
7 AD-AI S 3 66 ARMY MATERIEL SYSTEMS ANALYSIS ACTIVITY ABERDEEN PROV--ETC F/6 17/1
S0)140 RANSING EFFECTIVENESS MODEL (SREM) * U)

U NL DEC 61 W J HUGH4ES, H C DUBIN

UNCLASSIFIED AMSAA-TR-333 W; 1LE"2~h~



40II N8111. 11112.0

4 11111.2 1.4 ~

MICROCOPY RESOLUTION TEST CHART

NAT IONAL BUREAU OF SIANOARDOS 196 A





IP IF



UNCLASSIFIED
S.CURITY CLASSIFICATION OF THIS PAGE (Wheja Date Entered)_ _

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T: REPORT NUMBER j2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

Technical Report No. 333 -/ 3 ___

4. TITLE (and Sublitie) S. TYPE OF REPORT & PERIOD COVERED

Soune Ranging Effectiveness Model (SREM)

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) S. CONTRACT OR GRANT NUMBER(e)

William J. Hughes
Henry C. Dubin

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA & WORK UNIT NUMBERS

US Army Materiel Systems Analysis Activity
Aberdeen Proving Ground, MD 21005 DA Project No.

1 R665706M541
It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Materiel Development & Readiness Command December 1981
5001 Eisenhower Avenue 1s. NUMBEROF PAGES

Alexandria, VA 22333 118
14. MONITORING AGENCY NAME & ADDRESS(I different team Controlling Office) 15. SECURITY CLASS. (of thli report)

Unclassified

ISa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20I t different from Report)

U.,I,2 19 82

Is. SUPPLEMENTARY NOTES

It. KEY WORDS (Continue an reveres aide If neceesary and Identify by block number)

Sound Ranging
Acoustic Loading
P uisition of Targets via Sound Ranging

4 AWTRACT (Cantaue so mveue aid# N nameam, md idenitl by block number)
The Sound Ranging Effectiveness Model (SREM', was developed in order to examine
the loading effects 'of different firin E rates on present sound ranging systems
as well as to help establish criteria for future system requirements. The model

uses artillery missions generated in a division level wargame (DIVLEV) to simu-
late the associated sounds and the times they reach the sound base as well as
their relative intensities 'Performance estimates for various sound ranging
capabilities, based on 3 l/&hours day and 3 1/2 hours night combat simulation
are aiven

DO Fore 1473 tot, orlmov s s os@ETE UNCLASSIFIED

SECUITY CLASSIFICATION OF T1i1S PAGE (Whm Date Entered)



TABLE OF CONTENTS

Page

1. INTRODUCTION . .. .. .. . .. .. .. .. .. .. .. ... 7

2. BACKGROUND. ... ...... .. .. .. .. .. .. .. .. .. 7

3. SREM DESCRIPTION .. .. .. .. .. .. .. .. .. .. .. . .8

3.1 SREM Inputs...... . . . ..... 14
3.2 Generation of Sound EventTimes* . . . . . .15

3.2.1 Indirect Fire Times . . . .. ... .. .. .. .15
3.2.2 Direct Fire Times . . . .... . .. .. .. . .15

3.2.3 Air Support Time . . .. .. ..... . . . . . 17
3.3 Generation of Sound Intensities. .. ..... ....... 17
3.4 SREM Bookkeeping . .. .. .. .. .. .. .. .. .. 17
3.5 Outputs .. ... ..... ..... ...... ..... 23
3.6 Sample Results. .. ... ..... ..... ..... .. 23
3.7 Sample Scenario . . . . . . .. .. .. .. .. .. .. 23

3.8 Sample Outputs .. .. .. ... .. ... .... . . . . 26
4. SUMMARY .. ... ...... ..... ..... ..... ... 38

*IAPPENDIX A - SREM USER'S GUIDE .. .. .. .. .. .. .. .. 47

APPENDIX B - SAMPLE RUN .. ... ..... ..... ...... 57

APPENDIX C - PROGRAM LISTING .. .. ..... .. .. .. .. . .81

DISTRIBUTION LIST .. ... .... .... ... .. .. .. .. 117

; riI

3

___M



LIST OF TABLES

Table Number Page

1 Sound Ranging AN/TNS-1O Characteristics . . . . . . • . . 12

2 Sustained Rates of Fire for Weapons Used In Saple
Scenario. . . . . . . 16

3 Equivalent Bare TNT Charges Used to Simlate Initial
Sound Intensities . . . . . . . . e * * * * * * & * e 1

4 Force Composition in Saple Scmarlo ... ...9 . .... 2S

4



LIST OF FIGURES

Figure No. Page

1 Sound Base Deployment Schematic ..... .............. 9

2 Typical Sound Breaks on a Paper Tape for a Low Rate
of Fire ....... ......................... .10

3 Correlation of Sound Breaks ..... ................ 11

4 Sound Ranging Effectiveness Model Basic Flow Diagram . . . 13

5 Sample SREM Outputs ........................ 20

6 Sound Ranging Capabilities .... ................ .22

7A Potential Target Production for CT=6 System With a 2-
Minute Processing Time .... ................. .24

7R Potential Target Production for a CT=12 System With a
Negligible Target Processing Time ............. .. 24

8 Rate of Fire as a Function of Percent of Game Time
(Daytime) ...... .. ........................ 27

9 Rate of Fire as a Function of Percent of Game Time
(Night time) ...... .. ...................... 28

10 Unique Targets Located by a Manual System in the Sample
High Intensity Scenario .... ................. .29

11 Unique Targets Located by an Automatic System in the
Sample High Intensity Scenario .... ............. 30

12 Unique Targets Located by a Manual System in the Sample
Moderate Intensity Scenario ... ............... .31

13 Unique Targets Located by an Automatic System in the
Sample Moderate Intensity Scenario ... ........... .32

14 Summary of Unique Sound Ranging Acquisitions .......... 33

15 Rate of Unique Target Production as a Function of the
Rates of Fire in the Sample Moderate Intensity
Scenario ...... ......................... .34

16 Rate of Unique Target Production as a Function of the
Rates of Fire in the Sample High Intensity Scenario. . . .35

17 Rate of Unique Target Production as a Function of the
Rates of Fire in the Sample Moderate Intensity Scenario. .36

5



LIST OF FIGURES (continued)

Fiqure No. Page

18 Rate of Unique Target Production as a Function of the
Rates of Fire in the Sample High Intensity
Scenario . . ..... . . . . . . . . . . . . ... 37

19 Total Targets Located by a Manual System in the Sample
High Intensity Scenario . . . . . . . . . . . . . . . . . 39

20 Total Targets Located by an Automatic System in the
Sample High Intensity Scenario . ... . . . . . . . . . . 40

21 Total Targets Located by a Manual System in the Sample
Moderate Intensity Scenario .......... . . . . . 41

22 Total Targets Located by an Automatic System in the
Sample Moderate Intensity Scenario . . . . . . . . . . . 42

23 Rate of Unique Target Production as a Function of the
Rate of Fire in the Sample High Intensity Scenario
(Manual System) ........ . . . . . . . . . . . 43

24 Rate of Unique Target Production as a Function of the
Rate of Fire in the Sample High Intensity Scenario
(Automatic System) . . . . . . . . . . . . . . . . . . . 44

25 Rate of Unique Target Production as a Function of the
Rate of Fire in the Sample Moderate Intensity Scenario
(Manual System)..... . . . . . . . . . . . . 45

26 Rate of Unique Target Production as a Function of the
Rate of Fire in the Sample Moderate Intensity Scenario
(Automatic System)....... . . . . . . . . . .. .. 46

6



SOUND RANGING EFFECTIVENESS MODEL (SREM)

1. INTRODUCTION

Recently, there has been a resurgence of interest in sound ranging
as a target acquisition system. This resurgence of interest may be attributed
to several factors:

(a) Cost -- when compared to other target acquisition systems
sound ranging is relatively inexpensive.

(b) Detectability -- while radars must transmit intermittently
and move periodically to avoid detection, a sound base is passive and may
remain operative continuously.

(c) Commonality -- presently, sound ranging is the most common
system for locating hostile indirect fire weapons among the NATO countries.

(d) Historical success -- during both World War II and the Korean
War, sound ranging was the most productive target acquisition system available.

In support of this increased interest, AMSAA hds developed a sound
ranqing effectiveness model (SREM). This model, which is keyed to a two-
sided division level wargame, was developed to examine the loading effects
of different firing rates on present manual sound ranging systems, as well
as to help establish criteria for future system requirements.

The model uses artillery missions generated in the division level
wargame to simulate the associated sounds and the times they reach the
sound base as well as their relative intensities.

Performance estimates for various sound ranging capabilities, based
on 3 1/2 hour-day and 3 1/2-hour night combat simulation, are given. Re-
sults show that although sound ranging will often be saturated at the high
firing rates associated with an intense break-through scenario, there are
still many opportunities to locate hostile indirect fire positions.

Appendix A contains a User's Guide on how to set up an input file
and run the program. Appendix B contains a listing of SREM along with
sample inputs and sample outputs.

2. BACKGROUND

The French initiated experiments in sound ranging in September
1914. These experiments led to the organization of sound ranging sections
within the French Army and subsequently, sound ranginq sections were rapidly
adopted by all of the Allies.

By 1934, the first US observation battalion, under the Field Artil-
lery, was activated. Improvements made at this time included modifications
to permit the use of stand3rd field wire, more sensitive microphones,
improved designs of recordinq instruments, more accurate plotting equipment,
and adaptation of procedures to improve tactics.
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During World War II, the US sound ranging community was expanded
to 25 full observation battalions for approximately 75 percent of all
confirmed targets located during World War II.

By 1950, when the Korean War started, the 1st Observation Battal-
ion was the only organization of its kind in the US Army, and it was only
at 60 percent full strength. By the end of the Korean conflict, there
were four observation battalions, two of which were in Korea. During the
Korean War, sound ranging, on the average, located 4 percent of all active
batteries on a given day, this represented 59 percent of all locations
made.

In Vietnam, due to the long emplacement time and the large amounts
of wire necessary, sound bases were deployed only alonq the DMZ, but due
to the poor condition of the equipment (the equipment was World War II
vintage) and the lack of experience of the operators, sound ranging was
deemed to be of little use.

Figure 1 illustrates the typical deployment of a sound base. The
sound observers, labeled O.P. initiate a paper tape strip recorder, which
is located at the command post, when they detect incoming sounds. The
paper tape records the low frequency responses of the six microphones on
six separate channels as typified in Figure 2. A three foot strip of tape,
corresponding to about six seconds, is activated by the sound observer.
The command post crew would then try to correlate the six breaks, one on
each channel, which resulted from the same sound source. By determining
the differences in times of arrival for any two channels, a bearing to the
sound source can be manually plotted. When the five independent bearings
all intersect closely, the weapon location has been determined. Figure 3
demonstrates which of the sound "breaks" in Figure 2 could be correlated to
give sound locations. Table 1 lists the basic characteristics of the cur-
rent US sound ranging system. Near-term improvements to this system in-
clude replacement of wire by radio data links and a computer and CRT to as-
sist in plotting the sound locations.

Although Figure 2 depicts a strip of tape with a relatively low
rate of sound events, about 25 sound events per minute, one can see that
the art of reading and correlating the breaks requires a high level of
skill and proficiency. In particular, it has long been known that high
rates of fire can completely saturate a reader's ability to resolve any
targets on a tape in a timely manner.

To date, no study has been found which addresses the loading prob-
lems a sound ranging system will face in a mid-to-high-intensity scenario.
The sound ranging effectiveness model was developed in order to determine
how often a sound ranging system will be saturated, and what target producing
capabilities it will have in such a scenario.

3. SREM DESCRIPTION

Figure 4 shows the basic flow diagram for the sound ranging effec-
tiveness model (SREM).

8
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SOUND RANGING EFFECTIVENESS MODEL

1.INPUT FIRE MISSIONS

GENERATED IN WAR GAME

2. GENERATE SOUND EVENTS

O MUZZLE BLASTS

ARTILLERY
TANKS

O MUNITION IMPACTS

3. TIME ORDER ALL SOUND

EVENTS AT MICROPHONE

4. IDENTIFY DISCERNIBLE
SOUND EVENTS

USING DISCRIMINATION
CRITERIA

5. ASSESS TARGET

ACQUISITION CAPABILITY

FIGURE 4 BASIC FLOW DIAGRAM,
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Step 1 -- missions are generated by a two-sided division level
wargame (DIVLEV) for both Red and Blue direct and indirect fire
units as well as air support. These missions are then used as
inputs to SREM.

Step 2 -- sound events are generated for the following battle-
field events:

muzzle blasts from - mortars
cannons
rockets
tank quns

impact blasts from - mortars
cannons
rockets
anti-tank guided missiles (ATGM)
air-to-ground missiles, bombs

Step 3 -- the sound events are ordered by their arrival times at
a sound ranginq microphone.

Step 4 -- the loading effects on the sound ranging system are
assessed and discernible sound events are identified based on
the sound ranging system parameters being modeled.
Step 5 -- discernible sound events are examined to determine
which events represent hostile artillery targets which could
be reported.

3.1 SREM Inputs.

Whenever an indirect fire mission is generated in the wargame,
the following information is written to an output file:

-time of the mission
duration of the mission
weapon location
target location
weapon type
number of weapons in the firing battery

When an engagement of direct fire weapons is generated in the wargame, the
following information is written to the output file:

-time of engagement
duration of the engagement
weapon location
weapon type
number of rounds fired per minute

When an air support mission is generated by the wargame the following is
written to the output file:

-time the ordnance was delivered

location of the target

14



type of ordnance delivered
amount of ordnance delivered

This output file which is generated by the wargame is then used as the
input file for SREM.

3.2 Generation of Sound Event Times.

Sound event times are generated based on the times that sounds
would arrive at the sound ranging microphone. Initial times for each sound
event, that is, the time the sound events were created, are based on the
mission start time (from the input file), and the sustained rate of fire
for that weapon. Initial times for impacts are based on the firing time
for the weapon involved and the flight time of the projectile (which is
dependent on the weapon-to-target distance).

Once an initial time for a sound event is determined, the time
required for the sound to propagate to the sound ranging microphone must be
calculated. The propagation time in SREM ii calculated using a constant
speed of sound (assuming a homogeneous standard atmosphere) over the distance
from the sound event to the microphone.1

3.2.1 Indirect Fire Times. At the start of each indirect fire
mission, the initial firing time for each weapon is distributed normally
about the mission start time in order to simulate crew reaction time.
Subsequent firing times for each weapon are based on a normal distribution
about the mean firing rate for that weapon. Table 2 gives the standard
rates of fire for the various indirect fire weapons which were played. A
standard deviation of one tenth the time between firings was used, and a
minimum firing time of one third the standard time between rounds was
imposed. Firing times for each weapon in that battery continue to be
generated for the entire length of the mission.

3.2.2 Direct Fire Times. For direct fire engagements, the initial
firing times and the subsequent firing times are calculated using the same
rules used for direct fire missions. However, the rate of fire for these
engaqements is determined by the number of rounds fired by that unit in
that minute; this is obtained from the input file. Two engagements of the
same unit, therefore, will not necessarily have the same rate of fire. The
number of rounds fired is dependent on the individual engagement and is
determined by the wargame. For direct fire missions consisting of tanks
and anti-tank guided missiles (ATGM) only the muzzle blast from the tank
main armament, and only the impact sound from an ATGM are considered as
sound sources which would register on the sound ranging microphone. The
impact from a tank round and the launch of an ATGM are mostly high frequency
sound events which tend to be discriminated out at the microphone.

I The reader is reminded that the purpose of SREM is to investigate only the
loading effects on sound ranging systems; the details of sound propagation
through moving and inhomogeneous atmospheres, although required for accuracy
calculation, is not warranted by the one second time resolution of SREM.
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3.2.3 Air Support Times, Air support missions have the number
and type or ordnance to be delivered specified. The ordnance is delivered
uniformly over the time period indicated by the mission duration time.

3.3 Generation of Sound Intensities.

The firing charge used for each mission is determined by first
computing the range to the target; then from the weapon firing tables one
of the top three charges available for firing that range is selected
randomly. The peak over pressure detected at the sound ranging microphone
is calculated using the equation:

P = 210(W1/3/R)l.0 47

where P = pressure in pounds per square inch,
W = equivalent charge weist in pounds of TNT, and
R = range in feet from the sound source to the microphone.

This equation was developed by curve fitting to data collected by the
Ballistic Research Laboratories (BRL) and reported in BRL Report #1240.
SREM converts this pressure to amplitude in db for printout and storage.
Table 3 shows the TNT charges used for approximating both muzzle and impact
blasts. The charges are those used for the various missions fired in the
wargame. The equivalent TNT charge weights have already been taken to the
1/3 power as used in the propagation formula. It should be noted that
these equivalent TNT charges are matched to far field peak overpressures
and are not intended to reflect the destructive force from the actual muzzle
or impact blast.

3.4 SREM Bookkeeping.

Sound events are grouped by amplitude and then ordered based on
their arrival times at the sound ranging microphone. Figure 5 is a sample
output available from SREM. "MIN" is the minute of the wargame being dis-
played. "SEC" is the second in the minute under consideration. "TOT" is
the total number of sound events in that second which could be detected.
The numbers across the top indicate the amplitudes at which the sounds
arrived. Sounds arriving below 70db in amplitude were considered too low
to be detected and were, therefore, not included in the total. The numbers
to the right of the slash indicate how many of the total number of sound
events are Red indirect fire muzzle events.

One of the purposes of this model, given the loading effects of a
scenario, is to evaluate parametrically the target production potential of
sound systems based on the capability to discern sound sources whose sounds
overlap in time at the various microphones in the sound base. Therefore,
an input parameter was included which allows the user to arbitrarily define
when a sound ranging system is no longer capable of discerning targets due
to saturation. As the rate of sound events reaching the sound ranging
microphone increases, the capability of the system to discern targets
initially increases proportionally then levels off and finally decreases due
to both the overlapping of arriving sound signatures and the increased dif-
ficulty in associating which of the several sound breaks on each channel
corresponds to the same source. Within the expected area of coverage of a

17



TABLE 3. EQUIVALENT BARE TNT CHARGES USED TO
SIMULATE INITIAL SOUND INTENSITIES

EQUIVALENT EQUIVALENT TNT

T CHARGE 1/3 CHARGE USED FOR
W /(IN LBS 1 3  DETONATIPY OF HE ROUND

WEAPON TYPE CHARGE (IN LOSTO H

155mm howitzer 3w 1.46 2.605
4w 1.59
5w 1.90
6w 2.13
7w 3.04

8 inch howitzer 1 1.63 3.311
2 1.87
4 2.34
5 2.50
6 2.81
7 3.04

81mm mortar 6 .524 1.341
7 .555
9 .617

4.2 inch mortar 19 .745 1.983
20 .763
25 .839
39 .921
30 .927

120mm mortar 1 .355 1.728
2 .427
3 .479
4 .530
5 .575
6 .618

122mm howitzer 4 .538 2.089
3 1.37
2 1.67

1 2.02
Partial 2.34
Full 2.82

152mm howitzer 12 1.48 1.934
10 1.68
8 1.90
5 2.28
3 2.50
1 2.56

Full 2.63

18



TABLE 3. CONTINUED

EQUIVALENT EQUIVALENT TNT
TIJ3 CHARGE 1/3 CHARGE USED FOR
W (IN LBS DETONATI ?hOF HE ROUND

WEAPON TYPE CHARGE (IN LBS )

122mm MRL .073 2.089

130mm gun 4 .186 2.089
3 .280
2 .401
1 .629

Full 1.05

125m tank gun 2.50

175mm gun 1 2.90 3.288
2 3.43
3 3.95

105mm tank gun . 2.29

CBU-24 4.54

Rockeye 4.10

Maverick 3.50

RBK-500 4.54

RBK-250 4.10

500 lb bomb 5.76
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linear sound base (In a linear sound base the microphone are placed 1
sound sec apart), the arrival times at six microphones from a single sound
source will usually occur within 6 seconds. This input parameter, there-
fore, is defined in terms of the number of sound events arriving in a
6-second window at a single point. The point chosen for measuring the
number of sound events should represent the center of the sound base de-
ployed. In this way sound events have already traversed three microphones
by the time the model detects them. A location can be made wih information
from 3 channels (accuracy improves with additional information from other
channels). Therefore, using a six second window insures that a sound event
has or will have traversed at least three sound ranging microphones during
that 6 second period and that a location can be determined for each sound
event detected in a six second window where the CT has not been execeeded.

This input parameter, which we call the critical threshold (CT),
is defined as the maximum number of sound events that may occur during a
6-second period in which it is still possible to discern targets. By
varying the critical threshold, various sound ranging capabilities can be
modeled. The user should take care to identify all the variables which
will reduce the point at which a particular system will saturate (the CT),
since the results obtained are very dependent on this parameter.

Once all the sound events are generated, the output is scanned
with a 6-second window. If the total number of sound events in the window
is less than CT then all the Red muzzle events in that 6-second window are
counted as discernible. The number of discernible Red muzzle events in

4that window is then used to increment how often that number of targets
could be detected at the current rate of fire. The Combat Surveillance and
Target Acquisition Lab at Ft. Monmouth, NJ performed an analysis on the
capabilities of sound ranging; part of their results are summarized in
Figure 6.

Figure 61 represents the resolvable combinations per minute for a
given number of arrivals per minute. This would represent the limiting
capabilities of a completely automated system in a steady state condition.
This also represents the physical limitations on sound ranging. For example,
the curve labeled "5 of 6" is the theoretical limit, assuming that the
interarrival times on each channel are distributed exponentially and inde-
pendently, that at least five out of six channels will have sound breaks
which do not overlap any of the other breaks on each of those channels.
Another way of understanding the curves displayed in Figure 6 is to assume
a limiting capability on a particular system. For example, if a system had
6 channels and required unmasked sound breaks on at least 4 channels then
the curve "< 4 of 6" would represent its capabilities, however, if that
same systemFrequired unmasked sound breaks on at least 5 channels then its
capability would be reduced to that labeled "< 5 of 6." This figure also
demonstrates that if you have a large number -f microphones, then the
probability of having unmasked sound breaks on at least 5 channels is much
higher, which is only logical. It is noted that the abscissa for these

1 Fiqure 6 was provided by the Combat Surveillance and Target Acquisition
Laboratory, Fort Monmouth, NJ.
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curves is the average number of sound events arriving per minute - not the
rate of fire - and that the ordinate shows how many of these events could
be resolved.

3.5 Outputs.

SREM provides the user with:

e a time history of when and how many targets were acquired
as well as the number of these that would be unique
targets

* percent of game time a sound ranging system would be
able to locate 1,2,3, ..... etc. Red muzzle events for
all rates of fire in the game

* based on results obtained at the different rates of fire,
SREM computes what percent of game time a sound ranging
system would be able to locate 1,2,3, ...... etc. Red
muzzle events assuming the rate of fire was held constant

# percent of game time for each rate of fire

3.6 Sample Results.

For the purposes of this analysis, it was assumed that a critical
threshold (CT) of 6 was equivalent to the capabilities of a present day
manual system comparable to that of an AN/TNS-10. A CT of 12 was assumed
to be equal to the capabilities of an achievable, automated system. The
limiting potentials of these two systems are shown in Figures 7A and 78.
For the manual system (Figure 7A) the potential for locating sound events
increases linearly as a function of total battlefield rounds per minute to
a maximum of 30 locations per hour at 30 rounds per minute. Beyond 30
rounds per minute the capability decays rapidly until slightly above 100
rounds per minute the system becomes saturated and no sound event locations
could be discerned. However, due to the processing time involved in reading
the charts, plotting the sound breaks and calculating the locations, this
system is saturated at 30 locations per hour. For the automatic system
(Figure 7B) the potential for locating sound events increases linearly
as a function of total battlefield rounds per minute to a maximum of 60
locations per minute at 60 rounds per minute, the automatic system's capa-
bility also decays rapidly until at approximately 200 rounds per minute
this system also becomes saturated and can produce no locations.

3.7 Sample Scenario.

A sample scenario consisting of 3 1/2 hours of daytime and 3 1/2
hours of nighttime combat was exercised using DIVLEV, AMSAA's two-sided
division level wargame. The artillery force composition is listed in Table
4. All the required inputs were extracted from both scenarios and SREM was
executed, modeling the capabilities of both a manual and an automatic system
as mentioned above.
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For the 3 1/2 hours of daytime combat (a covering force scenario),
Figure 8 shows the distribution of rates of fire by percent of game time.
Applying the capabilities of bott. a manual and automatic system as described
above, a manual system (whicn is only operable at rates of fire below 100
rounds per minute) would be capable of making locations less than 1 percent
of the game time. An automatic system (operable below 200 rounds per
minute) would be capable of making locations approximately 9 percent of
the game time.

Figure 9 shows the distribution of rates of fire by percent of
game time for the 3 1/2 hours of night combat (which is nearer to the main
battle area). Again applying the two diffrent capabilities, a manual system
would still be limited in the amount of time it could be productive to less
than 4 percent: however, an automatic system in this scenario would remain
operable approximately 33 percent of the game time.

3.8 Sample Outputs.

The capabilities of both a manual and an automatic sound ranging
system were modeled in SREM for both 3 1/2 hour segments of game time.
Fiqure 10 shows for the daytime 3 1/2 hours of combat, the cumulative
number of unique Red artillery batteries located as a function of game time
for capabilities representing a manual system. During the first hour there
was a relative lull during which five targets could be located. For the
next 2 hours, the system was totally saturated until just past seven when
one more location was made. Figure 11 gives the cumulative unique Red
artillery batteries located as a function of game time for the capabilities
representing an automatic system. During the early lull that the manual
system was capable of making five locations, the automatic system was able
to make nine locations. For the next 90 minutes this system was also
saturated. When the next lull in the firing occurred, the automatic system
was able to locate 19 additional Red artillery batteries, compared to one
additional location for the manual system for the same time period.

Figure 12 is a manual system's capabilities during the 3 1/2-hour
niqhttime segment of the battle. During the first hour there was enough
activity left from the daytime to saturate this system; there was then a
half hour lull during which 10 Red artillery batteries could be located,
but for the rest of the scenario this system was totally saturated. Figure
13 shows the automatic system's capabilities during the same time period.
The automatic system was able to take advantage of the slightly lower rates
of fire for the first hour and 45 minutes. During the next hour, there was
an attempted river crossing during which the rates of fire increased to
the point where they saturated the automated system. During the last 45
minutes, the system was again capable of producing targets at a usable
rate. Figure 14 is a summary showing the total number of unique Red bat-
teries located during both 3 1/2-hour segments of game time by the manual
and automatic systems. This shows that increasing sound ranging capabili-
ties to even a modest automated system increases the number of locations
four to five times.

Figures 15-18 show the target production capability as a function
of rate of fire for both the manual and automated systems. The rate of
fire in these graphs was based on continuous fire at rates generated by
DIVLEV.
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SCENAIO DAY NIGHT

RR PABILITY ( <COVERING FORCE) (MBA)

PRESENT

MANUAL 10

MODEST

AUTOMATIC 25 55

RED ARTILLERY BATTERIES LOCATED

FIGURE 14. SUMMARY OF UNIQUE SOUND RANGING ACQUISITIONS
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Figures 19-22 show the cumulative number of red indirect artillery
weapons capable of being located as a function of game time. When compared
to the unique number of batteries capable of being located it can be seen
that many batteries could have been located several times.

In a tactical situation, however, rates of fire rarely remain con-
stant for more than a few seconds. When the average rate of fire is high
it may be possible to still locate some targets during lulls in the firing.
For the purpose of giving the reader a feel for these tactical fluctuations,
the resolvable targets displayed in Figures 15-18 are also given in Figures
23-26, where in the latter figures the rates of fire are averaged over a
five minute period around the six second window used for determining the
number of discernable targets. In Figures 23-26, the potential of the hypo-
thetical sound systems to locate hostile indirect fire weapons depends on
the tactical fluctuations in the overall rates of fire as well as the sound
system resolving capability.

4. SUMMARY

The Sound Ranging Effectiveness model was not designed to model
any one system. SREM provides the distribution of sound events down to a
;-second resolution as would be expected in a tactical situation. The use
in SREM of a critical threshold (CT) is a simplified parametric approach
to modeling various sound ranging capabilities. In the event the user
wishes to model a specific system in greater detail, SREM has been set up
to allow the user to easily add subroutines reflecting their system model.
The program will provide a sliding 6-second window which may be examined
by any subroutines. The 6-second window will contain the amplitude and
type of every sound event occurring in this window.

SREM has been developed to address the problems of loading and
saturation of sound ranging systems. As such, it can provide to the analyst
estimates of sound ranging performance or to the designer, future system
requirements based on various scenarios. The authors feel that the passive
operation and relatively low cost rga~e future automatic sound ranging
systems viable candidates for helpihg to satisfy the Army's counterbattery
target acquisition needs. Although not addressed in this model, improved
meteorological data acquisition systems and numericalp'lotting solutions
are being developed which significantly improve sound ranging accuracy as
compared with past capabilities. Accuracies better than 50 meters can be
expected under favorable conditions such as nighttime or fog (utilizing short
base subarrays and cross correlation techniques). It is-also clear that
future sound systems for the fast moving European scenarios will have to
use radio links and automatic positioning systems which are under development
to greatly enhance mobility over what has been achievable in the past.

In short, with improved accuracy and mobility on the horizon,
the use of microprocessors for signal processing and mini computers for
numerical plotting solutions would make automatic sound ranging a consider-
able target acquisition asset as illustrated in SREM example scenario.
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APPENDIX A

SREM USER'S GUIDE

Next page is blank.

47



APPENDIX A

THE SOUND RANGING EFFECTIVENESS MODEL (SREM)
USER'S GUIDE

SREM is designed to examine the loading problems a sound ranging sys-
tem will experience in a given scenario. To do this, SREM r-eeives as
input both Red and Blue, direct and indirect firing missions and Close Air
Support missions. Sound events are generated for each of these missions
to account for the muzzle blast for artillery, and the impact sound event
for artillery, direct fire and Close Air Support missions. These sound
events are then time ordered based on the time they would reach the sound
base and are then examined to see when the sound ranging system being
modeled would be capable of making locations. SREM also keeps track of
Red muzzle events so that when the sound system is capable of making loca-
tions, it counts the number of unique Red muzzle events which would be
available to be located.

SREM requires the initialization of the sound base location, start and
stop times, one parameter describing the saturation limit if the system
being modeled, and one describing the resolution in terms of rate of fire
you wish to have in the results. The initialization procedure and where to
locate the required data statements are described in detail in this guide.

The Sound Ranging Effectiveness Model is presently configured to
receive its inputs from DIVLEV, a two-sided division level wargame; DIVLEV
generates an input file which is later read by SREM. In the event the user
wishes to generate an input file, the format required for this file is
included.

The sound ranging effectiveness model was written on a CDC 7(00 computer
and contains some coding peculiar to that system. The following are CDC
unique and will have to be changed if the program is run on a different
system.

1. The first line of Lhe proyrdm is a program stateme:nt which declares
how files are to be used.

2. Several large arrays are found in "LEVEL 2" statements, this places
these arrays in an auxiliary portion of memory. These are large arrays and
some provision may be required in order to handle them.

Required initialization inputs for SREM

o Location of sound base to nearest 100 meters*

The user should be careful to note if any special coordinate systems are
being used to create the input. SREM assumes all oordinates are given to
the nearest 100 meters.
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ESNDBS = Easting 3 Digit UTM coordinate

NSNDBS = Northing 3 Digit UTM coordinate

* Starting time =

MASTIM - standard military time.

The starting time need not agree with the starting time of
the input file. The program will step through the input
file until a time equal to MASTIM is reached.

* Stop time =

MAXTIM - Standard military time.

If the simulated time step reaches this time before it reaches
the end of file SREM treats it as an end of file.

* Critical threshold

CT = Maximum number of sound events occurring in a 6-second
period during which all sound events in that window could be
located. (Max = 18)

e Method of calculating Rate of Fire

SYS = 1, Rate of fire is calculated by the 5-minute average
rate of fire immediately preceding the 6-second window in
question.

- 2, Rate of fire is calculated by taking the number of
muzzle events in the 6-second window and extrapolating it
to 1 minute.

e Resolution of Summary output

ROF = Increment of rate of fire for summary outputs. (i.e.,

ROF=25 will display all outputs on rate of fire steps of 25.)

All the required inputs for initialization can be found in data state-
ments in the main routine. The locations of the various data statements
are in Table 1.

The input file must be unformatted records eight words per record.
Records are read into array MISHUN one at a time. The records for indirect
fire missions must follow the format found in Table 2, for a direct fire
mission Table 3, and for a close air support mission Table 4.
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TABLE 1

LOCATION OF DATA STATEMENTS FOR INITIALIZATION

e Sound Base location

Easting (ESNDBS) line 30 main routine

NIorthing (NSNDBS) = line 31 main routine

* Starting time

MASTIM = line 32 main routine

9 Stop time

r!AXTIM = line 33 main routine

* Critical threshold

CT = line 34 main routine

* Method of calculating rate of fire

SYS = line 35 main routine

* Resolution of outputs

ROF : line 36 main routine
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TABLE 2

SREM INPUT FILE (WISHUN (1), I - 1,8)

a Artillery Missions (indirect fire)

MISHUN (I) = Number of weapons in this battery.

MISHUN (2) = Time this artillery mission will begin.

MIISHUN (3) = Easting coordinate of target to nearest 100 meters.

MISHUN (4) = Northing coordinate of target to nearest 100 meters.

MISHUN (5) = Duration of this mission.

MISHUN (6) = Easting coordinate of firing weapon to nearest 100 meters.

MIISHUN (7) = Northing coordinate of firing weapon to nearest 100 meters.

i ISHUN (8) = Coded number;

First 3 digits = unique 3 digit identifier for this battery.

Second 2 digits = resource number (See Table 5)

Last digit = force; 1 = Blue

2 = Red
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TABLE 3

Direct Fire Missions

MISHUN (1) = Number of rounds fired in this minute by this weapon.

MISHUN (2) = Time this direct fire mission began.

HISHUN (3) and MISHUN (4) z Zero (0)

MISHUN (5) = Duration of this firing mission (in minutes).

MISHUN (6) = Easting coordinate of weapon firing to nearest 100 meters.

MISHUN (7) = Northing coordinate of weapon firing to nearest 100 meters.

MISHUN (8) = Coded number (same as indirect fire).
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TABLE 4

a Close Air Support Mission

MISHUN (1) = Coded number;

First digit = type of ordnance as follows:

BLUE TYPE # RED

CBU - 24 1 RBK - 500

Rockeye 2 RBK - 250

Maverick 3 500 LB Bomb

Last 2 digits = number of sticks of this type ordnance.

A stick is as follows:

CBU-24
Rockeye 8 each
RBK-500
RBK-250

Maverick - 2 each
500 lb Bomb - 2 each

MISHUN (2) = Time this ordnance was delivered.

MISHUN (3) = Easting coordinate for this target to the nearest 100 meters.

MISHUN (4) = Northing coordinate for this target to the nearest 100 meters.

MISHUN (5) = One (1)

MISHUN (6) and MISHUN (7) = Zero (0)

MISHUN (8) = Coded number (same as direct fire).
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TABLE 5

Resource

Blue Weapon Number Red Weapon

M60A3 Tank w/105mm aun 2 T72 tank w/l25mi gun

3 APC, B!1P w/Saacier

Cobra/tow 5 HINC-A w/Saccer

Mortar, 81mm (r29A1) 6 Mortar, 120mm (m1938-43)

9 BRDM w/Sagger

155mm. Howitzer SP (11109A1) 11 122m Howitzer (D-30)

8-inch Howitzer SP (MI10E2) 12 152mm G/H (D-20)

175mm Gun SP (M107) 13 122mm MRL (BM-21)

M113A1 w/tow 20 Saacer, Manpack

Tow, Ground Mounted 21 122mm Howitzer, SP(M1974)

22 152mm G/H, SP (M1973)

Mortar, 4.2-inch SP 28 130mm Gun (M-46)

36 240m MRL

Jet Aircraft, CAS 37 Jet Aircraft, CAS

Next page is blank.
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SAMPLE RUN
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APPENDIX B

SAMPLE RUN

A 10-minute simulation was set up for demonstration purposes. The
initialization values used are in Table B-I. The input records used are in
Table B-2. Figures B-1 through B-11 contain the minute by minute record
available as an output of all the sound events. This output is described
in detail on page of the main report. Figure B-12 is an output which
provides the average number of Red muzzle events when the total number of
sound events was 1,2,3. ..... etc. Figures B-13 and B-14 are outputs which
provide for each minute of the'game the total number of potential targets
and the total number of unique targets respectively.

Figure B-15 provides for each rate of fire band, what percentages of
the total game time a sound ranging system would be capable of locating
0,1,2,3, ... etc. weapons. For example, the rate of fire was between 25
and 50 rounds per minute and it was possible to locate 2 Red muzzle events
14.44 percent of the total game time. tdso, the rate of fire was between
25 and 50 rounds per minute and no Red muzzle events occurred during 22.5
percent of the total game time.

The "LOST" column indicates what percentage of the game time there
were Red muzzle events but the threshold was exceeded and no locations
could be made. The "TOT" column indicates what percentage of game time the
rate of fire fell within that band.

Based on the previous outputs, it was determined what percentage of
the time it was possible to locate 1,2,3, ... etc. Red muzzle events when
the rate of fire was within a specific band.

For example, in Figure B-16 under the column marked "2" and in row
marked "25 - 50" you will find the number 15.07. This indicates that 15.07
percent of the time that the rate of fire was within the 25 - 50 rounds per
minute band, it was possible to locate 2 Red muzzle events.

Figure B-17 is a 5-minute moving average of the rate of fire by bands.
Since this was a very short run, all the rates of fire fell within 25 - 50
rounds per minute.
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SAMPLE INPUTS

Below are the inputs for the sample run.

ESNDBS = 460

NSNDBS = 230

The sound base is located at 460 east, 230 north, (SREM assumes
100 meter accuracy.)

MASTIM - 10430

The start time for this run will be day 1 at 0430. (SREM has a
1 minute time resolution.)

MAXTIM = 10441

The stop time for this run will be day 1 at 0441. (SREM stops
when it reaches this time, any inputs with this time will be
iqnored.)

CT= 6

The system being modeled in this run has the capability of discerning
targets when there are no more then 6 overlapping sound events in

=a six second window.

i SYS :I

For this output we wish to have the rates of fire calculated
based on the 5 minutes immediately preceding the six second window.

ROF = 25

All the outputs for this run will be displayed in rate of fire
steps of 25.

TABLE B-i
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4.50- 475 0.00 C.00 C.00 0.00 G93C 0.03 0-C0 9.060 .,
475- 5U0 0.e30# 0.00 0 s Ok G00 SoCC C.GO .00 C .C c. Oc
500- .5 25 0.00 (i C00 0.30 0.0' 0 co .0 c3 C *0&3 .003 u.G
525- 5!0 D.00 C.CO C00 .30 0*.OC (. 00 0C. 00 C).03
550- 575 0.00 0.00 0.00 0D 0.3(- C.00 C00 0000
575- 600 0.00 0.0G090eC 0.33 C00 0.00C C.3 J -).O)
600- 625 0.00 o.CO C.0'0 3.00 ugov 0.c0 0.00 0.00 (0.00
625- 650 .00 0.0 003 OoDU0'3 0.00 n*'00 u0 0 .30O jCC)
650- 675 0.00 0.00 C.00 0.00 O.Ad 0*00 C033 1.0)) 0.00)
675- 700 0.30 Co(, 0.o00 0.X 9 ~ o6. v .J 0.3131 o.cO 0.c0
700- 725 0.00 0.00 C.0) ' o.. u u9X .UO U.OC L. 1)J i.k
725- 750 0.00 CoCO C.0.0 0.00 (.03 .0 C. 00 0*0,o.0 0000
750- 775 0 0.00 C.C 000 C.03i 0.00 0.00 0.00u t.00 3.00
775- 800 0.00 0900 0.0 0*.3 (.jv O.U3 0'aC 0.03j 0.00
FC0- 825 0.00 0.00 OeN, 0.3k' (30C 0.10 L.0C C.00 0.00
E25- e50 0900 09C3 0.o30 Q o) ' C .30 C oC f) L.~ o v. 00 L,. .0
F50- 675 0.00 0,00 0.00 0.03j 0.00 0.0-0 C'.CC 0.01 0.00
875- 900 0.30 0.00 0.100C %..0, Lo QC C.00 0 C.0C 0 c.Of0 0 .0 C
9CO- 925 ueDO v.03 3.3 j LQ. D. v oi. L.J)c ljc 0.0-
925- 9 53 0eOC 0.00 CoCC 0903C 0.00 0.aoc* 0.00 0 ac 3 0oCC.
950- 9 75 - 300 0.o00- C.'00 v.o0 .5. 9,X a ' C,-.00 0.00
975-100C 0.00 0.00 C.03 0.),j 09)0 0.00 3.03' o.03 300

10CO-10215 0.00 0.010 C*C0 C.C, 0.30 C.OC uo.( C.Oc. 0.00
1025-1050 0.30 o.0C0 G9C. oo %*. L o3L(. .: t, ~. C, , G .Oo ,aL
100O-1M7 0.00 G*CO' 0.00 0.301 0.00 6*6V .C3 L.OG 300(
1075-1100 090C J o UJC 0Ce0 0.3 3.0 0 .10 LoCC L .CC 00 c
110C-1125 0.00 0.30 0.30 0.00 C.)CX GouO L.03 O.30 0600,
112 5--115 G 0. C0 0.00 0.00 0900 0s0k; G. OC (.00 )ao C,.00C
1150-1175 0e.%D0 C.C- 0.3 1, )w 0j C o-Q(J ; C, u 4.0 J.Ji) (, Cc
1175-120C 300 0.00 0.00 0.0C 3900 0 .O 0.03 0.0,) 1;.L
1200-122 5 3.00 i oI ) C~ U'-i 3"J C e0 *Oo (C o (.u a .~ 0.cc cl4c
1225-1250 0030 (oOD' C*00 3 1,C c 00 0 .0()0 .'X 3.0c0 : lio 0.0 0'(
1250-1275 0.00 0.00 0.00C 0.03 0.30C 0.00 .. u3' 0.0,) Co%
1275-1300 0.CC, 0.uO 0.00o W 3.1 L o.00C (" *is C . v * 0 3 3 6
1300-132! 0.3C 0.00 C00 0.0) 3.IOC oo.'0 CeCo I. 33 e~
132 5-13e !G .00 ) 00 G0.00' 0C U C90( veLCCa C.0 313c 0.00,
1350-137! 0.00 G0.33 C*OC 3 'x. u 00C G. 0I, ct. C.) 0  D.0
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1(142~7 t ."' -JL f~c 0.. ji-c Co ) .0 0A C

14 t -1 7 .C C, C. C. C .0 .0 0.0 C.O C .00 0.00( o
1600-1625, 0.) c .0 .03 - .3 0.J c.( (. , $') 0
iecis 0.00 c cc 00 0.X .))%00e i l o. ) 3.o "1" ou

1650-167 ' .C .3 73' 0.00 0.3CO CCC 00) 0C OO i. s 0.0v C.00 OCO c
1575-1600 O.O C*000 0.0(. U90CP 0,3 00 (.G 00 0.00 00C0
1600-1625 0,)C 0,00 0.00 0.00 0.30 0.00 (e00 0.00 0.0
1E25-1750 0.00 C.00 0.00 0.0j C*OC 0.00 0.00 C.0O) 06.0
165C-17r5 0.00 C*0. C00 0.00 0*00 o .O * C.0 303 0.00
1675-1700 3.00 0.00 C.$U 6,0 03 0.00 Co.00*00 00CO
17CO-1725 0.00 0.00C 0.00 0.00j 0.00 0,00. C.00 0.00 0.00
1725-17tO 0.00 0.00 0.00 cuoc' C.0C0*C00 C00 &,00 0.00
175C-1775 3.00 OCC0 0.00 OeDj (.00 Co.00 C.00 C.00 006CC
1775-1E900s3.0 O.00 CoOtC U03 GeOC 0.00 Vs00 0.00 0.00
1900-1925 0.00 09.0 O.00 Co.OP C'.0C 0.00 0000 0.00 0000
1925-1950 0000 0.00 0000c 0.00 (.00 C600 C90O 3400 00

1950-1975 0.00 0.00 0.30 C:*uO 0.03 0.30 0.00 000 0000t19711-2000 0.sLc 0.00 C.00 0.03 C.00 000 000 0 .00 3.00)*0
TOT *10C.0300
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TROF 0 1 2 3 4 5 6 LOST TOT

c - i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. C.
1 5- 25 3.48 19.71 15.07 6.70 2 0.,.' ?0.7_: 0.?.2O0
110- 71, 0,"G 0 .. 7 t CeO0 C .' L ( .0 0 ,nj %3.*33 1 Z)0.C

1?5- 10 C.00 Z.C;0 C.C, ,. ,' C .SO C.X, ,.& 0 CO0

I 0- 175 ;9) C Vo.' of.v V' cJ c,) .ec 0 £, J Oe.

175- '00 0.0.0).3 0.o0 C.aC 0.0 C., :.3 c.uO
200- ?25 1. DOC,o.., C . ( ...;C . uC (.C0 C.CO 0.00
22!- 250 3.)C ,..0 ,'.00 C, ,, , .9. C.3) C . ;D:. 3 0 CC
250- 271 0.0 C.Cj C.CO .. C.- (.CJ C.I . .e) C.CO
275- 300 .JC *;.C' 0 e j ., 0 C .. Do.u -0.-0 0.0 0. o
3CC- 325 0.00 0.00 OoOO 0.0! ,.3C C .%j (o0 1)3 .()G
325- & 5 .0(, Csw0 C, oC (' .CC (sOC CoO0 ,.00 .03 0o00
350- 375 J.O0 C.0, .0o00 O.3o 0.0 o.60 C' 03 C.O0 (JC
375- 400 0.00 C.CO 0.00 0.00 (.C 0.30 0.00 3.Cu 0.00
4CC- 42 5 3oCC 0.L0 0.00 ,.Ov (,. ui o .3 0. CG Co00 0.0
425- 450 0.0C 0.00 0-Qv 0 .v6 c.0c Coo , ).)0 J.CC
450- 475 Uoo O.-o 0.0.0 0.00 c0,c 00 0.00 0.00 O.00
475- 500 3.00 C.O0 0o.0 0.)- 0.0C ' o 0C LC (.o0 0.00
5CC- 525 0.30 0.(0 0.00 0.03 0 .30 L.00 0.00 3.OO 0.CG
525- 550 3a00 0oui 0.00 e Co C .0 Cs eOL G.OC 0.00 0.00
550- 575 .Oc 00,0 0.00 Oj ) n.O c 0.00 Co0.0 1 .00 0. C,
575- 600 0,00 3.CO 0.00 0.00 C.00 0.00 C.00 0.0. L.vO
600- 625 0.00 O.ou O.OC O.kC (.C, C.CO 0.00 G.00 C.OC
625- 650 3.00 C.jZ 0.03 ¢'. C.OC 0.0 0.0 %0 0. O.CO
650- 6 75 o.vO .0 0.00 C'.Oj (,. C 0.0C C.O D.00 O.0o
675- 700 0.00 0.) C,,.00 C; .) (-.C 3.G C.CO 3.00 0.00
700- 725 0.00 C.00 0.00 0.00 O.OC u .0C, .. 00 0.0 0.00
725- 750 0.0C C.,LO O.OC C ".I (,. 0 0.00 0.00 C.0 0 .cc
750- 775 3.00 o00 0.0 ,j , e u. c0 C ..OO G.0o0 Co 000c
77 1- FCC 0.00 C.o0 s (CU C CU .0 C (.GO 0.00 O 0o00
@00- 625 3.O0 ,.n0 3 o .v , Lo0, C.'D . ., 0.0CC
F25- 850 ,00 . .O 0.00 0. 00 C(.O u.10 C.Oj 0.00 0.00
E50- 875 0.Oo ('.CO (,.OC, C.03 0.0, C.C0 C.uC C.C0 O.0C
075- 900 DC oJC , .30 .)- L.J( C. .C (0 - . (, ,0Cc
90C- 925 0o0 C.C.OC (C O o a Ce C OO0 Ceo0 0.0e0 o0cc
925- 950 C 3.06 '.%. o 'U e 3 1 t:. v 0.o 0.3- G.00 u .Cc
950- 975 J.00 CC0.00 0.00 0.)C 0.30 C.0) 3.1D ,.CO
975-1000 0.00 C. 00 C.OG n • , .- 0 0.00 0.C C.30 CoCO
100C-102! 0e00 C.0,, 3.00 ,.OJ ,.00 (.00 .C00 o.CO C.CO
1025-1050 0 * . C0 0 .0 , * 3.C' (. N- C (.') C o) 0.00
1050-1C75 0.0C C.00 O.OC C.00 0. 30 (.00 L.Oo ,.10 3.00
1075-110 0.00 0.0(, L.. 0, ( .uO u. O. c .Q(, . c" c.Oj O.CC
1100-1125 0.0C %.,C 0.0, . 3v ,.. .0 .. O 0, ..O" 0.0CC
1125-1150 O.C o.C C.O.C .C, 0.o( t.CC , 1 0.0 0.c
1150-1175 . s C. C 0.9% St., t, SO.0 o Jo0o 0CSe
1175-1200 O.OC 0.00 0.00 0.v, C.3t vo0 C.o ' .00 CoOC
12C0-1225 0.CC 0.0C' C.0r 0 o0 0.3' .03 .C .c, (0.CO 0.Or
1225-1250 0.30 : 0. 0 Co.JO 0 .'. . LOL C.r,, ( .(r vo,;3 C. (e
1250-1275 0.00 CoCG C.00 0 *0 C.oC OoCO L.00 0.00 u.(jO
1275-1300 Jo . o C( Z.I( r, o0  C.Oc C.tC C.', C0.03 0.00
1300-1325 , . 0 .,0 Co' C, .3, ' .3( 0.00 ( .00 0.5) c.00
1325-135C 3.00 0.C0 L.O, C.oo C .C o, o,,' 0.00 O.oc
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12, .- 1375 .C C c~ 0.~~. . '3i * 2~ CC,

14 C- 42 5 e.CC C.9C L .?C .0 C0 0.00 o 0 CO 0.00 C

14-25-14!1 0.0 0.00 0.0 0.o C0000 C.3C L 3.0 L0 4.1C

15 75t-10 I , 0C w VC C.C oC- o.CC 3. 0o 0.uCO C 0 C. (1 0
1 C0- 162 5 )c.00 .0 0 V :aC 0' t.3 0 0o*' .0 .0 'W 0.00c
16251-1550 o.Q 0 J (.000 0.30 C0.cl000 .00 0.00 0.00 60 Oc

*15 ,0- 1575 0.0 0.0Cp 0 00 0 0.0 CO0. 0 .00 (;a .00 0,00 0 0 c
*1575-1600 0.00 0.0o 0 C .00 C.30 0.30 0.00 %., o 0.300 c 0 cC

17-00-17625 300 0.' J o 00 000V 0.00 0.00c 0.0I00C00 0.0
1725-1750 ) o O 000 CO C, o .00o C *30 0.00 i.o00 00 0 0.00
17500-1775 0.00 0,0O0 0,00 C'.30 Oe.)OClO 3.0 00 0.,.03 90cO
1675-1700 0.00) 0.00 0.00 3.00 0.00, 0.00 C.00 C.00 0.00
1700-1725 n00~ 0 oC C 1 0.00 0.06 000 0. 00 0.00 Ct 0& CO
1725-1750 0.00 O.00 Oo30 %^..0 Co.I 0.00 ~CC 0.00 0000
1750-1775 0*).'J 0 C 0.0041 )*,)o C.CC; 0a0 0.0 0 0.03 Co0o
1775-1800 0.0 C.0' O.30 390 0.00 OoO C900 5oOU 306
1800-1825 0.00 OC00 0.0OU 3 0.00 .00 0.00 3.00 0.00OO~

1920-1925 0.0X C.00 0900 003 C0.00 0000 (0.00 C0O c.c0
1950-1975 0.30 3.00 0.00 300o, 000. 0000 C.3 0 100 0.00
1975-2000 2.30 Coco 0.0c c.oc 0,00 0.30 (.00 3.00 0.CO
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FIGURE B-17

ROF PRCNTROF OF
GAME

0- 25 Q00000

25- so 1000000

50- 75 060000

75- i00 C )

125- 15C C.0000

125- 17t C~,ooL

175- 2J.O r,.ZCco

2vo- 225

221- 25C c ICCCiC.I 25c- 2 7 5 OC

27r,- 3CC C. CCOC

3CC- 32t C.OC j co

3 7 55- 4'.25V

425- 45C O

4 5 C- 4 75 0CC33C

'.75- 5CC C.OLOC

5(C- 52! ,.OU

52!- 5

55c- 575

575- 60 o*CuCC

bC0- 62 "0 (,C CL

62t- 6 1,C 79 cCc 3c Next page is blank.
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PQ.GR All Sp El'(N)TOiIFT A E INP T A E6 0 TU p L U w;~
I11PLICIT INTEC*EP (A-Z)
f;EAL @
CUNP~/RLKI/ISHLN(C)/L?/NDBS,SNBS/LK7N/BLK9/iASTIM'
C.-t'iUN / -jLK12ICTP'YSpk(CF

Pl ENF15N £itT]L (q)
flATA ESN~fS/24tC/

p NSNDiB5/223C0/
* MASII71(jl4311

* ,AXTIM/13441/

C TY' 0 a - 15M W H u P17 ip ---- ? 1
C a 2 - 8 IN~CH -- - - - --22
Cz 3 - elMt rlP1AP----------- 23
C a4 - 4.2 TNCr1 C k - -- -- -2
C z 5 - 120PM mOFTAR---------2t

C a t2 - 12211P HE16ITZER -- -- ---
r a 7 lt2MtM C/H------------- 27
C = 122 M9L--------------- 2
C a ' 130I . GLIN -- -- -- -- -- -- r
C a iu T72-12f 'P------------- 3C
C - 11 SAGG F----------------- 31
C a 1? 24 PV IVRL------------- 3'
c 1? ? fjt3 /105?,P -- -- -- -- 33
C 14 ICO-------------------- 34
C 1 ! 175 Mt. CLr%-- -- -- -- --- t
C * i. CA! MISSILN----------- 3t

ZAL N AN31(WA LZPrNC)
C
C PEAC IN SOUND PASE LCCATIflN
C
1 L FEV'lAT(213#15)

I C t, T j, I
C
C RFA V I N AP T ILL E PY MI S I CN
C

2: C *-)tT I NU
IF(MISHL-(2) .LT. MA"TIP-) GL. TO 2CO
I f( M i HL N ( I) * L C V) GO T 0 2 LC
CALL T iAt.MISHUI~,I1YPEIFCFf-IPf*S)
I f( I TY PF .Q C)o c r T L 2 JO
CALL tUNIQH'

11C. CCNhTTNLr

c IF IHI.. I THE 119ST VISION SKIP CCMPARIbU-N
Au
I F(IC 0T G~Q L)C T L? 23

C:C A ThUf TP'1 Irl Lt'1 MTS z10
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C
1F(M41'iiLUP4(Z *EW. PAS1Zk I GC TC 300
G6 TO 35J)

3V0 CAL FIRFTM(A)
ICg.Tu1C4T*1
ci0 310 Le1,8

31" APTIL(L a MISI4UN(L)
CC; TO ?j0O

C !1TfAE THI141SIVS(N

350 01, 3t5 I a lob
355 ARTILtIIal!ISHLAII)

692
COLL FIRETMIA)
MASTIN a PA5T1M*1

18 a MAST1I1/1C.
TI'. *MA!T11A - WI 0 iv'()
1F(TM *K-Es 59) GO3 TO 356
tOASTIK' a IPASTIpM * 41

35 C~it.TTNLE
Go TO 79

C GET f-I.'FTIt.ES FCA !TCF.Efl MISSION
C
35; DC ? 60 1 w lob

* 3' m!11,Uk(1)w&FTILt1)
GP'TO 1101* O CGTINUE

* COLL RDR(-FIIPAST1?-)
CALL !JfTSLI'(#*p5T1A',JCALL)
lUILt v ICALL * I
CALL PPIsNT £FIST1I')

S T I

IP OASTIP - 41i6 * ICC)
IF(TPM elEs 5q VC IV 7%4.
pA5J,.s a PA!7101I 4 4C

795 CONTINUE
MA171M a PASTIM41
1F(VASTI10 *EO. P40TIM) GO Tn. 1it

13~ CDTI~NUE
MItSTIM w 4;Q9
CALL PDROF(PASTIM)
""ILL 0LTSUi'(IASIICALL)

YMACLIC RLFEiENCE (AAP (082)
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SUBROUTINE FIRETM(K)
IMPLICIT INTEGER (A-Z)
REAL RNG

C THIS SUBROUTINE COMPUTES AND STORES IN AN ARRAY

C THE FIRETIMES FOR EACH GUN IN A BATTEPYo
C IF A BATTERY WILL FIRE FOR MORE THAN CNE MINLTE
C THIS ROUTINE STOkES THAT MISSION FO:R THE NEXT
C MINUTE, ALONG WITH THE FIRST FIRINC TIPE IN
C THAT MINUTE
C Ka 1 - ARTIL MISSION
C K a 2 - END OF MINUTE, PROCESS MISSIONS FROM LAST MINUTE
C FCR STCRE(JPKPL)
C J a I -OLD ARTIL MISSION

C J a 2 - NEW ART MISSION
C

CCPMON / BLK1/MISHUN(60)
* I BLK4/NMISS
* I BK6/RNG

I 0Lt2/ESNDESpNSNDBS
* / BLK9IMASTIM
DIPENSION STORE(2pt03C0)

C SET PARAMETERS AND CALL RANGE TO CCMPLTE THE
C RAFGE FkOM THE ARTILERY AND THE SCUN BASE.
C

C X=ESNDE5

Y=NSNDBS
A=MISHUP (6)
RUMISHUN(7)
CALL RANGE(XPYPAB)
IF(woEQ,2,1 GO TO 250

C
c CALL BATTFIRE TO GET FIRING TIME FOR EACH
r GLN IN A PATTERYSET NPTSS-l FOR IEw MISSION

C
JJ a PISHUN(1)
IF(MISHUN(3),EQQ) JJ a I
DO 200 Ju 1#JJ
NMI5Swl
CALL RATTFR
MISHUN(9+J)s MISHUN(9)

200 CCNTINUE
C
C IF MISSION WILL LAST MORE THAN 1 MINUTE
C STORE IT ANO INCREMENT COUNTER TO TEL#
C YGU HOW MANY MISSIONS HAVE BEEN STCRED
C

IF(PISHUN(5) *EOo 11 GO TO 23C
MISHUN(S) a MISHUN(5)- I
NCNI-NCNT41
Dfl 225 J a l,6C
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Z25 STOREILJNCNTI e PISHL-N(JI
23C CONTINUE

RETURN
250 OCNT a ARTIL

IF(OCNT *Eo. 0) GO TC 425
C
C RECALL MISSIONS WHICH BEGAN FIRING IN THE
C LAST MIN AND LASTED LONGER THAN I MINUTE
C

Kul
DO 420 MalsOCNT
00 310 1 a 1,60

MISHUN(I) a STORE(KIl)
310 STOPE(KIM) a 0

IF (MISHUNI1) oEQ. 0 1 GO TO 425
C
C COMPUTE RANGE AND CALL BATTFIRE FLR FIRE TIMES
C

A-MISHUN(t)
BuMISHUN(T)
CALL RANGE (X#Y#A#B)
JJ a MISHLN(1)
IFIMISHUN43),Eg, 01 JJ a I
DO 320 JmlJJ

C
C SET NMISSu2 FOR A MISSION WHICH I CC3TINUED
C FROM LAST MIN
C

NPISS-2
MISHUN(9)- MISHUN(9*J)
CALL BATTFR

, IMISHUN (9+J) a MISHUN(9)
320 CCNTINUE

C
C IF FISSION WILL LAST MCRE THAN I FINUTE
C S1ORE IT AND KEEP COUNT HOW MANY YOU HAVE STORED
C

IF (MISHUN(5) *EQo 11 60 TO 410
MISHUN(5) a MISHUN(01-l
NCNTmNCNT + I
La2

Do '00 J81,60
400 STCPE(L#JNCNT) a MISHLN(J)
410 CONTINUE
420 CONTINUE
425 CONTINUE

IF( NCNT sEO. 0) GO 10 460
La2

DO 450 Ia 1,NCNT
00 4!0 Js 1#6C
STORE(1,JqI) a STOPE(ZJ.I)
STOPE(2#JpIb a 0

450 CONTINUE
460 CONTINUE

ARTIL a NCNT
b NCNT.0

RETURN
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SUBROUTINE BATTFR
C

C
C THIS SUBROUTINE COPPLTES THE FIRING TIMES FOR
C EACH GUN LR TANMPIT CALLS RATE TC COMPUTE
C RATE OF FIREP Il CALLS IMPACT FOR IMPACT TIMES,
C AND IT CALLS ARRAY TC STORE THE SCUND EVENTS.
C NMISS - 1 MEAt:S THIS IS A NFW MISSION
C NMISS a 2 MEANS THIS MISSION IS CONTINUED 'FROM
C A PREVIOUS MINUTE
C

C
INTEGER TYPPTIMLFTFTFTT, TIMEO
COMMON / bLXI/MISHLN(60)

* I BLFI/tMISS
* I BL151TYPIAI'P

BLK TPNG

C PICM a FRACTIOt OF ICr
C

DATA PICM/.333l
CALL TYPE(MISHLNPITYPEPIFORCEPIRES)
IF(NMISS .EQ.) GO TC 5J0FC

C GET LAST FIRING TIME F(.R THIS GUN
C

ICNT a 0
FT = MISHUN(9)
MAXTIM * 60
GO TO 600

500 CALL PATE(FOF)
TIPEO -.l*FOF
FT a TIMEO
IF(ITYPL .EQ. b) TIMEG I
IF(ITYPt .EQ. 12) TIME( , 1
MAXTIM a 60
GC TO 600

C
C GET FATE OF FIRE fOP THIS GUN
C
5'C CALL RATE(PGF)

IF(ITYPE .EQ. 12) GU TC 560
IF(ITYPt ,NE. 8) GO TO 5qO

56C COt:TINUE
ICNT - ICNI + I
IF(ICNT *EO. 17 *AND. ITIPE oEW. 12) GO TO 570
IF(ICNT .r. 41) GO TO 590

7C C0NTINUE
FT a 60
TIPLFT - 0
GO TO eJO

t9C FT a TIMEO + RCF
(CC TIrLFT a MAXTIM - FT

IF(TIMLFT .Le. 0) GG I 800
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C CALCULATE THE TIME FOR THE SOLND TO
C REACH THE SOUND BASE
C

IRNG.(RNG/*338)
FTT - FT. IRNG
TYP m ITYPE
IF(FTT *EQ* 01 FTT a I
KEYul

C
C COMPUTE WHIT BAND CF AMPLITUDE THIS
C SOLND EVENT IS IN
C

MISH a ITYPE
CALL AMPL(MI1SH#RNG#IAPP)
CODNT INUE

C STORE THIS SOUND LVENT IN MASTER -bRRAY
C

CALL ARRAY(FTTPTYP#IAMP)
CONTINUE

C
C CALL IMPACT TO DETERMINIE IMPACT TIMES
C

CALL TGTARY(FTT)
IF(IkANF(Z) *GT. P1CM sAND.
*ITYPE *LEo 2) GC TO 750
IF(ITYPE *EQ. 3) GO TO 750
IF(ITYPE oEC. 10) GO TO 750
IU(ITYPE sEQe 11) 6O TO 750
IF(ITYPE *EQo 131 GO IC 750
!F(TTYPE *EE. 14) GQ TO 750
IF(ITYPE *EQo 16) GO TO 750
CALL IMPACT(MISHUNPFTI

750 CONTINUE
TIMEO a 6O-71PLFT
GC TO '5O

eCOO MISHUN(~eFT-6O
RETURN
END
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SUBRCUTINE ARRAY(SECPTYPPIAMP)
IMPLICIT INTEGER (A-Z)
COMMON /BLK8/SOCND(24Cv4Q#11)

LEVEL 2PSOUND
C THIS SUBROUTINE STORES SOUND EVENTS IN A
C 3 DIMENSIONAL A RAY ACCORDING TO THE FOLLOWING
C ARFAY(SECPTYPPAMP)
C

INTEGER SECPTYP
C SEC - TIME OF SOUND E ENT (1-240)
C TYP a TYPE OF WEAPON DR IMPACT (1-18)
C AMP a RANGE CF AMPLITLDE (1-11)
C
C MUZZLE IMPACT
C EVENT EVENT
C
C TYP 1 1 - 155MM HOWITZER ------- 21
C - 2 - 8 INCH -------------- 22

C - 3 - 81MM MORTAR --------- 23
C - 4 - 4.2 INCH MORTAR ------ 24
C - 5 - 1?OPM MCRTAR -------- 25
C - 6 - 122MM HCWITZER ------ 26

C * 7 152MM G/H ----------- 27
C -8 122 MRL ------------- 28
C 9 9 130MM GUN ----------- 29
C " 10 T72-125MM ----------- 30

C * 11 SAGGER -------------- 31
C * 12 240MM MkL ----------- 32
C * 13 M60A3 W/105MM ------- 33
C -14 TOW ----------------- 34
C - 15 175 MM GUN ---------- 3
C i t6 CAS MISSION --------- 36
C
C

SEC 5 SEC + I
SOUND(SECPTYPPIAMP)a SCUND(SECPTYPPIAFP) +1
RETURN
END
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SUBROUTINE IMPACT(MISHLNPFT)
IMPLICIT INTEGER (A-Z)
RFAL RNG

C
C THIS SUBROUTINE COMPUTES THE TIME THE IMPACT
C SOUND WILL REACH THE SOUND BASE*
C

DIMENSION MISHUN(60)
COMMON/ILK/IESN0BSNSNVS/
1BLK4/NMISSIBLK5/TYPPIAtPIBLKC/RNG

C

C GET RANGE FROP GUN TO TARGET
C

XwMIHUN(6)
Y=MISHUN(7)
A-MISHUN(3)
P-MISHUN(4)
CALL RANGE(XPYAPB)
IF(MISHUN(3) ,EQ. 0) RNG * .5

C
C COPFUTE FLIGHT TIMES
C

FLGHT a 4o * RNG

C
C COMPUTE TARGET RANGE FROM THE SOUND BASE
C

IF(MISHUN(3) ,E, 0) CC TO 100
A a MISHUN(6)

8 a MISHUP(7)

100 CONTINUE
'~ w E SNDBS
t Y a NSNDBS

CALL PANGE(XYAB)
SBRNG a RNG/,336

(

C SET KEY FOR COPPTING AMPLITUDE OF IMPACT
C FFOM THIS GUN

C
KEY v
CALL TYPE(MISHUNPITYPEPIFORCEPIRES)
TYP a ITYPE + 20

CALL AMPL(TYPNGPIAMP)
RE T SBRNG + FLGT + FT
IF (SE *GE, 240) SE a 24o

C
C STORE THIS SOUND EVENT IN THE MASTER ARRAY
C

CALL AkRAY(SEPTYPPIAMP)
600 CCNTINUE

RETURN

END
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SLBRCUTINE RANGE(XPY#APB)
INTEGER APPPXPY
CCMMONIBLK6/RNG

c
c THIS SUBROU71NE CALCLLATES THE RANGE BETWEEN
C THE T6J COORDINATES GIV~EN BY XY AND AP
C

Cm( (X-A)**24(Y-Bl**2)
PNG - SQRT(C)/1Q.
RETURN
END
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SUBROUTINk RATE(RCF)
C
C THIS SUBiROU71tiE COMPUTES A RATE Of FIRE
C FGP INDIvIDLAL SHCISo THE SUSTAINED RATES
C OF FIRE ARE IN ARRAY RAOF
C

CfrMMCN/BLKI /MISHUN1bO)iBLK7ING
COMM"ON /BL99/MAST1M

C
C QAGF(If I-l--55M
C u2--81NCH

C u3--FJ"MMUPTAR
C =4--4e2 INCH MORTAR
C -5--120MM
C n6--122MM
C w7-1 2MM Gil-
C -8--MRL
Ca1 u- -1 0 M M (LUt
C =10-T72-125MP
C -ll-SAGGER
C @,12-240 tPRL
C 613-M6CA3 h/1OSMM
c C *4-TOw
C s15-175 Me GUN
C -16-C.AS MISSION
C

DIM tASION R AO0F( 2 1
VIMENSILJN NBOM(2,I0)
DATA RAOF1 1.0P .5, i.0 3., 3. 1. lop 40., lot C.Jv

*0.0, lts, cop 0.0, 065pS C.O.OO.O0.095 Oi
CATA (NBlM(lJ)#Jslplu')/

ep8 8,p 1f 0,0 op C, C, # 0, 0,f 0/
DATA ( 8CM(ZJ )pJmlpI() /

p ~ 8, 2, It Os. 61 0, op 0 cl
CALL TYPE(MISHUf, TTYPEIFflPC&,IRF!)
I a ITYPE
IF(MISHLIN(3)oEQ, C) G(' TO 200

IF(MISHUN(6) .EQ. .) GO TO 3)0
IF(RAOF(1) .NE* 0.0) GO TO 100
ROF a 1

100 CONTIiWE

RCFuI'TE + PAND * SIGMA
MIN mo33 * PTE

IF(I o EQ. 1RFall

C:: RETU9N

2OCONTINUE
RTE a PISHUf'(l)
PTE - RTEI100. *5.
ROF a (is/PTE) * 609
RETURN3 G 0 CONTINUE



C THIS IS A CAS PVISSION THE RATE WILL BE THE NUMllJBER
C CF BOMBS OROPiED

LOS a MISHUN(1) - ((PISHUK(1)/1G(d)*1V)
NTYPE a MISHUN(1)/10O
RTE a NBOM(IFflRCEPNTYPE) * LOS

IF(IFORCE *EQo I *ANG* NTYPt, skCs 3) FTE *RTE/30.
ROF a (1.IRTE) * 60.
IF(NTYPE .EQ, 3 .ANC*
* IFOPCE .EQ, 1 AND9
* MISHUNI5) *EQ,, 1 *AND.
* MASTIIM *EQ* MISHLN(2)) MISIN(5) a 30
R ETURN

ENDO
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SUBROUTINE AMPL (MISHIRNGPIAMP)

C
C IN THIS SUBROUTINE THE AMPLITUDE CF EACH SOUND
C IS CALCULATED IN DR (REF .0002 UBARS).
C THE INITIAL AMPLITUDE IS CALCULATED USING EQUIVALENT
C BARE TNT CHARGES p THESE CHARGES ARE EQUIVALENT
C COMPUTATIONALY AT THE ONE THIRD POWER*
C ARRAY TNT CGNTAINS THE EQUIVALENT CHARGES FOR
C 3 DIFFERENT FIRING CHARGES FOR EACH RANGE BEING
C FIRED. THF CHARGE USED FOR EACH SHOT IS DETERMINED
C BY A RANDOM NUMBER ORAW FOR TIE ThREE AVAILABLt
C FIRING CHAFGES, CHARGES IN BCTH TNT ANC HE AkE ALREADY
C TO THE ONE THIRD POWER
C IF THIS EVENT IS AN IMPACT THEN THE EQUIVALENT
C CHARGE IS OBTAINED FRG/ ARRAY HE
C
r AFTER CALCULATINC THE AMPLITUDE Of THE SOUND EVENT
C IT IS PLACEr IN AN AMPLITUDE BIN AS FOLLOWS.
C
C AMPL AMPL
C IN
C DR BIN
C > 110 1
C 105-11C 2
C 100-105 3
C q5-1CC 4
C q2-95 5
C eq-92 6

C 17-Bq 7
C -67 8

8 0-84 9
C ?o-aiC
C '70 11
C -

C An AMPL IN LbAPS
C RNG- RANGE IN KM
C In TYPE OF GUN
C TN(IJ,K) 1 8 155"M
C I a TYPE UF GUN (1-20) 2 a b INCH
C J a RANGE (]-3G) 3 a eIMM MGRTAR
C K a FIFI.G CiARGE (1-3) 4 a 4.2 INCH MORTAR
C 5 a 120MM
C HE ( I1) 6 a 122MM
C I- TYPE OF GUN WHICH 7 a 152MM G/H
C FIRED THIS ROUND E a MRL
C c a 130MM GUN
C 1C * T72 - 125MM
C 11 a SAGGER
C 12 a 240 MRL
C 13 a M60A3 W/1OMM
C 14 a TOW
C 15 a I?5MM GUN
C 16 a REOEYE
C
C
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C
DIMENSION Tt4T12(030,3)o

* IIE(40)-
* gOCASBD4(29l0)

COMMON IBLK1IMISHUN(60)
COMMON IBLK7/NQ
DATA fTNT(l#Ke1~sKwl#3CJ/

* 1.'6# 1@46P 1.599 1.9CP 2.13, 25*2.36/
DATA (TNT(lKp2)pKolp30)/

* 3*1.46* 1.59P 1.90, 7*2.13, 18*2.36/
DATA (TNT(jK#3)*Knl,3C)/

* 4*1.46, 1.59, 4* 1.90, 3*2.13, 18*2.36/
DATA (TNT(2pKl)pKnlp30)/

* 1.63. 1.,87, 2.34,p 2*5O, 2.61, 2.81. 24*3.041
DATA (TNTf2,Ks2),Kw1,3C)/

* 1.63, 1963v 2.34, 2.34, 2.50, 2.50, 8*2.81,16*3.04/
DATA (TNT(2,K,3)pKu1,3C)/

* 1.63P 1.63, 1.87, 1.87, 2*2.34, 5*2.50, 3*2.81# 16*3.04/
DATA tTNT(3,K,1),Ial,3(,)l

* 555s 29**617/
DATA fTNT(3#KP2)pKsl,30l

* *524, 3**5!5, 26*9617/
DATA (TNT(3pK#3)#Ku1,3C)I

* 524, 3**5g 26**6171
DATA 17NT(4pKo1)vKu1,30)/

e?.45* .763, *763, a t39, 26*9927/
DATA fTkT44oK*2)pKn1,3C)/

o?.45, .745, 9763P .839, *921P 25*o9271
DATA (TNT(4*KP31*Kul#30)/

* 3*9745P *e39P 9921P 25**927/
DATA (TNT(5#Kp1)oI~slp30)/

* 355ps427p.479#.530p 26*o618/
DATA (TNT(5#KP2)vKu1,301

* *427v*479,.*530v*575# 26*.618/
DATA (TNT(5#K*3)oKa1,30)/

* 479,.530P.575v 27*.616/
DATA (TNT(6#Kv1)vKwI,30)/

* 2*.536, 1.37,1.67,2.02,2*2.34,23*2.82/
DATA (TNTI6#KP21PKn1,30)/

* 3*.536,1.37,1.67,2*2.02,5*2934, lt*2982I
DATA (TNT(6vK,3)PK*1*3(d/l

* 4*953e#1937# 2*1.Et7p 4*2.02, 2.34, 18*2.82/
DATA fTITf7,Kv1)pKw1,3C)I

* 2*1.48, 1.68P 1990P 2.28, 2.50, 2.56P 23*2*63/
DATA (TNI(7,K#2)vKa1,3G)/

* 3*1.48, 1.68, 1.90, 2.28, 2.50, 8*2.56,15*2.63/
DATA (TNT(7pKp3),Km1,3C)/

* 4*j.4Fgp 1.68, L.90, 2.28, 8*2.50, 2.56, 14*2.63/
DATA (TNT(8pKpl)pKu1p30)/

* 30*1*37/
DATA (TNT(PPKP2)*Ku1,3C)i

* 30*1.3?/
DATA (TNT(8#K,3)pKnl#30)I

* 30*19371
DATA (TNTf9pKp1)pKalp30)I

$ 7**298, 6*2.75,17*3.08/
DATA (TtRT(9pK*2)pKwlp30)/
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* 7**298, 2*9353p 4**415P 9*2. 75, 6*3*08/
DATA (TNT(9,I(,3)pKu1,30) /

* 9*.298, 4*o353P 6*.415, 3*2.75, 6*3.08/
DATA (TNT I 0pK, 1)pKu1, 30)/

* 30*2 *50/
DATA (TNT( 10PKP2),)'sl,30) I

* 30*2.50/
DATA (TNT(1OK, 3)pKa1,3v)I

* 30*2.50/
DATA (TNT(llpsK, ),Kwl,30 )I

1 30*19 6211
DATA (TNT(11,K,2),Ka1,30)/

1 30 * 1 s82 5 /
DATA (TNT( 11,K,3)pK.1, 3G)/

1 30* 1.a8210/
DATA (TNT ( 12pK(,) ,Kul1,3J) I

* 33.* I*5b/
DATA (TNT( 12,K 2 )P,1, 30)/

* 30*1.5 '6/
DATA (TNT (12,K, 3) ,K= 130)/

* 3C1*56/
DATA (TNTI 13,K,1)#Kn1,30)/

* 30*2s29/
CATA (TNT( 13PKP2)pKx1,30)/

* 30*2.29/
D)AT A (TNT( 13vK,3 ) K~1,30)/

* 30*2929/
DATA (TNT(14,Kpl),Hu1, 30)/

I 30*1.8251
DATA (TNT( 1',KP2) ,9(*130) I

1 31*lob25/
DATA (TNT C14PK, 3) pKu ,30)/
1 30*1.825/

DATA (TNT( 1!,K, )pIsl130) I
* 12*2.90, 6*3.43, 12*3*./

DATA (TNT(15,I(,2),Kml, 30)/
* 18*3.43, 12*3.95/

CATt. (TNT( 15PK,3)vHu1,30)/
* 30*3 c#,5/

DATA (HEM(I,I1P20)l
* 2. 60!p 3.*311,o 1.341P 1@983, 1*726,
* 2O69P 3. 9934p 2 *%)a , 2.069, Co0,
* 0),p 7 2.;890 (00, 300 3o2889
* 0.0, 00.0 coop 0.0, COO/

DATA ( CASBV ( lJ ) , J.a i1C ) /
* 4954P491(fl,3e Op JeOp 09CI, 3.0, 09~ 0 , o0.0 0.01o~

DATA (CAS8M(2pJ),J~1,10l/
* 4,54,4,1C,5*7(-p 0.0, 0.0, 0.Cp 0.0P 0.0, 0.0P 0.0/

IF(MISH .GT*20) GO TO t30
C,
C SELECT THE CHARGF 70 BE LSED FOR THIS SHOT
C

4 RANI'( Z)
K 2
IF( B *LE, o33) K ml
IF( P *GE* .67) K w3
J a PNG + .t
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IF ( J *LE* I1) J 1
IF ( J *GE* 30 J a30

I a MISH
BANG a TNT(IPJK)
GO TO 600

C
C IF THIS IS AN ItFACT EVENT GET THE EXPLOSIVE

c CHARGE WEIGHT.
c
500 INDEX a MISH -20

CALL TYPE (MISHUN, ITYFEPIFORCEIRES)
IF(ITYPE 9N;:o 16) Gn T6J 550
LORC a MISH-L(5)/1OG

BANG a CASBMCIfL]RCEPICRC)
GO TO bCC

55* CONTINUE
PAGa HE(INLCEY)

600 CON'TINUE
C
C CALCILAlE THE APPLITUOt Of THE SCLND IN PSI

C
R RNG * 3260.8~4
IM( .NE. O.) GO Tr %L

90C FCRMAT(JI14jfdIC*4#I4vi//
70C CONTINUE

PSI a 21J.*(NGi)*.,7
C
C NC CONVERT TC UBARS A?'0 THEN TO OF
C

PUBAR - PSI * lCOCOceuo / 14.5

Ca 20. * ALCG1CCPUeA /.J002)
08 x 08- 10
CALL NRAN31CRA1NCpZ*NQ)
0P. aR (P 8 E.C FPAND )

C SELECT THE PANC-E 8IN #-[R THIS AMPLITUDE
1DB a 08
IF(ITYPE *GE, t .OP.
* TYPE.LE.9) CALL AVGCIDt~,ICALL)
IF (CP GEo 1109) IAMP a1
If (OB *LT, 110.) IAMP a 2
IF (CVB s L T s105,) lAIAP x I
A F CO .1C0.) lAMP
IF (08 *LT* q.) lAMP -
IF (DB *LT* 92s) IA14P - 6
IF COB *LT@ ki'o.) IAMP * 7
IF (OR *LT9 fA7*) lAMP w P'
IF: COB oLT. d4e) IAMP - 9

IF (CP *LT. 80.) IAMP a 10)
If (OB .LT. 7(19) IAMP a 11

RE TURN
END
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SLBROUTINE AVGIIAIPICALL)
IF(CALL sEQ. 999) GU3 TO 500
170T a ITOT + IAMP
ICNT - ICNT + 1
RETURN

500 CONTINUE
IAVG a ITOT/ICNT
WRITE(6,90C) !AVG

900 FORMAT (lHl, /ill /U1/20X I 12. IH1)
RETURN
END
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SUBRO0UTINE PRINT(MASTIP)
C

C
C SOUND(SECvTYP*AMqP)
C
C SEC a TIME OF SOUND EVENT (1-240)
C TYP a TYPE OF WEAPON VR It4PACT (1-40)
C APP a RANGE OF AMPLITLDE (1-11)
C
C PUZZLE IMPACT
C EVENT EVENT
C
C TYP a I - 155MM HOWITZER ------- 21
C a 2 - INCH---------------22
C a 3 - FIMM MORTAR----------- 23
C a - 4.2 Il CH MORTAR -------24
C a5 - 120MM MCRTAR---------- 25
C a 6 - 122MM HOWITZE(-------26
C a 7 152MM G/H------------- 27
C w 8 122 MRL--------------- 28
C a 9 130MM GUN------------- 29
C w 10 T72-1251MM-------------30
C a 11 SAGGER----------------- 31
C a 12 240MM MRL------------- 32
C a 13 M60A3 WI1C5MP --------33
C a 14 TOW-------------------- 34
C a 15 175 MM GUN------------ 35
C a 16 CAS MIISION --------- 36

C

C

IMPLICIT IN~TEGER (A-Z)
C0PMON/SLK8/SOUNC(24O,4O, 11)
COMMON I 8LX11/IDAPAY(?40o300)
LEVEL 20IOAPAY
LEVEL 2PSOUNO
DIMENSION BLANK(100)
INTEGER AJIPl2plZ)
DATA BLANKI'/ I*$ llpf 210 3001 49,0 5009 61# 7894 IR , 9','1O

*1210, 5221, '23's 5240, 52 ', ' 6', '2?', 2k', 29', '30',
*'31 S# 32' 331 0 340, 63 5 1k 36', 9376, '380 '391 '40l,

*1415, 6426, S431 64416,04!S, '46, 0147 6'48 , @490, S505,

* @716, 72l* 730k 740, 57540S76w, 0773 0 7819, 99S6805,

**918,I921,S931,S94O,9950,@q69,997SS98S,69911

C
C THIS SUBRlOU71NE wILL PPINT OUT THE SOUND
C E ENTS AND LPDAJE THE ARRAY
C

AMP( 12)s0
WRITE16,910) PASTIM

75 CONTINUE
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DO1 200 NS1D(t0
DC 400 Jo1,11
001 400 K -a4
AMP(1l.j) a AMP(1,J) + SOUNO(N#K#J)
IF( K . LT. 5) GO TO 3S0
IF( K .GT. C, ) GO TO 3F0
AMP(2,J) - AMP(2,J) + S0UND(thKsJ)

39C CONTINUE
400 CONfTINUE

D0 500 Jol,1o
"CO AP'P(1,12) - AMP(1#j2) 4 AMP(1,J)

C2 CNTIN~UE
C
C ZERO FILL ARRAY AMP

0(1 t10 M - 1#2
DE' 510 1 a 1*12

I1C, AtP(MJ) a 'G
200 CONTINUE

c900 FORMAT (2XP 12,8bX,A?p 7x,1(A2,p I/'A2,93X))

C

DO 1000 N a 1.,1eC

no 1000 K a lv40o

NNw N+bO

5[UND(NKpJ) a SOUND(KNK#J)
1000 CONTINUE

DO 1500 N x 181,24(o
DO 150t.. Ka pC

DO 1500 J a 1,11l
S~tlND(NK*J) a C

1500 CONTINUE
DC 2000 N v s P

NN N + tC

OC 20CC K a 1#3Cci
IDAPAY(NK) a I[ARAY(NK)

2000 CCNTINUE
00 3003 1 -61#24o

DL 3030 J l 13CC
IDARAY(IvJ) a 0

30,10 CONTINUE
RETURN

910 FIRMAT(lHlRX,'IM1N a1#5
*20j~p'A M F L I T U 0 E I N C R I#/

*1~'SE',~,~OT, ,11 105-110 100-105 95-100 Q2-9, E'
*92 87-eQ 84-f-7 8C-84 70-ec 700#IJ

END
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SUBROUTINE RDRCF (MASTIM)
IMPLICIT INTEGER (A-Z)
REAL ROFpCUPROF(10O)OfLMRED(1O0)
CCMMON IBLK8/SOUND(240,40lli
LEVEL 2*SOUNO

C

C
C THIS SUBROUTINE EXTRACTS FROM ARRAY SOUND THE
C CUMULATIVE RATE CF FIRE ( THE INDEX FCR CUMROFII)).
C IT THEN STERES IN THAT LOCATION THE RED RATE OF FIRE*c

C TOT - CUPULATIVE RATE OF FIRE + IMPACTS
C RED a CUMULATIVE RATE OF RED MUZZLE EVENTS

C
IF (MASTIM *EQ. 999) GO TO 70C
TOT'
00 500 N=1060
DO 400 Ja1pll
DO 400 K a 1p40
TOTwT0T+SOUNO(NKpJ)
[F( ,GT. 9) GO TO 300
IF(K *LT, 5) GO TO 300
RECsRtD+SON0(NvKpJ)

300 CONTINUE
4OO CONTINUE

IF(TOT .GE, 99) TOT a 99
CUPOF(TOT+I) a CUMtOF(TOT 1) + RED
NUMRED(TOT+l) a NUMRED(TOT+I+l
RLD a C

TOT a 0
500 CONTINUE

RETURN
70C CONTINUE

WRITE(b600C)
GO A30 I a 1l o0
IF(NUMREO(I) *NE. 0.) GO TO 753
poF 2 0,
GO TO 760

750 CCNTINUE
ROF a CUMROF(I)/NUMRED(I)

760 CCNTINUE
II "1-1
WRITE (b010) IIPFOF

800 CONTINUE
QUO FORPAT(1HI,3X,'TflT',7)'TRED',I9X'EVENTS MUZZLES'II)
910 FORMAT (iUXvIZ7XF6Z)

RETURN
END
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SUBROUTINE EVENTS (ROF5vMASTIMp ICALL#ROF)
IMPLICIT INTEGER (A-Z)
REAL PRCNT
COt!MON IBLK8,SOuND(24oP40#11)
LEVEL 2sSCUNDo
DJIENSION SEC(300)

C SEC(I) I w 1-100
C STORED IS THE NUMBER OF SECS DURING WHICH
C THE EVENTS PER SECOND - I

IF(MASTIM *EQ. 99c9) GO TO 700
I1047 a ICNT + 1
TOT a CPOF5 * 2) / ROF
SEC(TUT+l) *SEC(TOT * )+ I

RETURN
700 C014TINUE

WRITE(69905)
905 FORMAT(1H1)

WRITE (6, 910)
ICALL a ICALL - it
DO 8G0 I - 1#10C
PRCNT - (SEC(I)*1Co.)/fICNT *1.03

11 a I*ROF
JJ a (I*ROF)-ROF
-RITE (6,9CC) JJPIIPRCIPT

800 CONTINUE
900 FORMAT C16XvI6,l-@,I6,1oXF6*4/)

910 FORMAT ('.OX, PRCNT, /21X,'ROF', leX, OFOP/40X, 'GAME'n//)
RETURN
E1D
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SURUIEOFUIATNI~t
C

IMPLICTINTEE GUS~(ASTIZ aA

COMMqON /BLK1ZICTPSYSPDF

REAL PRCNT

PJACK(80)
,ROF3(80)
*GUTSM2(201

#OUTSMICeOP201
C

DIMENSION ALPH(201
#FM71(5)
PFPTZ (7)

$ PSUMI(6)
*ROF5F(3001

* ,PRUt4TOT(50O)
* ,PROM5(3OO)
* ,DIST(b63*1)

C
DATA FMT1 IOIXP14#0

CI'DATA FMT2 /1ZXp4HTROFI

*8 X

* ,0A6#4HLCSTp'

* e3HTOT I

*f/ I

C
DATA DA!H /16H --- #4I

DATA BLANK It of

D~ATA INMBR l'Fbe2p 1i
C

DATA NMBR2 1IF8.2p I/
C

DATA ALPI4 /'lls'2'1*310'40005'g

C
DATA ALPH1 /9011
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C

C
C THIS SUBROUTINE CALCULATES THE RATE Of FIRE OVER A FIVE MINUTE

* C PERIOD (ROF51 AND THEN CONSIDERS ALL SOUND EVENTS IN THE
* C NEXT SIX SECOND PERICOD

C CT a CRITICAL THRESHILD
C THIS IS THE NUMBEk OF EVENTS THAT MAY OCCUR IN A SIX SECOND
C WINDOW AND STILL BE DISTINGUISHABLE
C
C SUMM) .lib a NO, Of MUZZLE EVENTS PER SECI)
C IN THE SIX SECONC WINDOW
C ROM5(I) 1=1#300 TOTAL MUZZLE EVENTS IN SEC I OF 5 MIN WINDOW
C
C POF5F(I) I-I.300 TOTAL NO. OF SOUND EVENTS IN SECOND I OF
C THE 5 MIN WINDOW
C ROF5 a TOTAL NO. CF SOUND EVENTS IN 0 MIN WINDOW
C
C ROM a TOTAL NO. OF VLZZLE EVENTS IN 5 MIN WINDOW
C
C IROF a CCUNTER FOR SECOND OF 5 MIN WINDOW
C
C IJIST - CCUNTER FOR SECOND OF 6 SEC WINDOW
c I.
C THRESH x TCTAL NO* OF SOUND EVENTS IN 6 SEC WINDOW
C
C IECSUM a TOTAL RED MUZZLES IN 6 SEC WINDOb

R IC
C PUZSUM - TCTAL MUZZLE EVENTS IN f SEC WINDOW
C ROFIN - RATE CF FIRE SIN BASED CN

TC I RATE Of FIRE FOR 5 EIN
C F OATE F FIRE FOR 16 SEC

* ' C
C R IF3(I) a NO, IF TIMES RATE F FIRE (I * ROF)
C

C JNTOT(1) 1 -Iv500 TIT NON BF FETECTABLE RED MUZZLE EVENTS
C FOR MIN I CF GAME

C
C REDSUM S UMBER OF RED MUZZLE EVENTS
C CUTSM1(IPJPK)
c I e IpBG RATE IF FIRE SINS IN INCREMEN4TS OF ROF
C ROF a INCREMENTS FOR I
C J a NUMBER OF RED MUZZLE EVENTS

C
C STOPED IS THE NLMBEP OF TIMES CONDITIONS IPJ ARE MET,
C

C DIST(IJK) THIS IS THE SIX SECOND WINDO UNDER CONSIDERATION
C I a lot SECOND
C J a 1,2 I a ALL SOUND EVENTS
C 2 a KED MUZZLE EVENTS
C K a loll AMPLITUDE BINS
C

C
C THE FOLLOWING ARE INPLTS FOR THIS SUBROUTINE
C RCF a INCREMENT FOR CLTSM1
C
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C CT a CRITICAL THRESHOLD (MAX 18)
C ISYS * TYPE OF SYSTEM REPORTING
C 1 - AUTOMATED
C 2 - MANUAL
C
C

C
c
C IF THIS 15 THE END OF INPUT Ga I PRINTOUT
C

IFCMASTIM .EQ, 999) GO TO 500
IF(ICALL .GT, 5) GO TO 190

C

C UP TO STATEPENT 190 IS ONLY TO INIIIATE THE FIRST FIVE MINUTES
C DURING WHICH WE WILL CONSIDER THE RATE OF FIRE

C
50 CONTINUE

ICNT a ICNT + 1
DO 12o I s 1,60

DO 11C0 J a 1,40
DO Loo K a 1,11

II - 60 *(ICALL-1)+ I
ROF5F(II) w ROFSF(II) + SLUNDIIDJvK)

IF(J oGEs 21) GO TC 90
ROP5(1I) - ROP5(II) + SObND(I#JpK)

90 CONTINUE
100 CONTINUE
110 CONTINUE
120 CONTINUE

IMiCALI ,hE. 5) GU TO Ioo
00 16C I u 1#6

DO 151 K "1,11
DO 140 J a lp40

DIST(IIK) a DIST(I#I*K) + SOND((54+I)PJK)
IF(J oLTe 5 *OR*

# J oGTo 9 *AND*
• J ,hEo 12) GO TO 130

DIST(IC01K) : DIST(I#2*K) + SOUND((54. I)PJK)
130 CNTINUE
140 CONTINUE
150 CONTINLE
16C CONTI:LE

C

IROF1
IOIST•
ROF5 •
ROM a C
00 17C I IP1300

POM • OM + kOW(1)
ROF5 ROF5 •RCF5F(1)

170 CONTINUE
i8rj CONTINUE

191. CONTINUE
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C
C THE 5 MINUTE INITIALIATION IS OVEk CONTINUE*
C

C
C SUdTRACT THE RATE Cf EVENTS FOR THE LAST SECOND
C FROM1 ROF5 AND SUBTRACT THE RATE OF FIRE FROMI
C ROM FOR THE LAST SECOND
C

DO 3Y0 TIM a 1#60
OLCROF a ROF5/kOF
ROF5 a ROF5 - ROF5F(1POF)
TEMROF a C
TEMROM4 a 0

RMa ROM - RCM5(ZROF)
C
C REMOVE THE OLrJEST SECONC FRCM UIST(IPJPK) AND
C iEPLACE 1T wITH IHE NEXT SECOND FRCM SOUND(IJK)

CVO 210 I a loll
DO ?CO J - 1#3

C1ST(IDISTPJPI) a 0
703 CONTINUE

210 CCNTINUE
SUM1(IDIST) a 0
D1 270 KC a loll

DO0260 JaI4

C TOTAL EVENTS FO/ SECECM
LTMPOIaTEMRK) + DS DT(IIST,1K) 4SLN(I,,.

IF(J 9GE. 21) GO TO 230
C
C T TT MUZ EVENTS FO/ SEC

TEMiCIDaST)MO + SU OUDST *SQNDT14,KK

C
C TODTAL EVENTS SEC AMP

DrST(IISTIK T,,K a DIST(IDISTZ.+K)iD(1PJK

C TEO MUZ EVENTS / SECIAP
OLIIIST a S,3,K).DIST +S0UND3,K) vK

*J sTe qOUN*AND*,
24 CONE2 OT 4

2C ONYL
2h CONTINUE75I ECI M
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270 CUNTINUE
C
C ROF5 a TOTAL EVENTS CVER 5 MIN PERIOD
C ROM a TOTAL PUZZLE EVENTS OVER 5 MIN PERIOD
C
C ADD THE RATE OF FIRE FOR THE NEWEST SECOND
C

ROF5 a ROF5 * TEMROF
PCF5F(IROF) * TEMROF

ROM - ROM + TENROM
ROM5(IRCF) w TEMROK
IROF a IROF + 1

C
C IF THIS IS THE END OF A 5 MIN PERIOD9 SUBROUTINE
c EVENTS IWILL RECIEVE THE PRESENT 5MIN TOTAL EVENTS
C

IF(IPOF oNE. 3001 GO Ta.20
CALL EVENTS (ROP1MASTIMPICALLPRCF)
IROF m 1

2 O0 CONTINUE
NEWRCF a ROFS/ROF

C
C IF THE PATE OF SOUND EVENTS HAS CHANGED CUNSIDER
C ALL TARGETS IN THE SIX SECOND hINDGV#
cC IF(OLDPOF .EQ. NE6ROF) GO TO 310

DO 300 1 -1l1
DO 29C J a 1P6

DIS7(Jv3,I) - DIST(J,2#I)
290 CONTltltUE
300 CONTINUE
31C CONTINUE

IDIST - IDIST + 1
IF(IDIST ,GI. 6) lCIST - I

AECSUM a 0
JAKSP - C
THRESH - 0

C
C ACC LP ALL SOUND EVEKTS IN 6 SEC WINDOW
C

DO 330 SEC a 1#6
CO 32C AMP a iLIC

THRESH a THRESH + GIST(SECp1,AMP)
320 CONTINUE
330 CONTINUE

C
C IF THE THRESHOLD HAS NOT BEEN EXCEEDED ADD UP ALL
C THE PED MUZZLE EVENTS IN THAT WINDOW

AEDSLM - CT + 1
IF(THRESH *GTo CT) GO TO 360

RkDSLM a C
DO 350 SEC a 16

DO 340 AMP a 110
LDSLM • PEDSUM * DIST(SEC#2#AMP)
JAKSM * JAKSP. + CIST(SEC#3eAMP)

DISTISEC#3*ArP) a 0
340 CtiNT INUE
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350 CONTINUE
N7OT a NTOT REDSUM

* C

C CALL OTSUM2 TO SEE IF ANY OF THESE TARGETS
C ARE UNIQUE
C

CALL OTSUP2(TIMICNT)
36C CONTINUE

C

C CALCULATE THE RATE OF FIRE BIN THAT THESE EVENTS
C GO TO
C ROFBN1 WILL CLNTAIN THE RAIE OF MUZZLE EVENTS
C AVERAGED OVER THE 5 MIN WINDOW
C ROFBN2 WILL CONTAIN THE RATE OF MUbZZLE EVENTS
C IN THE 6 SECOMD WINDO EXTRAPOLATED
C TL 1 MIN
C
C

ROFBN1 a ((RCMI)/RCF) + I
MUZSUM a 0

DO 370 Ml lb
MUZSUP • MUZSUM + SUMIJ(M1)

370 CONTINUE
ROFBN2 -(rUZSLM * 10 1 PCF) + 1

IF(SYS .EQ. 1) ROFBIh a POFBN1
IF(SYS *EQ* 2) ROFBIt a RCFBNZ

IF(ROFBIN .GEs 801 RCFBIN u 6C
C
c STORE IN OUTSM1 HOW OFTEN YOU WERE ABLE TO DETECT
c THIS I.ANY RED MUZZLE$ AT THIS RATE OF FIRE
C

OUTSMI(ROFBIN,(REDSUP+1J) a OUTSMI(ROFBINPREDSUM41) +1
JACK(ROFRIN) a J4CI IOFBIN) 4 JAKSM
ROF3(ROFBIN) a ROF3(ROFBIN) + 1

3A0 CONTINUF
ICNT a ICNT + I
CALL CTSLM2(TIM#ICNT)
RUNTOT(ICNT) a NTCT
NTOT a 0
ITOT - C

RETURN
C

C

C THE END OF THE INPUT HAS BEEN REACHED
C THIS IS THE BEGINING OF ALL THE SUMMARY PRINTOUTS
C

C
500 CONTINUE

CALL OTSUM2(TIMICNT)
WRITE(6,900)
WRITE(6,960)

DO 510 1 a IICNT
WRITE(etq50 ) I
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* ~ RbNTOT(J,)
5~10 CONTINUE

11 a CT + 2
FACTOR a (ICALL - ) *(bC.IICCol

C NOW CALCULATE THE PERCENT EF GAPE TIME
C CONDITICI'S (X#Y) WERE MET IN OUTSM1(XYl
C

00 530 1 -* 8
00 520 J w l,11

OUTSM1(IPJ) a OUTSM1(1#J) I FACTOR
520 CONTINUE
530 CONTINUE

WR ITE ( 6 900)
11R I TE (6,p 940Q
IMAX a CT
FMT2(3) a ALPH(CT4-1)
WRITE (6pFMT2) ALPHlp(ALPH(JX)#JXul, IMAX)

00 55V R z*#8
Dt 540 P. a 1,11

LINTOT a LINTOT + CUTSI'1(R#P)
540i CONTINUE

FMT1(3) *ALPH(II)
Ni a (P *ROF) - ROF

N2 a (k ROE')

* wRITE(fPFMT1)
* Ni

* ,(LUTSM1(PpI),IuiII)
* ,LINTOT

LINTOT - 0.
150 CONTINUE .

00 570 I a imau

5&j CGNTIKUE
570 CONTINUE

WRITE(6,920) PRCNT
IvRITE (6,9301
WPITE(t,940)

C
wRITE(6*FMT2)
* ALPH1
* ,(ALPH(JX)PJX * 1IAX)
Ni a 0
N2 -0

DO 620 I - 1,80
ROFi a OLTSMI(Il)

DO 5E0 J a 2,11
RO-ROFI + 05 OUTSI'1(1#J)

580 CCNTINUIE
C
C OUTSM2 WILL CONTAIN THE NORMALIZED DISTRIBUTION
C FGR RCF a 1* 50
C

DO 60C 4 s1,11
OUTSM2(J) uC
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IF(ROF1 *EkO ul Ga TC 590
OUTSMZ(J) (OLTSMI(ItJi) 100)/ POFi

590 CONTINUE
600 CONTINUE

FMT1() ALPHIII)
Nl a (I *ROF) - ROF
N2 a (I *ROF)

DO 610 M a lp11
LINTOT - LINTOT + CUTSIP2(M)

610 CONTINUE
WIRTE(6*FMT1)

*Ihi

* ,(OUTSM2(J)*Ju1.I)

LINTOT a o*LNO
t~20 CONTINUE

6RITE (69900)
WRITE(bP9i0)

DO 64U 1 a 1P80
II a RCF *I

JJ - II - PF
IF(ROF3(I) *E~oO) GO TO 630

JACK(IM (JACK(1) I RCF3(l)) *360(o

630 CONTINUE
WRITE(6,9930)

630: JJACKMl
640 CONTIN.UEI CALL EVENTS(ROF5,f'ASTIMICALLPPF)

C CALL AVG(IAMPIMASTIt )

C

C FG RM A T S

C
C

9C0 FORMAT(1HI)

P77 OrCONSTA14T NO. CFI/
* T7,'iRATE CF RED PUZZLE#/
* T7,'FVEMI FCR EVEN7S'I
* T7,'J. HOUP I//

C
q20 FORF4AT(T,'OT7

930 FORMAT(IX

* .16
*F@
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q40 FDRI4AT(74t
R *EOD M U ZZ LE E V E T7S'

950 FOPMAT(Tl1
* P13
* ,T17
* P14

960 FORMATMT1

p ,C.F OF#/
* ,T10
* ,'GAME I/
* ,T16
* ,'TGTS'/I

RETLRN
END



SUBROUTINE CTSUMZ(TIMPlCNT)
INTEGER TIP
COPMON I RLK91MASTIM

* f BLK1I/IDARAY(240p30C)
* I BLKIO/IDTGT(1JCOU4)

LEVEL 2,InARAY
DIMENSION IUNEEK(500)

PITEM(6,300)
IF(MASTIM ,EQ, 99q) GO TO 500C
IF(ICNT .EQ. 0) ICNT -
ITIM a TIM - 6

IF( tCNT.NE. NCNT) GO TO 1000
130 IF (TIM *LT. 6) GO TC 3000

C

C CHECK THE SIX SECOND WINDOW
C

DO SO I - lob
C
C CHECK EACH UNIQUE TARGET
C

DC 400 J a 1,3U0
IF(IDARAY(ITIM+IpJ) .EC. 0) GC TO 45U
00 300 K a 1#500

C
C IDTGT CONTAINS A LIST OF UNIQUE TARGETS AND WHETHER
C THEY HAVE BEEN LOCATED
C

IF(IPARAY(ITIM+IJ) .NE. IOTGI(K1I)) GO TO 250
IF (1DTGT(KZ) .NE. 0) GO Tr 350
ITOT a ITOT + I
IDTGT(KP2) * 1
IDTGT(K,4) u MASTIM

GC TO 350
25J CONTINUE
300 CONTINUE
350 CONTINUE
40C CONTINUE
450 CGNTINUJE
50C CCNTIN1,t

RETUFN
1COC CONTINUE

IUNEFK(ICKT) u ITOT
ITUT - 0

C
C STORE THE LAST SIX SECONDS OF THIS MINUTE IN CASE
C TIM IS LESS THAN SIX ON THE NEXT CALL
C

DO 1100 I a It
DC 11(#O J a 103GO

1100 ITEM(IJ) a IDAPAY(54+I#J)
NCKT v ICNT
RETUPN

3000 CONTINUE
DO 4000 I a 1,TIM
DO 4000 J a lp3CO
ITEP(IJ) a ICAPAYItiJ)

4000 CCNTINUE
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C
C SINCE TIM IS LESS THAN SIX ITEM WILL CONTAIN THE SIX SECOND WIN
C

Of) 4500 1 a 1#6
DC 44.CO J a 1P300
IF(ITEMU,#J) do.Q 0) GE TO 44'50
DPl 4300 K a 1,500
1F(ITEP(IJ) oNE. IDTGI(Kol)) GO Ta 4,250
IHTlDTGT(K,2) .NE*.C-) (60 TO 4350
ITOT a ITUT +1
IOTGT(K,21 1
IDTGT(K,41 MASTIM

GE TO 4350
4250) CONKTINUE
43(0 CIINTINUE
4350 CONTINUE
44COi CCNTINUE
445J) CONTINUJLE
'. .0O CONTINUE

RETURN
50U" CONTINUE

WR ITE (6p 910 )
9105 FORMATC1HL)

DO 6000 I a lICNT
6000 WRITE (6P90C0) I, ILNEEKII)
9001) FORMAT(IOX#13,o3X,14/)

10C( F:ORPMAT(9YSMI4 NOS.I

29X,'GAML UNIQLEO/
31"X, 'TGTS II/)

END
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SUBROUTINE U141QID
IMPLICIT INTEGER (A-Z)
COMMON / LK1/MISHLto(601
* ~I BLKl0/ITGT(10*)t

C
C JOTGT(IPJ) WILL CONTAIN A L15T OF UNIQULE
C TARGEIS (RED PMUZZLE EVE
C IF Jul THEN THIS TARGET HdAS BEEN LOCATED.
C

CALL TYPE(MISHUN#ITYPFIFOFCtIRES)
IF(IFORCE 9EQ. 1) Gb TO 14CO

IF(MISHUK(3) *EQ* 0) GO TO 13CO
IUNIQ - IIRES * 1000000CO + IMISHUN(6) *10COO MISHUN(7)

liJ00 CONtTINUE

If(IOTGT(I,1) *NE. 0) GO TO 1200
IDIGT(Iol) a IUNIQ
IDTGT(I,3) a MISHUN(2)

1200 CONTINUE
IF(IOTGT(Is11 *NE* IUNIQI GO TO 1000

13CO CONTINUE
140O0 CONTINUE

RETURN
END
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SUBROUTINE TGTARY(FTT)
COMMON I BLKj/MISHUN(6j)

* I BLK11IO00PAY(240P300)

LEVEL 2,IDAPAY
INTEGER FTT

C
C IDARAY CONTAINS A LIST OF TIMES SOUND kVENTS
C REACHED THt SLUND BASE (1-240)
C AND THE UNIOLE IDENTIFIER (1-300)
C

CALL TYPE(MISHUNITYPEPIFORCEIRES)
I 0

IUNEEK a IRES * 1COCOCCOO + MISHUN(6) * 10000 + MISHUN(7)
IF(ITYPE *LTo 5) GO TO 130C

IF(ITYPE oG7o 12 oAND, ITYPE *NE. 15) GO TO 1200
1000 CONTINLE

1*I+ 1
IF(IDARAY(FTTI) .NE9 0) GO TO 1100
IDARAY(FTTI) - IUNEEK

1100 CONTINUE
IF(ICARAY(FTTuI) *NE. IUNEEK) GO TO 1000

1200 CONTINUE
1300 CONTINUE

END

1
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SUBROUTINE TYPE(MISHUNpITYPE,1FORCEIRES)
r ~DIP-ENSION HISHUN(60)

DIMENSION NTYPE(2#401
C
C ARRAY I-TYPE(1,J) CCNTAINS ALL THE WPN TYPES
C
C Is 1P2 FORCE NO.
C Js 1,43 RESOURCE NO.
C

')ATA (NTYPF(1,J),Js1,4C 3/
Or0 13, Cs 0. 14v 3# up 0, 0. 0,

*1, 29 15p 0, 0, p Cv o 0, 0 0r 14v
*14, Or 09 0, 00 Or Go 4p 0 0. 0
* ., 0., ov 0, 0, c, lt, 0, 0, of

DATA (NTYPE(2,J)pJal,40j)/
00 Qg p I, or1I p,11 5p C, op 11,0 0,

* p 7p 6, 0, 0. (;, 00 00 0R 110
*6p 7p O 00, 0 0p CP C, 0 ,9p O 0,p
S0, C, 0 or ,o 0. 12, iC, 0, 0, o/

C
c MISHUN('M IS tNIT ID * 1000 4+ PESCLRCE * 10 +- FORCE
C

IFORCE a MISHUNM~ -((I!SHUN~e3 110) * 10)
IRES a (MISHUN(8) - ((M1SHUtN(B)/10001 1000))/10

1 * MISHUN(8)/1oco
ITYPE a NTYPE(IFORCEJf'E5)

END
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