
N~IAO—AOM7 liSt SON SCRVICES CO LLAVENWO *TH CANS COMBINED ARMS RESEA—fiC F/S 15/7 NMTHE RZPRLSLNTAT ION cc S1PPRESSIOt4 IN THE TRASANA AIDs. C U)
APR 75 0 THOeSON, I. 4ACOSI 0AA5 39—7 ’$— C—OO 15

UNCLASSIFIED BCM/CARAF—TR—75— .049 NI

A S S
Ac4749 p



. -~~~~ —‘r~
-- - U—

I

I~ ~~~ 
- -‘s. 

.

./ 
_ .,., ,. , ,

~~~ ~~ — - 7- 

~~tt~~~U j~ ~~~~~~~~~~~~~~ I J .
Combined Arms Research and Analysis Facility

SUBCONTRACTOR:
V ECTOR RESEARCH , INC.

P. 0. Box 456
g
~ 

Leavenworth, Kansas 66048
Phone (913) 684-5661

-~~~~~~~ —~~~~~

CON TR
~~~K

DMG39_7k_
~~

i
~~~

;7”

• ~~~~~~~~~~~~~~~~
DISTRIBUTION STATEMENT 

- D C) (“vApproved for public release; •

distribu tion unl imi ted . f~1~1~ f?flfl 1.~1W DEC 12 19rr
In’
_ _

THE RE P RESEN TATION OF SUPPRESSION / u ~~
/ IN THE TRE~M&AI~~
/ ---- —w f -~~~~~~~~-~~~~~~~~ - - —-~

• 

1± ~~~~ .~ :11~



• ~~~~~~~~
• - •

~ 
-

~~~__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P. S 

-

~ 

-

~~~~ 

—

~

FOREWORD

I:
This report describes the effort bei ng conducted by the 6DM Services

Company Combined Arms Research and Analysis FaciU ty (BDM/CAR.AF) and its

subcon trac tors , the 6DM Corporation and Vector Research , i ncorporated (VRI),

under Task 7-75 of U.S.; Army Contract DMG39-71e-C-0018. The principa l con—

tributors to this report were Mr. David Thompson and Dr. Lee JacobL of VRI.

This report is oriented to readers familiar with the AIDM computer program

and two preceding BDM/CARA F reports (Rl , R2).
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CHAPTER I

• INTRODUCT I ON

7~~ThIs working paper Is the third in a series of three papers documenting

methodology deve loped to extend the AMSAA Improved Differenti al Model (AIDM)

as Implemented at the TRADOC Systems Analysis Activity (TRASANA). This paper

describes the extensions required to treat the effects of direct and In-

direc t fire suppression . The first paper In this series (RI) discussed the

• represen tat ion of a ttack hel ico pters In AIDM , and the second paper In this

series (R2) considered the extension to AIDM requ i red to treat scout helicopters
C

and Informa tion hand-off from one unit to another.,~The purpose of each of

these papers is twofold: J
(I) to document the assumptions and mathemat i cal methodology emp loyed

• In the mode l extensions , and

(2) to describe the procedures required to imp l ement the extensions in

• the existing TRASANA .AIDM computer program.

The remainder of this paper consists of six chapters. Chapter II pre-

sents an overview of the model and lists the detailed assumptions associated

with the representation of suppression . Chapter III  describes the repre-

sentation of suppressed weapons. Chapter IV describes the determ i nation

of the probabIlity of suppression . Chapter V discusses detections, suppres—

sive area f i r e , and the changes in the methodology for the allocation of

fire. Chapter VI derives the effects of suppression on the activities of

• attack and scout helicopters. Chapter VI I discusses the changes to the

computer program and data base which are required to imp l ement these ex-

tensions. Appendix A describes a possible means of generating sing le-round

• suppression probabilities to be input to AIDM .

C
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CHAPTER I I

MODEL OVERV I EW AND DETAILED ASSUMPT I ONS FOR
THE REPRESENTATION OF SUPPRESSION

This chapter provides an overview of the suppression model and lists the

• main points and detailed assumption s associated wi th the models used to

• represent suppression in the TRASANA AIDII. •

The suppression process inc l uded in the TRASANA A1DM results from
o• • behavior in tended to lessen the risk of i ncapacitation due to received

fire. The model represents the effects of reactive suppression , I.e.,

reactions to current (already existing) stimuli as opposed to anticipatory

suppression or the result of behavior which assumes a future risk stimu l us.

Hence, the only suppression-causing mechanism considered is the receipt

of fire. However, the suppress ion model currently played in AlUM , In wh ich

suppression depends on casua l t ies , is reta i ned (via a switch in the program

code) as an al ternative . This kind of su pp ression can be in terpreted as

anticipatory.

The developed suppression model includes suppression of and by every

weapon group to be played with the exception of an AH (attack helicopter)

group suppressing an AH group. This Interaction is not currently played In

A1DM. • The mode led suppression is a function of the volume of fire directed

at a weapon. The probabili ty a weapon is suppressed is modeled as depending

on a number of factors such as round type, supp ressor and supp ressee type,

cover status , and the current state of suppression .

C . . . • 
•
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Suppression Is represented via a two-state Markov chain model In wh ich

a weapon is either in the suppressed or unsuppressed state with the transi-

tion to the next state depending only on the current state and not on the

past his tory of the weapon ’s suppression. The model requires the proba-

b ili ties of changing states In the time Interva l , ~t. This probability

is calcul ated as a function of the numbers of rounds of all types directed

at the weapon during the Interval.

Suppression causes changes in the acquisi tion and firing capabilities

of both sides. The degree of vulnerab ility of a suppressee to acquisition

and attrition and his ability to acquire and attrlt the enemy while in a

suppressed state depend on such factors as suppressee type , and the cover

status of the group to wh i ch the suppressee belongs.

The remainder of the chapter outlines the specific assumptions together

with the main points of the models used to incorporate the effects of

suppression into the TRASANA AIDM. Areas discussed are: capabi lities and

representat i on of suppressed weapons; probabi lity and duration of suppression ;

detections; suppressive area fire; allocation of fire; and suppression of

attack helicopters.

I. Capabilit ies and Representation of Suppressed Weapons

(a) The numbers of suppressed and unsuppressed weapons are treated

as if they are separate groups (except for AH’ s) exchanging

members as they become suppressed and unsuppressed .

(b) Suppressed weapons assume new cove r states statuses , and

capabili ties , and differ from unsuppressed weapons of the same

type (pa ired unsuppressed group) in ways that change their

vulnerability.

11— 2
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• Cc) Suppressed groups (except AM’s) can differ from their pa i red

• unsuppressed groups with respect to accuracy , le th a l i ty ,  ra te

of fire , vu lnerabi l it y , and doc trines for selec t ion of targe ts

• and round types.

Cd) Suppressed weapons can have an altered ability to acquire targets

and an altered line—of—sight status.

(e) Lin e of sight for weapons in the suppressed state depends on the
.5.

weapon type and l ocation. •

(f) No mobil ity suppression is played .

(g) A weapon ’s ab ility to detect (acquire) and its liabi li ty to

bein g detected (acquired) depend on the state of the weapon

• (suppressed or unsuppressed) and not on its history. Hence,

an average probability of detection (acquisition ) is applied
5..

o all members of a group.

~abi 1i ty and Duration of Suppression

(a) Surviving weapons not already suppressed become suppressed

durin g a time step with a probability determined from the

amoun t of received fire. •

(b) Surviving suppressed weapons become unsuppressed during a time

step with a probability dependent on the weapon type and not on

received fire. 
• 
. ~ 

___________

c Cc) Hence , the duration of suppression is a geometric random van-

able whose mean is determined by In put.

Cd) If the target is receiving artillery fire during the time step,

the probability of be i ng suppressed by artillery Is an Input

quantity, depending on target type.

C . 11— 3
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Ce) Each round suppresses a target with a probability Independent
S

of any other fire received.

• (f) Covered targets do not suffer suppressive effects.

3. Det~ct ions

• (a) The suppression mode) d stingu shes two kinds of Information

• known to combatants about their opponents: acquisitions and

• detections.

• (b) A detection alerts an observer to the presence of an object and

Its reéognition as an object of military Interest.

• Cc) An event is termed a detection only if identification of the

• target has not occurred.

Cd) Detections are assymed lost if l ine of sight is iost.

(c) Detection rates are hi gher In handed—off grid squares.1

(f) Detections are themselves never handed off.

(g) Detecti ons are forgotten with an exponentiall y-distributed

• memory time.

(h) Firers engage two types of targets, those acquired and those

detected but not acquired ,

• • (I) For N oppos i ng weapon groups , a f i r e r  can a lloca te f i r e  to up

to 2N sets of targe ts , N possibly acqu i red weapon groups and N

poss ibly detected but unacqui red weapons Qroups.

1ê. S~ppressive Area Fi bre

(a) Fire alloc ated to detected (uni dentified and perhaps imp recisely

localized) targets is termed suppr5essive area fire.

(b) Suppressive area fire is not allocated to acquired targets.

1The concepts of hand-off and grid squares are defined and discussed in the

hand—off paper (R2).

I i — 4
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Cc) Targets detected and unacquired present vague stimuli that may

• not allow the target to be located precisely enough for the

observer to lay the sights of his weapon on the target.

• (d) Inability to locate precisely the target leads to a deliberate

attempt by the observer to d i s t r ibu te h i s  a im poin ts around h i s

mean estimate of the targe t ’s location .

(e) The accuracy of suppressive area fire is different from the accu—

racy of fire allocated to äcquir~d targets due to:

(I) the error in the observer’s estimate of the target ’s l ocat ion ,

• and

(2) the error introduced by the intent ional selection of a sequence

of aimpoints around this mean aimpo int.

_ (f) The mean aimpo int is assumed elliptica l normally distributed

with the mean at the point where fire would be aimed if the

target were fully acquired , and with independent horizon ta l

and ver tical components.

- • (g) The offsets from the mean aimpo int are also assumed elliptica l

normally dis tributed with independent horizontal and vert i cal

- components.

(h) Each round fired is treated as if the mean aimpoint and the off-

set of the true aimpo int are sampled independently.

C 5. Allocation of Fire

(a) The numbers of suppressed and unsuppressed weapons belonging

to “pa ired” groups are represented separatel y.1

C . • 
• 

.

1Each aggregate of weapons (except attack and scou t helicopters) is
represented as two “pa i red” groups consisting of the ruppressed and
unsuppressed members of the aggregate.

11— 5 
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(b) Suppressed and unsuppressed weapons belong ing to “pa i red” groups

• are assumed not dist inguishab le once they are acquired or detected.

• Cc) Targets acquired or detected in “pa i red” g rou ps are assumed of

equa l priority . . •

Cd) Only unsuppressed groups are g iv en on a p r io r i t ized l i s t of

targets. • 
•

• Ce) Suppressed and unsuppressed firers from “paired” groups are

• • separately allocated to targets since thei r acquisition (detec-

• tion) probab ilities and attrltlve ab ilities ~re different.

(f) The priority list can also specify whether the entry is for

• 

• 
suppress ive ar ea f i r e , or for norma l fir e against acqu i red targets.

- Hence, each opposing group could appea r twice on the list of

- targets. 
-

• (g) The numbers of acquisition s (detections) in pa i rea groups are •

assumed stochastically independent random va s-fa bles.

(h) To dis tribute norma l fire (suppressive area fire) between “pa i red”

grou ps, assume that every acquired (detected) target in these

groups Is equally likely to be chosen as a target. 
• t

6. S~ppression of and by Attack and Scout Helicopters

(a) Suppression by attack and scout helicopters is treated the same

as tha t of any groun d weapon.

• (b) The suppression of helicopters is not modeled by exchang ing AU’s

betwe~n suppressed and unsuppressed groups.

Cc) When suppressed , an AU remasks. Hence~. suppiessed AK’s on the

average remask earlier than if not suppressed.

(d) The average time in the masked state is not directly affected

by suppression .

• . .,  
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(e) The time to suppress an exposed AM Is taken to be a negative cx—

D ponentl a li y di~~ ri buted random variable with a mean that depends

on the vol ume of fire received .

(f) Suppression of AM’s Is independent of the suppression of all

other weapons.

(g) A miss i le  f ired by an AK is lost If the AH is suppressed before

the missile reaches the target. .

(h) When the automatic cannon is fired , each burst is assumed fIred

ins tantaneously at the beginning of 1specified firing Intervals.

• The number of bursts fired is the number fired before the All

is suppressed or remasks. • 
• 

- 

•

(I) AK’s may either acquire or merely detect targets.

(j) AH’s are assumed capable of be i ng acquired but never merely

detected. 
• 

•

(k) Suppressed AH’s can nei ther acqu i re, f i r e , be acquired nor

attrited .

(1) AU’s search and fire for fixed l ength period s of time unless

- suppressed first. 
•

• (m) Due to target hand-off, visua l (i.e., non-p in pofnt) acquisition

ra tes of and by AK’ s and detect ions by AH’ s differ depend i ng on •

whether or not the AH - (other observer) is scanning the 
•

- 
region ~f the battlefield containin g the other target (AK).

C
(n) A K’ s suppressed before the end of the maximum search period can

hand off their acquisitions.

(o) As wi th other weapons , AK ’s do not hand off detections.

C - 
•
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(p) Scout heUcopters can behave and are treated in one of two

ways: (1) ei ther masking and unmasking like non-firing attack

helicopters (type one scouts), or (2) always remaining un—

masked (except possibly when suppressed) and being treated , in - :

• terms of line-of-si ght processes, as ground weapons are treated

(type ~two scouts). • 

• 

•

• 
• 

Il-s 
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CHAPTER I I I

THE BASIC FEATURES OF THE SUPPRESSION MODEL

This chapter presents the mathematics of the suppression model to

• be i ncorporated into AIDM . This model is intended to be an alternative to

• the existing A IDM Suppression model. The current mode l is to be retained , so

that user~ of the mode) can select one of the two options via a switch entered (
• as i nput. The bookkeeping scheme used to determine the numbers of suppressed and

• unsuppressed weapons In the new model is described in Section A. Section 8

addresses the transition of weapons between the suppressed and unsuppressed

• states. The carryover of target Information by suppressed and unsuppressed

weapons is add ressed in Section C.

A. REPRE SENTAT I ON OF SUPPRESSED WEAPONS

The differential equations of cOmbat i ncorporated into the AIOM program

predict the i nventories of surviving weapons: • -

• dn.(t)
______ = —~~ A .~ (t) n.~(t) • 

(I)

) 
- •

for all j, where • •

• • .~~ n
1
(t) = the number of survivors in group i at t ime t,

D

A~~(t).= the rate at which a member of group I attrits members of

- group j at time t (the attr tion coefficient), •

C- • • •

and where the sum is taken over all opponents of group j. The introduction .

of suppression processes into A IDM does not alter this basic struction , but •

• It does in troduce more coefficients Into the equation , as indica ted below.

C • Il l—I



The differen tial combat model assumes that all members of a weapon

• group are identica l with respect to their vulnerability to attrition and

acquisi tion by the enemy. However, a rea l i s t ic por traya l of su pp ression

can be achi eved on ly i f  weapons are allowed to take on cover sta tes and

exposed areas diffe rent from their unsuppressed statuses , so as to chan ge

their vulnera bility. Consequently, the attrition coefficient , A.. (t),

should be allowed to differ for suppressed and unsuppressed targets (as

wel l as for suppressed and unsuppressed firers). This difference in :~~

vulnerab ilities can be easily reflected by bookkeeping separately the

numbers of suppressed and unsurppressed weapons as if they are separate

grou ps exchang ing members as they become suppressed and unsuppressed .1

By treating suppressed and unsuppressed weapons to be members of

separate groups , there is complete freedom in the model for suppressed

• weapons to take on statuses and have capa bilities different from those

in the unsuppressed state. In A IDM , cover status and weapon type are

specified by the user for each weapon group, so tha t the supp ressed

groups can differ from their “pa i red” unsuppressed groups in any respect

deemed rea l i s t ic and s i gnificant by the user.

B. INVENTORIES OF SURVIVING WEAPONS • •

• The model of suppression requires weapon groups to be pa i red in

• AIDM, so that the suppressed and unsuppressed portions of an •aggregate

that would have been a sing le group before the Introduction of suppres—

sion are now bookkept separately. Let M(i) denote the group that is

~I t would not be sufficient to calculate a value of ~~ avera ged over the
suppressed and unsuppressed members of a group, and then to apply thh rate

• equally to weapons in both states , since the numbers of weapons In each
state could not then be calculated . 

-

111— 2
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• paired with group I. That Is , i f  grou p I is an unsuppressed group,

M (i) is the group tha t contains group I’ s weapons when they become suppress-

ed. Similarly, i f  group I Is a suppressed group, group M(i) contains group

Is s weapo~s when they become unsuppressed . Then we have M(i) j if and

• only if M(j) = I. This scheme does not apply to attack and scout helicopters ,

whose supp ression is por t rayed in a d i f f e r en t fashion , as described in

Chapter VI . 
• •

Let B~~(t) denote the rate at which weapons in group j are being sup—

pressed (or unsuppressed) by fire from a weapon in group I. The coefficients

• of the differential equations of combat then become

dn( t) 1
_

~~~~~~~ ~~~~ + B . .(t )  _B
IM(J~

t) j n . ( t )  (2) 
-

if J is not a helicopter group , arid equation (I) holds if j is a hel i copter

group. In equation (2),the sum s taken over all members of the side oppos-

ing g roup J. - . 
.

The number of weapons in group J suppressed (or unsuppressed) during

a small time interval , (t ,t÷At), ;s approx imately -

EEB.j (t) n ,(t)] ~t. • 
• 

~

• I f  j is an unsuppressed group, the frac t ion of weapons in that group

suppressed d u r i n g t~t can be interpreted as the probability that a

particular weapon in group j Is suppressed during ~t; 
*

-S 
• •
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• PrsuPj = ,
~3~~

t;- ~ (1.)

• Similarly, If j  is a suppressed group, t his ratio is the probabil ity

‘Prunj 
that a particular member of the group becomes unsuppressed during

• 
~ t . Chapter 14 add resses the ca l culation of Prsup.. The differential

equations of combat can be ap~roxima ted in AIDM by the following differ—

• ence equation: 
•

• 

• 
6n~(t) = -E A

~~
(t) n~ (t)~ t — + 6M(j) •

- where ~n~ (t) is the change in the size of g roup 3 durIng (t ,t+~t).

• For 3 an unsuppressed group, Prsup. is calculated on the basis of

fir e received by group j, as descri bed below and In Chapter IV. For 3 a

suppressed group , the probability of be~oming unsuppressed during ~t ,

• 
• Prun., Is an i nput to the model.1 

-

• 

• Sinc e Prun~ is a constant for any one group, the dura ti on of suppres-

sion is being modeled as a geometr i c  random va r i ab le , the mean of which

• Is ~t/Prun.. • •

• • J • 
. • •

C. INFORMATION CARRYOVER
• •

• The AIDM acquisition model presently bookkeeps Q1~ (t). the proba b i l i ty

that a given firer in group i has not acquired a~part icu lar target in

group J at time t (i.e., the probability the target is not in the —

• acquired state at that tIme). At time t+~t, the value Q~.(t) may no

longer be correct, not only because acquisitions could be gained or lost

during the time step, but also because weapons may be added and subtracted

- 1Prun
3 

migh t be expected to depend on the type of weapon in group J .

• 111— 14
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• from the observer and observee groups as they become suppressed and

unsuppressed . Thus, I t is necessary to adjust Q. Ct) to a new value
£ 

Ii

• Q~~(t) that takes account of the suppressions that take place during

• the Interval (t,t÷t~t).

This updated value , Q~~(t). is then av a i l a b l e  to be upda ted , as now

cal culated in A IDM , tâ account for acquisitions made or lost during

• (t,t+At). This section addresses the computation of Q.(t).

C
Let denote the number of weapons killed in group I during

(t,t*~t). The probability of not having acqu i red a particular target

in group j ,  averaged over all observers in groUp i at the end of the

interva l (t ,t+~t), is

C • — 

a.~ tn .(t) — Z. — 6 .] + ~~ 6M(J) 
• 

(6)Q
1J 

t n.(t)— Z. — 6
~~~

+ 6M(j )

where the average probability of not acquiring a target that joins group j

C is

- Q I M J (t ) [n~ (t) — 6~ — z1] + QM (i)M J)
(t) 6M(i)

a , (7)
C Ij n.(t) — — 6

i + 614(1)

and where the average probability of not acquiring a target that stays in

c group J is

b - 
Q,~ (t) {n1 t - 6 i 

- z]  + QM(.).(t) 6M(i) (8)
Ii n1 (t) — Z. — + 614(i)

C • 

S 
• •

Fi gure Ill-I Illustrates the bookkeeping of inven tories. 
•

(.5
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FIGURE I l l- I .  THE BOOKKEEPIN G FLOW BETWEEN PA I RED SUPPRESSED AND
UNSUPPR E SS E D GROUPS
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The observin g group, ., Is either a suppressed or an unsuppressed

group. If I is a suppressed group, then observers joining the group

may lose acquisitions due to loss of line of sight to the target If a new

cover status is sought In the suppressed state.
1 I f  th i s  Is the case, the

logic in AIDM that updates acquisition probabilities wi ll reflect this fact

- by setting (t+~t) to zero. One could , however , postulate a further

forgetting process, in which line-of—si ght Is not los t, but In which the

suppressed weapon loses its abi l i ty  to remember targets , just as its

accuracy or rate-of—fire might be degraded . This degradation of memory is

taken into account in equation (8) by replacing QM(j).(t) by Q~(~)~ (t) and

by Q
~(uM(j

(t)
~ 

defined as •

• Q
~ ( I ) K (t) = 1 — [1 _ Q

M(i) K (t)] 
~M(i) ~ • 

(9)

where 
~~~~

‘ 
an in pu t to the model , is the probability a member of unsuppressed

group x does not forget an acquisition when becoming suppressed ; and where

K = 3 for equation (8) and K = 14(j) for equatIon (7).

Chapter V distinguishes between two kinds of information , termed detect—

C’ t ions and acqu i s i ti ons , that combatants are allowed to have abou t their

opponents. With acquisitions , al ready incorporated in AI DM , the observer

is assumed to have identified the acqu i red target. The new even t, termed a
C de tect ion , i nvolves the alerting to the presence of an object and its recog—

ni tlon as an object of military Interest , bu t without its identification

1 1n AIDM acquisitions are lost if there is no line of sight to the target.

C 
• 

• 

- 

• 

• 
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• hav i ng taken p la ce, and possibly with Information as to Its location be i ng

imprecis e. That is , the detector may be incapable of lay ing his - sigh ts

exactly on the target, and fir e may be placed around an estimated target

location , possibly for suppressive purposes . This process of detection and

.engagement of imprecisely-located targets is discussed in Chapter V.

These detections will be bookkept by AtOM and must be averaged as acqui-

sitions are averaged in equations (6), (7), and (8). Let D
33
(t) denote the

probabili ty an observer has not detected a part icular weapon in group j at

tlme t. Then, an updated D .(t), similar to Q.(t), is

• 

- 

D;~ (t) 
C~~ 

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

614(j) 
,

•

where -

D 1~~(t) [n~(t)— iS
i — 

Z~~ 
] + • 0 1 4 ( i ) J ( t )  614(5)

• ii n1 (t) 
— 6~ 

— Z. + ‘ (1~ )

and where - • • • •

- - 
D 13 (t) [n .(t) - - Z.] +DM( . )M( . ) (t )

~~ ( i ) 
(12) - 5

n . (t ) — ó
~ 

+ 5~~ .)

The forgetting of detections by suppressed weapons is taken Into

account was done for acquisitions in equation (9). If the observer, i ,

is a suppressed grou p , D14(.).(t) is r.eplaced in equation (12) by D~ (1)J (t):

= 1 — — D
14(~)J

(t)] 
~H(l) ~ (13)

• 111 - 8
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• 
•

and D14(1)14(J)(t) Is replaced 
in equation (11) by D~(~)14(J)

(t) : - 
-

- 

D~(1)14(J)
(t) = I — [i — D14(1)14(J)(t) ] ~~~~ ~

where Is an in pu t, the probabIlIty a member of group x does not forget

a detection when becoming suppressed . •

• 
. 

.

• 1!

• 

•

C

• 
. H

S i

( 
.
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CHAPTER IV -

• DETERMINAT I ON OF THE PROBABILITY OF SUPPRESS ION -

This chapter discusses the calculation of the fraction of a group

e suppressed during a model time step. This fraction is equivalent to the

• probability a given member of the group is suppressed during the time step.

Section A briefly presents the assumptions and genera l features of the

model for this calculat ion . Section B describes the calculation of the

suppression probability for the time step in terms of a s in gl e-round pro-

babi l ity of suppression . • -

C - -

A. ASSUMPTIONS AND GENERAL FEATURES OF THE MODEL

- 

The basic assumptions emp loyed are listed as fol lows:

(I) Surviving weapons not suppressed become suppressed with a probability

determined from the amoun t of rece i ved fire ,

(2) Each round suppresses a target w i t h  a probab ility independen t of

any other rece i ved fire ,

(3) There are no suppressive or attritive effects to covered targets.

Since one is seeking the fraction of a group suppressed during a model time

C step, one must ca!cuiate a round ’s average suppression probability for all

members of a group (i.e., the expected proportion suppressed). A method of

cal culat ing this average single-round probabil ity of suppression is

C described in Append ix A. This method could be applied externall y to the

model to generate the sing le-round suppression probabilities needed as

input to the following cal culations. -

C • .
•

~
I
C 

. 
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6. THE CALCULAT I ON OF THE PROBAB ILITY OF SUPPRE SSION

This section describes the cali-ulation of PrsuP~~ the probability o~

suppressing a particular weapon in unsuppressed group j during an A IDM time

step, ~t.
1 .The computations are presented below in a stepwise fashion , wi th

the genera l organ i zation of the calculations presented first and details

• presented later. - 
-

The assumed independence of the suppressive effects of -different weapons

allows PrsuP~ to •
be partitioned into the effects of field artillery and 

-

direct fire weapons, as fo l lows:

Prsup. = l_ S
ARTY (J) 5DF ~~~~~~ ‘ 

5 (15)

where • • - 

- 

- 

-

SARTY (J) = the fraction of weapons in group j not suppressed by 
- -

ar t i l l e r y during the time step, and

SDF (j) = the fraction of weapons in group j not suppressed by

- - 
direct fire during the time step.

• 5ARTY ~~ should be set to un i ty when group j is not receiving artillery

fire, and should take on an input va l ue, dependent on the type of weapon •

in group j, when group j is-receiving artillery fire. This input could be -
determ i ned from any appropriate source , such as his torica l data or a- de-

• tailed model of artillery coverage , but should in any case reflect the

• suppressive effect for a time of duration 1st, the AIDM time step.

1The reader should note that Prsup . is to be computed only for unsuppressed
groups. The computation of the tif~ie spent in a suppressed group is treated
In Chapter III.  •
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Direct fire is portrayed in greater detail in AI DM than is fire by

fi eld artillery , and suppression caused by direct fire is consequently

modeled in greater detail. The suppressive effects of fire received

from more than one firer are combined as follows :

SDF (j) = ‘Y r s
DF 

(i ,j), 
- 

• • (16)

where SDF (i , 3) is the probability that fire from group I does not suppress a

• particular target in group j during the time step, and where the product

is taken over al •l groups firing at 3. The total suppressive effect of

fire received from group i IS modeled similarly, -by taking the suppressive -

effect of every firer to be independent:

(l-Prsu p. .e. .)‘~i if n � 1
I) Ii I -

5DF (i ,j) = (17)

(J-Prsup. .e. .n.) if n < I
‘.1 Ii I 

•

where • 
-

D n 1 the number of survivors in group i,

e1. = the probability a member of group I is a l loca ted to f i r e  at

• group 3, and
Prsup .  = the probability a sing le weapon in group i , allocated to group

3, suppresses a particular target in group j during 1st.

MOM uses e.. as the f r act ion of grou p i al loca ted to f i r e  a t group J.
Ii 

-

c Here we in ter pret ~~ as the probability a member of group i Is allocated

to fire on group j . Equation (17) follows by independently sampling the

allocation of each member of group I. The quantities n 1 and e
1~ 

are

C computed in the existing AtOM model , but PrsuP.~ is a new quantity . By 
—

apply ing the assumption that the suppressive effects of different rounds

are independen t, we obtaIn: 
-

C 
- 

-

IV-3
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-

p (t)~~t • 

•

PrsuP 1~ 
I—(1— P

1~
) ~~~~ , 

5 - (18)

• where •

= the rate-of-fire of a group -i firer when engag in g grou p i an d

the expected fraction of group j suppressed by each round

fired at group j by a weapon in group i -

Th is latter quantity is also new to the model , and it is an input datum.

• Appendix A presents a specific method of calculating P13 
tha t mi ght be used

- 

- 
to prepare inputs to AIDM. 

•

• - 
- 

-

• - 

• 
5 ~_ 1

• •
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CHAPTER V

• - DETECT I ONS , SUPPRESSIVE AREA FIRE ,

AND ALLOCATION OF FIRE

I’
To account for the capability of weapons to suppress targets they cannot

precisely acqu i r e or loca l ize , a kind of imprecise target acquisition , called

a de tect ion , Is be i ng Introduced into AIDM . This new-feature Is described In

Section A. Section B describes the degradation In accuracy that occurs when

engag in g such ~ detected target. Section C discusses the allocation of fire

between detected and acqui red  targe ts and between su pp ressed and unsu pp ressed

weapons.

A. IMPRECISE TARGET INFORMATION

The suppression model distingu ishes two kinds of Information , termed

detections and acquisitions , that conthatants can have about their opponents.

Wi th acquis i t ions , already incor pora ted in A I OM , the observer Is assumed to

have identified the acquired target and to use -the acquisition as the basis

for allocating fir e to targets in order of theIr priority . The new event,

termed a detection , i nvolves the alerting of an observer to the presence of

an object and Its recognition 1 as an object of military interest. However,

the even t is termed a • detection only if iden tification of the target has not

taken place. 
-

1lhere are no false detections allowed in the proposed model . Dead weapons
and non-mili tary objects are assumed to be recognized as such.

(• 
• 
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The detect ion process is model ed similarly to the acquisition process.

However, I t Is possible to obtain the cumulative probability of not

detecting , D
Jk
(t)

~ 
wi th many fewer compu tat ions than are requ i r ed to

obtain the non—acquisition probability. This simple approach postulates a

simpl e relationship between the rates of detecting and acquiring targets.

We consider an observer in group j and a weapon being observed in group k.

AIDM presently computes t
~k

(t), the cumulative probability that the

observer has not acqu i red the target. Let us postulate that the detection

• ~nd acquisition processes are both exponential. (I.e., the t imes to acqu i r e

and detect either by pinpoint or non—p inpoint means are treated as negative

exponential random variables.)

Consider that the k-group weapon can be in one of thr•ee states --
acquired (A), detected (o), and unobserved (ii). It is assumed that the time

to acquire the target is  an exponential random variable with rate p, and

the time to detect is exponential with rate Ru, where R is a constant greater

than zero. - It is further assumed that acquisition occurs at the same rate

p for targets in both the U and 0 states , so that detected targets can

eventually become acquired . The flow between the states occurs in the directions

and at the rates ind i cated be low:

• 
5

•,
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The acquisition rate , is , need not be a constant for the desired result

to hold , and the acquisition process is in fact allowed to be non-stationary

in A IDM . However , as long as the rates are in the constant ratio R, the

non-detection probability is simply related to the non—acqu isition probability

- 
as

• 

Dj~ (t) = — 

~Jk 
(t) + 

~Jk 
(t) R+i 

- 

(19) -

5 
-

Then, after AIDM has updated (t), equation (19) can be used to compute

an updated-value of (t). The ratio R is required as input and could ‘I

reasonably be tabulated on the weapon types of the observer and the observe~.

It is interesting to note that , since the cumulative probability of

- non—acquisition is one if line-of-sight is lost in A IDM , the probability

of non-detection IS a)~so one if line-of-sight is lost. This fact follows

from equation (19) and is consistent with the assumption tha t detections

are lost if line—of—si ght is lost. -

I t is possible that the allocation of fire to detected , bu t unacquired ,

targets can expend a great dea l of ammunition without significant attritive

effec t, because of the reduced accuracy of this fire (as discussed in the next

section of this paper). Since weapons may conserve their ammunition for more 
• V i -

profitable use against targets that may be acquired later , they may volun ta r i l y

limi t the duration of fire missions against detected targets . This is taken into

account in the mode l by causing detections to be forgotten , so tha t f i r e  can

no longer be allocated to them.1 
The time for which a detection Is remembered

Is assumed to be a negative exponential random variable , dependen t on the

1Slnce detections by All ’s and scout helicopters that maneuver like All ’s are
not accumulated from time step to time step in AtOM , this forgetting process
Is not app l ied to helicopters tha t behave in this way.

• • • ••



weapon type of the detector. If the mean time that a detection is remembered s

1/B, then the probability of non—detection , after forgetting is taken into

accoun t,
1 Is

Djk (t)  1 — [i D .k (t)] e~~
1st (20)

B. SUPPRESSIVE AREA FIRE

This section addresses the nature of the fire that is allocated to targets

that have been detected , but no1~ acquired. This fire is termed suppressive -

area fir e, or SAF. -This is not to imply that the fire can have only suppressive

effects, but only that it is allocated to unidentified and perhaps imprecis ely

localized targets , and , hence , might be allocated for purposes of suppression ,

as much as for attrition of the target. Detected , unacquired targets are

assumed to present vague stimuli that do not allow the target to be located

- - precisely enough for the observer to lay the sights of his weapon on the target.

This inability to locate the target precisely is assumed to iead in  turn

to a deliberate attempt by the observer to distribute his aim points around

his mean estimate of the target location. Hence, there are two kinds of errors

that contribute to make the accuracy of SAF different from the accuracy of

fire alloca ted to acquired targets -— the error in the observer ’s estimate of

the target ’s location and the error introduced b~y the in ten t ional sel ect ion

of a sequence of aim points around this mean aim point.

To model this situation mathematically the mean aim point is assumed to •

be ellip tically normally distributed with the mean at the point where fire

would be aimed if the target were fully acquired , and wi th ind ependen t

1 Whcn implemented in A IDM , this forgetting equation should be applie d before

new detections for a time step are used to update D..k(t).
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horizon tal and vertica l components. The offsets from the mean aim point

are also assumed to be elliptically normally distributed with Independen t

hor i zontal and vertica l components. Each round fired is treated as If

the mean aim point and the offset of the true aim point are sampled independently.

• This is probably not quite true in practice , since a firer probably forms an

estimate of the target location and then distributes a sequence of shots around

that vicinity, but the assumption of independence be:ween rounds permits a

• simple mathematica l model of the situation .

The followin g dispersions must be given as input to the model and Indexed

on the weapon type of the firer and the range to the target:

-

• standard deviation of the x—coordinate of 
-

the mean a im po in t, -

C aMY = standard deviation of the y-coordinate of -

the mean a im poin t, 5 -

= standard devia t ion of the horizon tal 
-

- components of the offset of the aim point , and

standard deviation of the vertica l components
- -

of the offset of the aim point.

Then , if the horizontal and vertical standard deviations of the weapon’s

.delivery errors are and ~~ respectively, for f i r e at an acquired tar get,

the horizonta l and vertica l standard deviations for SAF are

and (a~+a~y+a~y)
+, respectively. This result , and the fact that the resulting

dis tribution is norma l , follow from theorem 96 of Parzen (R’i).

- V-5 S.
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C. THE ALLOCATION OF FIRERS TO TARGETS - 

. 

-

.

- 
- 

Two extens ions are required to the existing methods used to allocate

firers to targets in AtOM. If we assume that suppressed and uHsuppressed

- weapons belong ing to pa i red groups i and M(i) are not distinguishab le once

• they are acquired or detected , then targets acquired or detected in groups -

• 
- ~~ - I and M(i)-are of equa l priority , and the pr io r i ty t ie mus t be broken to

~a1 locate fire.
- 

Consider f i r ers i n g rou p i an d assume tha t on l y  unsu pp ressed grou ps

• are given on a p~riori tized list of targets. Assume also that the priority

lis t also specifies whether the entry is for SAF or for norma l fire against

- 

- acquired targets) We will now describe the allocation of fire to targets.

Assume that j is the next group on the priority list and that E is the

probabili ty a merther of the firing group, I , has already been allocated to

a target of higher priority .
2 
The problem is to determine the fraction of

the firing group to be allocated to j and M(j) and to distribute the fire

between the two groups.3 Sect ions 1 and 2 , below , address this prob l em.

1. Allocation to Acquired Targets -

• Frs t consider the case when the priority list specifies fire against

the acquired (not merely detected) members of groups j and M(j). The probability

that a member of the firing group has not acquired at least one target in

group j or M(j) is ~~ ~lM(j)’ 
where

S •

1Thus, each oppos i ng group could appear twice on the list of targets.

quantity E is currently computed in AIDM.

• 3The suppression of helicopters is not modeled by exchang i ng helicopters
between suppressed and unsuppressed groups. Hence, M(j) can always be
considered empty for helico pters.

v-6



— - • ——— — • ••- —

n (t)
t Q lk (t)

k if l
~k
(t) >

- F.ik . 
- 

- - (21)

- ~k
(t) Qik

(t) if nk
(t) < I

I,

and where

t nk
(t) = the expected number of survivors in group S 

-

- - k,’and 
- 

- 

. 
-

- 

Qlk (t) = the p robability an observer in group I -

C 
•• 

has not acquired a particular target in

• groupk. -

The fraction of group i allocated to acquired targets in groups j and 14(j)

can be reasonably taken to be (1—E) (1—
~~ ~j14(j))~ 

To dis tribute fire between

groups j and M(j), we assume tha t every acquired target in these groups is equally

likely to be chosen as a target. The probability tha t the unsuppressed group is

• chosen, cond i tioned- on an allocat ion to either the suppressed or unsuppressed

group, is the fo l lowing  expectation : 
- -

u E 
~~~~~~ 

A
~ 

+ A
~ 

> 

- 

(22)

C -

where -

A
~ 

the number of acquisit ions in group j, and

A~ the number of acquistions in group 14(j).

v-i
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By definI tion , equation (22) is 
•

~ 
(
~

, ) Pr A x, A~~~ ~} - 

- (23)
- - Pr I A  + A  > o }  -

x+y>0 U S

- - .

• - Assuming that the numbers of acquisitions In j and 14(j) are stochastically
-
- independent random variables , we have

Pr {A x, A y }  P r {A = x }  Pr ~ A =  y} (2~)

To obtain the marg i na l distributions of and A , we note that:

• - 

- 

Pr {A = x }=  ~~~~Pr {A = x  N =w } Pr {N =w } (25)

Pr {A 5 ~) = Pr ~ A5 y = Pr = w} (26)

where N is the number of survivors In group j, and is the number of survivors

- In group 14(j). - S 
-

• The cond i tiona l distribu tion of A Is-

Pr 
~~~ 

= x~ N w} 

- 

= (
~
) ~I - Q )  x QIW - x) 

• 

(27)

- If w~X, and zero otherwise. The cond i tiona l distr ibution of A~ Is

Pr {A~ y J N 5 ~~}=  (~) (1 Q .14( .) )Y Q(w y) 

- 

(28) - 

S

- 
-
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U way , and zero otherwise. Since AIDM is an expected value model , we know

tha t the mean of Nu is n. and the mean of Is r~(.). but we do not know

the distri butions of N and N5
. Consequently, we approximate their distributions

as follows —— the probability that there are w survivors in group k Is

S 

~k -

- 

~ k] 
for w = [rik] 

+ I

- 
(29)

Pr { N k = w }  = - 

~k 
+ [nk] 

for w = [nk] 
-

C 0 otherwIse

where •

= the greatest integer < n~. 
(30)

C. -

Then , the approximate dist ribution of N is obtained from equations (29)

and (30) with k=j, and the distrib ution of is obtained from equations

C 
(29) and (30) with k=M(J). - 

-

- 

From these definitions , i~ follows that equation (25) can contain non-

zero terms for x = 0 to nfl and y = 0 to nM(.)+l. It also follows

C that 
- 

•

Pr {A~ 
+ A~ > o} I — Pr 

~~~ 
= o} Pr {A 5 o} ~3t)

C 
-

- 
which is a quantity required in equation (23).

We now have the tie-breaking probab ility , u , and can use i t to a l loc ate

C fire between acquired targets in groups J and 14(j ) .  The fraction of the

firers In group i alloca ted to acqu i red targets in group j Is

- - 
-

(. 
- 

.
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eli 
a (I - 

~~ )(l 
- 

~iJ ~iM(j)) 
-

• u ,

and the frac t
5
lon allocated to group 14(j) is •

- 

e~14(J) 
= - E)(l - ~ij  ~iM(J)) 

(I - u) . 

- 

(33)

2. Allocat ion to Detected Targets

Nex t, consider the case when the pr i o r i ty lis t specifies fire against

the detected (and not acquired-) members of groups j  and M(j). The probab ility

that a member of the f i r i n g g rou p , I , has detected at least one unacquired

-

• 

target in group J or 14(j) is l — j
~ iMü i , where

• 
n (t)

- D ik  (t) 
k - if  

~k 
(t) >1

- (3hi)
- ‘1k -

• - 1 ’
~k 
(t) (l

~ D .k (t)] if nk 
(t) < 1

and where D.k(t) is the probability an observer in group I has not detected

a particular target in group k. It is assumed that suppressive area fire (SAF)

Is alloca ted only to targets that have been detected but not acquired . This

- V-b
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assumption follows , since fire against acquired targets is assumed to be more

accurate thar~ fire against targets that are merely detected . The fraction

of group i allocated to detected targets in groups j and 14(j) is (l-E)

(1 — +..+.14(.)). To distribute fire between groups j and 14(j), we assume

that every detected target in these grou7s is equally likely to be chosen

as a target. The probability tha t a target in the unsuppressed g roup is

chosen , conditioned on an allocation to either the suppressed or • unsuppressed

group, Is - •

$ E ( D 
~ + ~ > o) - (35)

\ D + D  u
U $

where

- D the number of detections in group j ,  and
) • 

U -

D5 
= the number of detections- in group 14(j) 

-

The calcula tion of s exactly par allels that of u in the preceding section.

Equations (23) through (2L~) appl y, al thou gh wi th A
~ 

an d Au rep l aced by

o and 0 , and with Q. (t) replaced with D.k Ct). Then , the fraction of 
-

s u ik i

firers in group i allocated to detected targets in group j is -

e~j 
a 
(i - E)(l - IJ +~M(J))s 

I 
(36)

- 
- S - 

• -
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and the fraction allocated to detected targets in group 14(j) Is

• S 
- elM(j) = (l 

- E)(l  •;j$lM(j)Xi.
; ~) . (

~
)

• 
S 

- 
S

5~
)

- 
• 
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CHAPTER V I

THE EFFECTS OF SU PPRESSION ON THE ACT I V I T I E S  OF ATTACK AND SCOUT HELI COPTER S

This chapter describes the mathematical models related to the suppression of

and by attack and scout helicopters. Section A lists assumptions to be utilized

in modeling the implications of suppression . Sections B and C give the deriva —

tion of the attrition rate equation for attack helicopters engag ing ground

weapons (including ADW’s) by firing missiles and the automatic burst-fire cannon ,

respectively. Section 0 discusses the implications of suppression on the acqui-

sition process and derives new acquisition probabilities for ground weapons (in-

clud in g ADW ’s) firing at helicopters. Sect ion E treats acquisitions by heli-

copters. 
- 

S

A. ASSUMPT I ONS UTILIZED IN MODELING THE SUPPRESSION OF AND BY ATTACK AND SCOUT
HELICOPTERS -

The fob - .wing list rev i ews the specific assumptions used to incorporate the

effects of suppression of attack and scout helicopters:

(1) Suppression by attack and scout helicopters is treated as suppression by

C • any ground weapon,

(2) When suppressed , an AN will remask (hence, as a result of suppression ,

both the search period and the time spent firing either missiles or

the automatic cannon are of random l ength), 
-

(3) The average time in the masked state is not directly affected by suppres-

sion . Suppression does not directly cause the AH to remain masked for a

C longer period of time then if unsuppressed ,

(Zi) If the helicopte r is suppressed after launching a missile but before the

mIssil e reaches the target , it is assumed that the missile is ineffective 
—

0 and hence lost (a launch-and-forget missile , requiring no in-flight

guidance , could be played by setting to zero the time required to launch

and fly out the missile to the target).

C- 
Vi - l
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(5) When the All- Is firing the automatic cannon , it is assumed that each burst

S 
- 

Is fired ins tantaneousl y,  and that there is some waiting time between

bursts. Bursts do not have to be guided to a target so that the number

of successfully fired bursts equals the number of- bursts fired before

suppressi on occurs , and - 

S

• 
- 

- 
(6) AK’s can neither acquire nor fire when in the suppressed state. AU’s

can neither be acqu i red nor attrited while in the suppressed state. •

• (7) Scout helicopters can behave and are treated in one of two ways: (1)

either masking and unmasking like non-firing attack helicopters (type

one scouts), or (2) always remaining unmasked except when suppressed

and remaining suppressed for periods of time in the manner of ground 
S

• weapons (type two scouts))

B. Al-I MI SSILE ATTRITISON COEFFICIENT

The purpose of this section is to derive the attrit ion coefficient for an AU 
•

firing missi les and behaving according to the assumptions listed above. Since

the helicopter allocation factor methodology is unchanged from that in the ab-

sence of suppression , it remains to determine the attrition rates.

The mean time to kill invo lves the follow ing quantities to be determined from

the interaction of AU tactics , AH performance data , and the battlefield terrain:

the time limit for the AU’s search period during each exposure

period . If no eli gible targets (i.e., targets within range and on

the AH’s target priority list) are found by time t~ after unmasking ,

the AU reinasks without launching a miss i le  or uti l izing the automatic

cannon . 
S

tf 
= the time requ i red to launch and fly out the missile to the target. It

is assumed that the missile is ineffective if the A l-I is suppressed before

1The activ Ities of scout helIcopters are discussed In more detail in the hand-off
paper (R2). In general , scouts might have dif ferent parameters than All’ s.

• Vl-2 - 
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time t5 + t 1 (a launch-and-forge t missile requiring no In-

f light gu kiance, could be p l ayed by setting t1=O). For the

- 
case of the automatic cannon , tf 

Is the maximum allowable time

for firing a fixed number of bursts and remasking.

= the expected length of an AU’s masked period determined by cal—

culations described in the handoff paper (R2).

= the probability of acquiring an eligible target during

T - L 1 - -

SSKP = the probability of kill for a missile that is successfully

flown out to its target (i.e., suppression not occurring before

time t5 + t f ).

The search time and the fly-ou t time are random variables whose maximum values

t~ and tf 
are constants for any given situation and whose mean values are

calculated below. The duration of the covered state is a random variable ,
C -

and only its mean is required for the follow i ng derivations. Its mean is

determined by cal culations described in the handoff paper (R2). To derive

the expected time for a missile — firing AH to kill a particular target ,

def i n e the fo l lowin g rand om var i abl es:

= the number of successfully f lown ou t m i s s i b ~ s requ i red to kill

the target.
C

TBM = the time between two successive missiles that are flown out to

- the target withou t the AK being prematurely suppressed .

TK = the time to kill the target.

If it is assumed tha t NK and the sequence of TBM ’s are stochastically

independent , then 
S

• E (T
~

) = E(NK) E(TBM) - (38)

where , as In the Iicb copter paper (RI)

E(N K) 
SSKP

VI-3 
-
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and where

E(TBM) 
~ [P~~

TE = t ~ + tf) 
_I][E&EITE < t5 + tf) +

S 
+ t s + t f +TC (40)

Equation (40) arises as the r~sul t of a series of Bernoulli trials where N

Is the number of trials (AU exposures) requ i red until and including the first

success (successfully firing a missile) . Equation (40) is of the Iorm

E(TBM) = [E(M)—l) E(TE
lUnsuccessful) + E(TE.ISuccessfu I)

where TE 
is -a random variabl e, the duration of a helicopter ’s exposure time

(time unmasked). F (M)—1 equals the expected number of unsuccessful tri als

~,Ith E(M) the reci procal-of the probabi lity of success. 
-

To derive the probability and the conditional expectation in equation (40),

note that the time to suppress an exposed AU is taken to be a negative expo-

nential random variable with rate A. In addition , the probability an unsup-

- 
pressed AU acqu i res some elig ible target during the internal (0, t 5

) and

tries to engage it during the interna l (t5, t5 + tf) ~S P~ . Aga i n , let TE

denote the duration of one AU exposure period . TE is app roxi ma ted as a

random variab le with probability density

Pr { t < T E 
c t + dt}= )~~

At dt , 0 < t  ~ t5

~r { TE = } = (i - PE)c 

- -- -

Pr { ~ 
c T ~ < t + dt} = p

~ie dt , t5 < t < t5 + tf

—AU + tf~
- Pr { TE 

a + tf} 
a PEe 

~

iii IS 
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The conditiona l expectation is 
-

E(T E ITE < t~ + tf) 
a 

1 - (1~PE)e~~
ts - PE[A(t$ + t~ )+ l]e  A( t  + t1) 

(4i
A (l - p

E
e~~

(ts +

C Thus , with Pr(TE t5 + tf
) = P~e~~~

ts + t f ) equation (67) becomes - 

-

-At
— I ~ S -T1.. + t t1~ Pr)eE(TBM) = t + t  + ‘ ~~

—XU + t )PE.e s f

- 

—A t —A (t +t )
- 

(l—P E
)[l_ (A tS+l)e 

51+P(
(l_{ l+A(tS+tf))e 

s f
1

C- 
- + —A (t5+tf) 

— (42)
- AP Ee - 

-

Fin ally, from (65) the expected time to kill s -

—At - -

— I ~ 5
- 1 T + t i 1 P  je

E(TK
) SSKP - s t

~~
-+  tf + ~ s - E - SS —A (t + t )P

Ee. s f
c - -

S —At -. —A Ct +t )

+
-~ 

(l—P
E)[

i_ (At
S
.i.l)e 5]+P

E[1—{1 +A(tS+tf
)}e $ f

• —A (t5+tf) (43)

C 
- 

AP EC 
-

As before, the attrition rate for an AU is the reciproca l of E(T
K) as

determined from equation (43) . Note that as A + 0 in the lim it of zero sup-

pression , equation (43) becomes equation (4) of Chapter III , Section A of

the helicopter paper.

C RM I SS, the overall rate of firing missiles (some of which may not be

successfully flown out to the target) is four.~i from Ross’s theorem 3.l6(R3) wh ich

- 

~ 5~~~
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S states that this long-term rate Is the ratio of the probabi lity that the

exposure t ime Es greater than .t and a tarcj et is engaged to the average
S

- 
l ength of the masked/unmasked cycle. Hence the rate of fire Is - S

Pr (TE
>tS)

RM1SS - 
-

-
- E(X ) 

-

- which Is At 
- S S

RM I SS = -
_

—- -- 
- 

(44)
- - T+T

- c E  -

determined by using eq. (51) and (52) of Sect ion C for E(X) and T
E ’ respec-

tively. • 
-

- - The suppression rate, A , must be computed dynamically as a function of 
0 - -

the volume of fire directed at the helicopter group . For helicopters in

group j the rate is - 
- - -

A ~ e A.. n. - - 

- 

(45)
i 1J ij I 

-

where e1. a t he fraction of group i allocated to fire at group j,

a the rate at which a weapon in group i suppresses weapons o

- In group j, and :
- the number of surviving weapons in group i.

The suppression rate, A .., is obta i ned from the single-shot suppression ~5-) 
5

probability, 
~~~ 

as

a —p £n( l— P 1.) 
- 

- (46)

where p .~ Is the rate at which a weapon in group i f ires at group j when

group 3 is engaged.

- 
V~—6

S.
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C. All AUTOMATIC CANNON ATTRITION RATE

This section describes the modeling of the situation discussed in Section

A in whi ch suppression may Interrupt the firing of the automatic cannon after

a number of bursts fewer than the fixed numbe r that would have been fired had

• 
no suppression occurred . In addition the allocation factor methodology is

unchan ged from tha t in the ab sence of supp ressi on sinc e only an All rem a i n i n g

unsuppressed beyond t~ can be allocated to fire at targets. Hence, one

c need derive only the attrition rate for this case. -

Let Y~ equa l the number of kills achieved by the Al -I on the ~
th unmaski~ug

and X~ the duration of the ~
th cyc l e of masked/unmaske d status. Assume the

C X 1 form a renewa l process. Define 
S

N (t)

C 

- 

Y(t)=~~~~ Y1 
-

as the total number of kills in the interva l (o,t)

where -

0 N(t) = the number of X 1 
cycles or renewals in (0,t)

Then , even though the X~ and sequences are stochastically dependent ,

theorem 3.16 in Ross (R3) can be utilize d to give the following result:

C 
If E(IY.I) and E(X.) are finite , then with probability 1 , -

- E(Y 1) as t9- °’ • -

The ratio E(Y1
)/E ( X 1) is 

interpreted as the attrition rate (a) for All engag-

ing a particular target group wi th the automatic cannon ; I.e.

C - 
-

E(Y (4)

C’ V I-7

C
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I t now remains to find E(X) and E(Y). Again define

a the l i m i t to the search in terva l

Ti = time to fire a first burst (first burst starts at t~
) 

S

- TS time to fire subsequen t bursts - 
-

- tf 
a maximum time availabl e for firing. 

- 

- -
-

• 

- 

Then i~f suppression does not Intervene , there are N subsequent bursts fired , - -

where 
- 

- 
- S

S 
- 

- ft —Tl l 
-

-

N a~~~~15 j , 
- 

- 

(4&)

Wiere the [ ) stands for “greatest integer in”. 
- 

- 

-

- it is assumed that each burst is fired instantaneously and that there is a

waiting time of TI after the first burst and TS after each subsequent burst.

In reali ty the bursts would be distributed in some -fashion over the Ti and

IS Intervals, but this process has been simpli fied by talking al l bursts to~
be fired at the beg inning ot these intervals , i.e., at t51 t5 

+ TI I t S 
+ Ti + TS ,

etc.

To obtain E(Y) note first that the number of bursts fired is a random

variable since the Al-i could be suppressed sometime before completing the

maxlmum sequence of N+l bursts. Let NB 
denote the number of bursts fired

durin g a single masked/unmasked cycle (a random variable) with probability S

dis tribution (derived from the exposure time probability distribution given

in Section 8) as follows: - 

-

Pr (N
B 

a 0) = - p e~~t~ -

- 
Pr (N

8 
a a P

E
[ C C  -A (t$+Tl)) 

-

Pr (N
8 

a 14) a P([e S - e~~1ts
+T) M

~~~
T
~] 

S

- for 11 ~ 2,3,...,N.

Pr (NB N + I) a

- VI-8 
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Then, E(Y) can be written as follows :

N+)

D 
E(Y) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 , (49)
11=1 - 

- -

where SB1 the probability of ki l l for the first burst , and

- 
SB2 ~~the probability of kill for each subsequent burst.

Subs t i tut in g for Pr  {N 8=M) and summ i ng and rearranging terms, the following

form for E(Y) emerges:
S - 

t -T1
C —A t I —x (t +T1) - -A (t +t )1

- E(Y) = SBI.P Ee S 
+ PE

SB2 (J_SB1) Le ~ — (i—sB2) TS e S f
j

-. 1 — (1SSB2) e~~
TS

C - 
- 

- 5

- 

- - ( 50)
- 

To obtain E(X) note that TE) the duration of an 
AH exposure period ,

has the following probability distribu tion : -

o - 
- For 0 < t < t~ , Pr (T~ t a - e~ t, - - 

-

= t5, Pr {T~ < t~) = 1 — P
E
e s

t
S 

< t < t~ + tf~ 
Pr {T

E ~~ ~) 
a 1 — PEe ,

t = t~ + tf~ 
Pr {T

E < t5 + tf
) = 1,

- 
where tf 

au  + N•TS. 
-

E(X) is sim p ly g iv en by 
-

C 
- E(X)aTC + T E 5 

(5 1)

where is the mean exposure t ime: -

o TE 
a } [1 - (i — PE) e s  — p e~~~

ts + tf)) (52)

Note that as A + 0, the expression for a obtained by inserting equations (50),

(51), and (52) into equation (47) reduces to the expression for the automatic

C cannon attrition rates given on page IV- lI of the helicopter paper (R1).

RF , the rate of firing the automatic cannon averaged over masked and

unmasked periods (including the possibility of suppression), is found by

C applyin g theorem 3.16 from Ross (113) :

111-9 
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RF tI NB (53S 
5
)

where N8 is the average number of bursts fired 
during a single unmasked

period : -

11+1 -

a 

~~~ 

xPr (N 6 = x). - 
(54 )

- 
,(=l S

- —A(t5+Tl) —X(t
S
+t

f
)

N8 
a 

~ [e

_

~
ts 

+ 

e 

~ - e~~
TS 

- 

].

Note that as A + 0. equation (53) becomes the equation for RF given on

page IV- lI of the helicopter paper (Ri). 
- 

S

D. ACQUIS ITION OF ATTACK AND SCOUT HELICOPTERS 
S

— 

The attrition of attack 1 helicopters by ground weapons i nvolves three 
- 

-

kinds of processes: (1) the acquisition of attack helicopters by ground

observers, (2) the allocation of ground firers to attack helicopters as

targets , and (3) the attr tion of helicopters to which fire is allocated .

The calculation of attrition rates against helicopters is unaffected by

the In troduction of suppression into AIDM , and can proceed as currently

programmed . The allocation of ground firers to attack helicopters as

targets is governed by the methodology described in Chapter V , and need

not be discussed further in this chapter. I tem 1 , the acquisition of

All’s, is affected by suppression and is discussed below. - -

The probability a ground observer has a particular Al-I acquired at

a random point in time ES given by equation (5) of the attack helicopter

paper (Ri): - -

1This section also applies to type one scout helicopters if the time spent S

f i r ing ,  t 1, is set equal to zero. The acquisition process of type two scouts
Is iden tica l to tha t of ground weapons. -

‘5)
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D

•E (Y
1)

- , (56)

- 
E (y 1

) + E  (w1)
C S 

-

where - 

- 

- 

-

E (v1
) a the mean

5 
duration of one acquired

• - period , and S

- - E (w1) 
a the mean duration of one unacqulre4

period.

0 
- 

For an observer in a g iven group k, and for a particular All in group 2.,

- ii) is the non—acquisit ion probability, Qkt (t). The Al-I paper CR1)

- also gives E (Y e ) and E (w.) as - -

o - • - -

E = E (TE I TD< TE) - E (TDI 
T
D 
< T

E)

E (w .) Tc 
+(

~ 

E (TE.I TE <T D)+ E (TD J T D < T
E) 

(58)

C 
- 

S 

S - -

where - 

- 

-

S TE 
the duration of an AN unmask ed period ,

C -

TD 
the time required for the ground observer -

-• to detect a continuously exposed AU , and

- 

- 
= the probability the observer detects the

AH durin g one unmasked period before It remasks. 
-

•

C Al though the equations for ~r , E ~~~~ and E (v 1) still hold , the irtroduct~on

of suppression has changed ti-ic equations for E (T
EITD

CT
E), E (IEITE<TD),

and E (T
DITD

CT
E
) from the equations given In the attack helicopter

C paper (RI). Hence, equations (8), (9), (10), and (12) of that paper must be rcplac

t , ,  • S l  ~
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We proceed by app roxi ma t in g the t ime for a ground observer to acqu i r e a
part cular exposed Al-I by a negative exponential random Variable )

Let ~i be the acquisition rate when the observer Is- scanning the region of the

battlefield containing the AN , and let ~i* be~the rate when the observer s

not scanning the reg ion. Then the average rate is . -
-

- a p H12.
(t) +~~*[i 

- H12.(t)] , 
-

- 
- (59)

where I Is the communications net to wh i ch the observer belongs and 2. is

the region of the battlefield (grid square) in which the Al-I is located .

Let FE
(t) be the cumulative probability dis tribution function of the

hel i copter exposure time , TE
. Then PD

IS g iven by -

Pr {T0 
< T E} 5

- 

- 
- 

- - - (60)

- 

- 

p~ =/~r lTD ~ t} 
d FE

(t) 
- 

(61j

~ 
(l-p~)(1 

- e 
5 (A411)ts) - 

S
- 

- 
A+~ 

- - 

- 
-

~ “E (I - ~~~~~ 
(t +tf)) - 

- 

- 

- 

-(62)

- 
S 

A-I-p 
-

E (T
EITD

T
E
) Is given by 

.

1Thc add i tion of hand—of fs into A IDM has made the acquisit ion times 
-
l

exponential. 
- -

- 

VI~-l2 - 
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D 

E (TE(TD<TE
) 

if
t Pr {T0<t} 

dEE 
(t) 

- 

- 

- 
- (63)

- 

- - — ( x -i-~i)t
E (T

EITD
<T

E
) a u 1 — C

S 

p
0 

(~+x) - 
-

- - - S 

-

- 

~1 — p ‘~ —(X+p)t
— A + E’ e S + ~ 

-

p
0 

(x÷ )~ 
APD 

- 

- -

C
- 

- 
(1 - PE) e s  - 

~E e
(t

s
+t

f
) 

-

AR0 
- -

o S 

- 

-

+ x 
— 

- 
(t +t f ) -it )~ e ?1

~~ 
(t5

+tf) -

p
0 (A-i- ) 2 

- (x-i-~) S - (64)
C

~ 
(T01T~<T~) is g iv en by 

- 

- 

-

: 

- 

E (TDITD<TE) = 

~~ It 
~e~~

t Pr ITE>t} 
dt 

- 

- - 

(65)

E (T
DITD~

T
E
) a 

S 
- 

- 

- 

-

- - 

- 

- 

-

(1 
~~~ 

— (1 + (X-i-p) t
5 } e

) ) t
s] 

S

- PPD
(A+p)2 

- 

5
-

C 
+ ~E 2 

+ (lip) (t5+t f)t 
—( X+p) (t 5+t f

)~

- ijP0
(A+ii) 

-

- 

( 66)
vs-U
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Finally, E (TE LTE
cT
O
) Is given by 

-

-

- 

E (TE!TE
cT
D
) ft Pr {-r0>t} d FE(t) 

- 

(67) -

E (T
E JTE

<T
D
) = 

- 

- S 

-

- 

- _ _ _ _ _  

[ A + ( ~ 
- 

~E
) 

tp  (X+p) ~~ e ~~~
‘
~~s 

- 
-

~~~~ 
(A-i-p)2 

— 

(A-i-p)
2

+ ~ ~ 
(t~+t)~~ 

p(X-i-~)-X~ ~~~~~~ 
(ts

+tf)] - - 

-

- 

I (lip) 2 
- 

- (68)

Note that as A + 0 the above equations reduce to equations (8), (9), 
(10), and (12)

In Section lIl - B of the attack helicopter paper CR1).

We assume that AN’s and type one scout helicopters are acquired
, but

5 - -

never merely detected , in the sense that acquisit ion and detection are defined

in Chapter V. Hence, we always have D~~(t) = O.for all attack helicopter groups ,

j, a,~d the non-detection 
probabi lity , o..(t), need not be calculated. 4

‘5

- 
S 

- 
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E. ACQUISITION AND DETECTION 0i TARGETS BY ATTACK AND SCOUT’ HELICOPTERS

An unsupprcsscd All searches for targets during a period of length t ,

but because of suppression the duration of the search period is a random

variable with maximum t~. Sin ce only those Al-I’s not suppressed before time

after upmasking can be allocated to fire at targets, the computation of

acquisition proba bilities for allocation of fire is unchanged from that

utilized in the absence of suppression. The computation of detection proba-

b i l ities for allocation of fire is done in a pa rallel manner. These computa—

tion s are presented in Section 1 , below. For helicopters that are suppressed

before reaching - t~ it is assumed tha t they are st il l capable of- handing

off any acquisitions they may have made. Hence, for purposes of hand-off 
- 

-

information , the probabil ity of acquisition must be averaged over the random

duration of -the search period. These computations are presented in Section 2,

be-low.

i. Acquisit ions and Detections for A l locat ion of Fire by Helicopters

In tti s section we wish to obtain the following quantities: -

- ~E 
the probability an attack helicopter that stays

unsu ppressed du r i n g i ts search period acqu i r es or -

- 

detects a target eli g ible to be engaged2,

= the probability an AU in group I does not acqu ire

a particular target in group j during a search

pedod of duration t~ , and - 

S

- 

the probability an All in group i does not detect

a part icular target in group j during a search period

of dura tion t~.

1This section also applies to type one scout helicopters if the time spent
f i r i n g, t1, is set equal to zero. The acqu i-~iti on and detection processes
of type two scouts are ide ntif ica l to those by ground weapons.
2That is , a target that is within range of the helicop ter ’s a rmamen t an d

Is on the helicopter ’ s pr ior i ty  l i s t  of targets.
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The-quant ity 
~E is used in the computations of Sections B, C , and 0 in  th i s

- àhapter. The quanti ties Q.~ and D~ . are used in the a llocation methodology

‘ described in Chapter V. 
- 

-

The probabil i ty that an exposed AN in group i fa i ls to acqu ire a par—

t icular target in group j during a sea rch interva l of duration t is - 
—

S —L .t NEWAMO (J) -s---- 
-

q1~~(t) 
a H~~ (M~t) e ~~ PA. .  

-

- 

-a. .t NEWAMO (J ) -i-— -

- 
- 

~~- - H~~ (Mat)] e ~ PA.. (69)

~hcre -

Mt a the time of the current time step in A IDM ,

a the rate of making non—firing acquisitions for a single AU

In group i observing a part icular target in group j when

the grid square occup ied by group j is be ing scanned by
- group i,

PA1~ the probabil i ty an AH in group i does not acquire by means of

- 
- - pinpoint a single round f i r ed  by a weapon in group j when the

grid square occup ied by group j is or is not1 being scanned

by group I,

a 1~ a the rate of making non—firing acquisitions for a single AN

• In group i observing a particular target in group j when

the grid square occup ied by group j is not being scanned

- by group i,

1In the hand-off pape r (R2) the pinpoint probability is the same when a qr id
square is and is not being scanned.

- - V I-16 
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- NEWAMO (J) = the number of rounds f ired by a weapon in group j -

during the last t ime step of dur at ion At, and

H 2.(KAt) = the probabil i ty that an unmasked All on communications

net I is actuall y scanning grid square 2..

The probability tha t an exposed Al-I in group i fai ls to detect a particular

target in group j during a search interval of duration t is computed

simi larly to q~~ (t), but from rates of detection , rather than of acquisition .

C Thus, the probabilities needed for allocating AN firers to targets are :1

- 

. 
q~~ (t 5) , 

- 

- 

- (70)

- 

- 

a l_
~~~~ (t

5
) + q.. (t ) Rui 

and 

- 

(71)

- 

1—11 g.
~ , - 

- 

(72)
3

where the product is taken only over eligible targe t groups , j ,  and where
- r ,n. -

IQ..D .. I -~ - - if  n .  > I
L ~J ~JJ

C 

S 

i—n
i 
(1_Q 1~ o.~

) if n~ <

2. Acquis Itions for Hand-Offs by Helicopters - - 

-

- 

When calculating acquisition probabil i t ies for the purpose of information

C hand-off , the randomness of the AN search period must be taken into account .

The probabil i ty of not acquiring a particular target in group j ,  avera ged

over the dura t ion of the search period , is the expected va lue of q.. (t) :

C -

- 

- 

E 
J

’ 
Xe (x)dx + clU (t a) e~ ~~ (is)

C - 
-

1 Equation (71) is obtained by approximat~ing the acquisition and detection times
wi th nega t ive exponen t i a l var i a tes whose ra tes are assumed to be in the ratio
R, as is done in Section V—A.

C - 
-
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Let V 1j - a .j - 
NEWAIiO(j) £n (PA~~)~ and 

- 

- 

- 

-

- 

S - £
i j  

-

. 

NEW~~O(j) tn (PA 1~ ). - 

- 

- 

- 

-

- 

Now, the expected probab ility of non-acquisition can be written as follows :

a

- 

E[q ..)=H 2. (MA )E fe ’ J J  + 1 l~ u ;~~
(t1

~
t)]E [e ’

~~ J, (74) - )

- 

where a 
-

,-v . -, -~(v .. -I-A)t - 
- -

- 

- ~~~~ -i- i ,. ‘-~ P ) e ~~~ ~~ 

- 

- 

-

v. +1 Iv . -e- x E 1 -

= E[e ”jj~) = J JL  ~~ 
—

~~~~~ 

—- 
‘ - ~~~~~~~~~ S

- 

S 
l—P~e 

~~ 

• 

- 
- - - 

S

and where
r v , 1 -(v. .-~-A)t- 

- A ~ i ______ — 
u u j  S - 

-
-

-v. .t ~,
-:-.+x [v. -i-A P

Ej 
e S - 

-

- E[e ~~ :i = _-!J_ 
—At 

- 

- ( 76)

- 

S 

- l_ P
~
e ~~ 

- 

-

-

- 

On page 111 - 5 of the hand-off paper (R2) p.k(M1~
t) is defined as the

proba b i l i ty an observer in g roup i acqu i res a particula r group-k target

in time interval [(M-l)At , MAt]. When the observer is an attack or type

- 

one scout hel i copter , the appropriate value of this probabilit y is:

P1k~~~
t) = ~~~~~~~~~ - - 

- ( 77) 
-

For At ~E (X ) , and 
-

‘Vl-18 
- 
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- Plk (MAt) = 1 - E(qj~)
E~~ , 

- 

(78)

for At>E(X). These equations should be used for hand-off by attack and

type one scout helicopters In pl ace of the calculations described on page

IV— 2 of the hand-off paper (R2). Recall tha t onl y acquire d targets are

assumed to be handed off.

C S

- 

S

0 -
S 

-

C

C 
-

C . -

C 
- 

- 
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CHAPTER V I I

MODEL IMPLEME N TATION -

This chapter describes the computer program changes and data base

additions required to represent suppression in the existing TRASANA AIDM.

However , at the time this document is being wri t ten , programming is under

way to incorporate earlier results concern ing attack helicopters- (RI), ’

scout helicopters (R2), and information hand-off (R2) into the TRASANA AIDM.

The final form the computer program wi l l  take is , as a result , somewhat

uncertain , making it impossible to describe implementation In detail.

The f irst six sections in this chapter describe the changes in the

computer program requ ired to represent suppression in MOM. Section A

descr ibes the implementation of bookkeep ing procedures to keep track of the

numbers of suppressed and unsuppressed surviving weapons. Section B

addresses the imp lementation of the procedures described in Chapter IV

to compute suppress ion probabil i t ies. Section C describes the procedures

to include detections of targets in A IDM and to account for possible

reductions in accuracy of fire when detected targets are engaged. ‘Section

D descr ibes the implementation of the information carryover process - 

-

defined in Section I l l—C.  Section E describes the new procedures to -

allocate fire between su pp ressed and unsu pp ressed weapons and to include

a llocation of f ire to detected weapons. Section F addresses the program

associated with the suppression of and by attack and scout helicopters.

The last section , Sect ion G , describes additions to the data base.

A. BASIC FEATURES OF THE SUPPRESSION MODEL

Three basic aspects of the suppression model are addressed in th i s

sec t ion : the bookkeeping of the inventories of suppressed and unsuppressed

0 -

S V II-) - 
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surv i vors; the capabfl i ties of suppressed weapons; and the use of the existing

MOM suppression model as an alternative to the one presented In this paper.

These aspects are outlined below:

1. Ini tialIze PrsuP~ to zero for all J before the first time- step.

- 2. Bookkeeping weapon inventories Is presently performed in MOM

S 
- In subprogram UPDAT E , where the numbers of weapons In each

group k i l l ed  during the past time step are subtracted from the

group i nventories. Suppressed and unsuppressed weapons could
- also be bookkept in this section of code.

(a) Before the current group 1nventorles~~n~..are updated,

determine the number of weapons leaving each group j.
- (1) If j Is an unsuppressed group, use equation (I.) to

- 

- 
ca làula te , the number of weapons In j suppressed

during the time step. In equation (13)  PrSUP
J 

w i l l

have been calculated during the preced i ng time step.

- (2) If J is i suppressed group, rep l ace Prsu P~ wi th Prun ~
In equation (4), and cal culate 6~ , the number of weapons

in J unsuppressed during the time step.

(b) Mod ify the existing logic updating the group Inventories to

subtract and to add &M(j ) to ny as done In equation (5) .

Cc) If group j Is a helicopter group, the logic In steps (a)

and (b) does not apply. The helicopter group inventory is
‘S

upda ted as done withou t the supp ression model , except for type two

. - scout hellcopters- (see sectior~ V I—A) , wh i ch-b ehave like ground weapons.

3. SInce suppressed weapons are represented as groups separate from

unsup pressed groups , there are no prog ramming changes to be made

to allow for the capabi l i t ies of suppressed weapons. Each group

- - 

V II-2 -
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In MOM has associated wi th It a weapon type and line—of—sight

status that are Input by the user , and the perform ance par ameters
- for the weapon type are specified as data.

4. The existing models of supp~essIon In A IDM (the artillery suppression
C

and the direct fire suppression models) are to be mainta i ned as
- 

al ternatives to the method described in this paper. Through

an ihput switch the user will select the old or new model ,

and the program logic must use the log ic corresponding to the

- selected model.

(a) If the switch selects the old models , then the calculation
C S

of Prsu p , implemented as described in Section Vl-B , should

— be ski pped and Prsu P~ set to zero.

(b) If the switch selects the new model , the old models must be
0 -

skipped . 
-

1. In subprogram UPDATE the ca lculation of SUPP and UNSUPP -

- should be skipped , so as to set them to zero and unity ,

respect iv ely. This can be accomplished through input

by setting BETA to zero. (See lines 302— 305 of UPDATE) .

2. In subprogram RATE the suppression facto r , FACTOR ,

must be set to uni ty.

B. REQUIRED ADDITIONAL LOGIC TO IMPLEMENT THE CALCULAT ION OF THE PROBABILITY
OF SUPPRESSION

• 
- 

1. To insert Into the program the ca l culation of the probability of

suppression , PrSUPJ. add i ti ona l log ic in model UPDAT E inc ludes the

following:

C - . - 
-

C  VII-3
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~

---- — 5 5 - - -  



V -,—,‘——‘,S------ -s. -5.-S.- 5SS~-~ —~~

5--

(a) For unsuppressed group j calculate Prsup . from eq. ( 15)

(b) SARTY U)) the fraction of weapons in group j not suppressed by

artillery during the time step, is determined from input (in—

dexed on group j weapon type), when group j is receiving ar t i l lery

fIre.. Set SARTY (j) 1 , when group J is not receiving artillery

fire.

- - (c) For unsuppressed groups j ,  determine SDF (J)) the fraction of

weapons in group j not suppressed by artiller y during the time

step from eq. (16), wi th the product over all groups i firing

at target j. Since this calculation invo l ves e.., the fire

allocat on factor , and since e ,. is computed during the iteration

over f i rer—ta rget pa irs in ATTR 1T , the calculation of S
DF

(j) could

— most easil y be done in the firer-target loop . Before entering

the loop, SDF Ls ) could be set to zero for each j ,  and then each

- - 
time group j  is considered as a target , S

DF
(J) couid be incremented

by SDF
(i ,J ): - 

-

1) Determine SDF (i ,i) from equation (17). - -

2) Determine Prsu~~ from equation (18). - -

3) Determine P.. from input .

2. The above step app lies if group j is a ground weapon or a type two

scout helicopter group. If group j contains attack helicopters or type

one scou t hel i copters, then step (1) of Section Vu -F applies .

C. REQUIRED ADDITIONAL LOGIC TO IMPLEMENT THE EFFECTS OF DETECTIONS AND
SUPPRE SSIVE AREA F I R E

(I) To include Into the program the representation of the effects of

detec t ions , addi tional logic in module UPDATE inc l udes the followin g :

(a) Compute Dij(t). the cumulative p
roba bility of ground weapon and

type 2 aIr scout detectors not detecting a target, as follows :

- 

~~5 5 5 5~~~ 55~~~~~~~ - ~~~~~~~~~~~ --~~~~~~~~~~~~ 
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1) In tial i ze : D.k(o)~
l before the first time step.

2) If line-of—sigh t does not exist , se t D .k (t)~
).

3) Compute Djk
(t) from Q

Jk
(t) using equation (19) after Q

Jk
(t)

has been updated. Detections by Al-I ’s are computed differentl y.

- 

- 

- (See Section VII-F.) 
- 

- 

-

(b) Mod ify D.k(t) to 0jk by eq. (20) to account for the forgetting

of detections where ~~, the reci proca l of the mean t ime a
) .

detection is remembered , i s determ i ned fo rm in pu t and is indexed

on the detector weapon type. Eq. (20) should be app l ied  before

new detections for a time step are used to update D.,,(t).
- J r~

(2) To include into the prog ram the representation of the effects of

suppressive area fire , additional logic includes the following :

in module ATTRIT, when computing the hit probabilities , check

to see f the fire being allocated is suppressive area fire . -

If not, the existing logic applies . If it is suppressive area

fire , mod i fy the calc u la t ions as fo l l ows: -

o S

In subroutine RATE, when calculating SBP I , SBIJ , and SBP
- - 

for the case of suppressive area fire , mod if y the ut i l i z ed

horizon tal and vertica l dispersions (standard deviations) :.

- a) a~~ ~~~~~~~~~~~~~~~~ 
and - 

-

O . 
b) c1~t y~°MY~°AY 

- 

-

- where and refer to dispersions for the first round, 
-

for rounds foflowing a miss or for rounds following a hit.

C 
- and are defined in Section V-B , are

determ ined from Input, and are indexed on firer weapon type

- and range. 
-

- S

VII-5 
-



D. REQU I RED ADDITI ONAL LOGIC TO IMPLEMENT THE EFFECTS OF INFORMATION CARRYOVER

(1) To implement the representation of the effects of information carryover ,

add i tiona l logic in module UPDATE includes the following :

(a) Before computing new acquisitions , and before upda t in g Q
1~
(t)

S (the probability that a given firer in group i has not acquired -

a particular target In group j at time t) to account for acquisi-
- 

tlons made or lost during (t,t+t~t), adjust for all •i and j

Q1~ (t) to Q~~(t) to account for suppressions occuring during

: (t,t~~t), as follows : - - - :
Ca l culate Q~~(t) from eq. (6) using eqs. (7) , (8), (4), an

equation analogous to eq.(13) for 6M (j) in terms of Prun.,, and

- equations similar to eq.(9) for replacing QM (j)J (t) and QM(I)M(J)
(t)

by Q~(.).(t) and QA (.)M(j)(t)~ 
respectively, to accoun t for

- - the forgetting of acquisitions . Prun . is defined follow i ng eq. (13),

S determined from input , and ind exed on weapon type in grou p j.

In eq. (9) is defined following eq. (9), determined -by i flpUt, -

and indexed on weapon type in unsuppressed group x.

(b) Using logic parallel to that for adjusting Q1~ (t) to Q~~(t)~

adjus t D 1~~
(t) to D~~(t) as follows for all I and j: -

-~ - Ca l cu l ate D~~(t) from eq. (10) us i ng eqs. (11), (12), (4), an

- 
- equation analogous to eq.(4) for 6M(j)1~ 

terms of Prun ., and

eqs. (13) and (14) for replacing DM (i)J
(t) and DM (i)M(.)(t) by

D~(~)J
(t) and D

~ (j)M(J)
(t) respective ly, to account for

the forgetting of detections. Prun~ Is defined followin g

eq.Qi), determined from inp ut, and index ed on weapon type 
S

in group j. 
~M(f)’ 

in  eqs. (13) and (113), is def ined fo l l ow in g

eq. (16), determined by input , and indexed on weapon typo in 
S

unsuppressed group M (i). 
-

-
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E. THE ALLOCAT I ON OF FIRER S TO TARGETS -

Section V—C of this paper descrIbes a methodology to distribute fire

over suppressed and unsuppressed weapons and to allow fire at detected tar-

nets. The Implementation of this allocation scheme is outlined below.

- (1) The subprogram PRIRTY is called prior to the first time step’s -

combat to compute target priorities at range zero. Provision mus t

be made to allow each group to appear in the priority list twice

—— once as a detected target and once as an acquired target—--

and to tag each occurrence as fire at an acquired target or a

detected target (suppressive area fire). Only the unsuppressed

groups need be in the list.

(2) Target priorities are updated every time step as functions of firer—

- target range. The program logic must compute the priorit ies of each

group twice , once as an acqu i red target and once as a detected tar-

- 
- get. The priority of a group is computed as AR + B where B

Is the range zero priority , R is the range, and A is the slope .

Separate values of A and B, obtained from input., must be used

for a group considered as an acquired or detected target.

(Hel i copters are never detected , and the allocation equations

- 

wi l l  never allocate to detected helicopters.) 
S

(3) Subprogram ALLOC is called from ATTRIT to return the group of

highest priority to which the current firer has not been allo-

- 

cated . Only the unsuppressed groups are returned to ATTRIT.

-  
V I1 - 7
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(4) If the target is an acquired g roup, cal culate the fraction of the

firing group allocated to the target and its pa i red group as

— (1 —E) (I — 

~~~~~~ 
using equation (21). 

- -

(5) If the target is a detected group, calculate the fraction of the

firing group allocated to its target and its pa i red group as

- 

(1 — E) (I — ~~~~~~~~~~~ 
uSing equation (313).

(6) For an acquired target, calculate the fractions of the firer group

allocated to the suppressed and unsuppressed portions of the target , 
-

e and e.., using equations (32) and (33). The terms of -

IM(j )
these equations are obtained from equations (23) through (31).

(7) For a detected target calculate the fractions of the firer group

allocated to the suppressed and unsuppressed portions of the target ,

e;M(J) and e~~ , usin g equations (36) and (37). The terms of these

- 

equa t ions are ob ta ined in a manner par a 11~ l to equations (23) through

(31), as described in Chapter V. -

(8) Loop over the suppressed and unsuppressed groups of the current

target pair , allo cating fire to them with the fractions cal culated

above, and apply the existing attrition logic to each group as a

- separa te target. 
-

v l l-8 
- 
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F. REQUIRED ADDITIONAL LOGIC TO REPRE SENT THE SUPP RE SS ION OF AND BY ATTA CK
A~O SCOUT HELICOPTERS

This section addresses the additions and modifications of the log ic of

AIDM to account for suppression of and by attack and scout helicopters , i-lost

of these changes are modifications of equations alread y imp l emented in AIDi-i

and presented in an earlier paper that describes All activities in the absence

of suppression. The changes are described below. - 
S

(I) For each group of All’s and of type one scout helicopters the

suppression rate A must be computed . The suppression probablihy

- Prsup . need not be computed if group j is an Al-I or type one scout

helicopter group. The computation ofA could perhaps be organized

most easil y in a manner similar to the computation of PrsuP~ for

other groups . Let us call this rate A. for AH group j. Then X .

could be computed from equations (45) and (136) in the same sequence

r :- - - 

that Prsup .is computed , as described in Section VU—B.

(2) To mod i fy attr ition rates for AU firers , except for zero suppres—

- si on (x = o ),  required modific ations of the logic in subroutine

S - RATE includes the following:

(a) In calcula ting attrition rates f the AN fires a missile:

D 
I. Replace equations (2) and (13) of the helicopter paper (RI) by

eqs. (42) and (43). A , the total suppression rate for ground

weapons vs. All’s, - is determined from equations (45) and

(46) as described in step (1), above. Accumulate X~ in

the firer loop, save for all AH groups j ,  then use for

- AN firers-in next /it. - 

—

C S
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- 2. Rep lace the equa t ion for RM I SS , the rate of firing missiles ,

on page IV-1O of the hel i copter paper CR1) by eq. (134).

3. Replace the equation for ALPHA, the attrition rate, on page

- 

IV—l i of the helicopter paper (Ri) by the rec i proca l of eq. (43).

(b) In calculating attrition rates if the All fires a burst—fire

— type automatic cannon: 
-

- 

- 
1. Replace the equation for RF , the rate of firing , ~~

S -Page tV— I l of the helicopter paper (RI) by eq. (53) - 

-

- using eqs.(55), (51), and (52).

- 

2. Repl ace the equation for ALPHA , the attrition rate,on

Page IV— il of the helicopter paper (Ri) by eq. (47) t:ising

eqs. (50), (51) and (52).

- 

- Cc) When A~~~O, the prog ram should use the ori ginal equations (Ri).

(3) To mod i fy acquisitions of All’s requ i red modifications of the logic

in module UPDATE and the su brou t ines i t ca l l s includ es the fo l l owin g:

. (a) Replace eqs. (8), (9), (lO),and (12) of the helicopter paper (RI)

by eqs. (52), (66) and (68), except in the case of zero

suppression , A = 0.

(b) Replace ii, the tota l acquisition rate of All’s, of these

equations by the i’ calculated from eq .(59) while utilizi ng

eq.(6.5) of the hand-off paper (R2), wi th ~ and ~~ determined

from inputs.

1lhis section so applies to type one scout helicopters. Type two scout
helicopters are treated identica lly to ground weapons, except that they are

never merely dctcctcd. 
.... ..
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• 
(‘i) To mod i fy acquisitions by and include detections by All ’s,1 requ i red

modifications of the logic in module UPDATE and the subroutines it

calls includes the follow ing: 
-

e .

- 
(a) Replace the calculation of the probability an Al-I in group I

does not acqu i re a particular target in group j during a search

period of duration t
5, 

by eqs.(69), (70), and the equation

for 1
~
1 IL (Mat) on pg. 111 -1 0 of the handoff paper (R2) wi th a t . ,

- a-d PA.. defined following eq. (69) and determined from

i nput. -

C 
-

(b) Using logic paral lel to that for Q~~, compute the probabii-

ity an AU in group i does not detect a particular target in

C group j during a search period of duration t~ , using eq. (71),

the equation for I-I ’ (Mat) on pg. 111 —10 of the handoff paper

- 
(R2) , and rates of detection analogous to those defined following

eq. (69). Do not update D 1~ each time step by mult i p l y ing by

- 
the cumulative detection probability. Rather , update

each time step by calculating it anew via eq. (71).

C - - S

(c) Replace the calculation of 
~E ’ the probability an attack heli-

copter that stays unsuppressed during its search period

• acquires or detects a target eligible to be engaged , discussed

- 
in puragraph 14 on page IV—8 of the hel i copter paper (Ri) by eq.

(72) l~sin g eqs. (69), (70) and (71).

C 1This section also - appi ies tO type one scout helicopters if the time spent

firing, t f~ is set equal to zero. Type two scouts are treated identi cal l y

to ground weapons , except that they are never merely detected.

C - 

-
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Cd) For the purposes of information hand—off calculate E(q..), the

probability of not acquiring a particular target in group j

averaged over the duration of the search period , by utilizin g

eqs. (74), (75), (76), and the equation for H~~ (H/it) on

on pg. 111 — 1 0 of the hand-off paper CR2). 
S 

S

(e) Replace the calculation of P.k (M/it), the probability an

- observer in group i acquires a particular group k target in tim e

- •in terva l [(H — 1) /i5, H/it], when the observer is an attack or
- - - 

- type one scout helicopter , described on pg. IV-2 of the hand-

- 

- 

off paper CR2) , by eq. (l7Yusing eqs. (74) and (5 1).

G, REQUIRED ADDITI ONAL INPUT DATA’

This section lists the types of required additional input data to repre-

sent the effects of suppressiofl in the TPASANA AIDM. The data are categorized 
S

into four classes: data relating to (1) performance , (2) tactics , (3) Status ,

and (4) options. -

- 1. Performance Input Data -

SYMBOL USED
ABOVE 

- 

- DEFINITION

- 

Probability a member of unsuppressed group x

- 
does not forget an acqu isition upon becoming

suppressed , and indexed on weapon type in

unsuppressed group x.

- V ll - l 2 
- 

S

~
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SYMBOL USED DEFINITION

- - 
ABOVE

R - Ratio of the detection rate to the acquisrtion

rate i ndexed on the types of the observing -

and observed weapons. The ratio must be greater

than or equa l to one. Values of R are not re-

- 

quired if the observed weapon is an Al-I . -

Proba b i l i ty a member of unsu pp ressed group

x does not forget a detection upon becom—

S 
- 

In g suppressed , and indexed on weapon type

- In unsuppressed group x.

- Prun . Probability a member of group j becomes

unsuppressed during lit If currently - 
-

-

suppr essed , and indexed on weapon type in

- 
group j .

SART Y(i) The probability a weapon (the fraction of

weapons) in group j not suppressed by

artillery during the time .step At, and

Indexed on group j weapon type. This input

could be determined from any appropriate

source such as hi stor i cal data or a detailed

- model of artillery coverage.

The expected fraction of group j suppressed

by each round f i red  at grou p J by a weapon

VII- l 3
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SYMBOL USED
- 

ABOVE D E F I N I T I O N

• 
- - 

in group I ,:- i ndexed on the weapon types in

- groups i and j ,  round type, range, and

target cover status.

- 

1/B The mean time group weapons and type two

scout detectors remember a detection , and

- indexed on detector weapon type. - 
-

- 

°Mx~~My~ 
Standard deviation of the x-cordlnate

(y—coordin ate) of the mean aim point ,

Indexed on firer weapon type and range.

°Ax~~Ay~ - 

Standard deviation of the horizontal (verti-

cal) component of the offset of the mean aim

poi nt, and ind exed on f i r er weapon type and

range. 
- 

S S 5

- 
Since weapon type can be specified by input

as a function of group number , pa i red 
-

- suppressed and unsuppressed groups can be 
-

assigned different weapon types to allow 
-

S 
- 

- 
for different capabilities of the same

• S - 

- 
weapon in the two states. No new data i tems

need be defined , but performance data must

- 
- be spec i f i ed i f  suppressed groups con ta i n S

unique weapon types. 
- 

5
5

V ii-14 -
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2. Tactics Input Data

SW-IDOL USED 
- - 

- 
-

ABOVE 
— 

D E F I N I T I O N

— Basic priorities for every weapon type con—

sidered as a detected target. (Priorities

S 
- for acquired targets are in the exis t in g

data base.) - 

-

3. Status Input Data 
-

SYMBOL USED - 
-

- ABOVE D E F I N I T I O N

- 

ii (1) Table consisting of the pa i red group for

- every suppressed and unsuppressed group.

S If I is unsuppressed (suppressed), then

- 14(i) is the pa i red suppressed (unsuppressed)

group. -

— All weapons played in AIDM requ i re data

definin g their movement1 and line-of-s i ght

statuses. No new data-items need to be —

- 

- defined , but all existing data items describ— -

- Ing groups (e.g., cover , velocity), must be

4 specified for both suppressed and unsuppress—

- 

ed weapons. 5 -

user shou l d input identical coordinates and velocit ies for paired
-suppressed and unsuppressed groups.

C 
- V II - I5
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14 • Selection of Opt i ons 
- 

-

- SYMBOL USED S

ABOV E 
S DEFINIT1Ot-1

- 

- Switch to select one of two opt ional  
-

— 

- 

- 

suppression models~ (1) the one in the

S 

- 
- 

- e~cls ting A I D I p rog ram , or (2) the one

- 

- 

described i n this paper. 
- 

:-

3 

V II-l 6 
- 
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APPENDIX A

A MODEL FOR TIlE SI N G L E _

- 
Sh OT SUPPRESSION PROBABILITY

Chapter IV models the computation of the fraction of a group suppressed

S in an AIDM time increment from the single shot suppression probability,

P~~. This appendix presents a model from wh i ch ~~ mig ht be generated as

input to AIDM . Section 1 addresses the averag ing of suppressive effects

over all members of the target group. Section 2 addresses the averag ing

of hit and near mis s probabilities over round s with different accurac i es.

Section 3 computes the hit probabilities , and Section 4 computes near-miss

probabilit ies .

1. The Sing le-Round Suppression Probability

All groups with more than one member can be thought of as spread over

an area. The coord i nate of the centroid of the group is bookkept in AIDM ,

but AtOM has no geometry of the spacing of weapons within groups. To deter-

mine the fraction of a group that is suppressed due to the effects of a
C

s in g le round , this section introduces a simp le model of intra-group geometry

and averages the suppression probability of a single round over the members

of the group.
C 

S

Consider a weapon which has been acqu i red or detected , and at which

f ire is directed . Other members are taken to be located 1 a round the

target, each at a distance which is a function of weapon type and the number
C

of survivors in the group. This distance is furnished via an input table

indexed on weapon type and number of survivors. The target weapon is

taken to be at the center of a circle , and the n~-l other group members -

1The geometry of the targe t group is described in a plane perpendicular to the
l i ne  of si ght between firer and target. -

C A-i
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(secondary suppressees) are assumed oriented around the target at the sped-

fled distance and separated by an angle of 3600/(nj
_l). (if n~ < 1 , onl y

- the target weapon is considered.) Then , in terms of a coordin ate system

centered at the target weapon (primary suppressee), the coord i nates of the

other weapons (secondary suppressees) are taken to be (x1, y 1) for i~ 1 to

wher e -

= r cos 0~ , (79)

- 
y1 r s in  

- - 
(80)

-

- 

- 

- 

- 360° ( i— l )  
- 

(81)

and where r is the tabulated radius of the circle. Let P5(x, y) denote 
S

the probability that a round aimed at the orig in suppresses a target

centered at coordinates (x, y). Then , the average fraction of the group

suppressed by a single round is P~~, where -

n- -I
p
5(o,o) + ~ P5(x~ , y 1) 

- (82)

P
lJ

= 1= 1 -

flj

for n.  > 2, and where

P1. P5(o, 0) - 
(83) 

- 

- ;

for I. If fl
j 

is non-in teger and~~l , then these equat ons are used to

calcula te P
1~ 

for the integer values nearest to n. and the results are

interpolated to nj
_ i

1 1n prac t i ce, a s im ple linear interpolation technique will suffice.

A-2 
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Suppression is assunicd to be caused by non-letha l hits and near misses.

For a weapon that Is offset at coordinates Cx , y) from an aim point at the

ori g in , the probability of being suppressed by a sing le round Is: -

P5(x, y) = PN LH (x . y) 
~SINLI-I + 

~NM (x , ~ ~SINM ’ 
(84)

where 
- 

S

- PNLH (x , y) = the probability of a non-letha l hit ,
- - 

~NM (x , y) = the probabi lity of a near miss (an impact in a certain

area around the target), - - -

~sINLH- 
= the probability of suppression given a non-letha l hit

(an input dependent on round and target type), and

~sINM 
= the probability of suppression given a near miss (an

- 
input dependen t on round and target type).

The probability of a non-letha l hi t is: -

PNL H (x , y) = PH(x, y) {l-PKJH ] - , - 
(85)

where

o - 
- 

~KJH 
the probability of a kill given a hit , and

- P
H

(x , y) the probability of hitting a target at offset (x, ~
- from the aim point. 

-

c The probab i l i ty of a k i l l  g iv en a hi t, 
~KIH

’ is a datum presently in AIDM .

The probabil ities of a hit and a near miss are the integrals of the distri-

bution of i mpact points over the target and the target s s surround i ng near-

C 
- 

miss areas, respectively. These integrals are presented in the remaining

sections of this chapter. - - 

-

2. The Probabi lities of Hit and Near-Miss
C S 

S

The suppression probability derived in SectIon 1 of this chapter

is a func tion of P~ Cx , y) and PNM (x , y), the single-round prob abilities of a

C 
- 

- 
- A-3 

-
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hit and a near-miss , respectively, for a target (eithe r primary or secondary)

centered at an offset Cx , y) from the mean aim point. The problem would S

stmp ly be one of integrating the elliptica l norma l de l ivery dist ribution

over the target area or near—miss area if it were not for the fact that -

not a l l  of a f i rer ’s rounds directed at a target are necessarily sampled from 
-

the same probability distribution of impact points. Spec i f i c a l l y , first S

roun ds, roun ds fol lowin g m i sses , and rounds following hits are allowed to

have different variances in AIDM. Consequently, the hit and near—miss

probabi 13 ties must be obta i ned for an average mix of first rounds , rounds -

following hits , and rounds follow i ng misses. 
-

- 

S 

-:)
- We wish to ascertain the proporti~ ris of rounds that are first rounds , -

- 
- rounds following hits , and rounds following misses and to use these pro-

portions to calculate average va l ues of the hit and near miss probabil ities.
5) t

However, since a firing sequence can be interrupted when a target remasks

or is k i l l e d  from any one of a num ber of f i r ers , these proportions are

governed by a very complex stochastic process. Consequentl y, the proportions
)

cannot be determ i ned exactl y. Instead , the correspond i ng proportions will

be de termined for a sim p l er p rocess in which  a s in g le f i rer and s in g le

target are isolated . If we consider a passive target that is engaged until
‘-5)

It Is killed (ignoring the possibility of a suppression occurring first) ,

then we can utilize quantities now present in AIDM . to determine the

fractions of first rounds and rounds following hits and misses of the 
-

target. If ~i s the expected number of rounds to kill the primary target ,1

then the- expected fraction of rounds that-arc first in the firing sequence 
-

Is 
S 

-

Is the variable ENCAIC in AIDM .

A-4 
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f
1
.1 • (86)
N

Let be the probability of a k311 given a hit .
1 Since the expected

number of hits to ki ll the target is 11
~KIK’ 

and since one of these hi ts

— 
terminates the sequence, the expected fraction of rounds following hIts is: -

- = I (l 
— 1). (87)

N K(1-I - -

- Since the enumerated situations exhaust the pos sib ilit ies , the fractions

sum to un i ty, and the fraction of rounds that follows misses is: 
S

S 
f = ) -  _ _ _  

- -
- 

- 
(88)

S N P ~ 1~ - 

-

Using these fractions , the uncondit iona l probabilit ies of hit and of near 
-

m i ss are : -

~H 
(x , y) = f

1 
P
~ 

(x , y, a 1 , b 1
) + (x , y, aH, bH)

~ ~M ~~ (x , y, aM) bM
) 

- 

- (89)

- 

PNM (X , y) ~1 ~N M (x , y, a1, b 1) + 
~~ ~NM (x, y, a

~
, b

~
)

- 
- + 

~M ~NM (x, y, aM) bM) 
- 

. 

- 

(90)

where - - -

~H 
(x, y, a, b) = the prooabi lity of hittin g a target located at

- 

an offset (x, y) wi th a round having hor izon ta l

0 
- and vertica l standard deviations a and b, res-

pectively, and - 
S

C . 
- 

-

~KtH 
Is the variable SBPK in MOM. 

- 

-

.

A-5
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C)

- 

~NM (x, y , a, b) = the probab ility of d nea r— miss for a target lo-
- -

- - S -

cated at on offset of (x, y) with a round having

horizonta l and vertical standard deviati ons a

and b , respectively. 
- 

- 
(

The standard deviations are defined as follows : - 

- 

S

a1 
horizon ta l d is persi on for the f i r s t round ,

b = vertica l dispersion for the first round ,I - 31
a~ = horizon ta l d isp ers ion for rounds fo l l owin g a hi t 

- :-
‘ -

bH 
vertical dispersion for rounds follow i ng a hit , -

.

aM 
= horizontal dispersion for rounds following a miss , and 

0,

bM 
= ver t ica l d is person for rounds fol l ow in g a mis s. - 

-

The functions 
~H ~~ 

and P~~ ( )  are disp layed in the following section.

3. The Conditiona l Hit Probabilit ies 
- 

-

The hit probabilities P1~ (0, 0, , 
) are calculated presentl y in 

3
MOM as part of the compu.tation of the attrition rate.1 However , the hit

probabilities wi th non—zero offsets (i.e., for secondary targets) are -

new and are derived in this section . Section a presents the computations

for hull defilade targets , and Sect i on b presents the computations for
S 

S

f u l l y exposed targets. These computations are applicable both to primar y

• and secondary suppressees (that is , both zero and non-zero biases). o

1 In A lUM the variable names are SBPI , SBU , and SUP for probabilities of
hi t on a first round , a round following a hit, and a round followin g a miss ,

respectively. -

A-6 -
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a. Wit Probabifl ties for Hu ll Dcfiladc Targets

The hull defilade target is represented as a rectang le of wid th XT and

heIght 
~T’ 

the center of which is offset at coordinate (x , y) from the aim

point at the Origin. The hit probability is 
- 

S

~H 
(x, y, a, b) = 

~~~~~~ 

(91)

x + X / 2
where T

1 XT = 

aV’i~~ ~ [
~ 

2a2 ] dZ, - 
(92)

~c X ~/2

- 

S

whi ch becomes , after change of variables:

F 

1/2 erf 
~~~~~~~~~ 

) - 1/2 erf ( 
:~~~~

:T~~~~
; 

- 

(93)

S i m i l ar l y :  -

- / 2Y + ‘
~T~’ 

- / 2y—Y1 \ - 

-

- ‘IT 1/2 erf f ~~~~

— ) - 1/2 erf 
~ 

I ‘

C - 

\ z v ibj .\2\ffb )

- 5 
- 

- 

- 

- I
where erf is the error function , - 

-

C

erf(t) 
2 exp( z

2) dz - - 
- - 

-

pc—
0

In what follows , we use the fact that erf(-~~) 
= - crf(x)

- b. Hit Probabilitie s for Fully Exposed Targets -

Fully exposed targets are represen ted as a 
rectangular turret of

c dimens ions (X.,, Y1
) and a rectangular hull of dimensions (XH) 

~H~
- The

A-i

C’

- -5- ~~~~~ -5~~~~~~~
S- -— -5- 5 

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



-~~~~

bottom of the turret is contiguous with the top of the hull and the center

of these sides coincide . The center of the bottom of the turret and of

- 

the top of the hull are assunied to be l ucated at the offset (x, y), wi th

the aim point at the origin. The hit probability in this case is:

~~ (x, y, a, b) = 1 XT ’YT + 1 XH ’YH 
5

where S -

- 

- 
12x+X \ /2x-X.. \

Is = 1/2 erf I— T 1 — 1/2 erf 1- ‘ 1, (96)XT 
\2\/~~a J ~~2\f~~a )

= 1/2 erf~~
,
~~~~~

1
~

) 

- 1/2 erf ~~~~y ) - 

S

(97
~~

- 2 x + X  12x-x \
1 XH = 1/2 erf( 

2\fia ) - 1/2 erf~~~~~
H 

) ‘ 
(93)

and - - S

= 1/2 erf (~! b ) - 1/2 erf (rYH ) . 
- - (99)

~ The Conditional Near Miss Probabi lities S

This section presents the near—miss probability, PNM (x ,y , a,b).

Sect ion a g ives the computa t ions for h u l l  de f i l ade  tar gets, and Sect ion b - ‘

presents the computations for fully exposed targets. The computations

apply to both primary and secondary suppressees (I.e., for x and y zero

or non-zero). -

a. Near Miss Probabilitie s for Hull Defilade Targets

The target is assumed to be surrounded by an area of dimensions

X 5, 1s within wh i ch rounds that do not hit the target can have suppressive

A-8
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- e~f~cts. The suppressive area is assumed to be centered at the offset 
-

(,,y) as is the turret which is of dimensions X1, Y1. The proba bility

of ci near—miss is the probability a round lands in the suppressive area

F - but not in the turret area. Hence: - -

0 
— 

- 

- 

- 

-

P~~ (x ,y,a,b) = 
~AREA - ~ TURRET ~ 

- 
- (ioo)

— 
- 

where the probability of hitting the suppressive area Is:

~AREA 
= ‘XA 1 VA ‘ 

- 

- 
S - 

(loi)

c 
- 5

and where - -

- = I erf 
(2x_+__s~ - I erf 

(2x_-_X5~ 
- 

- 

(102)
XA 2 - \2/~~a / 2 \ 211aJ 

-

- - 
S 

-

- and - S S 

- 
- - S

C - /2y+Y~~ I 2 y - Y ~~ 
- 

- 
- 

-

I = .!.. erf I S \ — I erf ( S I (103)
IA 2 \ 2/ib / 2 ~~2,’ib /  

-
- 

-

c The probability of hitti ng the turret has been cal culated already In Section

3-a of this chapter. 
S 

- 

- 
- 

- 
-- 

:
Hence, 

- 

- 
- - 

. - 

- 
-

- 

- ~TURR ET ‘XT 1YT ‘ 
- 

- - 

- (ion)

which Is the result from equation (91). - 

- 
- 

- - -
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b. Near Miss Probabilities for Fully Exposcd Targets

The center of the suppressive area is token to be l ocated at the -

offset (x , y) ,  as Is the midpo int of the bottom of the turret. Fire Is

aimed at the ori g in. The probability of a near miss is the probabil ity a 
-

round lands in the rectangular suppressive area but not in the fully exposed -

target area. it should be noted ti~at the- target is not necessarily centered

equally distant from the top and bottom of the suppressive area , but rather

that the midpoint -of the line joining the hull and turret is assumed located

at the center of the suppressive area. Hence, the near-miss probability is: 
- 

-

- 
PNM (x,y,a,b) 

- 

~TARGET 

- 

- (105) 
-

where 
~AREA’ the probabilit y of hitting the suppressive area, is g i ven in -

Sec t ion 1i a  of this chapter , and the probability of hitting a
II~ ~~~L - I  )

fully- exposed target , i s computed In Section 3-b of this chapter with 
-

equation (35} 
- 

- 

S

- 
5 

- - 

- 

- - S - 

~~~ - 
)

- - 

S

3 ,

- A-b -
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