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P r 1-, v

t. ILSU t,of Iorward loo. i n. i ntrared (FLIR) systems as

an ;I Il in conducting low altitude operations in fighter

aircratt I. rt c, i t ing widespread attention. As

rxperienced igiiter pilots, the authors of this research

project were ilnterested in quantitatively evaluating the

ILIR :; enha c ement o f tighter survivability. The thesis

speCitical lv addresses its effect on the night battlefield

air interdiction mission.
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AIF I T/( I t.

1. .r[".2 ;,y ;t,. rvi , t he fi;t, ht r pilot with I

r w i ri o [, i .! r ,d 'I. c ir) sv; . , w h ich allows him

t. o 1 t I i rc r a t o w c r a n d fa ,L r t ha i he would

)tLr. i C , o 1 e to fly. " v o b j ect i /# of this research

ettort s to det r i.,i:,e w1ettcr ti i itcreased capability

will ,s i l ii itt 11 i;:iproie tie lii ht r',I, survivability in

the ni ):,it interdiction rule. The prblem w.s studied in

the context ot tiIe threats and terrain found in the

central region of e'est Germany.

A aodel of the terrain features and threat scenario

was construc ted us ill th: SLAV computer simulat ion

langt it o. 'Ike S oviet detellsive systems can be moved

arou nd as de ired, an( aircraft can enter the system at a

variety. of arrival intervals, airspeeds, and altitudes.

Defenuiivc systems 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

shIootit ; because ot a low probability of kill.

fi me capability to f. ly taster did not significantly

increase the fijhter 's survivabilitv. A decrease in

altitde fron I ()00 feet to 500 feet increased

survivabilitv to a inor,- devree. while a further decrease

to 250 feet iinoroved surviv.abilitv sinifieantlv. These

findinv,; led tn the conclusion that a strono effort should

vi i
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: iow t, jilot Lo fly tlc insion at an a t titude of 25 0
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W. A NI 6IT P .!: L 'TRA lION Oi F A SOVIET ARMY

I In t roduction

BackLr ou n d

"' iited States Air Forcr efforts in the close air

support and interdiction roles have traditionally

empiasized daytime applications of airpower. The reason

for taiis emphasis is that we simply do not have aircraft

capable of delivering weapons at night with the accuracy

needed to destroy pinpoint targets.

Admittedly, the F-11l is heavily committed to the

night interdiction role; however, its usefulness is

restricted to large stationary targets which can be

located on the basis of a radar prediction that was

prepared long before the mission was flown. It has

irtually no capability to locate small, mobile targets,

such as tank columns, nor does it have a substantial

ability to destroy such targets if it does locate them.

To improve the night capabilities of our fighter

force, several USAF agencies are working on a system known

as Low Altitude Navi ;ation and Tatgeting Infrared System

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

will be attached to an F-16 or an A-10. The pod has a

'II



rw.i . ao : in: rirA (ILIR) Iapl jI ity which will link

up wita t ~ e I.t I L (2 ea ' p i.pl a41 (-) 1 Y I ) to ,ive him a

1 e r .t r r,. ' e1. t at ion fI t,'.,c t, rri n in front ot the

, rcri , i ,it ii li ited( ( . wide by 2 1) hig.) field of

e . ,A1C!t soct ion ot thle pod will automatically

,ic q u i r . t a r t . h i ll t in the P! i)'s f i L- 1 1 o f v i ew , p o i n t them

Ilt t tI, l ,L il, t, mld fire Ir , ;in ; Infrared (1I R) Maverick

.:asi s t .e tar ts i tIPe pilot coisents. The goal

.0C i l ,r the S y . t L' is an ab ility to acquire,

-ai .,, ,and fire I t up to 0 tar,,eLS in a 7 second time

er o

Y:,e LANTIR' systels,, when it is fully developed, will

represent a sLbstantial adiance in the state of the art in

several fields. Development of the C02 laser, which is to

provide surreptitious terrain following information, will

require soae major technological breakthroughs.

Developing the ability to automatically find and classify

targets will also be a formidable task. A 6-rail Maverick

launcher must ie developed, and the missiles themselves

will ,ery likely have to be modified so that the second

through sixth missiles fired will stay locked on to their

targets rather than locking on to the missiles fired just

before them. IThese are just a few of the problems that

must he solved before the system can become operational.

2J



rob ,i. t at eltiv nt

e t a r V d I sc UiL; i 1, tihe technol ogy requ ired t o develop

and t i :I Ize the system, a very basic question must be

adJr csed. low is LANTIi RN go ng to affect the

. tur i AiuI it; ,at ti,e aIrcratL that is carrying it?

I'lli s tilk, siS compares t Ii L, surilvability of a

iv • , otiet ica I tacti cal ft i hter employing a FLIR system on a

n i n t jattle vLeld air interdiction ( AI) mission with the

i r,a, aircraft flyin , the same mission without the FLIR.

Tc fiiters penetrate the forward edge of the battle area

(FEiA) and fly through a typical array of defenses of a

soc;iet ground army to strike a target at the rear of the

,,round army's area of operations. The FEBA Is assumed to

'e somewhere near the East German border in central West

C e r man y.

,,)b ect i je

Because of the pilot's ability to "see" the terrain

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 is to determine whether the

increased capability of the aircraft provided by the FLIR

will significantly improve its survivability in the night

interdiction role.

'1 3



ILL th i t k! s i s, t he I 1 .4 t, r ' s s ur v i : a b i I i t y i n t h e

*,, ,! role i:, analyzed, with the constraint that the

t e r v, u t , .rfor n . low IIL it ude peite L rat i of the

1:n t'!.! .rfL y t r e,tc :t the, tar, et are a. Under certain,

p per a pa smoait , :oiidit i o n ;, a hi)-h alt itude ingress might

result in a better probability of survival for the

t ii t, cr, hut this does not reduce the need to determine

t.
the VLtg':, enu.Inelinexit of survivability in a low altitude

e t nctr itiooii We'.atIher conditions might, for example, make

it imposs i b le to perform a h1 igi altitude ingress and

subsequent letdown to Low altitude approaching the target.

Furthermore, a lo altitude ingress will allow the fighter

to acquire and engage targets of opportunity enroute to

the target area; these targets would be out of range if a

his-.h altitude ingress were made.

Te model studies the problem only in the context of

the terrain ieatures of contral West Germany, which

consists predominantly of rolling farmland mixed with

thick forests. The trends shown in the study should apply

to other terrain types, but this claim can not be

categorically made.

Fi.uily, it is important to note that the

survitability figures developed by the model are useful

only for comparing the various alternaties evaluated.

=Undoubtedly there are factors not considered in the model

which will affect significantly the survivability t)f an

4



aircr;tt t yi lg tilw !icenario. Th iu, when th v mode e

predicts- that twelve out of twenty aiircral t wil survive

under one set of conditions and sixteen wil L survive under

another set of conditions- the imuortant result is the I
comuarison b)etween the two alter nat ive rather than tile

exact sur~ival figures.

Threat Scenario

Each of the five Soviet ground armies stationed in

East Cermany has approximately i000 surface-to-air missile

(SAM) launchers and 1000 anti-aircraft artillery (AAA)

* .units (Ref 6:46). These defenses are concentrated within

an area 27 nautical miles (NM) wide by 54 NM long.

Because the mission analyzed in the model will be flown at

low altitude at night, those weapon systems which do not

have the ability to acquire and engage the aircraft with

radar or some other non-visual system can be eliminated.

Using this criterion, four SAfl systems and one AAA system

were selected as representative threats in 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

kS



FORWARD BELT

Majority of 128 radar-directed
AAA sites.

5 SAM-C batteries.

2 SAM-D batteries.

Numerous non-radar SAM and AAA sites.

LiL D

A
0..

I . . . . .. . . .

__15 NM BELT - 6 SAM-B batteries.

8 NM BELT - 2 SAM-C batteries.

- 6 NM BELT - 3 SAM-B batteries.

3 NM BELT - 3 SAM-C batteries.

LEGEND

SAM-A Z SAM-C

_ SAM-B [ SAM-D

Figure 1. Radar-Directed Air Defense Systems

6



,ir.iy a rea I r ,shown in Figure 1.

Sojiet airpower is not expected to be a threat, since

Soviet doctrine call; for air defense in the forward part

U, the bt tle area to be the responsibility of the SAM and

AAA ktir ts in the early stages of the war (Ref 6:46).

Furthermore no known Soviet aircraft has a credible

capability aZ iinst a high speed, low altitude aircraft at

nigh t

Appendix . (SFCRET) describes the threat scenario in

more detailed and specific terms.

Structural Model

Figure 2 is a structural model of the air defense

elements of a typical field 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 in

"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 is called

the "forward" belt in Figure 1.

Figure 2 shows only the number of defensive systems

in each belt; it does not show their locations. In this

experiment, it is 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

7
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OC' ; ire , I> i11 in f ivures 3 iud 4. T he tickmarks along

tie ro-.t networks in these figures represent the defensive

weapon oelts, while tht "?" :narks the target area. The

weapons are spread laterally along each belt, but they are

concentrated nost heavily near the LOC. Note that the

defensije belts in Figures 3 and 4 are drawn to scale;

they are not drawn to scale in Figure 2.

The fighter can theoretically enter the FEBA at any

point along its 27 NM front. In the model, however, it

enters within a 3 NM corridor centered at the midpoint of

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

to 1.5 N.i either side of the midpoint).

Methodology

In order to analyze the fighter survivability

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 in the computer model can be

varied by specifying the midpoint and the standard

deviation of the defenses in the belt. 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 is modeled as a probability of blockage - the

rougher the terrain, the higher the probability that it

will block a defensive system's shot at the aircraft.

I9
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I
~eft u .: i v systeis which shoot at an aircraft are tied up

taor , ) ir c, of time fol lowing the shot; at the end of

t ts p r itod t .hey a re r !1ea1 sed anud al lowed to engage other

aircr! t. The properties and capabilities of the model

are discusied in more detail in Chapter III.

t) e r v I v w

'i'he remainder of this thesis explains in detail the

simulation efiort and the analysis of results. Chapter II

discusses the components and concepts incorporated in the

simulation model, thile Chapter III discusses the model

itself. In Chapter IV the data collection process and

experimental design are discussed; the analysis of the

data is discussed in Chapter V. Verification and

validation of the model are discussed in Chapter V1. The

overall results of the thesis effort are presented in

Chapter VII. Finally, recommended areas for follow-on

study are discussed in Chapter VIII.

12



1 Sys tvm Structure

rhe system structure is composed of four basic

ing redients :

I. 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 in the remainder of

this chapter. Many of the concepts in the chapter are

described in more detailed and specifi terms in Appendix

K (SECRET).

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 is 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 SAMl to get a shot. If 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

13
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T. iiL . I

!I J, L E T1 . 'k, 'L s 0 P f c f e n.<i e y s t e .

'I..i i m um . f I I I i a Ai m t R a qL e

.A .\ : , 1 • 35 NA

i'A;-A 2. 7 N 1 9.4 N: I

SA--B 4. 3 N. 54 N.1

AI-C 2. 2 N;i 1 3.0 NM

SA.-D 1. 1 ,i 6. 5 NM

"effecti.e" n orlzon. Figure 5 shows an example of this

principle for a SAM with a multipath angle of

0

.35 eng. aging an aircraft 40,000 feet away, with a 500

foot hill halfway between the radar and the aircraft.

0
The terrain in this example essentially adds 1.43 to

the inultipath angle, or 1000 feet to the altitude which

the aircraft MUst have in order to be seen by the radar.

Thus the aircraft tiust be at least 1250 feet above ground

level (AGL) for the AM to have a shot .

In addition to the multipath angle, each SAM system

has an absolute min imum altitude. Any aircraft below this

altitude can not be shot down by the SAM. If the SAM

syster, in the above example had a minimum altitude of 2000

feet, it could not shoot down any aircraft below that

altitude. If, on the other hand, it had a minimum

altitude of 1000 feet, the lowest altitude at which it

could engage the aircraft would be 1250 feet AGL, as

14



-Mad1

78 1.

0 ,,
Radar 40 ) U 0

Fi,'ure 5. Terrain Blockage and Mul tipatLh Angle

COMp)Utvtd previously.

The n.iniinum altitudes and inultipath angles for SAMs

in the model are giv'n in Table II.

TA LE I I

inirmu. Altitudes and lultipath Angles of Defensive Systems.

,Ainimum Altitude Multipath Angle

SA'-A I000 feet 0. 350

L SAM-B 330 feet 0. 350

SAM-C 75 feet 0.150

SAM-D 60 feet 0.25

15



J~i:,'..iti __ it v.IZ

t. .tr ii the nmelu1o,! carries I rc i eater j.iim er

:iic r adt,1 t k powvr unitor.ily iri all Jire-ctions in the

hem i s r e t I ow t he a i r c r aI t T h e e ! c c t i P'e r ad I a t e d

Powe r (E:' ) ot tie jamier aa ins t the t arget track ing

r ad a r ,,f t i t t 1i r o. i n the vi,)de I s -how ii in Tab le iII .

TA LE I I1

ff i e R a adiated Po.4er oi Jar mer A vainst
D c I on j iv S v mst e s

£ER P

SAAA 1694 Watts

SAM-A 1694 Watts

\AMi-B 914 Watt s

A:.M- C 914 Watts

SAA1-D 914 Watts

Wea on Syter Capabil it ies !i ains t an Aircraft with

J a m_m I n&

Tie ran,,e at which a tar,'et tracking radar can pick

up an aircraft is a functioui of the radiated power of the

radar, the radar pain, the radar cross-section of the

aircraft, the effective radiated power of the jammer, and

the jainming-to-signal (J/S) ratio at which the radar

operator Is able to break through the clutter on his scope

and lock on to the aircraft. All these terms are well

16



I Ct in' I.IL t th ,A/ rat i i chIi karn varv accordInv to

r,0Datr oro 1r 1tor or n, fNiancv a ainteiti ice status 01 the

C u , t . t !u i cr of (t)Ltvr factors. A good rule of

TuL :, ;io 'e, i.s, t',iat a J/: ratio of about 20 decibels

(db) i-,qu C i to .ost target traci;,ag radars under

lost c c rc u i.i L nc s ( t 4). A a r(,l! t, it was assumed

the taLr- e t t ra I it,, r, i. rs ol the weapon systems would be

Ab Ie to lck ,nto the aircratt is soon as a I/S ratio of

r1 r las was achikved. The formula for translating

t :ie Ji. rat io into a range at which the aircraft enters

the C , 01Spon s e 7's L thaI zone i s

. = S(/h) Pr Cr t (1)
(4 ) (ER')j

where

(J/h) = jamming-to-signal ratio (dimensio.less)

R nax iu lethal rang o (In meters)

i'r - raidi;ted power of the radar (in watts)

G r - radar gain (dimensionless)

t= rmar cross-section (in square meters)

1hRi)j = radiated power of the jammer (in watts)

(Ref 3: 101-102)

lie aboio formula, expressed in decibels, is

R.b = (1/2) L(J/S),lb+(Pr),b+(at)db-(4Tr)db-(ERPJ)db (2)
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'I. v 1 H 1  v r t e.I, si Q SSt t C I

""A "1., I V

a I c S r I k ' 1d 1' a '.' iit a ao I)

P ) tr ;r 41T (ERP

\. 2 ,iw 123 w 40 i. I 11 db 1694 w

' dbw (32.3 dbw)

,,!0 -A h,')I w b. i 11 d b 1694 w
(7. dbw) (32 . 3 dhw)

::-. 21U ,i 1(k) kw 4 2 It 11 db 914 w
( , lbw) (29.6 dbw)

S.\ -( 2C, dn 200 ,'w 41 Ob 1 dh 914 w

53 :,w) (29.6 dbw)

h;.-- 20 dh 1)0 kw 43 (b 11 db 914 w

( I: bw) (29.6 dbw)

S, bstiut ion of tile appropriate values in the radar

range formula restil Ls in the following expressions:

A.., Rdbii = 34.3 + (112) (Ot)dbm- (3)

SA :-A Rdbm = 33. 1 + (1/2) (Gt)dbm 2  (4)

:AY -!: Rdbm = 35. 7 + (1/2) (Gt)dbm (5)

, --d )a - 36.7 + (1/2) (Gt)dbm2  (6)

SA I) Rdbri - 36.6 + (1/2) (Ot)dbm2  (7)

I he raties In decibel-meters, found in the preceding

formuls, can be translated into ranges in meters by the

following formula:



I7

0 r a, :L r es,-sct ii f the ai rcraft varies

c." .,r d i i i t t , a ). p !ct at which the ridir I. viewing the

at rcr : t i 1 t I t , 0 .rat i:1. frequency of the radar.

. catU t i L ar',c L Lracklng, radars of the AAA and the

t.\ -1) Irte a tI, se to the s ,e frequency, they will

>ce e u,i I cr o s- ;kcL i3 at a given aspect. The SAM-3 and

C;.',':- ca n i - t, ro pe! togeth, cr for the salle reason. Table

h C)sno s ti. radar cross-sections of the fighter, at

.,':riotis as1,e('ts, for all five weapon systemls. A 0 aspect

equates to a head-on -¢iew, a 900 aspect to a side profile,

and a 180' aspect to a tail view.

I ible Vi shows the maximum range at which the

aircraft is iithin the lethal zone (J/S of 20 or greater)

for each weapoin systema for various aspects. These values

were co,.puted by using equations (3) through (8) in the

RANGES computer program (Appendix C). Note that, in many

cases, tie range falls Inside the minimum range of the

weapon system. This indicates that the weapon system has

no capability against the aircraft at that aspect. At

some aspects, the maximuM range given in Table VI is

;'reater than the maximum range of the weapon system given

in Table 1; in these cases, the value in Table I applies.

The circular error probable (CEP) is a sphere around

the aircraft, within which 50Z of the missiles fired under

a ;lven set ot conditions will detonate. The lethal

19



Si. o C," ' ': A(;A I N' , 1 ) " IV) 1 Y' I' .'!s

AAA

5.4() 6 ( )

j 2. 5 1 .90)

V.'.t. , ,);- , C ii ( 3N .4MI

I-) ') j 95
,. i t) 5)2()

- 7 .9.5 - 1 20

.. 5 3. 4 5 1 70

,2 . ,. :.70 1.70 35
5 S. - ./5 -. 95 3. 10

55 1.10 - 65 1 00
0"" -4 00 95 1 90

6 5 43 05 .25

70. 9.)3 .45 8. 19

/5 13. 73 14. 55 13.43

80 15.98 16.35 16 70

85. 1o.3b 16. 00 16 08

90. 25- 85 24 98 24. 38

95. 20.n3 19 95 19 .23

100 1 7.0 15. 75 16 58

125 7.03 9. 20 5 83

110. 9.8i0 8.73 9.50

115. 1 75 3. 65 6 20

120 - 7 5 2.33 7 85

12 - ,-3 3. 13 4 .28

130. -2 33 3.03 3 48

135. .08 -1.08 4 .35

140. -1.28 -2.60 3.90

145. -I 90 .50 6.00

150. 2.78 .55 5.23

155. 6.55 .43 6.93

160 .50 .58 2.95

165. .55 b.38 4.73

170. 4.15 6.53 9.93

17S. 4.63 8.85 13.50

180. .98 9.48 15.05
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l'hi u \ I

ki hI L ' 1

', ~ I II R:I !< a ,(s at K'Ihi -Ih a J/. Pat j

A ,.S AM-D

1. 1 90 ' 4. '2 5.5 7 9

iz L 4 2 t 3 -5 1 3 30
' . 1 .~ I. 92 "2 .1 3 7 2 48

* 2'9 1.51 2.6 - 3.37 3 55
*P ' .. 1.2/ ](,.84 8 ,1 4 10

S27 .9l 5 .Jl ( 31 1 .9
.. 7, 1.41 2 9- 3./)' 2.74

03/ 3.8/ 4.68

1 .i 1 35 1 . ) 2..6 3 22
)1 3 1 25 1 .6 2. 34 2 53

1. 81 70 1 80 2.2b . 80
1.5'' 1.16 2.02 2 54 2 32

7 . 73 3 19 5 .31 6.( 5 78

82 5 .36 1u. /l 13.49 10. 5 t
.94 5. 51 13 1 16. 59 15. 39

9.25 1 27 12 .66 15.94 14.33
4,, 2 001) 21 62 35 59 44 61 37.27

13 30 12 2') 19 95 25 11 20.60

1, 9.8) 7 8o 12 3 15.48 15. 18
It;. j'3 2.40 5 79 7.28 4.40

4 I'. 4 34 3 41 5 48 6. 90 ,. 72
119) 2.97 1 35 3 05 3 84 4.60
12(, 3 .59 1.0 2 .62 3.30 5.56
1 2 . +.38 1. 07 2 8 3. 62 3. 68

1-, .1 .84 2.84 3.5,n 3.36
2. 40 1 I 1 1 77 2. 2 3. 71

1,). 2.28 .95 1 .49 1.87 3.53

I,:' 29) 89 2 13 2 68 4.49

150. 2 65 1. 5 2 2. 14 2 69 4. 11
1) ' 3.23 2 .34 2.11 .65 5.00

1' . 2.04 1. 17 2.14 2. 7) 3. 16

11 251I 1 7 4 18 5 .2 1) 3. 8,R
17 .. 56 1 . 78 4. 25 5. 3 f 7.06

815 6.88, 1. F8 5 56 7 00 10.65

1.22 1 23 5 98 7 -)2 12.73
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:I.itl, ( 1 t Iat diSt t nce L ro thc ';ANi dvtonation

i it in w icin as nanv iircrittt ,tr'.'. i s a r kllcd by

ci t tola t ,:1- 1c () yoitj it . It is a function of both the type

ii ssil il t he tv e iircr a t. The l t ti1I r,ilus c,)ncept

I lo , ti . I: L tO Is:5tL.I a "(cooJic (utter" approach In

t h at a i I r c r if L wi th in t ie I ethal r ad i us wi I I be k 1l1 led

a i all airY jt !)ty ,id it stir.i ,. 'ITL! lvtIial radius of

ac i L A,'! y.\: -;cyit: . in LI,, nodc I, wit'i respect to the

Ii1:Lc r wo dt , , is ivun in o 6, 1e VII.

TAd LE V I I

Leth il Kadii of SA'l Systems

Lethal Radius

SAM- A 185 feet

SAM-B 143 feet

SA: -C 8-6b feet

SAM-I) 72 feet

The probability of kill is related to both the CEP

and tne lettial radius by the following formula:

9

(L R /C E P)
Pk = 1 - .5 (9)
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I k." spe C ciic (ajabil iti it , h t ic'/ defen i e

.,ysteii,, i1, i . aou 1I art, O(?v crihedl in th remainder of

thI ,,tb-t,,c t ion.

.A:'-A The kill zone (th,- area in which the J/S

rat io i 2,) ' u or less) of the SAM-A is ,iiown in Figure 6.

. a t u L t a w th L c . ctpt ioaII o f sma I I "spikes" near the

a [I J 0 15" onts, t h i et irev kil L zone lies within a

narrow banIJ near the 90" aspect atle. The target

tracki ng radar can not bt,in tracking the aircraft until

it r,.Icrnc> the leading edge of the kill zone, and, because

tae missile is coumoind guided, it must reach the aircraft

before it is masked by jamming at the trailing edge of the

kill zoae.

A,; stated previously, the Pk outside the kill zone is

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

ratio at the titme of intercept by the following formula:

CEP = .0000252 (J/S) P + 9610 (.I/S) + 671 (10)

where R is in meter s, and

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

Obviously, the lowest CEPs will result when the aircraft

is close to the SAM site and the aspect is 900 (maximum

radar cross-section, miniulum J/S ratio). However, an

intercept at the 90 0 point will never occur with the SAM-A

because of the narrow kill zone. Engagements will occur

near the trailing ed;e of the kill zone, if they occur at

23



I I



all.

:;.\:- TI i e ki.l zone o t tie SA M-B is SIO Wn i) l

Fi ,ure . Wnile the. missile ias a maximna,- range of about

4 N \i, it is sfhown out to only 2('0 NM because the kill zone

becoII.s too narrow i or the i s sile to 1,a1-7e a chance of

interc, dting an aircrai t beyond that rangi. The "spikes"

ot the 30 and I 110 aspucts are too small to give the

SAM-B a shot at the aircraft. Thus the kill zone is

restricted to the bar'd near tihe 90 ' aspect. The CEP for

the SAM-B is computed using the formula:

2
C .30000562 (J/S) R + 2500 (J/S) + 232 (11)

SAM-C . The kill zone of this :;ifsfle is shown in

Figure 8. The CEI' of the missile is determined by the

formula:

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

Unlike the ;A: I-A and SAM-B, the SAI'-C appears to have a

sign if cant c hIance If kill ir' the aircraft at aspects

other than t hose near the 9 0" point; the spikes near 25 '

and lPO () look particularly promising. The 250 spike is

the longer of the two; however, an aircraft cntering this

area would be well past the 2 5d point before a missile

could reach it, even with minimum reaction times. Since

the radar cross-section in the 300 -40 region (where the

25
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IR

I I I ' r- I I I T

NM 0 2.2 5 10 13

Figure 8. Lethal Envelope of SAM-C
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'lit e r'c ,> L ,, tuI A o c cu'r 1)' l it n u.r E h'. I o St f a,;orab le

Il d i i !I f o r t e S A. i) a r v 10 H t ' al 1 t 11( , a t t he 180

it , t , i t r ce ) t a t ihe 130" po iiit Wa s in !. ,t iga ted.

F r tLi ! I "0 G intercept, t'ie !i s ll ! wo Lu I d be ab It to

tire two s eCon ; (mialau:. lock-on time) a1tt er the aircraft

reenter, Ld the kill zotic, at 2. 2 i:.1. IIte range of tie

tircraf t IC tile tiie the .nissile Is f irei , assuming an

aircraft ielocity o f 480 knots, is

Rf - 2.2 + (480 NM/hr) (hr/3600 sec) (2 sec)

= 2.467 NM.

rhe point of intercept was computed iteratively, using the

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

where

R = rankle to intercept (in NM)

Re - estiwated range to intercept (in NM)

Rf - range of aircraft when missile is fired (2.466

N:)

Tf - missile flyout rate (in sec/NM)

TAS - aircraft velocity (in knots)

3600- conversion factor (knots to NM/sec).

The final Iteration yielded

R = 3600 (4.20 - 2.467) / (480) (3.09) = 4.20 NM.

Thus the engagement occurs at 4.20 NM for an aircraft

28



trave] I i i t a velo,'-ity of 480 knots. Th is range equates

to 7778 wtett r.;, or 36 .9 dbm . The .1/S ra tLo for a SAM-C

target tracking radar looking at the tail of the aircraft

at thi range is

2

J/.; I= 'I) (4rT) R / Pr Cr Ot

O R

(./S)db = (URI'j)db + (41T)db + 2(R)dbm - (Pr)db
- (Cr)db- (Ot)dbm

-29.6 + 2(38.9) - 53 - 41 - 9.48

= 14.92 db

(14.92/10)

J/S = 10 = 31.05

The CEP is

2
CKII = (o00000071)(31.05)(7778) + (2200)(31.05) + 58

- 264 m .

- 866 f t

The probability of kill is

2
(8 6/8 6)

IPk I 1 - .5

- .007

Since t tiis is the best shot that the SAM-C can expect

to get against any aircraft that Pass inside 2.2 NM

lateral range of the missile site, tilt, enemy doctrine

29



.,,;A.,. d di,'tatea that th .','-(" only/ oh oots at aircraft

that ass at a latvraI rn, ' o 1 2., 1 or [,ore.

.- I- fr e kill zone i ihown i n Figure 9. T11 CLP

i e ct r .i ed h y t he fo r ii ut

CE .,00325 -S 1 90 (,J/S) + 25 (14)

vi ~e t S A - , tC e SAhi-i) ap c r rs L o havc a sign iicant

chalice ot killing Lh, e aircraft at a wide variety of

apectli. The most promising are the head-on view (00

aspect) atid the rear view ( l8O0 aspect)-

Ior tho liead-on view, the Shot was assumed to be

t in [ed .1o that the intercept would occur just as the

issi Ic reached the ninimum range of I1.1 N1 (2037 meters

or 33. 1 dbm).• 'lIIe 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 - .000000325 (3.o3) (2037) + 1890 (3.63) + 25

3 3 n

- 272 ft.

2
(721272)

Pk - .5

- .047

30
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I 9ki III
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Figure 9. Lethal Envelope (f SAM-D
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n i s ,imi 1, r j i ar .a it tne r for an aircr.i t a t ;I 5

aspect (ap Iroxilitv ..1 a:L lateral displacement at the

clga4cT'nt ringe ot 1.1 Nl), a Pk o1 .0J3 was obtained.

For aspects ot 1 or ,i r , tie Pk's are to, low to make

t e sh ,t %- rt t .k in

7 V r tIi, r ear view, the missile was assumed to be able

to I ire t seLSCCondS (minit a loc-on tine) after the

aircr, ft rc'i t crCd tnt kill zone at 1.1 NM . This problem

was , ved iterAtively U!,ill.., equation (13); however, in

Pf 1.1 + (480 NM/hr) (hr/3600 sec) (2 sec)

= I . 3o/7 ',.1

a SSU21 il th aircraft has a .'elocity of 480 knots. The

final Iteration yielded:

R - (2.58-1.-3 7)(3600) / (480)(3.53) - 2.58 NM.

Titus the intercept occurs at 2.58 NM for an aircraft

travelling at a velocity of 480 knots. This range equates

to 477,1 meters or 36.8 dbni. The calculations for this

shot are shown below:

(J/S)db 29.6 + 11 + 2(36.8) - 50 - 43 - 15.05

a 6.15 db

J13 = 4. 12

2
CLP - .00000325 (4.12) (4-78) + (1890) (4.12) + 25

- 291 ft
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The ablve result is extre.aely sensitive to the aircraft's

lateral displ icement from the SA,1-1) Sit. An aircraft

dispIacc only .2 NM rom the site will have a 175 aspect

rathcr than i 180 "  aspect at the time of intercept, and

the Pk wili drop to .,)29. Ati aircraft displaced .4 NM has

a 170 aspe t and a Pk of .013.

for an aircraft flying at 540 knots, the final

iteration yielded an intercept range of 2.98 NM (5526

'netera or 37.4 dba) . This range resulted in

J/S - 7.35

CUP - 388 feet

Pk 0 13

for a direct tail shot and correspondingly lower Pk's for

lateral lisplacements that denied the gunner a direct tail

shot. [he results of the above calculations are

summarized in Table VIII.

AR
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TAH 1 I: V I I I

ProbabiliLy of Ki 1l for SAM-D

.ite W ithi .2 N A of tI SitL'

_Lter: Ia cj_ aceinent -AS e St Shot ilk

4 I5540 Fronta .04 7

J.E N 1 480/540 Frontal .033

0. 2 480 Rear .029

t C. 2 'i 540 Rear .023

Y eyord . 2 NMI lateral displacement, the Pk's fall

b eIo w 2A , wh ich I s thc- minIWLum Pk at which the missile is

allowed a shot according to the C3 assumaptions of the

experiment. The C3 structure is explained later in this

chapter. The coverage of the SAM-D falls into three

regions, a; .own in Table IX:

TABLE IX

Engagement Parameters of the SAM-D.

Lateral l IsplacelALnt Aspect at Which Shot is Taken

0 - .2 NM Front or Rear

.2 - .I1 N'. None

1.1 - 6.5 NM Side
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.', ia x i ,m det t( t io i ral n 0 ) e f the AA I i Le

wel I ott kd, t;:e Icthal .n t- , uf t . gun ttse] , wi th

the excv 1)t ion t a s..] il bar i , t t it: 3i aspect angle As

with Lie SA'S, the 1c ranges J. isulle the i/S ratio rust be

less than 20 d') for the trackin, radar to lock on to the

aircraft. 3-cause the AAA radar can see the aircraft well

before it enters the lethal vnvelope, it is assumed that

the AAA can engage any aircraft that is within its lethal

envelop e.

'Elie lethal envelope of the AAA is shown in Figure 10,

with the points at which tie AAA gunner is 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 thdt 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 ojerhead. Once the 3000 foot ring reaches a 45

aspect, however, the gunner is dealing with an aircraft

moving at a higi angular velocity in the horizonal plane.

Therefore the gunner is exoected to attempt to engage the

aircraft alone the 45" line until the maximum ranRe of the

gun is reached. If an aircraft passes the 450 line

outside the AAA's lethal range, the gunner will shoot as

soon as the aircraft hits the maximum lethal range of 8200

feet .
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ku, J tt ,t e a IK for L!it, AAA, ft Is necessary to

irL!t de ri i11e tii t /eloCitv of tile bullet at th time of

l t er;.pt. iitis is d t er hii wd by the equation

-(p Cd A i/ 2 ti)
Vi ," (15)

W IId C r

Vt lnt .rctpt 'v tucit)'

i1 i lz1e Jel0CitV ( 3150 ft/sec for the AAA)

air iensity .002376 slugs/cu ft)

C' drag coeffic."ent (.38 is a good average value)

A cross secticnal area (.004477 sq ft for the AAA)

R = intercept range (in thousands of feet)

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

(Ref 2:32) .

When the above values are ub'd in equation (15), it

reduces to

-. 1513 R
Vf = 3050 e (16)

Once the velocity of the bullet at intercept is known, the

time of flight of the bullet can be calculated by the

equation

TOF - p d A f -V-i (17)

where TOF is the time of flight in seconds, and all other

values are the same as they were defined previously (Ref
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2:34). ,. ' t . r o ppr upri it vA1 1,.tH ; are u ;ed in eqUation

(1 ), i t r Ji . t,

IF I ( 7 biV) - 2. ib45 (18)

LI c t t -e bul let t i,':e f fli.ht gias been determined,
t112 Lij.l, shot [1ro o bilitv of kill can be computed using
the eh C uat io 

+ 

1

-.5(32.2g8(TOF)
2

Pk 27To- + A 19
10-+ A

(Ref 7:'M) 8

A¢ is the ulierable area ot the fighter and is determined

by the formula

Av (PA) (%VA) (20)

where

PA = presented area (total area exposed to the gun)

%VA = percentage ot the presented a that will

result in a kill 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 tue model is 265 square feet. Similarly,

the %VA varies with aspect, but 21Z can be used as an

average figure. Thus

Av = (2b5) (.21)
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i o r t t t i i t c r in L 11 iou(1 L 1

(3 is the .'iI dis ,,rsioa on the , n. A one mail

oisL. er r) L produce';o up to one foot of error for each

tii (iit id i : 't e t, r:jin,;, between the gun and Cie target. A

rLd S011A I I est itate of a value of for the AAA under

C o"a t cond it ions is 2"0 muil;. Thus

o = 20 R

-or t:ie AAA, slnce. R is expressed in thousands of feet (at

a ran ;c of 2500 feet, R - 2.5).

fe term g is the number of "g"s being pulled by the

pilot at the time the bullet is fired. All other terms in

equation (20) are as deflned previously.

viioen tile appropriate values are used in equation

(19), tie equation becomes

-16.1g (TOF)
2

22
IPkss 556 0 2T (20R)~ + 55.65 (21)

2r(20R) 2 55.65

Finally, the overall Ilk for a burst fror, the AAA is

found using the formula

'1 1 - (1 - Pkss) (22)

where n = number of rounds fired in the burst.

In this experiment, the gunner is assuaed to always shoot
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a 5 L ,Lilw burst (abotit 2/ i of I second). Th is

I 'I't ical ly sound because lnuer bursts will heat tip the

barre L and do peri:anent dal.aVe to tle gun. Thus

50

P= K - (S - .s) (23)

Lng . ent iL _je r fo r W eon y !j t ens

AI tht SAM' s ini the model must go through four

distinct stal.es inI order to engage an aircraft. At the

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

aircrafit. T e stages; are listed below:

1 • Target acquisition.

2. Tracking and :nissile firing.

3. issile flyout time (the SAi4 operator must
monitor and guide the missile until it either
hits or misses the target).

4. Confounding delay (all delays associated with
getting the launchers and radars ready for the

next target).

The AAA goes through the same stages except the

flyout time stage. Once the bullets 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

iMven in Table X.
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IVi o s equIrt, i r jA\ an! SA. 1IU erat ions.

A c ui. it ion TracL c 1 ire i'yo t. Confounding
I)in Ax el ::1ex Delay

AA 6 sec eC - 30 sec

,, -\ 1. -, . 41 sec 4 set v s ec 3.13 svc/nm 13 sec

IA,- 1J s( 2.o se, 2 sec 4 sec 2.44 svc/nm 15 sec

I ".v-( -sk. -IIc - ec, 3 sec 3. 0) sec/nm 30 sec

bA.- 1 ' S tc 2U :,e, 2 sec 3 sec 3. 53 sec/nm 30 sec

The ac qu isition t iIe of the AAA is included in the

track/fire column in Table X.

3ecause the Jammer concentrates it ef fort on the

target trackine radars, the acquisition radars of the

weapon systems are assuned tL) be locked on to the aircraft

by tne time it reaches the leadine edize 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 is

less than or equal to the tine iduring which the aircraft

is in the kill zone.

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

aircraft whose displacement fro. the missile site is 5 NM

at the point of closest approach can get a missile out to

the aircraft in a minimum of

2 + 3.09 (5) - 17.45 see
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b + 3 ( ) 2 i.45 se .

The aircrait -ll be in the lil zone for about 3.8 Ntt, or

2.5 '; econls, so the missile will have a shot at the

a i r c ra t t . I t he n i s s ii I s I a u n c h e d in t he minimum time,

the nircraft will be 2. 3 IJN iast the leadInp edge of the

kill zone and its aspect will be 9, at the time of

intercept. I! the ;-i; s ie is launched at the maximum

time, t!I aircraft 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 latter case because of the higher J/S

ratio at this aspect.

After firing, the missile site remains tied up until

the end of its confoundingi delay. After the confounding

delay, it is 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 SAIi-C mentioned above will be able to begin

tracking another aircraft in a minimum of

30 + 15 = 45 secoid.,

and a maximum of

30 + 30 - 60 seconds

after the prcvious missile has reached its targeL
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e r a I !i

,h tcrrdJlfl in tile are,.i nodeleJ ct)11aSt ot rolling

:ar:t .;txcd ith t tic< tore.it., Vigire Ii show0 t1Ie

r,:, i it o a c 1 a r 1 I e f j ig tt exist in g between the

We a , te and the tar. t aircraft in this type of

trr.a i i (ke f 1: 4 ). The ) ro tabiiity of a clear line of

a function of t'., aircraft's altitude and the

4 r o ,l raiit, O ron the weapon site to the aircraft. The

data in F iur Ii is translated into a series of

mat eLiatical approximations in the computer model.

Comnaid, ControlI and Communications

The AAA's are assumed to operate relatively

antonomously and will be allowed to shoot at any aircraft

that come within their lethal envelopes. However, in an

effort to keep all of them from getting tied up on the

first aircraft that they see, only the five guns with the

highest Pk in a given belt are allowed to shoot at any

particular aircraft. The SAl's will be subject to more

rigorous control and will not be allowed to engage an

aircraft unless their probability of killing the aircraft

is sufficiently high. In this model a Pk of .02 has been

used 1s the cut-off point; if the Pk is computed to be

less than .02, the missile wltL not fire. Only two
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i .si o . 1te:, tr oi i v a 1i , en be t are v llo' d to fire at

t i e ,nt e a i r c r a f t

S5 ,,: i., r l

I'lis - t ion has discussed the ci aracteristics of the

otleu. Ii e aircratt and defe .,lve weapons w h ich com prise

t e ,s y tvin structure of the iLwdel It has also outlined

t11e terrain and C3 features which influence the

interactions between the aircraft and tie defenses. The

following chapter discusses the specific steps

d-co.ipi ished in creating a computer model of the system.

-
b
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t ,

i t i L e I iC t i 0 A rob rfi 'as iniode led i n t o t 1ie

t r k showii i i A i ,kd ix A. The network merely

r .Lc- t ,. ai rc t t tro u 1. tiIe ar m y area, ultimately

scii i clii rc raI t to a "'. i II" node if it is shot down,

o[ r t, ": rI. ' ,io oI I i* successfully negotiates tlie

,.i e r t , t ' ,ir r i' y Pi k,ra o r portion of t i.e ruodel1ing effort

isries of discrete subroutines; some

thes arc called hv the network, while others are called

by ot ,.r .'subroutines. The uetwork and subroutines are

described in more detal l in the following subparagraphs.

Network

A total of 29 aircraft enter the network,

representii;i the cormm tment of roughly a squadron of

alrcri It to the target co Or plex. The time between entries

is svt at one of two v.ilkues. When the first aircraft

enters the system at a time of zero, it is routed to event

node I, which fixes the positions of all the defensive

sites. 11hese positions remain fixed for the remainder of

the ,io. All the remaining aircraft bypass event node 1.

lich fighter crosses the FEBA as it enters the

network. At .2 NM after entering, it encounters the first

belt of threats, consisting of 25 AAA sites. Event node 2

deterriines which AAA sites shoot at the aircraft and
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et it i . I Iv A. 1. it is k i 11 V d . AT R I M (7) . t he k I I
p-

i t tI '.'t rid4I,, is set cqal to zero, and the aircraft

t. i t0 p fair of collect Iod s which gather

t pt ic.I e 5t.i t c . I I t is not killed, the clock

,ivanct s and it proc Cds ao other .8 :NM to belt 2, which

, lt-li)V 2 i i re AAA tsites.

iI t fihter scO!5 c IU[ v negotiates belt 2, the

coc is a),iu i advanced aid it proceeds to belt 3, which

C onltJ i s 5 SA.,-C sites and 2 SA;i-D sites. It is engaged

t. y ts f;A -,,' first. :EvLent node 3 handles the SAM-C

en ,age .. ltts. If the fi lihter evades the SAM-C's, it then

kncou it'r the A A - P at event node 4. If it is not

. illkI i,- the SA -1)'s, the clock is advanced once more and

the fighter proceeds to belt 4, which contains 25 more AAA

sites. Fihe nodel proceeds In tuis manner until the target

area, defended by one AAA site, is reached.

1: tue fi 1 ;hter 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 corm-uter coding of the network is found in lines

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

Initialization Subroutine (Event Node l

*The defensive sites in each belt are arranged

normallv alone the belt, with the mean of the normal

distribution being the point where the primary LOC crosses

the belt. Thus the tickmarks along the road networks in £
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A 11 J 4 repre t-nt lie nean points for weapon sites

ti II C , t k . belts. The wtiivon si tes in any belt can be

t i , tly r y , ,h oly ;rouped about the LOC by varying the

standard d.vi tion ot tlie normal distribution. While the

tandar i a .' t i o n of the wC, 11 ns in the first eleven

belts Ln tnis exp rir;eint at-, .'aried, the AAA site in the

tar4et irca is kept relatively close to the target with a

stand r d I' t Ion ot only .25 N-. The initialization

subrout inoe i containued in lines 350 through 1010 of the

computer nodel.

L .e Kl Syst_em E en ; ii e n t- Subroutines (Event Nodes

4. 3 .4 1 5,6)

- Each weapon type has its 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 its run

(lines 1460 through 1560). An aircraft altitude

adjusti1ent factor is then added to account for the

inability of the pilot to precisely hold the nominal

ingress altitude (lines 1570 through 1590). Subroutine

bo PROBKIL is then called to determine the Pk of each weapon

site in the belt; PROBKIL assumes the weapon site has an

unobstructed shot at the aircraft (line 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 distance from the

48

'I



Wt Jf I ' Wb ,1 't '1 11kU si C, a SS ea y

,' ' ife . 11 t!i de 1itanc s ubte iJvd by the mil tipath

,iile ,it ti,, aircraft's horizonal range is subtracted from

t ne ai rcra t t a I t i t ud e, an "eq Li d a en L" 1 0 k - up an, 1 e can

c ompIUtedl. The equijalent look-un anRle accounts for

t he fact ttnat the aircraft must be above the altitude

necessary t, achie'e a l ine-of-sight by at least the

distance suntendul by the multipath angle, for the weapon

site to en ,age the aircraft. It the aircraft in Figure 5

acre at an altitude of 1250 feet. for examnle. its

ecuivalent altitude would be 1000 feet. The look-up anale

would be 1.180, while the equivalent look-up angle would

be 1.43'. Once the equivalent look-up angle is

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 is then

made to determine whether the weapon site was actually

blocked. If so. Pk is set equal to zero: if not, the Pk

is as determined in the PROBKIL subroutine. These steps

are accomplished in lines 1630 throuch 1800 of the model.

If the weaoon site is determined to have a shot at

the aircraft, the model checks to see whether the site is

already en~aeed 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
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z. i ) use' bubble sort technique to rank te weapon

£ tes accordtii ,, to tle ir Pk°:. It then picks the fice AAA

iit t, s, or two SiM sites, wn ich have the highest lk's, and

alLows thieini t, tire at the aircraft if their Pk's are high

eI'ough to meet the, mininimum criteria (lines 1950 through

2080) . lie s ii ile systems must ha e a minimum Pk of .02

t o be al loed to t ire, while the top fice AAA sites can

fire at any aircraft within their lethal en.elopes, as

discusoed il the Co::jmand, Control, and Communications

portion of C hapter I1•

.sliss i1e I;ttes which are allowed to fire at the

aircraft arC then tied up 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 acluisition 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

equal to one, and the aircraft is terminated in the

network. These steps are accomplished in lines 2260
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Pro1a"i it_' o f Ki IL Su; routine

.T is subsection discusses t !;e probability of kill

calcul t ions or the AAA, and it discusses tile SAA-C as a

represk,e ti-tiv'e SAM syste ., lh :ethod used is the same

for atl SAA systems.

.he AAA portion of tie PR0 O K1L subroutine first

determines whether the aircraft is within range. If so,
i"

Lthe su :routint then determines the number of "g"s on the

aircra:t. Beciuse of the hi:;h density of AAA sites in the

front four AAA belts, the pilot is assumed to begin

j i nking maneutvers approaching the FEBA. The purpose of

jinking is to defeat the tracking capability of the AAA;

this is accomplished by making a series of random turns.

the pilot will have an average 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 will :,aintain an average of 3 "g"s

while delivering his ordnance. Once the "g" loading is

determined, the intercept range is computed in accordance

with Figure 10 of Chapter 11. 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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,'Ile -,A:!-D portio;i of the PROBKIL subroutine first

looks at thL. lateral range of the aircraft from the site.

1i the range is less thati or equal to .25 N, the Pk s are

aJisigo:,I according to Table VI. It the range is between

.25 aod 1.1 :"1, Pk is set equal to zero and no shot is

taken. These steps are shown in lines 3520 through 3680

o1 the program. If the range is between 1.1 and 6.5 NM,

the point of intercept must be found. The point at which

tne aircraft is picked up by the tracking radar is

determined in lines 3840 through 3990, while the point at

which the aircraft is lost by the tracking radar is

determined in liies 4000 through 4060. If the missile

site is able to intercept the aircraft prior to the time

the aircraft reaches the 900 aspect point, the site delays

its shot so that the intercept will occur at the 900

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 900 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

determinations 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 lines 4070 through 4140 of the

program.
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:iodel Implementatlon

ch.C' oll ) ut e r simulation inodel described in this

chapter allows a number of factors to be iaried in the

night ititerdiction study. ]je specific factors used in

the experiment, and manner in which these factors were

,1llowt.d to vniy and interact, are described in the next

Chapt~r.
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IV Data Collection

Measure of Merit

Ln 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 aircraft that survive

each run.

Sampl e Size Determination

The required number of replications was determined by

performing a trial experiment of five simulation runs with

each factor set at level one. The resultb of the trial

experiment were as shown below:

Run Number Aircraft 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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ta/
n-1n

he re

it - ini um number of simulation runs required.
m i a

C ,axiura units wrong allowable.

S = estimate of variance obtained in the trial

expe riment .

a/2
t tabulated t statistic for the (1 - C )
n-I confidence level with (n-1) degrees of freedom

in the trial experiment.

For the trial experiment,

.021t4
n S = (2.776/1) (6.3) - 18.9 ^ 19

m i n

Based on this result, it was decided that five

renlicatlons of each cell would be adeauate. As will be

shown in Chanter V. this results in 20 or more

observations for all main effects. two-way interactions.

and three-wnv interACtions of the exoerimentnl factor*.

Exnerlmenral DeRien

To ottantifv a soltition to the oroblem statement of

thin thesis. It was necessary to desian an exveriment that

would provide enough data about the problem to allow valid

inferences to be drawn about the system behavior. The

55



design providts a plan for executing the experiment by

structuring the inputs into a logical pattern, thereby

dictating the number of experimental trials required.

Five fact.;rs were considered necessary and sufficient:

1. Speed of the fighter.

2. Al titude of the fiht c r.

3. Arri.'al rate of figihters (satiration of defensi.

4. LO)C nktwork.

%. Standard de iatioi of defensije sites along
belt3.

The f irst factor, speed, is set at two levels: 480

knots and 540 knots. 3oth levels are compatible with the

capabilities of the fighter and represent the airspeeds

that would Most likely be flown on an actual combat

prof ile.

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 nmiht mission. Level

two (500 feet) represents tile 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 mission could be flown by an

aircraft emolovimn a high resolution FLIR.

The third factor, saturation, has two levels. At

level one, the arrival interval is exponential with a mean

of 30 seconds, while at level two, arrivals occur every
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t'l u:wt r , . S U 0 Noime ot the we at LO : ites wi I1 h t ed

Ut) wit i ) rk, ( s l i ircritt wo. n th, ari i'aI rate is .set at

1e1t 0 o,. 0 !,i I I I s i t : wi I I 5c ; IN1e to en .1a e anv

,Iir cra ilt withi n ranti i! when arr ais arv set at level two.

Tl. foirt r f actor is tIt*- L)C network. renresentine

t !I e - tri t ()v o r) si1ble d ist ances between tihe fighters'

ine re c ,r r i Jor and tie matt) r ,OC in the i-,cror. LevPl

,o P 1, th, 1.1C not',rk s3hown i i F oteire 3. wi lie level two

ts t iut. c 'tW rk in Fic tare 4. Note that at leiel one the

If V t .r cro s the "EBA at a relatively longP distance

Iro r t i. ,1. .oC ii[e at level two his entry point is close

t 0 t, , c

Fi o l ifti f act ,r LS t, o tandard deviation of the

defensije sites alo;g the belt. At level one, the

Jefenses are relatively spread out, with a - 6.25 NM; at

level two, they are more tivhtly clustered along the road

network, with C J 3.0 NM.

rhe factors and levels are summarized in Table X1.
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TA::-.L XI

V a . t at r :l d Ievel!. to be Analyzed it) the Experii ,ent.

I. 1't yE . I ......
1. t E 1 1 2 3

Sle4'l 480 knot 540 knots --

Alt :tudv 100) ft 500 ft 250 ft

Sat airat ion export ( 5 mim) ! ; nln --

(Int erv aI btt ween
acit arricils)

.ean Point of road net I road net 2
* Deft'nses (not over LOC) (over LOC )

oi )efenses 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 Dossible

combination of the factors and levels. This allowed

identification and internretation of factor interactions.

Furthermore, thre effect of each factor is 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) = 43

cells dere analyzed. Using five replications of each

cell, as discussed in Sample Size Determination, a total

of 240 simulation runs was required. These runs were made

In blocks of sixty, with the levels for the road network
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I* : . iu , bl, :;t .A- Chown in '[ablc XII.

TA" I.v ;i i

i r f o r I , : i x L. y S 1 i u 1 a t ion Runs

'(o~i , Xt wo rk Arrival Rate

- 62 1

ivu UI, - i 2( 1 2

uNi., 1 2 1 - I ' 1

IM_1 I - .4) " 2

4ithin cach b].ock, the levels for airspeed, altitude,

and 1 :dl arI devtation of the defenses (a) were set as

-0iown in T" lu e XlI I.

I
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I'A 3I :"I I I

t)esI ,s :dtt 1i 1' F , Each 1 ck 0 f Sixty Simul tion Runs. 

F A ("T) S

Airspe., d A1ltitude Sigma

A - r 1 e 1

- 110 2 l 1

l! - 15 2 2 1

1 - 20 2 3 1

21 - 25 t 3 1

2 b 30 1 2 1

Nutooer 31 - 35 1 2 2

36- 40 1 1 2

41- 45 2 1 2

46 - 50 2 2 2

51 - 55 2 3 2

56 - 60 1 3 2

Cicc the measure o merit, the appropriate sample

size, am1 the experimental design wert determined, the

exneriment wau run. In the next chaDter the method of

analvsi3 of the results is oresented and internreted.
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V IMa t .i An ii I vs 1;

I ir st 101h ; e W "I 1 i ; v- w,LY a na1'.I .v C! f rar iance (AtNOVA)

u .3L 11 ; t ike St a is t ic il P ic ! .i,,e f or the Soc ialI Sciences

S l Ii S s ou t fit t a I on.-, wi t t in u t d a ta show in. t he

n u,r o f air rV s ilv f t s Li r I v ed i n enC, r si s i t ed in

AnDcnd i x .l: I'll s nJ n was -i f i ve-w;iv ANOVA with

ui 1 t i r ivl e e v v I t hr v r c .ir t : t lip o tout of this an a 1 vs i s

i s alIs"o f oitnd i n AnDe n d ix 1, The third ohase was two

four-way ANOVA runs with sivma held constant: thisq niitniit

is 1st-. d in Aonendlx F. hlne fourth phase was a four-way

ANJVA using only the four factors that were found to be

significant in the five-way ANOVA. This output is listed

in Appendix G.

FivYe-Wav ANOVA

This test showed that four of the five main effects

(road network, aircraft arrival rate, aircraft altitude,

and the standard deviation of the defenses) were

significant using an alpha of .05. One main effect,

aircraft velocity, was found to be statistically

insignificant. Four of the two-way interactions were

found to he significant, while the remaining six were not.

None of the three-, four-, or five-way interactions were

signi ficant6
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r e a it aj t k* I r !I A L t !i1 it it r t j i: e P S many

e r, do: a. S ti . cx r la n 1 11 v a r i at ion t er:.

adi, i i, tat h ..L '0 1.1 d , p n t k re ava a I a 6 e to

a n it r deh.r i, coni iience in tne results.

l. l il t o cts. F; k, oil v 1 o n c t f e c t f ound to be

t at i L I C, c i i v I ic an t w: S tht a i r c raf t -e 1o c it v

T;Iil; 11' 1t iS it n ex !) t,d since hc two levels of

e 1 oc i t v ,on sid red in the ode] are fatr1v close to each

othter. The stat t ins;t i i ,.g ifican ce of velocity in the

:1odel tnea ns that tite ialni , of incrkasin2 tIe fi hter's

iirsnei-d from 480 to 540 knits is small . It is Drobablv

not wirth the the sitostantial fuel consumption increase

Lilat it would require. This result should not be

interiteted to mean trat airspeed is totally insignificant

as a factor in fighter survivability. In fact, the

verii ication runs shiowed that survivability against SAMs

decreased substantially when the airspeed was decreased to

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

node] .

Vlhe mraln effects found to be statistically

signit icant are shown graphically in Figure 12. In

interpreting this figure and all subsequent graphs in this

chapter, it is important to note that the only data points

are the aircraft survival rates associated with specific

levels of the factors listed at the bottom of the graph.

Tie lines drawn between the points only serve to emphasize

toe change in aircraft survival between levels. The fact
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-77,

iN

S I

12 tir 12 n l ec\f M i f e t

-~ I

a2 dExpon 10 1010' 5)00 250' 6.25 3.0

I Road Inlp[ut Alst iptud Sigma
L .. ....Net ,;o~rk .. .. ate (rnini

Fi"nre 12. Influence of eain Effects

that the lin a dre atraight does not imly a linear

relationship; in fact, no attempt is made to estimate

survimal rats at cei.v other than those stated in the

research design. A uore comp]lete description of how to

Interpret ANJ)VA reaults is presented in chapter 6 of

"Ftindarental Concepts in the Design of Experiments," by

Ciarles N. hlicks.

All1 the .l~aIn effelcts behaced as expected. A great

many nu re aircraft survived using road network 1 than road

network 2, making the oovious point that the fighters'
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A r aC r. , i- t e y a. i area s where

de .., .' e fitC, .i r o I r c I v I o be e a v i I V c on c en t r a t e d

a t L' dv f i n ut.r w r y r u i nin8 tie i iit rs

t1roo. Lv t. o r ! ie t -,';t, r alSo increased their

r L' a j I Lj I, r i' I . .c r e a s i n i ii I;r os. altitude from

I (0 0 o ,,,t ,, ii tto e t ik:Iped t hi I gh t e rs so ewhat

) 11ut 1 11[ L! k) W L ti 2 0 1 vtc ii crti ased t1.e probability of

sur i 'i l -ui r r[l t- Jr i iiticsl i y Finally, the fighters"

r robab i i tv of str -,i;lI tended to be higher when the

Lief Ieit ,. wer c ijore t iaItly grouped, since the probability

of i ying over a portion ) Of terrain relatively free of

defen cs was increased by concentrating the defenses into

a small area. The effect of a is influenced sharply,

,ioweier, by ito interaction with other factors. This will

1be exp lained in the next subsection.

Tw o - Wa y Interact ions. The following two-way

interactions were found to be statistically significant:

I. Road network vs. Aircraft altitude.

2. 'Road network vs. AI of defensive array.

3. Arrival rate vs. a of defensive array.

4. Aircraft altitude vs. 0 of defensive array.

rhese interactions are discussed next.

The interaction between the road network and aircraft

altitu-e is not an especially strong one. As is seen in

the left hand portion of Figure 13, the advantage of road

network one over road network two is somewhat less
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0 i 10 C W.1 I'il t i, aiccraft is at ain altitud , o 25) feet

t:.1 n :n t1 . L it is 5 U 0 o r IO1 f u et p C(, f i c a 1 1 y,

Sai 'ra 0 1 01 .5 ii! r e airc raf t survi.vt, i th road network

01LL, t!;a with road network two wlien tie in gress altitude

I 1 fet, 10.05 L-urt sur.,'ive if the alt itude is 500

te t a d . more stirvi,'e If the alt itud v is 250 feet.

J.C i t : JU h :i0re .aircraft sutr i.,'e at an alt i tude of 250

I LCt t Ian t e itLh r of thie other t wo al titudes, the

increase in -Lnr J a I rov ided by road network one is less

thaa at the hfischer altitudes. This r eIat ionship is

2o

Road Network 1

250'

E 100 So

1001000'' 500'

1 Road Network 2

I I

1OO) 5(OO 250) 1 2'

Altitude Road Network

Figure 13. Interaction Between Road Network

and Aircraft Altitude
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,' , . , tiltk factL t iIiat 1 n it;i ht h r o! iircraft that

(lI .L .V.iti- road t twork one is much hi ,her than the

a t9i )t, tihat sur'vivt, u.i it2, r ).id atetwor K tw,, regardless oi

I, t it . Tt, is 1%,ti es tI ie b el f It oI f ,.oi n; lower less

0r a a t I " .

i., inttet i on b ctw een tlie roja network and the

S.tanUIrd dev ,t ion ol the defensi.'e array, shown in Figure

14, is an iipt) rtant one. 4jitn road network one, the

Sih ttrb are a considerable ditance Irorn the primary LOC

2()

Sigma 3.0
15-) Road Network 1

0n .25

-Z " , Road Network 2
S

1 2 6.25 3.0

Road Netv ork Sigma

Figure 14. Interaction Between Road Network
and Standard Deviation of Defensive Array
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du r i u ,, t ne n j o r jo r t io , i f _ f . s bi u n , a n d t he number o f

ircr a It t , a urvi'..v would be expected to decrease when

.Le devtis.± are spread 1or , wideIy across the belts.

• ,herl 1 oad nk two rk tw o i ! u-,e, , on the other hand, the

i,,nLters are close to the LOC , and tie nuTmber that survive

would be expected to increase is the stanuard deviation is

increasi'd. Figure 14 s hows that these two factors

interact as expected. Th. right hand portion of this

Sr apih shows tnat, when road network one is used, survival

rates Increase as sigina 's reduced, while when road

network two is used, 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 effect on aircraft survivability when the

defenses are saturated by incoming 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, if 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
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Rate = lXi il .

S i 5 Rat I 10

t!\ou .5 0 .25 3.0

I nput Rate Si gnia

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

Lntil the weapon sites are released. The effect of the

standard deviation of the defensive array is thus

nullified for a large number of the incoming aircraft when

the defensive array is saturated. When the defenses are

not saturated, on the other hand, the standard deviation

of the defensive array Influences the system in the same

manner that it influenced it as a main effect.



-o 1

1v -4 20

> ~S Iildu = ..

" 10 ... . .

? 'I 000)

S

10))0' 500' 250' 6.25 3.0

Altitude Sigma

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 it is at an altitude of

500 or 1000 feet, regardless of the degree to which 'he

defenses are spread out; note the upper line on ,

hand side of the graph. At an ingress 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 illustrated by the fact that the 250 foot line
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has a downward sl0l)L, whil, th )(i) and lO00 foot lines

s epe u)wa rd. Another I Tt ere t in.; f at r is tiiat when

the c n s eF; are spreid out, with s 1 e: vqu al to 6.25 NM,

,urviva ilit y is clearly hi;hor at 500 feet than at 1000

Ie vt, l iI e when tily are mo r e t i t!' t y clustered, with

sii.,a cju al t o 3.0 N , there is virtuLally no difference in

s ur.;i.,i ility between the two iIt itudes. This concept is

illustrated by the' two lowur lines in the figure; an

a ,erage of two more aircraft survive at 500 feet than at

l')()0 feet when sigma is set at 6.25 NM, while the average

sur;Ival 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 model's

output than a decrease from 1000 feet to 500 feet, a

five-way ANOVA which looked only at simulation runs 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 less significant than it was when all three

levels were included in the data base. Furthermore, the

interaction between ingress 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
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C 'ia., S t tt dLi. LiC a Ily i 1 ', ii, 11 1f i Lan1t.

*~~- .-1\.i lNV ih S~ i e h ld Con)_3 t aint-.

Iuse ,Ag a was a p1ayer iz three of the four

SIia i .l t inturactions in the fi ve-way ANOVA, additional

A N oVA runis t.ri e ade with sigria held con.tant at each of

its two leceis.

In the first run, sigma was held constant at level

Onle (o.25 NM); that is, all observations in which sigma

was set at level two (3.0 NH) were disregarded. This run

provided some interesting information. The road network,

aircraft 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 interactions 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 NH). The main effects were unchanged from the

previous ANOVA runs. The following two-way interactions

were statistically significant:

I. Road network vs. Aircraft arrival rate.

2. Road network vs. Aircraft altitude.

None of the three- or four-way interactions were

significant.
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I te interact ion between the road network and aircraft

altitude was explained in the discussion of the five-way

ANOVA results. This interaction Is more significant when

s 5gtla i set at 3.0 NtR than when sigma is not held

constant, wtile it is insignificant when sigma is set at

6.25 q.

As shown on the left hand side of Figure 17, the

advantage o1 saturating the defenses is less pronounced

Suits road network one than when using road network two;

20 Road Network 1

15

10 xpon.5

,s1 1 0
10

Road Network 2

1 2 !ixpon .5 10

Road Network Arrival Rate

Figure 17. Interaction Between Road Network and

Aircraft Arrival Rate (Sigma Held at 3.0 NM)
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approx 'iateIy one more aircr, ft Liurvives by changin, from

a 10 minute i terval to the vxponenttaI arrival rate with

road network on, while aproximately two more aircraft

surVive when the same change is made with road network

two. I'his re latiouship is explained by the fact that the

number ot aircraft that survive using road network one is

much n igher than the number that survive using road

network two, rgariless of the airciaft arrival rate.

Ehis .aKes the benefit of saturating the defenses less

dramatic with road network one than with road network two.

This interaction becomes tically significant only

when si u!a i hs ld constant at 3.0 :'I because the number

of aircraft that survive increases dramatically using a

combinjtion of network one and sig ma equal to 3.0 NM,

regardless of the levels of other factors.

Four-WaL ANOVA with Airspeed Excluded

Because airspeed 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 ohservations in each cell. The

close avrI ompnt (f Iho four-why ANOVA rPqiu t R and thP

flvp-wav ANOVA rp'zit, I- tIt nrovlr dp a high dpvrpp of

confidence that five observntions in each cell wAs

adeouate to achieve acruirate results.
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V I ''I, h - \a I i Ja t ioa P roc ess

Va[ idat ion is ti~c procet i of developing confidence in

the modeI's ability to accurately draw inferences about

t ie true be.o h o ,r of tIe b. ,tef. Shannon divides t he

,al idat ion process into threc categories:

1. Verification - insuring that the model behaves as

it was intended to behave.

Validation - testing the agreement between the

behavior of the model and that of the real
system.

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

The third aspect of the validation process. Droblem

analvsis. was dIsriised in detail in thp nrcvlnus chapter.

This chanter addresses the first two processes -

verification and validation.

Verif icat ion

Three categories of tests were performed to verify

the inte.-nal consi: tency of the model. rhey are listed

below:

I. 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
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t iaL results wes r: 4 tical wi tn in the framcwork of

t 1,

'Ihe spte i fic tCvstin ; :Iccoi1) i j ha d in tIe verification

process is discussed below.

Aircraft Arrival Fines. For run :,pecitfying arrivals

spaced I I iliutes apart, tie arrival tites at the first

AAA belt were checked; all arri.'als wi.re spaced correctly.

To check that the exponentially distributed arrivals

behaved properly, a sample of 38 arrivals times was

obta i[nd f ron, two consecutive runs of the model (20

aircrait arrival s per rion wi th tihe first arri ,al a t t ime

zero). Tie 38 data pointS were analyzed usin,; a

Chi-square Coodness LI Fit Test. The Lypotheses for this

test jre show i below:

I I Lh' 3 8 arri.,a I iter.-jls are Irom an exponential
(.5 minutes) dis trIlout ion.

i: Tie irrival irterv,Is .re not from an exponential
(.5 minutes) distribution.

the null hypothesis could not be rejected by this test,

using an alphia of .05. This led to tile conclusion that

the arrival rates came from the desired distribution. The

results of the test are shown in Appendix II.

Distribution of Defensi-.e Sites. The first part of

this analysis was to verify that none of the defensi'e

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
;k

standard deviation of 3.0 NM, were tested using

Kolmogorov-Smlrnov tests. For the AAA belt with a
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sta ndjri Ie viat i.on of 6. 25 N%, the hypotheses Ior the test

were as !,hawn below: 4
H,: The AAA sites come from a normal distribution

with a standard deviation of 6.25 NM.

H lThe AAA sites do not come from a normal

distribution with a standard deiiation of 6.25 NM.

For the AAA belt with a standard deviation of 3.0 NM,

the hypotheses for the test were the same, with the

exception ot replacing b.25 with 3.0. In both cases, the

null hvyothesls could not be rejected using an alpha of

.) 5. 1:.is led to the conclubion that the defensive sites

were distributed as desired. Both tests are described in

detail in Appendix il.

Probabilities of Kill. This part of the verification

process :;nalyzed tot .. , the model to determine at

w I:a t ),, init a n ,airc raI t ii Id , 1) pi cked ll;) by a weapon

.te III trac', i ig rador, , n,! then compute an accurate

p ro bab i Ity * I i kill ba:,v.d on the. aircraft's pos i t I on a t

the t i :e & 1 ii t e r ce p t u ; t h u m i :i s i le or bu llets. All f ive

Wi-a; on ") t.-, y , t v n t e l :,,e I wk re ana I y zed I an,, the resti I ts

calcuiated by the mode I were found to be consistent with

t ho.Se ra cki ,,ted by hand. Two examples of the

calculations In this 1.irt of tihe verit icat ion process are

shown in Appendix I.

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

this phase was to insure that only those SAMs having a

probabilitv of kill of .02 or above were allowed to shoot

at an aircraft. After this was verified, the tie-uD times
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0! tle W'Ua) 011 Syst .I5S- wUre cilt ct.ed to in sure that they

tell witlil, tzie correcL rJnge,. Next. tied-up weapon sites

were io1nitored to insure tIt It they did not shoot at

subseq ,L aircraft until at ter th ir scheduled release

t i~e. Ftially, the we pon sites were monitored to verify

t hat they aItkI iII released at the scheduled times. All

of tho, 0Se C0nce, ts ArTC ii IustratL 'd ) the sample computer

out put shown it Appt.nd ix J.

I S _st II L t lit- :1o ki vI a t i t,; Ext.r eme . 1 Li ring this phase

of the r i t icat io proces, the model was tested with

i certain lactors sev t wt,. L 2yon t h' 1 imit s Htudied in the

experiinen t. All be haved as expected. When the aircraft

velocity was set at 60 knot.;, for example, missile kills

went up dratiattcal IV, wtn it wis se t at (IOO knots, no

missi Le kills were recorded. When the aircraft altitude

was set aL zero, no missile I I ,I s ,nd n rery few AAA kills

were recorded. The model was not rut with extremely high

altitudes, because it is not designed to reliably handle

tleu. .:hen the saturation (it the dt tv n I .. array was

incri as ed by rc(Itchl g the, mean tinic of the exponential

arrivals to .1 minutts, alrcraft survival increased

substantially. The opposite extreme is already tested in

the expertient, ilnce there is no saturation of the

defenses with a 10 minute arrival interval.
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c tal i.:,itio: ,1 orL centt, red priiarily around

e:.t I :,hlt 1 tinct .'1I ;i ty. ,,r I, pr iiar y chic 1e in

:t i, i i tni. ; i: w,i.- , t 'uri" t t. t._To t te bt consists

i l ,, c ,!;Ie , , arc ,.x .rt . I t ie system being

f .1 r ,c e t Iit, tiit ,.: wit :,o( O input-output data

r ,, t .. rci syst ,:1 ait other set., o data from the

Ie I ad tn',i I sk in; ticil t i iIt e r .L i ate between the

t t t ol :ta (,,f 2v). hecaIse th system in the

o ,' e 1 , ia ne vt r - I te k e t Le d i it t ie r e ; I w o r I J t he t e s t

wIs :oiiI jed S.li i it . . xp) rts were given sets of

i:pllt IIta, an i the, were t ilac ashe to predict the

rvsult i is the factors ranL< t. ! kver the levels considered

i1 the' " o r; p it .r in, . '11 C i r predictions were then

a ,r At. to ut4:, , ut r ,t, t,. rat . I res t I t s .

It sitn uld I 1 rt.emplias zvd at this point that the

:r i ,i 1l ity Titiircs developtd by the model are ordinal

dIt.; ti Ik-/ ar v uSVt Il ol y l r cowpalr t ng the various

A I t . r !1 .1t i . e s e .1 1 u. t.t cd I I A a r v io t In t end ed t be

j)rv d i tors of .ictuni n itnb t :ur ival rates. Ne'verthele ss,

PP an s in variou factors oi tie expr riment should change

t !1e output (aircraft s r v ival) iii a logical manner.

Wion all thie factors were set at levels which should

have enhanced survi ability the most, the model did in

fact produce the second highest number of surviving

aircraft of the 48 cells evaluated. Specifically, the

levels were:
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Ai r:; ed - 3 0 ;a,~

A r r i t ud t tIt L5) A U eIt ,

I1 it e r L U,o = .0 2>:..

Ihe re,;ult' 1 5 rLL of 2 ai rc rat t ec were:

1I

1 0

19
2k
20

for a total of 98 of 10k airc'raft survijing. The highest

number of sur,'iving iircraft (99) was attained in a run in

which aircraft arrivd at 10 minute intervals and all

other factors were set as shewn above.

ii'en all factors were zvt at levels which should have

reduced suriivabil it y tilt, most, the model produced the

lowest number of stirvivini, aircraft of the 48 cells

tvalu;tted. Th Cse leCels were:

Airsoved - 4H( knots.

Altitude - 1000 feet,

Arrival rate - 10 minutes.

Road network 2.

a = 3 0 NM.
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~* r e it Its 0 i t i', 5 ru n s we r e

o- a. Lol C oLii10f o n I Y a ir cr lt surviving,.

Li c r tUl I S d Iiu E.d .I o ve illustrate L te model' s

u u Lp it a t ii, t. Lrt oS I th11e f ive f actors. These

r--s u I t Vu0L )Ied J Wi th mkiio re gradutalI changes in

I r ,'I b i Iit y a s t he faIc t ors a r t, aried onie at a time, are

11 tuI iV el Iy app))eal in~.

F) f u r t I e r sal b t a it t i a L - t h c i nt u it ive a p p ea 1 o f t he

i od v ' r es6ultcs, Tuir in r te s ts we re conducted with f iv e

pilIo ts a nd onet n a wi g a t r Al Ih ta d e xt e'n s ive backgrounds

1 o 1 ft e r a irc r af t. r Itr ee t) t the pllo ts had served tours

it. Central turupe and were intimately familiar with the

te4.rr a in anIId t hr ea t a rr ay represented by rhe model. All1

:,ix ai'rt'ed that tlit* model's output was reasonable.

Once the ,udel was dev('lopedl and validated and the

resuilts of the experiment collected and analyzed, the only

steps remaining in the thests were to draw conclusions

f ro III thte r es ult s and make recommendations based on the

conclusions. The conclusions and recommendations are

presented in the next chapter.

81



V II ConcIics ions inJ K C 0N:a' qd a t I on s

Vhe ooje tiVe of this thesis, as stated in Chapter I,

Uas to determine whethier the increased capability of the

ti.;hLtr to fly lower and faster, provided by the LANTIRN

mIR, will mpro ;e s i;,nificant1y its survirability in the

niht interdiction role. The conclusions are as follows:

1. The capability to increase airspeed does not
significantly increase survivability.

2. A decrease in ingress altitude from 1000 to 500
Iefet will increase survivability to a minor
de ,ree .

3. A further decrease in ingress altitude to 250
feet will significantly improve the fighter's
survivability.

The results of the experiment also led to some

conclusions which do not directly relate to the objectives

of tiik- thesis effort. These Lonclusions are as follows:

I. The most important single factor in fighter
survivability is the avoidance of heavy
concentrations of anti-aircraft threats.

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

J. The AAA is the single greatest threat to a
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
against the fiahter in this scenario.
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,ia t (, ! Uit the above cor, clusions, the following

recomme nrdat io Y - are oade:

1. Th.t every effort be made to develop a FLIR of

ni(Ih enough resolution to allow the fighter pilot
to !Iv the mission at an altitude of 250 feet or

L0 V 1 0 '

2. rhat tactics emphasize tile avoidance of enemy

dute seli.es and the use ot corridors to saturate the
etiuiiy dcfeitsiwc network.

3. rhit our EC.I efforts concentrate oa defeating the

AAA, SAN - , and SA -C.
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III '<ecoiikmen td Ar, ai for Fol ow-On Study

Lt :ost r0 1se1rch Lfforts, this thesis was unable tu

co,er all tILhe abpects of th system studied or address all

ti, , ucst ion, that neced to )e asked. 'otne recommended

areas tLr follow-on study of the night BAI survivability

problra are discussed in the following paragraphs.

Conclusion one in the preceding chapter was that the

capability to increase airspeed does not significantly

increase survivability. This conclusion is only valid for

the airspeeds studied iin 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 in this

experiment.

Conclusions two and three stated that survivability

is increased as altitude is decreased. This research

effort, however, did not address the problem of increased

risk of the aircraft iLpacting the ground while the pilot

was attempting to fly at the lower altitudes. A study of

the trade-off between the increased protection against

enemy defenses and the increased risk of flying the

aircraft into the ground at the lower altitudes would be

worthwhile.
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It 's , o .1 U 0 t t. A t h t the od e I AI e I op ed i n t h is

the s i can he easily ad ' tcd to analyz(. a variety of

prob::LS. It could, for in!t ance, serve, as a framework

for analvzin, vaair ua s i:0r i n yst .;ii s against a typical

Soviet air deftense array. It could also be used to

d&eter.oine thte i"opact of 'various routes of flight and

degrees of saturation of t:ie enemy defensije network in an

attempt to deielop i:vpro ,d f ighter tactics. Both these

arceas were considered in the experiment, but they were not

devel oped in depth. Furthe rmore, the model could serve as

a fram ework 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 jamming pod could be made

directional rather than radiating uniformly in
the hemisphere beneath the aircraft.

2. Features such as radar polarity and frequency

agility could be treated.

3. Enemy acquisition radars could be explicitely
treated.

4. A range of JIS 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
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modeI makes only on1e calculation to determine
wliu, e r ai given weapon Site is blocked by
terrain. It does not allow lor the case in which
an aircraft alternately passes behind terrain
t!atures and then comes back Into the radar' s

vkc" as time flro2ress*s.

7. ,A '3 structure between the aconisition radars and
various radar-controlled weapon systems could be
explicitelv modeled.

h. SAM 'Id AAA sites could be given multiole shots
at the aircraft if conditions appeared favorable.

dndoubtediv, manv more details could be added to the

model. but those listed above are the major ones. It is

not possible to say at this time whether incorporation of

anv. or evf,n .all. of the details listed above would

sientficantlv imnrnvp the vnltditv of the model'R nutntit.

This ran onlv be determined bv actually adding the

feature and observinv the resuilts. The model In ItR

present form, however, arromnlisheR thp nurnnse for which

It was dpqigned wirh the nece.q-arv de~re, of acrurav.
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Appendix B

SLAM Comput'r Model

In the model printed out below, road network one has

been used and aircraft arrive at an exponential rate with

a mean of .5 minutes. The road network can be changed by

cheniging the input data on lines 260 and 270, while the

arrival rate can be changed on line 4590. All otler

factors are changed with initialization cards placed prior

to the sinulate cards in lines 5430 through 6130 of the

mode 1.

-1-

; t.. -t ml._ ,A'~ ii( rn %

" .Ski: ;. RourINE EVW X N

A:-, ,O: IMO SIN NHAA - RR 1) -AI , , (L',NVAME, i) ,N AMC (3) ,NSAMD(2

, 0MF= ' --' 4,,la I4, .,.,.4 AAA, L '

31 = IATA N AMItN AMA", ' -62t Ii

330:. r,', TO 1 ,, 5, .,TN

,90



-h , OV lN

1 - ' L 9

- 4 1

J)A R NI~; K:) -X (

F A 1A~,; ).T 3T052

MR- 750 : .M~~ I N)i 4

60 :

q~o= IPI

,1= :F (AMI.flG v.9 GO TO 52

ILJII



1 i R NT 4 'Ai -'4T AIRIlkqAL RATE zEXPON:.5 MINUTES)"
ta RINT t ~~N[TWORAK 1

Ri= R I , 'N E T DBIAT1OM OF THE DEFEVIIVE SITES : X

C:' LOLC VI THE NitmUIR J flITE- l. THE CELT ADCOMPUTETH
I:~ RACE FRCM HE 4 TO EACH AE

ATRI7) 0

K NAAA(L'

1279- GO TO 9

1 ?90=4 IA
1300= L :ATR1IW

, , I K

1 34V5 IA :4
1 ATRIP61C

I :60= K NSAME Li
7: GO TO 4
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44 P 07

I F T1K CUN !I LllCK[D E't [HE T ERRA I N

, ~ ~ i I 1TH LO3K UP~ AWCl.

' ~ ~ ~ ~ C MTNAI* 7~~

4~ ~ ~~~T '-C 1(f U124

P, A' 4LH. TR t I B TERR( INW

p R R1A I~ Ir 1F Sj.LJK4"L.

TH[.IN GUN i V

4. N .

i~ (NEA!I,.) f0 Ili to
i'- NE

7~~Ji HF. E.ICI., GO li
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N 1 N( I
4, :4, F 6N

_'o J AA(M.E.i) RETURN
: NL (d

-'q bli3 M:MlmIN
!'160 4, !) :HlI) ,LrlA)

2l74 C(Zl L
16 [3 A

In i31 NN:4,9
LL~0: C,,NN) 6 0
42 rWD CONTINUE

2T20~ B(C(W/~60.
L2)@ CALL SCHDEi7E.C)
2244:24 CONTINUE

Li6@-C 'EST FOR A VILL. )ATRIE./ = MEANS KILLt A'TRI2P?)zi MEANS NO KILL,)

2280= 00 40 K=MINL
4290: 'F (DRANDtI).LF.A(YK> ArRIB(7):I
1,00--40 FONTINJE
L'MJlj RETURN
2 -324 z

7')40=C RELEASE THE ,I1E OR GUN TO FIPE AGAIN.

i2tg=7 L ATRI121
i370= IA ATRI~i1

29: INE = NE(L,1
2400= DO 59 JtIFINp
241o: JM J
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• 1H. 24,

-1 J. 4 .* L4

to- I (, J) C. .. , 4 , - 1

I F' WK.(4.'" L . A1

130 44(! -k JJ

' 1.44 *; 0 4P* *,-. ''5 ,, .* '.,,,, .jK ,± , *PI ,L,4NO Z50

U 1,: '!fl 4 .5 '.-'~

. 0 1- ON- N , 1

Pt,, (HI ( IL, IA :
i -- I PkI ) .(, ,PKIJ..) G0 Tt. 10

,* IF (PKIJJ) ,LE.AA(I)) C. £3 _ 10

c,'3O= , AU) : ((.JJ)

S 0 ;:ONTINUE
,170M NE(LIA) : W:L,!A) Z

70: IF (1i.EQ.I N8CL,IA) N['L,IA + 3

r3F TURN
;.W: END

.: [ROUTIN: PRVBIL

;6 *-5: o,NC;RR,NPPN, NRUNNENiPE,SSU100,'4L( .0l, TNE{ , TNOW, (Il@

V 191IMMON /ALL/ PK ,5),11(12,4,5),AAQ25),NH9,IS)tRvA,IAwIC,LvB(25)
,70: IMENSION ASPECT(37, , 1(MA:3","

-:O ATA ((ASPE ,TIi).J=,5),I:I,37? 0. ,.M , .. 4, 3.".4 ,5.79,
t,907 4 5., 1.90,1 2.!, 2.6 , 4.CI, 10., 1.8 , .69, :.39, 2.809

400 M.8 3 6 # 20., '..?, 2.44, :3 .,7, 2.48,
" Z5 .o 1.51v 2.6, ... 7, .55, 01, 1. Z , 84t9.61, 4,10,

0''I- n 5. .41?, 5.l it 6.:31t I.U , 40!.v 1,.4,, 2.9e, 3, .," 2 .741

2430: * 45., 1.89, 2.07, *3.7, 4.68, 50., 1.35, I.S0, 2.26, 3.2,

95



Z 1 45,.4

ill,..h.~C

, .; I *" : ,', .. , ,. - - , .. , : _ . [ .~

' " - , , ,. , ' . . ,4 ., , ' , 5 , . ., , ; . ,

4~0 -4 .-

,47 , A 4'

1 7 -), 4.55, 1
, .5 , .A , .5 , , , .' 5,

.75 7 .~
08 4. '35 .> L4, 1 .2

.k.S- 16qo, .5f -,25"% ~~A3

6.5~~ 5, .4, .3~ -51 .58' Z3 .951

'443 4 .55, W1A -3% 4.V -5
: 4 4.63, . , 9I.I, ,., 9.48, 15.05/

S :3 TO 4i,',3,4 ,5i IA

IF AIRCRA~1 IS OUT OF RANGE, L
IF (R.CT.,.,; C' TO 99
G0 JINk FOR flc,T MINUTE APTIt FEBA PENE'RATION, 1.3

:.,i l A lpr THAI.

,40: TIM TN'1, ARII
,, - TIMlE TNOW A.[RIBH1)

7'i O :FKTIME.LE,.T, G ;

.- 60: .IF (TIME.T.3.) C : 3,
.- : CO1,.IE INTERCEPT RAN E IN THOUSANDS OF FEET.
338 : 6.2
9@: IF (R.LE,.954 X z (R.08/.7971)

: X R.LE. .34.5 :3.9

3-;*:C C3!0PUTE BULLET VELOITI AT INIERCEPl PND BULLET TIME OF FLIGHT
34'f= yf on 6.iI,7 51F )

344C COMFUTE SINGLE SHOT PK.
?150: DENO% ,.28;t2S.'X)4i?.) 4 95.65
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4 C, 1'

'I,

- Il

-'q 1. IF.TURN

15.~~ 4 -(.1I
4

KA:J Lo

'.4~ Z F ORI 4L1,.;L ).8 9

I-

PT 'LF 4j4 4'. 4 13.6lF4 '4P.J4&, 4 P.09L 4

4~ 8-



T I.

i4V-K

A7*

11' fT , 



I ,'i A A , N X X x X I.

. Ll I ,,S M

A N

3C'LIlx1 I M A ' Lt;

K7t' z ALT,.

':70 - >~:'XIH

40 41 R .;

4* . N X ' W I

A~: TER;
,4 J:- £NDNE2F

510z TMI.!ATE;

"JIATE;

10
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,-', ..t- '

TiLe sample output shown below is from the first run

of the model (all factors at level one):

,L A SUMMAR f REPORT

I JLAIION PI.JECT THESIS NETWOR4 BY LEEK AND SCHMITT

4= DATL it/20!19,19 RUN NUMBER I OF 61

CURRENT TIME .2I99E+42
STAIITICAL ARRAYS CLEARED A1 TIME 0.

4 0

0 40= *ISiATISTICS POR VARIABLES BASED ON OBSERVATIONU

MEAN STANDARD COEFF. OF MINIMUM MAXIMUM NUMBER OF

VALUE IiEVIATION VARIATION VALUE VALUE OBSERVATIONS

: , 1ITAL ,_.1509v5E+0I .3028E+01 .5555E40# .IeiEW1 ,II06E+02 I0

t', 44A IL5 8100E+I1 ,i5 IE+I .5Z7IE+910 .1040E+0I .561E+II 5

SSI SAM 1 VILLc NO VALUES RECORDED
0: SAM Ii ViL .D VIEL+0 .1581E+61 .5270E+00 .1000E+01 .50@E+0I 5

( 0@: SAM H Kit>. NJ) VALUES RECORDED

t.40- SAM A WILLS NO VALUES RECORDED
;4L TATL KALL . .5500E.1 .:02SE+I .55015E+00 .I 1E+II .II#E+#Z it

102
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ADnend i x (

RANG;ES Comni r er 1'rn rqm

Thft; nrnpram rnmniitpq the r ximum ranee at which each

of the defensive syitei, s in the model can see the fighter,

assuming the J/S ratio niust be 20 or less for the fighter

to be seen. The input data for the program, Tape I, are

the radar cross-sections given in Table V. The output of

the progran is shown in Table VI.

1 0= PRCj(kAM RAtiCES(INPUITOUTPTIAPEI,TAPE)

13@ INENSI;)N RNG(37,5) ,;SCTN137,4(

1W@= DATA RN1.0XSCTN/333*./

1603-1
170: i10 FORMAT(F4.0,3F7.Z)
lSV !'4 FORMABI//,21XDEIECTION RANGE (IN N)")
190: i@ FORMAT //,3X"ASPECT (EGREES)",51,"AAA",51,"SA-4",5,

2O= 4"SAM- a",5x ,"SAM-C ",5x ,"SAND",/)
L@'. LSO FORNAT(9XF4.,@,XF6.2,3y4(F6.Zt4X))

240:1 READ ASPECT 4NGLE AND AS3OCIATED RADAR CROSS-SECTIONS.
5 00 D @ I:I,37

2 0: READ (tilgf) (X CTN(I,JbJ:i,4)
270 : 10 CONTINUE
L 80=C

300= DO 20 I:I,37

SZ=i COMPUTE AAA DETECTION RANGE.
a 330: DBAAA : 34.3 + (.5 * XSCTN(I,4))

340= RNG(I,1) : (10. *# (DBAAA/10.))/I85Z.

366:C COMPUTE SAN-A DEIECTION RANGE.
979= DBSAMA = 33.1 + (.5 1 XSCTN(II2))

36#l= RNG(I,Z) =(10. #, 4BSAMA/I15Z3

10 3



"A .t -, i

4J ."4, ti - tf 4 ," - ', NIi,,.!

U- _,*4 F .' T ll,

4n1-A ii t'M It_' Ny 4,r

(:!N T IL N ~~i

P RINI LeO

6- 0 AINT 1t,,XSCTNII, y ,(NG ,J),J:I,5)

WrIE 12,2501 XSCIITN(iI),(RNGPIJlj: ,5,
4 0 . CONTINUE

bLW6,-: S f'li

6-4z END
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A 1 p nd ix )

Dce en s i e Arrayb

The divinsive array shown below was computed using

road u k t r" wo ald I stJ ari d e ,iat ion f 6.25 NA. The

locations of the AAA siLes in belt fi;e of this output

were used in the staListical testing described in Appendix

IiI@

,

%40. v,.4, j, -/. 7 , 1.A .-:.2 .. "'?.IB 4,.713 - .76

J EL ~ T 2

, -1.75 7 08. , v.a 4 4' - 9. --.9, -7.12

105



4 .14 9. 16:

.5.A

A.: . 1. ,,. - .," -10.15 -2 ,;2 4.2.4 -5.82 1.60 7.61 -11.74
.. -. 66 , 52 1 11 - 4. .A- 17 -11.12

* ,, -:," - . 3.> 6 .52 -

i00:

4I

J6

L4- AAA;4

40' 41 -2-.15 2.6-5.34 MI1 -2.5j7 -8.80

1 00



L*

-7

o

. -9.67 -. -5.96 -4.66 -10,57

65.4 :S.7 , 3

1545: BELT 10

0 T ELT 11
7f -

0, - TART AREA

is1.*4

971.9: -5.1

07q

07*0: .29
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I. ROAD NETWORK TWOin

SIGMA = 6.25 NM

//

V S SAM-A
0 SAN-B

/ * SAN-C
SAH--

z

z

CL.

'4
.. - . . . ..

1 . O8. ..

Wg_

1.0 -i1 -270 2.709:l li 50
FEBA (IN NM)

.40



:t e [C r r ay t Iown be I ,.: , c oin ut ed us in

r(,,Ad net work t wo and t standard c viiat ion of 3.0 NMl. The

Ioc ir t) ns oI tvi(. AAA sites in belt our of thi s oitntmi

were n t,,d in harr of r ho trqr i tical r es iop described In

t) , )t.n ix {.

~EFK'

AL;

... .. .~.. . -. lL 2 .25

7,c5 .4 1.17 - 0 -3.7 .36 -1.83

%,,

€, 4

/;.: iU -l.A -i.A i. .. 1.37 2.g9 : .a2 2.34 -. 88
. ,.ao.: 1.9', !.

i,: : : ': 2 Z

10O9



*- . . -.7 -..0 .7 2.56 .72

6- - . . -1,. 3

S .. -..i* -.15 -.49 . 09 4

A:

,90=
o. -17,4 .6;to

U,, 15

1,~a .c£: -.94 -.15 -.49 -6.33. -1.89 -3.42



,I rp -? . -

.44

:

7rA tE

7 -.,0= FELT i

7 4641 A .7,704
74. t

4,14 RC :T

7I 4414

/ '7A

, _ ,11,



_/ ROAD NETWORK TWO
I
/ SIGMA = 3.00 NM

/ . AAA
/ t SAM-A
SI# SAN-B

* SAM-C
+ SAM-D

a..

')

ID

Wu " . .I .

tst

6 % '-4

244

CD

1

L4



r'

1 T t a 1 1 a u o . c t c rn i e a r r i s r ro. ad network one

ana a r, iendari eviaii,n of 6,.25 N .

I t5 .. .- . - .i . 0 i 1.. ."

, .4 . o

744

'70= -,M

t, 4a:

790= 4C. , 1

BP:t I[ - 4

: t . 1 4.P41.* 2.1 4. -. 2 6.7

.0 4 U-? - 6,.. k - 0 1 7 7 .7 1 I.V 6

7_0

1 143

;71 39EV



7I

"AM- C

-. ''V..f',..'.

, 9,1 10,64

PI -r

4'

f 74- AAA

', 9 93 ' ' .6 4 [.0 7. 6 M 1 1 . Z q .. 0 ..3 3
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4.4

4h 6

7:~ TAFG[T 4PEn.

AA



I ROAD NETWORK ONE

Ul /

/ SIGMA = 6.25 NM

./ . AAA
S SAM-A
# SAM-B

i * SAM-C
.4, I ' SAM-D

d-

C," I.

ci 

p *" "". " . 0.......

-.. I ~ . . * . •.

-13.50 -8.10 -2.70 2.70 9.10 13.50
SFEBA (IN NM)

116



Iil i dot lnsi 'u a r r av i 3 ~ r r oa c nt wo r o n e

Jut s tani.jlr, dcv aLI ,on of 3,0 0 .

7.7 4.7 ' . 7

, . ., . , ,4 .42 4.49 9.71 11.37
4 . . 7 o.i '. l ,16 .:I 9.71 11.13 9.44

.0. 7.LT 6

... . .' 9.0c) [. 11.95 1,.15 9.71 5.74 6.12 7.00 M.5
7.=:'?, 4.11 _ 76 IC U 4.63 8.96 11.52

': : 4.1:, 12. 2 7. 1 7

I11

C,'



, - C'

. .. . ,, , 2. , .4: , . -.:4 7. Y v L;.t :" .'

.7; 1

- 0 *. > .-

--- 419=: 'EET 7

i:~~~~ 21-'50 = .7 12

* "'

4 7t 1

41- .8 .5 ,.79 6,k 11.6

..10 L .LT 7 .% ;.3 :

74: 3.7 11.24

.:50= clAM-B

S49= 1.9 9.21 : 7.77 9.94 1 M114 12.7 5

.907 AAA

'7' 9.79 8.2! 7.77 3.94 7.130 9.122

118



* .4.

-1: -,6 51

5'0

5

'%314 TARGET AFIA
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.4' 1 ROAD NETWORK ONE
If)I

"t SIGMA = 3.00 NM
OD

-/AAA-.* I $ SAM-A
# SAM-B

tQ\ SAM-C
, + SAM-D

a\C)

z ,

Q3C'i

-

ci

K *

-13.50 -8.10 -270 2.70 810 13.50

FEB3A (IN NM)
120)



F i ve- a'' AN' JVA

ipe -W's;. ro 1 'r;:m for the f i 5 'e-way ANOVA is listed

i'eow, aI Il: with tit dita, wich consiSts ot the results

o i 240 si;ilatioii runs. I! I e f irst five entries on

edCh tiara I ilie are the le .'els at wiich the LOC network,

aircritt arrival rate, aircraft velocity, aircraft

altitude. an(i standard deviation of the defensive array

were t CJte . The sixth entry is the number of aircraft

that .,uriived.

k ,.: JiSAMIE A1M ,A,-T SURVIV'AL

11~Vt'i~t,-Li h T E,VEL l,SN ,Sl r VAUL
I/1 :N 3]f L' E ,40

1I :IN;'i MED;i6M C RD
' :INF,,T FRM T FREEFIELD

SiLRIVAL B! NET,RATEEL(i,),gLT I 3),SIGMA(I')tL
I A@'.. J I[(S AL*-

i704FEA NPIJT ATA

. I I 1 0 3,: 2 3 1 14
190:1 1 1 1 12 ";40=1 1 2 3 1 16

9= 1 I I I I. : 1 2 3 1 17

I 1 1 1 12 i".,: I 3 1 18

2201 1 1 1 17 -70:1 1 2 3 1 14

23:i1 1 1 13 .x I I 1 3 1 to
240:1 : 1 1 12 I I 1 31 15

L5=0:1 1 1 1 11 4@@11 1 1 3 1 17

2i.:6 1 1 2 1 16 41V 1 1 3 1 15
270:1 1 1 13 20:1 1 1 3 1 19

>,0=1 121 19 A30VI 1 1 2 1 13

290:1 1 2 2 1 It 44@:1 1 1 2 1 16

300=1 I 2 I I 450=1 1 1 21 14
"!@=I 1 2 1 14 460=1 1 1 Z I I2

320=1 12 " 1 12 470=1 11 Z 1 17

121



,' : . ; :I . I i i

:1

:. .. : : i / : [914 -,. -i -1

L1 1 9h

S. 1 2I

I 2 :2 L 15

L 1 40i 211 15

I4.: i -)0. i T =I Z 2 2 2 27
', I i 1 2 _; 2 , 18

y, C 701 t Z Z 2 2 0

Z44: 12 210: 2 i 3 ^1 21

7 :1:I 1 1 O 1 0:ZI2 2 22 2

7= I I Z O i14.1 22 2220
6t- 1 Z I I 1, 1:i 2 1 2

I-IJ:1 1Z329: 2 2229

":OI 2 1 0:1 223220. 17

1 3 Z2 @

21 7 V1 Z 1 319

l g i 1 5 1 1 7
1 0 ~ 1;901 1 1

;141

:,__, =1 Z Z 2 122 1 I
I 4 4 : L". 1 2 1 5
12 1 17

:24 1 1 10

944: 2231 19 1470:2 2 : I 10

954:1223 1 16 1430:. . 22 L

360:i 2 i 11 1B30I 1 5
2 3 1 14 150e:2 12 2 1 9

9,!0=l 22113 1530K 23Z1 139,r$:j 2! l 13 I 151@O, 121 13
10:2 j20 1521= 2 Z 1 15

I P+I : I Il 53 1 530 3 1 13

122
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_Z,.L

, 7 L ~~r 4

' ": ZZ : SdL I

i/ :L ', : I Z 4 4.,4. - 2 1 11 Z

4Z 3 1 11

,1 9

-~ 1 4

. I 1

70= 1. 2 - 2 131
I2 

1  1 3 1

t4L10Z L4 2 1 1

,., 1L Z 2 21224

1 '5 : .40 L t 0., =2. Z I I Z 3
: .22 Z I 1 2 2

1 L 0 1 21 6Z 110=2 Z 1 1 2 1

4:@:: Z 17=2. 211 2 3

2..'180: Z # Z 2 2. 2 3

A z-:, 1 1, . 0= 2 _3 Z I I 2.11V: 4 26 2 1I120 Z Z 1 2 51'L: 0221 z 9 50:2. t 1121t
10 :2222 2902112

01 - .3 Z 7 122 6 :2 Z 1 23

1 300=L I 2 4 U9 z: Z2 Z Z 3

, $,@:Z I ; 3 2. 4 24 0:Z 22 Z Z1
5 13i.0=L 2 220 2

L'0#=2 3 1 8 q@22
tO 1@2.3k I2 24.2:2 22124Z2900 2 1 7 j 3=2 22 2 Z 2

_ii0 12 2470=2 2 Z 22 3

2430=Z i 3 Z 5 Z:222326
0$=2 1 13 2 4490:2 Z 1 22

970@:211.3216 2 3.2 5

1902 122"102 22!3 25

24006:2 2 1114 230221 32 2

12~2 115 6.50 221 3246

204=:2 211.3 T622 1 3 24

12570: 2' 1

123



r su Its of t , A ' VA a r e i en be I ow

,t1;t it c III v 1iguit c a nt ;.,jin effects and itLeractions

rv uit , 1 1 itj e .

074: * 4 *4 44J 4 ANALYSI S OF VAR I ANCE 4*44*4'4

1780= SURVIVAL
6790= BY NET
11W= RATE
0810Z VEL

ALT
939: SIGMA

9849: 4 4 4 4 I 4 f 4 * I 1 4 4 4 1 4 4 4 4 * 4 t 4 1 4 1 4 4 4 4 1 1 4 *

j7j: SUM OF MEAN SIGNIF
6888: SOURCE OF VARIATION SQUARES DF SQUARE F OF F
99:

#96: MAIN EFFECTS 6669.325 6 1111.554 213.846 .111
091t: NET 5733.937 1 5733.9371192.949 .I1
#920: RATE 352.837 1 352.837 67.881 .9i9
1939: VEL 19.#94 1 11.904 1.925 .167
#940= ALT 516.498 2 258.214 49.675 .i11
#950= SIGMA 57.937 1 57.037 13.973 .91

#979: 2-MAY INTERACTIONS 1828.425 14 130.602 25.126 ,#1
#989: NET RATE 13.538 1 13.538 2.664 ,t18
099: NET VEL .937 1 .937 .180 .672
19= NET ALT 32.925 2 16,912 3.81 .948
1619= NET SIGMA 1565.714 1 1565.7#4 301.218 .##1
I1Z9= RATE VEL 1.204 1 1.2#4 .232 .631
1934= RATE ALT 6.475 2 3.238 .623 .537
194= RATE SIGMA 53.204 1 53.204 19.236 .902
105= VEL ALlT 12.158 2 6.079 1.170 .313
1060= VEL SIGMA .584 1 .514 .097 .756
1971= ALT SIGMA 142.675 2 71.337 13.724 ,W91
1080=

1690= 3-WAY INTERACTIONS 52.133 16 3.258 .627 .868
1I#= NET RATE VEL 4.537 1 4.537 .873 .351
1114: NET RATE ALT 14.725 2 7.363 1.416 .245
1129: NET RATE SIGMA 2.694 1 2.604 .511 .480
1130: NET VEL ALT 1.675 2 .837 .161 .851
1141= NET VEL SIGMA 2.294 1 2.294 .424 .516
115#: NET ALT SICRA 1.158 2 .579 .111 .895
1161= RATE VEL ALT 5.858 2 2.929 .564 .570
117= RATE VEL SIGM 1.5#4 1 1.514 .299 .591
1180: RATE ALT SIGMA 15.999 2 7.5#4 1.444 .239
1190: VEL ALT SIGMA 2.858 2 1.429 .275 .769

1 2 4

--. . . . . .. . .. .. ,]L_ L_ L..2 1 ..i-g . -. - --0



111

1210= 4-WAI INTERACTIONS 45.338 9 5.938 .969 .467

IZ2@z NET RATE YEL 25.675 2 12.838 Z.47# .#87

Z A = ALT

124: NT RATE VEL .937 1 .937 .18f .672

1250= SIGMA
12W9: NET RATE ALT 1.058 2 .529 .192 .9#3

1270= SIMA
128@= NET VEL ALT 3.198 2 1.554 .299 .74Z

1290 SIGMA

1308= RATE VEL ALT 14.558 2 7.279 1.410 .249

131: SIGMA
132V=
1330= 5-WAI INTERACTIONS 3.775 2 1.887 .363 .696

1340=IAIRCRAFI SURVIVAL
1350=

136V: NET RATE VEL 3.775 2 1.888 .363 .696

137#= ALT SIGMA

138#=
1390= EXPLAINED 8598.996 47 182.157 35.18 ."1
146=

1419= RESIDUAL 998.##9 192 5.198
L i 14Z#=

1430= TOTAL 9596.996 239 49.155

5
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n1 iant i LtLeractiois ;lC k.')' v I eow. This data is

r a )icA I ii ~i 'u r es 12 t iir o u ; 1(

47#- j4 4 4 444444 1 CELL ME ANS f o I 4 4 4
49V SURVYIAI
490= BY NET
50#: RATE
510= VEL
520= ALT
538Z SIGMA
540: 4 4 4 44 4 4 4 4 4 f 4 f 1 4 t t * 4 * 4 4 f f 4 t t 4 4 * 4 4 4 # f 4

550:
560:
70: TOTAL POPULATION

580:
590: 11.00
600: ( 240)
610=
610:
630: NET
640: 1 2
650:
660: 15.89 6.12
676= 120) ( 120)
686:
690:
700= RATE
710t 1 z

720=
730= 12.ZZ 9.79
74@: ( 120) ( 120)
750=
76#z
771= VEL
780= 1 2
790:
800= 10.81 11.21
81= ( 1z) 120)
826=
830=
840= ALT
850= 1 2 3
860=
871= 9.55 i.45 13.91
880= 80) ( 80) ( 80)
890:

910= SIGMA
92#= 2

94f= IlS2 11.49 .
958: 120) 120~) : .
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I 40: ALT
1 @-2 3

1,60: NET
1270z 1 14.80 15.47 17.40

, 40) 40) 1 40)
1.99=

19@: 2 4.30 5.42 8.63
VIA: II 4) 4) ( 40)

1330:
1350: SIGMA

1:60: 1 2
1370= NET
I 8O= 1 12.85 18.93

1 : ) 60) 60)
1400=
1410= 8.18 4.05

142= 60) 60)
14 3V
1440=

17I?= SIGMA
1720: 1 2
1730= RATE
1740= 1 12.20 12.23
1/59: 60) 60)
1760:
1776= 2 8.83 10.75
1780= 60) 60)

2040= SIGMA
2450: 2

206#: ALT
247#= 1 8.11 11.##

2081: ( 40) ( 401
2010=
2110= 2 i.## 10.90
2110: ( 40) C 41)
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ti t'n a It it ie It'.'e 3 wa, oIl i Lted, alt i tude rema ined

a statistic l iv si ,,,i c a :I itctor, but it was less

s i .iiific a t ti.i i t ".s I in tuet o riin I fIve-way ANOVA.

S i mll rlv t:t itit(.rat t tor, betweenl ill titudet and sigma

ren, at1 1 l v, I -:i i cn i but ,I t r,(duced I ev of

gi i a icin c .I ch n ( r ac t i on i let w e en the road network

and altitude c'a tLi_ c tat st i S .i I lv i us i ,n if icant. These

changes are underli nd in the ouutput shown below.

i"

' :: t t i K - ,l . i A N A N Y IE i f

1 ",4 il jg
: 

4 4 1 4 4 1 1 4#L

4-4,

"FA ON SIGNIF
*,. ,,t: or- I ;;QlJA DF SQUARIE F OF F

.778:

-On MAiN _:;._fTS H,.4o 954 9 936.390 171.323 .001
t,1 = NT 4t:(5 I 4 .a., 5 77Z.652 .01

=O: .; ,.w, 0 1 280.901 51,394 ,6i0

i v_10 1.2L5 1 1.225 ,Z24 .637
" - 4T 7.i:, _# 1 ' ,40 5.928 .016
i.. : iGM . 144.400 1 144.400 Z6.420 .001

.T0 50 118.305 L1,045 , l
,9z NIT -AF ..i5 .625 .114 .736

0- 7 NT VEL .400 1 .4 0 .073 .77
--94 NC fT 2.0-1 _ 2,025 .370 .544

k:904@n Ni 5IGMA !i iii5 I 1071.225 195,99 .00
•400: ,IlE VEt .2Y5 1 25 .041 .840
,> 0- h -  

ALf 4@ 1 .401 .073 .787
..@ , ;, .500 62.500 11,]5 .@1
S :0 ~ VELn ;Aif 5,625 5.6Z5 1.029 .312

, ,L SIGMA ,J2 ,.25 .005 .946
A.t., AT 40IGM. 00 1 40.0#0 7,318 .008
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Append i, F

Five-Wav ANOJVA with Si,.ma !eld Constant

'Jlhei, signa was hold constant at level one (6.25 NM)

only ov lt iLur chan%*e occurred; the interaction between

the ruad network and aircraft altitude became

statistically insiinificant.

SUM OF MEAN SIGNIF
C,.i: k: OV YA iTION SjUARES DF SQUARE F OF F

4400z MAIN EPFiS I5B9,333 5 317.867 41,642 .01
4-;0 NET 6531333 1 653.333 85.590 .91
40L- RATE 340.033 I 340.033 44,546 .01
42 i VEL 7.500 1 7.500 .983 .324
4046: ALT 588.467 2 Z94.'.33 38.546 .11

4 '' 2-WA' INTERACTIONS 50.10 9 5.567 .729 .681
407V: NET RATE Z.133 1 2.133 .279 .598
4-0: NET VEL .133 i .133 .017 .895
4,, i NET ALT 11.467 2 5.733 .751 .475
4 0= RATE VEL 2.700 1 2.700 .354 .553
4.1@: RATE ALl 26.Z67 L 10.133 1.328 .270
4.Li: VEL ALI 13.4@0 2 6.700 .878 .419

4144z 3-WAY INTERACTTIONS 31.933 7 4.562 .598 .75b
4.5@= NET RATE VEL 4.8#0 1 4.806 .629 .430
419= NET RAIE ALT 4.467 2 2.233 .293 .747
4): NET VEI. ALT 3.267 2 1.633 .Z14 .808
4136: RATE VEL ALT 19.400 2 9.70 1.271 .285

-m 4;96:1586=

4,00: 4-WAI INTERACTIONS 15.800 z 7.96f 1.035 .359
4,1i@z NET RATE VEL 15.800 2 7.900 1.635 .359
4.10= ALT

4240= EXPLAINED 1687.167 23 73.355 9,616 .11

C,'60: RESIDUAL 732.80# 96 7.633
a4;7@=

4Z6@: TOTAL 2419.967 119 26.336
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I, ed- r s cn t an t a t level to (3.0 I.N ,

the init cract ion bc twnen t:Ie road network and aircraft

aIi itide aji in bec;lrc st at tit ical lv si nit icant. In

additi on t h,, interact ion betwen the road network and the

aircr i t ;irr i a I rate )uca,,,, .it at t ical 11' signIficant

MEAN S1GNIF

b , . 5 1357.008 49l.2Z5 .001

;.,it.4i 8 1645.4d8L405.578 .W01

t, , 6,Oft 1 66.008 23.894 .091
L 3.006 1 3.008 1.089 .299

, L ,.7 70.t17 2 35.308 12.781 .001

4 A - k' -WAs N1 RACTIONS 41.575 9 4.619 1.672 .106
, Ni.T RAIE 14.008 1 14.008 5.071 .027

*,'- NIl VEL 3.006 1 3.008 1.089 .299
4 ::;l NET ALI 21.717 2 10.858 3.931 .023

l , PTVf VEL . 8 1 .008 .603 .956
: FATE ALl 1.217 2 .608 .220 .8#3

4 VEL ALI 1.617 z .808 .Z93 .747

4 40- '-WAI INTERACTIONS 14.525 7 2.075 .751 .629
90= NET RATE VEL .675 1 .675 .244 .62Z

i,0: NiT RATE ALT 11.317 2 5.658 2.48 .135
41 70= NET VEL ALT 1.517 2 .758 275 .761
; .9: RATE VEL ALT i.017 2 .508 .184 .83Z

4 W= 4- Al INTERATIONS 13.650 2 6.825 2.471 .090
NET RATE VEL 13.650 z 6.825 2.471 .090

42,~ ZALI
• 490-

4,40: EXPLAINFED 6854.792 23 298.034 107.886 .##1

4Jt0: RESi]IAL 265.200 96 2.763
4L70=
4,80= TOTAL 7119.992 119 59.832
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L : cf1 ) aC I t h e a i Ct L i ) S b t w b 2 U t h e r o a d

networ aIId Aircraft arrival rat e re shown oe low. This

data ij.ip ret iited graphically in Fi:;ure 17.

~ ~4L

6.. 5

9 _97
.A)
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i /.,Ap Pt ,iii x t;

.)o r-,,'aV WXV, with Ai r:, eed 12xcluded

. .ult' L , tie four-wa .\NJVA with airspe ed excluded

w :re t , ;a r, v as the results oa t!, - fi .,e-way ANOVA.

M EAN SIGNIF

TiE~ Iu -,wf[ r OF F

E Z i Z P.6 64.050 .691

~'~ 5;.3.37 57.03171136,610 MI9

.,, -.837 1 35Z.7 69.952 .61
A:,, 516. 258.204 51.191 .691

57.637 1 57.037 11.308 .#1

•-- A1 1 -0- , T13.62 1 9 L01.513 39,951 .01
Nt.T RATE 13.538 1 i3.538 2.684 .103

40i Ni ALI K.0 z 16.012 3.175 .044

. Nl SIGMA 1565.704 1 1565.704 310.410 .O9i

3. RATE ALT 6.475 z 3.38 .642 .527
SRUE SIGMA 53.204 1 5'.204 10.548 .001
3.. = s. SIGMA 142.675 Z 71.337 14.143 .01!

6.feji --WAI INTEFACTION" 33.496 7 4.785 .949 .470

'10: NET RAiE ALT 14.7Z5 2 7.363 1.460 .Z35

J,= NET RATE SiGNA .604 1 2.604 .516 .473

. NT ALT SiGiMA 1.158 2 .579 .115 .892

",40: R TE ALT SIGMA 15.008 2 7.504 1.488 .Z28

2,,6= -WA'i 1NTlRACTIONS 1.058 2 .59 .105 .990
70 NT RATE ALT 1.058 2 .529 .105 .908

SIGMA

4t .- EPLAiNE 8507.496 23 369.691 73.333 .091

0: RESIDUAL 1489.500 2L16 5.044

*'t 40 I:.
4640: TOTAL 95%9 .996 239 40.155
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p pc'ud ix U1

1, t C , s 0f S t Li :,tLi ca 1 Dis t r ib u t i n s

1?,;S t t S for the t ol 1owil,; distributions are

prenntcd i thi Appendix:

I. kx tuLtial distribution of arrival times.

Nori;al distribution of AAA sites in belt 4, using
road network 2 and sigma equal to 3.0 N.

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

road network 2 and sigma equal to 6.25 NM.

file Ii:tributlon of arrival times was tested using a

Chi-;,4uare 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 hypothesis tat the data came from the desired

distributions could not be rejected.

Distribution of Arrival Tioes

The arriial 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

2.01 0.15 0.06 0.18 0.56 0.69 0.18 0.39

0.67 0.05 0.39 1.15 2.70 0.31 0.07 1.82

0.82 0.85 0.46 0.17 0.65 0.32 0.22

1.60 0.03 0.04 0.72 0.41 0.31 0.95
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i r r, rrta 1 int r',3ls ark f ro:: in exponential

ILc .rr ivaI intr,.i I are not from an exponential

( .5 ,i i u e.s) distribution.

V -K-I -ri= - -0= 4

X¢i = 9.49

230: RUN NAME ARRIVAL RATE EXPONENTIAL (.5 MINUTES)
246= VARIABLE LIST INTERVALFREQ
250: INPUT FORMAT FREEFIELD
Z6#: INPUT MEDIUM CARD
217f WEICHT FREQ
280= N OF CASES 5
296: NPAR TESTS CHI-SQUARE = INTERVAL/
3##: EXPECTED : 6.89 5.64 8.41
310= 7.7# 9.37
320: READ INPUT DATA

510= ----- CHI-SQUARE TEST
52#=
530= INTERVAL
54#=
55#= VALUE 1.9 2.9 3.J 4.J 5.J
560= COUNT 7. 7. 7. 6. It.
57#= EXPECTED 6.89 5.64 8.4# 7.7# 9.37
580=
59# CHI-SQUARE D.F. 1 ,NIFICANCE
61#= 1.222 4 .874
610:

6ZI IARRIVAL RATE EXPONENTIAL (.5 MINUTES)

1. 222 < 9.4q

2 2
X X for alpha equal to .05caic < crit

Therefore we must fail to reject Ho .
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DistrihtI ion f AAA 'Its in Belt 4

h~is test was made to verify the normal distribution

of weapon sites when sigma is set at 3.0 NM. Road network

2 was used because road network I would have produced a

truncated normal distribution. The LOC is .8 NM to the

right of the center of the army area when it crosses belt

4. Thus the defenses can fall up to

13.5 - .8 = 4.23

3.0

standard deviations to the right of the mean point and up

to

13.5 + .8 4.77

3.0

standard deviations to the left. This will include, for

all practical purposes, 100% of the random numbers drawn

froan a Normal (0.8, 3.0) distribution.

1o The 25 AAA sites come from a Normal (0.8. 3.0)

distribution.

HI: The 25 AAA sites do not come from a Normal

(0.8, 3.0) distribution.

D -D -. 27

crit .05,25

135



T c ti i tr pro ra:. Adu d t j poi t s ire shown below:

166:RUN NAME AAA DISTRIBUTION FOR BELT 4 (SIGMA 3.0) 4

lIWYVARIABLE LIST POSITION
120:INPUT FORMAT FREEFIELD
136:INPUT MEDIUM CARD
146=N OF CASES 25
156:NPAR TESTS K-S (NORMAL .8,3. ) = POSITION
16@=READ INPUT DATA
17#=-2.63 1.Z9 -2.41 2. -1.22
186: 2.51 6.68 2.57 1.63 .46
196: 5.86 -1.56 2.16 2.15 6.65
260= 1.34 2.17 -3.18 -3.16 -3.68
ZlI= .74 -2.97 -3.54 -3.10 2.17
22#=FINISH
230=IEOR
246=*EOF

The rcst;i ts are shown below:

480= ----- KOLROGOROY - SNIRNOY GOODNESS OF FIT TEST
49#=
5##= POSITION
516=
526: TEST DIST. - NORMAL (MEAN : .8666 ST. DEY. = 3.####)
53#z

54W CASES MAT(ABS DIFF) MAX(4 DIFF) MAX(- DIFF)
55#= 25 .1576 .1576 -.1849
560=

57: K-S 2 2-TAILED P

586: .788 .564
590=
600=IAAA DISTRIBUTION FOR BELT 4 (SIGMA = 3.1)

.1576 < .27

IDf < D for alpha equal to .05

max crit

Therefore the null hypothesis can not be rejected.
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hi st r i, t ion 1i , AA i t s Iiu Belt 5

This test was made to verify the normal distribution

of W si es whet sIgma is s*t at 6.25 Nm. Road

tietwor,. 2 i,, . '111-1 to the risht of tho center of the army

arc a %u., n it cro ;s 1elt 4. Thus the defenses can fall up

t o

13.5 - .7 Z . 05
o.25

staniard deviations to the right of the mean point and up

13.5 + .7 2.27
6.25

standard deviation! to the left. This will include

approximately 97, of tie random numbers drawn from a

Normal (0.7,6.25) distribution. Thus the actual

distributiou should not be expected to behave perfectly,

but it should closely approximate the theoretical

distribution.

li(: The 25 AA\ sites coihe from a Normal (0.7,6.25)

Jistr ihution.

HI: The 25 AAA sites do not come from a Normal

(0. 7,h.25) diLtribution.

D - .27

crit .05,25
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ie Co~i i t v r 1)r o r :1 (I a it d IaLi pa i tits ark-~ shownu below:

100:RUN NAME AAA DISTRIBUTION FOR BELT 5 (SIGMA 6.25)
1lIBVARIA&LE LIST POSITION
1Z0=INPUT FORMAT FREEFIELD
130zINPUT MEDIUM CARD
14#=N OF CASES 25
150=NPAR TESTS H-S (NORMAL .7P6.15) POSITION
160=READ INPUT DATA
170: 3.96 5.16 -4.78 -10.15 -.98
180= 4. 4 -5.82 1.60 7.61 -11.74
190= -3.44 1.23 1.92 .44 -1.66
-0# 1.52 9.11 -2.56 -4.17 -11.12
216: -1.59 -11.16 13.Z3 8.52 -4.00
220z=FINISH
230=IEOR

240=*EOF

Te results are showi below:

480: - ---- KOLMOGOROV - SMIRNOV GOODNESS OF FIT TEST
490t
500= POSITION

520= TEST DIST. - NORMAL (MEAN .7000 STD. BEV . 6.2500)
530:
540: CASES MAI(ABS DIFF) MAX() DIFF) MAX(- 0IFF)
550= 25 .1630 .1631 -.#256
560Z
570: K-S Z 2-TAILED P
580: .815 .520
590=
610:IAAA DISTRIBUTION FOR BELT 5 (SIGMA = 6.25)

.1630 < .27

D < 1) for alpha equal to .05
max crit

Thierefore the null hypothesis can not be rejected.
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L[# '.ii ..,

r .i 1 i t v 1i I i 1 1 om 11) u t i n s

i: s ij .',' ', J ar. !) ilit ' uZ kill cor.putions

f or tic AAA alid .;.A1- . Th CSt! results are compared to

computt, r gviLratcd rrs,-ults in order to cerify the accuracy

and lo'.ic of the PRO)B!KIL su ,rourtile of thie model.

AAA

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

from the gun and therefore will be engaged at a slant

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

the time it is fired upon.

The velocity of the AAA round at intercept is:

-. 1513(3.0)
V = 3050 e - 1937 ft/sec
f

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

k55.65 2 2(60) + 55.05 .00245

6s 2Tr(20"3) + 55.(05

The probability of kill for a 50 round burst is:
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1,k st; - (1 - . 1 )244,.-;,) 1I'3b

ri t -ttaciied computer ouLp L shkWuS that the model

e r j t IL te .ai,.ae Pk ,b ,a u alcn kateod 1v hand.

SAM C-

Trne incoming aircraft 1, offset 5 NM (9260 meters or

39.67 dbm) laterally from tile missile site. It is

travelling at a velocity of 4 ", knots. The missile can

intercept the aircraft

2 + 5(3.09) = 17.45 sec

after the aircraft first enters the kill zone, assuming it

Is able to track and lock-on to the aircraft in the

mint"uia ti.me possible.

Since a 480 knoL aircratt if; moving at a rate of 7.5

sec/Ntl, it will travel

17.45 sec 2.33 NMi
1. 5 sec/NM

past the leading edpe of the kill zone before being

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

determined that the aircraft will have an aspect of about
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F
9/ r -c i ' the u % I t e t the ti:,e f intercept.

1,,inc dete 1e I uses the r,iJar cross-section of the

,rest 5 incruniteut , 19.9 Jin, the radar cross-section

it Et e aspect is used 1o calculate the

j II in it,, - t o - s i,; lid rat io, at the t iiiae of intercept.

62).6 + II + 2(39.61) - 53 - 41 - 19.95 5.99 db

=3.91

lIe circular errer probable ot tile missile is

CEi' \(.00U00071)(3.97)(9260) + (2200)(3.97) + 58

95.0 meters = 312 feet

The probability of kill of the missile is:

2
8b/ 312)

Pk - 1 -. 5 .051

The attached computer output agrees with the above

results.

.
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Trt s iis i [e's I± h iest 'K will occur if It can

iilterceip tIc aircrL r i whei tile dirc raf t's aspect is 90

with re. pect to the site. Ilue calculations for this

intercept are as followb:

J/S 29.6 + II + 2(39.37) - 53 - 41 - 24.98

.96 db 1 1 .254
C E .(. t)j /1) (1 .25) (9260) + (2200)(1.25) + 58

= 53.7 ieter s 176 feet

2
(86/ 176)

Pk I - .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 run by

settine the missile flyout time equal to zero. Under

these circumstances, the interceot could have occured near

the leading edge of the kill zone. The model had the site

wait until it could achieve the intercept at a 900 aspect,

which is consistent with the desired logic pattern. The

results, shown below, agree with the prediction.

.- k i; 'P -0.,@ NM,
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Appeiidix J

Tie-Up Tiires of Weapon Systems

This Ap,'Lcdix contains examples of computer generated

output Which illustrate tile loglc and accuracy of the

model fn deteritning whlich weapon sites are allowed to

firc it an aircraft and how long tile sites are tied up

after firing.

In the output listed below, the first aircraft

reaches the first AAA belt .025 minutes after crossing the

FEBA ( the AAA is referred to as weapon I 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 aircraft reaches the second AAA belt .125 minutes

after FEBA penetration. Three sites in this belt are

within range. They fire and are tied up as listed below:
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.Ste YLLC -j T (in winut es

24 .831

5 .637

19 .609

6ased on the above inforuation the sites would be expected

to be released as shown:

Belt Site Release Time (in minutes)

1 23 .025 + .652 - .677

1 25 .025 + .703 - .728

2 19 .125 + .609 - .734

1 16 .025 + .730 - .755

1 20 .025 + .732 - .757

2 5 .125 + .637 - .762

1 4 .025 + .837 - .862

2 24 .125 + .831 - .956

The weapon sites do release at the times given above, as

the computer output shows:

'-.40 BELT WEAP!'N I

v * :IF 7E 4. *, 44474,,W C

*F, / K F F L0. F . Z4I , 7,L5
J: :TE F ELT 1. OF WLAPON I. I TIED OF FOFR .6517491742@66 MINUTES

E SITE ZY.. nF LELT 1. OF WLAPON 1. I' TIED UP FOR .70348669588i5 MINUTES

r T T 4. N EEL , S WEAPON I. Vt. ED UP FOR .837351-18 4B4 MINUTES
, ITE I,. OF BELT I. OF WEAPON 1. IS TIED UP FOR .7297425644773 MINUTES

C 70 SITE O uF BELT 1. OF WEAPON ;. V TIED UP FOR .73234%97998 MINUTES

144



- , ,&.,- M MINUTE

.. . MINU'ES

SEL ", .N i. [D ! 'I rk '.147341,15511 MINUTES

,. T ; RLUI:: , I-4 .I,7 ,,' F6 , fROM BELT I OF WEAPON I

E ;,i , :;'[ 5 15RE.' ( F " ME . '.84 3.65 1. FRm BEl f OF [EAON I
RE A f ME - :I.4 S47, FROM BELT I OF WEAPON I

0: 'TE -4 RLA A E *A'47,. FRM BELT I OF WEAPON I

IA ATi 5 , R E'- ,L A 2..5 44 FRM BELT 1 OF WEAPON I

J: E 4 ::,LEA.4. A .: - ,l 8,346 FROM BELT I OF WEAPON I

A: [ ,., :s.. PL.ALL T ' E .wt41,757031 RO BELT 2 OF WEAPON I
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ttter proprt Ies of the model are illustrated when

thie tLird and fourth fighters enter the network. Aircraft

number three enters, tying up iour AA sites in belt one.

'4hen aircraft number four enters-, the four sites in belt

one tied up by aircraft number three are unable to engage

i t

Aircraft #3 enters

..... _ I,:, UP -7-'F .', . 4L MINUTES
"t I + L:. LF ,iL 1, '  WEAF GI I. I'S IEL '1_4 F 'R .67'),041146171 HMINUTES,

iI~iO: .IT~c LOF HEL' 2 CF EAF',O, I. :cTIF: UF' Fa, !io9g@,0i}@a mINUTES,
+-. . .@ ."07 : F+ ,F EEL' I. F WEAF,-N I., "c TIED UP POR .6440, 1.:552 MINUTES

i-~~~~~~~C I S : - c EfAL'.-5 A T ItE -.4,"17"7,1124" " " FROM IELT I OF WEAPON 3

,.-~~ I2i:5:L F WEAPON I

!,50= 0, 1:, L) FE ALREAV"I THID Up,.

," 22::. P: P '.!-SITE 5. V :4 11399874el.
.~~~~~ PK%] -' ,SITE 19,' V .,9600799 , 0.: '

"00}II= PV "]1" -: ,1 1. 0 .
, 1=PK, OF ST .:

I32@: 'ITE -4. OF KILT -4. Or WEA,'t' .i' TEED UPF,' R .64,4880, l0593 MINUTES
07;:= S!T1 5. OF FELI " F WEAPON 1. STIjr; 'jP FOR .714099z* ',94r,7 MINUTES

" ?40: c1TE 19. OF BELT 2.OF WEAP'?P N. 1 S lIED UP+ FOR .899247'962L"3 MINUTES

, : E- ',. ,"IF WEAPONI I
7 ,40W -c5 4T 9 g7".:,,2,.1o Aircraft #4 enters

:. , .80- 4 S: %:: ARE ALREA&EY TIEDUp

.,400: P'K OF 1- Te 20. 0 4224.V
4!0@ F: F 'Te 1. 1 I.

S -;: Pt, UF -.17E l . j @,
- ,31z PIK ... c,7 . 0

,4 = X ' I . 0 .
" i450= SITE 20. OF EELT 1. OF WEAPON 1. IS TIED UP FOR .8496,914058775 MINUTES
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Ih. output below shows ;il aircraft entering the

secod S.\A[-d) bcI t (the SAA-D is referred to as weapon 3'.

'wo SAM1-L sites are within ra),.e of the aircraft, but only

on v iq .11 lowed to f ir. becatue the Pk of the second site

I.S belw .0.
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Append ix K

Model ing Current Weapon Systems

This appendlix is classified SECRET. It is kept and maintained

by the Air F orce Institute of Technology, AFIT/ENA.
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