i cu i  an target wi l l
in fact be detected , but this can be taken care of by scaling the measure in proportio n
to expected targe t sighting detections. In other words , instead of a s t ra igh t  average
over the x~ ~ 

a weigh ted average is formed with weights equal to the overall detect loim
probabi l i ty of sig hting j .  Thus ,

-- 

P~ 1 x~1 + P.2 X~9 4 - . . . + P5w, ‘
~~x~ 

—
- 

~~~~~~~~~~~~~~~~~~~~~~

1

~~~

. P .  x~. t i O t
- Si3

where the sum is over all j such that  � U and N ’ is the same as be f o r e . 1h i s is
called the scaled measure.

The difference between the two measu 1’CS is en sv I i  a 1)i) 1Cc I n t o . Su p1 ) (5~ -

One Sensor prov ides 90 percent (I f a 0 . 01 system de tec t ah i l  it ~ fur  a g i~ en ta t -get  and
a second sensor pi’u~’icI e~ ~() percent of a 0. 99 llctc -( ’t a b i l i t \ -  for anoth er  In m~ a t  . f le la —
t ive  to the tw o t a rg et s , the fi m’st sensor emit ril)ules more t h a n  th e  second to u \ e I ’ :i 11
effe c-ti VefleSs if un sealed fl ica sum-es arc’ used , ‘.vhi Ic th e  J evers( I ‘~ t rue for a s(-a1t ’( 1
analysis.

Using the above a I gebral C SI 1111)1 1 f icat ion , the f i n a l  1 ~t n I  s ~~ the two meas ii i-es
are shown as.

1, -s- I

--
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(11)N l _ P
~ P•~

1 (P - . ) ( 1 — p
•

.)
Z (12)ZP .

F .3 CRITIQUE AN t ) ANAL YSIS

F.3 .1  Introd uct ion

This paragraph discusses several  aspects of the  measures that add to th eim -
usefulness and increase the reader ’s under~ ta i id i mi ~~. Inc lu d ed ar c three completely
resolved numerical examples . Each example consists of two tables: the f i r s t  g ive s
the ~~ matrix , the vector , the overall expected det ed- t ion values , and the

~~ ~~•
. ratios ; th e second includes the x1. ‘s , the 

~~~~~~ 
and the ~~‘s.3 3 3

F . 3 . 2  Expected Values

For a given ser~~oi- i , the sum of p .. over all I gives the expected ta 1-gel
sighting detection value , i . e. , the exp ected n u m iml i e r  oi pa s s c ( l  ove r targets that sensor
i will detect in a given ai me r aft  run . 11 is i m p o r t an t  t note tha t  ne i t he r  ~~ 001- :i re
necessarily in proportion to this expected valu e .  If sex - em - a I sensors have s i n - i l a  m - Ii i~ h
detection pr obabi l i t ies  over a set of si gh t ings , then they all have large expc (1 ( 1 va 1ue~--
but smal l ti ’s and a’s. r1~lij s is for the s impl e  reason t h at the sys tem IOSCS t i o t i m i  n~ ii
one of thes e sensors is  m-emc ovc d , because m d iv  j dm ~a 1 cont i - ibut io n  and impo m -t ane e  , l i e
measured , not frequency of detection. (See examples.

I Iowever , the a ~~~~~~~~ for a sc-nsor (-liii be related to a mcaaimi ~ fui cx— —~

pect ccl VIII (IC ~)C 1~o - .- I1 t a ~~e. In th e  same \VlI\ ’  t ha t  ~ i S  th e  exp ect ed d~ t~ yt oil s; fom-
sensor I , 2 ~~~ is the expected numbe r of ta m -get  si ght n:~ (Ie 1c-et i om )~ for t h e  Od i n  II
Systems. ~l 1cr c-aft er denot ed by El) .

_______________ 
~—~~~~-

- - --
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Hence , I -

~~~~~
~ - 53 13

I

1 f 1 - l ~~\- 

ED i • i P/

E D [  ~~ E
I_ i

ED - ED”-
(131ED

where Ex D~- is the expected target  s ight ing detect ions with sensor i removed from
the s)-st emn . So therefore

ED T-a. i —

~~~~~~~~~~~ (1-I )El)

In other Words t i n t er p r et i n g  equation ~4 ) , 
~~ 

Is the eX I Xct e d  l) e I ce t i t a g C  i c l e c i n i a h i  of
overall  sy stem target s i g lm t ing  detec tion s that will  be lost if SelISoi - I is removed .

F . ;~ . :~ Marg i nal __
(‘onlnihution of Sensors

A brief defense of th e methodolog\- used Ifl the consl rue t io n  of the mimea su  res
is g iV e n .  

—

~

Basically ,  it must  be realized that It g i v e l u  sc i lsor  dues not cont mih u t t ’  i t s
ea t i re (k ’tc ct iun probabi l i t \  to t h e  s stein ( ‘fleet i ~‘ c i i ( S S  fu r  a pa i t  iculli m~ 1 a nge l . The
Il ( 1( h i t iOi t  I:i ’.’.- fm ui1 (lepe n (Ic ’nt e~-c’ i -t t s  in l l m - ol) aI ) i  l i t ~- t lm ( ’ul ’\  gua ran tees  (hIlt the ~‘.Imuk- is
a h~ 0 \ 5  less than t I m e sum of i ts  parts . For this  rca son us i img p1 as t i t e  meas ure is
u t iS a ( iSf Imc t or _ In pa r t i c u l a r , the  di rc(-t m e asum - c P 1 

- 

~ 
( ) \ e rest I I l late  S corn nil)UIi ( 1 1 ,

wh i J ~ the i n v e m - s t -  irieasu rc undei ’est i I l ) I I  les i t .
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To fairl y constru ct a measure the marginal contribution of a sensor must
be studi ed. It must be foun d what sensor i contributed to the system-n that it did not
already have. It is precisely for this reason that pj~ wa s introduced (note that Pjj

� P•~).  Fair measures would then hav e the form — (direct) and
(invers e) which are precisel y what th e ~ anda measures , respectivel y, are based
on.

F .3 .4  Use of the Measures

It must he re menmber ecl that Cl and ~ are p n i m i i ; u - i l y  measures of individua l
contribution compared to the overal l system and should be interpreted in that light.
In the case of the ~ measur e (whi ch has a di rect expected value in terpreta t ion)  in t ra —
sensor scale comparisons can be made , i. e.,  sensor i is twice as imnpor-~ai~t as Sensor
k , but , in general , results of time anal ysis should be stated in ter ms of the ranking in-
duced on the sensors by the meaaur es  (sensor i is the most important , sensor k the
least) . The a induced ranking sometimes differs from the ,~~~ induced ranking and
sometim es does not. (Compar e Examp les 1 and 2 . )

Any change whatsoever in the system can vas t ly  ebange the V l u l U ~~ of the
measures . Therefore it is erroneous to conclude that the t\Vo or Uu-c’e lowes t  valued
sensors can be eliminated from the syst em w i t h o u ° much cf fec t  iveness loss. Rather ,
only the least valuable sensor can be dropped and the measures m u st then be recoin-
puted for the resul t ing system. It is possible tha t  a prcvieus~ low m iLked sensor wil l
be quite important in the new system. (Compare , using a measures , Examples 2 - ‘

and 3.)

F .3 .5 Independence

An assu mption made in the den ivat ioj l  i u ;  t h m I l t  s~~j i ; : e i - s  a mc- i fl ’ic~’c n Ic-iml  , t hu s  S 

-

allowing the combining of pro ha bi h i l  ic~ by t ak i ng  pmoc h mc-t s . A t t bo u ~~i it is assumed , it
i s not ent i re ly  obvious that it is a va lid I’~;sumpt ion . The fact that  th e  SCi ( l- ;O1 - S are
physical ly independent is not enough to guarantee s t a t i s t i c a l  independence. For in-
stan ce , I f one sensor works better at nigh t and another dur in g  the d1lv , then the tWo
are not s tat is t ical ly ind ependen t  eve mm though the l ( ’  IS flI ) PhY S Inal  ( -C P I 1 C I t i o i i  between
them , I . c. , knowing the pe rfo rmance of n’-ue of them hel ps in guesu 11m g the perform-
ance of the other .

is -,’ 

- -

~~~~~~~~~~~
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If no independence is assumed , the measure can still he computed if all
the conditional distrib utions are given. Of cour se , p1~ and would be calculated
different ly and x~. would not algebraically simplify. *

F . 3 . 6  Degenei-aey

Looking at the sin’p lified form for x 1~ , it can he seen that degeneracy oc-
curs whcn = 0 or p~. = 1. The former case has already been discussed ; sensors
are given no value for that target. If p~ = 1 , the value i is then assigned to x~~.
This is the obvious thing to do — sensor i provides all of ftc svs ten i  capabi l ity.

That x~ = 1 in this case can also be demonstrated formally.  If
then p, . = 1 so 

~~ 
= p5~. Hence , -

P u l~~ P.j
= 

1 - p1~ p
•~

L r l

Si

-j 

_ _ _

*IIowcver , i L is ce r t a in ly  not possible to obtain these c o n d i t i o n a l s .
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EXA~\11’LE 1

3 Sensors
3 Targ ets

P u 
S

Target Target Target 1
1 2 3 Expecte d

\‘alue

Sensor 1 
___  ___  

0
S Sensor 2 0.8 0 L o 0.8 H

Sensor 3

P~ . 0 .9 8  0 . 1  0. 2 -

P~~/~ p,~ 0 765 157 
I

x _ .
I i

‘J’arget TIugc t I a rget  ‘ 

a - -

-~ 

2 
-
~~~~ 3 

— -  

I
i _

~i 

j

Sensor 1 0. 183 0 0 0. 0~ l 0. ] ;

Sensor 2 0.OS I 0 0 - 
( ‘ 2 i  0. V i 2

S~:nsor  3 0 1. 1. 0 . t 0  ti . 22~ j

• )

1 - 9  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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EXAMPLE 2
S

3 Sensors
2 Targets

p~.

______________________________ 
__________________ _______________________________ ___________________________________________________

I 

-

~~~~ Sensor
Targe t Target Expecte d

1 2 Value

Sensor 1 0 .9  0 0 .9

Sensor 2 0.8 0 0.8

Sensor 3 0 0.1 0.1

p - . 98 
— 

0.1
• J —

-—-—— —
_ _ _ _ _  _ _ _ _ _ _ _ _ _-  -------- --- ~~~~~

p ./~~~ 
p 0.907 0.093 ~~~~~~~~~~~~~~~~~~ ---- - -

• ~ ____________ _______________ .~r T i i i T T~~~~~~~

x ..
ii

_ _ _ _ _ _ _ _ _  

Tar ~et~~~~ Targe t 
- _ _ _

Sensor 1 O . i t ~3 0 j 0.092 0 .166

_ _  - H ~~ L~Ei H~~~L
I

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___
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EXAMPLE .3

2 Sensor s
2 Targets

Target Target Sensor

1 2 Expected
____________ __________ Value

Sensor 1 0.9 0 0.9

• Sensor 2 0 
_____ — o.i~~~~j 0. 1

_____ - 

0. 9 - 0.1

~~~~~~~~~~ 
[

0.9 0.1

x - .
- ii

-—____ ____

Targe t ‘1 ;l r gut  a 1 ~ i

Sens~~~~~~~~~~~~~~~~ i 7  
~~~~~~ ~~

- - - ---~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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