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ABSTRACT

This report describes improvements which have been

made in the Airborne Integrated Reconnaissance System (AIRS)
Performance Model. Specifically , the report includes:

An algorithm for analyzing the observability
of target complexes.

Methodology for evaluating the effectiveness
of slewing optical sensors.
A technique forrn examin ing why sensors perform
as they do , on a micro-level.

:~ . Improvements in the performance models of in-

dividual sensors by inclusion of additional
equipment , environmental , and operational
parameters .

• Improvements in the method of data presentation
to the AIRS user .  :~:~

~~~

In addition , the prospective AIRS user is provided
with instructions on the use of the several computer programs

• which make up the overall model.
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SECTION I

INTRODUCTION

1.1 BACKGROUND

Under NAVAIRDEVCEN contract number N62269-68-C-0441 ,
Analytics developed a simulation model for studying the

performance of future tactical airborne reconnaissance systems .

This simulation model , callbd the AIRS Model (for Airborne

Integrated Reconnaissance System), was documented in the
following report to NAVAIRDEVCEN :

. 
V . -’.

Analytics Incorporated , Final Report 1004-1 ,
Simula t i on  of Advanced I n t e g r a t e d  R e c o n n a i s s a n c e

~y~tems ( A I R S ) ,  Volumes I , II , and I I I  Subr ’it tcd
j ~~ . to Naval Air Development Center , Johnsviile ,

~~~~~~~~~

under Contract N62269-68-C-0441 , 4 April 1969.

Under a subsequent contract , Analytics was tasked
to make improvements in the AIRS Model. This report documents

these improvements. :~‘~~

It is assumed that the reader has a detailed knowledge
N J

’

of the three AIRS report volun~es , th i s report cannot be
effectively used unless this is the case. The AIRS report

will be cited frequently throughout this report , and will be

referred to simply as “AIRS” , with , of course , the appropr ia te
volume and paragraph number .

A
1-1 U ~

~~~~~ ~~~~ 
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It would be good to redefine here certain key
concepts of the AIRS Model (see AIRS , Volume I., paragraph 1.1).
The four primary measures of performance for tactical air-
borne reconnaissance systems used by AIRS are :

j 1) Target detectability.

2) Target identifiability.

3) Localizability of the target (expressed as a
- CEP) . 

_ _ _ _

4) Time-late statistics (defined as the time that

elapses between collection and processing of

- 

reconnaissance data).

‘I

Values of these performance parameters are computed

for each of four data processing levels. The levels are :
r.
2 . .1) Real-time and near-real-time processing of

reconnaissance data on board the aircraft.
2) Keying ( f l a g g ing)  of data which conta ins  r e l evan t

target information and transmission of this

keyed data to the ground support station for
early interpretation.

• 3) Key ing of re levant  da ta  but  no t r a n s m i s s i o n  of
this data to ground support station .

-: 4) Convent iona l  p r o c e s s i n g  ( tha t  is , no key ing  of
r e l evan t  data  and no t r a n s m i s s i o n  to ground

.5, support  s t a t  i o n . )  ~~~~~

Thus the model user can analyze increased system performance

as a f u n c t i o n  of the type of data  p r o c e s s i n g  used by the
- r e c o n n a i s s a n c e  s y s t e m .

..-
,.

.. — .?
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1.2 OVERVIEW OF IMPROV13~1ENTS

Analytics was tasked to make improvements in the
AIRS Model in five major areas , as follows :

1) Develop mathematical techni ques for measuring
- . .the ability of a reconnaissance system to

provide detectable , identifiable , and localizable :-~~ - .

information concerning target complexes as
well as individual targets. (Before this im-

:-‘ provement , the . mode l  considered only t a rge t s ,
not target complexes.)

N.’
.

~ 2) Develop mathematical techniques which can be
used to measure the effectiveness of slewing
optical  sensors  aboard reconnaissance  a ir c r a f t .

3) Improve the sensor models by inclusion of
addi t iona l  equ ipmen t , env i ronmen ta l , and
operational parameters .

4) Develop algorithms that can be used to reduce
tile outputs of t he  AIRS  p e r f o r m a n c e  s i m u l a t i o n
to meaning ful measures of system performance .

5) Make such additions and changes as are necessary
to provide additional AIRS outputs which w i l l
enable the user to examine wh y sensors behave
as they do on a micro-level.

.
~~ :~-~:4 :~
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Task (1) is the  topic of Section II , task (2) is
considered in Sect ion I I I .  Sect ion IV. d iscusses  work p e r-  - rformed under task (4). Tasks (3) and (5) are covered in
Sections V and VI, respectively. Section VI I  provides the
AIRS user with instruction for the use of the  main  compute r
programs which complise tile AIRS Model 
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ANALYSIS OF TARGET COMPLEXES ~~~~~~~~~~~

-I.

2.1 INTRODUCTION

The “Target Comp lex ” problem is treated in re-
sponse to a ques t ion  hi g h ly  r e l evan t  to a i r  r econna i s sance .
The problem is to de t e rmine  how addition al information

• about specific targets can be i n f e r r e d  f rom observed da ta
provided by the r econn ai s s~incc s y s t e m  on o t h e r  t a r g e t s  in ::~~
the sur rounding  a rea .  The a p p r o a c h  Pur sued  in t h i s  p r o j e c t
is log i ca l l y  ana logous  to t h e  t h o u g ht  ~roccsses  of the  human

-: interpreter. Namely , if it is concluded tha t  each clement

of a group of t a r g e t s  is f u n c t i o n a l l y  r c l a t c ’ d as a member
of a t a rge t  complex to t he  o t h e r  e l e m e n t s  of t h a t  g r o u p
(on the b a s i s  of -ì p r ior i ~~ hd gc of thc n~ ture of tai ct

2 - I  L,~ 
H,

.5 .... .5. .
’ 5,-
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j I
~ -~,I comp lexes) , inferences can be made about the identity of

more obscur e targets which , by virtue of proximity, are also
members of the comp lex. The following examp le illustrates
this more clearly:

(p

Suppose it is known that a given type of complex always
consists of targets arranged in the following geometric

pattern (a priori knowledge) :

Location 1 Location 2
N •~ .5 

~~~Target Type 1 Target Type 1 
~~~

Location 3 Location 4 Location S

Target Type 3 Target Type 2 ~farget Type 3

Location 6 Location 7

Target Type 1 Target Type 1

-: Now , suppose a ph o t o - i n t e r p r e t e r  could i d e n t i f y  as well
as de tec t  ta rge ts  at locat ions 1, 2 , 3 , 5 , and 6 , but
could only detect (i.e., could not iden tify) t a rge t s  at
locations 4 and 7. Once he realized he was examining
a known pattern (i.e., observes the complex) he can
make reasonable decisions about the types of targets

at locations 4 and 7 (i.e., make inferences about their
identities).

Thu s , the objectives of this project are necessaril y
two - fo ld .  The f i r s t  is to de t e rmine  whether a target complex
is observed , and the second is to use th is  i n f o r m a t i o n  to
upgrade the i d e n t i f i a b i l i t y  for  each t a r g e t - m e m b e r  of the

.5
-

.5- complex.
‘5
.5— p ..
.5.
.
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:--:.~ 2.1.1 Definition of a Complex
.5- -

A target complex is defined to consist of one or

more types of targets; however , there may be on e or more
targets within a type . Three kinds of complexes have been t S

studied: (1) Anti-aircraft artillery (AAA) sites , (2)
Surface-to-Air Missile (SAM) sites , and (3) truck convoys .

AAA and SAM si tes are modeled as consisting of
M

up to four target types (tile sum of the number of targets

j in the four types is constrained to be less than 21). For

example , an AAA site might. be modeled as consisting of

- 

artillery , rad ar , power vans, and computer vans --  there

mig ht be 4 artillery emplacements , 2 radars , 2 power vans ,
and 1 computer van .

Convoys are modeled as consisting of only one

target type -- t rucks . There may be up to 20 trucks in a
convoy.

‘.5! AAA and SAM s i tes  are modeled as being “compact”
complexes.  This means that  all t a rge t s  compr is ing  the complex

.5.

are considered close enoug h in geograp hica l  p rox imi ty  tha t
at any t ime the p r o b a b i l i t y  that  any t a rge t  is obscured by
terrain or clouds is the same as tile probability that any
other target in the complex is obscured by terrain or clouds.

On the other hand COflVO~~~5 ar e mod eled as “dispersed”

complexes. This means that the  t rucks  which  comprise  the con-
voy are considered to be separated geographically to a degree

sufficient to allow each truck to be considered independent

of the other trucks w i t h  respect to clouds and t e r r a i n  b l o c k i n g .

2 . 1 . 2  D e f i n i t ion of Compl cx Obse r vab i  I i ty  :~~

- 

A complex is c o n s i d e r e d  observed  when s u f f i c i e n t
data is developed b y the  sy s tem on the t a r g e t s  w h i c h

A
2-3 

- .. .~~• %‘•~~~.
‘
~ .

5 .- - ; - - ‘ .-~~~ . -:
~

•
-N % 

~~~~ 
‘ ~ 

. .. ~
, . ~~~~~~ ., - - .‘( - ~.-.S. ~fi. S. ~ S. —“ —



‘S.’!~ 
¶‘. W ~~~~~~~~~~~ 

_
‘_
•

~
,_~~ 7~~ .w~4.w~~~’~S.w5. ~~~~~~~~ F,~~~ 7~ W5.V. ~~~~ 1 1 

~~ ~~~~~~~ ~~ 1_ ~~ 1 5. ~~ v v ~~ V 1 ~ .~ 
- .~~F

:-
~~

-
~

constitute the complex to verify that a complex really
exists. Since information is supplied in a probabilistic

sense (i.e., detectabilities and identifiabilities of the
individual targets), a complex can be observed only with

some probability ; this probability is called the observ- r

ability of the complex . •

2.1.2.1 Compact Complexes.  Su r f ace - to -Ai r  Miss i les  (SAM)
and anti-aircraft artillery (AAA) complexes are similar in

that they: (1) consist of several target types , (2)nay con- .~~~~~~~

tam several targets of each type , (3) are arranged in
geogr aphical areas. A complex of this category will contain
g (from one to four) target types , and there will be Nh
targets in type Th.* ‘

h , j  is def ined as the p r o b a b i l i t y
• (conjoined with, not conditional on , detection) of identifying

• 5 5 .

the jth target of type Th, where j  ranges from 1 to Nh
and Ii ranges from I to g. -

A decision rule , shown in the following form , has

been established by the user for determining whether or not

the complex is obser’~ed.

TARGET TYPE
Decision 

~~Function T T ... T2 g

• 1 V V . . .  V1,1 1,2 l ,g

2 V2 1  V 1 2  V~~g

* 

V~~1 V~~2 V~~g

N is constrained to be no more than 20 because
1 ~ of practical limitations.

- 
.~~ .1.

~~ . 
.:
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Under the decision rule , a comp lex is observed if any
decision function is satisfied. Decision function 1 is

satisfied if at least V1,1 targe ts of type T1 and
V1 2 targets of type T.5, and . . .  and T1 targets of
type Tg are identified; the other decision functions are

p analogous .
—/5.-’

Let Dk Ii be the prob ab il ity of iden ti fy ing at
leas t k targe ts of type Th (k ranges from 0 to Nh) for a ‘ 5 5 .

given decision function . The method for computing the
Dk h 5 is given in Paragraph 2.2.2.1. The general expres-
, .

sion for satisfying decision function 2. is:

g .

II ~~~~ (2.1)h—l

where k is V 2. h• The method used for computing whether

the complex is observed , that is , whether any decision
function is met , is presented in Paragraph 2.3. •

2.1.2.2 Dispersed Complexes. In a convoy (the only dis-

persed comp lex modeled) there is only one target type , 
- .

namely , trucks. Therefore , the decision rule for the complex
consists of a single decision function , and that function

F1

has only one element , V1 l~ 
That is , if at least v1 1

trucks are i d e n t i f i e d , the complex is considered to be ’

observed. The value of V1 1 is a user es tab l i shed
parameter.

2 .  2 TREATMENT OF COMPACT C O M P L E X E S

The EXECUTIVE program of AIRS t r e a t s  each t a r g e t  :~~i n d e p e n d e n t l y ;  i,n p a r t i c u l a r , each t a r g e t  at a g iven  t i m e
has a p r o b a b i l i t y  of be ing  masked  b y terrain and a proha-

b i l i t y  of being obscured by c louds  which  is independent  of

N:’ 
~
:5.

~~~

.5 /,
~~~

‘• 
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any other target , no matter how close they may be geograph-

ically. As already pointed out , compact comp lexes assume

dependence of terrain and clouds for all targets within

the complex. Flence , a method was devised which allows
recomputing the identifiabilities of each target in the

complex assuming dependence and using as input only the
independent identIfiabilities as computed by EXECUTIVE .

Paragraph 2.2.1 shows how this is accomplished.

Once these new identifiabilities are computed ,
the observability of the complex can be computed by using

• the decision function for that complex. The exact methods

used to compute the observability are given in Paragraph 2.2.2.

Once the observability of the complex is known ,
the identifiabilities of each of the targets that comprise

the complex can be upgraded. This is discussed in detail in

• Paragraph 2.2.3.

• 
-
.

2.2.1 Recomputation of Target Identifiabi lities

For each target and each processing level , EXECUT IVE
produces the p robab i l i t y  of detection given that there is no
terrain shadowing, weather is perfect , and the equipment is

functioning properly. Let this probability be denoted by
BDET~~~. where i is the processing level and j  is an 

•.

index for all targets in the complex. EXECUTIVE also coin-
putes a t o t a l  p r o b a b i l i t y  of de t ec t ion  which  takes t e r r a in ,
weather , and equi pment i n to  cons ide ra t ion .  This q u a n t i t y ,
for the jtll targets in the complex , at processing level i

is noted as TDET . .. For target j ,  level i , the ratio
‘.5
. , 3

TDET. .

1,-I
N .

BUIlT. •i , 3

~~
‘ 

.~~ :-.
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is a degrading factor which is the fraction of times that

terrain , weather and equipment parameters do not interfere

with detection .

For compact complexes it is assumed that there is
dependence among these parameters for each target in a given

complex. Consequently, an average degrading factor appli- .
~~~~~~~j

cable over all levels and targets is needed. This average ,
deno ted as 1Y~~~, is found as til e average of the individual ~~~
ratios:

4 NT TDET. .

— ~~~~~~~~ ~~~~~ 

BDET~~~
D F =

4NT (2.2)

wher e NT is tile total number of targets in the comp lex.

j The quantity U~~~ is now used to calculate the

modified total identifiabilit y TIDENT
1 J  for target j ,

level 1 (i. = 1, ... , 4 ; j = 1, . . . ,  NT) in the following

manner. EXECUTIVE computes the conditional identifiability

CIDENT~ 
~ 
, the probability of identification giv en

detection , not taking into account terrain , weather , and
equipment conditions. Clearly,

L (C I DENT . -) (BDET. .)
i ,j  :1 ,3 .

,
N ,~%

gives the probability of identification conjoined w i th
detec t ion  and assuming  no t e r r a i n  b l o c k i n g ,  adverse  wea the r
conditions or equipment  f a i l u r e .  The ove ra l l  p r o b a b i l i ty  of
i d e n ti f i c a t i o n , con jo ined  with d et e c t i o n  and ( legra dled b y h i ’
is expressed b y :

.‘~~~~• 

TJDENT~~~ = (CID1iNT 1~~) (1W) (J 3D E T 1 p  ( 2 . 3 )

“p
.5
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~~~~1ar1y, TDET~ . is modif ied by the following ’ equation - .

(the modified va1~ic of TDET. - be ing  denoted by TDET ’~ . ) :
i ,J ‘3

TDIIT ’~,J = (1W) (BDET
1 J
) (2.4) :~ ~~

2.2.2 Computation of Comp lex Observability -

The first step in computing the comp lex observ- ~~~
ability is to compute , for each target type , the probability

that at least k targets of that type arc identified , where

k ranges from zero to the number  of t a r g e t s  of tha t  type .
This is accomplished in the manner described in Paragrap h

2.2.2.1. Paragraph 2.2.2.2 then gives the method for

computing the probability that at least one of the decision )

functions for the complex is met , i.e., the observability
~1~~~.

•
•~~~

of the comp l ex .
-.5.
.
.. .,

2.2-2 .1 Computation of the Probability of Identif yii~
at~~~ast k Targets out of a Total of N~ for a Given

U

‘T~irget Type. This problem can be reworded as: Compute
-rhe p r o b a b i l i t y  of r e a l i z i n g  at least k out of N h eVeilts
j iven tha t  the events  do not occur w i th  the same p r o b a b i l i t i e s .

This cannot be computed in a strai ghtforward manner *
because til e computat ions  are exceeding ly long and man) ’
intermediate computations are requ i red , thus  the accuracy
Is lost when they are combined.

In order to accurately calculate by computer  l h e
rrobability of realizing k of N events , a shorth

‘
.5

~Sec tile discussion in:  g ,

F e l l e r , lY i l ]  i am , 1\n I n t r o d u c t i o n  to ri-oh~ hi Ii t\ ’
Theory  and I t s  App1i~~~t ions, V o I u n w T d E d~~~i o a ,
1965 , lViiey and Sons , N ew Y o r t, : \el.5- 
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I al g o r i t h m was deve loped .  This algorithm may be represented

by the two general equations shown below . The calculations
are performed iteratively , where:

j = the iteration index

I k = ~~ number of targets identified
P(E.) = the probability of occurrence of

the jth event

I 1~P(E~) = the probability that the jth event
does not occur

I P(Ek .) = the jth iteration of the probability
‘~~~ that exactly k events occur -~~~~

Nh = the maximum number of events possible.

I P (Es, j+l~ 
= P (E0~~) (1-P (E~+1)) (2.5)

I 
P (Ek, j+l~ 

= ~ (E~~1) P(E k_ l ,j)+(
l_P(Ej+l ))P( E k,j)

(2.6)

I k ranges from 0 to j+l

j ranges from 0 to Nh~
l :-.;.~

I and P (Bk o is set to ~ 1 when k = 0

( 0 when k > 0

A formal proof of this algorithm is given in
Appendix A.

App lying this technique to each target type in
tile comp lex leads to a set of probabilities:

( k =  0,1, . . . ,  N
Il

k,h ‘

~

ii = 1 , 2 , - . - , g

I
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U
I where

h 
= the probability that k targets of

type h are identified

I Nh = the number of targets of type h
g = the number of target types

I Another useful statistic can now be computed in
a straightforward manner ; namely , Dk,h, the probability

I that at least k targets of type h are identified. It

can easily be seen that :

I Nh (k = 0,1 

I 
Dk h  = ‘[1’ ~~~~ (h = 1,2 , ... , g;

(2.7)

1 2.2.2.2 Probability That at Least One of the General
Criteria Sets is Satisfied. Suppose for a given complex ,

I the following decision rule is given:

TARGET TYPE
‘
~~~~~~ Decision

Function T T ... T1 2 g

1 V V ... V1 ,1 1,2 1,g

:1 2 V2 ,1 V2 2  . . - V2 g

1 
2. V2 . 1  V,~~ . .. V2 . g  

::~:::~::

where V2. 11 is as doNned in Paragrap h 2.1.2.1. Reiterating,
decision function 1 says that at least 

~~ 
of target type :~::~

and V1 2  of target type T2 and . ..  and of
target type Tg must be detected for the C O m P l e X  to be

/~2 1 0

- :-:.~~
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observed under that decision function . Tile other decision ‘ -

functions are analogous . The complex observability then
becomes the probability that the comp lex is observ ed under
decision function 1, or decision function 2, ... or
decision function 2.. - - -

Suppose the probability of observing the complex
und er each ru le is known , how does one compute the overall

observability? The answer is not clear. Let be the

probability that the complex is observed under decision

function 2.. At first glance , it would seem that the
observability , deno ted by OB would s imply be

OB = 1 ‘fla - W1)
i~1 (2.8)

However , closer inspection reveals that this is not the case ,
the reason being that the rules are not independent. An
example might show this dramatically; consider a two-target

type , two-decision-function rule:

TARGET TYPE :~~~ ::
Decision
Funct ion T. T,,

j  L

1 4 2

• 2 3 1

Fur th er , assume that 1V~ = 0.6 and = 0.9. The formula

given above would give OB as 0.96. But notice , dOCiSion

function 1 is subsumed in decision function 2; i.e., if

decision function I is met , decision 2 must also be met.

In this examp le , tile observahi lity is clearly only 0.9 ,
• _ 5~~~ •

“
.5
,-,
.
,

.5, - ..
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the probability that the least stringent decision function
is met.

Another approach would be to let OB be found as:

OB = MAX [ W1~ W2 1 W2. ] (2.9)

~~• . 
•

Though this does not have the problem discussed above , it

tends to understate the observability by not taking into

account the fact that the complex could be observed under a

non-redundant decision function .

2- Many alternatives were considered , but the one

chosen was an iterative technique developed by Analytics
which yields exact answers .  It  is qu i t e  involved mathema-
tically, and if the reader wishes to examine the mathematical
development and proof of exactness , refer to Appendix B.

It is sufficient here to specify that the observability of

~ the complex in level i will be denoted throughout the
remainder of this paragraph by OB- -i

.5
.
. p.y~

p
—.

2.2.3 ~pgrading tile Identifiability of the Individual

5.
- Targets

This paragrap h i l l u s t r a t e s, once the observability
of a complex is known , how the i d e n t i f i a b i l i t i e s  of tile
individual targets which comprise that complex are upgraded .
In order to show these computations , several factors are
needed which have alread y been computed , n a m e l y :  :::::::::~

Tile total identifiability, P1. 
~~~~

, o f t a rge t

j  level. i. (Tilis is just TIDENT~~~ as
computed in Paragrap h 2 . 2 .  1 ) -

1, The total detect ability, PD . 
~~~

, of t a rg et  j
level i. (Thi.s is just TDflT’ . as c o m p u t e d

~::‘ ~ -~:- in p a r a g r a p h  2.2.1) - 
,.

- .5

A
2-12 Li L~
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The observability 0B1, the complex at level  i .
(Computed in Paragrap h 2.2.2.2).

In addition , a quantity called 013 
~ 

., must be computed.  This
quantity is the probability of obser~ring tile comp lex given

that target j  is not identified (i.e., given PI~ 
~ 

= 0)

at level i. OB’. - is found for each target (j 1, . . . ,  NT)
‘
.5-
’ 

1 ,3
at each level Ci = 1, . .,  4) by temporarily letting PD1 

~2 equal zero and recomputing the observability by the algo- ’

rithm discussed in Paragraph 2.2.2.2.

Suppose the comp lex has been flown over (or near)
-
-

some number of times. Then (1 - P1. -) represents the
1 ,3

percentage of times the target was not identified through

its own si gnature . This percentage  should decrease by pre-
• cisely the number of times the target could be identified

through examination of other targets in the complex when the
~
• 

target itself could not  be identified. In other words , the

upgraded identifiability of a target is the sum of two
factors: (1) the target’ s own identifiability without

regard to whether the comp lex was observed , and (2) a term
~

which gives the identifiability of the  target due to the

• complex observability when it is not identifiable by its

OWI’i si g n a t u r e .

The first factor atove , for target j level i

is PT . . .
1 ,3

To develop tile second factor , it is assumed t h a t  a
t a r g e t ’ s i d e n t i f i a b i l i t y  can be upgraded wheneve r  the complex

has been observed and the  target itself is detected with some

non-zero probdb illty

2- 13 I _ i  L~ — -
~~~~
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‘ ‘  Drawing these factors together and expressing the -

results mathematicall y, PP. ., the upgraded identifiability
1 ,3 -N .

-
.

of target j level i is:

5. P T ’ . . = P1. - + (PD. - - PT. .) OB’ . -
1 ,3  1 ,3  1 ,3  1 ,3 1,3 (2.10) - -

I
2.3 TREATMENT OF DISPERSE COMPLEXES

Since all t a rge t s  w i t h i n  a d i spe rse  complex are
considered as independent with respect to terrain and

weather considerations , the identifiabiliti es computed by
the EXECUTiVE program for each truck in the complex can be

.
~~ used without modification to ascertain whether the convoy

I (the only modeled disperse complex) was observed. Paragraph
2.3.1 discusses how the observability is computed.

Once the observability of tile complex is known ,

~ ç the i d e n t i f i a b i l i t i e s  of the  targe ts (i.e., trucks) which ‘1

compr ise  the  complex can be u p g r a d e d .  Tile p rocedures  for
accomp lishing this is discussed in Paragrap h 2 . 3 . 2 .  ‘

N
,.

-
5
-’-.

•5. 5%~~

2.3.1 Compu tation of tile Observabi ]ity of tile Complex

The EXECUTIVE program provides the probabilities

for (total) identifying, by level , each of the targe ts  in
the complex. Let P 1. be the probabil ity of identif ying

.5 1 ,3
the jth target (1 = 1, 2 , . . .  N 1.; N T = the  number  of
targets) at l e v e l .  i - U s i n g  the  t e chn ique  g i v e n  in P a r a g r a p h
2.2.2.1 the probabili ty of detecting at least k targets

.5.
.

out of tile N T in the  complex  is found  fo r  level .  i ;  d e n o t e
t i liS  q u a n t i t y  by Dk j  (k = 0 , 1, . N 1.; i = 1, . . ,  4 ) .

Now tile dcci s i an  r u l e  f o r  w h e t h e r  a d i s p e r s e  complex  is
obse rved  c o n s i st s  of a s i n g l e  nu~:her , n am e l y ,  t h e  u~i n i m u m
number  of t a rg e t s  t h a t  mus t  be i d e nt i  l i e d  b e f o r e  the c o m p l e x

- can he o b s e r v e d .  Let t h i s  n u m b e r  l)C k • . T h e n  t h eMm ‘ :- .-:~-
•:

~

-
-
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S probability of observing the complex at level i, OB. is 
4

just the probability that at least ~~~~ targets are
identified :

OB~ = (1 = 1, - . - , 4) (2.11)
M m ’

2 3 2 ~p~rading the Idcntifiabilities of the Targets

The upgrading algorithm for disperse targets
functions in the same way as that for the compact complexes
(see Paragraph 2.2.3). Let

P11 . = the total  i d e n t i f i a b i l it y  of target  j
‘~~~ level i *

PD 1 . = the to ta l  de t ec t ab i l i t y  of ta rget  j
‘ -~~ level i *

OB~ = the observability of the complex at
level i .

-I.’

Using tile techni que discussed in Paragraph 2.2.3 ,
OB ’ . ., the observability of tile comp lex given that the

1 ,3
-: identifiability of target j is zero , at level i , is computed.

Finally PI’~~~ the upgraded identifiabilit y
for target j ,  level i , can be w r i t t e n  as:

PI ’~~~~ = PI~~~~ + (PD~~~ - P11 1 ) O
BI
~~~ (2.12)

—‘-
.5
.
.
’
.
,

-

• • .
-
.
.
.
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‘
.

5
.
.
-

* Since disperse comp lexes as~ umc independ ence , t h e i r
q u a n t i t i e s  arc not  m o d i f i e d  as in  tile ca~ c of compact

• -. comp lex e s .
• .5-. .5
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2 .4 COMPUTER IMPLEMIiNTAT ION

The program which implements the complex model
consists of:

~

(1) A main program , COMPLEX , which reads in

:~ 
user parameters and data from the AIRS ~~~
EXECUTIVE routine and rearranges the data

for use by the COMPLEX subroutines.
(2) A subroutine , SAMA.AA , which computes the

o b s e r v a b il i t y  of compact complexes.
• (3) Utility subroutines PREPAR and OBS called

in by SAMAAA .

• (4) A utility routine , MUL TI , called in by
PRE PAR and CONVOY . :~~~:::

(5) Utility function , PALST , called in by OBS .
(6) A subroutine , CONVOY , which is used for the

j  (. only disperse complex , the convoy . CONVOY
also utilizes M U L T I .

• 
‘_,‘-‘ ‘5

Figure 2-1 presents a general flow diagram of
:~ COMPLEX.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
~.. .t.,

- .5 ..

2 

~~~~~~~ 
and MA 

PR AM 
- F or Convoys

COMPLEX I
I.

Subrou t ine  S u b r o u t i n e  :i~~~

SAMAAA CONVOY

¶
‘7

Sub r o u t i n e Subr ou t ine S u b r o u t i n e

013S P R h P ~\R f M ULTI  :~~

~~~~~~
-

Fun c t i on - .l i g u r e  2 - )  A
PALS ‘I’IlC CO MP LEX Pro~~r ani

s-’-
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IL
-u “‘ 2.4.1 The Main Program , COMPLEX

The purpose of the main program is to:

(1) Read the decision rules for SAM , AAA ,
and convoy complexes. •~~

(2) Read the target types which comprise the
SAM , AAA , and convoy CompleXes.

(3) Read , for each complex to be analyzed ,
the complex type number.

(4) Read , for each complex , tile target number
.5 ...

of the targets which comprise the complex.
(5) For each target in the complex , determine

• by level:

(a) The basic detectability
(b) The total detectability

• 
.
...

~~.
..

Cc) The conditional identifiability

ç (d) The total identifiability •

The main program develops these statistics before

(1) they are modified to take into account correlation of

terrain and cloud cover for targets in compact complexes ,
and (2) before they are upgraded as a function of the

observability of tile complex of which  tile targets are

members .

Decision functions are read-in via card input .
The following illustrates a decision rule consisting of two
decision functions for three target types.

TARGET TYPE

DECISION
FUNCTION 23 4 12

N

• 1 0 3 2
• .5.

.
.

2 5 1 0
• - -

A
A ,

~~~~~~~i__i ( ,•,
2— 1 7

• - ~~~ ~~~~~~~~~~~~~~~~~~~~~ 
•

-
.5 

,. 5. 
5, - ‘- ~.5 ~~~ ‘

~~A -‘ ~A ~~~~~~~~~~
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Decision function 1 requires that at least 0 of type 23 and
at least 3 of type 4 and at least 2 of type 12 must be de-

‘ 
..

tected for observation to occur . Decision function 2 is
similarly interpreted. For overall complex observability ,

decision function 1 or decision function 2 must be met.

In the case of a convoy the decision rule is
simple - - a single number. The probability that this number

(or more) of trucks are identified is the probability that
the convoy is observed.

The target types which comprise a given complex
arc found from the SCENARIO input deck . For example , in the

SCENARIO input , target type 19 might be defined as power vans ,
target type 1 as SAM launchers , etc.

:.‘-:-~~-
-

The complex type and the targets which make up the

complex are also user inputs. Complex type 1 i.s defined to

Ii be a SAM site; type 2 an AAA site , and type 3 a convoy. :
Target numbers of the targets which comprise a complex are
also read in from cards. The way the user determines the •

target number is to count the position of tile target card

(for the relevant target) in tile SCENARIO input deck ; thus , ~~~
the first target card is for target number 1, the second for

• target number 2, and so on.

For each target in the  complex , tile main program :‘

reads the tape (Output Tape #1) prepared by EXECUTIVE . Since
the main concern is in how well the overall aircraft system

did for a given target , all records on the tape relating

to how a particular sensor performed against that target arc
skipped.

The EXECUTIVE tape is organized on a pass/target
basis ; therefore , t he  m a i n  p r o g r a m  m u s t  a g g r e g a t e  idcntifi-
abilities and d e t e c t a b i l i t ie s  over  a l l  p a s s e s .  C o n s i d e r  the

-- -
.5

‘~~1~~~

2 -18

/
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~~~~~ basic detectability at level i of target j, pas k; call
this B. k ~ further , let B’ - . represent the probability

• 1 ,3 ,  1 ,3
of (basic) de~t e ct in g  t a rge t  j over all passes , then:

p

B ’ k j  = 1 - 

l
iii (1 - 

~j,j,p)

:~ 
where there are 

~T 
passes. This reflects the fact that for

a target to be detected , it must be detected only on 1 of the

I • ~T 
passes. The total detectability , conditional identifi-

:~ I ability , and total identifiability are computed in an
—. I 

.5.... —~~

analogous manner.

Fi gure 2-2 is a detailed flowchart of tile function
of the main program , COMPLEX.
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Start

Misc. (1)
Initial-
ization

,‘•
J5
”- ’

R d d e c r;ies (3) iii
_ _ _ _

fT

~

itia iize

~~~~~~

F

~~~~~

(6) 

C

IRead initiall (7)

~ 
record

______________ 
::~~

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

t his tile N.~~ ~P e r t aln ln ~ Ilast record on A t o t a rg et .5.~~

N~the tape? A_ II-,
Ext rac t  from record (9) 

Is ~‘\Qi)
(1) Target  number  .Zthis targeN
(2) Pass- number 71fl tile complex~

”Njio..
(3) Target type

Fi gure 2-2 
)

~~~~CS

F u n c t i o n  of t h e  M a i n  P r o g r a m , COMPL E X (
~)

I
2 - 2 0  ~~
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~~~(l2)
Read over next I

14 records ( they are not n eededi
y
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I ~______—~
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nitia].jze Level (13)
I = 1
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4 I

“N
-.
.
.’

Read the con- (14)
dit ional  and t o ta l  identi-
fiabili-ties for the target on

(. the given pass
5. ‘-

~

I

-

r

• 
________________  

I (l~
I i i + l  ~~~~~~

M U l tip l i c a t i ve ly  accumula te  (16) L 
-

on a t arge t  basi s
• (1) Pr(not conditional idcntj- :~

-
~

fication)
(2) Pr(not total identificatior~)Accumulat ion is over all
passes for a given  target :.:-:

1111~

Ti gui  o 2 - 2
( C o n t i n u e d)
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• For each target , form : 9

(1) Pr (conditional identification) 
C

(2) Pr (total identification)
These are just 1 - (quantities .5- 5 .

computed in box (16) for respective

.5.— 
‘——.5--.

.5—

.- 
. 

-.5
—.-—-

-.5—-
-- .5—
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• ~~~~~~~Is the complex type a compact~~~~~~ (20)
one (i.e., SAM or AAA)? ‘

• 
,

~ ,, ~~~~~~

—

“—S..-

(
~
. no

I yes
Divide total identifiability by 1(21) ~~~~1 Convo~~ (~~conditional identifiabi lity to I
yield a terraln/weat}ier/eq~jjp~nent If a c t o r  for  each t a r g e t  I

I I K K  = ~~~~~~ I~~~~~~~~~~~~~~~~ :::::~~
IIKK + i. j ‘S— NOC P L X ~ 4~.- ,~~ND_~~_) (2~~)

I
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2 . 4 . 2 SAMAAA

The SAMAAA subroutine is called in by COMPLEX
whenever the comp lex being analyzed is either a SAM or AAA
(Comp lex Type 1 or 2). The complex type is used as an

argument of the subroutine while all other inputs are through
I -N

common statements.
• •

SAMAAA performs three functions :

(1) An average terrain-shadowing, equi pment-up ,
and weather-degradation factor for all

levels is computed and used to find the
total identifiability and the total dectect-
ability for each target in the complex.

(2) The probability of observing the complex

is computed for each level and the results
are printed. :-:.~~

-
.-

(3) The targets are grouped by type and , for
each level , the original probability of
identification is printed along with the

• augmented probability of identification.

SAMAAA calls in PREPAR and OBS for functions (2)

and (3), respectively, to calculate the probability of
observing the complex at each level. A flowchart of the
SAMAAA routine is shown in Figure 2-3.

2.4.2.1 PREPI\R. This subroutine prepares data for the

OBS , which  i m p l em e n t s  t he  decision function algorithm

(Paragraph 2.2.2.2) to determine the probability of ob-

se rv ing  the  complex  at each level. PREPAR has no arguments;

al l  inpu t  and o u t p u t  is t h r o u g h common .

2 - 2 3

— ~~~~~- ~~~~~~ -~~~- ~~- ~~~~~~—~~- 
~~
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•
~~

4~~~ N~
For each level, PREPAR uses the total identi-

fiability of each target and computes the probability of
identifying at least k (k = 0, 1, 2, - .. , Nk) targets
of each type.

PREPAR calls MULTI once for each leve l for each
target type. A flowchart of PREPAR is given in Figure 2-4.

.:..
:
J .~

2.4.2.2 MULTI. This subroutine has as inputs Nh, the

total number of targets of a given type in the Complex , and

PD, an array that comprises the probabilities of identifi-
cation of each of the Nh targets. The probability of

identifying at least k ,(k = 0 , 1, . . .,  Nh) of the Nh
targets is generated as an array called PATLST. The :-~~~

-
.5. 4t. .5

computation is based on the iterative technique described

in Paragraph 2.2.2.1. Figure 2-5 is a flowchart of MULTI.

(. 2.4.2.3 OBS. Subroutine OBS implements tile decision

function algorithm (Paragraph 2.2.2.2). OBS uses the -
~~~~~~

results of PREPAR to calculate the probability of observing

the complex. The type of complex , Tc, is the input.

PROBS(i) is an output array of the probability of corn-
r 1  d~plex observation at each level , i. OBS utilizes the

function PALST to compute PROBS(i). A flowchart of OBS
is given in Figure 2-6.

2.4.2.4 PALST. This is a utility function used by Oh S to
implement the decision function algorithm.

• _ _

.‘2 . 4 . 3  CONVOY
The CONVOY subroutine is called in whenever  t h e

comp lex be ing  a n a l y z e d  is a convoy .  Tills s u b r o u t i n e  is

2 - 2 ~ /j L\

5.
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(2)
Compute average degrading
fa....tor for all levels and
find total identifiability
for each target

+
Print outl (3)
complex
type

Compu te probability of (4)
observing complex at each
level by calling in PREPAR
and OBS

C. 
I

V

Pr in t  out (5)
probabi l i ty of
observat ion  for

Compute augmented prob . of (6)
ident. for each target ~ level

Print out (7)
total identifiab ility and
augmented identifiab ility for R e t u r n
each t a r g e t  an d l eve l , “—— —“

group in g the  t a r g e t s
by type
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provided the total identifiability and total detectability

at each processing level for each truck in the convoy.

For each level , CONVOY call s upon MULTI (Paragraph
2.4.2.2) to compute the probability that at least k trucks

are identified , where k is the minimum number of trucks ,
that must be identified before the comp lex can be

considered as observed (k~1~~ is specified by the decision
rule V1 1  for convoys). Thus , the observability of the

complex is found for each level.

Next , again on a processing level basis , CONVOY
. considers each truck in turn . It sets , temporarily, the

identifiability of the truck being cons idered  to zero and ,
via MULTI , computes the probability that the complex is

observ ed given that the identifiability of tile truck is

zero . Using this probability, the upgraded identifiability
- •

‘ 

• - for the truck is computed

A flowchart of the functions performed by CONVOY
in analyzing convo~ complexes is presented in Figure 2-7

2.5 INPUTS
.
.
.

5_-

The following paragrap hs discuss til e form of the

card and tape  inpu t  to the  p r o g r a m .
.4’

2.5.1 Card Inputs

Table 2-1 gives the form of ti-Ic card input deck.

Cards 1 to 4 d e f i n e  a d e c i s i o n  m a t r i x  fo r  a S:\N complex
and cards 5 to 8 d e f i n e  an AAA complex decision matrix. The

.
~~. following matrix is an example of a dec ision rule for a SA ~~-1

Complex; AAA is a n a l o g o u s .

1 .’ .5
- 
‘

.5.
-
.

2 - 2 9
5’. 

N. .I ~~. .7.5.5 ~~‘J 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ 
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[Initialization

_ _ _ _ _ _ _ _  ________

Compute Pr(see k (3) Compute 1(4) I (5)
,..., ~~~~ ‘. 

trucks this level) J Pr (convoy  L~J‘
~
] 9! ! ::~~~ ~ observ ed r—

~’ 
LET k a :.~~;CALL MULTI I at level i) I

_ _ _ _ _ _

I 
Temporarily set the total f(6)
identifiability for the kth 

~target (this level) to 0

- • Compute P’obs the Pr (obscrve (7).
.5. convoy at level i) when :-.;•.~~Pr(iden-tifying the kth truck)

= 0
_____  —4. 

- -(13) CALL MULTI
1 € ’  1 k = k + l

4 ,  
“1~_~ _ _ _ _ _ _ _ _ _-

Update the t o t a l  i d en t i f i -  (8) ‘N ? - ..-

ability for the k th  t ruck , via
P1 + - P1) P’ obs :~~;Where : :-:~:.:~:P = Pr (Detect , Total , the kth

no truck) 
___________

________________________________________ :~ :-~
Set Pr (total identifiabilit v 1 (9)
of kth t r uc k )  bn ck  to
where  it was

___ — no _ _

),CS 
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TABLE 2-1

INPUT CARD DUCK

____- __________—_____  
____________________________________ ______

Card Variable Name Definition ____ Forr~a:

1 MAXTAR (J) The number of target types 14
in a SPd~1 complex (max imum of

I 
____ 

__________________ four). 
__________ .5 — -_______ ——-— 

~~~~~~
2 TARTYP( l ,I) For a SAM complex , the target 414

1 l ,MAXTAR (1) type number that appears is
the Ith column of the SAM

P 
decision matrix.

3 NRULES The number of logically “OR” 14
connected decision functions

.5 for observ in g a SA~’-I complex ,i.e. , the number of rows in SAM
decision matrix (maximum of four).

r 4a DECMAT (l ,I ,l) For a SAM site , decision function 414
I=l ,MAXTAR (l) 1, the m m .  number which must be

i d e n t i f i e d  of t a rge t  type  in co l .
I of SAM decision matrix.

Cl) - _ _ _ _ _ _ _ _ _ _ _ _ _ _  •________________ _ _ _

~~~~~

• - _ _ _

~‘f- 0~~~ 4b DE CMAT( 1 , I , 2) For a SAM site , decision function 414
& u I = 1 , MAX TAR (1) 2 , the  m m .  number  which must be

identified of target type in col. ~~~~~~~

I of SAM decision matrix.
Z — — — -i

- 5 MAXTAR(2) The number of target types in an 14
AAA complex (maximum of four)

:.“~6 TARTYP( 2,I) For an AAA complex , the target 414 .
~~~~~~~j

type number that appears  in tile :~~-~I t il co lumn of t h e  AAA dec i s ion
m a t r i x .  .-

~~~~~~~
____  ______  ____  .5— —

- 
-.4’
.
..’7 NRULES N I-WLES now becomes tile number  of 14

- log ically OR-connected decision
rules. For observing an AAA
complex , i . e . ,  tile number of rows

P in tile AAA decision matrix (max.r~~ I of four).
.
-N
.
’~
.

.5

’

.5.5
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-‘ Table 2-1 - continued

I S 
— _______

8a DIICMA T ( 2 , I , 1) For an AAA site , decision function 414
U) 1, the m m .  number whi ch must be

- .

identified of the target type in I
,~~ ?

:

column I of AAA decisiort matrix.

°
~~~~ 8b DECMAT (2 ,I,l) For an AAA site , decision function 414

2, m m .  number which must be iden-
tified of tile target type in columr~1 of AAA decision matrix. I ______

9 IDECON The m m .  number  of t rucks  that 14
must be identified for the convoy
to be observed.

2 10 NOCPLX The number of complexes which 14
are to be analyzed on this run .

~ (No limit on this number.)
.1J 

-

11 ICPXTP The complex type 214
.
~~~ 1 = SAM , 2 = AAA , 3 = convoy
-

~~~

NOTARG The number  of targets (not types
in complex (maximum of 20 targets
spread over up to 4 types)*

t: —

12 ITAR(I )  The ta rge t  numbers of those  2014
1 1 , NOTARG targets in tile complex.

I?

- . 
N”

‘d• . 4.
.

.5
, _ • _

‘4’

‘4. ________________________________ —

* Targets should be drawn only ’ from the type  s p e c i f i e d
in tile e l e m e n t  d e c i s i o n  m a t r i x .  T a r g e t s  of inappropriate :~~~

.-
4-

~~

type will not affect observation of the complex , but
their identifi ihi ] ities w i l i  be Ni ci j u s t e d  -md t i l l s  ~~5 not
w a r r a n t e d .
Cards  11 and 12 a re  r e p e a t e d  NOCi~LX t i m e s , once  for each  ::~Compl ex .  .
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TARGET TYPE -

Decision
Function 23 4 12 9

1 0 3 2 1
2 5 1 0 0

j 3 2 2 2 2

MAXTAR(1) = 4, i.e., there are four target types. TARTYP(l ,l)
= 23, i.e., target type 23 appears in the first column of th
matrix; likewise TARTYP(1,2) = 4;  TARTYP(1 ,3) = 12;

:~ TARTYP(1 , 4) = 9. Decision ’ function 1 says that in order for :~~.
-‘ the complex to be observed , at least 0 of type 23 and 3
of type 4 and 2 of type 12 and 1 of type 9 must be identified;
decision funct ions  2 and 3 are analogous . In this example

for the DECMA T arr ay , tile first subscript is 1 if considering

a SAM complex and 2 if an AAA comp lex; the second subscript
is the column number , while the third index is the row (i.e.,

.4’ ..

decision rule number) number. Note that for a complex to be
~8~
’.
~~~

observed , Rule 1, Rule 2, or Rule 3 must hold , not some

combination of them.
.1

2.5.2 Tape Inputs

The tape input  is on Output Tape #1 of the EXECUTIVE
I
; routine. This tape is discussed in detail in Paragraph 3.6.1

of the cited AIRS report.

2. 6 OUT PUT S

The first page o - output presents the decision
matrix (i.e. , the decision rule) for SAM complexes; page 2
is the AAA decision matrix. Similarly, page 3 presen t s
the decision rule for observing convoys . Samp le outputs

arc g iven in Fi gure  2 - 8 .

r 

-

2-33
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ON FIRST PAGE :

DECISION MATRIX FOR SAM COMPLEX

TARGET TYPE - 
- -

DECISION RULE * 22 21 20 .4 ’ -
~~~~~

- 1 * 4 1 1
2 * 2 2 2

3 * 5 0 0

5%
-‘ - -

ON SECOND PAGE:
- - ‘
.
4’

DECISION MATRIX FOR AAA COMPLEX

TARGET TYPE
j  i::. DECISION RULE * 3 6 7
-4’ ****************~~-* * * ~~~*******~~~*~~: ************* .

_._S’.
’d-

1 * 2 0 1

2 * 1 0 -
N.
’

-.’
- •1

I
5
, 

i.
-’
. —4.’

ON THIRD PAGE : ..4
- -’-

.5.
-.
-
.

FOR CONVOYS , AT LEAST 3 TRUCKS MUST BE
IDENTIFIED FOR THE CO M PLEX TO BE OBSERVEI)

P
.5.

F i g u r e  2 - 8

~~~~ 
‘
.
.~~~~• Sample  O u t p u t s  - - D e c i s i on  R u l e s

.1

-4

2-34 Li ~~~\
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For each comp lex ana lyzed , header information is
generated consisting of the complex number (the first complex

analyzed is complex /11 , the second is comp lex #2 , etc.) and
the type of the complex. Then , for each of the four pro-

I cessing levels the probability of observing the complex is

given , appropriately labeled. Within each level individual

targets are grouped by type (in the case of SAM and AAA
complexes -- this is not done for convoys , which consists
of only one target type). The identifiability of each

target before consideration of whether a complex is observed
is given , a~ in the new target identifiability computed

once the probability of observing the comp lex of which the

r target is a member is known . Samp le outputs for SAM , AAA ,
and Convoy Complexes are given in Figure 2-9. :-~~-;.
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SECTION I I I .  PHOTO -SLEW ING

(. 3.1 INTRODUCTION

The term photo-slewing indicates the process

of directing the orientation of reconnaissance photo-

graphic devices w i th  respect to specific geographical
points of interest. The original AIRS* model conceptual-

izes fixed photo-sensors , i.e., the orientation of the

projected  f i e l d - o f - v i e w  wi th  respect to the aircraft is

fixed , for a given mission , according to the designation
of the user.

* Reported i n Vol u me s I , I I , and I I I  of “ S J M U L A T I CN  OF
ADVANCED INTEGRATED RECONNAISSANCE SYSTE\~S, submitted c-:- ’to Sy stems : \na lys i s  and L n g i n e e r i n g  1) cpar t n -n t  , U . S .
Naval  Ai r  L 14’vc’ 1op ~~cnt  C e n t e r , J o hn sv i  I ic’ , l’i’a r m i  n s t er  ,
P ennsy]  v a n i a  by A n a l y t i c s  , I n c .  , und e r Con t r a c t  N o -

N622 6 9 - - 6 8 - C - O - ~4 1 -  A p r i l  .1 1969.
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In future reconna ssance systems slewing

capabilities will become increasingly important , as more
targets can be detected by a slewable camera than by an

otherwise identical fixed-position camera. Analytics was
tasked to improve the AIRS models to allow slewable cameras

to be mode led.

The modeling technique chosen to imp lement this
slewing capability was to retain the concept of a camera
fixed in orientation. By modifying only relevant film
dimensions and , in the case of the side-looking frame

camera , the depression ang le of the center beam , the modi-
fied camera can be made to “see” the entire area over which

its real-life counterpart could be pointed. The field of
view of this modified camera is called the “expanded field
of view”; the field of view of the orig inal , non-modified
camera is referred to as the “rest field of v i e w . ”

Detectability and idcnti fi-tbilit y are then
- 

- computed using the expanded field of view , w i t h o u t  r e g a r d
to whether or not the camera is actuaHy slewed. These

d e t e c t a b i l i t i e s  and i d e n t i f i a b i l i t i e s  are t h e n  m o d i f i e d
according to the following algorithms : :::

(1) If the  t a r g e t  w o u l d  hav e passed throug h
th e f i e l d  of v iew of t he  camera in its
uns lewed  mode (a d e t e r r i n is t i c  c o m p u t a t i o n ) ,
sl ewing g a i n s  n o t h i n g ,  and  the  d e t e c t a b i l  -
ities and i d e n t i f i a b i l i t i c s  r e m a i n  as
compu ted.

(2)  If the t a r g e t  w o u l d  no t  have  p a s s e d  ti )  rou~~h
the  f i e ld o f v i e w  o f t h e  c am e r a  in  i t s  un-
slewed mode , the  d ct e c t a b i l i t y  ( i d e n t i -

• fiabil. ity) must be m o d i f i e d  by inu l  t i p l y i n g
the computed detectabilit )- (identifiabili t y)
by the  p r o b ab  l i l t  v t h a t  s I e~-: i ng oc~’ur red
foi’ ~~~ t~u i ’ge t ~

..
.

The f o r w a r d — I  ook i  ng and si  dc — l o o k i n g  f r a m e  c a m e r a s  ~~~~~~~~~

are model ed as be ing  cap :) !) ]  e of di r e ct  ion i~y 1 a n n  in g or
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by real-time signals from the ECM , MTIPLR , or FLIR sensors .

The choice of these three sensors as sources of slewing is

discussed in Paragraph 3.4.3. The computer implementation

has been effected by additions to the existing AIRS

SCENARIO and EXECUTIVE programs .

Paragraph 3 2  discusses those parts of the

slewing model which are implemented in SCENARIO.

Paragraph 3.3 discusses the changes effected
in the EXECUTIVE program . ‘ :-~~-

:-~~
3.2 SCENARIO

- Paragrap h 3 .2 . 1  presents  a d iscuss ion  of the
geometry of the field-of-view , in slowed versus unslewed ~~~~
mode , for the f o r w a r d - l o o k i n g  f rame camera and an e-xpla-
nation of the means employed to achieve the larger field
of view. Paragraph 3.2.2 provides a similar treatment-of

s 
- 

the side-looking frame camera.

3.2.1 Forward-Looking Frame Camera 
-

In the ori ginal AIRS model , forward-looking

• frame cameras were not modelled as being slewable b y other
sensors. The model has now been m o d i f i e d  t o  a l low s l ew a b l e

4’,, - . . . . 5 .
forward-looking frame cameras to be cons ide red  w i t h i n  the
model. The modeling techni que chosen was to continue repro-

sen t i ng  t he  camera  as fixed in orientation , but to enlarge

the field of view of the camera to correspond to the entire
area over w h i c h  the  siewed camera could be d i rec t e d .  However ,
r e s o l u t i o n  and o t h e r  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of the
slewed camera are  the  Sa m e  as those  of i ts  u n s l e we d  counter-
part.

-
~~~ The p rob lem as a p p r a i s e d  is to f i n d  t h e  r~iti o of

t he  a rea  of cove rage  in t h e  slc’~~a bl c  mode to  t h e  n on - - s i  c-~- a b l c

3 3  Li
- - .5 . . -.5-
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mode. Since the  forward camera sweeps a stri p under the
aircraft , this is equivalent to finding the ratio of the
length* of the  swaths swept out. This ratio can then be
used to f ind  an e f f e c t i v e  f i l m  l eng th , i . e . ,  the  f i l m  l e n g t h
which would yield the path the slewable camera could cover.

Let £ be the focal length and A the film
length. Then a , the half angle of the  beam spread
parallel to the wing  is g iven  by :

a = arctan ~d/2f) (3.1)

Let d be half the swath length  of the  f i e ld  swept  o u t :

d X tan a, (3.2)

~
_r “p”.where X is the slant range to the ground. X is given by:

X H/cos 0. (3.3)

Where H is the aircraft height above mean ground level and
0 is the ang lo between the vertical and the uppermost ray

j  ~.• - of the bcam . Equations (3.1), (3.2), and (3.3) are taken
from Figures 3-la , 3-ib , and 3-2. 5

Let -t~ be the half angle throug h which the
camera can be slewed , as shown in Fi gure  3- lb .  R e f e r r i n g  to
this figur e , the effective film length , A’ , can be found
in the  fo l l owing  m a n n e r .

From equations (3 . 1)  and ( 3 . ? ) :

d = X X / 2 f  ( 3 . 4 )

From equation (3.4) and Pibure 3 - ib :

ci’ (X + c) tan (a + 
~ )  (3.5)

* L e n g t h  is m e a s u r e d  as p a r a l l e l  to th e  a/ c  w ing ax i s .

-.5
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‘ It can be assumed that * ~ < <  x~I Therefore:
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d/d ’ = A/f tan (a + 4 ) (3.6)

By similar triangles:
I

d ’/ d  = tan (-rr / 2 - 13)/ t an  a
= 2f tan (a + ~) / )~
= cot B/tan a (3.7)

• cot B = 2f t an  (a + ip) (tan a)/A (3 8)

:~ 
Then :

A = 2f/tan B
= 2f cot B

~ 

= ((2f) 2 / x )  tan (a + i~~) tan a (3 9)

wh ich , by i n s p e c t i o n , has  the  cor rec t  u n i t  of d i s t a n c e .
- 

- 

Equation (3.9) can be s imp l i f i e d  to y ie ld

A ’  = (2f)2/X t a n  (arctan(A/2f) + • tan  ( a rc t an  A / 2 f )
= 2f tan  (a + )~~~) (3.10)

Emp irical data indicates that within a certain

number of degrees , y, from the horizon (usually y is

about 60), opt ical sensors are not p r o d u c t i v e .  T h e r e f o r e , 
-

-‘
5

-

-.-
we sha l l  c o n s t r a i n  ~ to  be not greater t h a n  the  s l ew a n g l e

::~ which  wou ld  a l l ow  the camera to see w i t h i n  y d e g r e e s  of
- the horizon . This angle can be found by referring to Fi g u r e

.5’.
. 3-3.

* Exactly, c= f - c ’ ; c ’ = ~ A s i n  (~ 
- w)/ sin (i - a)

For a t y p i c a l  case  u. = 4~ , i~, 600 A = 2 . 5  i n c h e s ,
f = 16 i n c h e s , a ’ = . 5  in c h e s , and e 1 4 . 5  i n c h e s

5’
-. . c o m p ar e d  to x ~- : 1-i i ch is s e v e r a l  nu le s  -
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As bef ore, 0 is the angle from the vertical to the top edge
of the beam . 6’ , as defined in Figure 3-3 is:

&‘ = -rr / 2 - ( 3 . 1 1 )

Note that: 
___

tan 6 = D/X = (IJ / X) (D/H) = (cos 0) D/ll (3.12)

where 
‘

.5

’

-
- --

.

I
D/H = (Z 2 - Y 2).

~ ,IH (Z 2 / H 2 + y 2/ Jj 2)½

2
- = [tan ( i r /2  - -y) - tan 2 a] 2 (3.13) ~~~

- ~
-

-
.
..-
.

- - 
-
-

Therefore *

i ii.
6 = arctan [ cos 0 {tan 2 (ir/2 - y) - tan 2 o}½J :~:-~ •

(3. 14) ::~~
And finally:

4•

I ~~~~
‘ = ( -a )  + min [a + ~~~~, 6], (3.15)

.5
.

-
.5

.5
.

.5
. 

-
-.5

* For a limit of 6° from the horizon , 6 becomes :~::~arct an  [(cos 2 o / . o l o g )  - l ] . 52
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where ‘4~ is the user input value of the half angle of the ,‘.~
j’ 

-

slew. Equation (3.10) is then rewritten simply as:

A’ 2f tan (a + ~p’) (3.16)

3.2.1.1 ç~~putation of the Target Offset Distance. One

of the statistics that must be provided to the EXECUTIVE

program for each look at a given t a rge t  is the offset distance

from the target to the heading axis at the time of that look.

Let:
--‘-

--.5 -
5’.

4 F = offset distance
.5
.
’..

.

heading angle measured clockwise from

nor th  ( i . e . ,  x axis)
(YT,XT) = the coordinates of the target
(YA ,XA) = the coordinates of the aircraft

Then , with the aid of Figure 3-4:
1~‘-.9 - 

Ground distance to target , CR, is:

= [(x T XA
)2  + - ‘

~A~~
]-

Angle from north to target , p, is: .:-

p = ~r/2 
- arctan ((XT 

- XA ) / ( Y T - 

~~~A~~~~

)]

Angle from heading to target = p -

Then :
.

~~~~~~~

-‘5’-.

F = CR sin (p - 6) (3.17)
.5

- .5...
.’.•d~ ~i

•

— - 5’---’
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- / defined to be offset

/ 
distance = F course

aircraft -‘. -*~~~~~

target at
(X T,Y.5j.)

— _______ 
‘-.5

Y axis

NOTE : Dashed  areas  show the -~~~~~~~~~~~5’

l a rge  f i e l d  or v i e w ,
i.e. the slowed field

,-4
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Target Offset Distance
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3.2.1.2 Computation of the Average Leng th  of Rest Field -

o View. The rest field of view is a trapezoid ; however ,
for reasons which will be discussed in Paragrap h 3.3.1 , a
necessary parameter is the average width of the rest field ::-~~

.

of view , denoted b y U.

The length of the longer side of the trapezoid is:

DL = 2X tan a (3.18)

Where X is computed by equation (3.3) as:

X H/ cos O 
5’

Let ~ be the angle between the aircraft vertical and the

center of the focal beam. Since 0 equals ~~ + 
~~~~, f rom 

- .5

-

Figure 3-lc , U becomes: :~:~:
= 211 tan (a) Sec (~~)  (3.19)

3 .2 . 1. 3  Input for  F o r w a r d - L o o k i n f  1-rame Camer a  S i ewing .
One new p a r a m e t e r  must  be p rov ided  the SCENARIO p r o g r a m  to : — -:
al low for  s lewing  of f o r w a r d - l o o k i n g  f rame  cameras , n a m e l y ,
th e ha l f  angle  of slew ing c a p a b i l i t y  (in d e g r e e s ) .  P a r a g r a p h
7 . 2 . 1  g ives the  new form of the  SCENARIO inpu t  deck , in-
cluding this p a r a m e t e r .

.5 • _ ‘5. -

3.2.1.4 ~~ fl~ut -  Related to F o rw ar d -L o o k i ng  Fr ane  Camera  .:-~~~~

Slewing . The modeling of the slewing capability of t h e
f o r w a r d - l o o k i n g  f r a m e  camera p roduces  no c h a n g e s  in t he  fo rm
of t h e  S C E N A R I O  o u t p u t , e i t h e r ha r d copy o r t ape  -

/

/ &~3- 1 I -

• . - - .- ~~ — ‘ ‘\
~~~~s~ 

‘
~~

‘
~~~~ 

‘
~
- - 5- ..

. 
-
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3.2.2 Side-Looking Frame Camera

Side-looking frame cameras were not modeled as :~ -
being slewable in the original AIRS model; this capability

has now been added.  As in the case of the forward-looking

frame camera (Paragraph 3.2.1), the modelin g technique chosen

is to consider the s l e w a b l e  camera as a f i x e d- o r i e n t a t io n ,
non-directable camera having a field of view which encompasses
the entire area over whi ch the slewable camera could actually ‘

~~~~

be directed. This is accomp lished by modif ying only physical
parameters (e.g., film lengths) of the camera~ performance

characteristics (e.g., resolution) remain unchanged.

As in the case of the f o r w a r d - l o o k i n g  camera , it

is also assumed here that when all other parameters are held

constant the length of the f i e ld  of view is p r o p o r t i o n a l  to
film length. The augmented film length , denoted by A’ (see
Figure 3-5) is computed by equations (3.22) and p .2 3 )  where :

A = the original film length :‘

f = the focal length ‘ - 
-

T = the ang le be tween  the focal axis and the
a i r c r a f t  v e r t i c a l .  lVh en the  user wishes  the
camera to point to the ri ght , relative to the - -:-

~~~
direction in wh ich  t he  a i r cra f t  i s p o i n t e d ,
T i s p o s i t i v e .  When the camera shou ld  be
po in t ed t o t h e  l e f t  (when  l ook i n g a long  ~ he
f l i gh t  p a t h )  T is input  as a n e g a t i v e  v a l u e  -

0MIN the minimum depression a n g l e  of s low i n g

= the  max i m u n  d e p r e s s i o n  angle  of s i e w i n g .
0MI N and are alway s p o s i t i v e .  The
angles  arc measu red  r e l a t i v e  to the  h o r i z o n
of inteiest dcpcndinc~ on w h e t h e r  i h c  caineia
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F i g u r e  3-5

S i d e-L o o k i n g  Pho to  S l e w i n g

TABLE :
A = 2 1 a r c tan  (a)  C1 = I! t a n ( T + ~~)
a = t a n ( A / 2 f )  C 2 II  t a n (T -a )
a ’ = t a n  (A ‘/ 2 1)  E l m~i n  i t  u de  ~ f a / 2  - 0~~ .,

~
-

A ’ = 21 a r c t a n ( . 5 ( l ~1-E , ) 4 a )  L ,4~ = m a g n i  L U d e  of ii!? - 0M \ \  A.
- ‘ 5 ’  /.,

~/~ ~\ 
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is right-mounted or left-mounted on the
aircraft.

Left M o u n t e d  :.~~~:.
(positive)

_ _
~~~~~~~~~~ a/c heading ~

(positives / 

. Nadir
Ri ght  M o u n t e d  

- - -  - -  -

El = the  si gned m a g n i t u d e  of the q u a n t i t y

-
. 

0MI N
E2 = the s i d  magnitude of the quantity

ir/2 - 0MAX
a = beam spread  = ar c t an  ( X / 2 f )  

- 

.,.-

.5 - in order for the upper edge of the expanued local
• beam to  r ema in  6 0 be low t h e  h o r i z o n , El mus t  not  exceed

(84° - a). For the reverse edge of the expanded focal beam
to r e m a i n  6

0 below the horizon , E2 must not be more
negative than (-81 ° + a) .  When El and E2 are set equal
to either t h e i r  o r i g in a l  v a l u es or , whe r e they exceed the
computed limits , the focal axis is repositioned to bisect
El + E2 by equation (3.20): this repositioned focal axis

is at an ang le  d e n o t e d  b y T’ from thc aircraft vertical.
h ence

- 

T’ = 0 S (L l  + L 2 )  ( 3 . 2 0 )

From Figure 3-5 i t  can be seen tha t  t h e  p o r t i o n
of augmented beam ang le , a ’ , above the aircraft vertical will

- -
.5
.’--.be:

a ’ = T ’ + a + O . S ( L l  - l~2)

.
~; ‘-

A-
.5
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.5.

.5
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‘

~~ •
~~~:. an d th e par t  of th e new b eam a ng l e a” below the  a i r c r a f t

I vertical is:

:~ a” = -T’ + a + O.5(El - E 2 )

and the total beam ang le is a”, given by:

P. a” = a’ + a” = 2a + El - E2 (3.21)

and , since A’ is perpendicular to the bisector of the

total beam angle (see Fi gure 3-5):

I A ’  = 2f (tan 0.Sa”) (3.22)
= 2f (tan (cx + O.5 (El - 

£2 ) ))  (3 . 2 3)

-- .5 ‘i.
..- -

-

3. 2 . 2 . 1  Computa t ion  of the Target  O f f s e t  Distance. The

t a rg et o f f s et di s tan ce is computed using equation (3.17)
in Paragraph 3.2.1.1. 

-

3.2.2.2 C o m p u t a t i o n s  of t he  R i g h t  and Left Edges of the

- 
Rest  F i e l d  of V i e w .  As w i l l  be d i s c u s s e d  in P a r a g r ap h
3.3 .1 , th e EXECUTIVE p r ogr am w i l l  n eed t o know t he  d i st a n c e
from the head ing  ax is  to the  ri gh t -m o s t  ed ge of the rest
field of view and the similar distance to the left-most

I ed ge of the  rest  f i e l d  of v i e w .  This pa rag rap h w i l l  sh ow

how these  d i s t a n c e s  a re  c o m p u t e d .

Whether or not t he  camera  is s lowed , t1’~ a c t u a l
res t  f i e l d  of vi e w is d e l i mi t e d  by T (the orig inal angle
between the  a i r c r a f t  v e r t i c a l  and the  f o c a l  ax i s )  and a

(the h a l f - a n g le of beam w i d t h  c o r r e s p o n d i :- .g to the  or i g i n a l ,
- u n m o d i f i e d  f i l m  l e n g t h )  . For either ri ght- or l e f t - m o u n t e d

cameras , the  d i s t a n c e  f r om  t h e  h e a d i n g  ax i s  to t h e  r i g ht-
- -

~~ most edge of the  res t  f i e l d  of v i e w  i s :

S~ 11 t an ( T  + ct) ( 3 . 2 4 )

.5
.5 .
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~~~~~ The corresponding distance to the  l e f t - m o s t  ed ge is :

S~ = 11 tan (T - cx) ( 3 . 2 5 )  ~~

3.2.2.3 Input for Side-Looking Frame Camera  S l ewing  Model .
I. . 

Two additional parameters must be input into the SCENARIO c-,’.’

program; they are :

(1) 0
~-1IN (in degrees); defined in Paragraph 3.2 .2

(2) 0MAX (in degrees); defined in Paragraph 3.2 .2 —
,
-

~

New input to SCENARIO is d-escribed in de ta i l  in Pa rag raph
7.2.1 of this report.

.~: 3.2.2.4 Output Related to Side-Looking Frame Camera

Slewing. The modeling of the s lewing c a p a b i l i t y  of the
side-looking frame cameras produces no changes in the form
of the SCENARIO ou tput , either hard copy or taPe.

.5 ’ 
‘~~~~

3.3 EXECUTIVE
- -

.5

3.3.1 Field of View

The p reced ing  pa rag raph  d i s cus sed  how the
slowing problem for forward and side obli quc frame cameras
was implemented  in the  SCENARIO p r o g r a m .  This  p a r ag r a p h
discusses how th e ou t p u ts  p r o v i d e d  by t he  SCENARIO p r o g r a m

5’ are used in the  EXECUTIVE p r o g r a m  to  compute  t a r g e t  de-
tectabilities , identifiabil itics , and local izabilities
when slowing capabili ties are p r e s e i t .

Below are d e f i n i t i o n s  of t e r m s  t h a t  w i l l  be u s e d :

A . = the  d i s t a n c e  of t h e  t a r g e t  f r o m  t h e  h e a d -
1 

- thing ax:i s at the t i m e  of t h e  i l o o k .  I t
.
~~

. is t a k e n  as n e g a t i v e  i f  the target is to

the  l e f t  of t h e  a x i s  and  pos t i ve  ] I to  - 
—
~~~

~:: ..
-~~.

- the ri ght.

.5” / -  - -.5
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B = the  ave rage  distance f r o m  the heading axis - . -

~~~~~~~~~~to the  ri g h t - m o s t  ed ge of the  rest  f i e l d
of view.  B is positive if the right edge

~ 
.
~~- 

‘
~~

of the f i e l d  of v i ew is to the r i ght of
the h ead ing  ax i s .  -

.
~ 5~~

•
~ .5~~

C = the average distance from the heading

axis to the l e f t - m o s t  ed ge of the rest
field of view . C is negative if the

left edge is to the left of the head ing  —
~~
-

~~~

axis.

Note that for a forward-looking frame camera ,

B = U / 2 = -C (Paragraph 3.2.1.2);

for a s ide- looking  f r ame  camera ,
:~ +B = Sd and 

- 

C = S~ (Paragraph 3.2.2.2).

The t e r ms are pictor ially l l u s tr a t c d  in F ig u r e  3-ôa  and 3-6b. ~~~~
- - -

• For each look:
(.5 -

.5 -
-
..

-
-
.5 i i  i f C < A  < B
-: Lk =~~~~ 5

~ 1 0 o the rwi se

.1::,:

Aggregat ing over T looks at a given target:

E~~~ —~—~~~ Lk~ -j
I f  E > 0 . 5 , t h e  m a j o r i t y  of looks  at t h e  t a r g e t  f e l l  ~-;ith-

in the rest field of view . If F < 0 . 5 , t he  m a j o r i t y  of
looks  f e l l  o u t s i d e  the  r e s t  f i e l d  of v i ew , bu t  w i t h i n  t h e
expanded field of view , The looi~ would  not  be recorded i f  • -h~~
the target were outside t he  e x p a n d e d  f i e l d  of  v i e w .
Fi g u r e  3 - 7  w i l l  i l l u s t r a t e  d i f C e r e n t  v a l u e s  of  E .  I t  is
assumed  t h a t  i f  P < 0 . 5  the  t a r g e t  c a n n o t  h~ ~1 c t ect ed  - 

~~.
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Figure 3-6a

rest field-of-view I I l l us t ra t io n  cf ~~~er m s ;  Fo r w a rd
Plane Camera

• <-heading .~~~~~~~~

target at
look i :- -:~:

a ir c r aft ~~~-/J

j < - h e ad ing  
‘ 

Fi gure 3-6b
s Illustratio n of

A. ‘
~~ Terms ; Side

a i r c ra f t  
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on any look unless slewing occurs ; likewise , if F > 0 . 5

it is assumed that the target can be detected on any or
all looks even if slowing does not occur. :‘~~~

-

The assumption can be justified by noting that
E is usually 1 or 0 and that only in such very special

:~ cases as illustrated in Figure 3-7 will E be between
these values.

3 .3 .2  Computa t ion  of Detectability and Identifiabilj~~

De t e c t a b i l i t y ,  id e n t i f i a b i l i t y  and l o c a l i z a b i l i t y  :1:
are initially computed assuming all looks are valid , i.e.,
using the expanded field of view but without regard to whether

slewing actually occurred. These detectabilities and
::‘4 identifiabilities may then be modified to take in to  account :-:-:-:-

the probabilities that slowing did or did not occur.

~ 
If the camera would have seen the t arge t  w h e t h e r

or not slewing occurred (i.e., F > 0 . 5 ) ,  t h e n  s lewing
.5.

- 
—

::: provides no additional improvement. Therefore , the detect-
ability and identifiability for the target ~emains unchanged.

I If however , the camera cannot see the target
unless slewing occurs , we have :

PD’ . = PD. • P

where PD ’ . is the modifie d detectability fo r  l eve l  i ;

:~ 
PD 1 the ini t i a l l y computed de tectability fo r  l evel  i , and
P5 is the probabilit y th at the camera was slowed.

Likewise

PT’ - = P T .  P
1 1 S

PS -
-.
’

-

w h e r e  P1’ . is the mo dified i d e n tifia b ilit y at level i
1 -

and P1 the  m i  t i n i l y c o m p u t e d  i d e n t i  h a P  ~ii . ty  a t  l e ve l  I -

::~::.

p 554
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Figure 3-7 
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3.3 .3  S low i n g  F a c t o r  
‘

- - -
Slowing  can occur in one of two ways: the target ...~~~~~

can be preplanned , or the target can be sensed b y another
-A

sensor which  can direct the slewable cameras toward the s

t a r g e t .  In the  prep lanned mode , the system receives co- 
-

ordinates of known or suspected targets at the time of

mission initiation. For the second mode the sensors must
be considered which may reasonably be expected to pick up
a target in time to direct the camera toward the target.
The target must be sensed before it comes abrcast of th e
aircraft , for the side oblique camera or while it is still
well in front of the aircraft , for the forward oblique camera .
Further , the target must be sensed in real time , i.e.,
Level 1 of processing. The EC~--I , MTI FLR , and FLIR sensors
meet these c r i t e r i a .  Each can detect  t a r g e t s  in f ron t  of the
aircraft and each operates in Level 1. Because (see Para-

- _  
graph 3 .2 . 8 . 1  of AIRS Volume I) FLIR itself is slewable by

(S the ECM and MTIFLR sensors , if F L I R  has been s low ed , the
-
‘
.
.-
.

~~

cameras also have  been slewed , and F U R  can add no thing .

The slewing factor is then :

= 1 - R (l-PD
~
) (l~ PDy) (1-PD~

(l-P’ 5) )

Where ____

R = P r o b a b i l i t y  t h at  the  t a r g e t  ~-‘as not  pre-
p lann ed

PD = P r o b a b i l i t y  th a t  t h e  ECM d e t e c t s  the  :-::~ ::
X target in Level  1.

PD 7 = P r o b a b i ] i t y  t h a t  the  ~1 TI F L R  d e te c ts th e
~ target in Level  1. .5.5.-v

PD = Probability that the F L I P .  de t e c t s  the
Z t a i-get .i n L ove 1 1. .

~~~~~.-
P r o b a b i l i t y  t h at  t h e  F L I R  is  s l ew e d .

—.5 S
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and , from equation (3.150) of AIRS, Volume I.

P ’ = 1 - R (1-PD ) (1-PD )
S x y

No change need be made in the CEP , because it is not con-
ditioned on detection or slewing.

: 3 .3 .4  EX ECUTIVE Pr ogram Input  and Output

There is no change in the form of EXECUTIVE
input* or output .

-a-.5.

‘.5;

C.

* C e r t a i n  p a r a m e t  crs ar~ r e d u n d an t  ].v i n p u t  t.o 1)0th SC1t~ ;\RI O ~~~~and EXT i CU T I VP - 1’hc u se r  shou ] dl n t ,.- t he 11111) i i  C~I t i O t t  of
foca l  l eng th on m au l  cai ’ :i l(~b (p .  2 — 3 4 )  a n d  i n p u t  c a r d  -

20 (p. 3—90 , Vol. [ - S i m u l a t i o n  of A d v a n c e d  1n ~~c~~r a t c d:: ::‘:: l~eco~~ ai ssai i ce  Sys t em s (Al  RS ) • )
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SECTION IV

- . 5  EVALUATI( ’~N ROUTIN E
I

‘
-
- .5-

”
..
.
.

4.1 INTRODUCTION

.5

The Evaluation (EV.-\L) routine is a CDC 32/3300
FORTRAN program that prints usable measures of AIRS effect-
iveness in a h i g h l y  readab le  fo rmat  by t r a n s f or m i ng  da ta
conta ined  on the  T a r g e t/ S e n s o r  O u t p u t  Tape ( E x e c u t i v e  O u tn u t  

____

Tape # 1;  see Pa rag rap h 3 . 6 . 1  of A I R S , V o l .  I and  n a r a g r a m b
7 . 3 . 2 . 1  of t h i s  report) - ‘1’h ’our ~h the  use of out i o n s  the
user of EVAL can to some degree  c o n t r o l  the  type  of m e a s u r e s
computed as we l l  as the  f o r m  of the  o u t p u t  p r in t e d ;  i t  is
through such control that EVAL g a i n s  its flexibility . Further ,
the user can process  the  same d a t a  t ap e  r e n e a t e d ly  u s i n g

d i f f e r e n t  op t i o n s  each t i m e .
—
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.5 - The basic purpose of EVAL is to integrate the

.5
_

S 
-P

. - .
I..-’ effectiveness measures of detectabilit y , identifiability , -~

and localizahility computed by EX E CUTIVE over accumulations
of t a rge t s  known as types , and f u r t h e r  to i n t e g r a t e  over
collections of types known as groups . These measures are -

~~~~~~
‘

~~~~
-

i n t eg ra t ed  by s igh t i n g  u n i t , i . e . ,  w i t h  each s i g h t i n g  of a
target  considered a separa te  e n t i t y,  and a lso  by t a rge t  u n i t ,
i . e . ,  wi th  the measures  for  a l l  si g h t i n g s o f a particular
target conjoined into single target measures before any
integration takes place. * Both target unit and sighting unit
data are usefu l in e v a l u a t i n g  the e f f e ct i v e n e s s  of A I R S
sys tems , a l t hough  si g h t i n g  u n i t  measures  are e s p e c i a l l y
meaning ful when considering individual sensor performance ,
as are t a rge t  un i t  measures  when examin ing  the sys tem as a
whole. **

Con s i d e r i n g  each t ar ge t type in tu rn , the program

j ç~ 
outpu t s  e f f e c t i v e n e s s  measures  a ccumulat ed  by type ( type  

.
_‘
.P.

measures) in both t ar get an d s igh t i n g  u n it s - The se m easure s
are given for each sensor and also combined over sensors. In

--

:‘~~
Z

* In a m u l t i p l e  nass  m i s s i o n , the r e c o n n a i s s a n c e  s y s t e m  is
exposed to each nhysical target more than once. Each such .

~~~~~~-
•
.

exposure  we ca l l  a t a r g e t  si ghting or , s i m p l y  a s ig h t i n g .  -
~~~~

** This  is a c t u a l l y a de ep n o i n t .  When t a rge t  u n i t  measures  . . . -

are consi  dercd , t h e  sys t o p t  r o r f o r m a n c e  is not  a d v e rse  1 )’ •-:
a f f e c t e d  i f  a t a r g e t  is con d e t e c t e d  (or  i d e nt i f i e d , etc.)
on one leg o t he  m i s s i o n  as l o n g  as i t  has  been  w e l l

a detected on a n o t h e r .  T h i s  is as i t  s h o u l d  be , a f t e r  a l l , t he
purpose of a reconnaissance f l i g h t is to d e te c t  t a r g e t s , and
less concei- n shou ld  be g i v e n  t o  p e i - fo r m an c e  a g a i n s t  i n d i v i d u a l
sightings . On the  o t h e r  hand , when  t h e  p e r f o r m a n c e  of  se ar a t e  

~
-

sensors  is b e i n g  e x a m in e d , sen s o r ’ s e f f e c t i v e n e s s  m e a s u r e
is based on how w e h  1 i. t d o e s  at  CV ( ’ ’~\ ’ o p p o r t  u n i  t y ;  t h i s  i s
affected if a sensor does ~ oor 1v  on one si g h t i n g  of a t a r e c t
even if i t do es w e l l  on a n o t h e r .

-
-

-
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addition , some break out by processing level is given . A

complete integration over all targets (both by s i g h t i n g and
target units) is then presented. Next , data for targets of

the appropriate types are accumulated into target group data;
however , far fewer group measures are given - onJ y summary

data are tabulated - and there is no break out by sensors .
-
‘.5

-
.
-.
-.’

Lastly , EVAL prints the beta measure of sensor redundancy
both by target and sighting unit for  all  sensores , in teg r at ed

over all targets.*

The EVAL r o u t i n e  as d i s c u s s e d  above has been im-
plemented and thereby replaces and obsoletes an earlier , more

limited version of EVAL (see Section IV , AIRS , \Tol I ) .  The
coding of the present EVAL is entirely new and represents a
different approach to many (although not all) of the

:~ computations.

4.2 USER OP TI flNS AND F L E X I B I L I T Y

The EVAL program is quite flexible; the user has
the necessary control of program flow through input options.

The options are set through punch card inputs read at the

start of processing. The various inputs (along w i t h  t h e i r
formats) are listed in Table 4-1 and d e s c r i b e d  b e l o w .

F i r s t , the user  d e t er m in c -s wh i ch t a r g e t  t y p e s  are
to be c o n s i d e r e d  d u r i n g  the EVAL run . Typ e s  are n u m b e r e d
from 1 to 30; the  a c t u a l  group ing  of t a r g e t s  i n t o  types  is ,
of course , d e t e r m i n e d  at the t ime of SCENARIO e x e c u t i o n , hut

‘
.5 ..- ..

-
.5

I~
.

‘
- --.5

. -’,

-.5.- ..
.
‘

“-.5 -’,-- ,
* Sec A p p e n d i x  F , AIRS , V o l .  1 , For do F i n i t i o n  of the b e t a  -

me a s u r e .
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the user has the option of excluding any particular target

type from the processing done by EVAL. This option is

exercised by setting the input variable I}!OLD (J), J = 1,30.
The input values are simply IIIOLD(J) = 1 if type number J
should be included in the processing, and IUOLD(J) = 0 if
it is to be excluded.

Second , the user specifies a maximum offset :~~~
-‘
~
-“

distance. If the distance from the aircraft to a particular :~~
target sighting is greater than this maximum , the si ghting
is not considered by EVAL . (This action does not affect
other si ghtings of the same target , or other targets of the
same type.) The input variable for this option is AM AXOF.

Last , the user may define un to five target groups,

where a group , as explained above , is a col lec t ion of targe t

types . * The inpu t variables are :

-: 
- NU M ( I )  , I 1 , 5

NTY(I , N) I = 1 , 5; N = 1 , N U M ( I )
where

N U M ( I )  is the number  of targe t typ es in group r ,
and

NTY (I , N) is the  type number  (1 to 30) of t he  Nth
type of the Ith group .

Summary measures are compu ted  and p r i n t e d  fo r  each of the
five groups.

-
.5

‘I

* Unlike the previou s IIVAL routine , groups need not l)e
di sjoint. That is , a particular type nay b e l o n g  to  more

: than one group -

- .5 - ..‘.5 %’ 5 ,
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~~~~ The flexibility of EVAL can now he illustrated . As
mentioned before , the EVAL routine is coded as a loop

around the processing phase , so the user may evaluate a
particular —. imulation result (as recorded on the Target!
Sensor flutput Tape) in many ways by stacking, one behind
the other , sets of user option parameter cards . By using
ASMAXOF , the user  can determine the effects of varying maxi-
mum offset distances on system performance in terms of
target types and groups . Moreover , the user can evaluate

I system perfo rmance with respect to any collection of target
- 

types. For a quick look at system performance (i.e., total
system d e t e c t a b i l i t y , ide n t i f i a b i l i t y , and l oca li z a b il i t y
at each processing level), the user groups the relevant -

~.‘-~
‘a

I types together thr ough the use of NTY and then reads the
target group output tables. For a more detailed break out
he simply “turns off” the target types he is not interested

:~ - 
in (through the use of the IHOLD array) and receives  the

I total EVAL ou tpu t  with only the ri ght types considered. *

4.3 INPUT

! EVAL uses both tape and punch card inputs. The
tape input  cons i s t s  of the Ta rge t/ Senso r  Output  Tape ,
previously referenced. The tape consists of records con-
tam ing the necessary data , one record per t a r g e t  si gh t i n g .
EVAL requires that the T a r g e t/ S e n s o r  t a p e  he m o u n t e d  on
logical unit 2. The punch card input consists of 8 c a r d s ;

. 5 ’

* The user  op t ion  i npu t s  NON PRE and IP RE1~L used  in t h e
previous EV.\L to a c h i e v e  prep l a n n e d  vs - non -p rep i  anned

.
~ flexibility have  been  e l i m i n a t e d .
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as many packs of 8 data cards as the  number of desired
loops throug h the program are needed ’. A blank card should -

- -
- 

-

Is~~.

be placed behind the last pack of 8 to end processing;
the CDC operating system requires that an end-of-file card
follow this blank one. Seven of the 8 input cards are

concerned with the user option variables described above ;
the other is a card containing an alphanumeric header. The
header is printed out in addition to the header obtained
from the EXECUTI\TE tape ; thus , the user should use a differ-
ent header card in each pack of 8 (if he uses more than one

pack at a time) so that the EXECUTIVE header serve s as an
overall job title , and the header cards serve as run sub -

- 
titles . The exact form of each input card as well as their

order is shown in Table 4-1.

4 . 4  PROCESSING
~1,
’-’.’.

The EVAL Tou tine  produces output via the following
series of steps :

Sten O :

The user  input  op t ions  are read  f r o m  punch cards.

Step 1:

- .5 __

The Target/Sensor O u t p u t  ~apc is positioned , and
all variables and accumulating arrays ai-c initial-

i zed .

.5.

Step 2:

The first physical record of a target si gh t i n g
record is read  From the tape. *

* A target si ght i n  g r ecord  on t h ’  T a r g e t / S en s o r  O u tp u t  ‘I’ apc , ,

w h i  cli cool  -~ in s  a l l  the n e e d e d  d a t a  oa t h e  s i g u t  I ng , cons  ~~t S  /~~~ •:.
of 20 p i’ys i c a l  t a p e  records ; see r e F e r e n c e  to  t h e  t a p e

- ~
- - 

~~~given e a r l i e r .

4 .5 ()
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Step 3:
:-“~ -
-
~~~ A check of I1!OLD and AMAXOF is made against the

appropriate target sighting data. If the target
sighting is not to be considered , all further
phys ica l  records of the si gh t i n g  are ski pped , the

tape is positioned at the beginning of the next
sighting, and control returns to Step 2. System
performance data is not affected. If , on the other
hand , the sighting is to he considered , proce ss ing

.5-.

continues I%’ith Step 4.

. .5.5 .
-.
.
-
.

Step 4:

The target sighting data broken out by sensors
is read from the tape. * A check is made to deter-
mine whether at least one sensor had the target
si ghting within its field of v iew  (FOV) . If not ,
all f u r t h e r  records are skipped (as in Step 3) and

(. control returns to Step 2 for the processing of a
new sighting ; if so , the  data  is assimilated into
the proner accumulating arrays . This consists
of accumulating into arrays indexed by the sighting ’s

t a r g e t  t n e  number  (which  will produce the effec-

tiveness measures of types in si ghting units) and
by the  sighting ’s target number  (wh ich  w i l l  a l l o w
the computation of target measures conjoined from
i n d i v i d u a l  s i g h t i n g s , and e v e n t u a l l y  p roduce  typ e
measu re s  in t a r g e t u n i t s )  -

Step s:
• O v e r a l l  svs tern  p e r f o r m a n c e  d a t a  w h i c h  h a s  been

.5. -p

‘.5 
_ _ _ _ _  _ _ _ _ _ _  

- .5

Next  14 ph y s i c a l  r e c o r d s .
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-i n t eg ra t ed  over sensors  by EX E CUTI VE arc next .‘~~~~~
.,‘ -

~~~ 
-

read in by JIVAL and accumulated into arrays as in
Step 4~ * Control then returns to Step 2 to begin
the processing of the next target si ghting. If ,
however , no more sightings remain on the tape ,
control goes to Step 6.

.5
- -

.5.5.;- ’

Step 6:

With the processing of target si ghtings complete , -
~~~~

the accumulating arrays indexed by target number
are processed to -form target measures - that is ,
measures  conjoined over sightings of a particular
target.

Step 7: -
~~~~~

The target measures are a c cu m u l a t e d  i n to  t y p e s .
At this point then there are two k inds  of arrays
inde x ed on type - -  those  c o n t a i n i n g  t a r g e t  un i t
data and those with sighting unit data. The latter
where formed in Step 4, the former in this step .

Step S:

All arrays of both kinds indexed on type are processed
to form final type measures in bo th  t a r g e t  and
si ghting units.

Step 9:

The typ e m e a s u r e s  arc t h e n  i n t e g r a t e d  to f o rm  o v e r -
all system m e a s u r e s  i n  both un i  ts . N o t e  t h a t  a l t h o u g h

* T h i s  i np u t  c o n s i s t - s o F  the  l a s t  f i \ ’ e  ph y s i c a l  r e c or d s .
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type measures are being integrated , the integration
- 

- 

is done in such a way that the system measures are

in fact taken over targets and sightings , not over

targets and si ghtings first averaged into types.

For ease of output and internal indexing, these

final measures are given the label “Target Type 31”

(there are only 30 real types). ::~.~:

Step 10:

In accordance with the user defined NTY array ,

the target and sighting unit measures of the

appropriate types are integrated to form the
target group measures. This integration is per-

formed similarly to that of Step 9; this results

in properly averaged measures.

Step 11:

The computed  m e a s u r e s  are o u t p u t t e d .

‘.5
. -.5.

Stcp_ 12: 
-

If the next card in the  user punch card data deck

is blank , the T~\ ’AL pro~zra u  ends and con trol is

passed to t he  CD C mon i tor. Qt~ er’~ise control goes

to Step 0 for a n o t h e r  proce s~; i i i g  of the  same tape
w i t h  d i f f e T c nt  u se r  o p t i o n s  -

The ~~~O C C 5 S  L a g  d e s c r i b e d  in Stens 0 - 12 is flow - :‘-:~:-:~
charted in Figure 4-1. During t h i s  p r o c e s s i ng ,  t h e  EVAL
r o u t i n e  uses t h e  d i s k  fo r  i n t er m e d i a t e  s t o r a g e  and em u l oy s
the  N AV AI RI ) EV CEN d i s k  s o f tw a r e . A l ] disk comniu n i  c at  i o n s  are

h a n d l e d  b y two EVAL s u b r o u t i n es  e n t i t l e d  GET an~ PUT. The

f o r m e r  is  a tw o  a r g u m e n t  - f u n c t i o n  sub ~n-~~g r a r i , and  t h e  l a t t e r

4-0 t j t ’\
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a sub rou t ine  sub program.  GET and PUT perform disk allocation ,
maintain a disk memory map through the use of COMMON variables ,
compute disk optimization , and make all calls to disk soft -

ware . EVAL requires the disk to be defined as log ical unit 14.

4 . 5  C O M P U T A T I O N S

The followi n g qu ant i t ies are computed by the above
described processing. The computations , except where indicated ,
are s t ra i gh t - f orward ave rag ing  or summing of data contained
on the Targe t/ Sensor  Output -  Tare .

Data broken out by sensor and type :

• - ( la)  The number  of t i m e s  t a rge t s  of the  p a r t i c u l a r
type fell within the FOV of the sensor .

(lb) The number of times targe t si ghtings of the
p a r t i c u l a r  typ e  f e l l  w i t h i n  the FOV of the

- - sensor.

(2a) The mean probability that the targets were
not masked b y terrain. :~:~

(2b) The mean probability that. the target si ghtings

were n o t  masked  by terrain.

(3a) The mean prob abil ity that t he  p a r t i c u l a r
sensor  was not non-operation al when viewing
the  t a r g e t s .

(3h) The mean p r o b a b i l i t y  t h a t  t h e  n:u’t I cu l~~r
sensor  w~ s n o t  n o n - o p e r a t i o n a l  fo r  the
t a r ge t s i gE t in  g s .
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(4a) The mean prob ability that the targets were
:~not obscured by clouds.

(4b) The mean prob ability that the target
si gh t i n g s  were not  obsured by clouds.

- .5.

(5a) The expected  number of t ime s the t a rge t s
were detected at levels 1, 2 , 3 , and 4.

cc .
(5b) The expected number of times target sighting

de tec t ions .  were made at levels 1 , 2 , 3, and 4.

(6a) The expected number of t ime s the t a rge t s  were
identified at levels 1, 2 , 3, and 4 .

(6b) The expected number of time s targe t sighting

i d e n t i f i c a t i o n s  were  made at l eve l s  1, 2 ,
~ 3, and 4.
- -

.5 -
-
.5
.

(7a) The mean conditional CEP in feet of the

targets.

(7b) The mean  conditional CEP in feet of the

target sightings .

(8a)  The b e t a  measu re  of sensor r edundancy  for
targets .

~ (8b)  The b e t a  m e a s u r e  of sensor  r e d u n d a n c y  fo r
t a r g e t  si gh t i n g s .
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Concerning items (2a) , (3a) , and (4a) , the probability

for a single target (i.e. one of the valve s averaged to form

the ind ica t ed  mean)  is de f ined  as the  p r o b a b i l i t y  of success
on 

~~~~~~~ 
sightings of the target. Note that items (2a) , (2b) ,

(3a) , (3b) , (4a) , and (4b) are means of the prob abilities of
non-independent events; care should be taken in using them.

Concerning items (Sa) and (6a), an expected detection or

identification of a single target Is defined as the expected

detection or identification on at least one sighting of the
target. Concerning items (.7a) and (7b), the CEP combining

algorithm (Paragraph 3.3.4 , AIRS , Vol. I) is used on si ghting - -
.5.

: CEP ’s to produce a target CEP .* Information on items (8a)

and (Sb) is found in Appendix F , AIRS , Vol. I; it is computed

:: similarly for targets and si ghtings . Since the Target/Sensor

1: Output Tape con ta ins  only in div idual sightin g reco r ds , the

~ 
conjoining over sightings into single target measures re-

~ 
(.~, 

quir ed by (2a)  , (3a) , ( 4 a )  , (Sa)  , and (7a )  is done by E\TAL

:~; 
- 

(Processing Step 6).

~: 
.

:~ Data broken out by type :

I 
‘

~~
. (9) Total (i.e., conjoined over the sensors)

~ 
target unit and si gh t i n g  u n i t  mean

:~
.
r:

‘
.5
.~~

-
.
.
.,

,_ ___________________ -
.5

.5 - .
.
-
..
.

-
-~

:: * An in vesti  g a t i o n  was made to d e t e r m i n e  how the  a p p r o x im a t i o n
-:- embodied in the CEP c o m b i n i n g  al gori thm fared when applied to
~ the small number  of s i g h t i n g s  of a p a r t i c u l a r  t a r g e t , and a l so

the f e a s a b i l i t y  of u s i n g  ex a c t  s o l u t i o n s  i.n t h i s  p a r t i c u l a r
case. It was ccncludcd t h a t  a l th ou c t h  exact solutions could ::-~~be emp l oved , it w o u l d  no t  he w o r t h  the  e f f o r t  b e C a U S e  the
approximation apncared q u i te  sound . The p a t h o l o g i c a l  cases
tu rn  out.  to be n o t  those  w i t h  a small n u m b e r  of measurements ,
but  r a t h e r  thos~~

’
~~i th  g r o s s l y  u n e q u a l  m e a s u r e m e n t s .
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~~~~ 
detectability at each of the four levels. :~~

.5.
. .

~ 

.5 

(10) Total target unit and si ghting unit mean

~ 
identifiability at each of the four levels.

. ‘.5-
-
.-..

- 
..

_
_%

_
.

-.5 - - .5

~ (11) Relative target and si ghting mean CEP at
I
‘. 

each of the four levels.
‘.5 .5 - - . -

~ 
(12) Total target and si ghting mean CEP at each

~: of the four levels.
I
~: Individual sighting total measures are taken from
1:; the Tape (Processing Step 5) ; individual target total measures

~~

.
‘ are formed in the ~ame way as (5a), (6a), and (7a).

,.-;.
.:~ 4.6  OUTPUT

~.
, .5..- - -~~
.i _

~~~~ ~~~.5~~ The p r i n t e d  repor ts  genera ted  by a s i n g l e  run of

~ 
9- 

- 
. 

.

-.5- EVAL are in order.
\~~.‘ 

, 

.
..._

,-_.~._
‘_ J~ 

..
-.5

-.~~—.5
, 

.5 . .5 -
.5 

.

~~ 
(a) A header page containing iob title , run t i t l e ,

~~ 
the numbers of the t a r g e t  types  b e i n g  c o n s i d e r e d ,

~~ 

and the maximum offset distance .

(b) Pa ge s o f t able s containing the target tyj~~
s t a t i s t i cs for e ach t ype c ons idered (one page per

t y p e ) .  The s t a t ist i c s  c o n s i s t  of da t a  i t ems  ( l a )
t h r o u g h (12) and the a d d i t i o n a l  i n f o r m a t i o n :

H ‘

- The number of targets being considered
S 

.5 .5

in the targe t type.

The number  of  t a r g e t  s i g h t i n g s  b e i n g
c on s i dc r c d  i n  the  t i i ~~e t~~pe

* At th e  p r e s e n t  t i m e , I toni (8) is no t ~n-ini~-d . /~~ ; - -

~4 _ I r  - - -
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.5 The number of targets of the type f a l l i n g
~~~..5-. into the FOV of at least one sensor.
--.~:-

.5 The number of targe t s i g h t i n g s  of the
type falling into the FOV of at least

one sensor .

~: -
(c) A one page table containing the overall system

performance me asures  (target type #31) in the same ~
format as the individual type tables , with the

exception of data item (8).
.5 :-

‘.5 ~~~

(d) Two pages containing the overall system re-

:: dundaricy measures in both sighting and target units

(data item (8)).

(e) Two pages containing the group statistics ,

~: ~ 
which include items (10) , (11) , and (12) only. ~ -

These pages  a l so  l i s t  the  t a r g e t  types  i n c l ud e d  in

each target group . 
.5

‘.5.
.

4. 7 MISCELLANEOUS

I
The EVAL r o u t i n e  is coded in FORTRAN , w e l l -c o m n ie n t e c l ,

and q u i t e  r e a d a b l e .  To aid  in f u r t h e r  -u n d e r s t a n d i n g  the  code ,

the implementers have used ce r t a i n  p r e f i x e s  and su f f i x e s  to

des ignate certain kinds of variables :

Code M e a n i n g

_____S A variable b e i n g  used to
a c c u m u l a t e  s i g h t i n g  u n i t
d a t a .

‘
-

- -U
,

- 
T A variab le being uscd to

— c o n j o i n  s i g h t i n u  d a t a
i n t o  t ar ot  m e a s u r e s .
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Code Mcan i~~~
•
~
‘:-

~

~~ ____F A variable being used to
i n t e g r a t e  over  t a rg e t s  to
form target unit data.

“-/ ‘
. - .5A____ A variable containing data

integrated over sensors .
‘-.5—’ .4.

G____ A variable containing data
i n t eg ra t ed  in to  groups .  -

~~~~~~~~~
.~.

-
-‘..

Moreover , when used as array subscripts , certain integer
Constants have reserved meanin gs: IT always refers to target
type , L to level number , N to group number , I to target
number , and J to sensor number.

Furthermore , the variables have been made as meumonic
as possible. For example then , the variable APDS (IT ,L) would
be the t o t a l  ( i nt e g r a t e d  over  senso r s )  p r o b a b i l it y  of de-
t e c t i on  in si gh t ing  un i t s  for  l eve l  L and target type IT.
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- 

~~~~~~~~~~~~~~~ IMPRO VE ;-IEN1 ’S

:~ 
.

.5

~ 
5.1 INTRODUCTION

I Analytics was requested to make improvements to
the various sensor model s reported in the AIRS , Vol. I.
These improvements ~re discussed in this section.

B r i e f ly , the fo ilo ’ -:ing im pr o v e m e n t s  h av e  been made
to the sensor mod e l s :

JR and FU R: These niodels have been improved
by a l l o w i ng  f o r  image  m o t i o n  ( i . e .  ,
improp er  \ / 1 I  c o m p e n s a t i o n )  w i t h  re-
sp ec t  to se a so r  !nol i o n  to degrade
d e t e c t ab i l i t ic s  and  i d e n ~~i i ~ a h i l i t i e s .
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~~ SLR: This model has been improved by allowing
for the use of either synthetic or real

aperture processing. Also considered is
the fact that only a certain range

: interval is recorded on -film (i.e., only

I a certain part of the actual field of view) .

~ 
M TISLR and MTIFLR: These sensor models have ~

.5 been improved by t a k i ng  in to  account

. 

a d d i t i o n a l  equ ipment  p a r a m e t e r s  such as
I (1) the actual sensor response as a func-

-: tion of the doppler shift of signals

~: received from a target , (2) the number of

~: delay lines , and (3) other such parameters .

~ 
Furthermore , other effects of the environ-

~: ment such as the  d i r e c t i o n  and speed of

~ 
rainfall are considered.

.-• 
F

. 

ECM: This model now ex piicitly considers the

--: ~~ 
- p o s s i b i l i t y  t h a t  si gn a l s  w i l l  no t  be

::i detected because of the density of the
j

-
.
:- 

EM environment.
.5 Ph OTO : The following improvements hav e been
—.5

- made and incorporated into this mo~
1 el

~: ima ge m o t i on m ay now degrade  camera
:-: p e r f o r m a n c e , e s pe c i a i l \ ’  the ident i -
-
- f i a b i l i ty  of t a r g e t s .

.5 - t he  e f f e c t s  of a t m o s p h e r i c  t r a n s m i s-  :
sivity and b a c h ’~cat t e r  on 11~ ght . 

.5

ph o t o g r ap hy ar e  now c o n s i d e r e d .
.5-’

— 
- .5

for  ni  g Ilt  p h o t o g r a p h y ,  t h e  i. l l u m i n a t o r
source , power , dir e ct iv ity, d i s t a n c e
from target and c a m e r a , and o t h e r
a s s o c i a t e d  p a r a m e t e r s  are  nc ~w cons  i d c r c d  -

a more  r e a l i s t i c  c on n u t ~~t i o n  f oe  c o n t r a s t
d u r i n g  d a y l i g h t hours .

—. in d e p e n d e n c e  of c i  Oud cover p r o b a b  i l i  y
on success h-c- Iranes has :5w bc- en ci! scard-
cd; dependence is coas .i dei’~ cI .
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~:::~: These improv ement s  s u b s t a n t i a l l y  improve  the  mode l s  and ex tend
the capabilities of the AIRS Model by allowing consideration

of parameters heretofoi-c either not treated at a l l  or trea ted
~~~
‘ *w

only superficially. The JR and F U R  i m p r o v e m e n t s  are dis-
cussed in Paragrap h 5.2 of this report , and SLR improvements
are discussed In Paragrap h 5.3. The M TISL R and M TIFLR
improv ements are the top ics of P a r a g r a p hs 5 . 4  and 5 . 5 , re-
s p e c t ive ly .  I m p r o v e m e n t s  in the  ECM model  arc d i s c u s s e d  in
Par agr ap h 5 . 6  and tho se  in the PHOTO model in Paragrap h 5.7.

5.2 JR AND F L I R:- ~~~~~~

~
:- 5 . 2 . 1  Introduction

An IR or FLIR sensor will occasionally miss de-

~ 
t ec t ing  a t a r g e t  because  the sensor  has not been p rope r ly

.:~ 
a d j u s t e d  to t a k e  i n t o  a c c o u n t  the  in t e rr e l a t e d  e f f e c t s  of

: the  ai r c r a f t  v e l o c i ty  and he ig h t  above  g r o u n d .
. 

‘

-‘

- ‘ - Each t i n e  th e  s e n s o r  ‘ s m i r r o r s r o t a te  , a p a t h  is
_i t raced out on t he  g r o u n d  ( the  JR can , at lea st p o t e n t i a l l y ,

:: “see s ’ a t a r g e t  t h a t  f a l l s  w i t h i n  t h i s  p a t h )  . The t h i c k n e s s
o f t h i s p a t h  on t 1~e g r o u n d  is a f u n c t i o n  of t h r ee  p a r am e t e r s  :

: the  a ir cr a f t  hei gh t  above  g r o u n d , t h e  g r o u n d  o f f s e t  d i s t a n c e
from the aircraft vertical , and the angular beam sp read  of
the detector. A shoi t time later , as t h e  m i r r o r s  a g a i n

- rotate , a second im~th is t r a c e d  on th e ’  g r o u n d .  S ince  t h e
a i r c ra f t  ha s n o v c ~ foi’: - :ard d u r i n g  t he  t in:c b e t w e e n  s can s
the second scan wi I ~ :~et  sweep  o ver  t h e  c a m e  g r o u n d  as t h e

- f i r s t .  I f  t he  a i r c r a f t  velocity is too great , t h e  two p a t h s
do not overlap and there is a gap  between success ivc scans
which the JR does not “sce ’~. F i i ~ure  5- 1  I l u s t r a t e s  p i  c-

— t o r i  a l l y  t h e  e f f e c t  of t h e  V/ H r a t i o .
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Case l V t
No Scan Gap ~~ 

I. 
>~

‘
~~~? 

T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7~~~~~~

I / \
~~~~~~~~~~~~~~~~~~~ L ~a

Aircraft a
hei g ht  beam
above ground spread

~~~~ t
0
~ can 

~ - —~~~~~~~~~~~~second scan

Case ll
Scan Gap “.

PARAME i’ERS

• Common to b o th  cases
I -I = he i ght of a i r c r a f t

S t = t i m e  between suc-
C e S S i ~vc scans  _____________________

a beam spread  
KCase I seen on se en on

V
1 

= au -craft velocity first scan second  s c an

Case II 
~~~~~~~~~~~~~ gap - a l O t

V a i r c r a f t  v e l o c i t y  sc- c- n on2 .5

- -.5 
V 2 > v 1

.
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The follow ing paragraph ~ill explore how this
velocity/height/time-between-scans mismatch affects the per-

formances of the IR and FLIR sensor. Specifically, Paragraph

5.2.2 will define terms to be used and develop geometric A

equations which are applicable to both the IR and FLIR

sensors. Paragraph 5.2.3 will then develop for the IR , :-~>
~~~~~equations which yield the probability that a given target

does not fall into a scan gap and shows how this probability

affects the detectability of that particular target.

Paragraph 5.2.4 presents an analogous treatment for the FLIR.
•

5.2.2 Definition of Terms , Basic Geometric Equations

First , an expression will be developed for the

aircraft location at the time a point P on the ground is

scanned by the IR or FLIR sensors. The most general case ,
slew ed F U R , is considered.

First consider the
~~ axis of the sensor to be slewed

through an angle 
~p in the

hor izon tal p lane , ~ being positive

to the right. In Figure 5-2 , the XB
subscripts A denote aircraft

axes and the  subscri pts B denote /
the coordina te  axes a f t e r  r o t a t i o n
throug h ~p . The a i r c r a f t  is at —

the common ori g in o. The common

ward.  
ZB axis is pos i t i ve  down-

A ii ~f~~~1~~~~~~~~ I
Fi gure  5 -2

~lanc Vi~ w

5-6 L JL~

~



Fi gure 5-3 shows a i r c ra f t
a vertical plane through X~
the XB axis. In ordi-

nary IR, the mirror axis 9
of rotation is horizon 

-

___________ _________________________ 
____

tal, about XE. In FLIR ,
the axis is tilted up

through an angle 0. The ~~~~~~
.

subscript C denotes the

tilted axis. The 
~B 

axis a
is common to the coordi 

-

_ _ _ _ _ _ _ _ _  _______________________

nate systems before and - : 
- 

‘
P0

after tilting. It is ‘
. 

0 
- ‘

assumed that the mirrors ‘
~
‘
~A , Z Figure 5-3

look out at right-angles B 
Verticle

from the axis of rotation , rather than at some arbitrary Plane

angle a as shown dotted in Figure 5-3.

The mirrors rotate through an angl e ~ = wt about
the X~ axis. As they do , the intersection, between OZ~
and the ground plane traces a path in the ground plane . This
is the path of the point in the center of the “beam ”.
in Figure 5- 3 is part of the path. Let P denote an arbi-
trary point on this path.

Letting:

1
~AC - 11T

wher e

~
1AC = hei ght of a i r c r a f t  above ground
MT hei ght of target above ~round

resolu t ions  throug h the angles  , , and g ive for  the
po in t  P coo rd ina t e s :

X = II(sin 0 cos ~ cos 4’ 
- sin 4) s i n  4’) / cos 0 cos 4) ( 5 . l a )

Y = H ( s i n  0 cos 4) sin 4’ + sin 4) cos 4’) / cos 0 cos 4) ( 5 . lb )
Z = II , ( S . l c)

~ ‘;.
~ where  X ,Y , and are in the a i r c r a f t  c o o r d i n a t e  s y s t e m ,

X be ing  a long  the  f l i ght  li ne .
L.

5 -7  .. 
~

‘. 
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Ordinarily, the target position with respect to
the flight line , i.e., its Y-coordinate , is known, and it is
desired to find the X-coordinate at the time of sighting.
The value of X is found by eliminating 4) between equations

(5.la) and (5.lb) ; the result for a point target at the center
of the “beam” is:

X (H tan 0 - Y sin 4’) / cos 4’ (5 .2 )
The range at the time the target is scanned is:

R(Y) (11 2 + X2 + (5.3)
where X is given by equation (5.2).

5 .2 .3  Ordinary IR

In ordinary IR, equations (5.la), (5.ib) and (5.lc)
are s impl i f ied  because 4’ and 0 are both zero , yielding:

X = O ; Y = H t a n 4)
and

R(Y) = (H 2 + Y 2) ½ (5 .4 )

There are two common scanning modes . In one the de tec tors
scan in unison : 4) has the same value for  a l l  detectors  at
any ins tan t .  In the other  mode the detectors are evenly
spaced around the cycle.  If the angula r  r o t a t i on  w does
not match the a i r c r a f t  forward ve loc i ty , the over lap ( i f  ~
too large) or the gap (if ~ too small) is e v e n ly  d i s tr i b u t e .~

- 

between adjacent detectors if they are s t agge red , and is
I 0

lumped if the detectors scan in unison . The s taggered  method
is chosen as more nearly representative of today ’ s I R .  There-
fore , t1~e ~th detector  “sees ” at  the angle  

~~~~~~~
, g iven  by :

~1 = w t + 2 1 r j / N ~
where N D is the number , w the a n g u l a r  f r equency , and t

the t ime  between scans of the  d e t e c t o r .  S ince  the s t a g g e r e d
scan mode is used , i t  is u n n e c e s s a r y  to a s s i g n  d i f f c r c ~~t 

0

ang les of a (see F igure  5-3)  to the  di fferein, .
A

0 s - s 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

0 ~~~~~~~~ .~~
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detectors ; a is zero for al l  of them . If V is the a i r -
• craft forward velocity, the be am centers for successive
• de tector-scans are separated in the X-direction by the

distance in the ground p lane , 0

t~X = VT/N E = Z1TV/WN D (5.5)

where T = 2~r /w is the period of ro ta t ion  of the mi r ro r s .

The beam width in the ground plane , for a point

target at P, is

= ~ (H 2 + y2)~~

where tS is the beam width  in radians . For point  targets
at distance Y off the f l i g h t  path the d i f f e rence  U , wh ere

U = 6R(Y) - 

~X (5.6)

is the amount of overlap between successive detector  scans
if U is positive ; U is the  gap between successive detector :-.-~~
scans if it is nega t ive .  In the event that a gap occurs , the

probability that a point target with coordinate Y is in
the gap between sc ans is •

(t~x - ~5 R ( Y ) )  I t~X (5.7)

and the probability that the target is scanned and not missed ,
p , j sN

= Mm { 1, ~R ( Y )  / 1X ) (5 .8)
is next  ad jus t ed  to accoun t for  t a rge ts  not

being “point targets ”:
1:,
~0 • ~~

Mm 1, ( R ( Y )  + 
~~~
. ) I ~ X ( 5 . 9 )

k.-
.. 

~~~~~~~g._JI. ~~~~~
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where L is the length of the ta rget  in the X d i rect ion
and Y is the Y - c o o r d i n at e  for the center of the t a rge t .

This probability is used multi plicatively in the

equations for total detectability . Spec ifica lly, for pro- ~~ces sing level 1, the total detectability , PD, of a given
target becomes:

PD = PDT (P1) (P2) (K1) ~~~ 
(5.10)

1

where: - -
PDT = the conditional detectability for leve l 1
P1 

= the terrain non-shadowing probability
= the equi pment up p robabi l i ty
= the decision (0 = no , 1 = yes) of whether

the JR sensor operates in level 1.

Similar ly, the total detectability for levels 2,3, and 4
of process ing becomes

PD = PCD (P1) (P2) (K1) ~
1 N~ 

(5.11)

• where:

PCD = the conditional detectability for

levels 2, 3 , and 4

= the decision (0 = no , 1 = yes)  of whe the r
the IR sensor operates in the  level (2 , 3 , ~~
or 4) be ing  cons idered  and all  o ther  terms
are as def ined  above.

‘ 0

5 . 2 . 4  F U R  - - Forward  L c o k i n ~ In f r ar ed

There are two mod es in wh ich  F L I R  is opera ted :  a
no t - s l ewed  mode , and a s lowed  mode.  For the  n o t - s l ow e d
mode , the sensor  i s  a lways  ~:i rected  forward  and do wnward .
In the slewed mode , the  sensor  is p o i n t e d  toward  a kno wn
target , typ i c a l l y  o f f  the  f l i g ht l i n e .  These two modes

% ~~~,
S ~~~~ A

5-10  LA LX 
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must be modeled separately . Although the computa t ion  of the
probabilities of detection for each m ode are somewhat modi- ::?~fled, the method of combining the modes is unchanged from that
reported in Paragraph 3.2.8.1 of ArRS, Vol. I.

t. .-

5 . 2 . 4 . 1  • 

FLIR , No t - s l ewed .  For FLIR no t - s lewed , 4’ i s 0;
equations (5 . l a ) , (5 . lb )  and (5 . lc)  become : :

X = H t a n  0
Y = H tan 4~ / cos O :~<:
. Z H

and equation (5.3) becomes
1- 0R(Y) = (~

2 + H 2 (1 + tan 2 o)) 2 (5.12)

The general reasoning tha t  led to equa t ion  (5 .7)  may be
applied here also but instead of the beam width , the ground-
projected beam width must be used: 

0

R(Y) / sin 0 (5.13)

And in place of L/2 , half of the ground-projected length
mus t be us ed

•
1~

L/2 for f l a t  t a rge ts
(L/2)  / sin 0 for  sphe r i ca l  t a rge t s ,

so that the probabilit y, 
~N’ 

tha t  the  t a r g et  does not f a l l
in a scan gap is:

Miii ( 1 , (o R(Y)  + L sin 0/ 2 )  / Lx X Sif l  0) 
Targ e ts

— ( 5 .  1N - 

Mm {i , ( 5 R(Y)  + L/ 2 )  I L~X sin 6) Spher i cal

1
I
I

I

,
‘ •:~

-
~.•

•
‘•~ 
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Although equations are given for both flat and
sp herical targets , it was decided to model all targets as
spherical. Equations (5.10) and (5.11) are then used to
compute the p robab i l i ty  the FLIR detected the target  in the
not-slewed mode.

5.2.4.2 FLIR Slewed. For slewed FLIR , equations (5.1) and
(5.3) are used as w r i t t e n . The point P still traces a
strai ght l ine , but  the slope of the line is no longer zero .
It is g iven by

dX X f l i ght path
— = - • tan 4’dY 1 trace for

Therefore , the distance be- next detector

tween beam centers is not 7K
E~X as given by equation trace of ~ :~~::(5.5), but is actually: 

\~;

__•••
~

•

~I £~kX C O S ’~’ ~~~~~

~ x i~~
OS

~~~i H tanO/cos~ 

\~ç\ ~E
and this is the distance 

____  J •  ~7~\ 
\
\

that must be used in place 0 ‘1

of L~X in equation (5.13).
Figure 5-4

Then Ground i~lanc ~Tj ew

(~ R (Y )  + L s in  (-
~

-))Mm 1, (5.15)
( 1cos~ J )t ~X s in  0

=

( 6 R ( y )  + (~
_)) (5.16)

Mi.n 1,
~ sin 6

~~~~for  f l a t  and fo r  spher ica l  t a rge t s , r e s p e c t i v e ly .

I-

H 5 1

L - .~~ . . . .
~~ 

.
~~~ ~~~ 

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



As in the case of FLIR not-slowed , a spherical

target is assumed. Equations (5.10) and (5.11) can now be

used to give the p r ob a b i l i t y  of detection for FLIR in (1)

level 1, and (2) levels 2,3, and 4 , respectively.

5.3 SLR

The SLR model has been extended to al low e i ther
synthet ic  or real aperture radars to be modeled.  He re to fo re ,
only synthetic aperture radar was modeled , and cross-range

resolution was held to be the same in all four processing

levels. Now , however , if a synthetic aperture radar is
being modeled , consideration is given to the fact that the
cross-range resolution attainable in level 1 is different
from that attainable in the other  process ing  l eve l s .

5.3.1 Synthetic Aperture

If the user specifies synthetic aperture , he must
also stipulate (1) the cross-range resolution attainable in

• 
level 1, and (2) the c ross - range  r e s o l u t i o n  a t t a i n a b l e  in
levels 2, 3, and 4. The attainable resolution in level 1 is ,
of cour se , less than that of the other  l e v e l s ;  t h i s  is due
primarily to lack of time to adequatel y process the signa l
returns.

Equa t ion  (3 .3 6)  of AI R S , Vo l .  I , whi ch g ives the
ground reso lu t ion  cell s i ze , Ar may be r e w r i t t e n  as:

A = 

~1 I + h (2R ÷ h) - ~ 
) Level 1.

Ar ~ z ~ + h(2R~•h) - 
~ 

) Level 2 ,3 or 4.

.‘%

‘~ 1
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wher e

= the cross-range resolution attainable in level 1

= the cross-range resolution attainable in levels
2 , 3 or 4. -

p = ground range to target

h = range reso lution

R = slant range to target

5.3.2 Real Aperture 
• 

.If real aperture (sometimes called brute force)

radar is being modeled , the resolution attainable in all
four processing levels is a direct function of both the beam

width and slant range to the target. In particular , the cross
range resolution for real aperture is given by ~R; where

- ~ is the half-power beam width and R is the slant range to

the target. The half-power beam width is selected because it

is cons is ten t  w i th  what is u sua l ly  me ant by the term “beam
width” . Thus , rewriting equation (3.36) of AIRS , Vol.  1 for
the real aperture case:

Ar 
= ~R ( 1’~~2 + 11(2R+ h) - p )

The symbols are de f ined  in P aragrap h s 5 .3 .1  and 5 . 3 . 2 .

5 . 3 . 3  D e t e c t ab i 1 ity ,~ I d e n t i f i a b i l i t y ,  and L o c a l i z a b i l i tv

A check was added in the SLR model to make c e r t a i n
that the target fell within the  maximum and m i n i m u m  s l an t
ranges recorded on f i l m .  If  the  t a rge t  did not  f a l l  w i t h i n
these limits , detectability an d ide n tifiabilit y fo r  l eve l s

4 2 , 3, and 4 were set to zero , as these  l e ve l s  r e q u i r e  the
targets ’ appea rance  on f i l m .  A l so , i f  real a p e r a t ui c  is us ed

A (eqn. 3.74 of AIRS Vol. I) is set to :ero .  W i t h  t he se  c x -
1

~ 
cept i  ons , all equ a t  ions  g ive n in Al 1~S , I bi . I f o r  c o m p u t i n g
dctcct abi lit y, ident i l i a b i l i t y ,  and  t i m e  CIT r ema i ii unc 1i~i n g e d .
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5 4 MOVING TARGET DETECTI ON BY SID E LOOKI NG RADAR

• . -The detection of moving targets by side looking

radar (MTISLR model) has been refined by the more precise
calculation of previously approximated equipment and environ-
mental variables. The calculations permit the model to take

into account the effects of radar instabilities , aircraft

speed , precipitation particle velocity, and wind clutter.
These refinements are ava i l ab le  at the cost of the user hav ing
to provide about twice as many input parameters  as were needed
for the simpler model.

5.4.1 Outline of Revised Computations

With the aid of two assumptions (one dea l ing  w i t h
the elimination of the effect of aircraft motion from the Dop-
pier frequency s h i f t s  and the o ther  dea l i i~g wi th  the na tu r e

-.
of the MTI f i l t e r ) , which are developed below , the ou tput  of

j  (~ the radar process ing can be t omputed fo r  the re turn  f rom any I . ,

resolution unit. For any particular resolution cell , contain-

ing a target , the output  power is cal led S. If the  t a r g e t  is

::~ replaced by back ground and the output  power computed , the re-
sult  is cal led C. Also the response  of the  filter to the :~ ‘~
radar noise can be computed , if the input noise character-
istics are known : call  the output  no i se  N. Then the  r a t i o

can be used as the a rgument  fo r  the  cubic  p o l y n o m i a l
given in the AIRS report , Vo l .  I . ,  as e q u a t i on  (3.103) , 1) .3 50 ,
which gives the p robabilit y of detecti on PD .

5. 4.1.1 p~~ pjc r S h i f t  of t he  Echo.  For any t a r g e t , or f or
any a r e a - e l e m e n t  of pr c c i p i t a t iO l 1  if any , equ a t i o n s  ( 5 . 1 7 ) ,
( 5 . 1 8 ) ,  and ( 5 . 1 0 )  prov .~de the means  for  comput i n g  the
Dopp ler  s h i f t  of the  echo .

/ \
5 — i s  ~~~ 0~
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Let (XA, YA , Z A ) be the position of the a i r c r a f t
and VA 

= dXA/dt its velocity, assumed in the X-direct ion.
Let (X,Y,Z) be the coordinates and (Vx, V~ , Vz) the
velocity-vector components of an object from which a radar
echo is received. Then the  radar range is-

R = I(X.XA
)2 + 

~~~~~ 
+ (Z~ ZA)2J

i (5.17)

and the rate of change with time is:

• 
= R = (i-) [(x-x A) ~~~~~~ 

+ 

~~~~~ 
v~ + ( Z - X A ) V z l

(5.18)
The Doppler frequency shift in the received echo is:

= -2 ( ~ ) 
~R (5.19)

Where c is the speed of li ght and is the radar

transmitted frequency.

Since the power in the echo is expressible ~or each

• 0 such element via the computation of radar reflectivities ,
the power spectrum of the echo can be computed for any g iven
resolution cell by summing over all the reflectin g elements
in the cell.

After the spectrum of the echo has been computed ,
the next step is to compute the output of the radar filter
in response to an input with that spectrum . In order to- 

compute the filter output two a s su m p t i o n s  are needed.

5.4.1.2 Elimination of the Effect of Aircra ft ‘!ction __frc::~
the Dopp ler Shi fts. The first ass umpt i on deals with how the
effect of aircraft motion is eliminated from the Dopp le r
shifts. Equation (5. 18) m ay he e x pres s ed as

-
~~~ R = (radial comp on ent o f V) - V cos (V , R)1% -~ - -.1

- (S. ~O)1•- ‘ - .:
~

5-16
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- where (VA, R) denotes the ang le between the aircraft velocity

vector and the range vector to the target. The radial cont-

ponent of V, the target velocity, is what is wanted; the
other term , which represents the effect of the aircraft
motion , is an error term to be e l imina ted  to the extent pos-
sible. The extent to which the e l i m i n a t i o n  of the error
term is possible is the subject of the first assumption . The

way in which the e r r o r - t e r m  reduct ion  is performed may be ~~~~~~ -

considered to be by control of the  receiver  local-oscillator
frequency . To eliminate the error-term completely would be
possible if only a single point were illuminated at any

instant , giving a unique value (over the resolution cell)
for the correction term VAC0S (VA, R ) .  Even in tha t case ,
the local-oscillator frequency would have to be modulated

2 rap id ly .  It is assumed that this rap id modulation is not
feasible. The angle (VA,R) varies w i th  the range sweep ,
but its variation w i t h  the azimuth beam angle  is much I .

~~~~ . .- • larg er and much s l ow er .  It  is assumed tha t  the co r rec t ion
wi l l  be synchronized  w i t h  the scan of the  antenna but not
with the range sweeps. At each beam position , therefore ,

0~ the correction will be exact for one target position , taken
to be on the ground at the middle of the  azimuth beam ang le

halfway between minimum and maximum range. The resulting
error in Doppler shift is then determined for any other posi-

tion of t im e echo ing  o b j e c t .
S

5.4.1.3 Nature of t h e  MT I F i l t e r .  The secon d a s sumpt ion
deals with the nature of the MTI filter. It is assumed that

the filter is of the form described in flodern R a d ar * as

-: —__________________

:~ * B e r k o w i t z , R .  S. N o d e r n  R a d a r :  A n a l y s i s , Ev a l u a t i o n , and
System P ~~i T i ~]TiT t~IT~~ 

f ~~~ii~~~~~ .-: ~~~~~~Tf ~TG~ )
- 

pp.  4 9 S , -l9 ~~.:~ ~~
.
.
.

• 1 A
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composed of single-delay filters in cascade . The filter out-

put depends on the filter transfer function as well as on the

spectrum of the input . The second assumption is dictated -

~~~~~~

by a desire to keep the program options manageable and yet to

permit some choice s in this case , the number of delay lines.

The transfer function is then the function of a single ~~~.

parameter N, the number of delay lines.

5.4.2 Detailed Computations
I

This paragrap h conta ins  the equat ions  for  computing
(1) the spectrum of the received echo ; (2) signa l power (S),

clut ter  power (C) , and noise  power (N) input to the sensor ;
and (3) S ,C , and N output by the sensor .

5.4.2.1 Frequency Snec t ru rx .  The resolution cell extends

in the X-directi on over

XA 
- RB / 2  < < X

A 
+ RB/2 (5.21)

where the s u b s c r i p ts  T and A refer to the target and :T~~
aircraft , respectively, R is the slant range to the targe t ,
and B is the beam width ang le in  the radians.

p.
.

Doppler f r e q u e n c y  runs

(5.22)

where

= 

~~r ’1A / c ( 5 . 2 3 )

‘A is a i r c r a f t  veloci ty
c i_ s the speed of li ght -

~~~~~

i s t h e  r a d a r  t~ a u sm i  t . ted f r equ ency

.~~ .••
.

•
•d .~ .~~.

A 
- •

.4.. I,
Li 
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For each target there must be computed the target

Dopp ler frequency for entering the filter. The radial

velocity component is:

VTR = ( l/R)  [( X T 
- XA) 

~“TX VA) 
~~T - 

~~~ 
VTY ]

( 5 . 2 4 )
(assuming VTZ = 0) where XT 

- XA is the instantaneous

distance component along l ine  of f l i ght , 
~T - 

~A the cross-
f l i gh t l i ne  distance component , R the s lant  range , VTX
and VTY the target velocity components , and 

~
‘A is a i r c r a f t  .- d :

ground velocity. Then for the Doppler frequency shift enter-

ing the filter , associated w i t h  target return ,
.
~~~

= -2 
~~~ 

/ c) VTR (5.25)

If there  is preci p itation , the  resolution cell
volume w ill also produce an echo from the preci pitation ,

~.f. with a continuous power-density versus frequency character-
istic. Three frequencies arc calculated because the total

c lu t t e r  power is p a r t i t i o n e d  into th ree  pa r t s , each a s s o c i a t e d
with a vertical beam angle segment q

~ 
; then

= arcs in  [ (FI~ - 

~
1T~ 

/ R ] ( 5 . 2 6 )

where is tl- e depress ion  ang le for the top of the r ada r

- 
beam , and

+ 
~~~~~~~ ~~~~~~ 

- 

~m in~~’ ~ = 0 , 1 , 2 (5.27)

For j = 0,1,2 ,3 set:
p 

( X T 
- X \ ) R cos 4 .

X. - X = •________ -~~ ( S . 8)A 
~~~ 

+ 
~~~~ I 

- “A~~~ 
2
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and
.
~~~~ (Y - Y ) R cos 4. _

- 
T A 3 ( 5 . 2 9 )A [(xT 
- XA

)2 + 

~~~ 
- 

~A~~
]

and
0 

_ 
Z.  = R sin ~~~~. (5.30)

‘
p.

Let ~~~ V~~, V~~ be the velocity components
of the precipitation V~~ positive downward . Where ~~

- and ~~~ are the wind-velocity components and ~~~ is

P one input constant for rain and another for snow . Let:

- 
~~~ = (

~
)[(x~

-xA) ~~~ + 

~~j~~
’A~ ~~~ 

+ ZjVPZI
(5.31)

and -

VPEj 
= VA (X~ 

- XA) (h R - l/RC) (5 .32 )

where
l/ RC 0 . 5  ( h R  + h R  . ) (5. 33)

‘ S 
max mm

F i n a l l y ,  the three f requenc ies  a s soc ia ted  w i t h  the p a r t i t i o n e d
clutter power are :

+ + Vp~~~~ + 

~
‘PE ,j-l~ ’ j 1 ,2 ,3

(5 .34 )

5.4.2.2 Power In. All power return can be characteri zed by

the general  e q u a t i o n :
P R UV (5 .3 5)

—
S
.
.-.

where V is c h a r a c t e r i s t i c  of the  source of the r e tu rn  and
U is common , regardless of the source , and is given b y :

_ _ _ _  

PTPCR n X
~~ c

U = — —  ( 5 . 3 6)
2 2 44 rh (cot w 1 

- cot a 0) (JI~ - 1L 1.)

where -

P.-,. = peak pu ’ c’ power

P. = p u l s e  c r e ss i on  r a t i oCR
.4
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it = 
- 
antenna efficiency -

- 
A = radar wave length

p.-.’
C = preci p i t a t i o n  a t t enua t i on
B = horizontal beam width

= maximum depression angle = 90°
= minimum depression angle

HA = aircraft height above mean ground level :~~~HT 
= target hei ght above mean ground level
= the e f f e c t i v e  enhancement due to

sweep-to-sweep processing. ~ is found
by letting N be the effective number
of sweeps processed. (If uniform

- weighting is employed N is actual.
If shaded weighting is employed (e.g.,
l inear )  N is about ha l f  of actual ,
if parabolic weighting, N is two -
thirds of actual . However , for input
we take the effective N directly.)
For incoherent processing including
normal MTI

• =

For coherent processing

= N

For pseudo-coherent processing (i.e.,
video- coherent or phase- insensitive
processing) th e 

,,
,—~~~ case should be

• used.

To compute V for each case , the factors A 1~ and

• AT arc needed. AR is the groun d illuminated area for a

ba ckground cell and AT corresponds to a target cell.

AR BR [ (~~~2 + h (2R.Ih))½ - 

~1 
(5 37)

where

B = hon zon ta l  beam w i d t h
R = s l an t  range  to t a r g e t
p = ground r ange  to t a r g e t
h = r ada r  r a n g e  r e s o l u t i o n

5 2 1  A
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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A1 aT / r1 (5.38)

where
a = the target cross section
rT 

= target reflectivity

The various power contributions may now be computed. Power
corresponding to receipt of target return in a target cell
is:

~TT 
= UrT Mm ~( AR, AT 

) wa t t s  (5.39)

Power corresponding to receipt of background return in the
target cell is:

~1

PTh = UrB (AR 
- Mm {AR,AT)) watts (5.40)

where rB is the reflectivity of the background. The
- ?t~J~b Ibackground resolution cells will produce in the area of a

target:

j  (.. ~B 
UT

B 
AR watts (5.41)

5.4.2.3 Power Out. The power coming out of the filter for
each component of power returned to the resolution cells may
be computed , so that the power spectrum C(f) for the
clutter from the background is as shown :

C(f)

- 

1
I 

IP /2f IB in 
I

___________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____ - _____ ______ _ _ _ _ _____ !___ _ ::~.~:
f

in in

L..
Fi gur e  5 - 5

Power Sped rum — C l u t t e r  From R a ch ~~r o u n d  
*
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. -The clutter power coming out of the MTI filter is

~~ 
J C (  G ( f ) d f  = 

~~ 
/ 2f) J G(f)df (5.42)

j
Where the power transfer function G(f) is given by

G(f) = (4 sin2 7r fT) N (5 .43 )

where N is the number of delay lines and -r is the pulse
repetition period . -

~~~~~

--

I ~m N ~m 2N 
- 

4N 
7
~Tf m 2N

J
G ( f ) d f = 4 J  sin (ictf)df =~~

___
J 

sin f d f

-f -f lTT fm in m
:-i

and , for Tr Tf m <<  1 as is always the case , sin f ~~ f and

4N 2 (irif ) 2N~ l
G(f)clf = Ut (5.44)

j  7TT 2N -’- l
-f

01

then (2 -r rTf ) 2N
p~ w a t t s  ( .45)

2 N + l  j)

The f i l t e r  output  si gnal power is for a resolution cell
con ta in ing  the t a rge t  at X T, Y T : 

N
6 Q P G (f1.) + 

( Z h T T f m) 
P. watts (5.46)

- ZN +1

Signal power resulting from precipitation clutter is:

= ~~~~~~~~~~ + P p~ 2 G ( f p~ i)  + P p~ 3G (f 1)~ 3) ( 5 .4 7 )

5 - 2 3
.-*-J
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- s.‘ In equation (3.46) of the cited AIRS reports , CG is to be

identified w i t h  
~B 

above in equation (5.26) for present
purposes. Then

~~cj 
= k, [(cot 

~j-l~ 
(2 + csc 2 ~~~~~

(cot &j) (2 + csc 2 4~)] , j = 1, 2 , 3 ~~~~~
(5.48)

wher e

k2 
= 

~B 
aR H

4 / 3 a~ R
3 (5 49)

using the symbols of (3.46). This partitions the total
clutter power into three parts

~PC 
= 

~PCl 
+ 

~PC2 
+ 

~PC3 (5.50)

- - each associated w i t h a vertical beam angle segment.
~

To compute noise power out 
~~~~~ 

a noise power
input is required in watts referred to the same point as the
powers P of equations (5.39), (5.40), and (5.48). This
power is called P\, in watts , spread evenly over the system

-
_ 

bandwidth: 
= (4 B-l5) (BW) (NP) watts (5.51)

where

mc = bandwid t h  in r~ii ::-: :-~z

XF = noise figure , absolute u n i t s .  :~ S
Then

= 

~N 
( average  value of G ( f ) ) = ~~~~~ 

~N (5.52)
( N O 2

p .’ .
-S _ -S

1
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5.4.2.4 Ratio of Powers. Combining from above for signal
power

S = Q T + Q N + Q p (5.53)

for c l u t t e r — p l u s - n o i s e  power

(C-’-N) = 

~B 
+ 

~N 
+ Q~ (5.54)

Finally:

S/(C + N) = 

~~~~~~~~~~ ‘
I’ 

~~~~~~~~~~ 
(5 .55 )

is the argument of the cubic polynomial of (3.103) of the
cited AIRS report.

5.5 MOVING TARGET DETE CTION BY FORWARD -LOOKIN G RADAR

5.5.1 Introduction

The detection of moving targets by forward-looking

c- 
radar model (MTIFLR) has been refined by the more precise

calculation of previously approximated equipment and env i ron-
mental variables. The calculations permit the model to take
into account the effects of aircraft speed and preci pitation ~~
par t ic le  ve loc i t y .  To achieve these  r e f inemen t s  the user
must provide about twice as many input parameters as were

needed for the s impler  model .

Paragraph 5 . 5 . 2  conta ins  the e q u a t i o n s  for  the
de ta i led  computa t ions .  Paragrap h 5 . 5 . 3  dis cusses the pro-
gramming changes to the existing AIR S S C E N A R I O  and E X E C U T I V E
computer  p rograms . The a d d i t i o n a l  inpu t  p a r a m e t e r s  r equ i red
by the changes to the model are given in Paragrap h 5.5.4.

5 . 5 . 1. 1  O u t l i n e  of R e v i s e d  C o mp u t a t i o n s .  The r ev i s ed
—— 

.. ..
.

g e n e r a l  c om p u t at i o n s  f o r  f l T I F L R  arc i d e n t i c a l  to the  c h a n g e s
for M TISL R discussed i n  Pa r ag rap h 5. 4 . 1 .  Because of d i f -
ferences in the geome t ry  of ?~!T IPLR a n d ~1T TST ~R ther e  are

~

‘Ar;
A
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several d i f f e r e n c e s  in the d e t a i l e d  compu ta t ions .  The -

equations for the detailed computations for MTIFLR are

presented in Paragraph 5.5.2. Many paragraphs are the same
for the two sensors , but the authors judge the redundancy to

be preferable to extensive cross references.

5 . 5 .2  Deta i led  Computa t ions

This paragrap h contains the equations for computing
the spectrum of the received echo (Paragraph 5.5.2.1); signa l
power (S), clutter (C), and noise power (N) input to the

- 

filter (Paragraph 5.5.2.3).

5.5.2.1 Frequency Spectrum. For each target the target
Doppler frequency for entering the filter must be computed.
The radial ve1ocity~ component is:

VTR = (
~

) [( X T -X A) (V Tx~
VA) + 

~~~~~~ 
VTY] (5. 56)

To VTR must be added VT RE , the e r ror  in cor rec t ing  for
aircraft motion .

VTRE = VA (XT XA) ( l/ R 1/R c) ( 5 57)

where
l/R c = h R  + l/R~~ (5.58)

Then for the Dopp le r  f r e q u e n c y  s h i f t  e n t e r i n g  the  f i l t e r ,
associated with target return ,

f1. = -2 
~~r’ 

c) 
~
‘TTR + ‘T’i’RF~ 

-

* As sum ing V = 0 , x -x is the i n st a n t a n e o u s  d i s t a n c e  corn-
ponent alon~~ line of f l i ght , 

~~~~~ 
the c r o s s - fl i gh t l i n e

d i s t a n c e  c o m p o n e n t , R the  s l a n t  r a n g e , V1.~ a nd V~~.
the target v e l o c i t y  componen t s , and VA i s  a i  r c i a f t  g round lts~velocity. R01~~ 

and R1~~11 
ar e r ada r  range  l i m i t s .

~./~_~~-

A
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where -

c = the speed of light
= the radar  t r ansmi t t ed  f requency

‘I:

The frequency associated with background return i.n the
resolution cell is fB:

- 
= - 2 1 ’C) 

~TRE 
(5.60)

If there is preci pitation , the resolution cell

volume will also produce an echo from the preci pitation ,

with  a cont inuous power -dens i ty  versus f requency  c h a r a c t e r-

- 
istic. Three frequencies are calculated because the total

clutter power is partitioned into three parts , each associa-

ted with a vertical beam angle segment ~~~~- . Then:

= arcs in f ( I -E A -IL I~) / R] (5.61)

and 
-

~
j = 

~min + ( j 1 3)  3~~ min~~’ 
j  = 0,1,2 (5.62)

where is the depression angle for the top of the radar ~
beam. -

Set , for  j  = 0, 1, 2, 3

X
j~~

X
A 

= (X T~
XA ) R cos ~j[(XT~xA

)2 + (Y
T~~YA

) 2 ]~~~ 
(5.63)::: ~J~~A 

= (YT~
YA) R cos ~j[(XT~xA

)2 + ( y y ) 2 ] ~~~ 
(5.64)

= 11 sin ~~~~. ( 5 . 6 5 )
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Let V , V , V be the velocity components of
the p r e c i p i t a t i o n  (Vpz positive downward) . Where V~~ and
V~~ are the wind-veloci ty components and V~~ is one input
constant for rain and another for snow. Then, let- :

V~ ,J 
= (

~
)[(Xj-XA) Vp~ + 

~~~~~~ 
Vpy + z~V~ TJ ~5.66)

and

Vp~ ,j 
\T ( X X )  (hR - (5.67)

The three f requenc ies  assoc ia ted  wi th  the p a r t i t i o n e d  c l u t te r
power are:

~~~C ,j  
= fr/ p j +VP E j

T
P J 1

+Vp E j l ) j=l ,2,3
- 

(5.68)

5.5.2.2 Power In. All power r e tu rn  to the f i l t e r  can be
characterized by the general equation : ~~~~~~ 

-
(_. PR = UV (5.69)

where V is characteristic of the source of the re turn  and
U is common , regard less  of the source , and is given by:

P P CR n A ~~~c
u = 

T (5.70)
47rB2 (cot w 1 

- cot w o ) 2 (I I A - ‘1T~
— where

= peak pulse power

~‘~~~~
= pulse  compres s ion  r a t i o

antenna e f f i c i e n c y  ~~~~~~~~~~

A = radar  wave l e n g t h  
-C = p r e c i p i t a t i o n  a t t e n u a t i o n

B = hor izo ntal bean w i d t h
:—:~~

..
= maxi mum dep re s s ion  ~u g l e  = 900

IWo = m i n i mum d c -p r e s s i o n  a n g l e
= t a r g e t  he I g u t  above mean g r o u n d  level

,6
5-28 
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‘I.
’:~11A = aircraft height- above mean ground level

I B = the effective enhancement due to
sweep - to - sw eep  p roces s ing .  B is found:~ by letting N be the effective number
of sweeps processed. (If uniform
wei gh t i n g  is employed , N is actual.

I If shaded wei gh t i n g is employed (e.g.,
linear) , N is about half of actual.

- If pa rabo l i c  wei gh t i n g ,  N is two-
thirds of actual . However , for input

-
~~ we take the effective N directly.)

For incoheren t  p rocess ing,  inc lud ing
I normal MTI,

- 
=

‘I

- 
For coherent processing

8 = N

For pseudo-coherent processing (i.e.,
video-coherent or phase-insensitive
process ing)  the case should be

-s. used.

In order to compute V for each case the  factors

AR and AT are needed. AR is the ground i l l u m i n a t e d  area
for a background cell and AT corresponds to a t a r g e t  cell.

AR 
= BR [ (p 2 h (2R+h))~ 

- p1 (5.71)
.
~

-

- where 
.

B horizontal beam wid th
R = slant range to target
p = ground range  to t a r g e t
h radar range re so l u t i o n

:1. (~~ ‘7~~~ 5
A / t - ’ ’  I

.‘. T ¼
~T I  TI

- where
)

= the t a r g e t  cross s e c t i o n
rT 

= target reflectivity

F i n a l l y ,  the va r ious  I) OWC T c o n t r i b u t i o n s  may now he computed.

Power c o r r e s p o n d i n g  to receipt of target rc- t u r n  in a t.~!rget
p
..
. ~~~~~ cell is:

A

5 - 2 9  
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~TT 
= UrT Miii { AR, AT I watts (5.73) 

4”

,‘
Power corresponding to receipt of back ground return in the

j target cell is:

~ TB 
= UrB (AR 

- l’lin CA R,AT)) watts (5.74)

where rB is the reflectivity of the background. The
ba ckground resolution cells will produce in the area of a
target: .

1. P  = Ur~A1-, watts (5.75)
D D 

~~

5.5.2.3 Power Out. The power coming out of the filter for
each component of power returned to the resolution cells may
be computed. The filter output si gnal power is for a
resolution cell containing the target at XT,YT:

~~~~

= 

~TT G(f1.) + 

~TB G(fB) (5.76) :-~:~

where the power transfer function G(f) is given by

G(f) = (4 sin 2 7r fT) N ( 5 . 7 7 )

where N is the number of delay l ines  and T is the pulse :~
-
~r e p e t i t i o n  p e r i o d .

The filter output c o r r e s p o n d i n g  to back ground
return is:

= 

~B 
G(fB) w a t t s  ( 5 . 7 8 )

Signal  power  r e s u l t i n g  f r o m  p rec i p i t a t i o n  c l u t t e r  i s :

PpciG(fpci) + Ppc2G(fpc7) + Ppc3c(fpc~
) (5.79)

In e q u a t i o n  (3. 46)  of the  AIRS r e p o r t s , CC i s to  be i d en t i  -

fied w i t h  above in c clu a t i on  (5 .  75)  , for  pre s ’n t p u r p o s e s .

-p.
.
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Then -

K2 [(cot 4)~~~) (2 
+ csc 2 4)j-l)

- (cot 4).) (2 + csc2 4).)] , j=l ,2,3
3 3 p . s .’

(5.80)

where 
-

- K
2 

= 

~~B ~R 
~~ / ~ ~G R 3 (5.81)

using the symbols of (3.’~6). This partitions the total

j clutter power into three parts

PPC = 

~PCl 
+ + p~~3 (5.82)

each associa ted with a ve r t i ca l  beam ang le segment .

To compute the noise power out 
~~~~ 

a noise power

input in watts referred to the same point as the powers P

of ( 5 . 7 3 ) , ( 5 . 7 4 ) ,  and ( 5 . 7 5 )  is needed .  This power is
cal led 

~N ’ in w a t t s , spread evenly over t]ie s y st em  b a n d -

• • w idth

P,~1 = (4 l~-l5) (BW) (NF) w a t t s  (5 .83)
i--- ‘_~I-

_’S_
~R. . I.

where
BW = band width in MU z

-I... ..-

NF = noise figure , absolute units ~~
-. then

(7\ ’~~~i

- ~N 
‘N (average  va lue  of G(f)) = -~~~~ ‘ 

- (5.81)

-: 
( N ! ) 2  .:-:.:~:-

5 . 5 . 2 . 4  R a t i o  of Powers.  Combin ing  f rom above fo r  si g n a l

power
S = Q

T
+ Q

N
+ Q I) 

( 5 . 8 5 )

fo r  c l u t t e r - p i u s-n o i s e  power

(C -‘ N)  = 

~B 
+ 

~ N + Q~ 
(5.86)

~. - t_\
-P /~ 

-
-
\
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• Finally : ____

S/ (C + N) = 
~~~~~~~~~ 

/ 
~~~~~~~~~~ 

( 5 . 8 7 )

is the argument of the cubic polynomial of (3.103) of the
cited AIRS report.

..~ 5.6 ECM

5.6.1 I n t r o d u c t i o n

The ECM model has been extended to include the

possibility that a signal cannot be detected due to the
densi ty of the EM environment . ::::~~

Thoug h not implemented , one a l t e r n a t i v e  approach
to how this could be modeled was presented in the AIRS Report
Vol .  I , Paragrap h 3 . 2 . 5 . 1 ) .  This a l t e r n a t i v e  was r a ther  ~~~~~
simp listic , and Analytics has chosen to develop a better
overload model.

(S
Ideally, an ECM model would have sufficient avail-

able data to be able , when a given target entered the field
of view of the  sensor , to ac tua l l y  examine  the si gnals  be ing  ,
received from a l l  o ther  e m i t t i n g  radar  at t ha t  t ime  and
determine if over load  occurred. To imp l ement this alternative
would be difficult within the  con tex t  of the present AIRS
model - - enough  da t a  s imp l y could not be passed from t h e

SCENA RIO p r o g r a m  to  the  E XEC UTIVE p r o gr~im (v i r t u a l l y  all
i n f o r m a t i o n  r e g a r d i n g  each looE at  each t a r g e t  wou ld  have  to be :~:~made a v a i l a b l e  to EXECUTIVE a f t er  f i r s t  s o r t i n g  b y t ime~~. .

~~s\

The a l t e r n a t i v e  chosen is to a n a l y z e  the si g n a l

being received from the  t a r g e t  r a d a r  in the  face  of an ave r -
age EM env i ro iw~en t  .

I.
I.

~~
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5.6.2 Determination of Average - EM Environment -

Characteristics

The statistics of the average EM environment are
p

computed from data on each of the radars in the scenario
being s tud i ed .  In p a r t i c u l a r , the f o l l o w i n g  s t a t i s t i c s
represent  an average EM envi ronment: 

2DM The mean radar density per NM

The mean radar transmitter gain in db

The mean PRF of the radar
‘P

H The ECM horizon in NM
X The expected number ~if interfering

radars at - any time

The expected value of the fractional
main beam t ime (averaged over all
radars in the s cena r io )

~TR 
Percent of time the  average radar
is em i t t i n g

The mean radar  t r a n s m i t t e r  ga in , the  mean PRF of the radars ,
and the mean percent of time emitting are found as wei ghted
averages:

.— G~1 = (5 .  83 a)

~~n.
.
.. 1

5
’

.- - - y n w
i i  P

..

~~ 
=

1

TR n. (5.88b)
-* i i

n - r .
‘ ~

R~,1 - 

(S. SSc)

5_
_ 

_
..

_
,

/~ ~~
-

- 
.5-



~~~~-,.‘T- r~ 
-
.~~v& -:-~ 

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

~
.5 -. .

:-—
~~~-.

.~: 
-
~~
. -- .

__
_.,.~~~~

Where:  - -

i is an index over all radar types

n. is the number of radars of type i in
1 the scenario

.4.

w- is the percent of time a radar of

I ‘ type i emits
g~~. is the t r a n s m i t t e r  gain for  radar

:~-: 
type i

r . is the PRF of a radar of type i
1 ~- - -S.-

in order to f ind the mean radar  d e n s i t y ,  we must
f i r s t  f ind  the area , denot ed by A , in NM 2 covered by

-- the relevant scenario. It will be recalled (see page 2-30
of AIRS , Vol. 1) that the user provides the s imula t ion
with the maximum and minimum long itude and latitude;

let:.
1. L0 MAx = Maximum long itude in degrecs

Lo
~,IN 

= Min imum long i t ude  in degrees

LaMAX = Maximum latitude in degrees

- 

La
~lIN 

= Minimum latitude in degrees

The area determined by these points is given by the following
two equations:

LaMAX
-: LO,~AV 

— ~~~~~~ f
A = - I 2ir r 2 cos 0 dO ( 5 . 8 9 )

360 J :~
T:La

~IlN

:
.

-
‘

- -p

- - -
p.’

..~~~~:~ ~~~
-
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A = sin (La~fAY ) 
- sin (LaXIT\) I

L - £

i..). •

- (5.90)

and r is taken as [2l600/2~] nautical miles .

Thus, the density of interferring radars per ~~~ is just:

D~1 = 

~TR 
( 
~ 
n~) / A (5.91)

where:
n.  is the number of radars  of type i

in the scenario

~~ i is the index over all radar types

The ECM horizon is defined as that distance at

which the probability that a radar (at elevation +2ci

above mean ground level - - a typical  he ig ht for  r ada r s )
is obscured by terrain is just 0.5. Paragraph 2.4 of

AIRS , Vol. I, describes the terrain algorithm built into

the SCENARIO model. As discussed in the referenced para-
— graph, the algorithm was run off line and the resulting

curves inco rpo ra t ed  d i r e c t l y  i n to  SCENA R IO.  The al go r i th u
was f ul l y  n o r m a l i z e d  so ti-kat the resulting probability of

non-blocking (as a function of depression ang le  from the tar-

get) was not  a f u n c t i o n  of the aircraft hei ght , wavelength of

t e r r ain , or s t a n d a r d  d e v i a t i o n  of the hei ght of the terrain

about its mean. Using the model , the folio~vi n g gr aph wa s
developed:

. I

-.5_
. 

_
._

_

~~
, .15 _
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A
- 5 3 5  Li

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



y~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V_p

~
_
~~~~

•.
.w

~I

I

1 .8
-P.

/ NOTE : H e i ght of t ar get ~~
/ is +2 above mean g r oun d  

-

~-‘ / Ip. / l eve l .-.5— I
I/.2 . /

I~— 
.
~~ / %‘ts
.
~~~ / I

-~~ .1 / I
/

-~~ / I2 
,
,-/ 

______ _____0 — _________ _

~~~~~~~~ 

-

0 
7)\

2 3

Depression Ang le in Radians

-P

F I g u r e 5- 6
E CM l i o n  zen

p.

5-3 6 ~~~~~~~~~

• 1 1  -~~~~~~

:4—
‘~~~~ - 

_5 5-. - .. .. .~ p . p .~~~~f~ - •_5 * 
4 p

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

~~~~~
- —

~~~~~ - - — L-,L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~



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

Thus , for  a t a r g e t  at hei ght +2 a above mean ground level
(AM GL) , the probability that the target is blocked is 0.5

at a depression angle of 0.13 ra-1ians . Therefore , II isP .5. .
_
.

found by:p.

j  (h - 2a) ., 
~~~~ ,

= a 
= 

P ~UJ (h - 2e) ( 5 . 9 2 )
6080 tan (.13) 6080. a

where
4 .h = heig ht of a i r c r a f t  above mean grounda level in feet

a = standard deviation of terrain height
.
~~ about its mean

:~~~~
-
~~and I-i has the un i t s  of N M .

:I The e xpe c ted num ber of interfering radars in view at

at any one time is given by:

— 2X - -ni l D~1

:~ For the average radar , the expected value of fractional

main beam time is:

1 = 5.93

~ 10
All these parameters of the average EM environment are corn-
puted in the SCENARIO program . Of them , ~~~, R , D , an d X
are transferred to the EXECUTIVE program via SCENARIO output

tape. .
~~

:.-~~~
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5.6.3 Overload Analysis 
- -

5.6.3.1 Assumptions and Definitions of Terms. The follow-

ing terms will be used in the overload analysis:

Sweep - - the interpulse period of a radar

Radar Scan - -  inter main lobe period of a radar
ECM Scan - - one cycle of the ECM sweep receiver

ECM Look - - the time period during which  a
radar is wi th in  a g iven ECM beam.

ECM Dwell Time -- the time during which an ECM
receiver dwells on a frequency .

The fo l l owing  assumpt ions  are made :

(1) The radar scan period is much longer than
the ECM scan period. :-~ :-~

(2) The ECM look period is much longer than
-
~ the ECM scan period.

(3) The primary interference effect is due to
overloading of  the ECM processor , which , upon
overload ta~;cs the fir st pulses pre sen t ed  t o

-. 
- 

it per u n i t  t ime prov id ed  t h e y  are not so
d i f f e r e n t  in a m p l i t u d e  as g iven  by the  front
to back ratio of each .

(4) Non-marg inal action - at a given instant the
radar signal is either above or below the
interference level; probabilistic sweep
chopouts may be ignored. . -

~~

Let the following parameters be given for the  IiCM (v ia  user
input to E X E C U T I \ T )  :

R = maximum L CM signal proces sing rate in
~ pulses per second

N = the number of ECM receive c h a n n e l s
B 1 = the ECM i n s t an t aneous  rece ive  bandwi dth ,

in N H
~

B2 
= the ECM total system b a n d w i d t h , in M1I~,-

~

Finally, a given radar (radar 1) has t h e  f oll owing pa ram e t e r s :
1-~~~~

- P - PI . transmitter g a i n  i n  (lb
3 ‘5 .

F. = P R F
3

p . = fraction of t i m e  c m i t t i l L c -RAD ,3
.
~~r ~~Q /J L~~ *.- ) — --fl-)

- 5
.
’.
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5 . 6 . 3 . 2  Computa t ion  of Over load  P r o b a b i l i t i e s .  R is the
-S p 

‘ pmaximum ECM signal processing rate. Then , if

- 
(R~1) (X) < R~

no interference will exist in either the  main or side lobes .
If this condition does not exist , interference m ay occur .
Let Rd be the estimated fractional dwell time of the ECM ;
Rd is given by:

Rd ~~~ 
(NR) I B2 (5.94)

Then R - , the number of competing pulses per second in
~

5
~8~~

5
~

the main lobe for target j is:

~~~ = [F~ + (~~~~) 
(R~1) (X)] Rd (5.95)

and the non-interference probability for the main lobe ,
p .  - is:n i f l ta ,j

1.0 if R X < R
p

~ninta ,j R (5.96)
N IN [ ~~~~ , 1 J if R~X >- R~ 

-

Similarly, ~~~ , the number  of competing pulses  per second
in the side lobe for target j is given by:

~~~ = + ( l-~~) R ~1 X] R d ( 5 . 9~~

and the side lobe non-interference probabili ty, Pnj ni , 
b y :

1.0 if R X < R : - - .--
~N p

p .  . =n i .n t t ~,j  - -:-

~- 11N [ ~~~~~ , ~ . } if R~ (5.95)

- . -p
. - 
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5.6.4 Computation of Target Detectability

Additional information must be computed at this

point , namely, the fractional main beam time for target j .

Let this be denoted as ; then

a- . = 
~~-

~‘ I (5.99)
(ir 10 J

Now , for each look of the ECM , the detectability of target j ,
denoted by PD- , is found by: 

-

PD~ ~NS,j~~~~D,j [aj
PDC

a - j
Pnjnta- j + (l~ a-j )PDC ~~ j Pn i n t 8 ,j1

where (5.  100)

~RAD 
- = Pr (target j is emitting) , i.e., percent of time

target j  is emitting. :2:;
PDC - the “ raw ” d e t e c tab i l i t y  [ i . e . ,  assuming  (1) the

t a r g e t  was e m i t t i n g ,  ( 2 )  the  t a rge t  was not  ob-
scured by terrain , and (3) the target was not
lost due to over 1oading~ in the  main lobe for
target j .

PDC - = the “raw” detectability of the side lobe for
target j .  

-

~NS - = the probability that target j is not obscured
on the present  look by t e r r a i n .

PDC - and PDC , - are computed as shown in AIRS , Vol .  I .
(k)

Paragraph 3.2.6.1 as P1 and P2, respectively. Let PD~

(k 1, 2, . . . )  be the  d e t e c t a b i l i t y  of t a r g e t  j on look k.

This set is found via equation (5.100) compu te d  once fo r  each
look . Then the  o v e r a l l  t a r g e t  d e t e c t ab i l i t y  fo r  t a r g e t  j ,

denoted by PD., is:
3

P15 . = [i - il (l-PJ) . ( k )
)

_J P (5.101)
k U~

)

where  is the  p r o b a b i l i t y  t h a t  t h e  I C ~- C’qUI p~~Cf lt  j 
~

o p e r a t i o n a l .
-S
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5.6.5 Identifiability and Loca lizability

The methods discussed in AIRS , Vol .  I for computing

the identifiability and localizabi lity of a given target are

nqt changed .

5.7 PHOTO

5.7.1 Introduction

A number of improvements were made in the PHOTO

model as described in Paragrap h 3.2.7 of AIRS , Vol. I.

Specifically, the methods for computing contrast , for both

day and night photography, have been improved. Paragraph

5.7.2 of this report gives the new method fo r  comput ing  con-
.— p.

trast for day light photograp hy, while Paragraph 5.7.3 pre-

sents contrast computation for nig ht photograp hy.

5.7.2 C on tr a st -D ay _ P h o t o g r a p h y
-
.

5 ,- --

The method  g iven  in P a r a g r a p h 3 . 2 . 7 . 1 . 1  of AIRS ,
Vol. I, for computing the logarithmic contrast has been

modified. Let:
..-, 5’

St
-

—--
S ~~~

r
~ 

= t ar get re f lect iv i ty
rb = back ground r e f l e c t i v i t y
A = s c a t t e r i n g  c o e f f i c i e n t  f o r  haze  - - NN 1

h ____

— X scattering coefficient fo r  rain - - NM
X a s c a t t e rin g  c o e f f i  ci ent  f o r  clear air - - NM
Rh 

= s l a n t  r a n g e  to the t a r g e t  t h roug h ha z e - - NM
= slan t ran ge t o t he t a r g e t  t h r o u g h r a i n  - - NM

R = s l a n t  range  to the t a r g e t  t h r o u g h cleara air - - N - -i
~~~~~B = br i gh t n e ss of the  sky

• 0

• •5• 
- _

-
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-
S.--

— — -.
5 -

P 
—

P 
/~~

—
_ -

~

5 - 4 1  ‘--- -~ i - -- ’

__
5 5_ •5 -p__ ____.pP. ~~~ -~~ ~~~ -

.k~. .~~~. - 
~~~~~~~~~~~~~ - -



Cons ide r  a t a r g e t  of r e f l e c t i v i t y  r~~, 
i l l u m i n a t e d  b y a sky

of uniform bri ghtness B0. The target is considered small

( that  is , it is assume d to subtend  less than 50 of a rc )  so
1 % - P

that second order scattering may be ignored. Assuming opera-

tion on the linear portion of the film gamma scale , the

perceived bri ghtness of the target , denoted by Bt, is given

by:  :~~~:::

Bt 
= B0[(l~ e 

a a h h r r ) + r te
aRa+X h

~~
+ ) ]

(5.102)

In this equation , the first term on the right of the equ ality

represents scattering : the second term represents attenuation .

Absorption is ignored. Similarly, the preceived bri ghtness

of the back ground , denoted by Bb, is:

r - (A R + A R - ’ - X R )  -(A R +A R +A R )1
Bb = B0[(l-e 

a a h h r r 
~ 

+ rbe 
a a h h r r j

(5.103)
-!. 

- 
In the above equations for th e brig ht ness  of the t a r g e t  and
back gr ound , K can be taken as ze ro  s ince  op t i ca l  s c a t t e r i n g
through clear air is neg li gible. -

S
.

.

Th e ref o re , the logar i thmi . c con t r a s t , C is g i v en b y :

B
~C y log 10 -n--- ::.- •:.-~

~- . .1

-(A R -i- A R ) 
:::.:::.::

1 (1 \ h h r r
~~~

— 

~z—r ~ j~
-~~ = y lo g ——--- —- --

10 _ ( \  ,
~ 

\ - - -I_ A ~~ ,\ \ ( P l ~~~

1 (] -~ h Ii r r - U ~f ) — --.._..~- r~ j~
where y is the  f i l m  gamma.

One fur the r detail remain s ; X h and A r must  he
deve loped .  ]~o th  a rc  f u n c t i o n s  of t he  p r L - v a i  I lug v i s  ibi l i t y
(haze  or r a i n  as a p p r o p r i a t e ) .
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The following relationship is uscd* : -:
~ h for hazeA . = 4.5/V. i

1 1 1 - ‘p - s
‘~. r for r a in  (5.105)

S S

where A - is the scattering coefficient and V- is the pre-  -

vailing visibility in statute miles (A1 has the units of NM~~~) .

Note that , in the above development , shadow contrast

has been ignored and that scattering is assumed isotropic.

The former assumption is good on a hazy day or under clouds ;

it may be taken to represent a worst case. Optical haze

scattering is actually anisotrop ic , w i t h  the angular dependence
highly sensitive to the distribution iii size of haze particles.

Theoretically, the appropriate model is that of Mie scattering;

however , since the particle size distribution is not known ,

and since experimental data yield variations of not more than

0 . 2  C- un i t s , these  can be ignored .
•~

5~~~ 5 .~~

5.7.3 Contrast-Local I l 1 u m i n a t i o n ~~
Consider the case of local illumination only where ~~~

the ambient plays no role. The chief culprit of contrast

reduction is back-scattered light.

Terms to be used in t h i s  d i s c u s s i o n  are shown in
S.

Figure 5-7 ; the lig ht source is assumed offset some di s tance
d from the line of sig h t  at an a n g l e  0 f rom t h a t  l i n e  of 

~~~~~~

si gh t .  Th e a n g l e  0 can be t a k e n  as c o n s ta n t  over  the  f i e l d
of view of the camera *~~~. Fo r s imp l i c i t y , d i_ s assuz~ed

* Wolfe , William L. ( e d . )  h andbo ok  of M i l i t a r y  1n~~r a i - e J
Techn o l~~~~, O f f i c e  of N a v a l  R e s e a r c h , D ep t .  o i t h c~~~av y ,
1Va si i imi ~ ton , 1) .C .  , l96~~, p .  ~- 0 5 .

~~ Thi s model  i s  a p p r o p i - t a t o  for ci t h e r  (1) n i g h t  p h o t  o~~~ap h y ,
or ( 2 )  m o n o c h i - om a t  ic photogia~h>- wi ( I i  a 1a :—~’ r s o u r c e .

~~~~~~~ the  I m p l e m c m i t a t  i o n , 0 is t a k e n  to  be 900 . ~~
:~~
..:
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constant with time ; such would not be the case i f  the  l ig ht
‘~~- ,‘S

source were a flare. This assumption is tantamount to assuming

the strobe li ghting is used for nig ht photograp hy; this

assumption is most likely correct w i t h  modern r econna i s sance
- -aircraft where room (e.g., to carry flares) is at a premium .

As illustrated in Figure 5-5 , the “field-of-view ”

of one resolution e lement  is c2 steradians (a typical value

of ~ is 10-li ). It is further assumed that there is a

minimum backscattering range of R0; this minimum range would - - ---. 
-

be provided by either: (1) baffling, or (2) an electronic

shuttering system. 
-

Let the light source intensity in the target direc-

tion be L lumens/steradian Then the illumination at the

target element within ~? (letting d << R) ,  denoted by ‘T’

is given by:

h 

I f ~~ 0~ 20-AR = Lc~e~~~ (5 106) 

S.

W ere R = the slant range to the target = R a +R h +R r
A = scattering coefficient 

-

Xis taken as the w eigh t ed  av c r a g e  of A a~
A 1l~ 

and A r :

.-•.
_

R A  + R A + R A
A = 

a a h h r r

R ~~

Th e i l l u m i n a t i o n  rece ived  at the  camera  f r o m  the t a rge t ,
deno ted by 3 . ,  is:I

( 5 .108 )
2 7T

where  ~ is the  c a m e r a  a p e r t u r e  a rc  a .  R c w r  I t~~i .n g:

Lc~ -2A R
J•~, —s- e r a(—) (S.109)
~ R~ 2ir

‘
S. , 

~~~~~~~~~~ ~~~~~~~~~~~
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Similarl y, the illumination received at the camera from the
ba ckground , denoted b y 

~B’ 
is:

= !~-~~~ e 2?1
~ rbci(—

~ ) (5.110)
R 2ir

Backscattering must now be introduced . Take an
elemental unit of path (a thin cylinder) at an arbitrary
distance x and w i t h  a cross section ~2x

2 and length dx.
-‘ Its total illumination , I , is:p

: = L~e~~~ cos ~ (5.111)

where

Z 7
(x - d cos 0)2 + (d sin 0)2

= the s ou r c e - e l cm e n t - c am e i - a ang le and i s :
4. r sin 0 1= arc tan

- 

- cos U

This path length scatters a fraction Adx into a sp here ;
hence , the hackscatter received by the camera , J , is found
f r o m :

dJ5 = 
~~ ~~~~~~~~ cos ~ ~~ dx

= 

~~~~~~~~~~~~ I e~~~~~~~~c:s ~ d\ (5 112)

This i n t e g r a l  c a n n o t  be s o l v ed  exp i  I ci t l y ,  so a Lagu ~~r re
- - in tegr ati on t e c h n i que is used.
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~~ :~:~ First , define a function G(X) as: 
____

6(X)  e~~~~~~~ cos ~,z 2

.
~~ Then

= 
L~~ A 

[J (
2Ax dx - 

J
G(x)e 2

~~ dx ] (5.113)

R 
-

Let p be defined as the term in square brackets above ;P further , let:

- 

F ( k )  E J G ( x ) e 2A X dx (5.114)

k
This function , F ( k ) , is evaluated by the method described
on page 923 of the NBS I J a n d b o o k  of Mathemati cal Functions
namely , the Laguerre numerical integration:

- n
e~~~f ( x )  dx .

~~~~ w~ f ( x
1) (5.115)

i=l
PSS• 

- 
d~~.

rU

0
I

where (w., x.) are tabulated as a function of n.

Using this approximatio n , and transforming the
.‘~~~~~‘.variables :

F ( k )  = e~~
2A G(x) dx e 2

~~ ~ ~~~~~ G ~ + 
1 ::~::~:..

. 

1=1 2A f 2X Jk 
(5.11 6)

In the implement a t ion , n is chosen as 5 .
Table 5-1 g ives (w 1, x1) for 1=1 ,2 , . . .  5 .

* 
—

Abra m owi  t z  and S tegun  (ed .  ) , U .  S - D e p a r t m e n t  of Commerce ,
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- OUTP UT OF FACT ORS

~~~~ - AF FEC T ING SE NSOR PERFORMAN C E
‘
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6,1 INTROJ)UCTION

This sect ion discusses  a program , desi gnated as
I N T E R , wh ich has been developed to enable the AIRS user to
study intermediate sensor performance factors in an organ-
ized fashion .

6. 2 TIlE INTER PROGRAM

Until this program ~as developed , the U S C I-  could
only ana lyze  sensors  b y t h e i r  m a c r o - p e r f o r m a n c e ; t h a t  is ,
he could examine  the d e t ec t a b i l i t y ,  i d e n t i fi a b i l i t y  and :~ :localizability of each target-senso r --pass combination (by

-S
.

-
-

6-i L~ ~ .
5- .

—
.
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- 
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use of the EXECUTIVE hard copy output--see paragraph 3.6.3
of  AIRS , Volume 1) or he could examine how a sensor per-
formed vis-a-vis groups of targets (by using the EVAL out -

puts--see paragraph 4.6 of this report). However , the user
was unable to determine why the detectabilities , identifi-

: abilities , and localizabilities were as they were. Thus ,
for example , if the IR sensor continually gave low detect- :-~-~~~
abilities , the user would be unable to determine if it were

due to poor target contrast , bad weather , etc.
•
S. - 

_.-

For each sensor;  a l is t  of in te rmedia te  factors  :~:~• ‘
-

which would be most useful to the user in answering qucs-
tions of  why sensors performed as they did was prepared--
these lists are given in Table 6.1. It would have been

possible to output these intermediate factors during the

running of the EXECUTIVE program each time a particular

target-sensor-pass combination was considered. This method

of providing the data to the user would have been both

clumsy and overwhelming ; rather , it was decided that all

intermediate factors would be stored on the EXECUTIVE Target!

Sensor Output Tape (see paragraph 7.3.2.1 of this report) .

This tape would then serve as input to the INTER program

which would organize tile data and output it in a succ inc t
mann er.

The next question was how to portray the data in a

manner that would be most useful to the user. After consid-

eration of a number of alternatives , it was decided that for

each sensor tile factors of interest would he averaged over
all va13d~ tai get-sensol -pass combinationc and output as a

* Thus , if on a particu lar pass a t a r g e t  never  f c ) 1  w i t h i n  the
field of view of a particular sensor , tii i s w o u l d  not degrade

~~
. 

~~~
.— the average performance factors.

/EH
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function of range interval in tabular form. The range intervals

used for each sensor are g iven in Table 6.1. This method of 
h

presentation reduced the data to a managcab~e amount while still

prov id ing  the user  w i t h  sufficient information to enable him to

examine why a sensor pe r fo rmed  as it did.

Hence , for each of the 14 sensors (the dummy sensor is

not considered), a table is printed out by the INTER program.

Figure 6-1 is a sample output * for the FLIR sensor; all other

sensors are analogous . Across  the horizontal axis are the

relevant range intervals for the sensor to which the table

pertains; on the  vertical axis is a r~iiemonic list of the factors

appearing in Table 6-1 for that sensor. At the top of the
table is a summary of the number of target-pass sightings

within each range interval by target type. (The total number
-: of target-pass sightings w i t h i n  a given range interval is the ~~~

~~~~p . p .

denominator  of the averag ing equation for that range interval.)

- 1 .-ij (~ 
Interpretations of the mnemonics used for each sensor

are provided in Table 6-2. Mnemonic names were used for
p.

security reasons. -

— - 1

6 . 3  HOW TO USE TILE INTER PROG R- \ M
The oniy necessary input to the INTER program is the

Target/Sensor Output Tape p rov ided  by t h e  EX E CUTIVE p r o g r a m .
This tape is to he mounted on log ical unit number 2. No

other user controls are needed.
-5 - -

Tile output  of the  p r o g r a m  is as discussed above- -one

data table for each of the  14 s e n s o r s .

-

PS..’

* -All output s i n  t h i s  samp le  t ab le  a re  :er o;  t h is is  fo r
~~~~ 

security reasons.

~~ ~~
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TABLE 6-2
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MNE MON I C  LI ST
- ::~~~SENSOR MNE MO N I C  DEFINI TIO N

-
~~~ -:--

IR CB1CIR Contrast in Band 1 when clouds are present ::-~~~~
CB1NIR Contrast in Band 2 when clouds are absent
CB2CIR Contrast in Band 2 when c l o u d s  are present
CB2NIR Contrast in Band 2 when clouds are absent
CDET1 Conditional Detectability- -Band 1
CD ET2 C o n d i t i o n a l  D e t e c t a b i l i t y - - B a n d  2

-: CDIR-1 Conditional Detectability--level 1
CDIR-2 Conditional Detectability- -level 2
CDIR-3 Conditional Detectability--level 3
CDIR-4 Conditional Detectability - -level 4

- 
TDIR-l Total 1)et.ectability- -level 1
TDIR-2 Total Detectability- -level 2

-: TDIR-3 Total Detectabilit y-- level 3
- TDIR-4 Total Detectability- -level 4 -

j  TIIR-l Total Identifiability--level 1
TIIR-2 Total Identifiability- -level 2
TIIR-3 Total Identifiability--level 3
T I I R - 4  Tota l  I d e n t i f i a b i l i t y - - l e v e l  4

-
5~~

-
-

- -
.
~

. 4  — -
p’ SLR SLRCCNI C o n t r a s t - - l e v e l  1 - - - -5--- 

- SLRCO N 24 C o n t r a s t - - l e v e l s  2 , 3 , and 4
E ORLEV 1 E f f e c t i v e  O u t p u t  R e s o l u t i o n - - l e v e l  1
E O R L E V 2 - 4  E f f e c t i v e  O u t p u t  R e s o l u t i o n - - l e v e l s  2 , 3 , and 4
ESRLEV 1 E f f e c t i v e  S y s t e m  R e s o l u t i o n - - - l eve l  1
ESRLEV2-4 Effective System Resolution- -levels 2 , 3 , and 4
C D S L R - l  C o n d i t i o n a l  D e t e c t a b i l i t y- - l e v e l  1
C D S L R -2  C o n d i t i o n a l  D e t e c t a b i l i t y - - l e v e l  2

-
~~~ 

CDSLR-3 C o n d i t i o n a l  D e t e c t a b i l i ty - - l e v e l  3
5-: CDSL R - 4  C o n d i t i o n a l  D e t e c t a b i l i t y - - l e v e l  4

TDSLR - l  To t a l  D e t e c t a b i l i t y - - l e v e l  1
TDSLR— 2 Total 1)ctect:ibili~ y--levcl 2
TDSLR-3 Total Dctect~ bi li ty--le v el 3
TDSLR -4  Tota l  D et e ct a b i l i t \ ’ - - l ev e l  ~1 ::~~--~T I S L R - l  To t a l  l d e n t i f i a h i l i t v - - l ~~ve1  1
T1SLR- 2 Total Ide;’t ~ia1)i I i tv- -lev cl 2 :- -~~~

.-
~

TISLR-3 Total I d ej ~t j  f i a b •i L tv -l~~v~’l 3
TISLR-4 Total Ide n tifiabili t y--le v el ‘I
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TABLE 6-2

;~~~ 
;Z~~ MNEMONIC LIST (C ONT - )

U SENSOR MNEMONIC DIFINITI ON :<-.~-
-
4-.- 5-— --i

_ 5
_ _ l

MTISLR PDSPSL Radial Speed of Target in knots
- 

POSFTSL Power output (in watts) at the sensor due
to signal return from the target

POSFBSL Power output ( i n  w a t t s )  at the  sensor due
to si gnal return from b a c k ground

PCPWSL Precipitation clutter power  ( in  w a t t s )
NPFDLSL N o i se power  ( in  w a t t s )  i n t r o d u c e d  by the

sensor delay lines
PRASL Ratio of target signal plus noise plus precip-

I itation clutter power to back ground si gnal
plus noise plus precip itation clutter power

TNPRSL Te r ra in  n o n s h a d o w i n g  p r o b a b i l i t y
CDMRSL-l Conditional Detectability-- level 1
CD M RSL-2  C o n d i t i o n a l Det ec t a b i l i t y -  - level 2
CDMRSL-3 Conditional Detectability- -level 3
CDMRSL- 4 Cond i t iona l  D e t e c t a b i l i t y - - l e v e l  4
TDMRSL-l Total Detectability- -level 1
TDMRSL-2 Total Detectability- -level 2
TDMRSL-3 Total Detectability- -level 3
TDMRSL-4 Total Detectability--level 4 :.~:-~
TIMRSL-1 Total Identifiability--level I
TIMRSL-2 Total Identifiabilit y- ~lev el 2
TIMRSL-3 To tal I d e n t i f i a b i l i ty - - l e v e l  3

- 
T I M R S L - 4  Total I d e n t i f iab i l i t y- -l e v el 4

-:~z~-MTIFLR RDSPFL Radial Speed of target in k n o t s
POSFT FL Power  o u t p u t  ( in  w a t t s )  at t h e  sens or due

-:~ to  si g n a l  r e t u r n  f r o m  t a r g e t
POS FBPL Power  o u t p u t  ( i n  w a t t s )  at  the  sensor  due

to si g n a l  r e t u r n  f r o m  b a c k g r o u n d
1~CPWFL Prec i p i t a t i o n  c l u t t e r  power  ( in  w a t t s )  :-~~

-
~NPFI J LFL N o i s e  power  ( i n  w a t t s )  i n t r o d u c e d  b y t he

- - sensor  d e l a y  l i n e s
PRAFL Ratio of t a r g e t  s i g n a l  p l u s  n o i s e  p l u s p r e c in -

i tat i on c l u t t e r  p cv ’e r  to b a c k g r o u n d  si gn~~lp l u s  fbi so p l u s  p r e c i p i t a t i o n  ci u t t e r  I~c\-:er
EXNONL E x p e c t e d  n u m b e r  of u n o b s t r u c t e d  looks  on t h i s

-

C D M R F L -  1 C o n d i t i o n a l  1) et e c t a b i  i i  t y -  - l e v e l  1 :- -:-:
C D M R P L - 2  C o n d i t i o n a l  1 ) e t e c t a b i l i t v - - l c v e l  2
CD?1RFL -~ C o n d i t i  on a l  D e t c c t a b i l  i t v - - l e v e l  3 :~:~CJJMRFL-- -1 Con di tio n al I)etectabi Ii t y -  - l e v e l  4 :

-‘

--
5.
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TABLE 6-2

MNEMONIC LIST (CONT. )

SENSOR MNEMONIC D E F I N I T I O N

TDMRFL-l Total Detectability- -level 1
TDMRFL-2 Total Detectability--leve l 2
TD M RFL -3~ To ta l  D e t e c t a b i l i t y-  - level  3
TD MR F L -4  Total Detectability- -level 4
T I M R F L - l  To ta l  I d e n t i f i a b i l i t y- - le v e l  1
TIMRFL-2 Total Identifiability- - l e v e l  2
TIMRFL- 3 Total Identifiability--level 3 -- P.

T I M R F L - 4  Tota l  I d e n t i f i a b i l i t y-  - level 4

PHOTO CFOTO C o n t r a s t
RFOTO-l2 Resolu tion--levels I. and 2
RFOTO-34 Resolution- -levels 3 and 4 —

~~~
- •~

-

FFOTO Number of frames on w h i c h  target appears
A C D E T - l 2  C o n d i t i o n a l  D e t e c t a b i l i t y ,  ave raged  over a l l

looks- -levels 1 and 2 -:-:-:- 
-

ACD E T -34 C o n d i t i o n a l  D e t e c t a b i l i t y ,  averaged  over a l l
looks- - levels 3 and 4

— ATDET-12 Total Detectability, averaged over all looks- -
levels 1 and 2

ATD E T -34  Tota l  D e t e c t a b i l i t y ,  averaged over all looks--
l eve l s  3 and 4

c A T I D E N - 1 2  Tota l  I d e n t i f i a b i l i t y ,  a v e r a g e d  over  a l l
S• looks--l evels 1 and 2

ATIDEN-34 Total Identifiability, ave raged  over a l l
looks- -levels 3 and  4

CDFOTO -l  O v e r a l l  C o n d i t i o n a l  D e t e c t a b i l i t y- - l e v e l  1
CDFOTO -2 O v e r a l l  C o n d i t i o n a l  D e t e c t ab i l i t y - - l e v e l  2

~ CDFOTO-3 Overall Condi tional Detectability--lev el 3
• CDFOTO-4 Overall Condi tional Detectability- -level 4

TDFOTO-l Overall Total Det ectnbi lity- - 3er el 1
TDFOTO -2 Ove ra l l  T o t a l  f l e t e c t a b il i t v - - l c v e l  2
TD FO T Q - 3  O v e r a l l  T o t a l  D e t e c t a b i l i t v - - l e v e l • 5
T DF O T O -4  Overall Total Detecta bih tv-- -level 4
T I F O T O - 1  O v e ra l l  T o t a l  I d c n t i f i a h i l i t v - - l e v c l  1
T1PO I’0 2 Overall Total ld cnt ifi nhil i iv--l e vel 2 - : --

T I P O T O - 3  O v e r a l l  T o t a l  i d e n t i f i n b i l i t y - - l e v a l  S
TIF OTO - - 1 Overall Total Ident if iability --Icvel 4

F U R  ( I d e n t i c a l  w i t h  IR w i t h  one a d d i t i o n . )
SL A NT RAN S l a n t  r a n g e  ( i n  N~~) to t a r t~et  a t  l a s t  v a l i d

look
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TABLE 6 - 2
::~ ::.~~

MNEMONIC LIST (CONT . )

SENSOR MNEMONIC DEFIN ITI ON
•
-.

—
-- .%

ECM SNML Signal to noise ratio , main lobe radiation
SNSL Signal to noise ratio , :ide lobe radiation V - -

-

CDML Cond itional Detectability in main lobe
averaged over all looks~ :~-~-:~CDSL Conditional Detectabili ty in side lobe
averaged over  a l l  looks~

NIPRML Probabili ty of no interference in main lobe ,
averaged over all looks

N I P R S L  P r o b a b i l i t y  of no i n t e r f e r e n c e  in s ide  lobe ,
averaged over all looks

• CDECM-l Condi tional Detectability--level 1
CD E CM -2 C o n d i t i o n a l  D e t e c t a b i l i t y- -l e v e l  2
CDECM-3 Condi tional Detectability- -level 3
CDE CM- 4 C o n d i t i o n a l  D e t e c t a b i l i t y - - l e v e l  4 

-

TD E CM - 1 Tota l  De t ec t a b i l i t y - - l e v e l  1
— TDEC M -2  Total  D e t e c t a b i l i t y-  - l e v e l  2

TDECM-3 Total Detectability--level 3 :-~:-~:-~TD E CM- 4 Tota l  J ) e t e c t a b i l i t y -  - l e v e l  4
TIIiCM-l Total Identifiability--level 1
TIECM-2 Total Identifiabilit y- -level 2
T I J i C M - 3  To ta l  I d e n t i f i a b i l i t y-  - l e v e l  S
T1ECM-4 T o t a l  I d e n t i f i a b i l i t y-  - l e v e l  4

~~~~~~-
~

I — -: -:---.:~
- -‘~~~-

-:- -~
- - 5- - -

!‘~~~~ ~~~

Condi t i ona 1 h e r e  m e a n s  as SU mI  n g  no t c n n  i n  bl o c l -  ing , equi  p~~~nt
f a i l u r e , or i n i  e~- f er e n c e  f r o m  o t h e r  r a d a r s  -

‘_
4-~C~1
P.-

• - A
‘— --I

( — I / 
-

- I -  -

-‘--- - 5-
.

-

- 
p 5 -  ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ v - ’- ~~~~~~~~~~~~~~~~~~~~



- — — ~
•4~ 

- - •, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~ — — 
I

S

- 5.
_ - -

I
• 

-
__ _

_~- ,
1~
’
~ -• -i_
5 _5.

5~~~~~~~~~~

-

SECTION V I I
- 4 - -..

~ INPUTS AND OUTPUTS OF THE SCENARIO AND

EXECUTIVE P PS OGR A~-T S
.~~_a.’•- ~~

7 .1  I N T R O D U C T I O N
.

-
- -.

_
--

The purpose of this section is to provide the reader
with the complete input requirements of the SCENARIO and
EXECUTIVE progr ams of the AIRS Model. In a d d i t i o n , t h i s  s e c t i o n

-
~~ will provide descri ptions of t h e  o u t p u t s  of t h e s e  p r o g r a m s .

P a r a g r a p h 7.2 will discuss the input  and output of the SCENARIO

program; specificall y , the  i n p u t  w i l l  be d i s c u s s e d  In p a r a g i - ap h
7 . 2 1 and the  o u t p u t  in p a r a g r a p h  7 2 2 .  S i m i l a r l y , w i t h i n
p a r a g r a p h 7 . 5  t h e  in p u t s  and o u t p u t s  of t h e  E X E C U T I V E  p r o g r a m
will be d i s c u s s e d  i n  7 . 3 .  1• and 7 . 3 . 2  r e s p e c t i v e l y .

7. 2 SCENARIo INPUTS ANI ) OU TPUTS
:2-
--

The o n ly  r e q u i  r ed i n p u t  to  t h e  SCE N , - \ RIO p r o g r a m  ~ :~a u s e r -  dcve l  ope d and s up p i  ~ 0(1 car d  i n p u t  dcc l .  - The o u t p u t
consi s t s  of tw o t a l ) c s .  Thes e i - i l l  be ( 11scu5~;ccl in  t he  f o l 1 o ~. i n ” ,
p a r a g r a p hs -

7 -1
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7.2A Inputs 
-
~~~~Z-:

• -

The best way to illust~~ te the form of the new

input deck required by SCENARIO is by Table 7.1. This table

serves a dual purpose: 1) it defines all necessary input

parameters , and 2) it provides instruction for the preparation

of the input  deck itself. This table supefcedes arid replaces

P pages 2-30 through 2-36 inclusive of AIRS , Vo lume I.

7.2.2 Outputs

SCENARIO outputs are on two , or optionally three

magne t i c  t apes .

Output Tape 1 contains a descriptive record of target
-si ghtings by each of the 15 sensors that are switched on for a

given run , and serve s as input to the EXECUTIVE ModeL
-.~.

-5~;

The second tape , Output Tape 2 , contains a frame-by-

frame descriptive record of what each of the (up to 8) cameras

on board the aircraft surveyed. After sorting, this tape

• serves as input to the P1-Q Mo~e1 (see AIRS Vol 1 , Section \~

::— The o p t i o n a l  t ape  , Output Tape 3 , lists target n u m b e r ,
target type , and the time at which the aircraft flew past the

target for each target si ghting. This tape is so r t ed  by t i m e  and
then listed to provide a time-line record of the mission.

7.2.2.1 Output Tape L The form of O u t p u t  Tape 1 has  not  been

• changed from that reported in p a r a g r a p h 2 . 7 2 of -\IRS , Volume I.

Table 2-1 and Table 2-2 of AIRS , Volume I a r e  v a l i d ;  however ,
Table 7 - 2  c-f t h i s  r epor t  r e p l a c e s  T a b l e s  2 - 3 a  and 2 - 3 b  of t h e
cited AIRS report.

-
.5 p~~ iuq

:~~ This  t ape  is p r o c u d e d  I f Sense  Swi i ch 2 on he C I ) C  L o : :p u t e r
Console is turned o n .

7 1 _ i  ~.A
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z~f~7.2.2.2 Output Tape 2. The second output tape of the SCENARIO
‘ 

4- -’ program has not been modif ied in any manner. h ence paragrap h
2.7.3 of AIRS Volume I remains completely valid and will not
be restated here.

7.2.2.3 Output Tape 3. As in the case of Output Tape 2,
this tape remains unchanged. The reader is referred to :~-;::paragraph 2.7.4 of AIRS , Volum e I , for a complete discussion
of Output Tape 3. -

• 

-

7.3 EXECUTIVE INPUTS AND OUTPUTS

7.3.1 Inputs

-
-
-- -

- i-

The inputs to the EXECUTIVE program are of two types:

~~~~ 

- 1) tape and 2) card . The tape input to EXECUTIVE. is Output
Tape #1 of the  SCENARIO program , as discussed in p a r a g r a p h
7.2.2 1 above. -

Table 7 3  g ives  the fo rm of the E X E C U T I V E  i np u t  deck
by card number , variable name , variable definition and format.
It is sufficientl y comple te to serve as a guide to the AIRS
user in developin g an E X E C U T I V E  i npu t  deck .  The re  are 35 cards
in the  input deck , each card (s) pertains to a specific sensor
as follows: ::-:-~

5-
—

-
-
.

P.. -
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CARDS SENSOR ____

-‘- -5
..-

1,2 ,3, and 4 IR
‘5

5,6,7,8, and 9 SLR
10,11 , and 12 M TISLR

- ].3,]4, and 15 MTIFLR ;
~~
;rV ~~

16,17 ,18, and 19 ECM
20 through 30 inclusive PHOTO

31,32 ,33, and 34 FLIR
35 Control card for hard

Copy Output

7.3.2 Outputs 
-

4 The Executive program prepares two output tapes :

Output Tape 1 describes , on a pass-target basis , the detectability,

and localizability statistics for each of the sensors . This

tape serves as input to the Evaluation Model discussed in AIRS ,
Section V. The second tape (Output Tape 2) contains information

computed w i t h i n  the E cecutive program w h i c h  is used by the PI-Q

model discussed in Section V.

In a d d i t i o n , if the user so desires , a hard copy of

the information recorded on Output Tape 1 is prepared.
~

-5~;5. 5-
-

-

5-.

7 3.2.1 Output  Tape 1~ This tape , also called the Targe t!
Sensor  Ou tpu t Tape , is wri tten in binary form and is organi:ed
on a pass basis. W i t h i n  each pass , each target is considei-ed

in order (up to a maximum of 200 targets) and a g roup  of
20 r e c o r d s  fo r  each p a s s - t a r g e t  c o m b i n a t i o n  g e n e r a t e d .

The 20 i-ccords f o r  each c o m b i n a t i o n  can be log i c a l l y
4--

di\ ded i n t o  t in cc gi oups  

- 
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4 - :--:
- .  . Group 1 consists of the first 15 records .
- Record 1 conta ins  general header information ,

true target data (e.g., actual time of beam

passage), and various system parameters (e g.,

nav igational or speed errors). This information

j - is in reality the statistics provided by the

- 
Dummy Sensor. The remaining records contain ,
for each of the four levels of processing,

statistics on the 14 other sensors - ordered by
-

- sensor number. These statistics include de-

tectability, identifiability, and localizabi lity,

terrain shadowing probability for the sensor

and target being considered , etC.
I.-

5. - Group 2 contains , in logical records 16 throug h

-
~~ 

- 19, the combined data f rom al l  sensors  on each
level of p r o c e s s i n g  fo r  the  g iven t a r g e t .  This

~ data describes , for the overall system of sensors ,

5.. how e f f e c t i v e l y  t h e  t a r g e t  was de t ec t ed , i d e n t if ie s ,
-:

and l o c a l i z e d .

- Group 3 c o n s i s t i n g  of record  20 , con ta ins  the
geode t ic p r o b a b i l i ty and l o c a l i z a b i l i ty fo r  the
target.

Table 7-5 defines these records in greater detai l .

Figure 7-1 shows  the  log ical  g roup ing  of r eco rds  on t h e  t a p e .
.,-

After t h a  last pass , target , and sensor have been

- ana lyzed , and c u d - o f -  f i l e  r e c o r d , wh i c h  does not contain da t a ,

is plac ed at the end of th e tape -

7~~
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7.3.2.2 Output Tape 2. The reader is referred to paragrap hs

I 3.6.2 of AIRS , Volume I for a complete discussion of this
tape.

,.5._..~~

7.3.2.3 Hard Copy Output. As reported in paragrap h 3.6.3 of

I AIRS , Volume I , as an option (if computer console sense
switch #1 is on) a printout of Output Tape 1 can be produced.
The output is easily interpreted since all variables are

labled.  This ou tpu t  does not print , however , words 35
through 56 of Croup 1 (Table 7-4) as data contained in

these words wi l l  be processe.d and output by t he  INTER
program , as discussed in Section VI of this report.
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APPENDIX A.

~~~— PROOF OF AL G ORIT h M FOR DFTE R~’h IN 1N G k o’~
- )

PROBABILITY OF R E A L I Z I N G  k OUT OF N EVENTS
— h —— 

-

do s not
We first find the probability o exactly k targets

• “

bdcnt ified as type TL . Let N be the number of
• h • tw en

fl of type T., in the complex. Let E- = the event
th:~ ‘the j t a rge t  of type T

h 
is i~~~n t t h 1 c d  where

N~ .

Let E1, - = the event that exactly k even ts
.4 •s

~ .} occur ( i . e . ,  E - 
. = the  event  t h a t  e x ac t l y  k

/out  of the f i r s t t a r g e t s  of t y p e  Th arc iden1Tfs~4 i C

Thus we are s e e k i n g  f i r s t  P (E k , N J) )~ the - p rob ab i l l/ 1- o ) a b i l i : \ -  •

‘ of exactly k targets of type  Th be ing  id ent  i i i  ed 1-
all N

1 
targets of type Th . We f i n d  P(E k j ) for  (

~ ) •
by iteration ( i n d u c t i o n )  over j-

:~~A
A — i

0~14~L r 
- - - ~~~ - - -.- • -

. - -
-
.
- -

- -
- - - - a - .-

4 ’ ~~ p~ 
I.~~

(, ~~~ ~ ~~ ~~~~~~ ‘, ~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In other words , we first find P(l3k 0 ) for
k = O ,Nh. Then we calcula te P(Ek i~ 

for k = O ,Nh f r on
P(E k O ) for k = O ,Nh using the ~enera l techn ique descr ibed
below . Continuing in this manner , we finally calculate
P(Ek,Nh) for k = O ,Nh from P(Ek,Nh 1) - for k = O ,Nh.

Clearly E0 0  always happens , since exactly 0
targe ts of typ e Th will be identified out of the first 0

targe ts of typ e Th. Simi larly , Ek o  k ~ 0 never happens
since exactly k targets out of the first 0 targets of

type Th cannot be identified if k ~ 0. Therefore,

1 if k = 0

P(Ek ~
) = (A. l) :

O i f k~~~0

So we know P(Ek ~
) f or k = O ,Nh. Now suppose we know

P(Ek j ) f or k 
~ 

O ,Nh. We want to calculate P(Ek j+l)
for k = O ,Nh. First we find P(Ek j+l) for k = 0. 

~~~happens only when happens and E~+1 does not
happen,. So P(E

0 5~ 1) = P(Ek ~) ( l - P(E~+1)) Next we
calculate P(E1. .~~~

) for k > 0. We distinguish between :-~.-:.~
two mutually exclusive and exhaustive cases of Ek j+l

(1) E~+1, occur s and Ek i  occur s

(2) does not occur and Ek i  occur s

The probability of case (1) is P(E~+1) P(E k.l ~~~ since
E.÷1 and Ek i  - are independent. Likewise , the probabili ty

J ‘3  
5- --- --,

of case (2) is l_P(E~+1 ) P(Ek j ). In addition , P(E k j + l )
p -

is the probabilit y of case (1) plus probabil ity of case (2).

‘
-55- 55.
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Therefo re , we conclude:

P(E k , j + l ) = P(E ~~ 1) P(L k~ l ,~~) + ( l *P ( E ~ +1fl ( Ek ,J ) for k >  0 ( A . 2~~~~

Thus we now have the general technique to find P(Ek -

for k = 0 ,N 11 in terms of P( E k ~) for k = O , Nh . Now
3

by Nh successive app l ica t ions ’of th i s  techn ique we find
P(E k N h

) fo r k O ,Nh This is our desired resul t 
_ _ _ _
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APPENDIX 13

- nPROBABILITY THAT AT LEAST ONE OF SEVERAL DECISi ON 5 _ i.• FUNCTIONS IS SATISFIED

This appendix describes in de tail the algorithm used ,~~
det ermine the probability of observing the target complex. j i.~i-u-(

~t the decision rule is outlined. Then the algorithm is ~~~~~~~~~~

The decision rule has associated wi th  it target  types
T2,. . ,T and dec ision func tions D , D ,. - -  ,D - The rul e isg 1 2 . n
isfied (i.e., the complex is observed) if at least one of •

d~cision functions is satisfied. Each decision function
sists of a set of g numbers , each corresponding to a target
e. Each number specifies the minimum number , i, of targets
the corresponding type which must be identified for the

~ision function to be satisfied.

- -
~ 

) he are given the probability of id e n t i f y i n g  at least

~;=0 ,l ,2...) targets of each type T1, T.,....T , and wish to 
-g -ul

~rmine the probability of observing the complex. Obviously , 
-

t 5 5 %

~e limit the decision rule to the f i r s t  t a rge t  type , T 1, the
AI - - - . - -

~.bility of observing the complex would be trivial to

~ te.  In that  case , l e t t ing  m be the leas t  minimum ( for  the

~type , T1) of all the decision functions , we have immed ia t e ly

~the probability of identifying at least  m is the p r o b a b i l i t y

~serving the complex. We could l imit  the dec i s ion  ru le  :~ ::
:ily to the first type T1, but still further to some subset

set of decision functions. In t h i s  case the probability
ierving the complex is obtained just as t r i v ia l ]y .  Since
~se wi th  the  rule  l in t itcd  to is so s imple  i t  is n a t u r a l
:~t consider  the  case w i t h  two t arge t  types T1 and T 2 .

11
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It is shown later in this appendix that the probability of

observing the complex with the rule limited to T1 and 12 can
be obtained if one knows the probability of observing the
complex with the rule limited to a subset of the decision

functions which in turn are limited to T1. In general , it :~~~:
is shown that , if we can calculate the probability of

observing the complex with the decision rule limited to a
subset of the decision functions which in turn are limited : -:~-:
to types T1,T2,.. - ~

Tr~ 
then we can calculate the probability

of observing the complex with the decision rule limited to

some subset of the decision functions which are in turn

limited to types Tlv T2~ • • •~
Tr+i• Continuing with this pro-

cedure we obtain the probability of observing the complex

with the decision rule limited to some subset of the decision
functions which are in turn limited to types T1,T2, - •T g~
If we let the subset of decision functions include all the

decision functions , we have not limited the rule at all.

Hence we would then have calculated the true probability of

observing the complex.

-‘~s~ —
To exp lain the above procedure we def ine  some usefu l

terms . Let Ek ~ 
= the event of sa t i s fy ing  decision funct ion  -•

Dk ’ S minimum f~ r target  type T~ Not ice , Ek i  is merely the
event that at least m (the minimum for  t a rge t  type T~ 

in Dk )
targets  of type T. are i den t i f i ed .  Furthermore , for  all
m=0 , l ,2 . . .  we know the p robab i l i t y  of i d e n t i f y i n g  at least ____

m t a rge t s  of type T . .  • I-Ience we know P( E k ~~ the pr ob ability
i ,

that E1 - occurs . Also ‘‘  E 1. - is the event tha t
Z 5 . , i j �i rs.,J

decision function is sa t i s f ied  for  all target  types
T1, T2 , .  . . • , I~ . In pa r t i cu la r  

~ 
< g E k i  is the ev1ent that 

___

decision func t i on  Dk is s a t i s f i e d .  Consequen t ly  k~ l ~Ek - is the event of s a t i s f y i n g  at least  one of the decison
‘3func t ions , i . e .  the event of obse rv ing  the complex.  S i m i l a r l y ,  

~~~~WI
U - 

1 
- E - is the event of s a t i s f y i n g  the  dec i s ionk=l j~~~~i k,3

ru le  when i t  is l i m i t e d  to t a rge t  types T1,T2,. - - , T
1.

B - ”  LP~~, 
___
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Now , let S C 
~ 
l ,2,...,n 

~ 
so S represents a subset

(the set of all decis ion func t i ons  w i t h  index in S) of ID L,D2,
the set of decis ion func t ions . Then kY S j 2 .i.

Ek i  is the event of sa t i s f y ing the rule  when i t  is l i m i t e d  to
the subset of dec i s ion  func t ions  r ep resen ted  by S, which  are
in turn  l imi ted  t ’ types T1, . .  - ,T~ .. This event is r e f e r r e d
to f r equen t ly ,  so we devise a new symbol : 

~~~~~~~ 
= k Y s  j~~~iEk --  By de f in i t i on , F 

~~ 2 is the event of obse rv ing
‘3 ~ , 

,...,n 1 ,g
the complex. So we want to calculate P(F j~~ 

)•~ ,...,n 1 ,g .
This is done by i t e ra t ion  ( induc t ion )  over the second index.
That is , each step of the i te ra t ion  increments  the second .::-

~- -

index;  thus , as ment ioned ear l ier , increment ing  the number of

• types to which we r e s t r i c t  the ru le .

To perfor m the i t e ra t ion  we must f i r s t  c al c ul a t e
P(F s i ) where S is a non-empty subset of 1l ,.. ,n~ - (0 i-s
the empty set. so we w r i t e :  0 ~ S C 1l , . . ., n} ) .

( ~~

For each k ~ S we have a min imum number of t a r g e t s
required to be identified as type T1 to satisfy Dk. We may
order the decision functions in S by the minimum number of
targets they require to be identified as type T1. Let DOPD1
be the decis ion function requiring the least number (that is
the most easily satisfied) of type T1 ; DORD, be the one
requiring the second least number of type T1; etc. We notice
that if F~ 1 occurs is satisfied for type T1 , becaus e

~J 15. A A

if any decision function with indice in S is satisfied for
type T1, so is DORD1 . Also , if 

~ORD 1 is satisfied for type T1
Fs 1 occurs by d e f i n i t i o n .  The re fo re , 

~~~~ i~ 
= P (E ORDI ~ 

)
for a l l  non -empty  S C 11 , 2 , . . .  ,n} - H owever , as ex~’la in e d
e a r l i e r  we know P(E O!)D ) and t h e r e f o r c  we kno w P ( 1~ i~ 

-

~ ,l , - -.~

Now we descr ibe  the genera l  t e chn i que used in the
i t e r a t i o n  proced ure  - Suppose we know P 

~~s , r~ 
fo r a l l  non - e m p t y

B- S 
- / L’-

--

~~ 
-
~~ ~~‘ 

-. ‘ 
~~ 

5-

• .. . - - .. •_P ) _~~~~) .~ _ .~ _ —~ - - .~~ .. .i___
~

_
-,__’_.’•i-. 5 5 _ 5 5  _.55_.•~t..•S..~.~~-’---’-—•-~———’-



• .- -•‘‘ r_r - -~ - 
-
~ ~J. --~~~~ ~~~~~~~~ ~~ v~ ~~ v-  i- w ~~ * i-r i J~ ~~ •g-l I.-~ ~~~ ~~~ ~~~ ~~~ L~~~~~7~ T’~ ~ . - -

4.

SC l l,2 ,...,n} and want to find P(F5 r+l~ 
where 0 ~ S C11 ,2 ,..,r~

We first reorder the decision functions ’f or T 1 as we did
above for T . Let the number of elements in S be 2. Then
for calculation purposes we break F

~~r+i 
into the following

mutually exclusive and exhaustive cases :

1. F 
I ORD1 } ,r occurs and

EORD 1, r -’- l occurs and

‘
~ORD2,r+l does not occur

p
~~~• I ORD 1 , OR D2 } ,r occur s and

ORD 2 ,r-I- l occurs and

EORD3 r+l does not occur

( 
-~~~~~ . q-1 . F 

I ORD1,ORD2 ,. .,ORD (q-1)} ,r 
occurs and

EOR D ( q . l )  , r+ l  occurs -and

EORD q, r+l  does not  occur

q F 
J ORD1,ORD2 ,. .,ORDq } ,r occurs and

EORDq ,r+l occurs
- ----‘ 55---— 4 .,

_,
.•~~

l.
l

1. The prob ability of case 1 =

P(F j oP~~i ,r~ [ ~ORDl ,~~+l~ 
- P ( E OI~i)~~~r + l ) ]

- _
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2. The probability of case 2 =

P(F  ORD1 ,ORD2 ,r~ 
[P(EORD2 ~ 

- P(E ORL~3 r+l J]

•i._i. .

q-l. The probability of case q-l

P(F 
{ORD1,.. ORD (q-1) } ,r~ [1~~ oRD(q_l),r+l)

P(EORDq r+i)]

q. The probab ility of case q =

P~ F ~P f F  )
~ ORD 1 ,ORD2 ,. - .ORD q } ,r’ ‘- ‘ORDq ,r+1

) All of the  values  on the  ri ght o f eq u ation s 1 thr oug h •

q are known so we know the probability of each case. Also
P(F Q ~~

) = probability of case 1 + • .+ probability of case q,, r
• since the cases are mutually exclusive and exhaustive - Thus ,

we now have the general technique for f i n d i n g  P(F
~~r+i

)
where 0 ~ S c{i , . . - ,n given P(Fs r ) for non- empty S cii , - . . ,n
By g — 1 successive applications of this t echnique t o P(F s i )
for non-empty S cli , . .. ,n } we obtain P(F

~ 
) for non-erip t!v

s c{i ,. - - ,n }  . In particular , we obtain P(F 
~~- . - I ‘ - - •‘  ~ ,g

- i- the  p r o b a b i l i t y  of obse rv ing  the complex .

To be c e r t a i n  of the  v a l i d i t y  of our r e su l t  we must
prove our a s ser t ion  t h a t  the  q cases  arc  indeed  m u t u a l l y

55
, exclus  ive and e x h a u s t  ivc- - To pro v e the q ca se s m ut u al !y

exc lus ive , cons ide r  two d i f f e r e n t  cases  J and K.  W i t h o u t  loss
-d

. & .
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of genera l i ty  we may assume J < K. Case J requi res  tha t

~OkD (J-*-]),r+l does no t occur , which implies that IiORDK r+1
does not occur. (This is clear from the fo l l owing  a rgument .
EORD(J+ i) r+l does not occur means that DoI~D(J+l) is not
sa t i s f i ed  for t a rge t  type Tr+i~ but DopD~J÷ l) 

is satisfied for
target type Tr+i~ 

whenever DORDK is becausa J+1 � K. So
must not be satisfied for target type Tr+i ; that is

does not occur.) However , case K requires EORDK r41
to occur.  Therefore , case J and case K cannot both happen at
once . Consequently, the q cases are mutuall y exclus ive .

To show the q cases are exhaustive , suppose that
Fs ri- i has occurred. Then there is some K such that ORDK ~ S
and DORDK is satisfied for T1,. .. ~Tr+i Let be the
last decision function in (DORD1 ~ORD2~~~~~ 

DQRDq) that is
satisfied for target type T

~+i. 
Then case J is satisfied as

seen by the following inspection technique. 
- 

F lorDi OPDJ } ,r
-
~~ must occur  since K � J (because DOPDK is satisfied) and

i 1
~ORDK is satisfied for Ti~~• •~~

Tr+i by assumption . Also ~~~
occurs since DORDJ is satisfied for target type

Tr+i• Simi l arly, EORD (J~ 1) r+1 does not occur since ~0RDJwas chosen as the last decision function to be satisfied by
target type T

~+i. 
Thus, the q cases are also exhaustive .

-
~~~ Therefore , our method is indeed valid and by q - I

successive app l i ca t ions  we obtain the  pi- obabili ty of o b s e r v i n g
• the  comp i ox.
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