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ABSTRACT

Recent intelligence reports indicate that Warsaw Pact forces

are placing increased emphasis on the use of tactical smoke, In

response, US forces have begun to evaluate their own capabilities
to employ smoke. One method of conducting this evaluation is

i to include smoke employment in combat models, This thesis presents
a computer model, SIMSMOKE, which has this capability.

The first part of the model consists of simulating the smoke
employment tactics within a given tactical scenario. Input variables
pertaining to command guidance, type of operation, weather condi-
Ltions, and weapons and ammunition avajlable provide the setting.

At the appropriate time during the battle, smoke is automatically
placed on or near the opposing force's locations so that the
smoke clouds drift into the line-of-sight between attacker and
defender.

The second part of the model consists of computing if inter-
visibility exists between opposing forces at each second of the
battle. As a representation of a smoke cloud, a sphere is used

to simulate white phosphorous (WP) and a cone is used to simulate

hexachoroethane (HC). The program calculates if the line-of-sight
intersects any part of either one of these types of three dimen-
sional figures. If an intersection occurs, the line-of-sight is
blocked; therefore, intervisibility does not exist.

A series of test runs were conducted to verify the model.
Bursting radii of the smoke rounds, atmospheric stability condi-
tions, type of smoke munitions, wind speeds, and wind directions

were the parameters varied for the tests. In all cases the model




; produced results consistent with the expected outcome, j

The methodology used in this study provides a basis for future |

i simulations of tactical smoke employment in computerized combat

models.
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CHAPTER |
INTRODUCTION

Recent intelligence reports indicate that Warsaw Pact forces
are increasing their use of tactical smoke in training exercises,
There are also indications that they are updating their smoke
delivery means and improving their smoke protective systems.1
As a result of these new activities, US forces have begun to eval-
uate their own capabiiities to emplay smoke, and to determine what
effects smoke employment by either side might have on the outcome |
of future battles.

Although smoke was used during the Korean War and occasionally
in the Vietnam conflict, documentation and technology have advanced '
little since World War I1. Many field manuals and technical manuals ’
which describe US delivery means and employment policies show little
change from their 1940 and 1950 predecessors, The smoke generating
units used in WW I1 and Korea have been inactivated and their
equipment has been turned over to unmanned units or salvaged, US
smoke capability today is primarily artillery delivered white phos-

phorous (WP) and hexachloroethane (HC), The ammunition is mostly

the same type as that used in the Korean War or earlier,
In the past three years the US Army has become increasingly
interested in improving its smoke program, Headquarters, Training

and Doctrine Command (TRADOC) has become particularly active in

examining US capability to employ smoke, TRADOC has also been
interested in US forces' ability to survive in a smoke environment.
Field tests have been conducted and more are scheduled on the
effectiveness of smnke munitions and their effect on US weapons

systemS.4 New ammunitions, particularly the artillery "wick"




round, are under development. Army officials have now appointed a
smoke Project Manager under the proponency of the US Army Material
Development and Readiness Command.

The use of smoke on the battlefield poses many complex questions:

a. MWhen should it be employed?

b, How should smoke be employed?

c. What type of ammunition is best for a given situation?

d, What are the effects on target acquisition?

e. Will US weapons performance be seriously degraded?

These are just a few problems which face Army tacticians and tech-
nicians.

Jne approach to answering these questions is to use camputerized
combat simulations. Recognizing this fact, Headquarters, TRADOC
directed that current combat models be modified so that smoke could
be represented. 1o support this effort, TRADOC sponsored two work-
shops at Fort Leavenworth, Modelers from major Army analysis agencies
met in May 1976 and July 13976 to pool their knowledge and to provide
direction for the modeling effort, The resulting document from the
meetings was the Modeler's Guide to the Tactics and Doctrine of Smoke

Emgloyment.5

The purpose of this thesis is to develop and present a computer

model which can represent tactical smoke. The program is designed
to be used with external terrain and movement subroutines, Collectively
these routines may be used to drive larger combat simulations or bte
used independently in order to conduct analysis of smoke operations,
The scope of the study is limited by the following:
a. Only intentional smoke is modeled, i.e., non-deliberate smoke

such as that generated by battlefield fires and high explosive rounds




T T T R ey W+

. . .
L R B T e e o ot s ST B PP

is not represented.

b. Ammunition which is not currently in the Army inventury, such
a5 the new wick round, is not represented since there is a lack of
vaiidated performance data on the ne. : rounds. In particular, only
current HC and WP munitions are considered,

c. The model considers only obscuration effects on lines-of-sight
between friendly and enemy elements., Factors such as degradation of
maneuverability and probabilities of hit are not represented,

d. The tactics and doctrine of smoke employment used in the model
are established fer modeling purposes only., They are incorporated in
the model in such a manner that they may be readily changed as US
and Warsaw Pact tactics and doctrine change.

There are terms frequently used in smoke studies which have dual
definitions and, therefore, are misleading. For this study the
following definitions are provided:

a. Smoke Screen: A cloud of smoke used to obscure vision,

b. Effective Fire: Direct or indirect fire which either
suppresses or destroys the enemy, More specifically, if a friendly
force uses smoke on an enemy, both sides are obscured, However, the
friendly force can still place fire in the general location of the
cnemy thereby either suppressing or destroying him, On the other
hand, the enemy is within the smoke cloud and therefore has no way
of effectively tracking and thereby supnressing the friendly force,

2. Point Smoke: Smoke fired by an artillery or mortar unit at
a single paint using normal round dispersion,

d. Smoke Sheaf: A smoke screen created by smoke rounds impacting
along a straight line.

Chapter II is largely an expansion and revision of the Modeler's

-
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Guide to the Tactics and Doctrine of Smoke Employment, Chapter 11
presents a detailed description of the smoke simulation model (SIMSMOKE),
followed in Chanter 1V by a discussion of the results of verification
and sensitivity runs of the smoke program, The final chapters presents

conclusions and recommendations, as well as areas for further research,
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CHAPTER 11
TACTICAL SMOKE EMPLOYMENT

i battle between NATO and Warsaw Pact forces in the next decade
will undcubtedly be extremely violent and very complex, Unit
commanders will have far more sophisticated weapons and far more
fire power than ever before. Confusion on the battlefield will
be a constant problem for both sides. Even without intentional
smoke, obscuration created by explosions alone will plague opposinrg
forces. A look at the weapons which might be available to a single

battalion commander on the US side emphasizes this point,

81mm Mortar LAW

4.2 in Mortar DRAGON

155 mm Howitzer (HE) TOW

8 in Howitzer (HE) 7.62 mm Machine Gun

XM1 Tank 50 Caliber Machine Gun
BUSHMASTER Attack Helicopter
FASCAM Close Air Support (USAF)
CLGP VULCAN

Table 1, Weapons Available to a US Battalion

If the opposing battalion cowmander has similar weaponry and
in an equal or greater quantity, then direct fire engagement ranges
may be significantly decreased because of acquisition and tracking
problems caused by obscuration. If smoke is introduced on the battle-
field by either side, visibility could further be degraded to the

point that maximum effective ranges of weapons may become a purely
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academic number, In fact, the dominant weapons performance charac-
teristic may become the minimum effective range, Antitank guided
missiles may never have a chance to be acquired by their trackers,

[n the most extreme cases of obscuration, forces might even pass
through each other without acquiring a target,

Given that smoke can be an important factor in determining
combat effectiveness, the question arises, "What is the best way to
amploy smoke?" Several Army documents provide general guidelines

which are particularly useful to the tact1cian;6’7

however, the
technician attempting to simulate smoke employment needs more
definitive guidance.

For the purpose of this study the use of smoke in the three
major types of operations -- the offense, defense, and retrograde --
are discussed. In addition, two special types of offensive
operations -- the river crossing and the minefield breaching -- are
separately considered. The objective of the discussion is to explain
the criteria for determining impact points and when to fire the
smoke rounds., The rationale for these recommendations is also dis-
cussed so that the technicians who stmuiate smoke operations will
better understand the tacticians' decision process,

Offense

In the offense the objective of the attacker is to obscure the
defender's vision so that the attacker can move swiftly towards
his enemy without coming under effective fire, This can best be
accomplished by placing a smoke screen in a sheaf immediately in
front of and parallel to the defender's frontline, direct fire

weapons and point smoke on suspected and known artillery forward




observer locations. An example is depicted in Figure 1,

6
\

Defense

Figure 1. The Offense

In the defense the objective of the defender is to obscure the
attacker's vision at and immediately beyond the defender's primary
antitank weapons' maximum effective range, The purpose of this tactic
is to service enemy targets as soon as they break out of the smoke
screen and are just inside of the maximum effective range of the
Jefender's antitank guided missiles (ATGM), Hopefully the attacker
will be slowed down and disoriented, and will have difficulty

acquiring defender targets. Additionally, smoke should be fired in

a sheaf immediately in front of and parallel to any overwatch
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positions. As with Lhe offense, the defender should place point smoke

on susoected or known enemy forward observer locations,
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Figure 2. The Defense

Retrograde
0f the three types of retrograde operations, delay, withdrawal,

and retirement, only the first two will be considered since the latter
should not require smoke,

In the delaying action forces left in contact are essentially
fighting a temporary defensive battle and, therefore, should employ
smoke as in the defense,

In the withdrawal the objective of the withdrawing force is to
mask {ts movement to the rear, Therefore, smoke should be fired

in a sheaf immediately to the rear of the withdrawing elements,




This will not only screen the friendly force but also will obscure
the enemy's vision as he pursues through the smoke cloud, For higher
resolution models individual tanks and reconnaissance vehicles should
be represented using exhaust smoke such as the Teledyne system or
smoke grenades such as the XM-239 system, As in the other type

onerations, point smoke should be fired on suspected or known enemy

farward observer locations.

Figure 3. The Withdrawal

River Crossing

The river crossing is a special type of offensive operation, The
objective of the attacker is to obscure the defender's vision as the
attacker crosses the water obstacle, As in the offensive operation
discussion, the attacker should place a smoke sheaf immediately in
front of the defender's forward positions and place point smoke on
the enemy's forward observer locations. Additionally, the attacker

should place smoke on both banks of the river and on the water, if
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necessary, in order to mask the crossing and to deceive the enemy
as to the actual crossing site, This normally will be done using

sigke generators or pots,

/

Figure 4, The River Crossing

Minefield Breaching

The minefield breaching is also a special case of an offensive
aperation. The objective of the attacker is to obscure the enemy's
vision as the attacker crosses the minefield, It should be assumed
that the defender has registered preplanned artillery fires on the
minefield; therefore, smoke can do little to degrade the indirect
fire effectiveness. However, the enemy's direct fire weapons must
5til) be aimed. To assist in countering the threat, the force
crossing the minefield should place a sheaf immediately in front of

the breaching elements in order to obscure the defender's vision,

' !""“"""'-!"-'-w---!-umnu---u--------u-........!




Smoke should also be employed as in any offensive operation,

11

Figure 5. The Minefield Breaching

It is recognized that a commander may not desire to use smoke

in every instance and at every location just discussed. However,

the model should be designed to provide the capability for representing

such employment should the need arise.

Besides the tactical consideratiors of placement and timing of
Smoke screens, several other kinds of variables must be considered,
Typical questions which remain unanswered include the following:

a. What guidance has been issued from higher headquarters?

b. Which of the operations just discussed is tc be conducted
(offense, defense, or retrograde)?

c. What are the atmospheric conditions?

d, What are the macro-terrain features?

e, What are the quantity and kinds of smoke rounds available?
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Allthough these questions can be answered in a variely of ways, a
convenient method is to divide them inte five major categories and

1 to respond to each category in a logica) order, These groupings
include command guidance, tactical situation, weather and terrain,
weapons available, and ammunition available, A flow chart of these
is shown in Figure 6 on the following page,

Within these broad categories are many smaller, more specific

problems which must be solved before smoke can be represented in a

combat model, These are discussed in the next chapter as a part of

the description of the SIMSMOKE model,
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{ COMMAND GUIDANCE

Will smoke be used?

Under what conditions?

TACTICAL SITUATION |

What type operation is being conducted?
Offense? Defense? Withdrawal?

WEATHER AND TERRAIN J

Do the weather and terrain
permit the use of smoke?

What are the limitations?

L

WEAPONS AVAILABLE

What types of weapons are

available to the commander

which can provide smoke?

A

AMMUNITION AVAILABLE

Given that the weapon is available,

is sufficient smoke ammunition

available to perform the mission?

Figure 6. Major Decision Rules
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CHAPTER I1T
MODEL DESCRIPTION

SIMSMOKE is a computer model which determines if intervisibility
exists between an attacker and a defender under simulated smoke {
conditions. The smoke may be fired by either side or both, using
either HC or WP munitions, and under a variety of atmospheric
conditions. The prcgram is designed to be used with terrain and

movement. subroutines as a line-of-sight preprocessor for combat

models or as a subroutine to the Simulated Terrain Model (SIMTER).8
If used as a preprocessor, the smoke is treated as moving macro-terrain,
thereby raising elevation data in those areas in which the smoke 1is
present, Faor this particular study, however, SIMSMOKE is used in
conjunction with SIMTER. SIMSMOKE/SIMTER model structure is shown
in Figure 7.

SIMTER is a computer model which simulates continuous macro-
terrain by randomly creating bivariate normal distributions which
graphically resemble hills. Since the terrain is continuous, lines-
of-sight can be determined at any time without approximating the
terrain elevation between discrete paints, Furthermore, intervisibility
output data is provided at one second time intervals as the attacker
moves towards his objective, This frequent output is particularly
useful for conducting sensitivity analysis of smcke employment tech-
niques when the SIMSMOKE subroutine 1s used.

The siniulated smoke model has two main parts, The first is the
main prougram which handles the processing of external gquidance and
variables. It represents both the tactical and technical decision

logic which is necessary to employ tactical smoke, The second part,




15

94N32N43S |9POW ‘7 @4nbL4

ows IH
404 3ybis-jo0
-aul| 93ndwo)

SO1JH

ojous dM
404 3ybts-jo0
-3utL| 93ndwo)
SO1dM

suoi3e207 ajepdpn
SPNO () 0WS d3euduUsy
PIOWSKWIS

eqep ybis
-j0-3ut] Aueumns

J1TYUM

ejep ybLs
0-3Ul| 9AL3RUd]]

J1T4M

A311191S1A4RIU] 93ndwo)
4330033y A0y

SOIAOW

24N3014 |euoLsSudwl(-§

1074

dey LeuolsuawiQg-2
107d

pleQ UlRJud]
JLIYM

ULBALD]| d3ILJ43UIY

YILWIS

(sping s,u3s 33§
sa|qetaep
9YOWS pue ULPUUD]




16
whick consists of two subroutines, does the line-of-sight calcula-
tions. By checking to see if any smoke is directly between the
attacker and defender, intervisibility is determined. One of the
subroutines is used for HC smoke, the other for WP, Both the main
program and the subroutines are discussed in detail in the following
seétions‘

The Main Program

Once SIMTER has determined that intervisibility exists between
two points, it calls the SIMSMOKE subroutine to see if smoke
interferes with this line-of-sight, Several input variables are
passed along with the call. These variables are discussed as they
are used in the program, and are further explained in the User's
Guide at Appendix A.

The first part of SIMSMOKE is called "command guidance", This
is a check to see if the user desires for the west force (defender)
or the east force (attacker) or for both forces to employ smoke.
The input variable is ICG, and can be assigned a value of zero
through three, Zero indicates that neither side uses smoke, one
means that only east uses smoke, two means that only west uses
smoke, and three means both sides use smoke, A flow chart of
conunand guidance is shown in figure 8,

Since an attacker and a defender use different smoke employment
tactics, the program does line-of-sight calculations twice if both
sides use smoke. The program logic is different for each side,

The second block of logical statements is "type of operation".
The subroutine examines if the east force is moving toward his
objective, not moving at all, or moving away from his objective.

The appropriate type of operation is assigned to the variable TYP,

£ -,
f T R

& .
B e D e et S P S R
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From SIMILR

RCTURN to SIMTER
Neither side uses
smoke.

GO TO west side
intervisibility
calculation, Only
west uses smoke.

1CG=1
ar
[CG=3

GO TG "Type of Operation"

Figure 8. Command Guidance

The weather in a battle area has considerable effect on smoke

employment, It determines whether or not smoke should be used and

how it should be used. The significant factors include wind speed,
wind direction, te:ncrature, humidity, precipitation, cloud cover,

and temperature gradient. For the purpose of incorporating smoke

into SIMSMOKL and most other Army simulations these factors may be
aggreqated into wind speed, wind direction, and atmospheric stability,
The latter term is a naramerter which is used to predict whether a
smoke cloud will rise rapidly (lapse), rise moderately (neutral),

or remain at a constant altitude (inversion), The wind direction

for this model may be categorized as a headwind, tailwind, crosswind,

or quartering wind. Under certain circumstances the wind conditions
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I'rom "Command Guidance'

l

| IF movement is
' toward objective
TYP=0FFENSE

IF movement is
away from objective
TYP=WITHDRAWAL

IF there is
no movement
TYP=DEFENSE

!

GO TO "Weather Conditions"

Figure 9. Type of Operation

dictate courses of action. One case is when the wind is greater than

R meters per second, The wind is too strong for the smoke to form
into a useful size and shape cloud; consequently, smoke should not be
used, A second case is when an attacker has a headwind, If he
fires smoke in front of his objective, the smoke will drift back

onto his own forces. Again, smoke should not be used, The flow

chart for the weather logic is provided on the following page, WS
is the wind speed, WD is the wind direction, STB is the stability

condition, and ZV is the rate of rise of the smoke cloud,
The final set of questions answered by SIMSMOKE before the smoke

rounds are fired include "How many rounds are available to fire the
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From "Type of Operation"

RETURN to SIMTER

IF / 2
Yad WRITE "Too
WS.GT.8 7 Windy for Smoke"
No

RETURN to SIMTER

IF TYP.EQ.OFFENSE WRITE "Headwind
and WD is headwind Yes puts smoke on
and WS.GT.3 own forces"

.

IF STB.EQ. INVERSION
ZV=0

.

IF STB.EQ.NEUTRAL
V=2

IF STB.EQ.LAPSE
V=4

e am

l

Figure 10. Weather Conditions
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mission?", "What kind of smoke rounds are they?", and "How many
tubes are available to fire them?" A1l of these are answered using
input data,

The remainder of the main program includes the dynamics of
firing the rounds, calling the line-of-sight subroutines, and
updating the locations of the smoke clouds as they drift downwind,
To assist in the explanation of these dynamics, illustrations and

a4 sample scenario are provided,

Range
1000 2000) 3000)
"’
- - - Smoke Off
Smoke On

Figure 11, Sample Scenario

An attacker is moving from east to west along a preselected route.
His objective is to assault the defending force on Hill 250,
Assuming that the attacker has been directed to use smoke on his
objective, the first question he will ask is "When should I have

my artillery or mortars fire smoke?" To answer this, the model

first calculates the distance between the attacker and the objective,

[f the attacker is beyond the range of the defender's ATGM, no smoke
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i1s fired. However, as soon as he moves within range, the program
automatically represents smoke in accordance with the doctrine
mentioned in Chapter 11, Likewise, when the attacker reaches
the vicinity of his objective, the smoke is shut off, The next
question for the attacker to answer is "Where should I fire the

smoke?" The answer to this depends upon the wind, In all cases

the model will place the smoke between the attacker and the defender,
never on or behind. The objective is to have all of the cloud
between the two forces. A smoke cloud which lands to the rear of

the defender may drift onto him but much of the smoke will be

TR

wasted. Since the purpose of employing smoke is to obscure the
defender's view of the attacker, the smoke is placed so that it
will always drift into the lines-of-sight, Possible cases are

illustrated below,

/\
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Figure 12. Smoke round impact points under
various wind conditions,
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Once the general location of the center of mass of the smoke
sheaf has been determined, the next step is to determine the impact
points of individual rounds. It is assumed that the first rounds of
smoke will be fired simultaneously by all tubes of the battery or
platoon. They will also impact in a sheaf with rounds fairly equally
spaced apart. The distance between the rounds will be determined
by the width of the sheaf, Subsequent rounds will arrive at the
average firing rate of the battery as a whole, and the rounds will
impact at random points along the long axis of the sheaf, If at
any time during this firing, the number of rounds fired exceeds the
number of rounds allocated, the smoke mission is automatically
terminated.

At this point in SIMSMOKE, the HC or WP line-of-sight subroutines
are called to see if intervisibility exists, These subroutines are
covered in detail in the next section,

The remainder of the main program deals with moving the
center of mass of the WP smoke cloud and the tail of the HC smoke
cloud downwind. This consists of finding the product of the wind
speed, time interval, and appropriate trigonometric function of the
wind direction. The vertical movement is also updated based on the
input atmospheric stability conditions,

If the user should desire to have the defender (west) employ
smoke, then the model will direct that intervisibility again be
determined. The defender version of the main program is almost
fdentical to that of the attacker, The only major difference is
that the defender fires smoke on the lead element of the attacker

at the maximum effective range of the defender's ATGM, In the
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case just covered, smoke was fired in front of the enemy,

Line of Sight Subroutines

Both of the line-of-sight subroutines compute if a straight
line and a three dimensinal solid intersect. In these cases the
straight Tine represents the line between the attacker position and
the defender position, and the solid represents a smoke cloud. If
the line intersects any one of the solids, then the smoke blocks
line-of-sight and, therefore, intervisibility does not exist.

The first subroutine, WPLOS, does the calculations for the
white phasphorous rounds, The assumption is made that the shape
of a WP cloud is spherical. The main program passes the current
locations of the center of masses of each smoke round and the loca-
tion of both the attacker and defender. The subroutine converts

this information into equations, and calculates if the perpendicular

distance between the line-of-sight and each of the sphere's centers
fs larger or smaller than each of the sphere's radius, If one of the
distances is less than a radius, then there is no intervisibility.

The subroutine returns a binary response to the intervisibility

query, i.e., "1" indicates there is line-of-sight or "0" indicates
there is not.

The HC subroutine is more complicated, The first problem was to
determine if there is a fairly common three dimensional figure which
closely resembles the HC smoke cloud, A three dimensional cone
appeared to be the most realistic and subsequently was selected,
Although not as simple as solving for the intersection of a line
and a spheroid, the solution for a line and a cone is a trivial

operation for the computer. The mathematics consists of determining
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the shortest distance between two straight lines in three space,
Une line is the attacker-defender line, the other is the axis »of
the cone. If this distance is greater than the radius of the cone's
cross section along the perpendicular line then intervisibility does
exist. The method used to determine the shortest distance between
the two lines consists of finding the cross product of the two vectors
in ¢rder to find @ line perpendicular to both; and then solving a
system of three simultaneous, parametric equations in order to find
the points of intersection. A summary of the mathematics is pre-

sented in Appendix C,

E "iéfual ciou; = i é;;;PSOI; cloud Con%c cldﬁa—"°-

Figure 14, C(loud Shape Approximations

As with WPLOS, the HC subroutine returns either 0 or 1 in response
to intervisibility,
Figure 15 on the following page illustrates typical smoke

missions and how the clouds react over time,
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SIMSMOKE Interface with Other Models

The first two sections of this chapter dealt with using
SIMSMOKE as a subroutine to SIMTER, For users desiring to
employ SIMSMOKE with other models, this section provides
additional information tor affecting the interface,

SIMSMOKE requires three major types of input as shown in
Figure 16. The first of these is user guidance which includes
command guidance, type of operation, weather conditions, and
weapons and ammunition available. These are discussed in
detail in the first section cf this chapter and are further
discussed in Appendix A, User's Guide.

The second block of input information required by
SIMSMOKE is terrain data. The program must be provided with
the altitude of the terrain on which the attacker and the de- ]
fender are located, as well as the altitude of the terrain at
the points of impact of the smoke rounds. When SIMSMOKE is
used with SIMTER, the altitude of the smoke rounds' impacts are L
determined within SIMSMOKE,

The third type of input data consists of the map coordi-
nates of the opposing elements, The defender location will
be fixed, while the attacker location will consist of an array
of (X,Y) data points as the attacker moves towards the
defender, Depending upon the models with which SIMSMOKE is
used, terrain and route information may be combined, The
important point is that SIMSMOKE must have X, Y, and Z values
for the attacker, defender, and smoke round impacts in order

to develop equations for intervisibility calculations,
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The output provided by SIMSMOKE is a "1" for intervisibility
or a "0" for no wntervisibility. Since many high resolution
combat models have sophisticated probability of detection
routines, this binary response should be expanded as smoke
performance data becomes available, Chapter V presents recom-
mendations on this subject,

So far in this section on interface, the discussion has been
limited to what SIMSMOKE requires and what it provides a larger
model. It is also necessary to comment on where in a simulation
SIMSMOKE will be placed. Most Army combat models have a similar
sequence of events, This includes the following:

a. Determining if intervisibility exists between opposing
elements.

b. Determining if each side detects the other, once
intervisibility has been established,

c. Firing at the targets detected in the previous step,

d. Assessing the damage which results from the firing
rnjagement.

Depending upon the model with which SIMSMOKE is used, SIMSMOKE

will most likely be placed between (a) and (b) above,

29
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CHAPTER IV
VERIFICATION AND SENSITIVITY ANALYSIS

The purpose of this chapter is to aemonstrate that SIMSMOKE
is in fact representing smoke as explained in the previous chapter
and that the model docs respond to changes in input varjables
selected by the user. There is no attempt here to draw conclu-
sions about the effectiveness of smoke employment on the outcome
of a battle.

The output information available to the user is first explained
as an aid to understanding the model. That portion of output
which pertains solely to SIMTER is discussed in detail in the
SIMTER reference.? The explanation which follows is limited _
primarily to the SIMSMOKE model, 5

The first block of information is a matrix of the input
variables supplied by the user, @

WEST EAST ;

WILL EMPLOY SMOKE NO VES
NUMBER OF TUBES 6 6 ?
NUMBER OF ROUNDS 50 50
BURSTING RADIUS 20,0000 20,0000
FIRING RATE .2000 .2000
SCREEN S[ZE 200.0000 200,0000
RANGE AT A-T WPNS 3000, 0000 3000,0000

Table 2. Output Matrix of Input Variables
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lhe second block of output information i1s a second-by-second
description of attacker locations and speed of movement, followed
by intervisibility data, The first column supplies the time in

seconds, At the beginning of each battle the time is set to zero,

The next three columns are map coordinates and e.evation of the
attacker, and the fifth column indicates attack speed along a
predetermined attack route, For all iterations executed in this
study, the speed is a function of the terrain slope, The next
column, labeled "Visper", indicates whether (1) or not (0) the
attacker can be seen by the defender. Visper, along with "%

% Exposed" and "Tgt (area) Exposed", pertain to terrain masking
only. Since the outer edge of a smoke cloud is not clearly defined,
the target is treated as a point target. The final three columns
indicate the number of smoke rounds fired by each side and whether
smoke interferes with intervisibility. The last entry mentioned,
“Vismok", returns either a "0" or a "1". Table 3 presents an
excerpt of a sample output.

The final output data (Table 4) consists of a summary of results

of each run of the program, This includes a 1ist of the intervisi-
bility segments and their lengths, distance traveled bcth covered

@ ‘ and uncovered, average length of intervisibility segments, and

| per cent of the time intervisibility exists, The last entry men-
tioned pertains only to terrain masking,

In order to demonstrate the SIMSMOKE program's ability to
represent tactical smoke, numerous test runs of the model were
conducted, The objective of these test runs was to test the
model's sensitivity to changes in external variables, In parti-

cular, wind speed, wind direction, bursting radius, atmospheric
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INTERVISIBILITY SEGMENT LENGTHS

1 167,907

2 154,190

3 146.699

4 23.084

5 118.557

6 49.660

7 1856.918
OISTANCE DISTANCE TOTAL AVG DISTANCE ~ PER CENT TIME
UNCOVERED COVERED DISTANCE INTERVISIBLE INTERVISIBLE
2517.014 1919.219 4436,233 314,627 .638

Table 4. Summary of Results

stability conditions, and type of smoke were each altered on
seperate executions of the program, Screen width and number of
weapons firing were not changed because of their interdependence
with bursting radius. To seperate terrain masking from smoke
masking an initial run was made without smoke, The results
indicated that the attacker, as he moved upon his objective,

was not visible to the defender 36,20 per cent of the time,

The terrain and route shown in Figure 17 remained unchanged

for all subsequent executions of the program, Average

height of the peaks is 100 meters,

The test consisted of two major blocks, attacker using WP
smoke and attacker using HC smoke, Within these blocks the
other external varjables were changed, The first group of tests
used wind speeds of one, four, and nine meters per second. The

difference in distance traveled while masked by smoke or terrain

using windspeeds of one and four meters per second was about
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o 1000 2000 3000 4000 5000 6000

Figure 17. Terrain and Route

one per cent, or 42.09 and 43.26 per cent as compared with the
initial masking of 36.20 per cent with no smoke. The nine meters
per second wind speed returned a "Too windy for smoke" error
message.

The second series of tests changed wind direction, using a
fixed wind speed of two meters per second, Applying wind
directions of 300 and 150 degrees, the masking again changed about
one per cent,

The final test in the first block consisted of increasing the
bursting radius of the smoke rounds from twenty up to forty meters,
As expected, the change was significant, Distance traveled while
totally obscured jumped from 43,51 per cent to 52,87 per cent,
With six rounds equally spaced over a 200 meter screen width, the

bursting radii overlap.

The second block of tests, which consisted of the attacker




Run
Number

0

1A
2A
3A
4A
%A
6A

Run
Number

1B
2B
38
48
58
68

RUn
Number

7 West
WP

8 West
HC

9 East

11 East
WP

-

BLOCK 1
fast Force Using WP Smoke

Wind Wind Bursting Atmosphere
Speed Direction Radius Stability
------------- Smoke Not Used mmmmmmmc——aaa

1 60 20 Neutral

4 60 20 Neutral

9 60 20 Neutral

2 300 20 Neutral

2 150 20 Neutral

2 150 40 Neutral

BLOCK 2
East Force Using HC Smoke

Wind Wind Bursting Atmosphere
Speed Direction Radius Stability

1 60 20 Neutral

4 60 20 Neutral

9 60 20 Neutral

2 300 20 Neutral

2 150 20 Neutral

2 150 40 Neutral

Additional Runs

Wind Wind Bursting Atmosphere
Speed Direction Radius Stability
2 150 20 Neutral
Z 150 20 Neutral
2 150 20 Inverse

2 150 20 Lapse

-~ Same as 5A but impact moved to 25 meters
from defender location -«

Table 5, Sensitivity Results

s 5 p
B T L R T RN $ o

Per Cent
Masked

36.20
42,09
43,26
Too Windy
42 54
43,51
52.87

Per Cent
Masked

41.36
39.09
Too Windy
41.27

42,29
51,30

Per Cent
Masked

48.51
27,01
56.75
39,30

42,77

35
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using HC smoke instead of WP, was conducted using the same values
for the external variables as were used in the first block,

These results are displayed in Table 5, In general, the results
of the HC runs were comparable to those of the WP runs,
Five additional test runs were executed. The first two
were to check if the program operated properly if the defender
used smoke. The second two were to check the effect of
changing the values of vertical wind velocity. The assumptions
used in this program are that under inversion stability conditions
the smoke does not rise, under neutral it rises at two meters
per second, and under lapse it rises at four meters per second,
As the results indicate, the difference between inversion and
lapse is significant, 39 percent to 56 percent, The final run
had the smoke impact points moved from 50 meters to 25 meters in
front of the defenders. The result was a slight drop in obscuration,
Numerous other verification runs were executed, but not reported,
These runs consisted of such tests as checking to see if the smoke
clouds were in fact moving downwind, or that the smoke had a vertical
rise commensurate with the atmospheric stability conditions, These
were accomplished by recording and manually plotting the coordirnates
of each smoke cloud after each jteration of 1ine-of-sight calculations,
The results of these verification runs, along with the sensi-
tivity runs depicted in Table 5, suggest that the SIMSMOKE program

does represent tactical smuke employment in a rational and reasonably

realistic manner.
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Chapter V

CONCLUSIONS AND RECOMMENDATIONS

The length of time an attacking armored vehicle can be seen
by a defender, once the attacker is within range of the defender's
weapons, is extremely important, During this intervisibility
segment, the defender must acquire his target, launch his ATGM,
and track the round until it strikes its target, If the inter-
visibility time 1is less than the sum of the times it takes the
defender to complete these three activities, he will miss his
opportunity to kill his target. Therefore, the effect of reducing
this intervisibility time by employing smoke is quite significant,

Since tactical smoke is important, it should be represented
in appropriate combat simulations, SIMSMOKE i{s a model which
does make it possible to simulate smoke, Used with terrain and
movement routines, SIMSMOKE can be used to conduct smoke effect-
iveness research or to drive larger combat simulations which
are used for war gaming or weapons effectiveness analysis,

In its current form, the primary product of SIMSMOKE is the
methodology it uses to simulate smoke, Although the model has
been used effectively in 1ts present configuration, the program
should be modified to meet the requirements of the larger
simulations with which {t might be used, Both the scope and
the resolution should be altered to provide the appropriate
interface. Here the term scope refers to the types of smoke
sources avajlable, More specifically, this study is limited
to art{llery or mortar delivered white phosphorous or HC




38

munitions. As more smoke performance data becomes available,
artillery wick rounds, tank smoke exhaust systems, and other
smoke dispensing systems could be added, Smoke grenades, smoke
pots, and even smoke from battlefield fires could be modeled,
The resolution of SIMSMOKE should also be modified, For
combat models which do not simulate elements smaller than a
battalion, the assumption that a smoke cloud either totally
obscures a target or does not obscure a target at all may be
adequate. However, for high resolution models such as DYNTACS10
more detailed data is required, Variables such as smoke cloud
density, growth rates, terrain interaction, and electromagnetic
wave attenuation by frequency affect the outcome of these models,
An assumption of SIMSMOKE is that the spherical or conical
clouds are completely opaque throughout their volumes, This
applies regardless of the frequency of the electromagnetic
waves attempting to penetrate the smoke., An algorithm which uses
variables such as smoke particle sizes and available 1ight could
be added to provide varying degrees of obscuration either for
visible 1ight or other frequency waves such as near or far
infrared,11 This capability would be particularly useful for
determining probabilities of detection and hit,
Another assumption of SIMSMOKE is that a WP round instan-
taneously assumes a spherical shape with a radius equal to
the input bursting radius, Moreover, the cloud holds this
constant shape as it drifts downwind, If empirical data
were available on the smoke cloud growth as a function of
time, a suitable equation could he added to the program which

would enlarge the radius as the smoke drifted,

™ .
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A final assumption which should be examined is that under
inversion or neutral atmospheric stability conditions, drifting

smoke clouds which meet hills do not move up the slopes, while

under lapse conditions they do, Interaction between terrain and

smoke needs further research,
This study demonstrates that tactical smoke employment can

be a part of computerized combat models, SIMSMOKE provides a

methodology and a base for future smoke modeling,
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APPENDIX A. User's Guide

The purpose of this appendix is to provide the user with
information necessary to execute SIMSMOKE as a subroutine to the
terrain generating model, SIMTER, The entire program as listed
in Appendix B, consists of the main program and six subroutines,

The main program, SIMTER, creates a random piece of terrain
which represents the battlefield. It is up to the user to deter-
mine the size of the battlefield and to decide a general roughness
of the terrain. This is explained in more detail in the input
section,

The first subroutine, MOVLOS, moves a simulated armored vehicle
along a predetermined route towards its objective, At one second
intervals the program computes intervisibility between the vehicle
and its enemy. Function RANORM, the last subroutine which is a
basic part of SIMTER, creates random normal deviates for use in
shaping the terrain,

Subroutine SMOKE, along with its own subroutines WPLOS and
HCLOS, make up the SIMSMOKE package, Collectively these routines
fire the simulated smoke rounds, move the smoke clouds downwind,
and further determine intervisibility,

The final subroutine, DUMMY, {s simply used to answer any
call statements from SIMTER for which there is no answering
program. In particular, programs CONTUR and PLT3D1 are two and
three dimensional terrain plotting routines, respectively. These,
or similar routines, can be particularly useful for examining
the randomly created terrain and for determining routes to be

used on this terrain. It is recommended that the user add plotting

41
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packages which are best suited for his computer and plotting

hardware.

Input

The input data may be considered to have three distinct
groupings. The first ten cards pertain to the SIMTER terrain
generation; the second group of ten cards pertains to the
SIMSMOKE smoke representation; and the reamining cards provide
the MOVLOS route selection and target size., A complete dis-
play of the data deck, to include variable names and formats,
is pictured on the following page,

The material which follows is a complete 1ist and explanation

of the input variables:

SIMTER Variables

Y ¢

N 1s the number of hills to be placed randomly about the
battlefield. As point of reference, the map shown in Figure
17 of the main text has 12 hills, That terrain may be con-
sidered as consisting of gently rolling hills,

'SEED, JSEED, KSEED are the seeds for the various random
number generators used throughout the program,

XMEL, YMEL, HITE shape the N number of hills, XMEL and
YMEL are the standard deviations in the X and Y directions of
a modified bivariate normal distribution which shape each
hill, HITE 1s the average altitude of the peaks of each hill,
For this study the hills have a spread (standard deviation) of
300 meters in both the X and Y direction, and an average peak
height of 100 meters.

RUFX, RUFY, RUFP are the standard deviations of a normal
distribution. In order for the hills to be different from one
another, their spreads and heights are permitted to vary normally
around an average XMEL, YMEL, and HITE, Values used here are
20 meters for all three parameters,

RHO is the correlation coefficient of the modified bivariate
normal distribution. Zero is usually the value provided; however,
any value in the interval (-1,1) may be used, The result will
appear as hills rotated in the X, Y plane,
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HT WT,TL  (3F10,5)

0x,0Y (2F10,5)

MOVLOS

RX(2), RY(2)
RX(1), RY(1) (2F10,5)
M (18)
STB (A7)
_SMKE, SMKW _ (A10, A10)
FRATW (2f10,5)
SCRNE,SCRNW _ (2F10,5)
RNGE ,RNGW  (2F10,5)
BRE,BRW _ (2F10.5)

WS,WD  (2010,5)

NRDE,NRDW  (218)
NWPNE ,NWPNW  (218)
IcG  (18)

SIMSMOKE

SIMSMOKE

SIMSMOKE ,DOE  (2A10)
1GR1D,LOS ,MAPS, ISE (418)
XMAP ,YMAP  (2F10.5)
INCX,INCY (218)
NOR,NPEEK (218)

~RHO™ (F10,5)

RUFX,RUFY ,RUFP__(3F10.5)
XMEL ,YMEL,HITE (3F10.5)
1SEED,JSEED,KSEED  (318)

N (18)

SIMTER

Figure A-1, Input Data Deck
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NOR, NPEEK indicate whether the user desires to vary the shape
of the hills as mentioned in RUFX, RUFY, and RUFP, The parameters
are binary, with "1" being used throughout this study. NOR is for
the spread and NPEEK is for the altitude,

INCX, INCY determine the size of the grid system for the terrain
map 1T digitized terrain for plotting or other purposes is desired,
To prevent the use of excessive amounts of core storage a grid
system of no smaller than 100 by 100 meters is recommended.

XMAP, YMAP are the desired dimensions of the battlefield.
Throughout this study, a battlefield of 6000 by 3000 meters has
been used.

IGRID, LOS, MAPS, ISE determine the subroutines to be used.
IGRID provides digitized terrain data (X,Y, and Z) for use with
other models or for creating plots, LOS signals the program to
call MOVLOS and deterniine intervisibility. MAPS indicates whether
or not plots are desired, and ISE indicates that smoke is to be
fired. Data values are either "0" or "1",

SIMSMOKE, DOE are sample titles for labelling the plots,
Any Tetters may be used as long as they fit within the 1imits
of the format,

SIMSMOKE Variables

ICG tells the SIMSMOKE program which side, if any, is to
employ smoke, "0" indicates neither, "1" means only east, "2"
only west, and "3" both sides,

NWPNE, NWPNW are the numbers of weapons to be used by east and
west, respectively, to fire smoke rounds,

NRDE, NRDW are the numbers of smoke rounds to be fired by each
side.

WS, WD are the wind speeds in meters per second and wind di-
rection in radians.

BRE, BRW are the bursting radii of the smoke rounds of each
side. These apply only to WP smoke, HC smoke is assumed to
build up over time instead of exploding.

RNGE, RNGW are the ranges of each side's antitank weapons,

SCRNE, SCRNW are the widths of the smoke screens desired by
each side.

FRATE, FRATW are the firing rates of each side's indirect
fire weapons 1n number of rounds per second, For most runs
this rate will be given as a fraction of a round,
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SMKE, SMKW indicate which type of smoke each side will employ.
Either HC or WHITE PHOS are the input variables.

STB is the atmospheric stability condition. The input var-
iables are LAPSE, NEUTRAL, or INVERSE,
MOVLOS Variables

M is the number of turning points along the route of the
attacker, to include the starting and ending points,

The next M number of cards are the X and Y coordinates of
e;ch turning point along the predetermined route selected by
the user.

0X, OY are the fixed coordinates of the defender,

HT, WT, TL are the height, width and depth of the target in
meters as seen by the defender, For this study 3, 3, and 6,5
were used.

Qutput
The output information available is discussed in Chapter IV,

In order to suppress any part of this data, the user may simply

remove the appropriate WRITE statement,




APPENDIX B, SIMSMOKE Program Listing

The 1isting in this appendix was written for use with the

CDC 6500 computer which is operated by the TRADOC Data Processing

Field Office, Fort Leavenworth, Kansas,
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tco rﬂrqav(r1r.g)

110 FNARMAT (21 10)

14 COOMAT (TTYT Q)

11‘) C(‘hu&’(vf1,z.c|

112 FORMAT (1IN Fl g2 o 20 g TR 2y 4 g2 g TR 2Ny T8 g TV e T8 2XaFBeFedVgyFle ™y
Y pa iy

Y46 EnmdeT g gl g ihEas SR BRNESL At iy gt [ ee oo G R T TR el S E X
15 g 1T R o s BV

FUE EeRNENEE s DS ISR O SN o BUSEEHNT o R T g SMIRIMGITN SEG re EITT R e Y y S TINI
VEM VT R ST G S SRS ARG G o g g e

".;“_ Frt \ln"(--on',py"'v )'/-.—..\

119 C("_‘uh‘_(“‘?q,

16Q £AnupAT (Y A)

1FD ENCMAT (2TAR)

1+ rc,:uuv(—)rq‘;.,:«

1R FALMIT (R ~,A017)

16 ¢ BECRMAT (AT

1C~,> ':\.-"“"v("["'?L"'."b""'"'j\"Y.""}"")

178 TARMAT (0 I HELL TVEL TY SMOKES, BX o Ak, 10V, £1)

177 EACUET LY AV CPUVRTE OF SUDTON LY TL, 10Y,T4)

47% EAUET (A% (Y JURIHAL E AF SgteQes NS T 1Y T L)

175 TOECMAT Y 1Y RTSTIHE SAOTUT S EX G F 8y &y TV, E g 0)

165 FORMATEURU 1N FTFTNG SATT AX FR,Ly5Y,FH, L)

16 & EQRMET( NG g CHEmEER G2 SN G IE Wil S X g B gl

1(7 L‘.ﬂ“u,“,"ugu.lv.ur[\mr‘, A AT W'-’f'"ol\(w’:i"}.h.'V.‘:if‘.lq,/"(?”l

271 CSCFMAT(10YF17,€)
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PrAC(C 410N
CER IR Y T = = E LS S SE —
f‘.’cﬁ‘q.ii?'xb"L'Ylf
FoPN(3 4112 UREY 4 CUFY ¢ IFE
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CoRNIB 1 LLYINMNE 0
FCERANED o FOEN T THIGY

;' CIN(0,1JBYUMAD gy AL
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TN=Q

Jn=~"
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T e =4
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2?2 PN 22 K=1,N
PEAKIK)=HTT™
28 CONTTMUZ
24 WRITT(F.112)
NN 3T K=14Y
WRTT ey 1P 3)XMU (K Yy YA () ,PTAK (K)
EE e aNETIC
TEALOS o0, BGA TO! 33
PrAN(9,100)
BrAT I CFAY (R Y(])4RYITY,,T=1,)
HEADI34108)0Y 0V
TEANTAL 112 VHT 4y T, 7L
CALL “OVLCSIRX PY M gNy XM YMU STX ) CFAK G CY 4DY 3 KTy WT 4 7L)
X IFLIGRINEWCIGO 70 32
TATS entEraN gF THE RRCGEAMISETSE UE THELGRTO Sv eTiEm
ANT MATITX CF CCrOMTNATES ANT SLTVATION
NRIW=XMAP/ TNCX
NCOL =YMRC/INCY
XY¥(4)=0, 0
YY(11=0,"
"0 16 K=2,NPOV
X¥(K)=XY (Ke1) ¢TNCY
16 CONTTNGE
CN 17 L=2,NCrL
YYELI=YY (L=1) ¢TNMCY
1?7 FOMNTYINUF
WETT  (Ey105)
WRLTI® 1k, 10FR)
THYSROSTION aF THE EROGIAM SREATES TERBATN EFATURES UHILLS)
BY USIMG A MODIETEL BIVARTAT™ NGTMAL DIST=1BUTION,
A0 182 JI=14NPNW
X=XXITT)
ro 19 Jd=1,00cL
Y=YY ()
I 72=0.10
IF(MTE4E0e2Y GO 77 28
"N 2% J=1,N
EA=PCAK(J)Y
FA=1,0/12:0% (14 N=t HN®ETHGY)
Fr=((X=XMUIJY)/SOX(JIV**D
FRz (2, 02PHO® I XYM IV = (Y=YMY(JVI) /(SCX(I)*SNY (J))
FOSU(Y=YMUCIN I /SAY (UNY**2
E70JY=FA® XD =<FR® {Fr=FR4F"))
IFUAZ(1)46Te7)72A71)Y
0 CONTTNUF
62 TH 34
ek N 2 JELeN
A7C)V=PFAK(J)*EXP = ((YaX I (J))**¥24(Y=YMU(NI**2)/(2%TX(IV**2))
TECATTI) (GTaZV7=A71.0)
29 FONTINY™
TL TEUT,L7,,050031V7=C, 0
ZZ(T14dd1=7
19 ConTERUE
18 FONTINUF
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THIS OAITION )F THT FRCpaOM SEYES P ANN PORCQPUC-T A THRFE DTMENSTONAL
PLAT USTNG FLY3INY,

THIS PORTINN NF THF TICGRESM SCTS UC AND CALLS FOP
A THHFS QIMFRSIONAL TLOT

TE (a8, £0.9) G =6 22

ALFHA=3",

NEYA=LG,

F(1)=1.3%4

F(21=1,7FL4

€I7711)=8,

SYIC(2)=bL,

JKYY=1¢eC

LTNE®=(

CALL OPLTIDLIXXY G NIOW G YY (N L 377 gALPHAZARET L G F g TTL g STZF g WKy IPN KX,

1KY, JKYY L INFS)

THIS FASTION OF THF T¢NATLM SFTS 1P AND ©7CLULIT A TWU DIMENSIONAL
FONTQUS 2L0T7

CL(1Y=0,"

ng 28 J4=2457

CLEIKI=CLITIK=1)+E",
25 COANTTHNUF

NL=2"7

TW==X

IH=¢

LYGl1)=e FALS

LYG(?)=,T°N",

LTGU3)=,FALSF,

CALL CCMTHR(Z7 ¢NOOWGNTOLgN?AW G CLyNLy TTLy TWy[HHLTG)
32 SToPp

o\an
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FUNCYTON RAMNOPM(Z)

CALL PANGET(ISETNY

Y=RANF (A)

Y =P ANF ()
9ﬁNO"M=(SOQT(-?.P‘ALOG(Y)))‘FIN!6.283?'Y‘
CETIJOMN

FHD
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SUBROUTTINE MOVLOS(RX,RY ¢yMyNyXMUyYMU,SOXFEAKgOXyOY yHY yWT,TLY
ATMENSION OX010) 4FY(LD) o XMUY(ST) ,YMUIED) ,OY(E() ,RZ(SC),PFAKI(S0Y,
LYI(ENY) yYIUSN) C7(F0)4F7Z(59)Y
DIMENSTION (UMC (30) ,SAY(EQ0)
COMMON/ZFRACPMORJICG ¢ NWFNF g NWENW  NEDE JNRNHGWSGHD 4 3RF 4, 3RW,
1RNGE JONGU, SNONE (SrPMW,FEATE ,FPLATW, SMKE SMKW, T8
COMMUNZPADDY /TA g T4 CF Ry NOF g TC T yITC 4 ISE YO UM, YEUMLT N,y JNy TMSK, THEW
TNTEGSE TYD,SMV,STR
RPFAL NFUTTAL,TNVFFS,LAFSE
120 FOPMAT (™0 420Xy "FFO CINT VICIBLE= *“,F10.5)
130 FORMAT (0 LY (“TIME  yLX ¢""MAP CCOPDINATES® 33X "FLEYATTIOM ™, 2X,
1°SOF TNy IXZ"VTCSPERE" XY, "¢ FXOOSEN" 42X, *"TCT ~X+F0OSED*)
140 FORMAT (BN TR g 2X g FBa 392X 0FRa 392X FTaCg2XgyFBeT 95X yI395XgF8s 3,37,
1FR, 7y
150 FOPMAT (0" 42C X **0RSFRVFFE COCRDINATES®™)
168 FNRMAT (XIX 4 TG 2X 4 FAq 392X 9FB8a302Y9FTe842XyFRe3slXyI3,8X,FRe 3,3%,
1FBe 392Xy T6,2Y,]IC,2X,17)
: 1] FORPMAT (10Y9F10e592X3F10¢542Y3F10e54/°0°)
169 FOPMAT (22X oF B 2 gl Y oFE a3 gl Y oFFf o 7 g I X FBaI gl XyFEQIZ1XyFFG2)
11 FORMAT (0" 3N 4" NISTANC ™ guX g " DISTANCE®” 4L X,"TOTAL"y5YX,
1°0VG NISTANCE 3N *26C CINT TIMF*) |
152 FORMAT (RX 4 UNCOVFRED™ 43Xy “ONVIFEDN" 46Xy "CISTANCF",3X, ]
L INT RVISIALE “y TX 4 INTCOVISIPLE™
153 FOOMATAUX oF B¢ 29 IX9F 843 93X9F8e395XgF8eF437Y,F83,3)
154 FORMAT (0 410X, "INTERVICIRILITY SEGMENT LFNGTHS™)
155 FORMAT(12X,1I8,5X,FR, 2
1R6 FNPMAT (T yY " "TIME L X" MAP COORDINATFC 43Xy "TLEVATION®, 2X,
19SOFFEDN By “VISPER "y IX "0 CXPASED" 32X, "TGT ZYPQOSED™,2X 0N £
22Xy 'ONE V32X, ""VISMOK™)
TMRK=9,"
i TNSK=1,0
I7=1
VFL=N,e0
( KJ=n
i TSEF=0
‘ "COV=0,0
AUMC =0,1
cyHe=nNgn
NSHYM=1,0
J=0
K=1
C FLEVAYTINN NF NASc.OVEF
£7=040
nA 33 I=1,N
FEXO=( (NY=XMU(TI))*22410Y=YMUITY)*¥%D) /(2,*SDX(T)**2)
FZ(T)=PEAK(IV*EXP (=FF ¥XP)
TE(F7U1) aGTEZVET =F2(T)
TR CONTTINUET
YRITT(E,L,160)
WRITYF(R,160)0X,0Y 457
TF(ISE 470N TC 91
WRLTF(E,1€E4L)
60 Y2 22
Q1 WRIY (R,170)

5
“Ntu.wd-.—‘ﬂj"-‘q -



92 NO 35 TR=2,M
THETASATAN ((OV(TEI= Y ITOa1) )/ (FX(TP) =FY(TO=1)))
X=RX ITR=1)
Y=RY(TF=1)

Te PAT=CORT ((V=0X) "% 24 (Y=0Y)7%2)

OO0

THIS SORTION OF MOYLNS CAMPYTES LINES OF SIGHT

7=0,"
FLEVATTION NF TARAGET

ne 37 T=1,4,M

NEXP=((X=XMU(T))*42+(Y= YMU(I))“?)/IZ.'QFX(I?"2)

BZ2(Ti1=PFAV(TIRC XP{aDFV¥BY) - ~ - T e e e i E e S e et

IF(O7(1Ya0GTa7)Z=R2(1)

TF{Z21IYFEe7VL =T
7 CONYINUF

CLOP=(Y=0VY)/ (X=-0X"

CZ=0.0
HEIGHT JF TECRATN AT INTTPSFCTION

N0 2 I=1,N

SRY(I)=SPYI(])

TROXMULI) o LT OXVGO TC 29

IF(XMU(T)4GToXVGO TO 39

XT(II=(SLOP**25 X =SLCF¥QY+XMU(T) +SLOP*YMU(I) )/ (1,+SLOF>**2)

YIUIV=SLOP*(XI(T)=0X)*O¥

ESXP=(I¥YIU(I)=XMU(T)I)**24(YTI(IV=YMU(T))®*2)/(2,*SDX(T)>*2)

C7UIV=FEAK(T)=EXFl=FEXP)

IF(C7C(IVeGF07)ICZ=CZ(IY

IF(CZIT) ¢GELNT7YIKL=]
29 COMTTYNUE
C HEIGHT NF ORSFEVER=TARGST LINF AT INTERSECYTON

ZNUM=SCF T ((XT (KL ) =CY)**24(VT(KL)=CY)**2)

HLIN=7NYM*ABS (7=-F7) 7007

TEAHLIN,GT ,NZVITITEF=T"F""+1

JTFEE =N

IF(HLINGG N7 ycer=1

TFITISF.FQa0)GN TO 61

MSEE=JSEE

PHTI=ATAN(ARS[Y=0Y)/(AS(X=0)X)))

PALL eMOKr(X,V.Z'OY,CV,EZ.JQF"-QFXQCY’TOQY”U,Y"UySDX,SnY'N'p:ﬂK.

1PHI)
A1 PCFY=0,0

HR=H| . THeD?

IF(UHNeGF ¢ Ne) «AND G (HNgLFeATY) "CFX=HN/HT

IF(HN,GT ¢HT)PCFY=1,0

FOS=£AS(THETA)

A=PHT=FPS

TF(FPE  GT PHT ) A= PS=FHI

B=1.7707%=A

YA=TL*COT (9

TO=WT=COS(A)

FFL=TA+Y"

EVA=Z I EYSHTREFL

PXN=PCEX® 100, 0

(o}

(¢}
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IF(TSELEN.0)ICO "0 RSB

WOIT (e 1CANI Ty Y YgZ  WTL yMNSFE EXCyEXAy IA TSy JFF
N T €a

NETTTLE 9 1LV T T o Xy Y7 o VEL G JSFE (PY T EXA
K J=K jJ+ 1

CX=PEAKILY®(X=XMU (L))/STX(L)**2
CY=PTAK(LI®*(Y=YMUCLY)/SDOY(LI*>D
CEYP=((X=YHU(L))* 22 (Y=Y (L)I®*2) /(2,%STXILI**2)
CX=CXPEXP (=CHXFY
PV=CY8EXP(-C~XP)
AFL=FYX®CNTITHTY LY ¢PY¥RECSTN(THET )
VEL=€ 0=l 0*0 L

PIST=VelL

ET=ET 44

TFU)TFELENQLJ) FC 7O LA

J=J+K

CHUNC=NUMC +NIST

NUNC (1) =NUNC

¥=n

NSUM=0SUM+NTS T

TFUJTEF FNG0) ¥=1
TFUJSFFLENGMITUNC=C,

X=X =NTSTHCOS(THATA)
Y=Y-NTSTESINITHFYN)
TRFIXLF4RXUIRY)RC TO 25

GN T2 3A

CONT TMNUE

JK=
VISPFE=FLCAT(TSFEY/FLTAT (K Y)
WRITE (E4154)

ne 42 J=1,JK

SUNP=SUNC+UNC (J)
WEITETE, 155V 4,UNMNC (50

FONTTNUE

rrOV=NRYM=SUNE
AVTIN=SUNC/FLOATY (J)

WRTTF(E,17%1)

WRITE (Fy1F2)

WOTTE (£, 15 3) CIND, HCOV, DSUM, AVTN, VT SFER
QRETIION

ENp

55

Ll

o
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SUBRNUTINE SMOKE (¥, Y47 ,0X,0Y,07,JSEFqRX,RY, TP, XNU, YMU,SOX 5 SOY 4Ny
1FTAKPHIY
XMU, YMU, SOX, SO¥, *, DEAK, AN PHI ACF SIMTCP VAPTAALES,
FEMQYE FBOM CALLING SYATFACNT END FIMENSION STATIMENT IF USING
STMSMNK™ WTTH NTHEP TEERATN/MOVEHMENT PROGRAN
PTMCHSTON XMUC50) o YMULED),SPY (F9) 4, SOYTSE0) ,PEAK(50) ¢RX(1C) FY(L0)
1RO T110) 4 Y20 C11G) 4 7P0X110) 4 X5 (1109, YOR (1109 4 7CF (1101, XHE (110D,
2YHC (1100 3 7HCC110) (XCHEU1100, YOH(110),Z0H(113)
PEAL NEUTRAL, TNVEFRSF,LAPSE
CAMMON/ PAPRY/ TP TP GFCaCRFy IO Ty IT T JTST YO U4, YSUMLT 0, §O, TMSK, TNSK
COMMAN/EAPUER /ICG JNWOKT o NUPNH JNRFT (N W, WS, W, 3PE 4 BT,
1ONGE JPNGH 4 SCENE g S(FHW FPATE JF “ATUW, SMKF , SMKH,ST3
TMTFRER TYPGSMK,STR
1110 TORMAT(1¥,F10.5)
1001 TAPMAT("",20%, "HFADKING PUTS SMOKE ON OWN FORCES IN ATTACK™)
1072 FORMAT ("0™,1X,"SMCKE MPIFTING ON TO 0NN FOSITION™)
1100 FARMET("(0",1%X,"“TO0 WTKLY FOC SNOKE™)

DGO

c

C CNMMAND RUINANCE

c IfG=C METTHER STRF USCS SMOKE

Cc ICr=1 ONLY FAST USES SMOKE

t ICH=2 ONLY WEST USFS S%nNKE

C IFr=3% BCTH SICFS USE SMOKF
IF(TCG4Qe2Y GO YO F
IF(TCGLEQeN) CETUF™N

c S8 e wn QAST 22y Usrs ~s4348 CMOKF ®*»333s

c

C TYPF NF OPEEA’ION

C

TY2=7HOFFENSE

TUL=FY(IP~1Y=FX(IF)

IF(TVLLLTe0s0) TYP=BHWTTH RPLW

ICTTVL ¢FNa0e0) TYP=THMEFENSE
WEATHESR

OO0

TEAWSeGT e B, 0IWRITF(H,1100)
PTF=PHT=WN ,
TEUUTYP EQe7HOFFENSE) (AND o (NI F eGT Lo X6V el N IDIFeLTeFelFRY ¢ AND (W€
1.5Te1e5)) GO TH A
GO TN 7

6 WRITE(E6,1001)
eETYON

c CHETK STARTLITY CONCITIONS ]

7T 7V=0.9 ’
IFISTR,FOL7HNFUYTRAL) ZV=2,0
IF(STRLCN4S5HLAPSF) ZV=L4N

WFAPANS AVAILARBLE (EXTERMAL GUIDANCF)
FUYTUSS CEVFLOPMFNTS WILL DIFCTATF EXPANSION CF THIS SFCYION

AMMUNITION AVAILASLE
NUMREDS OF EQUMNS AVATLABLE IS NRNF
TECTALGELNRDEY GO TO 24

OO0




GO 71 25

26 TF(TA,GEHRNENIN=1IA
Ig=0
FETION

TYPE OF SMCK® AVATLABLI (CMKE)Y

*8 THTS PARY NF THE PENGSAM CIOMPUTTS LINE OF STAHT FORP THE TASY USING
SMOKF IN TH: OFFTMSE
25 TFITVYD FQ,7HRFFENST)PTTURN
TF(IQeGE«NRDEIRFTURN
DETERIMINE WHFEMN TC FICT
FHYP=SQET ((OX=X)*2D ,3¢{NV= Y)"Z.O)
IE(OHVP.CT ouf‘u’l‘n TN : = Leom ol E
TEEOHYP LT ¢ 15 Ja )N YO &
SMAKE TS SHUTY NFF WHEN ATTACKER GFTS WITHYM 100 MTTEFS QF IMEAC T
F1=ST FINN CEMTTF PF MASS 0OF SHTAF
NETERMINE WHLRFE TN FIRZ SHMOKE
ALL SHFAF ATE QRTENTFD NORTH=SOUTH
SHEAFS ARE FIFEDQ 60 MEZTERS IM FRONT OF TNEMY POSITIOM
ONSITICN OF SHEAF (ALONG Y AXTIS) IS DETFEMIMNED BY WIND CIRSCYIONW
FIPSY 0O HW,Th, AND CALM (ONF CASF)
8 XS=QYes5n,Q
JFCTUS el Te1e5) e OR T NN aGTaa73%) g AND g (WOl To 26351140 ((WNGT 3,027
1) e AN G (WD LT o5 LAV IYSTH=0Y-CTPNF/2,0
G THTS FORTION COMCYUTES SHTAF LOCATION FOF CRNSSWINDS
IFQUND aGF 549 0 o LU gLF e 726))YYSTH=0Y
TRU(HD gCF e 2435) ANN (WD LF ¢ 3402))YSTH=0Y=~SC2NE
C COMPUT= TNPIVINUAL TMPACTYT POINTS
20 TMSK=TMTK+1,0
TFITUSKeFNel1e0) G TO 11
G T~ 12

OO0

(¢}

QOO0

C (XRPD(T),YPN(T)) AFCZ COOFDINATES OF THE TIMPACY OF THF ITH ROUND,
11 ™7 3 I=1,NWENF

XFQET)=XS

YOUM=VYCUUMESCE NE/NVPNFE

YPA(I)=YSTH+YCUM= (SCRNE/NWPNTY /2,
C THF NEXT EIGHT STATEMENTS COMPUTT THE ALTITUDF OF THL
c TMOKS COUND IMPACT PCINTe THESE ARF BASTOD ON SIMTFR
G TaTA, CHANGE FNF USE WITH OTHIE PPOGRAMS,

77°=1,0

NO 17 J=1,yN

ZOPEXY=(AYPD L) =XMUIII®¥2 ¢ (VPO (T)=YMU( ) ) *%2,) /2, 2SOX(J)*

1S7Y (N
7RT=EFAVIII®EXF (=7RI XY
IF(ZPTGF 776 77R=TRT
10 "ONTTMYE
73N(T)=Z7P
9 CANTTNUE

TA=NWPNF

rg Yr gz
C
c FIZSY PATTFERY/CLATOON SCUNPS WTLL LRRIVE SIMULTANEOUSLY
c SHCFFPING POUNDS ATPIVE AT NESTIGNATED FTYRTNR RATES

12 CFR=NFP+TRATE
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IF(CFRLLFELICT) GO TO B3
IA=TA+Y
'QO(TA,:'S
PANNAOM NUMARFR CALL STATF®ENT NEDPTNNS UPQON TYP™ COMPUTER
YRO(TA)=YSTHESCRNF*RANF (3)
THE NEXT EIGHY STATCEMENTS COAHMPUTT THFE ALTITUDE NF THE
SMNKF ROUND TMPACY POTINY, THZICSF AFF BLSTD ON SIMTER
NATA, CHANGE FOF USF WITH QOTH . R FCQGRRAMST,
27R=0Ne 0
nA1L J=1,N
ZPEX=(IXRDUTIAY=XMUITIVNY®*¥D ¢ (YTDOITAY=YMU(I)I**2,)/(2.,2SDY())*
1SNy (J)))
2RT=CFAK(JY*F XP (=ZPF Y)
JFUZOT (GEG27F)77P=2F 7
14 CONTTNUS
ZPNLIAYN=Z7R
ALL SCUNNS NOW HAYVT IMPACT CONFODIMATES FOF HWyaTW, OR CALV
IF SLNPE AT IMPACT IS MFSTIPEN, IMSERT CALCULATIONS HEFF

B3 TF(SMKELENG1O0HWHITE PHNS) GC T0O 21
IF(TMSKeGTo1eCY GC 7O R4
NN 63 I=1,NWPNF
YHC (TY=XRP (D)
YHCiT)=YPP(])
ZHCC(IV=ZRN (D)
S3 CONTTINUE
GO TO &5
S4 XHCTT)I=XEP(TA)
YHC(TYI=YRP(IA)
ZHC (TY=ZFDIIA)Y
55 unn:nof
CALL HCLPS Xy Vg7 g OX g DY 4y 07 yXFD4YPDyZF 0y ISt gIAyTMSK g XHC yYHC 4 ZHC ¢
1R"N)
GN TN &1
21 CALL WPLOSIXgYaZ s OXyOYgOZyXRD ¢YFD 42R%09yRFE 4 JSFF g 1A, THSK)
MOVE THE SMOKE CLONDS DNAWNWINMD
1 IK=TMSK+1
TJ=TMSK
rN 17 I=1,1IA
XRP(T)I=XRD (I)=WS*STNIWD)
YON(IV=YPOD(TY=WS*COS(WN)
ZFD(TY=ZFP(IY+ZV
17 CONTINUF
ASSUMPTIONS IF THF SMOKE OLOUN STEIKES TEFSAIN IT WILL ASSUME THC
TEOPAIN ALTTTUPE IF STASILTTY CONDITION IS LAPSH,
IFCISTRGFNG7ZHINVERST )4 0F o (ISTBEQ"HNEUTRALYY GO TO 81
22P=060
nn 18 I=1,1A
PO 18 J=1,4N
ZREX=(UYEL (TY=xXMUC IN)**2 ¢ (YR UT)=YMU( NN V*¥22,)/ (2, *STX(Y)Y*
1SPY (D))
79V =PCAK(J)*EXP (=T7EEX)
IFUZRT ¢ (RC e 22FY77FR=7FPT
19 CANTINUF
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TFATRN(T) (LT, 270) 780 (IV=77R
18 CONTINUE
BL IF(CFRWATLINTITCT=TCTee
THIS "AMPLFTES FAS™ TN THF CFFTNST USING SMOKF,
EAST TN THE OFFFNSE IS NOT OLAYFD BFCAUST FNEMY TS ALSO IN NEF.

388 s NQQT [ YWY WY Ugrg aB23e QMOKE “NP YN

Rl 8CE OX WLTH X TN SHIFT IMPACT POINTS FRPOM TN FRONT
NF WEST TO CON TPP OF CASY LEAP FLEMENT,
5 NA=sX
TIFI(TCGeEDQ L) RETIIRNY

o000

TY?E OF 2PEPATINN -= WEST ALWAYS IN THE DEFFNSE

WEATHER
TE (NS GToB NI WRITE(F,1100)
CHECK SYABILITY CONDITIONS
7V=‘3.0
: TF(STRGEN,7THNEUTRAL) 7V=72
TFISTRGFNLSHLAPSFY7V=L, 0

(¢} QOO0

WEAPCNS AVAILARLE (FXTFFNAL GUINRANCT == NWPNW)

DOOO

AMMUMNTTTON AVATLASLE (FXTTINAL GUINANCE == NFOW)
TFITR,GS,MRDWY GO TO 41
GN TN Y2

61 TFCIA,GF N2y JC=TR
IR=0

A DETIHPN

‘ TYPE OF SMOKF AVAILABLF (TMKW)

SLYHTIS PACT OF THF PROGRAM COMPUTES LINE OF SIGHT FOR WEST USING
SUNKE TN THE FEFONSE

NETERMTNE WHEN T FIRE
L? PHYD=SQRT((AX=Y)%22 . 4{0Y=-Y)2%2,8)
SMOKE IS FIRPKET WHFN FASY STACHT S MAX cFFFCTIVF FANGE OF WEST ATGM
IF(PHYP,GT (RAGWY ~C T0O 10"
SHOKE TS SHUY OFF WHEN SNFEWUY MTARS AEFENSTVE PCSITICONS (18M)
IF(ORYPL,LYT (150,0) 50 TN 130
CHECK FOR WIND FROM THE FASY WHTCH WOULD ORIFT SMOKF IMYQC CFFENDAR
ONSITION, THEFEBY NFGATING ITS USIFELMEST,
IFC(WNT aLTe24%R) qANDa (WNGGT 44 78E)IGO TO 87
RN 7 84
R7 WEIT:Z (f,10C2)
RETHYON
ay YT=Y
NETERMTNE WHEET T( Flef
CENTEF OF MASS (OF SHEAF TS AN LTAN [LFMENT AT MAX TFFECTIVE RANGY
XSy
ye=v
C COMPUTE INNPIVIGHAL IVPACT FQINTS
YSTH=YS=SCRNW/?,0

oo O O 0(1C)ﬁ{’a

a0




asoo

OO

TNSK=TNSK+1,0
IF(TNSK,ERa1a N)IGO TO 29
Gn Yo 31
I0 "0 XTI I=1,NWP'IW
XOR(Iy=Y*<
YSUM=YSUM+SCRNM/NYPMUW
YOR(II=YSTHYTUNM= ISCENW/NWENWY /2,

THE MEXTY EIGHY STATFMENTS COMPUTE THFE ALTITUDRT OF TS
SMAKE QUMD TMEACT ONINT, THFETF ARE BASEC ON SIMYEPR
DAYA, CHANG® FOK 1ISE WITH OTHFE P-NGRAMS,

77f€=0, 0
nY. L J=1 ,N ! ;
ZEFX=(AYDR (I =XMUT I )**2, ¢ (YOO (I)=YMUCIIV*¥2,) /(2. *SOXY(IV*SOY LS
TRI=FEAK(J)*E NP (-7FEX)
IF(ZNY oGS o 72F)Z2Z2F=7RY
24 TANTTINUF
7N (IV=Z7F
33 CONTINUF
Tz MWONY
6N TN 25
FIFST RATTFRY/RPLATNON ROUNDS WILL ARRIVE STHULATANFOUSLY
SUCCFETNING RCOUMNS APTIVE AT TCESTGMATEDR FICING RATFS
31 CEF=CQF+FFA W
IFIGPF(LEL,ITCY GO TN 35
T83=TA+1
XNRP (1) = X<

FANNOM NUMOFE CALL STAYFMZNT OFPTNPS UPOM TYFRT COMPUTER

vVAR (IA)=YSTH+SORPNF2FEANF ()

THT NEXT EIGHT STATZMEMTE NOMOYUYTT THE ALTITUDE OF THF
SMOKF RQOUNC IMPACTY PRTHT, THESS AFF RASFD 0N SIMTIPR
NAYA, CHANGS FOF USE UTTH ATHEP PEOGFAMS, p ’

77R=1, 0

NO 36 J=1,N

2PTX=((YTC(IB = XMUC J) )R 22, ¢ (YORPLIRI=Y MU UI)*22,)/(2,*ENY (I *
1S57Y 1)

7RT=FEAK LYY *FXP L =7REX)

IF(77T oG4 ?72CV77F=7F T

25 CONTTNUE
7NE(TRY=727%
ALL OPRUNDS NOW MAVS T¥2ACT COCFOINATES

IS5 TF(SMKWEQGWICHUHRITE PRNAS) (O TO 37
TFITNSKeGTe1eT) GO TN 56
NA 57 I=1,NWPNUW
XCHEIV=XAF(T)
YOCH(TYI=YPRE(T)Y
IPHETYI=7PR(])

€7 CONTTNUF
G0 YO0 €8

€A XCHUT)=2XOF (TR
YOeHLI)=VOD (IA)
TCHIT)Y=7DF (TI")

R RON=ARW
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CALL HOLCS Xy Yy Z 34X 0¥y NZyX0O JYORy TOR 3 JSELyI®yTNSK 4 XCHyYCH,ZOH,
1280}
GO T S')
X7 CALL WPLOS(XyYq740XyY GZyXTR YPRGZORBRAWZJTFET 4 IRy TNSK)
C MOVE THE SMOKE L QURS CARNKWING
52 TK=TNSK+1
T 1= TNSK
RO 38 TE=10, 18
XDPII)=XOP (1) -WS*STN(WN)
YORIT)=YDR(I)=-HS*COS (WD)
70RO (IV=ZOF(T) +7V
38 CONTTNUE
ASTUMPTIONT IF THE SMOKE GLOUD STREKES TERBAEN EY WEEL ASSUME THE
TERRATN ALTIVUNE IF SYAATILITY CONDITION IS LAPSE ;
TFUISTRLEDG7THINVFFESE) s ORe ISTR,,EN.ZHNEUTRAL)) GO TO 84 i
27P=n,C
nn 79 J=1,1I7 !
nn & J=14N
2RPEX=LAXNELTY=XMU (LY )% 20e CYRRET) =Vt CI) ) **2 ) 2126 ¥E8X(J) *SRY
ZRT=PF AK (J) 2t XP t=72EX)
40 CONTINUF
TECZN(TIY LT e 728 Z2CERLNEZZE
29 COMYTNUE
G THES CORREETES WEST TN HRE HBEENSE
85 TF(CRFGGTLITCY IT =17+
107 SETH=N
END

X v
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SUARNYTT NF WPLO (X ¥ 37230 y0Y,07,XPDyYRDZRN BEF, JSKI ,TA,THM"K)
DIMERCTIAN XKDU1GN) , YEP(QET) 470N (150),TT(160)

C
C LINF 0OF STYAHT MUST Pr COMPUTcD FOF FACH POUNN
Cc LAS TS COMPUTE] ARY SEFING IF THF 0-T LINF PASSES AT A CLOSTR NIST-
C ANTE TN THT CFNTER NF THF SYOKF CLOUD THAN ITS COUTER SURFACIH,
C THTS TS ACCCAMPLTSHEN PY CONSYFUCTING A LINF F20M THF FCENTER OF
C THT SMOKE CLOU'D FEFETINDICHLAS TO THE COT LIMF, THIS NTSTANCE IS
Cc COMPAGFN WITH THE RAPTUS NE THF CLOUN
Cc
B1=0X=X
O2=NY=VY
QX=N7=7
I=TMSK
0 15 J=1,1A
HYPT=-SQRT (31%51+B2%R2+"3*P )
AT=SOPTLAXRN(I) =XI%22 , ¢ (Y N(T)Y=V)=25D ¢ (ZFN(I)=7)%%2,)
AT=CORT(IXPN(I)=0X)**2 4 (YRN(T)=0Y)?*22 .+ (ZPN(I)V=0NZ)**2,)
ST=(AT+AT +HYPTY /2,
SLENS (2 /HYPT)I* (SOOT(CT* (STeAT)*(ST=8T)I* (ST=HYPT)))
LA 3 |
IFTSLENGLF ¢RREIKSFF=D
C MOTEt TF THE SHMOKE CLAUD IS N GONW OPVER TIMi, QFPLACE RFF W/ A FCON

IFL(XP0(I) oLE oY) 0% 4 TXFNII) (7, X) )KSFF=1
TFA(KSEE.FQ.0Y JOFF=D
IF (KSFFLEN Ny RT-UAN
15 CONTTNIIE
CETULH
2]
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SUARPOUTINF HCLOS(X,yY,Z,0Xs0Y40ZyXRC,YPN,2PN,JSEELIAyTMSKyXHC,YHC,
1ZHZ 48R
CIPENSTON XHCU150),YHC(150) 4ZHC (150) 4 XRD(1S0) ,YRPD(150) ,ZRD(150D)
COMMAON/Z/FARMER/ICG g NWNFNEJNWENW G NROF NRDWyWS g WD 3y BRE yBRW
1 NRE JONGW,y SCRNF y SCRNW FRAT Sy FRATWy SMKE ySMKW STH

LYNF OF SIGHT MUST 2 CCMPUTED FOR £ACH ROUND.
FACH FOUNT ~PO0CUCES A CONE OF SMOKF WHICH HAS TITS FOCUS AT THC
POINT OF IMPACT., THF CONE EXFANDS COWNWINC OF THIS POINT. ROTH
THE RADIUS AND THE LENGTH OF THF CONE ARE A FUNCTION OF WIND SPEED.
THIS SURPQUTINF CHCCKS FOR AN INTERSZCTION OF THE O-T LINE AND
ONE OF THF CCNFf©S

D000 YD

A=X-0X
R=Y=Q0Y
C=7=-07
XFDyYPD,ZFC AFF THE COCROCINATES OF THE EXPANDING END OF THE CONE
XHC 4yYHC,ZHC ARF THE CCCRDINATES OF THF FIXED FNCUS OF THE CONE
ne 58 I=1,12
P=XHC(T)=XRD(I)
N=YHC(T)I=Y"N(]I)
P=ZHC(I)=Z25N(I)
Nzosr-C3Q
E=2*C=-A%*R
F=A%(Q=0%8
QRQ=A*A*N=-A*P
SS=A®*Q-P
Fr=P2C*¥D/SQ=A¥C*FP*/SQ+C*D/A=-P*N/SS+A*REE/SS-F
FO=ZHO(IY +A*P*¥QY/SS¢R*XHC (I V/SS=R*0OX/SS+A*R*YHC(I)/SS~-0Z=-C*XHC (I}
1/708=-A%P2C*QY/SN=-C*P2XHC (T)/SQ+P*C*0OX/SQ=-A*C*F*YHC(IV/SQ+C*0OX/A
UsFO/FC
S=TA®0Y+XHC (1) +D*U~-OX+A*YHC(I)-A*E*Y)/SS
T=AXHC(IV ¢S*P+0*U-0X) /A
TX=0OXeT® (X=NYX)
TY=0Y¢Y®(Y=0Y)
17=0747%(Z2-07)
HX=XROTI) ¢S*(XHCUIY=XFO(IN)
RY=YECSITI) #S*(YHC(I)=YEOAID))
H7Z=7R20D(I)+S* (ZHCULIV=7RDLI))
| C ST IS THL PERPINCICULAR DISTANCE BETYWEEN THF O-7 LINE AND THE CONE
f OST=SAFTU(TX=HX)¥*2 04 (TY=HY)**2,0+(TZ=HZ)1*%2,0)
| C CSY IS THE NISTANCES FROM THF CONE FOCUS TO THE PERPINDICULAR LINE
CST=SAPT{(HX=XHC(IVN)** 2,0+ (HY=YHC(I))I**+2 ,04(HZ=-ZHC(I))V*¥2,0)
C CALCULATE WADIUS OF CONE AT PERPINOICULAR LINS, IF RACIUS IS
C SHOFTERP THAN FERPINDICULAR LINF THEN INTERVISIBILITY EXISTS

ACN=(WS=20e60)/3L,377

~AD=(ST®SIN(ACN)

KSEF=1

161NST LE.BFDIKSEE=0

IFIKSEECEQsDYJSEE=D
€ COMTINUE

eETYRN

END

(y oy |

s — mm



SURRAYTINF QUMMY
cMTOY COMTUR
ZNTOY PLTTNY
DETYON

END

64




APPENDIX C. MATHEMATICS OF LINE-OF-SIGHT CALCULATIONS




66

APPENDIX C, MATHEMATICS OF LINE-OF-SIGHT CALCULATIONS

WPLOS
The WPLOS subroutine determines if the 1ine drawn between an 1
attacker and a defender (0-T line) touches or passes through any

part of a spherical smoke cloud, It does this by using geometry,

If straight 1ines are drawn between the attacker, defender, and
smoke cloud's center, a triangle is formed. Assuming that the
triangle's base is the 0-T 1ine, the program determines the alti-

tude of the triangle and compares it with the radius of the sphere,

If the altitude is longer than the radius then the 0-T 1ine misses

the smoke cloud, i.e., intervisibility does exist,

XRD
YRD Smoke Round Impact
ZRD

X
( Y

V4

(1) 4 Attacker
(ov

0z HYPT (

Defender

Figure C-1." Sphere/Line Intersection

HCLOS
Because a cone does not have a single center but rather a locus

of centers running through its central axis, a different approach
is used. The problem is to determine the shortest distance between

the cone and the 0-T 1ine, and then compare this distance with the
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radius of the cone, measured at the intersection of the shortest

distance 1ine and the cone's outer surface,

HX
(1
HZ (XRD)
YRD
ZRD

moke Round Impact
DST

1)

X Y

( TY ) z
TZ Attacker

Figure C-2, Cone/Line Intersection

XHC
(1
ZHC

Extent of Drift

0X
t:
0z

Defender

The shortest distance between any two vectors in three space
is equal to the length of the line drawn between and perpendicular
to the two vectors. The method used to determine this shortest
distance consists of finding the cross product of the two vectors
in order to find the 1ine perpendicular to both and then solving
a system of three simultaneous equations for these lines in order
to find their points of intersection. Once the two points of
intersection (HX, HY, HZ) and (TX, TY, TZ) are located, the
Pythagorean theorem is applied to find the length of the line
(DST) between the two points, If DST is greater than the radius
(RAD), then intervisibility exists,

A summary of the mathematics for the HC cloud is as follows:

1. Form equations for the 0-T 1ine and for the axis of the cone,
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0-T Vector Cone Axis Vector
TX=0X+t(X-0X) HX=XHC+s (XHC-XRD)
TY=0Y+t(Y-0Y) (C-1) HY=YHC+s(YHC-YRD) (C-2)
TZ=0Z+t(Z-0Z) HZ=ZHC+s (ZHC~ZRD)

2. Take the cross product of the two vectors in step (1) to get

the direction number for the 1ine perpendicular to both,

X-0X XRD-XHC

Y-0Y X YRD-YHC
-0z ZRD~ZHC ,
let  X-OX=a let  XRD=XHC=p |
Y-0Yeb YRD-YHC=q |
2-0Z=c ZRD-ZHC-r !
then a ] br-cq %
|

b X q =  pc-ar
c r aq-pb
3. Form an equation for the line perpendicular to the 0-T line
and the axis of the cone.
TX=HX+u (br-cq)
TY=HY+u (pc-ar) (c-3)
TZ=HZ+u (aq-pb)
let (br-cq) = d
(pc-ar) = e
(ag-pb) = f
4. Substitute (C-1) and C-2) into (C-3)
OX+at = XHC+sp+u (br-eq)

0Y+bt = YHC+sq+u (pc-ar) (c-4)
0Z+ct = ZHC+sr+u (aq-pb)




T

5. A1l quantities in (C-4) are known except for parameters

s, t, and u. Therefore, the system of equations (C-4) has three
equations and three unknowns and can be solved by a series of
substitutions.

6. Once the program has solved for s, t, and u, it substitutes
these value in (C-1) and (C~2). The two equations can then be
solved for (TX, TY, and TZ) and (HX, HY, and HZ),

7. Using Pythagorean Theorem, the length DST is computed.

8. DST is compared in length to the radius (RAD) for determina-

tion of intervisibility,
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