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ABSTRACT

Engagement Simulation {ES) has Filled a training need for maneuver
cally assessing casualties and by replacing fixed scenario exercises wi
changes where opponents' actual behavior determined exercise results.
and the aoal of this research was to develop a realistic and
ery units.
on the guns and employed standard
Tiery rounds.
artillerymen directly affected the placement of artillery simulators on the ground.
six simulated missions were "fired" by an arti

integrated into ES, however,
inexpensive ES method for training artill
data actually set
to select the probable impact point of artf

forces by realisti-
th free play inter-
Artillery was not

A computational system, which used the
fire direction equipment, was designed
This meant that the behavior of
Thirty-

T1ery battery during a developmental test.

Targets on the ground were assigned to a forward observer and simulators were placed based

on the computed impact points.

Feedback on mission effects was provided.

Results indicated

that the artillery system improved its speed and accuracy.

INTRODUCTION

Field artilTery has presented very specific
training problems throughout the history of can-
nan gunnery. These prohlems have becoie more
acute in current times because of financial and
spacial constraints. In years past, when there
was a great deal of open land within the United
States, there was generally no probiem in ob-
taining enough space for live fire ranges. As
the country has - urbanized, range Timitations
have become severe. You need a great deal of
land to fire a 1ive artillery piece, and safety
constraints prevent fire into aresas where maneuver
troops are training. The cost of ammunition
also has escalated dramatically during the past
decade, and this has led to a limited supply
available for training purposes. .

Due to the limitations in trajning ammuni-
tien and ranges and due to safety constraints,
most of the Tield training within the US Army
has been limited to dry firing exercises where
men are required to go through the movements of
operating their weapon without any potential for
feedback as to the success or failure of their
fired mission. Live fire is restricted to sev-
eral exercises per year. The learning literature
in psychology has emphasized the importance of
knowledge of results in order to obtain perfor-
mance improvement. You do not receive this
knowledge by dry firing exercises, by gun drills,
which involve just moving the dials on the
weapons, or by displacement exercises, where you
set up the weapon, perhaps dry Tire, and then
move the weapon to ancther location to see how
fast you can do it. In this type of training
environment, the only Teedback that personnel
receive is generally a critique of what they did
wrong. There is no passibility for positive
feedback, Simulation methods can be very advan-
tageous. in a sityation where opportunities for
"hands on" training through live fire have
become increasingly rare and expensive.

A system has been evolved over the past
decade for training combined arms (armor and in-
fantry) forces. Engagement Simulation (ES) is
the term generally used to label what amounts to
a Family of training systems. In the early years,
£5 focused upon the vifle squad and gradually was
improved to include the platoon and the company-
team organization. There are several major
characteristics of Engagemeni Simulation as it has
been used for maneuver forces. The first is
weapons effect signature simulation which pro-
duced a simulated fiash and bang for each weapon
system similar to an actual firing. This provides
feedback to the firer and .cueing to his "enemy"
which means that the firer has to take the same
action that he would if he had fired at and
revealed his position to an actual eneiy. The
next and perhaps the most important characteristic
of ES is casualty assessment. This is a system
for deciding wha shall "Tive" and who shall "die™
based upon very precise rules which credibly re-
present the actual effectiveness of soldiers'
weapons. Finally, the characteristic which dis-
tinguishes ES from traditional field training is
what we call the After Action Review. This is a
participant interactive type of exercise which
accurs after the field action and amounts to
facilitating the communication between the two
opposition forces. They can review the action and

- determine the effective and ineffective behayiors

in a noncritical setting.

When ES was first developed, a method was
required to simulate artillery to the extent
necessary so that ground maneuver forces would
know that it existed. The focus was on artillery
from the viewpoint of the infantryman rather than
from the viewpoint of the artilleryman. The
method employed for maneuver forces was both

- pasic and straightforward. - An infantry commander,
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for example, would ask for artillery fire at a_
particular location; a fire marker control center
{FMCC) would plot the location on a map and
provide directions to individual fire markers.



They were told to go to the requested Tocation

and drop artillery simulators onh the ground. The
Tocation to which they were sent was the same as
the Tocation where fire was reguested. This was
very unrealtistic because it eliminated a1l effects
of artillery processing time and the possibilities
for error. These can be considerable, especially
on the first round fired. This method did not
invoive any artillerymen except the forward
observer, who if he was assigned to the maneuver
commander, couid request the fire missions.

The research problem was to develop a method
to incorporate the field artillery firing system
into an Engagement Simulation training pregram.

The Field Artillery System.consists of three
main elements. As previously noted, the forward
observer is located with the maneuver units and
has the task of calling for fire missions based.
upen. the needs of the maneuver unit commander.

He sends these calls to the Fire Direction Center

(FDC), where computations are accompiished and the :

data is sent to the final step in the firing
system, the gun battery. The gun baittery sets
the data on their cuns and ammunition and fires
the mission. The forward cbserver observes the
incoming fire, makes his adjustments and sends
this back through the system. This cycle is
repeated until: the rounds hit the target. In
traditiohal ES, the FDC and the gun batiery
itself were not involved in any way.

The methodological problem generated by this

“research effort was how fo get the gun battery

-and the FDC involved. A concept for solution was ~

to develop a method of determining the terminal
effects of the simulated round (the projectile
fired from artiliery), specifically to locate the
most probable impact point of that round. This
system had to be as realistic as possible, in-

expensive, and implementable on the limited range

space where units train most of the time at home
station. Weapon signature simulation, which is
part of maneuver ES, was not required for the
purposes of involving the FDC or the gun battery.
What we were most interested in was integrating
the performance of people who are directly in-
volved in. the artillery firing sequence, so that
feedback could be provided on the accuracy and
speed of their performarice. L

METHCD

A standard artillery procedure was already
available to provide the basic solution to our
problem. This procedure is called replot and is
used to determine the location of a target from

‘the data (settings for the gins) that were com-

puted hy the FDC and sent to the gun battery.
However, as used in standard artillery practice,
replot is a relatively time consuming, jterative
procedure. It was necessary to simplify this pro-
cedure and to acquire the data directly from the
gun battery in an accurate and timely fashion.
These data had to be sent to a control center,- be
replotted, and then be sent further forward fo
fire markers. They could then mark the target,
not where fire was requested, but where the fire
would have gone given all the inputs of the
artiliery system. h

FIRE MARKER
1
FIRE MARKER
. CONTROL CENTER
GUN CONTROLLER

FIGURE 1
THE ARTILLERY ENGAGEMENT
SIMULATION SYSTEM

Figure 1. Artiliery Engagement Simulation System
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The system that was developed is described in
Figure 1. Each element of the artillery firing
system has a corresponding element in an ES con-
trol system. The role of the fire marker, who is
in the target area, is the same as it was in the
traditional ES except that he.is controlled by a
fire marker control .center {FMCC) which gives him

directions based upon computations which will Tead

‘him to the most probable impact point. Fire
markers are pre-positioned on surveyed points and
given a direction and a distance which they can
pace off or drive. They then mark their target
using "flash-bang” simulators and retire to the
closest surveyed point. The work of the fire
marker essentially represents the terminal effects
of the control system.

Prior to the fire marker ever getting any
instruction, the system is driven by what happens
in the gun battery. The forward abserver calls
his mission to the fire direction center (FDC);
the FDC does its computations and sends the data
to the gun battery; crews set the data on the guns
and dry fire their weapons. At that point, con-
trol personnel; who remain out of the way of the
gun crews, must examine the gun sights and the
ammun1t1on very quickly, obtain the data elements,
and send this data to the fire marker control
center (FMCC). The FMCC performs replot in two
ways. First, they use a tradional plotting board
approach, which has been available for years but
‘never used in this manner for ES, and as previous-
ly indicated is very time consuming. Also, they
use a TI59 calculator with a special program that
was developed in this research project to perform
replot. The reason for doing it two separate ways
was to provide cross-checks for accuracy and to
evaluate the two methods. When the two plots
agree, the data is sent to the fire markers.

When the two plots disagree, it 1s necessary to
find and resolve the error prior to transmitting
the data. - Once the targets are marked, the job

of the forward aobserver, part of the artillery
firing system, is to correct his initial call for
fire. He therefore provides feedback {especially
if he thinks he is not getting what he has asked
for) on a continuing basis to the battery through
the FDC so that a performance feedhack Toop exists.

Developmental Tests

In the fall of 1979, a developmental test of
artillery engagement simulation was accomplished.
Participants in the test included an artiliery
firing battery, from a direct support artillery
battalion, two sets of forward observers, an FDC,
and enough personnel drawn out of the battalion
to provide for gun controllers, an FMCC, and fire
markers. Personnel in the control system were
selected because their control tasks were similar
to their regular military duties. They were
trained in these tasks during a three~day period.
A1l equipment in the developmental test was eguip-
ment which is currently standard within a field
artiliery battalion, Fire markers were issued
"flash-bang" simulators which they used to mark
the targets on the ground, and communications
were set up using standard tacticail radios and
telephones for the control system so that the
FMCC could transmit probable impact points to the
fire markers, and could receive the gun data from
the controllers in the gun battery.
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“training program.

‘of the total 36.
“siveness of the control system over those 24

A tactical setting was written which in-
¢luded scenarios designed to provide a represent-
ative array of tasks involved in operating a dir-
ect support artillery baitery. There were no .
maheuver troops available; a researcher, who had
served as an Artillery Officer, role played as
the maneuver company comiander. - He moved with

" the forward observer teams, and designated tar-

gets during attack and defense missions. During
the developmental tests, 36 missions were fired.
Each mission consists of an initial call for fire
plus all adjustments. - This led to 82 separate
firings of the battery over approximately a three-
day period. A1l missions were during daylight
operations in relatively clear weather.

The procedure for obtaining gun data from’
the battery was accomplished by randomly checking
one of the six guns in the battery, and data were
sent forward to the FMCC. Every gun crew was made
aware of the fact that its performance could
potentially affect the resulis of the entire  ___
battery. Gun controllers were Tnstructed to stay
out of the way of the gun crew and to establish
a professional relationship with the crew chiefs,
such that the data that was sent forward had ’

‘credibility for the crews, i.e., if the crew did_

not respect the gun controller®s professional
ability, the system weuld not have had any face
validity.

RESULTS

The performance of the contral system was
very important in terms of evaluating the overall
The time data were collected
using electronic stopwatches from the initial
call for fire through final marking of targets.
Complete data were collected on 24 missions out
Tabte 1 describes the respon-

missions by break1ng the missions down into four
blocks of six missions each and computing the
median for each mission. Gun centrolier delays
appear to be minimal from the first series of
missions, and do not appear to change appreciably
over the four mission blocks. The fire marker .

-control center. does improve somewhat over the

four blocks. However, the biggest improvement
can be seen with the fire markers who begin with

-an average response time of over three minutes

and get their response time down to almost two
minutes. By the fourth mission block, it can be
seen that the median delay was siightly aver
three minutes for the control system. The

median increase in the third block was primarily

a function of fire marker performance, which may
have been related to the trafficability of the
terrain.

Table 1
MEDIAN CONTROL SYSTEM RESPONSIVENESS
{SECONDS}
Mission Gun Fire
Block Controllers FMCC Markers Overall
I 31.0 108 216.5 377
II 28.0 86 177.0 291
111 31.10 37.5 247.0 354
V) 27.5 67.0 125.5 208.5



The performance of the fire marker was re-
Tated to the distance that he had to travel. A
linear vregression analysis provided a regression
equation:. t=84.07 + 0.87d. The Pearson corre-
Tation between distance and time was 0.73, which
was significant (p<.01).

During the 82 firings of the exercise, the

FMCC transmitted only one error to the fire
markers. Five other errors were corrected in
cross-checks by the two computers, the one using
the board and the other using the calculator in
the FMCC..
was more accurate in computing the mest probable
impact point, because Tt was a precise mathemati-
cal precedure. The. board plotting involves cer-
tain perceptual Timitations of the operator. Fire
marker accuracy was analyzed for the first time in
this exercise. There is no way of knowing pre-
cisely whether or not 1t is comparabie to previous
ES exercises. : The mean cumulative mission error
for fire markers was about 75 meters. The mean
error per shot was somewhat less than that, about
48 meters, This is within the burst radius of the
type of artiilery emplioyed, 15b5mm howitzers, and
-therefore is not considered extreme.

The critical test of any training system is
how it affects the behavior of the individuals or
“organization being trained. The most important
aspects of artillery system performance are speed
of delivery and accuracy. 'Data were collected on
these variables for 36 missions.
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ARTILLERY SYSTEM DELAY
Figure 2. Artillery System Delay

The 36 missions fired during the exercise
were divided into three blocks of 12 missions,
and the mean delay for a call for fire until the
first round was delivered on target by the artil-
Tery system was computed. These delays did not
include the control system time which was sub-
tracted from the overall delay. Figure 2 de-

It was found that the calculator method .

scribes the change in system performance fram the
first through the third mission block. As can be
seen, there is a considerable improvement. The
system.gets faster as training progresses.

The accuracy of the artillery firing system
was determined by the distance between the co-
ordinates requested by the forward observer, who
is part of the system, and the impact coordinates
computed by the FMCC. Again, any error produced
by the control system was not included in these
computations. -
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FIGURE 3
ARTILLERY SYSTEM ACCURACY
Figure 3. Artillery System Accuracy

Figure 3 describes the change in accuracy

- from the first mission block of 12 missions

through the third mission block. As can be seern,
the greatest improvement occurred between the
first and second mission blocks. By the third
mission block, accuracy was well within the burst

radius of one round of artillery, which means that

the unit was performing in a very creditable
fashion.

The training system will not be successful
if the trainees resist the training. An evalua-
tion of the artillery engagement simulafion system
would not be complete without scme input by the
participants. Figure 4 describes some selected

items of information that were requested from the

artillerymen, who participated in this exercise.

. They were asked to-respond on an eight-peint
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scale from strong disagreement to strong agreement
concerning some statements about their training.
An average or mean response higher than midpoint
of the scale indicates some level of agreement and
those below the midpeint indicate some level of
disagreement. As seen in Figure_ 4, the gun con-
trollers had credibility with the crews, and on
the average crews felt that the information about
their performance made the training more interest-
ing. They also indicated that the controllers did
no% get in their way while they were doing their



THE CONTROLLER REPORTING OF GUN DATA WAS
ACCURATE

THE INFORMATION ON BATTERY ACCURACY MADE
TRAINING MORE INTERESTING
l

THE CONTROLLERS DID NOT INTERFERE WITH THE
PERFORMANCE OF YOUR JOB

NY MOST RECENT FIELD TRAINING WAS BORING

]

DRY FIRING EXERCISES ARE ALWAYS A WASTE OF
TIME

1 2 3 4 5 il 7 8

STRONG RESPONSE SCALE : STRONG
DISAGREEMENT AGREEMENT

- HGURE 4
MEAN PARTICIPANT RESPONSE

Figure 4. Mean Participant Respohse

Jobs. Two scales that were introduced to see

whether or not negative responses were possible

indicated that while people did not disagree

strongly, they were at least ambivalent to state-
ments such as "my most recent field training was
boring," and "dry firing exercises @re always a
waste of time." Informal comments by forward ob-
servers indicated that they considered the accu-
racy and speed of the artiilery engagement simula-
tion system comparable %o live fire, because Tive
fire introduces many delays due to safety con-
straints. They Tiked the training method better
than other non-firing methods such as the sub-
caliber.mortar range, which is very responsive to
weather and wind conditions. N

CONCLUSIONS

While this nmethod for integrating artillery
ES into a2 larger simulation fraining system has
not been attempted with maneuver troops due to
budgetary constraints, it is believed that the
method s functional and will serve to add real-
ism, both for artillerymen and for maneuver com~
manders. The beauty of this method is that it
employs no additional equipment other than what is
already in an artillery battalion, and requires
few personnel to run it. There's still no tech-
nological solution for marking targets other than
the one that has been employed over the -Tast ten
years, having a man drop a simulater on the .
ground. Fire markers must be carefully trained
or they won't perform in an accurate and timely
fashjon. Developmental tests have led to the
point where there is now an ES training program
that involves actual artillerymen on the ground
using their standard equipment. This is a big
step forward. Hopefully, in years to come, a )
vatidational effort can be mounted in conjunction
with maneuver troop exercises.
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