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ABSTRACT 

This thesis is an analysis of the cruise missile targeting and engagement models in 

the Enhanced :-\a val \\'arfare Gaming System (F\\\'GS) release 2. Flow charts derived 

directly from the computer code are included. The purpose of this thesis is to analyze the 

computer code to determine its realism in modeling actual cruise missile engagements 

and to pro\ide the C\\YGS users with insight to the factors affecting cruise missile en­

gagements in the game . .\1odifications to the Enhanced :\a\·al \\'arfare Gaming System 

are proposed. Recommendations arc also included for Game Directors using the game. 
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I. I ;\'TRODUCTION 

A. PURPOSE 

The purpose of this thesis is to provide a detailed analysis of the cruise missile tar­

geting and engagement models used in the Enhanced :\aval \Varfare Gaming System 

(E:\\\'GS} release 2. Included in this thesis are reconunendations for the impro,·ement 

of the computer models. Information is also provided concerning which factors most 

strongly affect the outcome of cruise missile engagements in the game. This type of 

analysis is necessary to ensure that the :\a\-y receives a finished product which is a re­

alistic and useful simulation of naval warfare. It will also pro,·ide users with a better 

understanding of the interactions which take place in the game. This will allow game 

directors to provide better training. and will emurc that game players will ha\·e no nUs­

conceptions about how the game operates. 

B. E:\HA:\CED :-IA\'AL WARFARE GA~li:\G SYSTgJ 0\'ER\'JE\\' 

The Enhanced '\a val \\'arfarc Gaming System is an enhanced version of the '\a\'al 

\\.arfa.rc Gaming System developed by Computer Sciences Corporation of \loorcsto\\'n, 

~C\\' Jcr~;~y under L'.S. ~avy Contract. The :"a,·al \\'arfarc Gaming System \\'JS first 

installed in J9S~ at the Center for \\'ar Gaming at the :"aval \\'ar College in ~e\\'port. 

Rhode Island. E'\\\'GS release 1 was accepted by the '\avy and insta1lcd in August of 

19S6. The second release of['\'\\'GS was begun in July of 1987 to enhance the realism 

of the air operations model, improve the user interface, and refine the sensor models. 

Currently the E~\\'GS release I is in operation at the Center for \\'ar Gaming at the 

'\aval \\'ar College. Release 2 is in operation at Tactical Training Group Atlantic Dam 

:'<eck. \'irginia, and at Tactical Training Group Pacific San Diego, California. \\'i th re­

mote stations at the '\aval Postgraduate School \1ontcrcy, California, Commander in 

Chief Pacific fleet Jlonolulu, Hawaii, Commander in Chief Atlantic J'lcct '-:orfolk. 

\'irginia. and at Commander in Chief l'nited States '\'a val Forces Europe London, L K. 

The usc of gaming as a supplement to fleet exercises has become increasingly im­

portant as the expense of operating fleet units has risen. The use of computers as a 

gaming tool has· become essential because of the complexity of modern naval warfare 

and the need to conduct training in a real time environment. 



The E~WGS System Specification !Ref. 1: p. 3] gives the following description of 

the E~IVGS 

The Enhanced ?\aval Warfare Gaming System (E~WGS) is designated to be a gc· 
ographically distributed war gaming system capable of supporting the neeJs and 
objecti,·cs of C~O. Fleet Commanders, ~a val War College (~\\'C) . and Tactical 
Training Groups (TACTRAGRC's). As the "avy's war gaming system, E~\\'GS 
shall pro\·ide a detailed, realistic computer simulation of the na\'al warfare cnYiron­
ment. The System will use common hardware and software to support interactiYe 
gaming \'ia a local and long distance communication network. 

The E:'\"\\'GS System Specification [Ref. 1: p. 4] also states that the mission of the game 

system is: 

As an operational and educational tool, E~\\"GS will focus on strategic tactical war 
gaming and decision making, doctrine and tactics derelopment e\'aluation, opera­
tional planning ·eyaJuation, training curriculum support and improvement of war 
gaming methodologies. 

C. PROCEDURE 

The organization of the thesis will follow the chronology of a cruise missile attack 

as it is approximated by the [:\\VGS model. Chapter 2 will discuss the air·to-surface 

weapons targeting subroutine (\119) which determines how cruise missiles and other 

a ir-to-surf.:1ce weapons are assigned specific targets in their acquisition areas. Chapter 3 

will discuss the cruise missile hit determination subroutine (.\122) and the electronic 

countermeasures subroutine (~130) which determines if cruise mlssiles strike their as­

signed targets. Flo\\' charts of these subroutines are provided in Appendix A. Chapter 

4 will coYer conclusions about the weakness's of the model as a representation of a real 

cruise missile engagement. Chapter 5 comprises recorrunendations for the improvement 

of the models. In addition to reconunended changes to the computer models, specific 

recommendations for Game Directors and Data Base :Yfanagers on how to improve the 

realism of the game are made. 

D. DEFI NITIONS 

\\'hen an air. surface. or subsurface platform is given a take order the follo\\'ing de­

finition applies to a missile strike: A missile strike or track is a group of missiles 

launched by a single platform in one salvo. Each group of missiles in a single track 

symbol is run through the subroutines. So if there is only one missile in the track. that 

one m.issile looks at the target area, is assigned to a target, and has a hit probability 

genera led. If ten missiles were launched by a platform at the same time and at the same 

target the entire salvo would be represented by one missile track symbol. \\'hen this 



track arriYes in the target area, the salvo of missiles has a single field of view, the ten 

missiles arc assigned to targets in the zone, and a single hit probability is generated for 

the entire sal\·o. A diJTerent procedure is used for scheduled airborne raid!:. An airborne 

strike i5 generated by an airplan and is treated as a whole. \\'hen the airborne strike ar· 

riYes in the target area, each aircraft i$ assigned a target in the target zone for the strike. 

Then each aircraft fires all of its missiles at irs assigned target. 



II. CR UIS E MISSILE TARGETING (i\119) 

A. OVERVIEW 

This cruise missile targeting routine is ca11ed by the missile monitoring routine ( \1 I 8) 

when the cruise missiles enter the final portion of their flight path at seeker turn~on. The 

strike is identified as a subsurface: surface launched missile strike or an aircraft launched 

strike. Targets and missiles are sorted into groups of anti-radiation homing missiles 

(ARYf) and non-AR:\1 targets and missiles. The seeker field of view is calculated, then 

the romine determines which ships are in the target zone. The targeting quality \'aluc 

determines how the ships are to be weigh ted in the targe1 zone. The missi les arc assigned 

stochastically or deterministically among the target ships. Al'-\-1 missiles are assigned 

only to AR\1 targets and non-AR~ missiles are apportioned amongst all targets. 

B. ENGAGE~IENT AND STRIKE ORDERS 

Cruise missile attacks conducted by air, surface, and subsurface platforms can be 

initiated by using an engagement order. Csing the engagement order the player desig­

nates a target by track name, or by latitude and longitude. Salvo size is selected, and in 

the case of surface and subsurface bunched attacks, the engagement can be designr~ted 

as a bearing-only launch. a launch with waypoints, or the launch platform is assigned a 

time-on-top. A bearing-only launch indicates that as soon as the missile is launched its 

seeker is turned on and the missile searches along the assigned bearing until it finds a 

target. \\'aypoints are designated points along a flight path which the nUssile must pass 

through on its way to the target. \Vhen a platform is assigned a time-on-top. the plat­

form is being ordered to launch its missiles so that they arrive in the target area at the 

specified time. Therefore, the platform must calculate when to launch its cruise missiles 

so that given the speed of the missile and the range to the target, the rllissiles hit the 

target at the ordered time. 

Aircraft may be ordered to attack a target by forrrilng a strike on the airplan. The 

type. number, and weapons load of each aircraft is defined in the airplan. Additionally 

the target is designated by name, or a position is indicated as the aim oft he strike. Both 

air strikes and salvos of cruise missiles are given a strike name so that the Game Director 

knows an attack has been conducted and may alter the parameters affecting the strike 

ifnecessar.y. These parameters are: targeting quality, target zone center1 target zone ra­

diu.s, and crossover range. Target zone center and target zone radius are self-



explanatory. Targeting quality reflects the quality of the targeting information that the 

attacker posseso;.es and affects how targets arc weighted. Crossover range is the distance 

between the missile track and the target at the closest point of approach. It determines 

the amount of time available for a ship's self-defense weapons to react. 

C. Sl -BROLII:"E :\!19 

I. Determining the size of the Target Zone 

Once subroutine ~11 8 has called the targeting routine, the Hrst step is to call the 

appropri3.te missile and target data. The next step is to determine the size of the target 

zone. The target zone is a circle centered on the latitude and longitude, or the target 

track de5i!;nated in the strike plan or the engagement order. Target zone radius is set by 

the Game Director or it is determined by calculating the radius of a circle which is de· 

fined b~· a Il'jssile's distance from the target and a predesignated arc. The arc is a con­

stant written into the PL I subroutine. which cannot be changed by the Game Director 

or the riayers. for a11 missiles the target zone radius is determined by the target distance 

from the missile at seeker turn-on multiplied by the tangent of the predesignated arc. See 

figures l and 2 in appendix A for a more detailed description of how the target zone is 

calculated. For surface and subsurface launched bearing-only targeteJ missiles. seeker 

turn-on is at the time of missile launch. r or range and bearing launched missiles seeker 

turn·on is deri\·ed from the ntissile·s data bas~. For airborne launched missiles. seeker 

turn-on occ~rs at the time of mi(,sile launch. The calculated radius of the zone is com­

pa:-eJ to the radius of the zone set for the strike by the Game Director, and the lesser 

of the two ,·a]ues is uo;.ed. Additionally there is a check to ensure that the radius is not 

less than o."5 nautical miles. Once the target zone radius is determined all ships on the 

surface insJJe the circle are designated as targets. 

Target ships are now are specified as :\R\1 targets, non-AR~t targets. or both. 

A!l ships are non-AR\1 targets. Ships emitting the electromagnetic frequency to which 

the :\R \1 s arc ~ct to home, are designated as .AR\1 targets. The subroutine checks the 

frequency to which the missiles are set and all targets emitting that frequency are iden­

tified as .-\R\1 targets. The internal procedure target_wetght i~ then called to asst~n 

tar~et \\·ei&hts for assignment of missiles. The critena for target weighting is determined 

by the ta.rgetin£ quality Yalue set by the Game Director. 

2. Targeting Quality and Procedure Target_ \\"eight 

The missiJes must now be assigned to targets. This is done by the procedure 

target_ we1ght in subroutine \119. Refer to figure 3 in appendix A during the fo1iowing 



discussion. The weighting of the ships in the target zone is determined by the targeting 

quality value assigned to the strike. This is a number between zero and one. Targeting 

quali ty is a number which indicates the scope and accuracy of the information held by 

the attacker concerning the target platform. Zero indicates that the attacker has no in· 

formation on the target platform. A value of one indicates that the attacker has perfect 

information on the target area. Targeting quality is set by the Game Director. If it has 

not been set, the default value is 0.5. First , all targets are assigned a weight for all 

non-A R\1 missiles. If the targeting quality is < 0.2, (very poor), all platforms are as­

signed a target weight of one. If the targeting q uality is between 0.2 and 0.5 targets are 

weighted by their radar cross· sections. If the targeting quality is > 0.5 then targets are 

weighted by their target \'alue which comes from the data base. Target value is highest 

for aircraft carriers and battleships, and lowest for frigates and other small combatants. 

See E:-;WGS vo!. 6 [Ref. 2 pp. 9-7[. Ships which were designated as the target for the 

strike or engagement are assigned a target ,,·eight equal to their calculated ta rget weight 

which is increased by a preset multiple, regardless of the preset targeting quality. This 

increases the weight of the ship which is the objectiYe of the attack. 

The next step is to assign an A R \1 weight to the AR\1 targets. If the targeting 

quality is 5 0.5. the ships are given an ARYl target weight of one. If the targeting quality 

is> 0.5 the target weight is set to the ship's target value. Again ships which were des· 

ignatcd as the target for the strike or engagement have their target weight increased by 

a preset multiple. Once the targets have been weighted the missiles are assigned 

stochastically or deterministically to targets. The game is placed in a stochastic or 

deterministic mode by the Game Director prior to the start of game play. 

3. l\lissile assignment 

\1is~ile assignment is performed in the same way for AR.'vl and non·t\R\1 

cruise missiles. See figure 4 in appendix A during the follmving discussion. If the gaming 

is being done in the deterministic mode missile assignment is as follows: A check is per· 

formed to find if all the missiles in the strike have been assigned to targets. !fall missiles 

han not been assigned, a target ship is drawn. The variable Ratio is set equal to the 

ships ta rget weight Ji,·ided by the to tal target weight of all of the targets. The number 

of m!ssiles assigned to that ship is equal to the ratio multiplied by the number of missiles 

in the strike. So the number of missiles assigned to each target ship is proportional to 

the target ship's weight. In the case of an airborne strike the missiles are 00[ assigned 

to ta rgets, rather each aircraft is assigned to attack a single target. If the number of 

cruise missiles or aircraft assigned to attack a target is greater than zero, that quantity 



is added to the Yariable Sum. \\'hen the lasr rarget platform is being assigned missiles, a 

check is performed to Yerify that the number of missiles calculated to be assigned to the 

target doe$ not exceed the numbl!r of remaining unassigned missiles. If the calculated 

number of missiles assisned is greater than the number of missiles remaining in the track, 

all of the remaining unassigned missiles a re assigned to the target instead. :'<ow the 

procedure checks again for unassigned missiles. If the number of assigned missiles is 

equal to the number of missiles in the track. the procedure checks to find if the \·ariable 

Sum is less than the number of missiles in the track. If it is the remaining missiles are 

assigned one to a target until all missiles ha\·e been assigned. This is how missiles are 

a~signed in the deterministic mode. 

In the stochastic mode missiles are assigned more randomly. Refer to figure 5 

in appendix A. The variable Ratio is set equal to the ratio of the target's weight lO the 

entire weight of all of the targets. There is also an array called I:'(T. This array is indexed 

for each target. As target i is drawn, the value of J~T(i) is set equal to I:'\T(i-1 ) plus 

Ratio. The procedure now loops through all of the missiles. A random number is gen­

erated from the uniform distribution between zero and one. If the value falls hetwecn 

I~T(i) and 1:\T{i-1) the missile is assigned to target i. Then the procedure steps to the 

ne"\t missile. Once all of the missiles ha\'e been tested the procedure goes to the next 

target until all of the missiles have been assigned. It is possible that all missiles could 

be as~if:ned to a single target. But the procedure willloor through the targets, more than 

once 1f nece5".::try. until all missiles or aircraft arc assigned. 

D. A:-;TJ-CRl' ISE ~1ISSILE DHE:-;SES 

The reSults of all surface to air engagements, automatic or player generated, take 

effect before the \-122 subroutine is called to determine which missiles hit their assig.ned 

targets. Ilcfore the \f2~ subroutine is calJed, the surface to air engagement routine is 

called to chcck for any automatic engagements of inbound missile or aircrah tracks. 

Cruise mi5siles arc unique weapons because once launched they are assigned a track 

symbol so that they may be detected and attacked like any other ship or aircraft. Au­

tomatic engagements can be performed by point defense weapons such as guns and short 

range surface to air missiles if the proper rules-of-engagement are set. Briefly. the 

number of rounds aYailable in the weapon's magazines determines hO\\' many S:\:VI's or 

bullets are fired at each inbound missile. A calculation is done to determine the proba­

bility of a hll. This hit probability is affected by launcher or gun reliability, fire control 

effec~i,·eness. en,·ironment, and size and altitude of the targ.ct. The numher of cruise 



missiles destroyed is determined stochastically or deterministically. Once all of the sur· 

face to air engagements have taken place and the destroyed aircraft and missiles ha\·e 

been remo\·cd the air to surface hit determination subroutine the subroutine Yl22 is 

called. E:\\\'GS volume 6 [Ref. 2: pp. 6-15, 6-16] describes in greater detail how 

surface-to-air engagements are conducted. Dennis Stowkowski's thesis [Ref. 3J. though 

it was written in 1983 concerning the initial :'\\VGS model, still accurately describes ho·w 

surface-to-air engagements are conducted in E~\VGS release 2. 

E. SUMMARY 

Subroutine \119 identifies all of the targets in the target zone of a specific missile 

track generated by an engagement order or an entire aircraft strike. Depending on the 

targeting quality, the missiles are assigned to targets based on all ta rgets being equal, the 

targets radar cross· section or on the actual value of the target. Targets designated to 

be attacked are given greater weight. The missiles are assigned stochastically or 

determlnist ically to targets, ensuring that all rrussiles are assigned. Then the surface-to­

air engagement routine is caUed. During the surface-to-air engagement routine a ship's 

weapons engage the inbound missile strike. The results of this engagement determines 

which missiles sunh·e to be sent to the hit determination routine. 



Ill. HIT DETER\Il:"A TIO:-.' (:\122) 

A. 0\'fR\'JfW 

A flow diagram of this procedure is in figure 6 and figure 7 in appendix A. The 

purpose of subroutine \122 is to detertTllne if a cruise missile assigned to a target ship 

impacts that ship. The main factor in determining if a missile hits its assigned target is 

the probability of a hit. This probability is a ,·aJue between 0. 1 and I. The hit probability 

is the product of eight factors. These factors are the missile effectiYeness, the reliability 

of the missile's mid-course guidance system, the reliability of the missile's terminal 

guidance system. the effect of the environment (rain and cloud coYer). the 

electromagnetic radiation emissions control (E\1CO~) status of the target. the rroba­

bility that the seeker acquires the target, and the interaction of the cruise mlssile's elec· 

tronic countem1easures (EC\1) and electronic counter· countermeasures ( ECC\1) with 

target eleuronic warfare capabilities. First, the routine Yerifies that the desi£nated target 

track is still actiYe and that the missile track is still actiYe. This ensures that the hit 

procedure is not run on a target that no longer C\ists and that missiles which han been 

shot down or destro: ed do not engage their target. Then the routine calls the data on 

the local en\ironment to compute the effccb of the cn\ironment on the probability of 

the mi~silc hittinf" the tarfct. ~ext the routine calls \130 which computes the effects of 

EC\1. and ECC \I on the probability of the missile hitting its assigned target. The final 

probability of a hit is compUted Using WeapOnS en'ectiYcnesS. electronic warfare clfect~. 

ennronmenial factors. probability of acquisttion. and weapons reliability. The la!'t step 

is to determine if a hit occurs. This is done in a deterministic or stochastic mode. 

B. ~~~~ PROC£Dl' RE 

The missile flight monitoring subroutine calls subroutine .\122 ''"hen any cruise mis· 

site track is less than one nautical mile from its designated target ship. All of the data 

concer:~ing target and missile attributes are called, and then a check is performed to en· 

sure that the target track and the missile tracl. are still actiYe. 

I. Calculation of the EnYironmental factor 

The first calculation in the subroutine is to determine the value of the en\·iron· 

mental factor. If the cloud bottom is greater than 5000 feet. cloud density is set to zero; 

if less than 501)() feet. the cloud density value is taken from the em·ironrnental data for 

the area. Thi~ indicates that the cloud layer is obscuring the target. The rain den~ity 



value is also taken from the area environmental data. If both the rain and cloud density 

arc zero, the environmental factor is set w one. This means that the environmental 

conditions have no effect on the probability of the missile hitting its target. If the cloud 

density is the greater of the two values, the weather index is set to the cloud density. If 

rain density is greater, the weather index is set to rain density plus three. By adding: three 

to the rain density, the correct position on the \Veather Factors :vtodification Ylenu is 

indexed. The weather index and missile type are taken to the weather cross reference 

table and a value for the environmental factor is drawn from the table. The \\'eather 

Factors .\1odification Table is a table of Yalues entered by the Data Base Ylanager for 

each cruise missile type. \Veather effects data is derived from intelligence sources and 

entered as \'aiues between zero and 100. The data is utilized as values between zero and 

one. An example of such a menu is found in E:\WGS volume 6 [Ref. 2: pp. 6-43 figure 

6-28]. 

" Subroutine 1\130 

This procedure is called by subroutine .VI22 to determine the effects ofEC.\1 and 

ECC\1 on the cruise missile's probability of hit. See figure 8 in appendix A. The sub­

routine calls the ship data to determine if a platform in the area is attempting to jam the 

cruise mis!'ile seeker. It also calls the cruise missile data to determine if it is affected by 

jamming and if the missile has a homc~on~jam capability. Chaff and decoys arc ignored. 

In [:\,I"GS \'Oiume 6 there a re examples of holl' the EC\-1 and ECC:Vl data for cruise 

missiles are entered [Ref. 2 : pp. 6-~5.~6 figures 6-3 1 and 6-32j. 

If jarmning is being conducted and the missile is susceptible to the frequency 

being jammed. the EC:\.1 effectiveness ''alue is set to the [C:\1 value entered on the 

\1issile Characteristics :\1odification \1enu. If the missile is not affected by the jamming, 

the EC\l cffective.ness value is set to zero. If the missile has a home-on-jam ca pability 

in the frequency range being jammed, the ECC\,f efTectiveness value is set to the ECC\f 

value on the \1issilc Characteristics .VIodification Ylenu. If the cruise missile has no 

home-on-jam capability the ECC\-1 value is set to zero. 

The \-1 22 subroutine uses the equation: (I- ((I - ECC.\f) x EC.\1)) as a multi­

plier to degrade the probability or a hit. This means that if no jamming is being COO· 

ducted, the multiplier is one, implying no effect. But if the missile is being januncd and 

has EC.VI and ECC\1 values on the Missile Characteristics \1enu of less than one, the 

prob.1.bility of a hit is seriously degraded even if the missile has a home-on-jam capabil­

ity. For missiles given an ECC\1 value of one, the jamming has no effect on the proba­

bility of a hit. The model does not take into account the fact that januning can act as a 
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beacon for a cruise missile and allow it to acquire a target that might han been outside 

of the missile's acquisition envelope. The most serious draw back of the release 2 ~vl30 

mod~\ is that it does not take into account the eiTects of chaff and decoys [Ref. 4) e\·cn 

thOufh this information can still be entered into the game·s data base. 

J. Setting the El\ICO)l factor 

The last step prior to calculating the hit probability is to set the EYlCO~ factor. 

The E\ICO:\ factor shows the effect that electronic emissions control has on the hit 

probability. Initially the E\1CO:\ factor is set to one. If the missile is not an AR\1, 

the E\ICO:\ factor remains one. If the missile is an ARYl, a check is performed to see 

if the AR\1 seeker frequency matches any of the emitters on the target platform. If yes, 

the E\ '!CO:\ factor is set to one. If there is not a match the hit probability is degraded 

and the E\ICO'. factor is set to 0.5. 

4. Final Hit ProbabiJity Calculation 

All the factors that effect the probability of a hit ha\·e now been calculated. :\ow 

the probability of a hit is calculated. All of the factors are values between zero and one. 

The probability of hit is the product of weapon effcctiYeness, E\1CO:\ factor, 

(I-((\- I:"CC.\f) x EC.\f)) , Em-ironmenta\ factor. Probability of target acquisition, 

Reliability of weapon guidance system. Reliability of \\"capon item~ and Reliability of 

terminal gutJance system. The final step is to determine the number of hits. In the 

stochastic mode a random number between zero anJ one is drawn for each nlissik. If 

the random number is le~s than the probability of a hit the missile is counted as a hit. 

If not. it is a mi~s. In the deterministic mode, ho\\"eYer, the number of hits is equal to the 

probability qfhit x the number of missiles in the track, rounded up to the neareq inte· 

ger. Therefore, if the probability of a hit is 0.6, approximately sixty percent of the nlis· 

siles assigned to the track hit the target. The battle damuge assessment (BD:\ ) routine 

is then called to determine the damage inflicted by the cruise missile hits. 

C. A'\TI-RADIATIO'\ ,\l!SSILES 

In this subroutine there is not a great distinction between acth·e radar homing and 

anti·rJ.diJtion homing missiles. The calculation for the £\1CO:\ factor is the only step 

in this routine that diiTerentiates between the two missile types. This is done th rough the 

step that checks for a match between the homing frequency of the AR:\1 and the fre· 

quencies emitted by the target platform. A match between heat seeking missiles and the 

target platform is not made. The Guidance Type Ylodification Ylenu [Ref. 2 : pp. 6··471 

and the Shtp Properties \todification \fenu [Ref. 2 pp. 9<>9] do, howe\·er, allow for this 
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information to be entered. The final distinction between AR\1 and non-AR\'1 missiles 

occurs in the BDA subroutine, \Vhich will not be covered in detail by this discussion. The 

BOA routine takes AR:\1's that are designated as hits and allocates the damage amongst 

the targer's radars and sensors on the upper levels of the target's superstructure. For a 

more complete disscusion of the BDA routine see E:\\\'GS volume 6 [Ref. 2: pp. 9-1 

through 9-6] and the thesis by Knott [Ref. 5]. 

D. SU\JMARY 

The hit probability is the product of eight separate factors which degrade or have no 

effect on the hit probability. The effects of weapon system reliability, environment. and 

electronic warfare all contribute to the probability of a hit occurring. There are three 

areas of weakness in this model. Chaff and decoys are not modeled, I R homing missiles 

arc treated the same as non-AR\1 missiles, and home-on-jam capabilities are not accu­

rately modeled. The strength of this model is that all of the factors affecting missile 

performance are addressed. 
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IV. CONCLUSIONS 

A. TARGETING ROUTINE \HAKNESS 

I. St>eker patterns 

The primary shortcoming of subroutine \119 is that this targeting routine does 

nat replicate individual cruise missile seeker panerns. Each missile, \Yhether it is one of 

the first generation missiles developed in the 1950's or one of the newest , sweeps the 

same number of degrees of arc. Because of this. many of the advantages and d isadvan­

tages of the various missiles are lost. The qualities retained by the missiles arc their Oigbt 

profile, warhead size, and the \·arious parameters representing missile reliability and ac­
curacy. A fli£ht of missiles, in the real world, does not weigh the targets in their f1eld of 

\·iew and then distribute missiles between the targets. The intent of the routine is to 

simulate the random scattering of missiles in a salvo. Though the routine docs scatter 

the missiles, it docs not scatter them randomly. As in the real world, the number of 

missiles which acquire any ginn target is dri\·en by the distance bet\wen the units in the 

formation. Often the distance between ships is great enough that a missile flight"s target 

zone radius covers only one target track. llowevcr, when ships are in close formation 

and the inbound night of missiles has a large seeker field of Yiew, the at tad is diluted 

by the missile assignment routine parceling out the nlissilcs to different tracks. Assign­

ing missiles by weighting is good from a tactic.al standpoint because all targets in the 

zone are attacked, and the highest Yalue target is acquired by a majority of the missiles. 

This also mCans that if the high value unit was not detected but was present in the for­

mation. it would still be the most heavily attacked. However, the weighting scheme also 

defeats the capability of modern cruise missiles to identify a single target as the high 

\·alue untt and concentrate only on that target. This weighting scheme \Yas built imo the 

targeting model because this model is used for all forms of aircraft-to-surf..tcc attacks as 

well as. surface crui~e missile, and subsurface cruise missile attacks. Airborne attacks are 

adequately modeled by the routine because the Game Director sets the parameters for 

the target area. with the exception of target zone center which is set by the player exe­

cuting the attack. In the case of airborne auacks, the len! of information a,·ailable 

concernin£ the target area is usually high. So, using targeting quality, m.i!>!iilcs can be 

distributed realistically to heavily attack the high \"alue targets and suppress the defenses 

of the other ships in the area. Suppression of the defending escorts is more critical to 
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aircraft survival than it is to the success of an over-the-horizon cruise missile attack. 

HoweYer, as more emphasis is placed on coordinated long range surface, subsurface 

cruise missile attacks, the inadequacy of the model's representation of surface subsurface 

launched cruise missile attacks will become more apparent. The current design of the 

model lacks the flexibility to incorporate future generations of cruise missiles. 

2. Heat Seeking Cruise Missiles 

Another inadequacy of the targeting routine for cruise missiles is that infra-red 

homing missiles are dealt v.i.th in the same manner as active radar homing missiles. All 

ships arc weighted by either radar cross-section, target value, or they are weighted 

equally. Infra-red or heat seeking missiles should weigh targets by their heat signatures 

and attack accordingly. 

3. Seeker Field of View Radius 

The follo¥;ing problem is a chieOy a data base problem. Seeker turn-on ranges 

determine the field of view radius of a missile in the present model. Though the ,·aiues 

for seeker turn-on may be correct. the Yalues for field of view radius determined by them 

are not. 1t is important that seeker turn-on range be set correctly because this is often 

the first warning that a missile is inbound. This cue also drives certain electronic warfare 

responses by surface ships to missile raids. HoweYer, target acquisition is driven by the 

rad ius of the seeker's field of view. As long as the t\\ o values are linked, and the arc of 

the seeker's radar sweep is fixed. one of these two values will be incorrect. This will result 

in degraded target acquisition by missiles and incorrect electronic warfare responses by 

target pla tforms. 

4. Targeting Quality 

The next problem in the targeting routine is the use of targeting quality. As 

stated in Chapter 2, targeting quality determines if targets are weighted by radar cross­

sec.:tion, larget ,·aluc, or if all targets are treated equally. llecause only a few players can 

be placed at game consoles, the hundreds of combat information center teams, bridge 

watches. sonarmcn, and aircrcws arc not present to support the officers playing the 

gnme. To some degree this lack of processed information is made up for by the targeting 

quality parameter. The players may have the information to target individual ships in a 

target formation but they do not have the Dead Reckoning Tracers and cruise missile 

weapons control consoles to use the information to its best advantage. The Game Di­

rector can compensate for this by adjusting targeting quality. The question arises: Lsing 

targeting quality, hO\v does the Game Director quantify the attacker's knowledge of the 

target area? Does the Game Director adjust it according to the information available to 
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the player or by the information that the player is utilizing? Despite the Garne Director's 

abilit~ to affect the outcome of an attack. players ha\'e a major impact on the success 

of an attack. The pJa:·er has all of the information available to him that real fleet oper­

ators possess, but the player does not haYe the same de~ree of control. 

\Yhen targets are designated as the object of an attack their target weight is 

multiplied by a factor of fiYe. Target weight is multiplied by five no matter what the 

targeting quality is set at. Ob,·iously, the high \'alue unit which is the goal of an a ttack 

should be weighted more heavily, but there is no justification given in the PL I code or 

in the references for how this value was arrived at. 

5. Summar~· 

The major fault in the targeting routine is that it is designed to accommodate 

all forms of air·tO·surface attacks. Because the targeting routine is generalized. it does 

not ha \'e the capability to accurately reproduce the performance of all the various seeker 

and seJrch patterns used by modern cruise missiles. 

!l. HIT DETER~li:\A TIO:-; ROUTI.'\E \\'[AKi\ESS 

1. Chaff and Deco~·s 

Chaff and decoys can be deployed b~· players from ships and aircraft. ll owe\·er, 

chaff and decoy" ha,·e no effect on cruise missiles because the subroutine does not per­

form a check to ~ee if they arc deployed in the target area. Therefore players are using 

chaJT JnJ deco~ ~- expecting a dcgraJ.ation of the performam:e of an inbound missile raiJ.. 

but see in~ no effect. Chaff and decoys were modeled in the earlier releases of the g<une 

and there is no reason given why they ha\·e been omitted from this \'ersion. In the 

[:-\\\'GS release I chaff. decoys, and jarruning ,,·ere modeled using an OR statement. lf 

ar. o:Je was present in the target area. the m.issilc performance would be degraded b) 

its EC\1 \·aJue. There was no provision made for the interaction of jamming, chafT. and 

deco~ s. Therefore electronic warfare in the hit determination model is rudimentary and 

deals on1: with jamming. 

1. [C~l-ECC~I ralues 

A mls~ile's EC\1 and ECC:\1 values are the sole parameters representing the 

etTecB of electronic warfare on cruise missiles. Currently, on every cruise missile the 

EC\·I and ECC\l \'alucs are identical, and every missile has the same values. Because 

of this there is no difference in the EC\1·ECC\rl capabilities of old cruise missiles and 

new cruise mi!'siles. There is also no difference in the capabilities of CS:\' and Soviet 

cruise mis~iles.. The major effect of this is that missiles with a home-on· jam capability 
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are aiTected by januning in the same way as missiles which have some other ECC.\1 ca· 

pability against jamming. Therefore home.on·jam capabilities are greatly degraded or 

non·cxistcnt. 

3. Target-Missile EW Interactions 

In the present model the only interaction between the target and the missiles, 

aside from surface·to·air defenses, is the januning frequency. If the jamming is in the 

correct frequency band, the missiles performance is degraded. l'nless the Game Director 

intervenes and enters dummy tracks, there is no way to confuse attacking platforms and 

missiles with false tracks. There is no provision made for the strength of the jamming 

signal. Therefore for a cruise missile there is little difference between attacking a plat· 

form with a high electronic warfare capability and one with no electronic warfare capa· 

bility. 

4. Summar)' 

The major weakness of the hit determination model is the way that it deals with 

electronic warfare. The current model simulates the adYerse effects that jamming has on 

cruise missiles, but it does not simulate chaff and decoys. The model also fai ls to alia\\. 

for the \·arious \Yays different cruise missiles interact with different electronic warfare 

tactics. 
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V. RECOM~IE:'\DA TJONS 

Rccomrncndations for the improvement of t.he E:\\YGS will be made in two 

sections. The first section covers hm,· the Game Director and Data Base :\1anagcr can 

impro,·e game play. The second will discuss recommended changes for the E:'\ \VGS 

models. 

A. GA\IE DIRECTOR A;\D DATA BASE ~IA,.AGER CONTROLS 

l. Seeker patterns 

Seeker turn-on ranges dctcmtine the field of \'iew radius in the present model. 

The field of ,-jew radius is calculated by the folJowing formula: Radius = Seeker Turn-on 

range x tangent( fixed field of view arc). This formula uses the same number of degrees 

of a rc for the field of view of all missiles. Therefore. even though the data base may 

contain the correct value for the missile seeker's turn-on range, the field of view which 

results from the calculation is not the true field of view of the missile. The Data Ba!'e 

\ lanager needs to r erform the calculation fo r each missile and ensure t hat the data \'alue 

entered for seeker turn-on results in the correct field of ,·iew radius. By making this 

correction. the targeting model will more accura tely reproduce each missilc"s capa bility 

to acquire a target. It ic. acceptable to sacrifice c.ecker turn-on range accuracy fOr the 

accuracy of the field of' 1ew. because ships will automatJcally defend themselves against 

air-to-surface atta'-·ks. A player does not need to rely on an ES\1 detection of a missile 

seeker, to cu.c him to init1ate the ship's ant1-cruise missile defenses. 

2. Target ing Quality 

G~mc Directors desinng to afl'ect the results of air strikes and cruise missile a t­

tacks need to re,·iew F \\\'GS volume 6 [Ref. refid = vol6: pp. i -9, 7-J O] which shows the 

menu for ailering the target area characteristics. Se\cral fac tors need to be considered 

before assigning a ,a]ue for targeting qualit). Fi.rst, what information doe~ the attacker 

have that would 1ffiprove the results of the attack but that he does not ha \"e control ot·er 

in the game enYironment? This type of information would include ,·isual ID and ES.'VI 

information held by an air strike. If the attacker had this sort, of information the Game 

Director could justify raising the targeting quality abo\"e the 0.5 level. This means that 

target!' woulJ be attacked on the basis of their true target value. The next type of in­

formation that needs to be considered is how the missile acquires a target. If the rrUssile 

selc<..:ts a target based on choosing the target with the largest radar cross-section. the 
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targeting quality should be set between 0.2 and 0.5. If the missile views all ta rgets as 

equal. the targeting quality should be set to 0.2 or lower. Target values above 0.5 should 

not be used for surface and subsurface launched attacks unless the missile itself has some 

method for distinguishing between high and low value targets. Target tracks should also 

not be designated as a target for an attack unless it is an air launched strike. Designating 

a target track as the center of an attack places a disproportionate number of missiles on 

the designated target. In general when cruise znjssiles are used in the real world, the 

missile is ordered to a certain position. This should also be the procedure in the game. 

The targeting quality for anti-radiation missiles should be less than 0.5, reflecting the 

fact that a transmitter is a transmitter no matter what the target's identity. However, 

if the missile is capable of discerning the difference between one transmitter and another, 

then targeting quality could be increased abo,·e 0.5 or the Game Director could indicate 

that the player should designate the target track as the object of the engagement. 

In addition to altering the targeting quality, the target zone radius can be di­

rectly altered by the Game Director. This value should only be modified for air strikes 

which have visual. ES\1 , or radar information concerning the target area. T he major 

problem with the target zone radius is that the Game Director must ensure that the 

value set as a default is large enough that it \\'ill not be chosen over the missile's field 

of view radius. :\"ate: The routine chooses the smaller of the two values. 

Crossover range is another factor which indirectly affects missile attacks because 

it determ.lnes when self-defense weapons are activated to engage inbound missiles. Large 

values should be set for formations which have a high density of highly capable point 

defense \\·capons. This allows the target fom1ation's point defenses more time to conduct 

attacks against the missile track prior to missile impact. Conversely if the targets han 

a poor point defense capability or if the attack is a surprise raid against a formation in 

total E\1CO~. the crossover range should be decreased to represent the slow reaction 

of the turgct tracks. Cnfonunately, crossover range must be monitored for each en­

gagement. Crossover range does not lend itself well to the use of a preset default \·alue 

which would work for a general case. 

3. ECM·ECC~I Values 

As stated in Chapter 4, the data values set for missile EC~ and ECC.:\1 capabilities do 

not replicate the variety of missile ECM-ECC\1 performance. This is due mainly to the 

fact that all missiles are given the value 0.5 for both values. The EC:\1 value is the degree 

to which a m.issilc's performance is degraded if it had no ECC\i capability. \\"hat needs 

to be considered is: If jamming is present, what values of EC\-1 and ECC\t lOgether 
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rroduce an arproximation of the degradation (or im;-ro,·ement in the case of home-on­

jam capa!:-le rr.is.silesl of t.he missile's ability to hit its target? _-\r rresen:.. when ja:T' ... i11ing 

is con~uc:ed a,gair.~: cruise m!ssiles which have no home-on-jam ahlity. thci; ;-erfo: ::J.­

a:lce 1s Cef raCed by 50 re: cer.:.. If the missile Coes ha,-e a home~ on-jam capaC:lity i:s 

performar,ce IS degraded by -s perce:lt. The model does not take i;1:.0 accoun: othe: 

counte:rn~asures against jam:ning. Lsing the formula (1 - (tl - ECC\[J x ECJf . the 

Data Base ~tanager must set realistic Yalues fc: EC\1 which demonst: ates the depaC.a­

tion of a missile's hit probability if jamming is present and the missile has countermeas­

ures not ii'!cludin~ ho:ne-0:1-jam. ECC:\1 \ah:es shou!d 'be set for miss:Ies with a 

home-on-Jam mechanism, so that the formu!a wnh the EC\1 Ya)ue entered a:1d the 

ECC\1 Yalue ap;-roxL'Tlate the missile s hit p:obabil:ty in a ja:nrning em·iro~me:1t. Ad· 

dmonal!y if home-on-jam frequencies and Ja:nrru.ng frequencies which degrade m.:~s!ie 

pe;for:n~nce Co not perfectly ove:!ap. the EC\f Yah.::e mmT. al!equa:ely Ceg.rade rhe 

r..;ssUes hi: rrobabil.i:y. 

The fma1 rroblem in elecuoruc warf;ue 1s chaff and decoys. The on~y way ~o 

apr:o).l:-:latc these nussiles is for the Gar:-:c Director to enter Cu:r.my tracks ir.:o the 

t3.r£et form.;!~lOn :\ctl\-a':jng new plat!"om:s lS nc: Cd.,icul: Ho\\·e,·er. :he Gai'!le D::-ec~or 

must er:.s..:rc- that the a~: def;:nsc wca;'ons en these tracks a;e m:nej o!':. I: :-nay be 

worthwlule to Ces1gn srecial d~;.rr.my shi~s rha: haYe no weapon caj)abili:ies p:ior ~o t~e 

p:a~ o!"' rhe g~:::e. c;o ~!'.at :he Game D1rec:or ar.J :he £a~e co::;,:;clle:s a:-e r.o: 0' en:a'\ed 

C~.;rin£ game f.:!y 

Orerat!onal decepnon can also be Cone in this way. Fr:ga:es cou~j have the:: 

:a~J.r cross-se:::tiO:lS i.:1c:eased to rep:esem b!..ir crJ:ancing e'1,Uipmen: 

-t Summar: of Game Director actions 

:\~:~.ot:g~ t~e p.~e mode!s do nor. replicate the real wo::J e'\actl:-. there is much 

~hat ca:-. Oe Co:-:.e by adjusting weapon and platform capa1;,ilities so that real.i-.tK :-ec;c~rt 

c~:1 ~e rro\!..:ced. SeeKer n::n-on ranges and EC\f -ECC.\1 pa;ame:ers nee:: to be se; to 

rroper Yabcs. The seeker tu:n-0:1. ranges cou:d be calculared in a relati' el: sho'i.. amcur.~ 

ofurr.e EC~t-ECC\1 Yalues. however, would take a greater amoun: ofti..:ne a::~d wo~ld 

req~.::re cx:c::.sl\e ;e~earch of a classified data ba~e to find or deriYe the correc1 ,·a!t.:e5. 

Both would ha'e to be tested during game pby to see ifrest:!ts were sa:is:ac~o:~;-
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ll. PROPOSED PL/ 1 CODE CHANGES 

The Game Director implemented changes can be done quickly and at little or no 

cost to the ~a,·y. Coding changes will be more costly and may degrade the response time 

of the E:\\\'GS. 

I. Seeker Patterns 

All mlssiles have a circular seeker pattern in the targeting model. .\1any cruise 

missile's seeker patterns adequately fit this model. The alternative to adjusting seeker 

turn·on ranges would be to separate air, surface, and subsurface launched cruise missile 

attacks from air-to-surface attacks in general. Each missile, instead of going through the 

present targeting routine, would call up a seeker geometry entered in the missile's preset 

parameters and the geometry would be centered at the target zone center. Potential 

targets would then be tested to see if they fell inside the seeker geometry. 1\nother 

method for improving realism would be to make each missile a separate track. This 

would probably be too CPL -intensiYe and siO\\' down the game's response time. 

Another alternative would be to modify the present routine so that the seeker 

field of Yiew radius ,,·as called from the cruise missile's parameters. This would elinlinate 

testing the field of view against target zone radius, and the test to ensure that the radius 

was greater than 0.5 nautical miles. lt would also eliminate the computation of the ra­

dius. This would sa\'c some logical lines of code and replace them with one data entry. 

2. Heat Seeking Cruise 1\lissiles 

A test should be added to the targeting routine to see if the missile is a hear 

seeking missile. The only routine to be added would be one which assigned weights to 

the targets based on their heat signatures. This would be identical to the present target 

weighting routine except that instead of target value or radar cross-section. the ,·aluc for 

the target 1 R signature would be used. The ,·alues for I R signatures are already present 

in the data base to support the detection models for l R sensors. In addit ion to changes 

in the targeting routine, the Battle Damage Assessment (BOA) routine could be 

changed. The BOA routine presently selects different portions of a platform to attack 

based on the angle of attack of the missile or whether the missile is an AR\1. AR\1 

missiles and high angle of attack missiles are assigned to attack the superstructure of the 

targer. Standard missiles are assigned to hit the sides of the target. A test could be added 

to the BDA routine so that heat seeking m.issile hits would be assigned to flight decks 

and compartments with exhaust stacks. 
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3. Charr and Decoys 

The PL I code for the release 2 version of the C\\\'GS still contains the lines 

of code to model chaff and decoys. To reinstate the chaff and decoy model used prni· 

ously. these lines of code need to be reactivated. As stated earlier. the model for chaiT 

and decoys is identical to the jamming model. The end result would be different. how­

ever. If jamming chaff or decoys were actiYated in the target area, the EC'vl value would 

be used to degrade the missiles performance, if it was susceptible. Also if the missile 

could counter jamming, chaff, or decoys, the ECC\1 value would be used. The flaw in 

this routine is obYious. If jamming and chaff are present but the missile can counter only 

chaff its performance is effected as if it could counter jamming. As a preliminary, the old 

chafT and decoy model should be reactiva ted. The next step is to rewrite subroutine \130. 

Subroutine \130 could be rewritten to call EC\1-ECC\1 \'alues for each type 

of countermeasure. Instead of using the computation (1 - ((1- ECJ() x ECJ{)) . each 

missile should have one factor in its parameters which would represent the performance 

of the cruise missile if chaff, jamm.in£. or decoys were present. For example if chaff wa.s 

launched by the target. the missile's chaff factor would be called. If not. the value would 

be set to one, indicating no effect. Once the model had tested for all types of counter­

measure.s. the factors would be multiplied together to produce one EC\1-[ CC\1 factor. 

The rni<>ile parameter tahlc for EC\1 and the one for ECC\1 \\'OUid be replaced with 

one table li~tmg the effects of each countermeasure Subrout ine \130 would consist only 

of a group of te!'ts to indicate if chaff, jamming or decoys were pre .sent and call up the 

arprorriate data values. This model would show the interaction between janmling. 

chafT. and Qecoys as a multiplicative degradation in missile performance. This may or 

may not be reali"-lic. depending on the missile, but it would be a step tO\Yard gre:lter re­

alism .. -\gain the values could be adjusted to emphasize the accuracy of either the single 

countermeasure em·ironment or the multiple countermeasure environment. 

C. St '\1\IAR\ 

The greate.sr imprO\ emcnt in the realism of the models can be made by rewriting the 

field of view determination portion of the ta rgeting subroutine :vt 19 and the electronic 

warfare subroutine \130. The recommended changes would require more memory but 

less computation. therefore the reaction time of the game should not change if the 

changes are moderate. Adjusting the data base values in the release 2 \·ersion could im­

pron model performance quickly, however, it would initiaily be a burden on the na Ya] 

and ci\ilian personnel providing game support. Additionally the modification of the data 
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base would have to be standardized between all the facilities using the game. E:\"\YGS 

release 2 models modern naval cruise missile engagements adequately. However, if the 

datn bas.e could be better related to the models it is used in, the realism of the game 

could be improved. Currently the models for cruise missile engagements are adequate 

but lack the flexibility to recreate the capabilities and variety of modern cruise missiles. 
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APPE.'\Dl.\ FLO\\ CHARTS 

The no"· charts on the following pages were derived directly from the PL I code for 

the subroutine~ being described. 
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Figure 1. figure 1. Air-to-Surface Targeting, subroutine 1\119 
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TARGET ZONE 

''.1 
Preset Arc 

figure 2. Figure 2. Target Zone example 
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Figure 3. Figure 3. Procedure Target_ \\"eight 
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Figure 4. figure 4. Air-to-Surrace Targeting, subroutine I\1 19 {continued) 
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For ucJl hrg-tt< i> 
RATIO<D:tug-tt<i 
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figure 5. figure 5. Air-to-Surface Targeting, subroutine I\119 (continued) 
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figure 6. Figure 6. Hit Determination, subroutine i\122 
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figure 7. Figu~e 7. Hit Determination, subroutine 1\122 (continued) 
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Figure 8. Figure 8. Electronic Countt'nneasures, subroutine l\130 
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