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Pretace
;
! The use of torward looking infrared (FLIR) systens as
; an ot in conducting low altitude operations in fighter
; alrcratt {s receiving widespread attention. As
g vxperienced fignter pilots, the authors of this research
project were interested in quantitatively evaluating the
FLIR s  eunhancement of tighter survivability. The thesis
; specitically addresses its effect on the night battlefield :
i , dair interdiction mission.
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_ dission Area Analysis branch of the Aeronautical Systemns
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;% project. We also wish to thank Lt Col Tom Clark, our
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the research effort.
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cOLANTIRN systed proeviaes the Tighter pilot with a

torwatg Looking, intrared FLIK) svsten, which allows him

1

to tl- the  aircraft fower and faster than he would

othivrwis=e oo agbhle to fly. The objective of this research

eftort was to deternine whetner this increased capability

will sipniricantly ifmprove the fijghter’s survivability in

the uiyvne interdiction role. Tune prublem was studied in

the context of the threats and terrain found in the

central regiou of Vest Germany.

A nmodel of the terrain features and threat scenario

was constructed using the SLAMN computer simulation

lanpguae. The soviet detensive systemns can be mnoved

around as desired, anad aircraft can enter the system at a

varietv ot arrival intervals, airspeeds, and altitudes.

Defeusive systens that are within range of the aircraft

will shoot at it, provided they are not tied up with a

previous aircraft, blocked by terrain, or prevented from

shootiny because ot a low probabilfty of kill.

The capability to fly taster did not significantly

lancrease the fighter’s survivability. A decrease in

altitnde from 100G feet to 500 feet increased
survivabilitv to a minos deeree, while a further decrease

to 250 feet inproved survivabilitv sienificantlv. These

findines led tn the conclusion that a strone effort should




A} 5

wission

viii

resolution

altitude of

to

250

P PPy




A\ B

L

SURVIVABILLITY S17uUudy o A FLIKR EQUIPPED IGHTER

Ghooa NIGIAT PEEETRATTION OF A SOVIET ARMY

1 Introduction

Backyround

nited States Alr Force efforts in the c¢lose air
support aud interdiction roles have traditionally
empnasized daytime applications of airpower. The reason
for tnis emphasis is that we simply do not have aircraft
capable of delivering weapons at night with the accuracy
needed to destrov pinpoint targets.

Admittedly, the F-111 1is heavily committed to the
night interdiction role; however, its usefulness is
restricted to large stationary targets which can be
lJocated on the basis of a radar prediction that was
prepared long before the mission was flown. It has
virtually no capability to locate small, mobile targets,
such as tank columns, nor does it have a substantial
ability to destroy such tarygets 1f it does locate them.

To {improve the wunight capabilities of our fighter
force, several USAF agencies are working on a system known
as Low Altitude Navipation and Targeting Infrared System

for Nipght (LANTIRN) . Basically, LANTIRN is a pod which

will be attached to an F-16 or an A-10. The pod has a
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torwas . Loobin dntrared (LLIR) cuapanility which will link

up witn the pilot’ s neuad=up Jdisplay (HUo) to pive him  a
ideo raster representdtion ot the terrain in front ot the
wireratt, wituiu o liaited (30 wide by 20 high) field of
Jilew. Anct e section  of the pod  will automatically
acquire tarsets within the Vib’s [ficvld of view, point them
out te tie pitot, and fire Irna,iny Infrared (IIR) Maverick
sissiles at tae targets if the pilot cousents. The goal
pvein el tor the systen is an  ability to acquire,
claseity, and fire at up to 6 tarvets in a 7 second time
seriou.

'ne LANTIRN systew, when it is fully developed, will
represent a substantial advance 1n the state of the art in
several ficlds. Development of the CO2 laser, which 1is to
provide surreptitious terrain followin; information, will
requirue soine major technological breakthroughs.
Developing the ability to automatically find and classify
targets will also be a formidable task. A 6~rail Maverick
launcher mnust be developed, and the missiles themselves
will very likely have to be modified so that the second
through sixth missiles fired will stay locked on to thelir
targets rather than locking on to the missiles fired Jjust
before them. These are just a few of the problems that

must be solved before the system can become ovperational.
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setore discussing the technoloyy required to develop

and  optiaize the system, 4 very basic question must be

addressed. How is LANTIRN goin: to affect the
survivability ot the atrcratt that is carrying it?

Tnis thesis  compares the survivability of a
nvpothetical tactical fighter employing a FLIR system on a
nizsnt battletield air interdiction (3Al) mission with the
same  aircraft flying the same mission without the FLIR.
The fishters penetrate the forward edge of the battle area
(FEEA) and fly through a typical array of defenses of a
Soviet yround army to strike a target at the rear of the
sround army’s area of operations. The FEBA 1is assumed to
pe somcewhere near the East German border in central West

GCermany.

“"see" the terrain

Because of the pilot’s ability to
ahead of him using the FLIR, he will be able to fly lower
and faster than he would be able to fly without the FLIR.
The objective of this thesis {s to determine whether the
increased capability of the aircraft provided by the FLIR

will significantly improve its survivability in the night

interd{ction role.
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tn this Lnusis,5 the fishter’s survivability in the

nisht (PR role is analyzed, with the constraint that the
fighter vust perform 4 fow altitude pencvtration of the
enenyv oarny Lo Teach the tar, et area. Under certain,

pertnaps most, conditions, a hiph altitude ingress might
result  in a better probability of survival for the
tiyhter, btut this does not reduce the need to determine
the FLIR s ennanceument of survivability in a low altitude
puenetration. Wecather conditions might, for example, make
it impossible to perform a high altitude ingress and
subsequent letdown to low altitude approaching the target.
Furthermore, a low altitude ingress will allow the fighter
to acquire and engage targets of opportunity enroute to
the targetl area; these targets would be out of range 1if a
hivh altitude ingress were made.

Tne mode! studies the problem only in the context of
the terrain features of central Wwest Germany, which
consists predominantly of rolling farmland mixed with
thick torests. The trends shown in the study should apply
to other terrain types, but this «c¢laim can not be
categorically madec.

Fiaally, 1t is important to note that the
survivability figures developed by the model are useful
only for comparing the various alternatives evaluated.

Undoubtedly there are factors not considered in the model

which will affect significantly the survivability of an

ot P 2 il
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alircratt Plying the scenario. Thus when the model
aredices that twelve out of twenty aircraft will survive
under one set of conditions and sixteen will survive under

another set of conditions. the fwportant result is the

comparison between the two alternatives rather than the

e e i ki R 1

exact survival figures.

0 et g o

Threat Scenario

llach of the five Soviet ground armies stationed in

East Cermany has approximately 1000 surface-to-air missile
(SAM) launchers and 1000 anti-aircraft artillery (AAA) %
units (Ref 6:46). These Jdefenses are concentrated within
an area 27 nautical miles (NM) wide by 54 ©NM long.
Because the mission analyzed 1in the model will be flown at
low altitude at night, those weapon systems which do not
have the ability to acquire and enpage the aircraft with
radar or some other non-visual system can be eliminated.
Using this criterion, four SAM systems and one AAA systenm
were selected as representative threats 1in the model.

They are designated as shown below:

1. AAA

2. SAM-A
3. SAM=-B
4. SAM-C
5. SAM-D

The approximate locations of these threats in the Soviet
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2 Figure 1. Radar-Directed Air Defense Systems
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arvy area are shown in Figure 1.

Soviet afrpower is not cexpected to be a threat, since
soviet doctrine calls for air defense in the forward part
vf the battle area to be the responsibility of the SAM and
AAA urits in the —early stapes of the war (Ref 6:46).
Furthermore no known Soviet aircratt has a credible
capability a,ainst a high spced, low altitude aircraft at
night.

Appendix £ (SFCRET) describes the threat scenario 1in

morce detailed und specific terms.

Structural Model

Figure 2 1s a structural model of the alir defense
elements of a typical fleld army, as discussed in the
previous subsection. It is essentially an expanded
version of Figure 1, with the 5 defensive systems which
pose a significant threat to the fighter arranged 1in
"belts" which correspond as closely as possible to the
positions they would actually occupy. Note that the first
five belts in the structural model make up what 1is called
the "forward" belt in Figure 1.

Figure 2 shows only the number of defensive systems
in each belt; 1t does not show their locations. In this
experiment, it 18 assumed that a large part of the enemy’s
movement of mechanized vehicles, troops, and supplies
occurs along a single line of communication (LOC) which

runs the length of the area of operations. Two typical

P

ok e it e
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Lot s are shewn tn Fivures 3 and 4. The tickmarks along
the road networks in tnese figures represent the defensive
weapon pelts, while the "»" marks the target area. The
weapous are spread Jaterally along each belt, but they are
concentrated most heavily near the LOC. Note that the
defensive belts in Figures 3 and 4 are dravwn to scale;
they are not drawn to scale in Figure 2.

The {fighter can theoretically enter the FEBA at any
point along its 27 N4 front. In the model, however, {t
enters within a 3 NM corridor centered at the midpoint of

the area of operations (that is, the entry point can be up

to 1.5 NM either side of the midpoint).

Methodology

In order to analyze the fighter survivabiliry
problem, a computer simulation model was developed from
the structural model, using the SLAM simulation language.

The lateral distribution of the defensive sites along
each of the twelve belts 1n the computer model can be
varied by specifying the wmidpoint and the standard
deviation of the defenses in the bhelt. The mean point of
the defenses in a belt is the point at which the primary
LOC <crosses the belt. Aircraft can enter the system at a
variety of arrival intervals, airspeeds, and altitudes.
Terrain 1s modeled as a probability of blockage - the
rougher the terrain, the higher the probability that 1t

will Oblock a defensive s3system’s shot at the aircraft.

Cee o e ‘
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Deferci e systems which shoot at an aircraft are tied up
tor ¢ perica  of time following the shot; at the end of
this periovd, they are released and allowed to engage other
alrcrate. The properties and capabilities of the model

are discussed in more detail in Chapter 111.

The remainder of this thesis explains in detail the
sinmulation eftort and the analysis of results. Chapter Il
discusses the components and concepts incorporated in the
simulation wmodel, while <Chapter TII discusses the model
itself. In Chapter IV tihe data collection process and
experimental desiygn are discussed; the analysis of the

data is discussed 1in Chapter V. Verification and
validation of the model are discussed in Chapter VI. The

overall results of the thesils effort are presented in

Chapter VII. Finally, recommended areas for follow-on

study are discussed in Chapter VIII.

TR et e )
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11 System Structure

The system structure is composed of four basic

ingredients:

!« Characteristics of the offensive aircraft

2. Characteristics of the defensive weapons

3. Terrain

4. Command, Control, and Communications (C3)

structure.

These factors are discussed in detail {n the remainder of
this chapter. Many of the concepts 1in the chapter are
described in more detailed and specifi terms in Appendix

K (SECKET).

Defensive System Envelopes

The defensive systems modeled have the maximum and
minimum ranges shown in Table I.

The minimum altitude at which a SAM can engage an
aircraft (s determined by the multipath angle. The
aircraft must be above the horizon by at least the
distance subtended by the multipath angle at the
aircraft”s range, for the 5AM to get a shot. 1If there are
hills, trees, or any other high terrain between the SAM
and the aircraft, a straight line between the SAM site and

the terrain feature can be considered to define the

ST T
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TABLE 1

snany e Enveilopes of Hefensive Systens,

dinimum Ranze ilazimun Range

VAR VO 1.35 N4

SAI~A 2.7 N 19.4 NI

SAn-B 4Ho3 N 54 NM

SAM=-C 2.2 NH 13.0 N

SA-D 1.1 N 6.5 NM
"effective" norfzon. Figure S5 shows an example of this
principle for a SAM with a multipath angle of

0

«35 engagling an aircraft 40,000 feet away, with a 500
foot hill halfway between the radar and the afircraft.

The terrain in this exauple essentially adds 1.43° to
the mwmultipath angle, or 1000 feet to the altitude which
the aircraft must have in crder to be seen by the radar.
Thus the afrcraft nust be at least 1250 fect above ground
level (AGL) for the 5AM to have a shot.

In addition to the multipath angle, each SAM system
has an absolute minimum altitude. Any aircraft below this
altitude can not be shot down by the SAM. If the SAM
systen in the above example had a minimum altitude of 2000
feet, it could not shoot down any aircraft below that
altitude. 1€, on the other hand, it had a minimum
altitude of 1000 feet, the lowest altitude at which 1t

could engage the aircraft would be 1250 feet AGL, as
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Fisure 5.

computed

The

in the model

previously.
cinimum altitudes and

are given in Table

TABLE

Terrain Blockage ani

and
1.

" T

1000

1]
[P P, B

40 600
J

T

1250

L

multipath angles

1.

It

Multipath Angle

for SAMs

tinimuw Altitudes and tultipath Angles of Defensive Systems.

SAH=A

SAM~-B

SAM-C

SAM-D

Jdinimuw Altitude

1000 feet

310 fceet
795 feet
60 feet

Multipath Angle
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The fihter in the model carries Nl rejeater juammer
«hich radtates power unitoruly in all directions 1in the
hemispoere below the aircratr. The etfective radiated
power (ER¥) ot the jammer dgalnst the target tracking
radars of the threats in the nodel s shown in Table 111.

TABLE 111

Effective Radiated Power of Jammer Ayainst
Detensive Systems.

-
ERP

N AAA 1694 Watts
k

S AM=A 1694 Watts
. “AM=B 914 Watts
x
\__ SAM=C 914 Watts
.
~

SAM-D 914 Watts

Weapon Systen Capabilities Against an Afrcraft  with

Jamming

The ranpe at which a tarrcet tracking radar can pilck

\l; B

up an aircraft 1s a function of the radiated power of the

radar, the radar gain, the radar cross-section of the

&\ alrcrafe, the effective radiated power of the jammer, and
the jawmming~to-signal (J/S) ratio at which the radar
L operator 1s able to brecak through the clutter on his scope
and lock on to the aircraft. All these terms are well
l




fat inced crncebnt the J/70 ratio, whicn ¢can varv according to

ﬁ
».£ wuedi:oer, operator proficlency, saintenance status of the
.
> cuuiveent.  aud 4 number of ocher factors. A good rule of
s
t thur b, nowever, is tuat a J/5 ratio of about 20 dce¢cibels

(db) is required Lo i most target tracain radars under
{ 8

1088 circuw lances (Retr 4). As a resaule, it was assuned

* the tarzet traciin, radars ot the weapun systems would be
able to lock vnto the aircrarft as soon as a J/S ratio of

20 db or less was achiceved. The {ormula for tramslating

tne /. ratio into a range at whichh the aircraft enters

tne weapon systen’s lethal zoune s
p \

K o= ] (J/5) Pr Gr Jt (1)
(47 ) (FRP)]

where
{(J/S$) = jamming-tu-signrnal ratio (dimensionless)
K = maxluum lethal ranyc¢ (in neters)
Pr = radliated power of the radar (i{n watts)
¢r = radar gain (dimensionless)
J¢t = raddr cross~section (in square meters)

{ERP)] = radiated power of the jammer (in watts)

(Ref 3:101-102)

ihe above formula, expressed in decibels, is

Reb = (1/2) [(J/$)db+(Pr)ub+(ot)db=-(4T)db=(ERPJ)db] (2)




i oo ardate vilues tor o the delcustiie SYSte., it
tinne e el are shhown in Faole 4.
Ta"h,o 1V
Yalues ftor Radar han, ¢ Equation
(173 t'r Gr 4m (ERP) |
NN RETEENE) 23 kW 40 di 11 db 1694 w
) 9 dbw) (32.3 dbw)
SAN=A 20 db A6 rw Tl.7 db 11 db 1694 w
(H7.85 dbw) (32.3 dbw)
SALL= 20 Jdhb 100 kw 42 dh 11 db 914 w
() dbw) (29.6 dbw)
SAT =t 20 db 200 <w 41 dh 11 db 914 w
("3 ¢dow) (29.6 dbw)
VAN =D 20 db 170 kw 43 db 11 db 914 w
(50 dbhw) (29.6 dbw)

Substicution of the app

range formula resul

A.‘\ Ay
SA -A
SAN =1

The ranges 1in
formulas, can be

following formula:

ts in the

ruopriate values in

following

Rdbm = 34.3 + (1/2)
Rdbm = 33.1 + (1/2)
Rdbm = 35.7 + (1/2)
Rdbw = 36.7 + (1/2)
Kdbm = 36.6 + (1/2)

decibel-m

translated

the radar

expressions:

(0t)dbm-

(Ut)dbm2

to

(Ct)dbm

(3]

(Ot)dbm

[ 9]

(Ot)dbm

cters, found in the

(3)
(4)
(5)
(6)
(7)

preceding

into ranges in meters by the

B i




Y

(gdba/10)

Roa 10 (8)

Ithe rad it (ross=section v the aircraft varies
according to tae aspect at which the radar {5 viewing the
alrcra:t an. tue  operatiag frequency of the radar.
e Cause tac Lar el tracking radars of the AAA and the

SAN=D operate at close to the same frequency, they will
see equal croas—-sections at a given aspect. The SAM-3 and
SAM=C cau te prouped together for the sawme reason. Table
Voooshows tie radar cross-sectiouns of the fighter, at
+arious aspects, for all five weapon systemns. A 0° aspect
equates to a head-on view, a 94)° aspect to a side profile,
and a 180" aspect to a tail view.

tible VI shows the waximum range at which the
aircraft 4s within the lethal zone (J/S of 20 or greater)
for each weapon systewn for various aspects. These values
were cowputed by using equations (3) through (8) in the
RANGES computer progran (Appendix C). Note that, in many
cases, the range falls {nside the minimum range of the
weapon systen. This indicates that the weapon system has
no capability against the aircraft at that aspect. At
some aspects, the maximun range given in Table VI is
rreater than the maximum range of the weapon system given
in Table I; in these cases, the value in Table 1 applies.

The circular error probable (CEP) is a sphere around
the afrcratt, within which 50% of the missiles fired under

a piven set ot conditions will detonate. The lethal
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Table V1

aixamum Ranges at Which a J/S Ratio

ot 20 or Above i1s Obtained

e o waial (L )

[P ) RUTERY REPTTE AN DAL= RIS SAM=D
R LRS! 5004 Fon2 5.79

. P O .90 Salt Zeouh 4o BT
o R .44 RN 3. 34G .80
i L LR R A 3.5% 3.136
, L. h) 1.a92 RE/A 3.7 2.48
RPN 1,91 2.68 3.37 3.55

S b 1.27 e 34 RN 4.10

I 1.2y g1 5.01 b3l 1.96¢6
o 1 / 1.4 2.98 3.70 2.74
Wl vo 2 l1.sY 3,07 3.5/ 4.68
Y. Jo0B [.35 1.80 2.20 3.22
50 .03} 1.25 1.806 2.34 2.53
T .81 .70 1.80 2.7b 2.80
A5 1.5 .16 2.02 2.54 2.32
! 3. 73 3.19 5.731 6.6 5.78
PREIR n.bh2 5.36 lu. 71 13.49 10.506
I U.94 5.51 13.15 16.59 15.39
v ). 1.25 /.27 12.66 15.94 14.33
TRVIR 24.00 21.62 315.59 44 .81 37.27
i3 13.30 12.20 19.95 25411 20.60
Lo 7.80 7.80 12.3C 15.48 15.18
Liros. 2.3 2.4 5.79 7.2°0 4.40
Iiu .34 3.41 5.48 6.90 6G.72
11y 2.97 1.35 3.05 3.84 4.60
12¢. 3.59 1.01 2.62 3.30 5.56
15, 238 .07 2.88 3.62 3.68
TN Je b7 .84 2.84 3.5a 3.36
135, 2040 1.11 1.77 2.21% 3.71
1540, .08 .95 1 .49 1.87 3.53
Lac Je90 .89 2.13 2.68 4.49
Lo 2,69 1.52 2.14 2.069 4.11
15, $.273 2.34 2.11 2.65 5.00
160, 204 1.17 2.14 2.71) 3.16
16y, 2.51 1.17 4.18 5.2b 3.88
170, 4. 96 1.78 4e20 5.36 7.06
175, 1. 88 1.88 5.96 7.00 10.65
L&f. B, 22 1.23 5.98 7.52 12.73
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(1.&) 1o that dista
witnin whicn as nmany aircratt
Jetonwat foua neyond it. It i
missile and the type aircratt
allows tie Sosdel tooassuae

that atl alreraft within the

ani all aircrvatt beyoad it s

each o1 the “AN systews in tb

tighter wodeted, s ilven in

TABLE

Letnh1] Radii o

SAM=-A
SAM=-EB
SAL=C

SAH=D

The probability of kill

and tne letnal radius by the

Pk = 1 =~ .

nce tro:n the AN detonation

SurJilJe as arv«

s a function of both the type

- The lcotinnal radius

kfilled

concept

by

a "coouikive cutter" approach in
lethul radius will be killed
!
urvive. Tne lethal radius of 2
)
« model, with respect to the i
table VII. :
VIl
t SAM Systems
Lethal Radius
135 feet
143 feet
no feet
72 feet
is related to both the CEP
following formula:
2
(LR/CEP)
5 (9)
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Ine  specitic capabilities  of the five defensive
systens tn tne mouel are desceribed in the rewmainder of

this sub-=scection.

SAM=A . The kill zouwe (the arca in  which the J/S
ratic is 29 ob or less) of the SAM-A is snown in Figure 6.
Note taat, with the cxception of small "spikes" near the
0 and 155" polnts, the entire kill zone lies within a
narrow band near the 90° aspect angle. The target
traching radar can not beyin tracking the aircraft until
it reaches the leading edge of the kill zoune, and, because
tae wmissile is counmand guided, it must reach the aircraft
before it is masked by jamwiug at the trailing edge of the
kill zoae.

As stated previously, the Pk outside the kill zone 1is

zero. Within the kill zone, the CEP is related to the J/S

ratio at the tiwe of intercept by the following formula:

2
cepP =d*10000252 (J/S) R + 9610 (J/S) + 671 (10)

where R is 1in metegs, and

(J/S) is a real numrer (not in decibels).

Obviously, the lowest CEPs will result when the aircraft

ts close to the SAM site and the aspect s 90°

(maximum
radar cross-section, miniwum J/S ratio). However, an
intercept at the 90’ point will never occur with the SAM=-A

because of the narrow kill zone. Engagements will occur

near the trailing edje of the kill zone, if they occur at
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Lethal Envelope of SAM-A

Figure 6.
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sAl=8 . The kill zone ot the SAM-B is saown in
Figure 7. Wnile the missile nas a maxinmun range of about
54 NM, it is shown out to only 20 NM because the kill zone
becomes touo uarrow for the missile to have a chance of
intercepting an alrcerait beyond that range. The "spikes"”
ot the 30" and 180" aspects are too small to give the
SAM-B a shot at the aircraft. Thus the kill zone 1is
restricted to the band near the 900 aspect. The CEP for

the S$SAM-B is computed using the formula:

2
Chi =\J L00000962 (J/S) R + 2500 (J/S)y + 232 (11)

$AM=C . The kill zone of this missile is shown In
Figure 8. The CEP of the missile is determined by the

formula:

2

CEP *d (.00000071) (J/s) R + 2200 (J/S) + 58 (12)

Unlike the SAll-A aud SAM-~-B, the SA!'-C appears to have a
significant chance of killingy the aircratt at aspects
other than those ncar the 90 point; the splkes near 25"
and 1%0" look particularly promising. The 25" spike s
the longer of the two; however, an aircraft entering this
area would be well past the 25° point before a missile

could reach it, even with minimum reaction times. Since

0

region (where the

the radar cross-gsection in the 30°-40
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Ltethal Envelope of SAM~{

2.2
Figure 8.
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(nterce ot would ocenar Cven under thie  ost favorable

. - . G
conditions Yfor the SA) are less tnan thosce at the 189

. N . o

soduat, an fatercept at the |30 point was {nvestigated.

) vl X

Far tae 18307 dintercept, the missile would be able  to
tire two seconds (miafuwum lock=-on time) after the afrcraft
reentercd the kill zoue at 2.2 un. The range of the
aircraft at the time the afssile is firevd, assuming an

aircraft velocity of 480 knots, {s

Rt = 2.2 + (480 NM/hr) (hr/3600 sec) (2 sec)

= 2.467 NM.

fhe point of intercept was computed iteratively, using the

formula
R = 3600 (Re - Rf) / (TAS) (Tf) (13)

where
R = ranye to intercept (in M)

Re = estimated range to intercept (in NM)

Rf = range of aircraft when missile is fired (2.466
Nof)

Tf = missile flyout rate (in sec/NM)

TAS = aircraft velocity (in knots)

3600 = conversion factor (knots to NM/sec).
The final {teration yielded
R = 300 (4.20 - 2.467) / (480) (3.uU9) = 4.20 NM.

Thus the engagement occurs at 4.20 NM for an aircraft

PO SO
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travelliay at a velocity of 480 knots. This range equates

to 7778 weters, or 38.9 dbm. The J/S ratio for a 5AM=C

target tracking radar looking at the tail of the aircraft
at this range is

2
J/s = (ERPj) (4T) R / Pr Gr O¢

OR
(J/$)db = (ERPj)db + (4T)db + 2(R)dbm - (Pr)ddb
- (Gr)db - (ot)dbm
=229.6 + 2(38.9) - 53 - 41 - 9.48
= 14.92 db

(14.92/190)
J/s = 10 = 31.05

The CEP 1is

2
CEP -J(.00000071)(31.05)(7778) + (2200)(31.05) + 58

= 264 nm.

= 866 ft.
The probability of kill {is

2
(86/806)

Since tiuis is the best shot that the SAM=-C can expect

to get against any alrcraft that fpass inside 2.2 NM

lateral range of the missile site, the enemy doctrine
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sode s ed dictates that the Sa.i=C only shoots at aircraft

that pass at a lateral range of 2.2 W or nore.

sM-D . e kill zone is shown fun Figure 9. The CLP

is Jeterumined by tie formula

]

crr = J.JOOUOOBZS (3/S) « ¢ 1KY0 (J/S) + 25 (14)
{ixe the SAW=C, the SAU-D appears to have a signiticant
chance of killing the aircraft at a wide variety of
aspectse. The most promising are the head-on view (0"

aspect) and the rear view (180" aspect).
FYor the hiead=-on view, the shot was assumed to be
timed so  that the intercept would occur just as the

wissile reached the minimum range of 1.1 NH (2037 meters

or 33.1 dbw) . The calculations tor this shot are shown
below:
(J/S)db = 29.6 + 11 + 2(33.1) ~ 50 - 43 - 8.2
= 5.6 db

J/s = 3.63

2
CEP -\‘.0000003:5 (3.63) (2037) + 1890 (3.63) + 25
= 33 n.
- 272 ft
2
(72/272)
Pk = .5
- 00‘07




Lethal Enveclope of SAM-D

Figure 9.
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Selving in a siwilar wanner for an aircrart at a5
aspect (approxinately .1 Wi lateral displacement at the
engagenent range ot 1.1 NM), a Pk of .03%3 was obtained.

5
For aspects of 107 or mnore, the Pk’s are too low to make
the snot worth taking.

tor the rear view, the missile was assumed to be able
to tire two seconds (mininua locv=-o0on time) after the
aircraft reentered the kill zone at 1.1 NM. This problen
was solved iteratively using equation (13); however, 1In

Lthls case

Rf = 1.1 + (480 NM/br) (hr/3600 sec) (2 sec)
= 1.367 NA
assuning the alrcraft has a Jvelocity of 480 knots. The

final fteration yielded:
R = (2.58=-1.307)(3600) / (480)(3.53) = 2.58 NM.

Thus the Intercept occurs at 2.58 NM for an aircraft
travelling at a velocity of 480 knots. This range equates
to 4773 meters or 36.8 dban. The calculations for this

shot are shown bhelow:

L}
2
o
o

(J/S)db + 11 + 2(36.8) - 50 ~ 43 - 15.05
= .15 db

J/3 = 4.12

2
cup -q.000000323 (4.12) (&£778) 4+ (1890) (4.12) + 25

= 88.6 m

= 291 f¢t
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The above result is extremely sensitive to the aircraft’s
lateral displicement from the SANl-D site. An aircraft
displaced only <2 NM trom the site will have a 175° aspect
rather than s 180" asnect at the time of intercept, and
the Px will drop tuv .929. An aircraft displaced .4 NM has
a 170 aspect and a Pk of .013.

For an  aircraft flying at 540 knots, the final
{teration yielded an intercept range of 2.98 NM (5526

neters or 37.4 dbu). This range resulted in

J/S = 7.35

CEP = 388 feet

s

for a direct tail shot and correspondingly lower Pk’s for
lateral displacements that denied the gunner a direct tail

shot. fhe results of the above calculations are

summarized Iin Table VIII.

33
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TABLE VITI

Probability ot Kill for SAM-D
Site Within 2 N4 of the Stite.

buteral Displacewent  TAS best Shot Pk

AN A BN 4L50/540 Froutal 047
R BN 480/540 Frontal .033
N.2 &M 480 Rear .029
0.2t 540 Rear .023

Yeyond .2 N lateral displacement, the Pk’s fall
below 2%, which is the minfwum Pk at which the missile {is
allowed a shot according to the (€3 assumptions of the
experiment. The €3 structure {s explained later in this
chapter. The coverage of the SAM-D falls 1into three

regions, as stuown in Table [IX:

TABLE IX

inpagement Parameters of the SAM-D.

Lateral Displacement Aspect at Which Shot is Taken
0 - .2 NM Front or Rear
.2 ~ 1.1 NU None

1.1 - 6.5 NM Side
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A Fhoo rviaximum detection ranypes of  the  AAA lde
well ontside the lethal cavelope of the pun ftsell, with
the exception of a srall band at tue 35" aspect angle. As
with tae SA%ts, these ranpes assume the J/S ratio rnust be
less thnan 20 Jdb for the tracking radar to lock onm to the
afrcrafeu. Because the AAA radar can see the aircraft well
before {t enters the lethal envelope, {t is assumed that
the AAA can ce¢ngage any aircraft that is within its lethal
envelope.

The lethul envelope of the AAA (s shown in Figure 10,
with the points at which the AAA gunner 1Is expected to
attempt to engage an incoming aircraft indicated by the
heavy line. If the aircraft passes the AAA site at close
enough a range, it Is assumed that the gunner will attempt
to engage it at a slant range of about 3000 feet. This
allows him to avoid the mechanical difficulties associated
with tracking an aircraft moving at a high angular
velocity overhead. Once the 3000 foot ring reaches a 450
aspect, however, the gunner is dealing with an aircraft
moving at a high angular velocitv in the horizonal vplane.
Therefore the gunner is expected to attempt to engage the
aircraft along the 45° line until the maximum range of the
gun 1s reached. If an aircraft passes the 45° line
outside the AAA°s lethal range. the gunner will shoot as
soon as the aircraft hits the maximum lethal ransge of 8200

feet.
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Lethal Envelope of AAA

Figure 10.




Yoo odetermioe a4 Profor thie AAA, it is necessary to

first determine the velocily of the bullet at the time of
futercept. fhis is deterwined by the c¢quation
-(p Cd & &/ 2 m)

Vi o= Vi o (15)
wihiere
Vit = jatercept velovcity
Vi o= nuzzle velocity (3050 ft/sec for the AAA)
p o= air Jdensity (.002375 slugs/cu ft)
Ci = drag coefficient (.38 is a good average value)
A = cross secticnal area (.004477 sq ft for the AAA)

R = intercept range (in thousands of feet)

5
i}

mass of the bullet (.43 pounds for the AAA)

(Ref 2:32).

Wnen the above values are wus~d 1in equation (15), {1t

reduces to

-.1513 R
Vi = 3050 e (16)

Once the velocity of the bullet at intercept is known, the
time of flight of the bullet can be caiculated by the

equation

2m (1 1_>
TOF = p Cd A \ V[ - Vi (17)

where TOF 1{s the time of flight in seconds, and all other

values are the same as they were defined previously (Ref

37

oY,




2:34). vt thoe appropriate values are usced In equation

(17), it redaces to

TUF = (bbUlo7b6/VE) = 2.1645 (18)

Juce tne bullet time of flipht has been determined,

the single shot provability of ®will can be computed using

the egquation

,
-.5(32.2¢) (TOF)~

) » I
Pkss = -—~—¥L~——» o Tt Av (19)

Av is the vulnerable arca of the fighter and is determined

by the formula
Av = (PA) (%ZVA) (20)

where
PA = presented area (total arca exposed to the gun)
ZVA = percentage of the presented a. . that will

result in a kil] of the aircraft if hit.

The PA varies according to the aspect at which the gun
site is viewing the fighter, but a good average figure for
the fighter in tne model i{s 265 square feet. Similarly,
the XVA varies with aspect, but 21% can be used as an

average figure. Thus

Av = (265) (.21)




= 55.65 5q tt

; for toe tignter in the nodel.

k. O is the o1l dispersioa  of the ,un. A one mil

dispersion produces up to one foot of error for each

H tncusand tect ol range between the pun and the target. A
H

& .

! reasonable estinmate of a value of for the AAA under
N comwbat counditions 1s 20 mils. Thus

4

; g = 20 R

for tne AAA, since R is expressed in thousands of feet (at

y a range of 2599 teet, R = 2.5). 1
j X L
- Tune term g is the number of "g"s being pulled by the
¥
3 pilot at the time the bullet 1s fired. All other terms in
|
, cquation (20) are as defined previously.
".\
{ witen the appropriate values are used 1Iin equation
(19), the equation becomes
2
-16.1g (TOF)

A 2
T [ . -

Pkss = 5;.()5 e 2m(20R)T + 55,65 (21)

2M(20R)° + 55.65 1
" Finally, the overall Ph for a burst from the AAA s
found using the formula
’- n
. Pt = 1 - (1 - Pkss) (22)
where n = number of rounds fired in the burst.

In this experiment, the guaner 1s assumed to always shoot
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a 99 rouna burst (about 2/3 ot 1 second) . This is

tacticvally svaand  because longer bursts will heat up the

barrels and do perwvanent dawaye to the gun.

Engapement lines for Weapon Systeus

All the SAM’s in the model must a0

o

Thus

(23)

through four

distinct stayes in order to engage an alrcraft. At the

end of the fourth stage they are ready to engage the next

alircrarte. The stages are listed below:

1. Target acquisition.
2. Tracking and missile firing.

3. Missile flyout time (the SAl
monitor and guide the missile
hits or misses the target).

4. Contounding delay (all delays
petting the launchers and radars

next target).

operator must
until it either

associated with
ready for the

The AAA goes through the same stages except the

{lyout time stage. (Once the bLullets have left the muzzle,

the gunner has no control over them and thus does not need

to monitor them.

The times associated with the above four stages are

siven in Table X.
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Fimes Hequirea tor AMY and SAL Uperations.

Acvquisitfon | Track / tire i'lyout Confounding

ain moAX ain max Tirme Delay
AN - - b sec 25 sec - 10 sec
yA L=\ Fa Se 4/ sec 4 sec 4 sec J.13 svc/nm 13 sec
SAN=8 | 1) sec 2l osen 2 sec | 4 sec 2.44 sec/am | 15 sec
Sai=0 Iy sex 30 sed Zosec 3 sec 3.07 sec/nm| 30 sec
SAq=-D 1 osec 2U see, I osec I sec 3.53 scc/nm| 30 sec
The acquisition time of the AAA is included in the
track/fire column in Table X.

Because the jtammer concentrates its etfort on the
target trackine radars. the acquisition radars of the
weaopon systems are assumed to be locked on to the aircraft
bv the time it reaches the leading edpe of the kill zone.
Thus tne missile has a shot at the aircraft if the sum of
the tracking/firing time and the missile flyout time 1is
less tnan or equal to the time duriny which the ailrcraft
is in the kill zone.

For example, a SAM-C firiuy against a 480 knot

aircraft

whose displacement

frorn

at the point of closest approach can get a missile out

the aircraft in a minimum of

2 + 3.09 (5) =

17.45 sec

the missile site {8 5 NM

to




atd Q. waaitnm ot

& + 3.0 (H) = 25.45 sec.

The aircrait will be in the Lill zone for about 3.8 NM, or
28.5 seconds, so the amissile will have a shot at the
aircratt. It the missile is launched in the winimum time,
the aircraft will be 2.3 NM past the leading edge of the
kill zone and its aspect will  bhe 97“ at the time of
intercept. It the missile is launched at the maximum
time, the  aircrafrt will be 3.1 NM past the leading edge
and its aspect will be 105 . The Pk of the missile would
be lower {in the lutter <case because of the higher J/S
ratio at this aspect.

After firing, the missile site remains tied up until
the ond of its confounding delay. After the confounding
delay, it 1s ready to acquire another aircraft. Thus the
site is unable to track and fire at another aircraft until
a time period equal to the sum of the confounding delay
and acquisition time has passed.

The SAWM-C mentioned above will be able to begin

tracking another aircraft in a minimum of
30 + 1S = 45 seconds
and a maximum of

30 + 30 = 60 seconds

after the previous mnmissile has reached {ts target




ailreraot.,
lerrat:

Jhe terrain in tnhne area nodeled cousists  of rolling
raratand atxed with thicxk forests. Figure 11 shows the

v

voobability or a clear line of sipght existing between the
we o site and the tar, ot alrcratt in this type of

terraia (Kef 1:48). The provabiiity of a clear line of

Siet Jeoa function of the aircrait’s altitude and the
sround ranje trom the weapon site to the aircraft. The
Jata in Figure 11 is translated {nto a series of

mataematical approximations in the computer model.

The AAA"s are assunmed to operate relatively
dntonorously and will be allowed to shoot at any aircraft
that come within their lethal envelopes. However, 1n an
effort to keep all of them from getting tied up on the
first aircraft that they sce, only the five guns with the
highest Pk in a given belt are allowed to shoot at any
particular aircraft. The SAMN’s will be subject to more
rigorous control and will not be allowed to engage an
aircralt unless their probability of killing the alrcraft
is sufficiently high. In this model a Pk of .02 has been
used as the cut-otf{ point; if the Pk {is computed to be

less than .02, the missile will not fire. Only two
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Terrain Blockage Data for Rolling Farmland
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missile si1tes trom anv iven belt are allowed to fire at

tav same aircraft.

Sauiiary

Tivis section has discussed the chharacteristics of the
otteusive aircratt aond defeusive weapons which comprise

e system structure of the unodel. [t has also outlined

the terrain and C3 features which influence the
interactions between thue aircraft and the defenscs. The
followiag chapter discusses the specific steps

arcouplished in creating a computer model of the system.
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Pl slietocton Model
e ond ot dnterdictioa jroblen was modeled into the
sl e lwork shown in Appeadizx A The network merely

runies the aircratt througn the army area, ultimately
sendiar cach o aircratt to a "kill" node if it is shot down,
or a "nourcive" node it i1 successfully negotliates the
derteunsife array. e major portion of the modeling effort
is contained in a series vf discrete subroutines; some of
these are called by the network, while others are called
by other subroutines. The network and subroutines are

described in more detail in the following subparagraphs.

A total of 20 aircraft enter the network,
representing  the commitment of roughly a squadron of
alrcratt to the target complex. The time between entries
is set  at one of two values. When the first aircraft
enters the system at a time of zero, it {s routed to event
node I, which fixes the positions of all the defensive
sites. These positions remain fixed for the remainder of
the rwn. All the remaininy aircraft bypass event node 1.

Fach fighter crosses the FEBA as {t enters the
networh. At .2 NM after entering, it encounters the first
belt ol threats, consisting of 25 AAA sites. Event node 2

determines which AAA sites shoot at the aircraft and
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whetioer 1t is «<illed. It it is killed., ATRIA®(7). the kill
SLaAts varianle, is set vqual to zerv, and the alrcraft
vatity s sent to a pair of collect nodes which gather
applicable statistics. It it is not xilled, the clock
advances and 1t pracecds another .8 UM tu belt 2, which
contaites 0o omore AAN sites.

it the tichter successtful!lv negotiates belt 2, the
clock is apatn advanced and it proceeds to belt 3, which
contajins 5 $A.-C sites and 2 SAH-D sites. It {is enyaged
by the Sab-U"s first. Event wnode 3 handles the SAM-C
cngagewcuts. If the fighter evades the £AM-C’s, {t then
encounters  the  SAM-D"s  at  event aode 4. 1If it is not
killed by the SA4-D’s, the clock is advanced once more and
the fighter proceeds to belt 4, which contains 25 more AAA
sites. I''ie model proceeds in this manner until the target
area, defeaded by one AAA site, is reached.

I: the fighter penetrates all the threats {in the
model, it enters a collect node. The model continues to
run until all 20 aircraft have been accounted for.

The computer coding of the network is found in 1lines

4580 through 5410 of the computer model (Appendix B).

Inftialization Subroutine (Event Node 1)

The defensive sites in each belt are arranged
normally along the belt, with the wmean of the normal
distribution being the point where the primary LOC crosses

the belt. Thus the tickmarks along the road networks in

<l

IR N
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tlvnres 3 ani « represent the mean points for weapon sites

in eac: ot the belts. The weapon sites

rizhtly or loosely grougpged about the LOC

in any belt can be

by ~varying the

standard deviation of the normal distribution. While the

standari deviation of the weapons in
belts in tinis experiment are variced,
target areva is kept relatively close to

standard  de-viation ot  only .25 NM.

the first eleven

thhe AAA site in the

the target with a

The initialization

subroutine is contaiuned in lines 350 through 1010 of the

computer umodel.

Wweapon  System Engagenent Subroutines (Event Nodes

~—

2,3,4:3,65

l

Each weapon type has 1ts own event

node, regardless

of where it is physically located in the army area. These

event nodes first calculate the closest

point that the

aircraft will pass from each weapon site during {ts runm

(lines 1460 through 1560). An

ad justrment  factor is  then added to
inability of the pilot to precisely

ingress altitude (lines 1570 through
PROBKIL {is then called to determine the
site in the belt; PROBKIL assumes the

unobstructed shot at the aircraft (line

aircraft altitude

account for the
hold the nominal
1590). Subroutine
Pk of each weapon
weapon site has an

1610).

The next step is to determine whether the weapon site

actually has a clear shot at the aircraft. Since the

aircraft altitude and the horizonal

48

distance from the
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Werd frail Site dre LW, the lLook=up Ju,; e is casily
ceterained. Il the distance subtended Dby the nultipath
angle at the aircraft’s horizonal range is subtracted from
the aircratt altitude, an "equivalent" look-up angle can
D computed. The cquivalent look-up angle accounts for
the tact tnat the aircratft must be above the altitude
necessary to achieve a line-of-sight by at least the
Jdistance suntended by the multipath anagle, for the weapon
site to engage the aircraft. It the aircraft Iin Figure 5
werge at  an  altitude of 1250 feet, for examole. its
eauivalent altitude would be 1000 feet. The look-up angle
would be 1.780. while the equivalent look-up angle would
be 1.43". Once the equivalent look-up angle s
determined, it is tested against a mathematical expression
of the data in Figure 11 to determine the probability that
the site is blocked bv terrain. A random draw 1s then
made to determine whether the weapon site was actually
blocked. If so. Pk is set equal to zero: if not, the Pk
is a4s determined in the PROBKIL subroutine. These steps
d4re accomplished in lines 1630 througsh 1800 of the model.
If the weavon site 1s determined to have a shot at
the aircraft, the model checks to see whether the site 1is
alreadv eneaeed with an earlier aircraft (lines 1820
through 1910). Once the model has determined which sites
have an opportunity to engage the aircraft and are not
already tied up with another aircraft, subroutine SORT is

called (line 1930). This subroutine (lines 2550 through




2440) uses o bubble sort technique to rank the weapon
sltes according to their Pe’ s, It then picks the five AAA
sites, or two S5AlM sites, which have the highest Pk” s, and
allows them to rire at the aircraft {f their PY’s are high
enough to meet  the minimum criteria (lines 1950 through
2080) . The missile svstems must have a minimum Pk of .02
te be  ajlowed to tire, while the top five AAA sites can
tire at any aircraft within their lethal envelopes, as
discussed in the Cowmmand, Control, and Communications
portion of Chapter [1.

Missile sites which are allowed to fire at the
aircrafe are  then tied wup and placed on the event
calendar; they are released and permitted to engage
another aircraft at the end of a time period equal to the
sum of their track/fire time, flyout time, confounding
delay, and acquisition time. AAA sites are treated in the
same manner, except that their tie-up time is the sum of
only the track/fire time and the confounding delay, as
discussed in Chapter II. These steps are accomplished in
lines 2100 through 2240 and lines 2340 through 2530 of the
program.

Finally, the model determines which weapon sites
actually achieve a kill by comparing a number obtained
from a random drawing to the Pk determined in the PROBKIL
subroutine. If the aircraft is killed, ATRIB(7) is set

cqual to one, and the aircraft is terminated in the

network. These steps are accomplished 4in 1lines 2260

50
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Probability of Kill Subroutine

Tuis subscection discusses the probability of kill
calculations tor the AAA, und it discusses thue SAA-C as a
Teprescntative SAM systen. fhe method used 1{s the same
for all SAYM systems.

The AAA portion of the PROBKLIL subroutine first
determines whether the aircraft is within range. If so,
the subroutine then determines the number of "g"s on the
alrcrait. Because of the high density of AAA sites in the
front four AAA belts, the pilot is assuned to begin
jinking maneuvers approaching the FEBA. The purpose of
Jinking is to defeat the tracking capability of the AAA;
thiis is acconmplished by making a series of random turns.

The pilot will have an averuage of 2 "g"s on the aircraft
while performing the jinking maneuvers, and he will
continue jinking until he is one minute past the FEBA. He
will then maintain an average of 1.3 "g"s in wings level,
terrain following flight, until reaching the target area.

In the target area he wil! maintain an average of 3 "g"s

while delivering his ordnance. OUnce the "g" loading 1is
determined, the intercept range 1is computed in accordance
with Figure 10 of Chapter I1. Finally, the amount of time

the gun will be tied up is calculated. These steps are

shown in lines 3230 through 3450 of the model.
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Jne 3AL=D portioa of the PROBXIL subroutine first
looks at the lateral range of the aircraft from the site.
1f the range is less than or equal to .25 NM, the Pk’ s are

assiganed accourding to Table VI, It the range is between

«25 aod 1.1 w1, Pk is set equal to zero and no shot is
taken. These steps are shown in lines 3520 through 3680
of the program. If the ranye is between 1.1 and 6.5 NM,

the point of intercept must be found. The point at which
tne aircraft is picked wup by the tracking radar 1is
determined 1in lines 3840 through 3990, while the point at
which the aircraft 1is 1lost by the tracking radar 1is
determined iun lines 4000 through 4060. If the missile
site Is able to intercept the aircraft prior to the time
the aircraft reaches the 90° aspect point, the site delays
its snot so that the intercept will occur at the 90°
aspect, to maximize the Pk. If the site is able to
intercept the aircraft within the lethal envelope, but not
at or prior to the 90° aspect point, it will fire as soon
as it is able. If it cannot intercept the aircraft within
the lethal envelope, it will not fire. These
deterwminations are made in lines 4070 through 4140. The
Pk of the missile shot and the tie up time of the missile
are then computed in 1lines 4070 through 4140 of the

program.




todel luwplemeatation

The computer simulation model described 4n this
chapter  allows a number of factors to be varied in the
night interdiction study. Tue specific factors wused 1in
the experlment, and manner in which these factors were
allowed to vary and interact, are described in the next

chapter.
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v Data Collection

In this thesis, a squadron level of twenty aircraft
was put through the system in each simulation run. The
measure of merit is the number of ailrcraft that survive

each run.

Sample Size Determination

The required number of replicatfons was determined by
performing a trial experiment of five simulation runs with
each factor set at level one. The results of the trial

experiment were as shown below:

Run Number Alrcraft Survived
1 10
2 12
3 12
4 12
5 17

The objective was to be at least 95% confident that the
sample mean would be within one aircraft of the true mean.
To determine the number of runs required to achieve this
level of accuracy, Stein’s method (Ref 5:482) was used.
The minimum number of runs required to achieve the desired

level of accuracy is computed by the formula:
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min ¢

wite re

n - wininum nuwber of simulation runs required.
min

C = maximun units wrong allowable.
S = estimate of variance obtained in the trial
experiment.

a/?2
t = tabulated t statistic for the (1 - Q)

n-1 confidence level with (n-1) degrees of freedom
in the trial experiment.

For the trial experiment,

L0025

n . = (2.776/1) (6.8) = 18.9 % 19

Based on this result, it was decided that five
replications of each cell would be adeauate. As will be
shown in Chanter V. this results 1in 20 or more
observations for all main effects. two-wav interactions,

and three-wav interactions of the experimental factors.

Exnerimental Desiegn

To aguantifv a snolution to the oroblem statement of
this thesis. it was necessarv to design an experiment that
would provide enough data about the problem to allow valid

inferences to be drawn about the system behavior. The

i
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design provides a plan for executing the experiment by

structuring the inputs 1into a logical pattern, thereby
dictatiang the number of experimental trials required.

Five factirs were considered necessary and sufficient:

l. Speed of the fighter.
2. Altitude of the fighter.

3. Arrival rate of fighters (saturation of defensi.
I LwoirK) .

4. LOC network.

B Standard deviation of defensive sites along
belts.

The first factor, specd, is set at two levels: 480
knots and 54U knots. Both levels are compatible with the
capabilities of the fighter and represent the airspeeds
that would nuost likely be flown on an actual combat
profile.

Altitude is considered at three levels: 1000 feet.
500 feet, and 250 feet AGL. Level one (1000 feet)
represents the minimum altitude at which an aircraft not
equipped with a FLIR could fly the night mission. Level
two (500 feet) represents the altitude at which the
mission could be flown by an aircraft with a FLIR with
moderate resolution. while level three (250 feet) is the
altitude at which the mnission could be flown by an
aircraft emploving a high resolution FLIR.

The third factor, saturation, has two levels. At
level one, the arrival interval 1is exponential with a mean

of 30 seconds, while at level two, arrivals occur every

56
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ren Tlnutes. Tnus sone ot the weavon sites will be tied
up witn orevious aircratlt when the arrival rate is set at
level one . while all sites will bhe able to engage anv
aircrart within range when avrrivals d4re set at level two.

The fourtn tactor is the LucC network. renresentine
the varietw ot nnssible distances between the fighters’
ingress corridor and the maiovr LOC in the sSecror, Level
one i the LW netwerkx shown in Fieure 3, while level two
iS5 the netwerk in Fioure 4. hote that at level one the
ftehter crosnses the "EBA ot a relatively long distance
trom the lLuC., wnile at level two his entrv point is close
to tne 90,

Tne tifrn factor (s the standard deviation of the
defensive sites aloung the belt. At level one, the
Jefenses are relatively spread out, with ¢ = 6.25 NM; at
level two, they are more tightly clustered along the road
network, with 0 = 3.0 NM.

The factors and levels are summarized in Table XI.
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TAL XI

Factors and levels to be Analyzed in the Experiment.

\\\\LkVEL

FACTOR 1 2 3
Specd 480 kuots 540 knots -
Alt:tude 1000 ft 500 ft 250 f¢t
Saturation expon (.95 min) LRI D Y -—

(interval between
acit srrivals)

Mean Point of road net | road net 2 -
Defenses (not over LOC) (over LOC )
oL Defenses 6.25 NM 3.0 NM -

A full factorial design was used for this experiment.
That is to say, the model was run with every possible
combination of the factors and levels. This allowed
fdentification and interprectation of factor interactions.
Furthermore, the effect of each factor {s estimated at
several levels of the other factors, and thus the
conclusions reached hold over a wide range of conditions.
A total of

4
(2) (3) = 438

cells were analyzed. Using five replications of each
cell, as discussed in Sample Size Determination, a total
of 240 sinmulation runs was required. These runs were made

in blocks of sixty, with the levels for the road network
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and arrtoal o rate in o ecach blodck Gt as shown in Table X11.

TAVLL DI

cesion Matrix for Block: of sixty Sinulation Runs.

foad hetwork Arrival Rate
1 - 62 ! 1
Fur 6l - 12¢ 1 2
Niwoer 121 - 149 2 1
181 - 240 2 2

Aithin cach block, the levels for airspeed, altictude,

and standard deviation of

the defenses (0) were set as

shown in Tavle XIll.
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Desiyn Matria Within Kach 3lock of Sixty Simulation Kuns.

FACTORS

Alrspecd Altitude Sigma
I - 5 1 1 l
6 - 10 2 1 1 J
It - 15 2 2 1
-
lo = 20 2 3 1
. 21 - 25 1 3 1
: Run 2o - 30 1 2 1
-
;_ Numoer | 31 - 35 1 2 2
= - 2
,l 3b 40 1 1 2
LY
LA 41 - 45 2 1 2
46 - 50 2 2 2
51 - 55 2 3 2
56 - 60 1 3 2
Once the measure of merit, the appropriate sample j
- size, and the experimental design were determined. the
-
’ experiment was run. In the next chaoter the method of :
analvs1s of the results is nresented and internreted.
»
‘a.:,‘




v Data Analvsis
Bata aacslvsis was accuvunlished in tour vhases. Th e
tirst vphase  was A fise=way analvsis of variance (ANOVA)
using tne Statistical Pachave for the Social Sciences
(s5Pu5). [lhis  outeut, alonz with input data showiny the

numder of alrcraft survived in  each run, is listed in
Apvendix E. The second nhase was A five-wav ANOVA with
Altirnae level three onirted: the outout of this analvsis
is also found in Apwnendix E. The third phase was two
four-wav ANUVA runs with siema held constant: this ontnut
is listed in Abonendix F. The fourth phase was a four-way
ANJOVA using only the four factors that were found to be
significant 1in the five-way ANOVA. This output is listed

in Appendix G.

Five-Way ANOVA

This test showed that four of the five main effects

(road nectwork, aircraft arrival rate, aircraft altitude,

and the standard deviation of the defenses) were
significant wusing an alpha of .05. On¢ main effect,
aircraft velocity, was found to be statistically
insignificant. Four of the two-way J{nteractions were

found to be significant, while the remaining six were not.
None of the three-, four-, or five-way interactions were

significant.

i amadic =S N




Lo residudl o toert o oada aorte than tour tines as many
Ler T s ot treedon as t e cexplalined variation term,
rtadicatine that v h dat.a points woere available to
srodac. a bhieh Jdegree ol contidence in the results.

tain Hitects. Fie ouly main ctfect f ound to be

statistteally fosivniticant was the alfrcraft velocitv.
Tails result is not unexnected. since the two levels of
velocity considered in the nodel are failrly close to each
other. The statistical insiguificance of velocity in the
mode!l means that the valuce of increasine the fiehter’s
dirsoeed from 480 to 540 knots is small. It is oprobably
ot worth the the substantial fuel consumption increase
that it would require. This result should not be
interireted to medan that airspeed 1s totally insignificant
as a factor in fighter survivability. In fact, the
verification runs showed that survivabllity against SAMs
decreased substantially when the airspeed was decreased to

60 knots, which is well below the levels considered in the

nodel .
[he main effects found to be statistically
signiticant are shown graphically 1in Figure 12. In

interpreting this fipure aond all subsequent graphs in this
chapter, 1t is important to note that the only data points
are the afrcraft survival rates associated with specific
levels of the factors listed at the bottom of the graph.
The lines drawn between the points only serve to emphasize

the change in aircraft survival between levels. The fact |

—emp—— e et e s v
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Fivure 12. Influence of Main Effects
that the lines 4re ostraight does not imply a linear
relationship; in fact, no attempt 1is made to estimate
survival rates at lcvels other than those stated in the
o research design. A uwore complete description of how to
interpret ANOVA results 1s presented in chapter 6 of
s "Fundamental Concepts 1in the Design of Fxperiments," by

Charles R. ticks.
All the main effects behaved as expectede. A pgreat
many nore ajrcraft survived using road network 1 than road

network 2, making the obvious point that the fighters’
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Sl af survival toere. s {t they a4vo0id areas where
detensive sites are linely to  be neavilvy concentrated.
saturatluy Ch Jefensive networe by ruaning the fi hters

throu - the vetworh cloase togsetier also increased thelr

crovability 1 sarvival. Decreasing ingress altitude from
LOD evt down to AT Teet huelped the 1ighters sowncewhat,
but coing, down to 50 feet increased the probability of

survival much more Jdranatically. Finally, the fighters”
probability  of survival tended to be higher when the
defenses were more tivatly grouped, since the probability
of tlyiny over a portion of terrain relatively free of
defenses was increased by concentrating the defenses 1into
a small area. The effect of 0 is influenced sharply,
hwoweser, by ity interaction with other facters. This will
be explained in the next subscction.

Two=-Way Interactions. The following two-way

interactions were found to be statistically significant:

1. Road network vs. Aircraft altitude.
2. Road network vs. g of defensive array.
3. Arrival rate vs. g of defensive array.

4. Aircraft altitude vs. g of defensive array.

These interactions are discussed next.

The interaction between the road network and aircraft
altitule 1s not an especially strong one. As is seen 1n
the left hand portion of Figure 13, the advantage of road

network one¢ over road network two is somewhat less




pronoctced when the aircraft is at an altitude ot 257 feet

todan

N0

tue altituue is 50C or 100U foeet. Specifically,

dan adverage ot 1009 wore aircraft survive with road network
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with rovad network two when the Inpress altitude
cet, 19.05 wure survive {f the altitude is 500
d  %.77 more survive [f the altitude is 250 feet.
sh owmore aircraft survive at an  altitude of 250
1 at either of the other two dltitudes, the
in survival provided by road network one is less

the hivher altitudes. This relationship is

Road Network 1
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YT T T Y™ TUTTTUa T I T " T
1000 500" 250° 1 2
Altitude Road Network

aure 13. Interaction Between Road Network
and Aircraft Altictude
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cAy b oy the tact that the number of aGircratt t
survioooe e ing road network one 1s much higher than

narhber thdt survive using road anetwork two, regardless
altitaie. Thls  maces tne  benefit ot oing lower 1
Jramatic.

e intvraction between the road network and

.

stanuard deviation of the defensive array, shown in Fig
la, 15 an ifmportant one . Wwith road network one,
tiphters dre a considerable distance trom the primary
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Figure 14. Interaction Between Road Network
and Standard Devliation of Defensive Array
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durin, the najor portion of the wission, and the number of

alrcratt tiat survive would be expected to decrease when
the detenses are spread  wmore widely across the belts.
when rvad nUtwork two 15 used, on the other hand, the
ti nters are close to the LOC, and the nunber that survive
would be expected to increase as the standard deviation is
increascd. Figure 14 shows that these two factors
interact as expected. The right hand portion of this
vraph shows tnat, wheon road network one is used, survival
rates fncrease as sigma i 8 reduced, while when road
network two is uscd, survival rates decrease as sigma is
reduced.

Figure 15 shows that the degree to which the
defensive sites are spread out across the belts has
virtually no e¢ffect on aircraft survivability when the
defenses are saturated by incominyg aircraft; note the
nearly horizonal line associated with the exponential
arrival rate on the right hand side of the graph.
Tightening the defenses has a positive effect on
survivability when arrivals are too far apart to saturate
the defenses, however, as shown by the upward sloping line
associated with the 10 minute arrival interval. Because
the aircraft enter in a narrow corridor, the first
aircraft through the network will tie up most, 1if not all,
of the guns within range, regardless of the density of the
defenses near the corridor. As a result, relatively few

defensive sites are able to shoot at subsequent aircraft

[P
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Figure 15. Interaction Between Aircraft Arrival
Rate and Standard Deviation of Defensive Array

tantil  the weapon sites are released. The effect of the

standard

nullified for a large nuuber of the incoming aircraft when

deviation of the defensive array is

the defensive array is saturated. When the defenses

not saturated, on the other hand, the standard deviation

of the defensive array {nfluences the system in the

mnanner that it influenced 1t as a main effect.
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Figure 16. Interaction Between Aircraft Altitude
and Standard Deviation of the Defensive array

Figure 16 shows that survivability is higher at an
ingress altitude of 250 feet than {t is at an altitude of
500 or 1000 feet, regardless of the degree to whicbk +he
defensvs are spread out; note the upper line on ¢ . vt
hand side of the graph. At an 1ingress altitude of 250
feet, tightening the distribution of the defensive array
tends to decrease aircraft survivability, while at 500 and
1000 feet, it tends to increase survivability. This

concept is i1llustrated by the fact that the 250 foot 1line




has a downward slope, while the H00 and 1006 foot lines
sicpe upward. Another Interesting feature is tinat when
the Jerenses are spread out, witn sigma equal to 6.25 NM,
survivability is clearly higher at 500 feet than at 1000
teet, waile when they are more tishtly clustered, with
siuma cqual to 3.0 NM, there is virtually no difference in
survyivsavility between the two ultitudes. This concept is
illustrated by the two lower lines in the figure; an
average  of two more alrcraft survive at 500 feet than at
1700 feet when sigma is set at 6.25 NM, while the average

survival rates are nearly equal with sigma set at 3.0 NM.

Five-way ANOVA with Altitude Level Three Omitted.

Because an altitude decrease from 500 feet down to
250 feet had a considerably larger effect on the wmodel’s
output than a decrease from 1000 feet to 500 feet, a
five-way ANOVA which looked only at simulation rums with
ingress altitudes of 500 feet and 1000 feet was performed.
Ingress altitude was still a statistically significant
factor when only these levels were considered, but it was
considerably 1less significant than it was when all three
levels were included in the data base. Furthermore, the
interaction between 1ingress altitude and the standard
deviation of the defensive network, while still
significant, was less significant than it was when the
altitude was considered at all three levels. The

interaction between the road network and aircraft altitude

e




cevdae statistically ifncignificant.

cur=lay ANOVA with Sigea Held Constant.

sevause slgma was a4 player ia three of the four
sivaiticant interactions 10 the five-way ANOVA, additional
ANUVA runs were nmade with sigma held constant at  each of
its two levels.

In the first run, sigma was held constant at level
one (.25 NM); that is, all observations in which sigma
was set at level two (3.0 NM) were disregarded. This run
provided some interesting information. The road network,
aircratt arrival rate, and aircraft altitude remained
statistically significant factors, and aircraft velocity
remained statistically insignificant. None of the two-~,
three-, or four-way interactions, however, were
significant. This implies that all the Iinteractions of
the variables were occuring when sigma equalled 3.0 (sites
tightly bunched).

In the second run, sigma was held constant at level
two (3.0 NM). The main effects were unchanged from the
previous ANOVA runs. The following two-way interactions

were statistically significant:

1. Road network vs. Alrcraft arrival rate.

2. Road network vs. Aircraft altitude.

None of the three- or four-way interactions vere

significant.




Tie interaction between the road network and afrcraft
altitude was explained {in the discussion of the five-way
ANOUOVA results. This interaction Is more significant when
sigua is set at 3.0 KM than when sigwa 1is not held
constant, while {t is {insignificant when sigma 1is set at
6.25 Ni-.

As shown on the left hand side of Figure 17, the
advantdage of saturating the defenses is less pronounced

using road network one than when using road network two;

o e
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Road Network Arrival Rate

Figure 17. Interaction Between Road Network and
Alrcraft Acrrival Rate (Sigma Held at 3.0 NM)




approximately one nmore aircraft survives by changing from
a 10 minute interval to the c¢xponential arrival rate with
road networsx  one, while approximately two more aircraft
survive when the same change is made with road network
two. Fhis relatiouship i{s expluained by the fact that the
number of aircraft that survive using road network one is
much nigher than the number that survive wusing road
network two, regardless of the aircraft arrival rate.
[his wakes the benefit of saturating the defenses less
dramatic with road network one than with road network two.
This interaction becowmes 3 .tically significant only
when sicwa is held constant st 3.4 N because the number
ot aircraft that survive increases dramatically using a
combinastion of network one and sinzma equal to 3.0 NM,

regardless of the levels of other factors.

Four=-way ANOVA with Airspeed Excluded

Because alrspeed was found to be statistically
insignificant in the five=-way ANOVA runs, a four-way ANOVA
was accomplished with airspeed excluded as a factor. The
results were the same as the results of the original
five-way ANOVA. The elimination of one factor, however,
doubled the number of observations 1in each cell. The
close aereement aof the four-wav ANOVA results and the
five-wav ANOVA reanlta thus nravided a hieh deoree of
confidence that five observations 1n each cell was

adeauate to achieve accurate results.
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Vi Tihe Validation Process

Validation 1s the process of developing confidence in

the model’s abllity to accurately draw inferences about
tie true hehavolior of the SYS Ui Shaanon divides the
' validatiovn process into three categories:

1. Veritication -~ insuring that the model behaves as

- it was intended to behave.
g Validation - testinyg the agreement between the
i behavior of the mwmodel and that of the real
\\' system.

Y

3. Problem analysis - the drawing of statistically
siguificant inferences from the data fenerated by
the computer model (kRef 8:30).

e

Ak

A The third aspect of the validation process. problem

H

analvsis. was discussed In detail in the nrevious chaoter.
This rchaoter addresses the first two processes -

verification and validation.

Verification

-

- Three categories of tests were performed to verify
the 1dntecnal consistency of the model. They are listed

. below:

) 1. Statistical testing to determine whether

“- distributions used in the model behaved properly.

2. Monitoring of activities and computations to
verify that they performed as desired.

3. Testing the factors at their extremes to assure




tial results were lo,ical witnin the framework of
the vodel.

The specific testing  accomplished ian tue verification

process is discussed below.

Aircraft Arrival Tinmes. For runs specifying arrivals
spaced 1) minutes apart, the arrival times at the first
AAA belt were checked; all arricsals were spaced correctly.
To check that the co¢xponentially distributed arrivals
behaved properly, a sample of 38 arrivals times was
obtalned from two consecutive runs of the model (20
alrcratt arrivals per run with the first arrical at time
zZero). Tne 38 data points were analyzed wusing a
Chi=-Square Coodness ot Fit Test. The bLypotheses for this
test are shown below:

The 38 arrtval intervals are trom an exponential
(.5% minutes) distrioution.

t: The arrival iontervals are not from an exponential
(.5 minutes) distribution.

the nuil hypothesis could not be rejected by this test,
using an alpha ot .05. This led to the conclusion that
the arrfval rates came from the desired distribution. The
results of the test are shown {n Appendix U.

Sites. The first part of

this aualysis was to wverify that none of the defensire
sites fell outside the limits of -13.5 NM to +13.5 NM.
After this was verified, two sample AAA belts, one with a
standard deviation of 6.25 NM and the other with a
standard deviation of 3.0 NM, were tested using

Kolmogorov-5Smirnov tests. For the AAA belt with a




R

B

| standard Jdeviation of 6.25 NM, the hypotheses tor the test

‘ were as shown below: ‘
. ;

e
x

The AAA sites come from a normal distribution
with a standard devidtion of 6.25 NM,

-

Hl: The AAA sites do not come from a normal
distribution with a standard deviation of 6.25 NM.

o ra gt = Fiaa

% For the AAA belt with a standard deviation of 3.0 NM,
3 the hypotheses for the test were the same, with the
b exception ot replacing 6.25 with 3.0. In both cases, the
3§ null hvoothesis could not be rejected using an alpha of
U5, Thwis led to the conclusion that the defensive sites
» were distributed as desired. Both tests are described in
‘_ detail in Appendix il.
f Probabilities of Kill. This part of the verification
7 K process onalyced the o ts or the model to determine at
“
wreat poiot an aircratt could be picked up by a weapon
svstew' s  tracsing radar, and then compute an accurate
probability ot will based on the afrcratt’s position at
the time of jutercept oy the missile or bullets. All five
wearon systers in the nodel were analyczed, and the results
calculated by the model were found to be consistent with
those calculated by hand. Two examples of the
. calculations in this part of the verification process are
s

shown in Appendix 1.

Tie-Up Times of Weapon Systems. The first step 1in

this phase was to insure that only those SAMs having a
probability of kill of .02 or above were allowed to shoot

at an aircraft. After this was verified. the tie-up times
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ot tne wedapon systeus were cnecied to insure that they
tell within tne correct range. Sext, tied-up weapon sites
were movonitored to fusure that they did not shoot at
subsequent aircraft wuntil atter their scheduled release
tive. Finally, the weapon sites were monitored to verify
that they actuallsy releasced at the scheduled times. All
of these concepts are illustrated by the sample computer
vutput shown {fn Appendix J.

Yestiug the todel

at ity Extrewes. Dburing this phase
of the veritication  process, the nodel was tested with
certain rtactors set well beyond the limits studied in  the
experiment. All belhaved as expected. When the sircraft
velocity was set at bU knots, for example, missile kills
went up dramatically, whoen it was set at 3000 knots, no
missile kills were recorded. when the alrcrafe altitude
was set ai zero, no missile kills and very few AAA kills
were recorded. The model was not run with extremely high
1ltitudes, because it 1s not designed to reliably handle
then. When the saturation ot the defensive array was
increased by reducing the medan time of the exponential
arrivals to o1 minutes, afrcraft survival increased
substantially. The opposite extreme {s already tested in
the experiment, since there 1s no saturation of the

defenses withh a 10 minute arrival fnterval.




validation

T vallaation etiort ceatered priwmarily around
estahrlishing face validity. The primary sehiicle in
acntfeving tols ale was a Turing test. The test consists
IR Plading, propgle oo are vxperts In the system being
modeled, presenting tnem with sets ol input-output data
trowm  tie reat systen  and  other sets of data from the

rocel, aad towen asking thien to differvutiate between the
Cwes sots ot Gata (nef dr28c. because the system in the
podel nas never Leen tested o the real world, the test
was  noditied sligitly. The  experts were glven sets of
input Jata, and they were tnen  aseked to  predict the
results  as the factors ranyed over the levels considered
in taw compuat er wodel. Theidr predictions were then
conpared to couwputer pencvrated results.

It suwould be reemphasized  at this point that the
survivahility fTisures developed by the model are ordinal
data, they are usetul only tor couparing the various
alternatives evalugted and are not fntended t+ be
predictors of actual cembat survival rates. Nevertheless,
changes in various factors ot the experiment should change
toe output (afrcraft survival) in a logical manner.

Whien all the factors were set at levels which should
have enhanced survivability the most, the model did in
fact produce the second highest number of surviving
aircraft of the 48 cells evaluated. Specifically, the

levels were:




|
i

.

Alrspeed - D410 Facts,

Alvitude = 250 feet,

Arrival rate = cxponential (5 minutes nean),
coad networa 1,

3.0 M.

@]
it

The resules of 9 run., of 2) aircratt cach were:

for a total of 98 of 10uv aircraft surviving. The highest
number of surviving aircrafut (99) was attained in a run in
which aircratt arrived at 10 minute {intervals and all
other factors were set as shcwn above.

wnen all factors were scvt at levels which should have
reduccd survivability the most, the model produced the
lowest number of survivine aircraft of the 48 cells

vvaluated. These levels were:

Airsneed = 480 knots,
Altitude = 10600 feet,
Arrival rate = 10 minutes.

Road network 2,

o = 3.0 NM.




ot RS

ine results of the S runs were:

tor a total of only 2 aircratt surviving.

fae results discussed anove 1llustrate the model’s
cutput at Lite vRLTvines ol the tive factors. These
results, coupled with more pradual changes in
survivability as the fuctors are varied oune at a time, are
intuitively appealin,.

To furtner substantiate the intuitlive appeal of the
wodel s results, Turing tests were conducted with five
pilots and one navigator. All had extensive backgrounds
o fi{ohter aircraft. Three of the pllots had served tours
1. Central tHuroupe and were i{ntimately familiar with the
terrain and  threat array represented by the model. All
wix avreed that the model’s output was reasonable.

OUnce the model was developed and validated and the
results of the experiment collected and analyzed, the only
steps remaininygy in the thesis were to draw conclusions
from the results and make recommendations based on the
conclusions. The conclusions and recommendations are

presented {n the next chapter.




ind Recommeadations

the ovjective of this thesis, as stated in Chapter I,
vas  to determine whether the incrcecased capability of the
Liguter to fly lower and faster, provided by the LANTIRN
FLIK, will dmprove significantly its survivability 1in the
niht interdiction role. The conclusions are as follows:
-l 1. The cupability to increase airspeed does not
¢ significantly increase survivability.

2. A decrease in ingress altitude from 1000 to 500

teet will increase survivability to a wminor
degyree.

3. A further decrease in ingress altitude to 250
feet will significantly 1improve the fighter’s ]
| survivabilitey.
Y
The results of the experiment also led to some
conclusions which do not directly relate to the objectives
of tnhe thesis effort. These conclusions are as follows:
1

1. The mwmost 1important single factor 1in fighter
survivability is the avoidance of heavy
concentrations of anti-atrcraft threats.

2. Filghter survivability can be significantly
enhanced by saturating the enemy defensive
network.

) 3. The AAA 1{s the single greatest threat to a

P figh.er flying a night battlefield air

' interdiction mission, due primarily to the large
number of them in the army area.

4. The SAM-D and SAM-C are also significant threats
in this scenario.

- 5. The SAM=-B and SAM=-A have virtually no capability

acainst the fiehter Iin this scenario.

|
4




Hased Uil the above conclusions, the following

recommendations are nade:

J That every effort be made to develop a FLIR of
nieh enoush resolution to allow the figshter pilot
to tly the mission at an altitude of 250 feet or

pelow.

2+ That tactics emphasize the avoidance of enemy
deteuses and the use of corridors to saturate the
vneny defensive networke.

3. That ovur ECH ¢fforts concentrate on defeating the
AAN, SAM-D, and SAM-C.
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VI RKecommended Arvcas for Follow=0On Study
ecomnenaed Arvas for rod | un Y

Live wost rescearch cefforts, this thesis was unable to

cover all the aspects of the systewm studied or address all
the yuestions that need to be asked. Some recommended
areas tor follow-oun study of the night BAIL survivabilicy
problevm are discussed in the followinyg paragraphs.

Counclusion one in the preceding chapter was that the
capability to 1increase airspeed does not significantly
increase survivability. This conclusion is only valid for
the airspeeds studied 1n the experiment - 480 and 540
knots. Further study to determine a point at which
airspeed does become significant would be worthwhile,
especially in the study of survivability of aircraft
incapable of the high speeds considered 1imn this
experiment.

Conclusions two and three stated that survivability
is dincreased as altitude 1is decreased. This research
effort, however, did not address the problem of 4increased
risk of the aircraft impacting the ground while the pilot
was attempting to fly at the lower altitudes. A study of
the trade-off between the 1increased protection against
enemy defenses and the 1incrcased risk of flying the
aircraft 1into the ground at the lower altitudes would be

worthwhile.
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{1t should be noted that the model developed in this

thesis can  he ecasily adapted to analvze a variety of

probleuns. It could, for iastance, serve as a framework
for analyzint various Jjanming systews against a typical
Soviet air detease arrvay. It could also be used to
Jeteraine the impact ot various routes of flight and

degrees of saturation of the enemy defensive network 1in an
attenpt to Jdevelop juproved fiphter tactics. Both these
arecas were considered in the experiment, but they were not
developed in depth. Furthermore, the model could serve as
a framework upon which a model to study the night target
acquisition process could be developed.

Finally, it should be noted that the validity of the
output of the model might be improved by a more detailed
treatment of several areas. Some suggestions are listed

below:

1. The output of the Jjamming pod could be made
directional rather than radiating uniforwmly in
the hemisphere beneath the aircraft.

2. Features such as radar polarity and frequency
agility could be treated.

3. Fnemy acquisition radars <could be explicitely
treated.

4. A range of J/S ratios <could be considered in
modeling the lock-on process of the target
tracking radars.

5. The elevation of the aircraft with respect to the
radar could be considered in determining radar
cross~-sections. The model presently considers
only the aspect of the aircraft in this
computation.

6. Terrain could be modeled in more detail. The




model makes only one calculation to determine
wihetluer @ ygliven weapon site 1is blocked by
terrain. It does not allow tor the case in which
an aircraft alternately passes behind terrain
fteatures and then comes back 1into the radar’s
vien as time Drogressces.

7. A U3 structure between the acauisition radars and

various radar-controlled weapon svstems could be
explicitely modeled.

H . SAM »ad AAA sites could be given multiple shots
at the aircraft 1if conditions avpeared favorable.

Undoubtedlv, manv more details could be added to the
mode !l . but those listed above are the mator ones. It is
not vossible to sav at this time whether incorboration of
anv. or even all, of the details 1listed above would
significantlv imnrnve the validitv of the model’s outnut.
This ecan onlv be determined bv actuallv addine the
features and observine the results. The model 1in 1its
present form, however, accomnlishes the nurnnse for which

it was desiened wirh the necessarv deeree of acecuracv.




"

Bibliozxraphy

Burve, C. J. and J. H. Lind. Line of Sight
tiandbook. Naval Weesnon Center Renort. TP 5908.
China l.ake, Califnrrnia. Januarv 1977.

Brener, Walter. Lerture materials distributed 1in
SFE 5.80. Analvriral Asnects of Weanons Deliverv.
School of Eneineceringe. Alr Force Institute of
Technologv, Wrieht-Patterson AFB, Ohio, 1980.

GColden, Maj August. Lecture materials
distributed in EF 5.73, Electronic Warfare.
School of En,ineering, alr Force Institute of
Technulogy, Wright-Patterson AFB, Ohio, 1980.

Goiden, Maj} August. School of Engineering, Air
Force Institute of Technology (personal
interview). Wright-Patterson AFB, Ohio, 10

December 1980.

Kleijnen, Jack P. C., Statistical Techniques in

Simulation, Part 11. New York: Marcel Dekker,
1975.

Robinson, Clarence A. "Increasing Soviet
Uffensive Threat Spurs Stronger Air Arm",

Aviation Week, 1087 : 38-46 (1 August 1977).

Severson, J. and T. McHurchie. "Antiaircraft
Artillery Simulation Cowmputer Program - AFATL
Program P-001", JICG Technical Note 4565-16-73.

Shannon, Robert E. Systems Simulation - The Art

and Science. Englewood Cliffs, New Jersey:
Preantfce Hall, Inc., 1975.




D=A101 186 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO==ETC F/6 1/3

SURVIVABILITY STUDY OF A FLIR EQUIPPED FIGHTER ON A NISHT PENET—=£TC(U)

MAR 81 W J LEEKe R ¥ SCHMITT !
NCLASSIFIED AFIT/6ST/0S/81-M-9 .

a0
FORE

.-........ <




Appendix A

SLAM Network biagram
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Appendix B

SLAM Computcer Model

In the model printed out below, road network one has
been wused and aircraft arrive at an exponential rate with
4 mean of .5 minutes. The road network can be changed by
chenging the 1input data on linmes 260 and 270, while the
arrival rate can be <changed on line 4590. All other
factors are changed with 1initialization cards placed prior

to the siwmulate cards in lines 5430 through 6130 of the

model.
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TS CURRENT TIME J2199E+82
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tés8:
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SR
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Apnendix C

RANGES Comnuter Proeram

This nroevam romnntes the maximum ranege at which each
of the cdefensive systews iu the model can see the fighter,
assuming the J/S ratio must be 20 or less for the fighter
to be seen. The input data for the program, Tape 1, are
the radar cross-sectlions given in Table V. The output of

the program is shown in Table VI.

HIE PROCKAN RARCES CINPUTDUTPUTTAPEL TAPEZY

118=1

181

13- DIMENSIIN RNG(37+5) 2 XSLTN(37,4)

148= DATA RAGIXSCTN/ 33384,/

159=1

168-=1.

178= 169 FORMAT(F4.2,3F7.0)

156 159 FORMAT(////»ZiX+"DETECTION RANGE (IN NHD™)

1982 204 FORMAT(// 93X "ASPECT (DEGREES)"+5X+"ARA' 13Ky "SAN-A"yShr
260- #SAM-B" 1 SX o "SAN-C" 50 "SAN-D"s /)

1Bz (58 FORMATISK/FA.81BX,F6. 203X 4(F6. 2o HX1}

L=l

238+,

24@=C READ ASPECT ANGLE AND ASS0CIATED RADAR CROSS-SECTIONS.
0= 00 18 1=1+37

In8= READ (1,1d8} (XSCIN(Iaddedzied)
27¢- 18 CONTINUE

Zhe=L

98:0

386- DO 28 1=1+37

318=(

328=0 COMPUTE AAA DETECTION RANGE.

136= DBAAA = 34,3 + (.5 # XSCTN(14))
48: RNG(T+17 = (18, #% (DBAAA/16.))/1852.
399:(

368=C COMPUTE SAR-A DETECTIDN RANGE.

178- DBSAMA = 33.1 + (.5 » XSCTNIL D))

358= RNG(I:2) = (18, #& (DBSAWA/18.))/1852.
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Appendix D

Derensive Arrays

The defensive array shown below was computed using
rodd networh twe and a standard deviation of 6.25 NM. The

locations of the AAA sites in belt five of this output

- were used in the statistical testing described in Appendix
§ - H.
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Appondix ¥

Five-Way ANUVA

ine SPSS propram for the five-way ANOVA is  listed
relow, alon, with the datag, wnicn consists of the results
ot all! 240 simulation runs. The first five entries on
cach data line are the levels at wiich the LOC network,
dgircratt arrival rate, aircraft velocity, aircraft

altitude, and staudard deviation of the defensive array

were tuested. The sixth entrv is the number of aircraft

tnat survived.

LoB=R v RARE AIRCAAAT SURVIVAL

{1B=vAMIAECE List DE T RATEWVEL+ALT STGHA SURYVIVAL

128N OF CASES ALY

138=INFGT MEBLM  CRAD

(3B INFUT FORMAT  FREETIELD

198 “unvn SLRVIVAL BT METVRATEWWEL L2V oALTIL0 31 SICHALLZ)
16825747 ITI0S AL

178= htéﬂ (NPT DATA
1~8=1 L 1 1 1 18 811273114
198=1 L1 1112 s49=1 1| z 31 14
I EI R A N U AR Vi L8:p 131
ctest 1Lz 1123118
B=i 1 L1 1 =t 12311
231 L c 11 1s Eg=1 1131 16
48=1 0 71 IL 7 WU WA B
i EN AR R A 1 dgg=, 1 1 3117
[ S U AR SR U 411 1 1 3115
78=1; 1113 =1 113119
cid=t L 22119 =1 1 12113
=11 ¢ 11l =1 112116
e8=1 1 . 2118 8= 1121 14
U I AR I ) ded=t 1 1 2112
28117112 g1 11 21 17
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coverall results of tie ANOVA are pmiven below.

statistically

are

uitidor

linel.

signiticant ain effects and interactions

$778- + + 214233 ANALYSIS OF VARIANCE 3 #4343

6784:
$798=
$:d8-
#819-
#u08=
8528-
#544-
£350:=
85¢49-
£878-
$388-
$399-
£984-
8918=
8328=
8338=
#344-
#958=
$i8-
£378=
£988-
$998=
1908-
1818=
1824-
1834=
1849=
1956-
1868=
CHE
1988-
1994=
1108=
1119-
1128=
1138=
1148=
1156-
1168=
1178=
1188=
1194:

SURVIVAL

BY NET

RATE

VEL

ALt

SIGHA

IR I B BE IR IR 2R 2R SR BE 2R BN 2R BE SR BE IR R B 2R BE 3K SR BE BR BE AR 3K BE BE B B BE 2¥ B |
SUN OF NEAN SIGNIF
SOURCE OF VARIATION SGUARES  DF  SQUARE F  OF F
WAIN EFFECTS 6669.325 & 1111.554 213.846 .88
NET_S73337 1 ST33.0370182.949 L@
RATE ) 352831 1 350,837 67.881 .40
VEL 0.060 1 16.900 1.95 .167
AT 516,488 2 258.204 49.875  .##
SICHA 51.837 1 S1.037_18.913__.#01
2-WAY INTERACTIONS 1828.425 14 130.482 25.126 .41
MT  RATE 13.58 1 13.538 2.6 .168
NET  VEL 937t 937 88 T2
T AT 0625 2 16812 3.981  .448
NET _ SIGHA {565.784 1 1565.744 301.218_ W01
RATE  VEL roed 1 L. .32 .63
RATE AT 6475 2 3.3 413 .59
RATE  SICHA 53784 1 53.284 19.236 882
Vel AT 12158 ¢ 6.479 1.178 .313
VEL  SIomA 58 S8 8T .75
M SIGMA W2.675 2 71,337 13724 .68
3-WAY INTERACTIONS 52,133 16 3.258 .27 .84
MET RATE VEL 057 1 453 813 L3St
MT  RATE AT 725 2 T.363 1.6 245
MT  RATE  SIoWA 2686 1 2604 56t 488
T OVEL AT 1,475 2 831 81 .81
MT  VEL  SICMA 2006 1 2284 A 518
T AT sitm 1,58 2 579 L1 895
RATE  VEL  aLT 5.858 2 2.929 .54 .5
RATE  VEL  SIcw 1.5 1 1,50 .289 591
RATE  ALT  SICWA 15.088 2 T.504 1.4 239
VEL AT SICMA 2.858 2 1429 .25 .78
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1218= 4-BAY INTERACTIONS

1228=
1239
1248=
1258=
1268=
1278=
{268=
1294-
1384-
1318=
1329=
1338=
1348=
1354=
1368=
1318=
1388-
1396-
1448-=
1416
142¢-
1438=

NET

NET

NET

NET

RATE

5-WAY INTERACTIONS
{AIRCRAFT SURVIVAL

NET

EXPLAINED

RESIDUAL

ToTAL

RATE
ALY
RATE
SICHA
RATE
S1GMA
VEL
SIGNA
VEL
SICHA

RATE
ALY

VEL
VEL
ALY
ALT

ALY

VEL
SIGNA

111

45.338
25.673

937
1.898
3.188

14,558

3.775

3.775

8598.996
998.604

9596.996

125

47

192

239

529
1.554

1.279

1.887

1,888

182.957
5.198

44.155

949
478

166
N1 74
29

1.408

363

363

35.198

467
887

472
983
Ja

249

896

696




Coll weans of the main effects 2ad statistically
sionilicant interactions are siven below. Tnis datu 1is

‘raphed fa Fivures 12 toaroupgh 16,

476 2 4 3 1 1 1 124 23 CELL MEANS IEEREEEEREENRREIRE]
459 SURVIVAL
494- BY NET
SE RATE
518= VEL
528= ALt
53g- SICMA
540:{{4#!!!!!!!!!{Illilllli{{lliill’ll#il
559=
SIVE

.. S7¢= TOTAL POPULATION

' Sgy-
599- 11.86
698 (248

N t18:

}‘ t:8:

. . £39= NET
49 1 2

2 B

- b68= 15.89 6.1

< 078 (1280 (128

A\ 684:

" 698=
789= RATE
718= 1 2
728-

738 12.22 9.79
748 (1200 ( 128)
758-

748-

779= VEL

789= 1 2 1
798-

, Se9= 1.8 11.21

- = (1200 ¢ 128)

- 828- i
838- {
g4g= ALT

-~ 858- { 2 3

33 869- i
878- 9.55 1845  13.81 4

889= (  86) (8 ( 8

899-

994-

919= SICMA

928= 1 2

934-

9= 16.52 1149

* 950 (128 (128

P
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1 48:
1094-
1:68= NET
1278-
1,48
1:98:
[T E
1318=
8=
1338=
1348-
1358=
1::48=
1378= NET
1388-
{ 8=
1488-
{416=
1428-
1433=
1448-

171
1728=
1738= PATE
1748=
1738=
17¢8=
1779=
1738-

1048-
2456-
I048= ALT
418-
2488-
24%9-
2188-=
[ E

!

~>

t

1

2

1

4

ALT
14,68
{4
4.39
{4
SIGHA
1
12.85
)|
8.18
(o8
SIGNA
1
12.26
{ &)
8.83
{8
SIGMA
1
8.14
{
16.64
(48

15.47
{ 40)

5.42
{ 48}

18.93
{ )

4.85
( &

z

12.23
{

18.75
{8

11.98
{

19.99
(4

~o

(
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when altitude leve)l 3 was owmiltted, altitude remained
a statisticallvy sitnificant tactor, but it was less
signilicant tnan It wis in toe origzinal five-way ANOUVA.

Similarly, tae interaction between altitude and sigma

remaine sicaiticant, but at a reduced level of
significanc.. The interaction between the road network
and altitude becdue statisticaily insignificant. These

changes are underlined in the output shown below.

Bav#s ¢ ¢ 4 2 2 e 40 A U YS T 4 F WARETANLE # ¢ &art 3

to-gs Suhy Tval

;o9 EY NE

- RatE

T S VEL

bos ALt

ST 5164

IR S AR SRS SR S R ST SR SR AT SR NEIFIE IR T I N 2E NN S S 2 I R N N 2R B AR K
[T

T

NEVE SUM OF HEAN SIGNIF
§lpdr LR GF VARTATIIN JGIARES DF SQUARE  F OF F
17 78=

Cio8: MAIN LTREDTS 441,958 S 934,398 171,323 .961
biB: AT 42, 5.805 1 4725.825 772,652 .81
" PR T 258,999 1 786.988 51,394 .96i
Foié: VL 1,245 { 1,225 .224 .37
Rge oAt B SR 1 A8 5,928 LB16
B N 164,499 [7TI4K.608 o428 L0810
I ﬁﬂ:

¢ BT L-WAT IATERADTION e, 859 18 118,389 21,885  .861
. 4= WE RGTE S ! 425 1 LT3
w78 NS VEL LT 1 Gl 873 7T
Sougs MY T o 2,855 L L.BlS 378 .SM
REB: NI S ) 141,215 | 1871.275 195,995 .04:
biB:  RALE VEL L2085 1 229 B4 B8
fo B RAT. ALt 486 1 A96 873 787
P RRTE Su5iA 52,504 I 42,568 11.435 .98}
il VR bl 5,625 ! 5.625  1.829  .312
Rl VR SIGHA 828 i 825 885 9%
e.8 AT TGMA 48,998 1 4888 7.313 .68

RN




{ Appendix §
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3
j-
* Five-wWav ANOVA with S{sma tHeld Constant
% When sigma was held constant at level one (HA.25 NM),
2]
f only one wmajor chanwe occurred: the interaction between
-+
3 thie road network and aircrafte altitude became
? statistically insignificant.
3
§.
3 EFE SUM OF NEAN SIGNIF
hods SuuhoE BF VARIATION SHUARES 113 SQUARE F OF F
4 ISRTE
= Sy MAIN EFFELTS 1989.333 3 7.867 &1.642 881
' Jsids NET 493,333 I 652.323 85.598 .#B1
- 42cé- RATE 348,933 1 348.833 44,546 801
LRETE VEL 7.568 1 7.988 983 324
! 4349= ALY 983,467 2 94.233 38,546 .41
& [T E
RN dpLk: Z-WAY INTERACTICNS 09,188 9 3.967 J29 681
- 478 NET RATE 2,133 1 2,133 279 .59
§4:8= NET veL A3 i 433 817 899
4rig=  NET AT 1,47 2 5,733 J3L 47
CTE RATE VEL 2.78% { 2.788 394,553
4.10= RATE ALT 2B.2h7 L 16,133 1,328 .27¢
LT E vEL AT 13,404 Z 6,786 £78 419
§;08=
414d= 3-WAY INTERACTIONS 31.933 7 4,562 998 756
4.58- NET RATE VEL 4,800 1 4,808 529 438
4i48= NET RATE ALT 4,447 /4 2.233 293 a8
G17g- NET VEL ALT 3.267 2 1.633 216,868
4i3@= RATE VEL ALT 19.488 2 9.788  1.Z71 785
. §:98=
b 4,88 4-NAY INTERACTIONS 15,8688 z 7.966  1.835 .39
4. i8: NET RATE YEL 15,888 2 7.968 1.835 .39
4, .8= ALT
. 4. 38=
- 4749= EXPLAINED 1487167 23 73.355  9.618 .#
4.58=
. q:6d= RESIOUAL 732.664 % 7.633
< 4:79-

Azug= TOTAL 2419.967 119 28.33b




3 o osioma was held constant at level tvo (3.0 Ni),
% the interaction between tne road network and aircraft
|
“ altitude arain  becane statistically signitficant. In
s addition, the interaction between the road network and the
3
alrerait arrival rate becaae statistically significant.
§
' - Sum OF HEAN SIGNIF
Coes At o VERIAT [uk 1 aRE S 0F SHURRE F oF F
: o
1y wowat Fags el Ty L1564 5 1357.088 491.225  .861
i S e 0445, 488 1 6649,4860485,5768  .861
H Lo#s Rt N T 1 t.882 23.894¢  .éé|
- v s Vi 3.088 { 3.088  1.889 099
N Y 18.617 i 35,388 12.781 .86t
Fa G
' Go = C-WAY INTERACTIONS 41.579 9 §.619  1.672  .18b
£ Galg= NET RATE 14,808 1 1488 5.6711 807
1 §.ra: NET vEL 3.886 { 3.680 1.889 .299
e | Gu7p=  NET L T 4 XA ¥ 2 19,858  3.93t  .813
P LN E RATE VEL .88 1 085 883 .95
2 {iids= rATE ALT 1.217 2 688 228 883
s G.b=  VEL ALT 1617 Z 58 .93 M
£ A E
(. 48= 7-WAY INTERACTIONS 14,923 7 2.875 J91 629
LoSgs NET RATE VEL 479 { 679 244 622
§.08= NET RATE ALl 11,317 2 5.65¢ 2.848 139
§;78= RET Vel aLT 1.517 2 198 279 76
§.0p= RATE VEL AT i.817 Z .a88 8¢ 832
§ivps
6.88: 4-WAY INTERALTIONS 13,658 4 $.825 7.471 898
DA E NET RATE VEL 13,6458 Z 6.825 7.47t 898
e ALT
GoiB-
§.48= EYPLAINED 6394.792 23 798.634 167.886 86|
L 6. 8=
4, +9= RESIDUAL 265,208 96 2.763
. 4;:78=
8 4:88= TOTAL 7119.992 119 59.83¢
2
8
130




i e cell eans of the interactions between the road
i ,
3 networt and aircraft arrival rate are shown ovelow. This
! data 15 prescented graphically in Figure 17.
XK RATE
: 76 N R
43 J48- Rt
958: : oos 18,53
ELTE { R 38
e
: yud: . T 97
’ 958~ { F 2 38
|
&
£
!

131
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Appendgix 4

Four-way aANava with Airspeed

Jesuils urotae

wuere tue samne as the

W hini b VARIATIUR
nés HAIN ReTET
T R
e H R
PR Al
R RN
RS
DoLaT L-NAT [NTERACTIORS
ST’ E N T RATE
48 NT ALT
oows NG SIGHA
KNITE RATE ALT
v8- RelE SICHA
9oape AL’ SIGMA
GoY8:
Gveds T-WAY INTERACTIONY
v18: NCT RATE

31067 NET RATE
KFETE WL T AL?
MY E Rl ALT
3:98=

aregs &-WAYT INTLRACTIONS
3478 WY RATE
oinds SIGHA
?,99:
Cigw= EXPLAGNEL
RN E

6 8= RESTDUAL
4.9

4348 THTAL

four

res

aLy

SiCHA
SiCiHA
SIGMA

ALY

Lxcluded

~way ANUVA with airspeed

excluded

ults of the {ive=-way ANOVA.

N
SGUARES D

b659. 521 3
95733.837 1
152,837 |
916,465 ¢
57.837 1

1415, 421 9
13,538 t
32,825 [4
1365.764 !
b.475 Z
53,284 1
142,475 2
33.49¢6 1
14,723 2
2.b84 1
1,192 2

15.988 Z

2587.49¢ 23
1489.568  Z21¢

994,996 239

132

HEAN
shhbit F

Laz1.664 264,658
3755.8371134.618
392,437 49932
256,264 5t.191
57.437 11,348

81,513 39,9491
13,935 2.684
16,813 3.179

1565.784 318,418

3.238 642
53,264 18.548
71,337 14,143

4,785  .949
7.363  1.468
Z.t84 L0160
579 115
7.96¢ 1.448
929 185
(329 183
369.891 73.313
9.844

48.155

SIGNIF
0F F

)|
N1
081
N1
Béi

861
183
B4
B8
527
881
69

ATE
235
473
.89¢
.28

906
908

1
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Appeadix il

iests of Statistical Distributions

REMRR tests for the tollowing distributions are

presented in this Appendix:

L. Kxrounential distribution of arrival times.

. dornal distribution of AAA sites in belt 4, using
road network 2 and sigma equal to 3.0 Ni.

3. Normal distribution of AAA sites in belt 5, using

road network 2 and sigma equal to 6.25 NM.
fhre distributioa of arrival times was tested using a
Chi=-5Sguare test, while the distribution of the AAA sites
were tested with a Kolmogorov-Smirnov test. All three
tests used an alpha of .05, and in all three <cases the
null thypothesis that the data came from the desired

distributions could not be rejected.

Distribution of Arrival Tinmes

#
-

The arrival intervals, taken from 2 consecutive runs

of 20 aircraft each, are listed below:

1.20 1.17 0.16 0.27 0.04 0.01 0.11 0.12




e r—— ,-_.."
.

19 Thoe oarrival dntervals are from an exponential

(.53 Mminutes) distributian.

ner s R e

Ll: Tue arrival intervals are not from an exponential
(.5 minu:es) distribution. i
} v =X -1 = n=5=1-02=4 :
: x\‘.I‘i t = 9.49
{
4
' 238= RUN NAME ARRIVAL RATE EXPONENTIAL (.5 MINUTES)
246- VARIABLE LIST INTERVAL.FREQ
158= INPUT FORMAT  FREEFIELD
268+ INPUT MEDIUM  CARD
o 19 BEICGHT FREQ ;
1 188= N OF CASES )
A 298: NPAR TESTS CHI-SQUARE = INTERVAL/ j
3#6- EXPECTED = 4.89 S5.464 B.48 f
31s- 1.74 9.37 i
329: READ INPUT DATA ;
|
. Sif= - - - - - CHI-SQUARE TEST
Y 528-
338= INTERVAL
548-=
356+ VALUE 1.8 .9 3.9 49 5.4
568 COUNT 1. 1. T. 6, 11,
578=  EXPECTED 6.89 S.64 8.48 7.78 9.37
584-
59¢ CHI-SQUARE I.F. S IuNIFICANCE
b88= 1.222 4 874
410-
626-1ARRIVAL RATE EXPONENTIAL (.5 MINUTES)
3 1.222 < 9.49
Ai
0 2 2
] Xcalc < )(Crit for alpha equal to .05

Therefore we must fail to reject H, .
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istribation of AMA Sites in HBelt 4

This test was made to verify the normal distribution
of weapon sites when sipgma is set at 3.0 NM. Road network
2 was used becsuse road network ! would have produced a
truncated normal distribution. The LOC is .8 NM to the
rigaut of the center of the army area when it crosses belt

4. Thus the defenses can fall up to

13. .8 = 4.23

5 -
3.0
standard deviations to the right of the mean point and up

to

.8 = 4.77

standard deviations to the left. This will 1include, for
all practical purposes, 100% of the random numbers drawn

from a Normal (0.8, 3.0) distribution.

Hy: The 25 AAA sites come from a Normal (0.8. 3.0)
distribution.
Hl: The 25 AAA sites do not come from a Normal

(0.8, 3.0) distribution.

D =D - 27
crit .05,25

135




The com

The res

puter progran and data points are shown below:

199=RUN NAME AAA BISTRIBUTION FOR BELT 4 (SIGMA = 3.4)
118:VARIABLE LIST POSITION
128=INPUT FORMAT  FREEFIELD
138=INPUT MEDIUN  CARD
148=N OF CASES 15
13#=NPAR TESTS K-S (NORMAL .6:3.8) = POSITION
168=READ INPUT DATA
178=-2.63 1.29 -2.41 2.97 -1.22
188= 2.51 6.8 2.57 1.63 &
196= 5.86 -1.58 2.146 2.15 4.6
288= 1.34 2.17 -3.18 -3.1¢ -3.48
218= .74 -1.97 -3.54 -3.18 .17
228-F INISH
238=3L0R
24§=2E0F

slts are shown below:

459 - - - - - KOLKOGOROV - SMIRNQV GOGDNESS OF FIT TEST

494-

584- POSITION

S19:

528= TEST DIST. - NORMAL (MEAN = 8969 STD. DEV. - 3.0080)
538

549- CASES HAX(ABS DIFF) MAX(+ DIFF) HAX(- BIFF)
556+ 5 1576 1876 - 9849
Se8=

578= K-§ 1 Z-TAILED P

569-= .788 364

598-

684=14AA DISTRIBUTION FOR BELT 4 (SICMA = 3.8)

|p] <D for alpha equal to .05
max crit

Therefore the null hypothesis can not be rejected.




Distriburion ot AAA Lites fu Belt 95

This test was made to verify the normal distribution
of usapon sites when sigma is set at h.25 KNn. Road
networ. 2 is .7 NM to the riasht of the center of the army
ared vhen 1t cross belt 4. Thus the defenses can fall up
to

13.5 - .7 = 2.05
b.25

standard deviatfions to the right of the mean point and up

to
13.5 + .7 = 2.27
6.2
standard deviations to the left. This will 1include

approximately 975 of the random numbers drawn from a
Normal (0.7,6.25) distribution. Thus the actual
distri{but{ion should not be expected to behave perfectly,
but it should closely approximate the theoretical

distribution.

Hy:  The 25 AAA sites cowme from a Normal (0.7,6.25)
distribution.

Hy: The 25 AAA sites do not come from a Normal
(0.7,6.25) distribution.

D = [ - 27
crit .05,25
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The coumputer

arosran and

Jata points are shown below:

188:RUN NANE AAA BISTRIBUTION FOR BELT 5 (SIGMA = 6.25)

118-VARTABLE LIST POSITION
128=INPUT FORMAT  FREEFIELD
138=INPUT MEDIUM  CARD
148=N OF CASES 23

158=KPAR TESTS K-S (NORMAL .7:4.25) = POSITION

168=READ INPUT DATA

178= 3.96 5.16 -4.78 -18.15 -2.9¢8
188= 4.4 -5.82  1.68  T7.41 -11.74

198= -3.44  1.23 1.92

A4 1,66

08= 1.52 .11 -2.5¢ -4.17 -1.12
218= -1.59 -11.16 13.73 8.52 -4.9¢

228=FINISH
238-3E0R
249=3E0F

The results are shown below:

42 - - - - - KOLMOGOROV - SMIRNOV GOODBNESS OF FIT TEST

498

S04 POSITION

Si¢-

328= TEST DIST. - NORMAL (MEAN = 7688 STD. DEV. = 6.2568)
538=

544 CASES WAL (ABS DIFF) MAK(+ DIFF) HAX(- BIFF)
558= 25 1638 1638 - 0256
S68=

518 K-§ 2 2-TAILED P

584- 815 528

596-

69@=1ARA DISTRIBUTION FOR BELT 5 (SICMA = 6.25)

L1630 < .27

D <D for alpha equal to .05

max crit

Therefore the null

hypothesis can not be rejected.
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Vrobanility ot Lill Computions

inds SAppeaddis contains prebability ol kill computions

for the AaAN and SAM=C. These results are compared to

computer gencrated results in order to verify the accuracy

and logic of the PROBKIL subroutine of the model.

AdA

The iancowing aircraft is offset .3 NM (1824 feet)

from the gun and therefore will be engaged at a slant

range of 3000 feet. There are 2 "g"s on the aircraft at

the time it is fired upon.

The velccity of the AAA round at intercept {is:

~.1513(3.0)
VvV = 3050 e = 1937 ft/sec

The time of flight of the bullet is:

TOF = (6601.76) - 2.1645 = 1.244 seconds
1937

The single shot probability of kill is:

—.5(2)(32.2)(1.244)2
2
55.65 R 2m(60)° + 55.65

P =

ke 2n(20-3)2 + 55.05
The probability of kill for a 50 round burst 1is:

.00245
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Su
Phss = | = (1 = 0024480 = .11536
Fue sttached computer output  shows  that the mnodel
seneratod the same 'k s Wwas valculated by hand.

SAN-C s

Toe incoming aircraft ts offset 5 NM (9260 meters or
39.67 dbm) laterally from the missile site. It 1is
knots. The missile can

travelling at a velocity of 480

intercept the aircraft
2 4+ 5(3.09) = 17.45 svc

after the aircraft first enters the kill zone, assuming it
is able to track and lock=-on to the aircraft in the

min{imuw time possible.

Since a 480 knocv aircratt is moving at a rate of 7.5

sec/N!, 1t will travel

17.45 sec = 2.33 Nit
7.5 sec/NM

past the leading edpe of the kill 2zone before being

intercepted by the wmissile. From Figure 9, it can be

determined that the aircraft will have an aspect of about
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9/ relative to the misslle site at the time of lntercept.

Since the node 1 uses the radar cross=section of the
nedarest 9 increnent, 19.95% 4dbm, the radar cross-section
at tae FI) aspect is used to calculate the

jamming-to-signul ratio at the time of intercept.

J/s = 29.6 + 11 + 2(39.67) - 53 = 41 - 19.95 = 5.99 db

lue circular error probable ot the missile 1is

2
CEL = J(.OOUOOU?[)(3.97)(9200) + (2200)(3.97) + 58

= 95.0 meters = 312 feet
The probability of kill of the missile is:

2
(86/312)
Pk = 1 - .5 = .051

The attached computer output agrees with the above

results.
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The wissoile’s hipuest Pk  will occur if it can
. : 4 U
intercept tae alrcrart when tae aircralt’s aspect 1s 90’
with respect to the site. 1ne calculations for this

intercept are as follows:

J/S = 29.6 + 11 + 2(3Y.37) - 53 - 4) - 24.98

= .96 db = 1.25

2
cCEp = \"(.()UU()U\)II)([.35)(9260) + (2200)(1.25) + 58
= 53.7 neters = 176 feet
2
(86/176)
Pk = 1 - .5 = ,153

Such an intercept is not possible in the model
because the kill zone is too narrow and the aircraft is
moving too fast. However, the logic pattern of the
PROBKIL subroutine was tested on a verification rumn by
setting the missile flyout time equal to zero. Under
these circumstances, the intercept could have occured near
the leading edge of the kill zone. The model had the site
wait until 1t could achieve the intercept at a 90° aspect,
which {s consistent with the desired logic pattern. The

results, shown below, agree with the prediction.

LPTLRAL ARRGE ¢ 5,39 M
CAIDSTDHERCERT - 4,00 NN,
€9
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Appendix J

Tie~Up Times of Weapon Systems

This Apnendix contains examples of computer generated
output which 1llustrate the loglc and accuracy of the
model tn deternining which weapon sites are allowed to
fire 4t au aircraft and how long the sites are tied up
after firing.

In the output listed below, the first aircraft
reaches the first AAA belt .025 minutes after crossing the
FESBA ( the AAA is referred to as weapon 1 in this output).
At least five AAA sites are within range of the aircraft.
The following sites fire and are tied up for the time

periods listed:

Site Tie-Up Time (in minutes)
23 «652
25 .703
4 .837
16 730
20 .732

The alircraft reaches the second AAA belt .125 minutes

after FEBA penetration. Three sites 1in this belt are

within range. They fire and are tied up as listed below:




: Site Tie-Up Time (in minutes)
]
E 24 .831
E 5 637
- 19 .609
"
: sased on the ubove inforwmation the sites would be expected
% to be released as shown:
§
4 Belt Site Release Time (in minutes)
4 1 23 .025 + .652 = .677
e 1 25 025 + .703 = .728
i 2 19 .125 + .609 = .734
Y 1 16 .025 + .730 = .755
' 1 20 .025 + .732 = .757
| 2 5 <125 + .637 = .762
\ 1 4 .025 + .837 = .862
SEEN
-~
2 24 .125 + .831 = .956
The weapon sites do release at the times given above, as
the computer output shows: /
A9 BELT © oGP WEAPON
2352 TNGW = LedS
voge 4 SITES ARE ALREAL: TIZD UR,
[
winds FKODE TR 23, ¢ L 1MNET52145285)
URER RS A SNCTEE SO AN AR KA
. ooz PYOOF DTTE 8, = BS8&AI2741LE,
g . A L S R I T N S RS A AT YA
A $i0d FK T TDF 28, = 8062434197755
) €308 SITE 77, OF BELT &, OF WLAPON 1. 1S TIED UP FOR 4317491742866 NINUTES

§938= SITE 25, OF BELT §. OF WLAPON §. I3 TIED UP FOR .7634844958885 MINUTES

¢ 8- SITE 4, OF BELT 1. 0T WUAPON 1. IS TIED UF FOR .8373513288346 MINLTES
i voowz SITE 14, OF BELT t. OF WCAPON 1, 15 TIED UP FOR 7297435644773 MINUTES
: ¢378= SITE 7. OF BELT 1. OF WEAPON 5. [5 TIED UP FOR .732349597998 MINUTES
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3 47 NP TR S C e T T eIl l9 e HINGTES
p “ CLT e U ey LD T MINUTES
= B
; A WAt
: ¢ Thie ot
: Se o UUTLD AN Soarablt L{DUF
' o R T SSU AR
b i e -2
Fua TRy TT L0 E RECT L. 0 W ARDN D e TIED uF FGR LL1A7341419411 RMINUTES
<
AR
e, -4

ﬁ‘ . Ut TUTL 2D S RELEAW G S0 TINE Lo Tes417408¢6e EROM BECT 1 OF KEAPON |
’ Dok

Pt LITDOIS IS RELEASIL AT TIME L D4RASS92EeS FROM BELT 1 OF WEAPON 1
¢ > Fo28= 5ITE U5 1n RELTASCE A7 TIME L/.478d4327913 FROM BELT Z OF KEAPON 1

-

4777 FRO™ BELY 1 OF WEAPON 1

o

Dol GUTE B 13 REVIALED AT TIRD L IRAT4¢

Fe

;L;g: SITE 78 (5 RELVASED A7 Time ,n 7249477992 FROM BELT 1 OF REARON
e
{ w;= 3378 5 15 RELEAREL AT TIAD LTol0D07275544 TROM BELT 2 OF WEAPON i
B
:?€é= SETE 4 DT RELEASED A7 Tivg L84, 3517208346 FROGM BELT | OF WEAPON 1
;‘;3: ST ee & RFLEALLY W7 TIME (9SES1ATTS7431 FROM BELT 2 OF WEARON 1

s
-
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vther properties of the model are illustrated when
taird and fourth fighters enter the network. Aircraft
three enters, tying up ftour AA sfites in belt one.
aircraft number four enters, the four sites in belt

tied up by alrcraft number three are unable to engage

Aircraft #3 enters

o
£ 4

coABhaT T

Teo UP FOR (5008957154233 MINUTES
EL U FOR LAT38841146171 RINUTES
I UP FOR 1898185887656 MINUTES

ED UF FOR 6644812545524 MINUTES

R U 3 SN T
S5k BELU DL OF WEAFON 1L IS

CTE A OF BELT N OF WEARDN 1L IS

STF le, OF BELT UL OGF WEARIN 1, IS

¢ 16 RELEASTD AT TINE Z.4B3173771124 FROM BELT 1 0OF WEAPON 2

e L 3F WEAPIN |
L 4V94?2'f;é4>
F58= 8 0TS ﬂn[ ALREAGY TIED UP,

(T FROOF STTE 24, ¢ 64104‘0371“o5

Conps PROOVOSITE 5. = L BR31L1399B74R8

(259 K 0 SITE 19, - G“%tb07°° 159G

J388= PKOOF TR L. = B

S Fh oF SITE 1. = 4,

U328 SITE I4, OF BELT . OF MEATDN 1. 15 TIED UP FOR 6404059178581 NINUTES
.38 L!T. 3. 0F BELT . OF NEAPON 1, 15 TIED JP FOR 7148997894937 MINUTES
(34@= SITE 9. OF BELT Z, OF WEAPIN 1. 13 TIED UF FOR 2992477942283 MINUTES

W

(39¢:

c3bd= BELT nF NEAPDN |

378 “mu 254795780058 j; Aircraft #4 enters
(588 it QRE ALREADY TIED UP,

‘?96=

Add= PK OF DITE 28, = .@U28SI04949717
«4ids FKOJF SUTE L.
58 PYOOF CITE
(438= PR OF SUTE
(349 PXOOF SITE
145@= SiTE 28, OF EELT 1, OF WEAFON i. IS TIED UP FOR .£494394855775 RINUTES

= 8,
#,
8.
g,

bt
"
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'he output below shows an alircraft entering the

secound  35aA=D belt (the 5A4-D is referred to as weapon 3)V.

"wo SAM-D sites are within raage of the aircraft. but onlv

: one iw Aallowed to fire because the Pk of the second site
is below .02.
Wi . ~ + :
, a4 = Ni‘\',‘, (S ik :
-

ik s R L
[t Aot TOOTIRR e PO L tlebdTéllsT MINLYED
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