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FOREWORD

This report describes ghe effort being cénducted by the BDM Services

B Company'Combined Arms Research and Analysis Facility (BOM/CARAF) and its
subcontractors, the BOM Corporation and Vector Research, Incorporated (VRI),
under Task 7-75 of U.S. Army Contract DAA639-74-C-0018. The principal con~

tributors to this report were Mr. David Thompsogﬁggé“p[,,gggwgacobixof VRI.

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

and two preceding BDM/CARAF reports (R1, R2).
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CHAPTER |

INTRODUCT ION
\\;;7This working paper is the third in a series of three papers documenting
methodology developed to extend the AMSAA Improved Differential Model (AIDM)
as implemented at the TRADOC Systems Analysis Activity (TRASANA). This paper
describes the extensions required to treat the effects of direct andk!n-
direct fire suppression. The first paner in this series (R1) discussed the f
4 representation of aftack helicopters in AIDM, and the second paper in this
series (R2) considered the extension to AIDM required to treat scout helicopters
and information hand-off fromlone unit to anofhernfxThe'purpose of each of
these papers is twofold: I |

(1) to document the assumptions and mathematical methodology employed

L3

in the model extensions, and .
(2) to describe the procedures required to implement the extensions in
the existing TRASANA AlDM éomputer program.
The remainder of this paper consists of six chapters. bhapter Il pre-
sents an overview of the model and lists the detailed assumptions associated
" with the representation of suppression. Chapter |l| describes the repre-
sentation of suppresséd weapons. Chapter |V describes the determination
of the probability of suppression. Chapter V discusses detections, suﬁpres-
sive area fire, 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 VII discusses the changes to the
¢ computer program and data bgse which are required Fo implement these ex-
tensions. Appendix A describes a possible means of generating single-round

suppression probabilities to be input to AIDM.




CHAPTER 11

& MODEL OVERVIEW AND DETAILED ASSUMPTIONS FOR
' THE REPRESENTATION OF SUPPRESSION

This chapter provides an overview of the suppression model and lists the
main points and detailed assumptions associated with the models used to

represent suppression in the TRASANA AlDM. S
The suppression process included in the TRASANA AIDM results from .

‘behavior intended to lessen the risk of incapacitation 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 stimulus.

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

of fire. However, the suppression model cufrently played in AIDM, in which
suppression depends on casualties, is retainéd (via a switch in the program
code) as an alte(native. This kind of suppre§sion can be interpreted as
anticipatory. -

The develoﬁéd suppression model includes suppression of ;nd by every
weapon group to be played with the exception of an AH (attack helicopter)
group suppressing an AH group. This interaction is not cur;ently played in
AIDM. The modeled suppression is a function of the volume of fire directed
at a weapon. The probability a weapon i§ suppressed is modeled as depegding
c on a number of factors such as round type, suppressor and suppressee type,

cover status, and the current state of suppression.
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Suppression is represented via a two-state Markov chain model in which
a weapon Is elther in éhe shppressed or unsupbregsed state with the transi-
tloﬁ to the next state depending only on the current state and not on the
past history of the weapon's suppression. The model requires the proba-

bilities of changing states in the time interval, At. This probability

o e b e A Tt .

Is calculated as a function of the numbers of rounds of all types directed
at the weapon during the interval.

Suppression causes changes in the acquis:t:on and firing capabilttles
6? both sides. The degree of vulnerabllity of a suppressee to acqu|5|t|on
and attrition and his ability to acquire and attrit the enemy while in a
suppressed state depend on such factors as suppressee type, and the cover

~ status of the group to which the suppressee belongs.

The remainder of the chapter outlines the specific assumptions together
with the main points of the models used to incorporate the eff;cts of
suppression into the TRASANA AIDM. Areas discussed are: capabilities and
representation of suppressed weapons, probabillty and duration of suppression;
detectlons, suppressive area fire; allocation of fire; and suppression of

attack helicopters.

1. Capabilities 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 cover states, statuses, and
capabilities, and differ from unsuppressed weapons of the same
type (paired unsuppressed group) in ways that change their

vulnerability.




(c) Suppressed groups (except AH's) can differ from their paired
' _ unsuppressed groups with respect to accuracy, lethality, rate

of fire, vulnerability, and doctrines for selection of targets

e _

and round types.

i : (d) Suppressed weapons can have an altered ability to acquire targets L
\

T T———

and an altered line-of-sight status.

(e) Line of sight for weapons in the suppressed state depends on the

v

weapon type and location.

~ (f) No mobility suppression is played.

(g) A weapon's ability to detect (acquire) and its liability to

Ll

being detected (acquired) depend on the state of the weapcn
(suppressed or unsuppressed) and not on its history. Hence,

an average probability Qf detection (acquisition) is applied

(9]

> all members of a group.

ability and Duration of Suppression

(a) Surviving weapons not already suppressed become suppressed
during a time step with a probability determined from the
amount of received fire.
(b) Surviving suppressed weapons bécome unsuppressed during a time
step with a probability dependent on the weapon type and not on
o PO

received fire. .
W 3

(c) Hence, the duration of suppression is a geometric random vari-

€

able whose mean is determined by input. g
(d) If the target is receciving artillery fire during the time step,
C the probability of being suppressed by artillery is an input

quantity, depending on target type.

-3

M ot



T o

|
’,2? (e) Each round suppresses a target with a probability independent |
of any other fire.received. i
(f) Covered targets do not suffer suppressive effects.
3. Detections
(a) The suppression mode)l distinguishes 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 recbgnitinn as an object of military interest.
(c) An event is termed a detection only if identification of the
target has not occurred. : |
(8) Detections are assymed lost if line of sight is lost.
‘(e) Detection rates are higher in handed-off grid squares.l
(f) Detections are thémSeIVesinevér}handed off. 4 : i
(g) Detections are forgotten with an exponentiélly-distributed
memory.time. s 2
(h) Firers engage two types of targets, those acquired and tho;e
‘detected but not'acquired,
(i) For N opposing weapon groups, a firer can allocate fire to up g
to 2N sets ‘of targets, N possibly acquired weapon Qroups and N

possibly detected but unacquired weapons aroups.

b, Suppressive Area Fire =

(a) Fire allocated to detected (unidentified and perhaps imprecisely
localized) targets is termed suppressive area fire.

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

lThe concepts of hand-off and grid squares are defined and discussed in the
hand-of f paper (R2). -

-4
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(c¢) Targets detected and unacqufred'prescnt vague stimuli thét may
: P not allow the target to be locatqd precisely enough for the
observer to lay the sights of his weapon on the target. '
(dl Inability to locate precisely the target leads to a deliberate
& attempt by the observer to distribute his aimpoints around his
5 mean estimate of the target's location.
(e) The accuracy of suppressive area fire is different from the accu-
. racy oé fire allocated to acquired targets due to:
(1) the error in the observer's estimate of the target's location,
: e and
(2) the error introduced by the intentional selection of a sequence
of aimpoints around this mean aimpoint.
P (f) The mean aimpoint is assumed elliptical normally distriButeq
; with the mean at the point where fire would be aimed if the
% target were fully acquired, and with independent horizontal
b Py and vertical components.
g . (g) The offsets from fhe mean aimpoint are also assumed gllipticsl
E ﬁormally distributed with independent horizontal and vertical
E e : components.
E (h) Each round fired is treated as if the mean aimpoint and the off-
é set of the true aimpoint are sampled indebendently.
; A 5. Allocation of Fire
i (a) The numbers of suppressed and unsuppressed weapons belonging
; to ''paired'" groups are represented separately.l
[ 2
lEach aggregate of weapons (except attack and scout helicopters) Is
represented as two ‘'paired' groups consisting of the cuppressed and
C unsuppressed membgrs of the aqgrcgate.
-5




(b) Suppressed and unsuppressed weapons belonging to ''paired” groups

are assumed not distinguishable once they are acquired or detected. !

(c) Targets acquired or detected in "paired' groups are assumed of
, equal priority.

(d) Only unsuppressed groups are given on a prioritized list of

targets.» ‘
(e) Suppresséd and unsuppressed fire}s from "paired' groups are g . fi
sepqrately allocated to targets since their acquisition (detec- ;E
tion) probabilities and attritive abilities :re.djfferent. -i
;

(f) The priority list can also specify whether the ent}y is for
suppressive area fire,or for normal fire against acquired targets. ‘7
. Hence, each opposing group éould appear twicé on the list of
targets.
(g) The numbers of acquisition§ (detections) in pairéd groups.are

assumed stochastically independent random'variables.

(h) To distribute normal fire (suppressive area fire) between 'paired"

groups, assume that every acquired (detected) target in these
groups is equally likely to be chosen as a target.

6. Suppression of and by Attack and Scout Helicopters

(a) Suppression by attack and scout helicopters is treated the same
as that of any ground weapon. ‘

(b) The suppression of helicopters is not modeled by exchanging Aﬁ's
betwecn suppressed and unsuppressed groups.

(c) When suppressed, an AH remasks. Hence, suppressed AH's on the
average remask earlier than if not suppressed.

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

by suppression.

e 7
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(e) The time to suppress an exposed AH is taken to be a negative ex-
b ponentialiy discributed random variable with a mean that depends

on the volume of fire received.

(f) Supprcéslon of Ah's is independent of the suppression of all

P e 'other weapons.

(9) A missile fired by an AH 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
instantaneously at the beginning of specified firing intervéls.
The number of bursts fired is the number fired before the AH
is suppressed or remasks.

(i) AH's may either acquire or merely detect targets.

(j) AH's are assumed capable of being acquired but never merely

)

detected.

(k) Subpressed AH's can neither acquire, fire, be acquired nor
attrited. |

(1) AH's search and fire for fixed length periods of time unless
suppressed first.

(m) Due to target hand-off, visual (i.e., non-pinpoint) acquisition
rates of and by AH's and detections by AH's differ depending on

whether or not the AH.(other observer) is scanning the

region of the battlefield containing the other target (AH) .
(n) AH's suppressed before the end of the maximum search period can
hand of f their acquisitions.

(o) As with other weapons, AH's do not hand off detections.
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(p) 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 un-

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

terms of line-of-sight processes, as ground weapons are treated

(type ‘two scouts).
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CHAPTER (11

THE BASIC FEATURES OF THE- SUPPRESSION MOOEL

This chapter prescnté the mathematics of the suppression model to

be incorporated into AIDM., This model is intended to be an alternative to

~ the existing AIDM suppression model. The current model is to be retained, so

that users of the model can select one of the two options via a switch entered

as input. 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
Statgs. The carryover of target information by suppressed and unsuppressed

weapons is addressed in Section C.

A. REPRESENTATION OF SUPPRESSED WEAPONS

The differential equations of combat incorporated into the AIDM program

prediét the inventories of surviving weapons:

dn.(t’

I— =3 a0 e

for all j, where
nl(t) = the number of survivors in group i at time t,

Aij(t):= the rate at which a member of group i attrits members of

group j at time t (the attrition coefficient),

and where the sum is taken over all opponents of group j. The introduction
of suppression processes into AIDM does not alter this basic struction, but

it does introduce more coefficients into the equation, as indicated below.




The differential combat model assumes that all members of a weapon

group are identical with respect to their vulnerability to attrition and

acquisition by the enemy., However, a realistic portrayal of suppression
can be achieved only if weapons are allowed to take on cover states and
exposed areas different from their unsuppressed statuses, so as to change
their vulnerability. Consequently, the attrition coef%icient, Aij(i),

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

well ‘as for suppressed and unsuppressed firers). This difference'jn
vulnerabilities can be easily reflected by bookkeeping separately the
numbers of suppressed and unsurppressed weapons as if they are separate

groups exchanging members as they become suppressed and unsuppressed.l

By treating Suppressed and unsuppressed weapons to bé members of
separate groups, there is-complete freédom in the model for suppressed
weapons to take on statuses and have capabilities different from those
in the unsuppressed state. In AlDM,'cerr status and weapon type are
specified by the user for each weapon group, so that the suppressed
groups can differ from their ''paired'" unsuppressed groups in any respect

* deemed realistic and significant by the user.

- Bs INVENTORIES OF SURVIVING WEAPONS

~

The model of suppression requires weapon groups to be paired in
AIDM, so that the suppressed and unsuppressed portions of an aggregate
that would have been a single group before the introduction of suppres=

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

IIt would not ‘be sufficient to calculate a value of A;: averaged over the
suppressed and unsuppressed members of a group, and then to apply thic rate
equally to weapons in both states, since the numbers of weapons in each
state could not then be calculated.

-2
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paired with group i. That is, if group i is an unsuppressed group,
M(i) is the group that contains group i's weapons when they become suppress-
ed. Similarly; if group i is a suppressed group, group M(i) contains group

i's weapons when they become unsuppressed. Then we have M(i) = j if and

only if M(j) = 1. This scheme does not apply to attack and scout helicopters,

whose suppression is portrayed in a different fashion, as described in -

Chapter VI.

Let Bij(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) i
T [Aij(‘) ? Byt S ]“i(t) o
i : :

if j is not a helicopter group, ard equation (1) holds if j is a helicopter

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

ing group j.

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

‘a small time interval, (t,t+At). is approximately

8 = [‘;Bu(t) n'(t)] At. : : (3)

If j is an unsuppressed group, the fraction of weapons in that group

suppressed during At can be interpreted as the probability that a

particular weapon in group j is suppressed during At:




e T e

.

b s m’:‘r (1)

Similarly, if j is a suppressed group, this ratio is the probability

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

At . Chapter 4 addresses the calculation of Prsupj. The differential

equations of combat can be approximated in AIDM by the following differ-

ence equation:

bny (1) = 2:: A5 (6) n (oot = &) + 6,0 (5)

where Anj(t) is the change in the size of group j during (t,t+at).

For j an unsuppressed group, Prsupj is calculated on the basis of

fire received by group j, as described below and in Chapter IV, For ja

suppressed group, the probability of becoming unsuppressed during At,

Prunj, is an input to the model.l

Since Prunj is a constant for any one group, the duration of suppres-

sion is being modeled as a geometric random variable, the mean of which

I At/Prunj.

C. INFORMATION CARRYOVER

The AIDM acquisition model presently bookkeeps Qij(t)’ the.probability
that a given firer in group i haﬁ not acquired a particular 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+At, the value Qij(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
1

Prunj might be expected to depend on the type of weapon in group j.

=4
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- from the observer and observee groups as they become suppressed and

unsuppressed. Thus, it is necessary to adjust Qij(t) to a new value
Qij(t) that takes account of the suppressions that take place during

the interval (t,t+At).

This updated value, Q;j(t), is then available to be updated, as now
calculated in AIDM, to account for acquisitions made or lost during

(t,t+at). This section addresses the computation of Q;j(t).

Let Z; denote the number of weapons killed in group i during

(t,ttat). 'The probability of not having acquired a particular target

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

interval (t,t+At), is

aij [nj(t) = ZJ, = Gj.l + bij GM(j)

— (6)
T e

Q;j (t) =

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

is

G ® [0 - 8= 2]+ Qi @ i

2 - .
n(t) =2, =8, + 8,

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

group j is

LS [0 =6, = 2]+ 0,00, 84

i plt) = 2= 6 * 8y() !

Figure I11-1 illustrates the bookkeeping of inventories.
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Weapons Suppressed (i)

Weapons Unsuppressed

(Unsuppressed) During
: (Suppressed) During At

At

group M(i)

Zu (i) .

FIGURE I11-1. THE BOOKKEEPING FLOW BETWEEN PAIRED SUPPRESSED AND
UNSUPPRESSED GROUPS
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The observing group, 1, Is either a suppressed or an unsuppressed
group, If i is a suppressed group, then observers.joining the group
may lose acquis}tions due to loss of line of sight to the target if a new
cover status is sought In the suppressed state.‘ If this is the case, the
logic in AIDM that updates acquisition probabilities will reflect this fact
by setting Qij (t+At) to zero. One could, however, postulate a furgher
forgetting process, in which line-of-sight is not fost, but in which the
suppressed weapon loses its ability 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(i)j‘t) by Q;(i)j(t) and ,

*
QH(E)M(j)(t) by QM(i)M(j)(t)’ defined as

* .
QM(i)K(t) =] - [l - QM(i)K(t)] PM(i) 5 - {9)

where F;, an input to the model, is the probability a member of unsuppreséed
group x does not forget an acquisition when becoming suppresséd; and where

K = j for equation (8) and K = M(j) for equation (7).

Chapter V distinguishes between two kinds of info;mation, termed detect-
tions and acquisitions, that combatants are allowed to have about their
opponents. With acquisitions, already incorporated in AIDM, the observer
Is assumed to have identified the acquired target. The new event, termed a
detection, involves the alerting to the presence of an object and its recog-

nition as an object of military interest, but without its identification

e

'||n AloH acquisitions are lost if there Is no line of sight to the target.

-7
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having taken place, and possibly with information as to its location being
imprecise. That is, the detector may be inapable of laying his. sights
exactly on the target, and fire may be placed around an estimated target
‘loﬁation. gPssibly for suppressive purposes. This process of detection and
. engagement of imprecisely-located targets is discussed in Chapter V.
These detections will be bookkept by AIDM and must be averaged as acqui-
sitions are averaged }n equations (6), (7), and (8). Let Dij(t) denote the
probability an observer has not detected a particular weapon in group j at

time t. Then, an updated D;j(t), similar to Q;j(t), is

. (t) -z -EJ-] *+di Su(j)

b} (6) = i E

J
=t - ’ (‘0)
(t) j | 6 + 6M( ) |
‘where
...di. = Du(t) [h;:t; : 5 :zi] + ~DM(iU(t) Su(i) :
J : n,(t 8; Zi + GM(i) an l
and where : e
c,, = °1j(t) [ (e} = 6, = zi] *Ou ciym() (Vo (iy =
'j . niTt) o Gi 'Zi + GM(i) ’

The forgetting of detections b? suppressed weapons is taken into i

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

Is a suppressed group, DM(i)j(t) is neplaced in equation (12) by D:(i)j(t):. %
H(n).am s [' 5 Dﬂ(i)j(t)] Puiy (13) )

1Hi-8




.and DM(I)M(])(t) is replaced in equation (11) by D;(I)M(j)(t) :

* : i
D@ = 1= [ o @] Feay i

where 3; is an input, the probability a member of group x dces not forget

a detection when becoming suppressed.

A Sy - A 3 s L
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DETERMINATION OF THE PROBABILITY OF SUPPRESSION

fhis chapter discusses the calculation of the fraction of a group
suppressed during a model time step. This fraction is equivalent to the
probability a given member of the éroyp is suppressed during the time step.
Section A briefly presents the assumptions and general features of thé
model for this calculation. Section B describes the calculation of the
suppression probability for the time step in terms of a single-round pro-

bability of suppréssion.

A. ASSUMPTIONS AND GENERAL FEATURES OF THE MODEL

The basic assumptions employed are listed as.follows:

(1) Surviving weapons not suppressed become suppressed with a pfobability
determined from the amount of received fire,

(2) Each round suppresses a tafget with a probability independent of
any other }eceived fire,

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

Since one is seeki;g the fraction of a group suppregsed during a m&del time.
step, one must calculate a round's average suppression probability for all
members of a group (i.e., the expected proportion suppressed). A method of
calculating this average single-round prebability of suppression is
described in Appendix A. This method could be applied-externally to the
model to genérate the single-round suppression probabilities needed as

input to the following calculations.

V=1
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"B. THE CALCULATION OF THE PROBABILITY OF SUPPRESSION

This section describes the calculation of.PrSupj, the probability of
suppressing a particular weapon in unsuppressed group j during an AIDM time
1 4 : : . . 2
step, At. .The computations are presented below in a stepwise fashion, with
the general organization of the calculations presented first and details
presented later. R
The assumed independence of the suppressive effects of different weapons

allows Prsupj to be partitioned into.the effects of field artillery and

direct fire weapons, as follows:

where
SARTY (j) = the fréction of weapons in group j not suppressed by
artillery during the time step, and
SDF (j) = the fraction of weapons in group j not suppressed by

~direct fire during the time step.

" SpRTY (j) should be set to unity when group j is not receiving artillery

fire, and should take on an input value, dependent on the type of weapbn
in group j, when group j js-receiving artillery fire. This input could be
determined from any appropriate sourée, su;h as historical data or a de-
tailed model of artfllery coveraée, but should in any case reflect the

suppressive effect for a time of duration At, the AIDM time step.

”~

'

The reader should note that Prsup. is to be computed only for unsuppressed
groups. The computation of the ti&e spent in a suppressed group is trecated
in Chapter I1I1I. .
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Direct fire is portrayed in greater detail in AIDM than is fire by
field 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:
.

where SDF (i, j) is the probability that fire from group i dqes not suppress a

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

is taken over all groups firing at j. The total suppressive effect of
fire received from group i is modeled similarly, -by taking the suppressive
effect of every firer to be independent:

(I-Prsupijei.)ni ifn =1

J i '
()—Prsupijeijni if n; < |

where

<’

n; = the number of survivors in group i,

eij = the probability a member of group i is allocated to fire at

group j, and
Prsupij = the probability a single weapon in group i, allocated to group

J, suppresses a particular target ?n group j during At.
AIDM uses eij as the fraction of group i allocated to fire at group j.
Here we interpret ei; 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; and eij are

C computed in the existing AIDM model, but Prsupij is a new quantity. By

applying the assumption that the suppressive effects of different rounds

are independent, we obtain:

Iv-3
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p‘j (t)at ;
wsupij = I-(l-PU) - . . (18)

. where

p‘j(t) = the rate-of-fire of a group -i firer when engaging group j, and

P,. = the expected fraction of group j suppressed by each round

i

fired at group j by a weapon in group i.
This latter quantity is also new to the model, and it is an input datum.
Qppendix A presents a specific method of calculating Pij that might be used

to prepare inputs to AIDM.

7
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" termed a detection, involves the alerting of an observer to the presence of

“the event is termed a_detection only if identification of the target has not
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CHAPTER V
DETECTIONS, SUPPRESSIVE AREA FIRE,

_AND ALLOCATION OF FIRE

To account for the capability of weapons to suppress targets they cannot
precisely acquire or localize, a kind of imprecise target acquisition, called
a detection, is being introduced into AIDM. This new feature is desc;ibed in
Section A. Section B describes the degradation in accuracy that occurs when
engaging such a detected target. Section C discusses the allocation of fire

between detected and acquired targets and between suppressed and unsuppressed

weapons. _ ‘

A. IMPRECISE TARGET INFORMATION

The suppression model distinguishes two kinds of information, termed
detections and acquisitions, that combatants can have about their opponents.
With acquisitions, already incorporated in AIDM, the observer is assumed to
have identified the acquired target and to use .the acquisition as the basis

for allocating fire to targets in order of their priority. The new event,

an object and its recognitionl as an object of military interest. However,

taken place.

IThere are no false detections allowed in the proposed model. Dead weapons
and non-military objects are assumed to be recognized as such.

y




e 2]

The detection process is modeled similarly to the acquisition process.
However, it is 5ossible to obtain the cumulative probability of not
detecting, Djk(t), with many fewer computations than are required to
obtain the non-acquisition probability. This simple approach postulates a

simple relationship between the rates of detecting and acquiring targets.

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

: A AIDM presently computes %k(t)’ the cumulative probability that the

L observer has not acquired the target. Let us postulate that the detection
and acquisition ﬁroqesses are both exponential. (l.e., the times to acquire
and detect either by pinpoint or non-pinpojnt means are treate& as negative
h exponential random variables.) :

Consider that the k-group weapon cén be in one of three states --
acquired (A), detected (D), and unobserved (U). [t 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 D states, so that detected targets can

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

and at the rates indicated below:

. Ru 5
u .
i
M J
A J
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The acquisition rate, u, need not be a constant for the desired result
to hold, and the acquisition process is in fact allowed to be non-stationary
in AIDM. However, as long as the rates are in the constant ratio R, the

non-detection probability is simply related to the non-acquisition probability

as

Bl = e g ~(19)

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

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

k
reasonably be tabulated on the weapon types of the observer and the observee.

It is interesting to néte that, since the cumulatiQe probability of
non-acquisition is one if line-of-sight fs lost in AIDM, the probability
of non-detection is also one if line-of;sight is lost. This fact follows
from equation (19) and is consistent with the assumption that detections
are lost if line-of-sight is lost. »

It is possible that the alloéation of fife to detected, but unacquired,
targets can expend a great deal of ammunition without significant attritive
effect, 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
profitable use against fargets that may be acquired later, they may voluntarily
limit the duration of fire missions against detected targets, This is taken into
account in-the mode!l by causing detectioqs to be forgotten, so that fire can
no longer be allocated to them.! The time for which a detection is remembered

is assumed to be a ncgativc'exponcnt!al random variable, dependent on the

I :

Since detcctions by AH's and scout helicopters that maneuver like AH's are
not accumulated from time step to time step in AIDM, this forgetting process
is not applied to helicopters that behave in this way.
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:
weapon type of the detector. If the mean time that a detection is remembered is 1
1/8, then the probability of hon-detectioh, aftcf forgetting is taken into

account,l is
' - 5 ” -BAt
Djk(t) | [I. Djk(t)] e (20)

B. SUPPRESSIVE AREA FIRE

This section addresses the nature of the fire that is allocated to targets J
that have been detected, but not acquired. This fire is termed suppressive
area fire, 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 imprecisely

o |

localized targets, and, hence, might be allocated for purposes of suppression,
as much as for attrition of the target. Detected, unacqufred 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.
B This inability to locate the target precisely.is assumed to iead in turn
to a deliberate attempt by the observer to diﬁtribute 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 allocated to acquired targets -- the error in the observer's estimate of : j
the target's location and the error introduced by the intentional selection

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

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

be elliptically normally distributed with the mean at the point where fire

"would be aimed if the target were fully acquired, and with indcpendent

twhcn implemented in AIDM, this forgetting equation should be applied before
new detections for a time step are used to update Djk(t).




.

horizontal and vertical components. The offsets from the mean aim point

are also assumed to be elliptically normally distributed with independent
horizontal and vertical 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 probdbly not quite true in practice, since a firer probgbly 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 mathematical model of the situation.-

The following dispersions must be given as input to the model and indexed

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

F Ohx = standard deviation of the x-coordinate of
k % the mean aim point, j
] < GM§ = standard deviation of the y-coordinate of
3
E the mean aim point,
513 Gpu. & standard deviation of the horizontal ;
components of the offset of the aim point, and
Uy . * standard deviation of the vertical components
: i € ; :
E of the offset of the aim point.
§ : Then, if the horizontal and vertical standard deviations of the weapon's
| E C delivery errors are Ux and Uy’ respectively, for fire at an acquired target,
: .
E : the horizontal and vertical standard deviations for SAF are (°i+°:x+°:x)*
:
and (o:+cﬁy+oiy)*, respectively. This result, and the fact that the resulting
C distribution is normal, follow from thcorem 98 of Parzen (RY).
(4 V-5
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C. THE ALLOCATION OF FIRERS TO TARGETS

Two extensions are required to the existing methods used to allocate
firers to targets in AIDM. If we assume that suppressed and unsuppressed
weépons belonging to paired groups { and M(i) are not distinguishable once
they are acq;ired or detected, then targets acquired or detected in groups .
1 and M(i) are of equal priority, and the priority tie must be broken to
‘allocate fire. '

Consider firers in group i and assume that only unsuppressed groups

are given on a ﬁrioritizedAlist of targets. Assume also that the priority

list also specifies whether the entry is for SAF or for normal fire against
< 1 : . =% -
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

probability a member of the firing group, i, has already been allocated to

a target of highér priority.2 The problem is to determine the fracticn of

bl S i e A SR Soph af L, o

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

between the two groups.3_ Sections 1 and 2, below, address this problem,

1. Allocation to Acquired Targets

First consider the case when the priority list specifies fire against

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

¥ PR R AN MR T AU T SR I R eie e e

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

group j or M(j) is Eij eiM(j)’ where

* lThus, each opposing group could appear twice on the list of targets.

2Thc quantity E is currently computed in AIDM.
3Thc suppression of helicopters is not'modoled by exchanging helicopters

between suppressed and unsuppressed groups. Hence, M(j) can always be
considered empty for helicopters.




L
n,(t) o
4 ' Qik(t) if n (t) > 1
£ " (21)
' n (t) ¢ (¢) if n () <1
[
~and where el ‘
4 nk(t) = the expected number of survivors in group .
k,'and = :
Qik(t) = ‘the probability an observer in group i
¢ S has not acquired a particular target in
group k.
The fraction of group i allocated to acquired targets in groups j and M(j)
< can be reasonably taken to be (1-E) (I-Eii EiM(j))' To distribute fire between
groups j and M(j), we assume that every acquired target in these groups is equally
3 . . . ¥
likely to be chosen as a target. The probability that the unsuppressed group is
€ . chosen, conditioned. on an allocation to either the suppressed or unsuppressed
group, is the following expectation:
C g A
u=E u 22)
' A +A Au > As o v (
u
C.
where i
Au = the number of acquisitions in group j, and
A, = the number of acquistions in group M(j).
( L .
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By definition, equation (22) is

u- Z(—r) i S Rl (2)
Pr {Au+As>o} :

x+y>0

’

Assuming that the numbers of acquisitions in j and M(J) are stochastically

lndependent random variables, we have

Pria, = X A =gl = #r {Au=x} Pr {As= v} (24)

.

To obtain the marginal distributions of Au and As’ we note that:

©0
Pr{A=x}= E:Pr{A=x
u u
w=X

Nu=w} Pr{Nu=w} (25)
l;r{As=y}= W;yi’r{Asﬂyl ﬂs=w} Pr{Ns=w} (26)

where Nu is the number of survivors in group j, and Ns is the number of survivors

in group M(j).

The conditional distribution of A, is

e ),

~

- If w2, and zero otherwise. The conditional distribution of As is

refn=y] womwde (7) ("~ i) Q‘n(])” i

.
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if way, and zero othcrwise. Since AIDM is an expected value model, we know

that the mean of Nu is n and the mcan of Ns is "M(j)’ but we do not know

the distributions of N“|

as follows =- the probability that there arew survivors in group k is

n .- ["k] for w = ["k] + 1
: ‘ Pr{Nk‘-"W} = I-nk+E—,k] forw=[nk]

0 otherwise

(29)

where

(30)

[nk] = the greatest integer < n

Then, the approximate distribution of Nu is obtained from equations (29)

and (30) with k=j, and the distribution of Ns is obtained from equations

(29) and (30) with k=M(j).

From these definitions, it follows that equation (25 can contain non-

zero terms for x = 0 to nj”_ and y = 0 to nM(j)+l’ It also follows

that

Pr{A + Ag> 0} = 1 - Pr {A, ='o} Pr {Ag = 0} 1)

which is a quantity required in equation (23).

We now have the tie-breaking probability, u, and can use it to allocate

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

firers in group i allocated to acquired targets in group J Is

«

and Ns. Consequently, we approximate their distributions
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and the fraction allocated to group M(j) is

em(j) L (l * E)(l = Eij EiM(j)) (] - u) . . (33)

2. Allocation to Detected Targets

Next, consider the case when the priority list specifies fire against

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

that a member of the firing group, i, has detected at least one unacquired

target in group j or M(j) is 1 - %15 %iM(), where

. n (t) :
Pik (t) if Ny (t) »

G4)

l-n'k (t) n-b‘ik ()] if n;( (t) <

and where Dik(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 allocated only to targets that have been detected but not acquired. This

V=10
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assumption follows: since fire against acquired targets is assumea to be more
accurate than fire against targets that are merely detected. The fraction
of group i allocated to detected targets in groups j and M(j) is (1-E)

f ' (} - oij¢iM(j))' To distribute fire between grouns j and M(j), we assume
that every detected target in these grouns is equally likely to be chosen

as a target. The probability that a target in the unsuppressed group is
chosén, conditioned on an allocation to either the suppressed or unsuppressed

group, is

D -
s'ag( 3 |ou+os>o) : (35)

D +0D
u s

where

Du = the number of detections in group j, and

\J

B the number of detections- in group M(j)

Thé'calculation of s exactly parallels that of u in the preceding section.

\r

Equations (23) through (24) apply, although with A and A replaced by
D, and D , and with Qik(t) replaced with D, (t). Then, the fraction of

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

e"‘l - (I - E)(l o ¢ij¢iM(j))-s ’ | (36)

/
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and the fraction allocated to detected targets in group M(j) 1s

@) (' i E) (‘ 3 ¢ij¢iM(j))(‘.' S) s (37)
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CHAPTER VI

THE EFFCCTS OF SUPPRESSION ON THE ACTIVITIES OF ATTACK AND SCOUT HELICOPTERS

Tﬁis chapter deécfibes 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 engaging ground
weapons (including ADW's) by firing missiles and the automatic burst-fire cannon,
respectively. Section D discusses the implications of suppression on the acqui-
sition process and derives new acquisition probabilities for ground weapons (in-
cluding ADW's) firing at helicopters. Section E treats acquisitions by heli-

copters.

A. ASSUMPTIONS UTILIZED IN MODELING THE SUPPRESSION OF AND BY ATTACK AND SCOUT
HEL 1COPTERS '

The foliswing list reviews the specific assumptions used to incorporate the

effects of suppression of attack and scout helicopters:

(1) Suppression by attack and scout helicopters is treateq as suppression by
any ground weapon,

(2) When suppressed, an AH 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 length),

(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
longer period of time then if unsuppressed,

(4) If the helicopter is suppressed after launching a missile but before the
missile reaches the target, it is assumed that the missile is ineffective
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).

vi-1
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(5) When the AH is firing the automatic cannon, it Is assumed that’each burst
Is fired instantaneously, and that there is some waiting time between
bursts. Bu(sts do not have to be guide& fo a target so that the number
of successfully fired bursts equals the number of bursts fired before

: suppression occurs, and

(6) AH's can neither acquire nor fire when in the suppressed state. AH's

can neither be acquired 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

weapons (type two scouts).‘

N e

B. AH MISSILE ATTRITION COEFFICIENT

The purpose of this section is to derive the attrition coefficient for an AH
firing missiles and behaving according to the assumptions listed above. Since
the helicopter allocation factor methodology is unchanged from that in the ab-

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

The mean time to kill involves the following quanfities éo be determined from
the interaction of AH tactics, AH performance data, and the battlefield terrain:
L the time limit for the AH's search period during each exposure
- period. If no eligible targets (i.e., targets within range and on
é the AH's target priority list) are found by time L after unmasking,
| the AH remasks without launching a missile or utilizing the automatic
cannon.
tf = the time required to launch and fly out the missile to the target. It
is assumed that the missile is ineffective if the AH is suppressed before

lThe activities of scout helicopters are discussed in more detail in the hand-of f

paper (R2). In general, scouts might have different paramcters than AH's.

Vi-2
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time t_ + t; (a launch-and-forget missile requiring no in-
flight‘guidancc, could be played by ;etting tf=0). For the
case of the automatic cannon, te is khc ma*imum allowable time
for firing a fixed number of bursts and remasking.

the expected length of an AH's masked period determined by cal-
culations described in the handoff paper (R2).

the probability of acquiring an eligible target during

~
.

Toii
S

the probability of kill for a missile that is successfully

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

tlmg t, + tf).

& The search time and the fly-outvtime are randoé variables whose maximum values
; tg 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,
and only its méan is required for the following derivations. Its mean is
determined by calculations described in the handoff paper (R2). To derive
o E(TK), the expected time for a missile-firing AH to kill a particular target,
t define the following random variables: : :
NK = the number of successfully flown out missiles required to kill
4 the target. | .
g. N : EEEI
E TBM = the time between two successive missiles that are flown out to
| the target without the AH being prematurely suppressed.
© 'I'K = the time to kill the target.
; If it is assumed that NK and the sequence of TBM's are stochastically
independent, then
: © E(Ty) = E(N.) - E(TBM) . (38)
.
where, as in the helicopter paper (R1)
EN) = s (39)
o K SSKP
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and where

i : 1 = —
E(TeM) = [Pr_(TE =t + ) "][E(TE[TE e tf) A T(:]

Fr et 4T, (40)

Equation (40) arises as the result of a series of Bernoulli trials where M
is the number of trials (AH exposures) required until and including the first

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

E(TBM) = [E(M)-1] E(TE|Unsuccessful) + E(TE|Successful)

where TE»is-a random variable, the duration of a helicopter's exposure time
(time unmasked). E(M)-1 equals the expected number of unsuccessful trials
with E(M) the reciprocal of the probability of success.

To derive the probability and the conditional expectation in equation (40),
note that the time to suppress an exposed AH is taken to be a negative expo-
nential random variable with rate A. In addition, the probability an unsup-
pressed AH acquires some eligible target during the internal (o, ts) and
tries to engage it during the internal (ts, ta ¥ tf) is P_. Again, let T

E e

denote the duration of one AH exposure period. TE is approximated as a

random variable with probability density

) Pr{t_<__TE<t+dt}=)\g-udt,0_<_t$ts
-t
{E }=(I-PE)e s
=it
Pr { €< T <t + dt} = PEAe dt, ts <t < ts + tf
At + t.)
i s f!
Pr { TE f} PEe




ot

(¥

The conditional expectation is

1= (1-pe s - P, + £ )+ 13 Es * b

E(TelTe < t, + tg) = : (43
Xl - Pée'“(ts *+ £y
Thus, with Pr(TE wg. tf) = PEenx(ts i tf), equation (67) becomes
o ( ) -Ats
T. + t (1-P_ )e Y
ECTeM) =t + 5.6 F 8 E
P s . f .
PEe-A(ts + tf)
=)t “a(t_+t.)
o 4 3 r s f
(1 PE)[I (xts+1)e ]+PE[I {I+A(ts+tf)]e 5
i -a(t _+t.) (42)
s f
APEe
Finally, from (65) the expected time to kill is
' x can -t
e T+t (1-P )e
ECT) = ssgp e+ tp + i
P efk(ts i tf)
£
-t E =2(t_+t_)
- = S X, s %3
(1 PE)[j (th-H)e. ]+PE[1 {1+A(ts+_tf)}e 5
+ A
-A(ts.’.tf) (‘|3)
APge .

As before, the attrition rate for an AH is the reciprocal of.E(TK) as
determined from equation (43). Note that as A + 0 in the limit of zero sup-
pression, equation (43) becomes equation (4) of Chapter Il1, Section A of
the helicopter paper.

RMISS, the overall rate of firing missiles (some of which may not be

successfully flown out to the target) is found from Ross's theorem 3.16(R3) which
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states that this long-term rate is the ratio of the probability that the

exposure time is greater than.,t and a target.is engaged to the average
s

~ length of the masked/unmasked cycle. Hence the rate of fire is

Pr(TE>tS)

E(X)

RMISS

which is -lts

RMISS = ——— A (48)

»

determined by‘ugipg eq. (51) and (52) of éection C for E(X) and Tk, respec-
tively. -

The suppression rate, A, must be'computed dynamically as a function of
the volume of fire directed at the helicopter group. For helicopters in

group j the rate is

A=Ze,, A . N, b . (45)

.whefe eij = the fraction of group i allocated to fire at group j,
xij = the rate at which a weapon in group i suppresses weapons
in group j, and

ni = the number of surviving weapons in group i.

The suppression rate, Aij’ is obtained from the single-shot suppression
probability, Pij’ as
- 1-p : L6
AT TP 2n( ij) (46)
where p,, Is the rate at which a weapon in group i fires at group j when
J

group j is engaged.
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C. AH AUTOMATIC CANNON ATTRITION RATE

This section describes the modeling of the situation discussed in Section
A in which suppression may interrupt the firing of the automatic cannon after
a number of bursts fewer than the fixed number that would have been fired had
no suppression occurred. In addition the allocation factor methodology is
unchanged from that in the absence of suppression since only an AH remaining
unsuppressed beyond t, can be allocated to fire at targets. Hence, one
need derive only the attrition rate for this case.

Let Yi equal the number of kills achieved by the AH on the ith unmasking
and Xi the éuration of the ith cycle of masked/unmasked status. Assume the

Xi form a renewal process. Define

N(t)

Y(t) = ZYi
oyl

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

where

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

Then, even though the Xi and Yi sequences are stochastically dependent,

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

If E(lYil) and E(Xi) are finite, then with probability 1,

E(Yi)

Y
(t) -+ E(X‘) as t >+

t

The ratio E(Yi)/E(Xi) is interpreted as the attrition rate (a) for AH engag-

ing a particular target group with the automatic cannon; i.e.

m
-
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It now rcmains to find E(X) and E(Y). Again define

ts = the limit to the secarch interval

Tl = time to fire a first burst (first burst starts at ts)
TS = time to fire subsequent bursts
te = maximum time available for firing. : el '

’

Then if suppression does not intervene, there are N subsequent bursts fired,

te ~T1 : -.
“"[‘—Ts"‘]. Ao

vhere the [ ] stands for ''greatest integer in''.

where

. It is assumed that each burst is fired instantaneously and that there is a

waiting time of Tl after the first burst and TS after each subsequent burst.
In‘reality the bursts would be distributed in some fashion over the Tl and
TS intervals, but this process has been simplified by talking all bursts to

be fired at the beginning ot these intervals, i.e., at Eerby * T),ts =30+ 75,

etc.

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

variable since the AH could be suppreSSea sometime before completing the

‘maximum sequence of N+! bursts. Let Ny denote the number of bursts fired

during a single masked/unmasked cycle (a random variable) with probability
distribution (derived from the exposure time probability distribution given

in Section B) as follows:

o o oy "Ats
Pr (NB 0} =1 PEe

Pr(Ng = 1} = P [e ™ 5c “AlestTl)y

[e-x[ts-rru(n-z)rs] - o Mts#Tl+(M-1 )Ts]]

. for M = 2,3,...,N.

Pr {NB = M)} = PE

PrN, =N+ 1} = pE;ht;TH(N-I)Ts]
B
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Then, E(Y) can be written as follows:
N+)

E(Y) =:2~Jrr N, =M [1-() sB1)()- suz) ] " (49)
M=1 LG

where $B1 = the probability of kill for the first burst, and

SB2 =‘the probability of kill for each subsequent burst.

Substituting for Pr {NB=M} and summing and rearranging terms, the following . |

form for E(Y) emerges:
! ) t-Tl ;
-At -A(t_+T1 s mnile &
E(Y) = SB1-Pee  ° + P.SB2(1-5B1) [e 2l smey P e @ fﬂ

1 - (1-sB2)e ATS
; ‘ " (50)

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

has the following probability distribution:

. . ™

For 0 <t <t PriTg <t}=1- aAE
% e Lk
t= ts’ Pr{TE g_ts} 1 PEe Sip
- =it
ts<t<ts+tf’Pr{TEﬁ-t}=l.-PEe 5
t=t +te, PriTo <t +t.} =1, .
_ , 5
where te = T1 + N-TS.- ] ’ 5
E(X) is simply given by
EQX) =T, + T, . (51)
where TE is the mean exposure time:
= _ 1 “At. _ o o-A(E + t) ;
T = 3'[1 - (1 - Pe)e s - Pee s ') (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
cannon attrition rates given on page IV-11 of the helicopter paper(R1).

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

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

applying theorem 3.16 from Ross (R3):
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RF = B . i (53)

wherc ﬁb is the average number of bursts fired during a single unmasked

period: y :
o N+1 .
: Ng = E xPr(NB = x}. : (54)
. x=1
k _ - Coee 4Ty A(edey)
i" k8 -Ats £ b . (55)
NB = PE [e + s e-ATS ) é

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

page IV-11 of the helicopter paper (R1).

D. ACQUISITION OF ATTACK AND SCOUT HELICOPTERS

The attrition of attack! helicopters by ground weapons involves 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 attrition of helicopters to which fire is allocated.

The calculation of attrition rates against helicopters is unaffected by
the introduction 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 discuésed further in this chapter. Item 1, the acquisition of
AH's, is affected by suppression and is discussed below.

The brobability a ground observer has a particular AH acquired at
a random point in time is given by equation (5) of the attack helicopter e

paper (R1):

| " " ¢ . v

This section also applies to type one scout helicopters if the time spent
firing, tg¢, is set cqual to zero. The acquisition process of type two scouts
is identical to that of ground weapons. :

Vi-10




4]
-E (Y‘)
" - : ’ (56)
E (vi) + E (wi)
° .
whcrg
E (Y‘) = the mean duration of one acquired
] ° ‘ ; period, and
E (wi) = the mean duration of one unacquired ;
.period. ' X
F © For an observer in a given group k, and for a particular AH in group £,
(i - w) is the non-acquisition probability, ka'(t). The AH paper (R1) |
also gives E (Yi)' and E (wi) as
- s |
E(Y)=E (TEITD< TEI E TDI Ty < Tg (57) :
C o n : :
e \ 8
em)=Tc +1 _, E(TE|7E<TD)+E(TD]TD<TE) (58) %
P P ' i
.D D 3
© : %

where
TE = the duration of an AH unmasked period,
© .
TD = the time required for the ground observer
to detect a continuously exposed AH, and
¢ . i PD = the probability the observer detects the
AH during one unmasked period before it remasks.
© Although the equations for w, E (wi), and E (Yi) still hold, the introduction
| of suppression has changed the equations for PD' E (TEITD<TE), E (TEITE<TD)'
and E (TDITD<TE) from the equations given in the attack helicopter
¢ paper (R1). Hence, equations (8), (9), (10), and (12) of that paper must be replaces




-

We proceced by approximating the time for a ground observer to acquire a

particular exposed AH by a negative exponential random variable.'

~
Let u be the acquisition rate when the observer is scanning the region of the
battlefield containing the AH, and let u* be ‘the rate when the observer is

not scanning the region. Then the average rate is : o

’

B o= el el " (59

where | is the communications net to which the observer belongs and % is
the region of the Battlefield (grid square) in which the AH is located.

Let FE(t) be the cumulative probability distribution function of the

helicopter exposure time, TE' Then PDis given by

S A R A (60)
Py = [ Pr{Ty < t} d (o) ' e
p= B (I-PE) (l -~ & -(A‘-"u)t's)

D
. A-l-u

(62)

~

.\ ;uPE (1 - o (A+u) (ts+t.f))

l*u

£ (TElTD<TE) is given by

lThc addition of hand-offs into AIDM has made the acquisition times .
exponential.
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' o me 63)
£ (T|Tp<Te) = %_ﬁ Pr{T <t} dFf (v) | (63)
D
(o]
‘ ® : : -()\+u)t
? ' B G Ty~ S - Pl :
| E''D E
g Py (i¥2)
P b g
E ' LR {1 - P & (it +
| 2 bl
?, pD(A+u)2 Py (A+u) Me
©
(l o PE)e’Ats 7 PE e"k(ts"'tf)
APy SR,
© | - ‘
+ & 5 fféiflei_} o () (e +te)
Po L (aen)? (A+y) (64)
” :
E (TDITD<TE) is given by
© © '
E (TDITD<TE) =1 [t ue-vt Pr {TE>t} dt : (65)
e 5!
©
E (TD|TD<TE} =
{ c O - PE)uz [] - {1 + (A+n) ts} e-(Hu)ts]-
" : ' ~uPy ()2 '
i
|
| 2 ) 2 =(at) (t +t.)
| 2 + et y 1 =41+ () (ts+tf)i L f]
f Py (x+y)
I
_i _
' ; vi-13
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" Finally, E (TElTE<TD) is given by

E (TE‘TE<TP) = 11137‘ J’k Pr {TD>t} d FE(t) )
’ D o . 4
3 (TEITE<TD) =
e b e e s
. 1 -P Sl 7 :
' . ) S (Af“) (M)

(t +te) u(k+u)-l§ o~ (m) (vt
(Mu)2 - (68)

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

in Section 111-B of the attack helicopter paper (rR1).

We assume that AH's and type one scout helicopters are acquired, but’
never merely detected, in the sense that acquisition and detection are defined
in Chapter V. Hence, we always have Dij(t) = 0 .for all attack helicopter groups,

j, and the non-detection probability, Dij(t)' need not be calculated.

~
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E. ACQUISITION AND DETECTION OF TARGETS BY ATTACK AND SCOUT HELICOPTERS

An unsuppressed AH scarches for targets during a period of length ts 5
but because of suppression the duration of the search period is a random

variable with maximum tge Since only those AH's not suppressed before time

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

acquisition probabilities for allocation of fire is unchanged from that

ABL S S5l N

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

e

A 5 RIS A e e
Wl S A

bilities for allocation of fire is done in a parallel manner. These cémputa-
tions are preéenféd in Section 1, below. For helicopters that are suppressed
before reaching e it is assumed that they are still capable of handing

of f any acquisitioné they may have made. Hence, for purposes of hand~off
information, the probability of acquisition must be averaged over the random

duration of the search peridd.; These computations are presented in Section 2,

below,

1. Acquisitions and Detections for Allocation of Fire by Helicopters

i i,

In this section we wish to obtain the following quantities:

PE = the probability an attack helicopter that stays

unsuppressed during its search period acquires or

detects a target eligible to be engqgedz,

Qij = the probability an AH in group i does not acquire !
A a particular farget in group j during a search-
d \ period of duration te » and
Dij = the probability an AH in group i does not detect

a particular target in group j during a search period

of duration ts’

lThis section also applies to type one scout helicopters if the time spent
firing, tg, is set equal to zero. The acquisition and detection processes

of type two scouts are identifical to those by ground weapons.

That is, a target that is within range of the helicopter's armament and
is on the helicopter's priority list of targets.

Vi-15
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The.quantity P_ is used in the computations of Sections B, C, and D in this

E
chapter. The quantities Qij and'Di_i are used in the allocation methodology
+ described in Chapter V.

~ The probability that an exposed AH in group i fails to acquire a par-
ticular ta}get in group j durfng a search interval of duraticn t is

~&..t NEWAMO(j) %-

= H' (M iJ
qu(t) Hm(b’At)e PAU

' ALt
-a,.t NEWAMO(j) — :
[1 ~ i (MAt)] e J PAU &, (69)
where

MAt = the time of the current time step in AIDM,

A
a

i = the rate of making non-firing acquisitions for a single AH

in group i obserVing a particular target in group j when
the grid square occupied by group j is being scanned by
group i,

?A . = the probability an AH in group i doeg not acduire by means of
pinpoint a single round fired by a weapon in group j when the
grid square occupied by group j is or is not].being scanned
by group i,

a.. = the rate of making non-firing acquisitions for a siﬁgle AH -
in-group i obsefving a particular target in group j when
the grid square occupied by group j is not being scanned

by group i,

,ln the hand-off paper (R2) the pinpoint probablinty is the same when a qud
square is and is not being scanned.




NEWAMO(j) = the number of rounds fired by a weapon in group j.

during the last time step of duration At, and
ﬂiz(MAt) =.the probability that an unmasked AH on communications
net | is actually scanning grid square %.
The probab?lity that an exposed AH in group i fails to detect a particular
target in group j during a search interval of duration t is computed
similarly to qij(t)’ but from rates of detection, rather than of acquisition.

Thus, the probabilities needed for allocating AH firers to targets are:I

Q= qyle) o ; B )
\R#1 '
= - + -
D;; = 179 (t) + q; (t)™ ", and ()
J
where the product is taken only over eligible target groups, j, and where
n.
[Q..D..] j . - ifn, >1
1 J
. gij ==
l-nj (I-Qijbij) | ifn; <

2. Acquisitions for Hand-0ffs by Helicopters

When calculating acquisition probabilities for the purpose of information
hand-off, the randomness of the AH search period must be taken into account.
The probability of not acquiring a particular target in group j, averaged

OVer'the duration of the search period, is the expected value of qij (t):

; 73 -2 -
E E”] =/; e "'q“.(,()d><+qij (ts) e “s. (73)

IEquation (71) is obtained by approximating the acquisition and detection times
with negative exponential variates whose rates are assumed to be in the ratio
R, as is done in Section V-A.
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Lot v. = 8 - NDMARO(])

2n(PA,.), and
) B 1 Y3 n(PA; 1}, an

v =3 - NewAMo(j)
ij i) at

’

2n(PAij).

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

~

=v..t ; 3 ..t
E[qij]"'ﬂiz(MAt)E[evU 1+ [1-ut, (war)Jele ], (74)

where

Jasts v, .+
E[e vijt] = _l-l

— ; S sl

and where

V.. ={v,  F2)t ;
A 4 1 g e VJ s A
-vijt vij+)\ vij+>\ E e i .
E[e J = - =Xt (76)
I-PEe

On page |11-5 of the hand-off paper (R2) p}k(Mbt) is defined as the

probability an observer in group i acquires a particular group-k target

in time interval [(M-1)At, MAat]. When the observer is an attack or type

one scout helicopter, the appropriate valuc of this probabilitv is:

Pi8t) = Fyl1-E(a; ), S

For At <E(X), and
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At
e _ (78)

Pik(nbt) a8 )= E(qlk

for At>E(X). These equations should be used for hand-off by attack and
type one scout helicopters in place of the calculations described on page
Iv-2 of the hand-off paper (R2). Recall that cnly acquired targets are

assumed to be handed off.
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CHAPTER VII

MODEL IMPLEMENTATION

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 written, programming is under

way to incorporate earlier results concerning attack helicopters (Rl),\

scout helicopters (R2), and information hand-off (R2) into the TRASANA AIDM.
The final form the computer program will take is, as a result, somewhat
uncertain, making ft impossible to describe implementation in detail.

The first six sections in this chapter describe the changes.in the
computer program required to represent suppression in AIDM. Section A
describes the implementation of’bookkeeping procedures to keep track of the
numbers of suppressed and unsuppressed surviving weap;ns. Section B
addresses the implementation of the procedures described in Chapter IV
to compute suppressfon probabilities. Section C describes the procedures
to include defections of targets in AIDM and to account for possible
reductions in accuracy of fire when detected targets are engaged. ‘Section
D describes the implementation of the information carryover process
defined in Section 1l11-C. Section E describes the new procedures to
allocate fire between suppressed and unsuppressed weapons and to include
allocation of fire to detected.weapons. Section F addresses the program
associated with the suppression of and by attack and scout helicopters.

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

A. BASIC FEATURES OF THE SUPPRESSION MODEL

Three basic aspects of the suppression model are addressed in this

section: the bookkeeping of the inventories of suppressed and unsuppressed

Vil-]
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survivors; the capabilities of suppressed weapons; and the use of the existing

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

ihese aspects are odélined below: - |
1. Initialize Prsupj to zero for all j before the first time step.

2. Bookkeeping weapon inventories is presently performed in AIDM

in subprogram UPDATE, where the numbers of weapons in each

group killed during the past time step are subtracted from the

group inventories. Suppressed and unsuppressed weapons could
} : also be bookkept in this section of code.

(a) Before the current group'inventories,’nj,.are updated,

determine the number of weapons leaving each group j.
. (1) If j is an unsuppressed group, use equation (4) to
_ calculate Gj’ the number of weapons in j suppressed
durihg the time step. In equation (4) Prsupj will .

have been calculated during the preceding time step.

? '(2) If j is 3 suppressed group, replace Prsupj w{th Prunj
’ in equation (%), and calculate 6]’ the number of weapons
in j unsuppressed during the time step.
(b) Modify the existing logic updating the group inventories to
subtract Gj and to add GM(j) to nj..as done in equation (5).
(c) If group j is a helicopter group, the logic in steps (a)
and (b) does not apply. The helicopter group inventory is
ubdated as done without the suppression model, except for type two
. . scout helicopters-(see section VI-A), which behave like ground weapons.
3. Since suppressed weapons are represented as groups separate from
unsuppressed groups, there are no programming changes to be made
to allow for the capabilities of suppressed weapons. Each group
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k.

In AIDM has associated with it a weapon type and line-of-sight
status that are input by the user, and the performance parameters
for the weapon type are specified as data.

The existing models of suppression in AIDM (the artillery suppression

and the direct fire suppression models) are to be maintained as

alternatives to the method described in this paper. Through

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

and the program logic must use the logic corresponding to the

selected model.

(a) If the switch selects the old models, then the calculation
of Prsup , implemented as descr}bed in Section VI-B, should
be skipped énd Prsupj set to zero.

(b) If the switch selects the new model, the old models must be
skipped.

1. In subprogram UPDATE the calculation of SUPP ana UNSUPP
should be skipped, so as to set them to zero and unity,
respectively. This can be accomplished thréugh input
by setting BETA to zero. (See lines 302-305 of UPDATE).

2. In subprogram RATE the suppression factor, FACTOR,

must be set to unity.

B. REQUIRED ADDITIONAL LOGIC TO IMPLEMENT THE CALCULATION OF THE PROBABILITY

OF SUPPRESSION

A

To insert into the program the calculation of the probability of

suppression, Prsupj. additional logic in model UPDATE includes the

following:




(a)
(b)

(c)

For unsuppressed group j calculate Prsﬁpj from eq. (15)
SARTY(j)’ fhe fraction of weapons'iﬁ 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 artillery
fire.. Set S . (j) = 1, when group j is not receiving artillery
fire. ' :

For unsuppressed groups j, determine SDF(j), the fraction of
weapons in group j not suppressed by artillery during the time.
step from eq. (16), with the product over all groups i firing

at target j. Since this calculation involves eij’ the fire
a)locafion factor, and since eij is computed during the iteration.
over firer-target pairs in ATTRIT, the calculation of SDF(j) could

most easily be done in the firer-target loop. Before entering

the loop, SDF(j) could be set to zero for each j, and then each

: time group j is considered as a target, SDF(j) could be incremented

by Spe(i,i):
1) Determine SDF(i,j) from equation (17).
2) Determine Prsupij from equation (18).

3) Determine Pij from input.

The above step applies if group j is a ground weapon or a type two

scout helicopter group. |If group j contains attack helicopters or type

one scout helicopters, then step (1) of Section VII-F applies.

REQUIRED ADDITIONAL LOGIC TO IMPLEMENT THE EFFECTS OF DETECTIONS AND

SUPPRESSIVE AREA FIRE

(1) To include into the program the representation of the effects of

detections, additional logic in module UPDATE includes the following:

{a) Compute Dij(t)’ the cumulative probability of ground weapon and

type 2 air scout detectors not detecting a target, as follows:
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(b)

1) Intialize: Djk(o)=l before the first time step.

2) {f linc-of-sight does not gxist, set D. (t)=l.

3) Compute D (t) from Q (t) using equation (19) after Q (t)
has bcen updated. Detections by AH's are computed dnfferently.
(See Section VII-F.) .

Modify D (t) to D‘k by eq. (20) to account for the forgetting

of detectnons where B, the reciprocal ;f the mean time 5

detection is remembered, is determined form input and is Ende*ed

on the detector weapon type. Eq. (20) should be applied before

new detections for a time step are used to update Djk(t).

(2) To include into the program 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 if the fire being allocated is suppressive area fire.
If not, the existing logic applies. If it is suppressive area
fire, modify the calculations as follows:
In subroutine RATE, when calculating SBP1, SBU, and §BP
for the case of suppressive area fire, modify the utilized

horizontal and vertical dispersions (standard deviations):.

2 %

a) o« (o +°Mx+°Ax) and
AR

b) o (°y+°ny+°Ay)

where Gx and oy refer to dispersions for the first round,
for rounds fo'lowing a miss or for rounds following a hit.
OMX’OAX'GMY"ané °Ay are defined in Section V-B, are
determined from input, and are indexed on firer weapon type

and range.

Vil-5

i..-..-....-..'-'."""“"""""""-l-Hiuinnunuu-uu..n.___n_~ —

i

N ST RS ——




D.

REQUIRED ADDITIONAL LOG!C TO IMPLEMENT THE EFFECTS OF INFORMATION CARRYOVE

(1) To implement the representation of the effects of information carryover,

additional logic in module UPDATE includes the following:

(a)

Before éomputing new acquisitions, and before updating Qij(t)
(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-
tions made or lost during (t,t+At), adjuét for all i and j

Qij(t) to Q;j(t) to account for suppressions occuring during

(t,t+At), as follows:

Calculate Q%j(t) from eq. (6) using eqs. (7), (8); (4), an

equation analogous to eq. (4) for GM(j) in terms of Prunj, and

A equations similar to eq.(9) for replacing QM(i)'(t) and QM(i)M(j)(t)

(b)

by Q*( )3 (t) and QM(I)M(J)(t) respectively, to account for

the forgetting of acquusutlons..PrunJ is defined followung eq. (4),
determined from input, and indexed on weapon type in group j. 3;
in eq.(9) is defined following eq.(9), determined by input, -

and indexed on weapon type in unsuppressed group x.

Using logic parallel to that for adjusting Q..(t) to Q;j(t).
adjust D, (t) to D' (t) as follows for all i and j:

Calculate D! . (t) from eq. (10) using eqs. (11), (12), (4), an

'equatlon analogous to eq. (4) for GM(j)in terms of Prunj, and

eqs. (13) and (14) for replacing DM(.).(t) and DM(')M(')(t) by

) .(t) and D% M )(t) respectively, to account for

DA (i M(i
the forgetting of detections. Prunj is defined following
eq. (4), determined from input, and indexed on weapon type

In group j. FM(I)’ in eqs. (13) and (14), is defined following

eq. (14), determined by input, and indexed on weapon type in

unsuppressed group M(i).
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THE ALLOCATION OF FIRERS TO TARGETS

Section V-C of thisfpaper describes a methodology to distribute fire

over suppressed and unsuppressed weapons and to allow fire at detected tar-

The implementation of this allocation scheme is outlined below.

(1) The subprogram PRIRTY is called prior to the first time step's
combat to cpmpute target priorities at range zero. Provisfon must
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 priorities of each
group twice, once as an acquired target and once as a detected tar-
get, Thé priority of a group is computed as AR + B where B
is the range zero priority, R is the range,‘énd A is the slope.
Separate values of A and B, obtaingd from input, must be used
for a group considered as an acquired or detected iarget.
(Helicopters are never detected, and the allocation equations

will never allocate to detected helicopters.)

(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.
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(4) If the target is an acquired group, calculate the fraction of the
firing group allocated to the target and its paired group as

(v —-k€) (1 - EijgiM(j))’ using equation (21).

(5) If the target is a detected group, calculate the fraction of the

firing group allocated to its target and its paired group as

b (-€) (O -‘¢ij¢iM(j))' using equation (34).

(6) For an acquired target, calculate the fractions of the firer group

allocated to the suppressed and unsuppressed portions of the targef,

e. ,.. and e.., using equations (32) and (33). The terms of
iM(j) i)

these equations are obtained from equations (23) through (31).

(7) For a detected target ;alculate the fractions of the firer group
allocated to the suppressed and unsuppressed portions of the target,
e;M(j) and eEj , using equations (36) and (37); The terms of these

equations are obtained in a manner parallel to equations (23) through

(31), as described in Chapter V.

(8) Loop over the suppressed and unsuppressed groups ofAthé current

target pair, allocating fire to them with the fractions calculated

~above, and apply the existing attrition logic to each group as a ‘a

. separate target.
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F. REQUIRED ADDITIONAL LOGIC TO REPRESENT THE SUPPRESSION OF AND BY ATTACK
AND SCOUT HELICOPTERS

This section addresses the additions and modifications of the logic of
AIDM to account for supﬁression of and by attack and scout helicopters. Most
of these changes are modifications of equations already implemented in AIDM
and presenied in an earlier paper that describes AH activities in the absence :
of suppregsion. The changes are described below.

(1) For each group of AH's and of type one scout helicopters the

suppression rate A must be computed. The suppre;sion p}obability
Prsupj need not be computed if group j is an AH or type one s§Out
helicopter group. The computation of A could perhaps be organized
most easily in a manner similar to the computation of Prsupj for
other groups. Let us call this rate Aj for AH group j. Then Aj
could be computed from equations (45) and (b6)_fn the same sequence
" that P65upjis computed, as described in Section VII-B,

(2) To modify attrition rates for AH firers, except for zero suppres-

sion (A = 0), required modifications of the logic in subroutine

RATE includes the following:
(a) In calculating attrition rates if the AH fires a missile:

). Replace equations (2) and (4) of the helicopter paper (R1) by
eqs. (42) and (43). X, the total suppression rate for ground
wéapons vs. AH's,.is determined from equations (45) and
(46) as described in step (1), above. Accumu!ate.xj in

the firer loop, save for all AH groups j, then use for

AR firers in next At.
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2, Replace the cquation for RMISS, the rate of firing missiles,

on page IV-10 of the helicopter paper (R1) by eq.(hk).

3. Replace the equation for ALPHA, the attrition rate, on page

IV-11 of the helicopter paper (R1) by the reciprocal of eq. (43).

'(b) In calculating attrition rates if the AH fires a burst-fire

type automatic cannon:

’ 1. Replace the equation for RF, the rate of firiné, on

Page (V-11 of the helicopter paper (R1) by eq. (53)

using egs.(55), (51), and (52).

2. Replace the equation for ALPHA, the attrition rate,on
Page 1V-11 of the helicopter paper (R1) by eq.(47) gsaﬁg
eqs. (50), (51) and (52).

(c) When Aj==0, the preram should use the oriéinal equations (R1).

(3) To modify acquisitions of AH's] required modifications of the logic

in module UPDATE and the subroutines it calls includes the following:

(a) Replace eqs. (8), (9), (10),and (12) of the hélicopter paper (R1)
by eqs. (52), (66) and (68), except in the case of zero

suppression, A = 0,

(b) Replace u, the total acquisition rate of AH's, of these
equations by the u calculated from eq.(59) while utilizing
eq.(4.5) of the hand-off paper (R2), with § and u* determined
from inputs.

'This section . .so applies to type onc scout helicopters. Type two scout
helicopters are treated identically to ground wcapons, cxcept that they are
never merely detected.
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) (%) To modify acquisitions by and include detections by A“'SJ required
modifications of the logic in module UPDATE and the subroutines it

calls includes the fo!lowing;

0 »
. (a) Replace the calculation of Qij’ the probability an AH in group i

does not acquire a particular target in group j during a search

period of duration tos by egs. (£9), (79, and the equation

for le (MAt) on pg. 111-10 of the handoff paper (R2) with aij;

| , . ;ij’ and PAij defined following eq. (69) and determined from
input. ‘

{b) Using logic pa}al]el to that for Qij’ compute ij’ the probabil-
ity an AH in group i does not detect a particular target in

! < group j during a search period of duration ts, using eq. (71),

| the equation for H"‘e (MAt) on pg. 111-10 of the handoff paper

(R2), and rates of detection analogous to those defined following

© : eq. (6%). Do not update Dij each time step by multiplying by
| _ the cumulative detection probability. Rather, update Dij

; each time step by calculating it anew via eq. (71).

(c) Replace the calculation of PE’ the probability an attack heli-
copter that stays unsuppressed during its search period
¢ . acquires or detects a target eligible to be engaged, discussed
in paragraph 14 on page IV-8 of the helicopter paper (R1) by eq.
(72) uvsing eqgs. (69), (70) and (71).

¢ lThis section also applies.to type one scout helicopters if the Fime §pcnt
firing, t., is set equal to zero. Type two scouts are treated identically

to ground weapons, except that they are never merely detected.
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(d) For the purposes of information hand-off calculate E(qij), the

probability of not acquiring a particular target in group j
averaged over the duration of the search period, by utilizing
eqs. (74), (75), (76), and the equation for Hi (MAt) on

on pg. 111-10 of the hand-off paper (R2).

Replace the calculation of Pik(MAt), the probability an
observer in group i acquires a particular group k target in time

Jinterval [(M - 1) A5, MAt], when the observer is an attack or
type one scout helicopter, described on pg. V-2 of the hand-

of f paper (R2), by eq. (77)'using eqs. (74) and (51).

G. REQUIRED ADDITIONAL INPUT DATA|

This section lists the types of required additional input data to repre-
sent the effects of suppression in the TRASANA AIDM. The data are categorized
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 acquisition upon becoming
suppressed, and indexed on weapon type in

unsuppressed group Xx.




SYMBOL USED
ABOVE

i |

. Prun.

SARTY ()

DCFINITION

Ratio of the detection rate to the acquisition
rate indexed on the types of the observing ;
and observed weapons. The ratio must be greater
than or equal to one. Values of R are not re- .
quired if the observed weapon is an AH.
Probability a member.of unsuppfe;sed groﬁp

x does not forget a detection upon becom-

ing suppressed, and indexed on weapon type

in unsuppressed group X.

Probability a member of group j becomes
unsuppressed during At if currently
suppressed, and indexed on weapon type in

group je.

The probability a weapon (the fraction of
weapons) in group j not suppressed by
artillery during the ;fme.step At, and
indexed on group j weapon type. This input
could be determined from any appropriate =
source such as historical data or a detailed

model of artillery coverage.

The expected fraction of group j suppressed

by each round fired at group j by a weapon
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SYMBOL USED
ABOVE

1/8

oﬂx(oﬁy)

°Ax(°Ay’

DEFINITION

in group i, indexed on the weapon types in

‘groups i and j, round type, range, and

target cover status.

The mean time group weapons and type two
scout detectors remember a detection, and

indexed on detector weapon type.

Standard deviation of the x-cordinate
(y -coordinate) of the mean aim point,

indexed on firer weapon type and range.

Standard deviation of the horizontal (verti-

cal) component of the offset of the mean aim

point, and indexed on firer weapon type and

range.

Since weapon type can be specified by input
as a function of group number, paired
suppressed and unsuppressed.groups can be
assigned different weapon types to allow

for different capabilities of the same
weapon in the two states. No new data items
need be defined, but performance data must
be specified if suppressed groups contain

unique weapon types.
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2., Tactics Input Data

SYMBOL USED

4 ABOVE DEFINITION
e Basic priorities for every weapon type con-

sidered as a detected target. (Priorities

for acquired targets are in the existing

data base.)

3. Status Input Data

SYMBOL USED ‘
ABOVE DEFINITION

M (i) Table consisting of the paired group for

every suppressed and unsuppressed group.
If i is unsuppressed (suppressed), then
M(i) is the paired suppressed (unsuppressed).

group.

— AN weaponé played in AIDM require data

defining their movementl and line-of-sight

-

statuses. No new data-items need to be
defined, but all existing data items describ-

ing groups (e.g., cover, velocity), must be

; .
' specified for both suppressed and unsuppress=-
ed weapons.
lThc user should input identical coordinates and velocities for paired
suppressed and unsuppressed groups.
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4. Selection of Options

SYMBOL USED
ABOVE

——

DEFINITION

Switch to select one of two optional

‘suppression models: (1) the one in the

existing AIDM program, or (2) the one

described in this paper.
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APPENDIX A

A MODEL FOR THE SINGLE_

SHOT SUPPRESSION PROBABILITY

Chapter 1V models the computation of the fraction of a group suppressed
in an AIDM time increment from the single shot suppression probability,
Pij' This appendix presents a model from which Pij might be generated as

input to AIDM. Section 1 addresses the averaging of suppressive effects

over all members of the target group. Section 2 addresses the averaging

A

of hit and near miss probabilities over rounds with different accuracies.

Section 3 computes the hit probabilities, and Section 4 computes near-miss

i e

- ' probabilities.

1. The Single-Round Suppression Probability

All groups with more than one member can be thought of as spread over

() |

an area. The coordinate of the centroid of the group is bookkept in AIDM,
but AIDM 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

i single round, this section introduces a simple model of intra-group geometry
and averages the suppression probability of a single round over the members
of the group.

C

: Consider a weapon which has been acquired or detected, and at which

; fire is directeﬁ. Other members are taken to be located' around the

é o target, each at a distance which is a function of weapon type and the number
g of survivors in the group. This distance is furnished via an input table

[ indexed §n weapon type and number of survivors. The target weapon is

¢ taken to be at the center of a circle, and the nj-l other group members °
‘The gcometry of the fargct group is described in a plane perpendicular to the
line of sight between firer and target.
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(secondary suppressees) are assumed oriented around the target at the speci-
fied distance and.scpérated'by an angle of 366°/(nj-l). (1f " <1, only
the target weapon is considered.) Then, in terms of a coordinate system
centered at the target weapon (primary suppressee), the coordinates of the

other.weapons (secondary suppressees) are taken to be (xi, yi) for i=1 to

nj—l, where
X; = r cos 0, (79)
v, =" sin Bi, | { (80)
_ 360°(i-1) '
ei nj-l .(81)

and where r is the tabulated radius of the circle. Let Ps(x, y) denote
the probability that a round aimed at the origin suppresses a target
centered at coordinates (x, y). Then, the average fraction of the group

suppressed by a single round is P,,, where
J

nj-l
Ps(0,0) + 3 Pex;s v;) - (82)
P,, = i=1
ij "j
for nj > 2, and where
Pij = Ps (0, 0) : | (83)

~ 5 -

VA 8 : :
for nj = ¥ IF nj is non-integer and 21, then these equations are used to

calculate Pij for the integer values nearest to nj and the results are
: .

interpolated to nj.

In practice, a simple linear interpolation technique will suffice.




T r—————— W4-nf-n--n-vw-u---n-a-ln-n--nI!

Suppression is assumed to be caused by non-lethal hits and ncar misses.
For a weapon that is offset at coordinates (x, y) from an aim point at the
origin, the probability of being suppressed by a single round is:
Ps(x, ¥) = Py ¥) Ppy i+ Py (0 ¥) Pgpys (84)
where '
PNLH(X’ y) = the probability of a non-lethal hit,

.PNM (x, y) = the probability of a near miss (an impact in a certain

area around the target),

PS|NLH' = the probability of suppression given a non-lethal hit
(an input dependent on round and target type), and
PS|NM = the probability of suppression given a near miss (an

input dependent on round and target type) .

The probability of a non-lethal hit is:

a0 V) = Pyl ) 1] | @)

where

PK]H = the probability of a kill given a hit, aﬁd
PH(x, y) = the probability of hitting a target at offset (x, y)
: from the aim point. . ;
The probability of a kill given a hit, PK|H’ is a datum presently Fn AIDM.
The probabilities of a hit and a near miss are the integrals of the distri-
bution of impact points over the target and the target's surrounding near-

miss areas, respectively. These integrals are presented in the remaining

sections of this chapter.

2. The Probabilities of Hit and Near-Miss

The suppression probabil%ty derived in Section | of this chaptér'

is a function of Py (x, y) and PNM(X’ y), the single-round probabilities of a
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hit and a near-miss, respectively, for a target (either primary or secondary)
centered at an offset (x, y) from the mean aim point. The problem would
simply be one of integrating the elliptical normal delivery distribution
over the target area or near-miss area if it were not for the fact that

not all of a firer's rounds directed at a target are necessariiy sampled from
the same probabilityAdistribbtion of impact points. Specifically, firgt
rounds, rounds following misses, and rounds following hits are allowed to

have different variances in AIDM. Consequently, the hit and near-miss
probabilities mus} be obtained for an average mix of first rounds, rounds
following hits, ana rounds following misses. . ;

We wish to ascertain the proporti~ns of rounds that are first rounds,
'rouﬁds following hits, and rounds following misses and to use these pro-
.portions to calculate average values of the hit and near miss probabilities.
However, since a firing sequence can be interrupted when a target remasks
or is killed from any one of a number of firers, these proportions are
governed by a very complex stochastic process. Consequently{ the proportions
cannot be determined exactly. Instead, the corresponding proportions will .
be determined for a simpler process in which a single firer and single
target are isolated. |f we consider a passive target that is engaged until

it is killed (ignoring the possibility of a suppression oEcurring 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 N is the expected number of rounds to kill the primary target,‘
then the expected fraction of rounds that-are first in the firing sequence

is

N is the variable ENCALC in AIDM.
A-4
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(86)

K|H be the probability of a kill given a hit.l Since the expected

number of hits to kill the target is l/PKIH, and since one of these hits

Llet P

terminates ‘the sequence, the expected fraction of rounds following hits is:

§ oo
== = 1), (87)
& Pklu .

~

Since the enumerated situations exhaust the possibifities, the fractions
sum to unity, and the fraction of rounds that follows misses is:
SOl i b '
=1 = | . (§8),
K|H e

NP

Using these fractions, the unconditional probabilities of hit and of near

miss are:

+ A (x, v, 3 bM) A : (89)

PNMG(' y) = f‘ PNM (x, v, ay, b]) + fH PNM (x{ Ys 3y bH)

+ fy Py (%0 Y5 3y By . (90)
where
Py (x, y, a, b) = the prooability‘of hitting a target located at
aﬁ offset (x, y) with a round having Borizontal

and vertical standard deviations a and b, res-

pectively, and

'leu {s the variable SBPK in AIDM.
A-5




(x ¥, 2, b) = the probability of a near-miss for a target lo-
cated at an offset of (x, y) wath a round having
horizontal and vertical standard deviations a
A and b, respectively.

The standard deviétions are defined as follows:

a, = horizontal dispersion for the first round,

o
n

vertical dispersion for the first round,
a, = horizontal dispersion for rounds following a hit,

vertical dispersion for rounds following a hit,

o
]

horizontal dispersion for rounds following a miss, and

o
]

vertical disperson for rounds following a miss.

The functions P, (*) and Prast (-) are displayed in the following section.

3. The Conditional Hit Probabilities

The hit probabilities P, (0, 0, *, *) are calculated presently in
AIDM as part of the compukgt?qﬁ of the attrition rate.‘ However, the hit
probabilities with non-ééro offsets (i.e., for secondary targets} are
new and are derived in this section. Section a presénts the computations
for hull'defilade targets, and Section b presents the computations for

fully exposed targets. These computations are applicable both to primary

and secondary suppressees (that is, both zero and non-zero biases).

Iln AIDM the variable names are SBP1, SBU, and SBP for probabilities of

hit on a first round, a round following a hit, and a round following a miss,
respectively. ;

A-6
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a. Hit Probabilities for Hull Defilade Targets
The hull defilade target is represented as a rectangle of width XT and
height YT, the center of which is offset at coordinate (x, y) from the aim

point at the origin. The hit probability is

PH (x, y, a, b) = 'XT'YT' (91)
2
where ) XT/
ly. = ke exp |- ZZ dZ‘ \(92)
L XT a\/?.u 2a2 ;
x-XT/Z
which becomes, affer change of variables:
f ; 2x + 2x - X
' 'XT ="1/2 erf ——————EI- - 1/2 erf L 1 (93)
2\/;6 2\/2—a
(
Similarly:
, 2y + Y T 2y-Y :
lyp = /2 erf LY < 112 ek a 1 (94)
C 2vV2 b .\ 2V2 b
vhere erf is the error function,
C
t 2
: L °
f In what follows, we use the fact that erf(~x) = - erf(x)
C. j .
i " b. Hit Probablilities for Fully Exposed Targets
i Fully exposed targets are represented as a rectangular turret of
C dimensions (XT. YT) and a rectangular hull of dimensions (XH' YH)° The
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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 assumed to be located at the offset (x, y), with

the aim point at the origin. The hit probability in this case is:

L A l

where :
2x + X 2% - ;
1 = Vet [ = Vet -——X-T—— : (96) 1
XT :
2v/2 a /2 a 3'

y +.Y ] e e

Wy = 172 erf Y - 1/2 ert .. (97)

/2 b V2 b
’ ; ')‘
: 2x + XH 2x-XH :
l)'m =1/2 erff ———— ) - 1/2 erf|] ———1]}, (93)
. 2V 2 a 2\/5 a ;
9]
and
y-Y g '
Wy = V2erf [—L—) - 172 erf S S (99)
. . V2 b V2 b/
3 s 5

] i

4, The Conditional Near Miss Probabilities

This section presents theAnean_miss probability, PNM(x,y.a;b).
Section a gives the computations for hull defilade targets, and Section 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 Probabilities for Hull Defilade Targets

The target is assumed to be surrounded by an area of dimensions

xs. Y. within which rounds that do not hit the target can have suppressive

S
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c¢?focts. The suppressive area is assumed to be centcred at the offset
(»,y) as is the turret which is of dimensions XT, YT. The probability
of & near-miss is the probability a round lands in the suppressive area

but not in the turret area. Hence:

’

- (100)

P (X2¥52:0) = Proen = P riypger @
where the probability of hitting the.suppréssive area is:
PaRen = 'xa va ~ AR ko)
.and where
2x + X 2x - X\ iy
iy = = erf (——~§- Lot 24, (192
2. = XN 22Za 2 gz af
and
2y + Y 2y - Y Ak
lYA = l-erf i l-erf et . A(I°3)
2 2/2 b 2 2/2 b 0

The probability of hitting the turret has been calculated already in Section
3-a of this chapter.

Hence,

P xt Wt 0

TURRET L

which is the result from equation (91).
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b. Near Miss Probabilities for Fully Exposed Targets

The center of the suppressive area is tSkcn to be located at the
offset (X , Y), as is the midpoint of the bottom of the turret. Fire is
aimed ét the origin. The probability of a near miss is the probébility a
round lands in the rectangula; suppressive area but not in the fully eprsed
target area. |t should be noted that 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:

Pu(xs¥22:0) = Prors = Pragaer _ - (105)

where PAREA; the probability of hitting the suppressive area, is given in
section -a of this chapter, and PTARGET’ the probability of hitting a

fully‘exposed target, is computed in Section 3-b of this chapter with

eduation_(ss).
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