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ABSTRACT

This paper conta i ns an analysis of the data collected during the
STAGS Interv isibility Study to evaluate the potential effects of dif-
fering tactics and terrain selection on the target presented to the gun-
ners of crew served weapon systems. A tank platoon , consisting of five
M6OA1 tanks , ran trials using two different approach tactics over two
varying terrain sites. Tactics included the rapid advance approach of
FM 17-15 and the bounding overwatch technique outlined in IC 17—15-3.
The two terrain sites consisted of the wooded areas found at Fort Knox,
Kentucky and the open desert type terrain at Fort Bliss, Texas. Line-
of-sight data collected on a continuous basis from a maximum of 10
defender positions during each trial provided a means of correlating
multip le target intervisibi lity with actual dynamic sequencing of tac-
tical movement and allowed a comparative analysis of the intervisibility
recorded by an observer with the intervis iblilty recorded from a point
source laser mounted on the tank.
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STAGS INT [RVISIBILITY STUDY

1. P~TRODUCTION AND BACKGROUND.

a. The development of direct fire weapons, radar systems , and
night vision equipment has been based on a need for increased detec-
tion range capabilities. With the advent of long range, laser guided
weapons requiring a Hconti nuous fl uninterrupted line of sight (LOS)
between gunner and target, the duration and interruption of target
intervisi hility in a tactical environment have become important factors
in present and future weapons development. The correlation of mult iple
target Intervisibil ity with actual dynamic sequencing of tactical rrove-
ment is an area of intervisib iuity measurement that has continued to
elude the experimentation coninunity.

b. The STAGS Iritervisibiuity Study was developed in an effort to
describe in detail the target presented by a tank maneuvering under
tactica l type conditions and to determine the infl uence of terrain and
vegetation on the presented target. The US Army Human Engineerlrg
Laboratory (HEL) at Aberdeen Proving Ground , Marylan d was selec ted to
conduct the Intervislbility portion of the Swedish S-Tank Agility !
Survivability (STAGS) Evaluation as a part of their study of the pcten—
tial effects of differing tactics and terrain selection as presentEd
to the gunners C F crew served weapons systems. The experiment was con-
ducted at Fort Knox , Kentucky and Fort Bliss , Texas dur ing the per iod
November 1975 to March 1976.

c. The objectives of the experiment were to determine :

• when intervisibility exists between the target tanks and
any of several defender positions

• the distance along the course :hat a target tank remains
in view for any defender

• che tim€ along the course during which the target remains
~n view

• the number and duration of siirultaneous defender line-of-
sight conditions to multiple targets.

2. PURPOSE. Th~ Con~b~t Operations Analysis Directorate (COAD) of theCombined AI mS Combat Developments Activity (CACDA) at Fort Leavenworth,
Kansas has been active in the study of tactical intervisibility as It
relates to weapons effectiveness. The purpose of this analysis was to
investigate the duration of intervis ibility during a realistic threat

1
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~-“ ach , to determine the uses and effects that varying tactics and
h~”e for Loi s t~r :et intervisibi lity , and to examine the

interac~~ oF ~~atoorl Cl€~,Lfl tS as i t relates to the interv isibi lity
between deferiae~ .~ u r d  advancing terget~.

3. oBJL:TIv~.. U~ie of the p~ m3ry steps in this study was reconstruc-
tion of the geometry and ti~i e sequu ’~e as it ac tually occurre d dur ing
e~-~h tria l . ftis reconstru’.twn p ov i~ e~ ~n empirical means of vali—
da-~. n g  t L  resul ts of con~bat s imu~at ion models. For example , the STAGS
i r t ~ r- 1 1 s i h l i L y  t r a i l - ~ can he oo i pa ’ed ~viLh the results of various LOS
dr~v - rs ~:o ‘4 et~~’- ire if the models represent ta rnet tact ica i  movement
and intt~-v i s i r ’ ; lj ~ y in e reaso r~ablL . ;a~ r c ~~. S~ec if ic questions addressed
b~’ t”m ~ ,~ i~ s is in~. ~id~- toe fol lu~!ing:

• (,t .’ does he ii~~~ v is ibi1itv sta t L~ of a target recorded by a
ies ~.~r r ’ -- ct ~iver ~: f Fe - ‘c~’ ~~~ interv is ibi l i ty of that same
target recorded by dFl 1 oserv- ’ .~t the ‘a: ’e posit ion?

• Wh at is t~e average amount of time an at Leckin g e lement(s) is
v i s ~ble to a sing le and/or multiple defender(s)?

• Wha t is the ave ra~a v isible segment length of an attacking
element(s) to a s ing le and/or mult iple defender(s)?

• W hat is the average number of tanhs v is ible to a defender at
an y 9i.’f’fl O if l t. in time?

• Ho~ doo~- a. c~ian ge in tactic or terrain affect the intervisibili ty
that o~~urs j et~- ’ee~ an adva nc ing threat array and given defender
po~ itio ris?

4 . SCOPE AND LIMI TATIONS. T u  i’terv is ib i lity  data used in this
ana lysis were rnl lected durMig Lhe intervisibil i ty portion of the S-Tank
A gility/Sur~’i~~

y
~lity ( ,T i~L ) Study conducted at Fort Knox and Fort

Bliss. Inte~~ is~bi lity status was collected from 10 defender sites
chosen to simulate tact i oa l posit ions tha t would be used by a stationary
tui v (fo~r ~o s i t - ons ), iacr soi~u1ating crew served weapon systems sites
(TOW unu -~ hhf’N’ ~ind ~ --‘i~ h t l i~~:r ter hover points (TOW / COBRA). Prior
to execut io l  of each trial , the piatoon leader was given a mission to
attac k , se ze , ~od s1 cur~ an objective. The only constraint placed on
the threa L force V-~ S ~c use a spec f ic tact ic , either rapid advance or
bounding overw atch , thniruqhout the Lr~al. Intervisibility measurements
were ta ken on ~ cont ir - inus basis and a ’~ dependent on the individual
observer ’ s abi lity to determine when a target was i~ his LOS. Atc ort Knox dt~~ender -to- t a rget ranges did not exceed 2 ,000 meters , whi le
. t Fort Bl1:,s t his ra~qr was extended to a maximum of 4 ,500 meters.

2
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Trials were conducted using both t ic t ic s  in each of two varying areas
on each terrain site.

b . DESCRIPTION OF DATA. Defini tion of terms used In the data collec-
tion and the test procedure is necessary to understanding of the analysis.

a. Definition of Terms.

(1) Bounding overwatch tactic. (Outlined in IC 17—15—3 . ) The
— tank platoon was divided into a light and a heavy section of two and

three tanks , respectively. As one section moved forward to a firing
position , the other section would remain to provide covering fire.
When the moving section reached its position , it would go into overwatc h
as the other section moved forward. Each section was to use terrain for
maximum cover.

(2) Rapi d advance tactics , (FM 17-15. ) Tanks are employed so
that maximum use is made of their battlefield mobilit y and speed . The
rate of advance should be the maximum rate permitted by the terrain ,
with t~e entire force using the same axis of approach to the objective.

(3) Line of sight (LOS). A target was recorded as being in a
deferd€r ’ s LOS if any portion of the target vehicle was visib l e through
the weapon ’ s sight.

b. Conduct of Trials. Each trial was divided into two phases as
described beTow .

( 1) Prior to the execution of each Phase I trial , the tank
platoon leader was given a mission to attack , seize , and secure an
objective. The only constraint on the platoon was to use a specific
tactic throughout the trial . The path each tank traveled during this
free-play phase was marked every 10 seconds by a controller dropping
consecutively numbered blocks from the loader ’ s position of the tank.
Following each trial run , the distance between each block was measured
and recorded . Stakes were placed approx imately every 100 meters or
when an aspect change occurred. Each stake was numbered and color-coded
for the corresponding tank. Aerial photos were taken at the Fort Knox
- - ites from wh ich stake coordinates were taken . The Fort Bliss trails

‘ c l  to to surveyed for these data . These procedures provided an accurate
measure of the path length traveled , the rates of advance during the
t r i a l , aid trril tracings w it n map coordinates.

(2) kh~se II ~f the experiment collected intervisibility data
from the observer positions. A tank retraced each attack route following
the nurroered stakes at as close to 5 mi les per hour as possible. Every
observer recorded when the tank came into his LOS and when It went out -
of LOS by pressing a button that relayed the information to a 20-channel

3
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1~-~ ’r line-Angus event recorder. This device records time events from
~ 2~ different sources on a strip chart calibrated so that 1 inch

on the cnar~ represented 10 second s of trial time . As the tank traveled
a given path , the t ime at which it passed each stake was also recorded .
From this procedure the amount of time each tank was visible to an
individual observer could be derived.

6. ANALYSIS METHODOLOGY. The data base used for the analysis is the
result of some elementary data transformations and simple data reduction
methods. As seen in figure 1 , six basic data sources were used , four
from the Phase I trials and two from Phase II. Phase I proviaed
measured distances between stakes and blocks and the map coordinates
of each stake. Time of visibil i ty along each tank path and the time
the tank passed each stake along its trail were taken in Phase II trials.
Every change in intervisibility was digit ized and transformed to the
correspondi ng to~ie inter-j ul. -

a. Due to velocity differences between the two phases , it was
necessary to set up a correlation between the visibility time base and
the distance base of the attack trials. One factor was constant in
both trials--that being the distance traveled between sta kes. This fact
allowed for determination of the time it would have taken to traverse
each block distance during the intervisibility trials with a ratio of
that block distance to the stake distance in which it occurred multi-
plied by the time it -‘ok to travel that stake distance (from the Phase II
data). Time consumin~ sum-subtraction accounting and ratios between
the visibility times and the translated times for the block intervals
allowed the ac-t ual visibility sta tus during each block interva l to be
calculated . Finally, it was necessary to transform these times back
into the time sequencing of the attack trials. The ratio of digitized
visibility times to the translated block visibility times multipl ied
by the attack trial block time of 10 seconds accomplished the final
transformation.

b. The reduced data base available provides a second-b y—second
account  of eac ’i target ’ s visibility status during a realistic platoon
advance. Dividing each block distance by 10 results in a velocity
profile of the varying advance rates that occur over an attack route .
Knowl edge of how the elements of a platoon interact with each other and
their terrain can be gained from plots of the dynamic geometry . Over-
laying the intervisibility time segments on these trails affords a view
of the interaction of tactics and terrain and the effect an observer ’ s
position has on the amount of target visibil i ty . These interactions
and the correlation of multiple target intervisibility with actual dynamic
requencing of target movement are contained wi thin the transformed data
base. Inter~ is i b i I i ty  data collected from five point-source laser
receivers and Intervisib ility data collected from f ive  observers at the

4
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same positions provide a means of evaluatin g LOS differences that occur
at J~- ’ same point for weapon system s that only need line of sight at
trigger pull , such as tanks , and those systems that use heat, laser , or
optical contrast seekers requiring continuous LOS from trigger pull to
impact for a successful engagement .

7. ANALYSIS RESULTS. Analysis of intervisibility data eas1l ,~ len ds
itself to graphical methods. Graphicall y displaying a trial provides
a visual means of comprehending the influence tactics and terrain have
on target intervisibi lity and an appreciation of the geometry involved
in a platoon action . Time sequencing of each element’s movement pro-
vides a critical new dimension to the analysis.

a. Tactical Route Selection Geometry. Figures 2 through 5 are
plots of the routes taken by the tanks for both tactics on two varying
terrain sites. Cuniparison c f  fi gures 2 and 3 s hows the effect a change
in tactic has on the actual routes taken during an attack. Figure 2
represents the rapid advance tactic , which requires rapid , straightfor-
war d movement to the obj ective. All five tanks chose a relatively
straight route separate from one another . Figure 3 presents the routes
chosen over the same terrain but using the bounding overwatch tactic.
For this trial the platoon was divided in two sections , which is ev ident
in the plot. Terrain is also used to minimize visibility and is reflec-
ted in routes that show a greater amount of aspect change and movement.
Figures 4 and 5 are plots of the trails taken on the open terrain of
Fort Bliss. Note that there is very little difference between tactics
due to the limit ed amount of terrain cover available.

b. Tactical Approach Movement Sequence. Figure 6 is a time
sequenced display of a bounding overwat~h trial conducted on the Fort
Knox East—West site. In this tactic the tank platoon is divided into a
light and a heavy section of two and three tanks , respectively. As one
section moved forward to a firing position , the other section would
remain to provide covering fire. When the moving section reached a
firing position , it would go into overwatch as the other section moved
forward . Each section attempted to use terrain for maximum cover. This

j tactical movement is best displayed in a time sequenced trail plot such
as figure 6. The x-axis represents the time sequencing of the trial
while the y-axis is the range from a given defender to each target tank.
The five tank paths begin at the extreme right , at time zero , at which
point they were approxima tely 1,800 meters from the defender. During
trial time as each tank moves toward the defender his range to that
defender changes . This movement is reflected by the more jagged lines
on the pl ot. If the tank has gone into overwatch at some time during
the trial , its range to the defender remains constant until the tank
begins movement again. This overwatch period is represented by the
straight lines. In figure 6 the heavy section stayed in position for

6
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t h~ first 300 seconds as the light section moved forward. For the next
5~ ., 1 - - -onds the light section remained stationary as the heavy section
moved. Ac the 900-second mark the light section moved forward again.
This plot illustrates the range versus time geometry Involved In using
thi s tac tic and also the delay t ime experience d dur ing conwnun i cation
efforts required to coordinate movements. Notice the difference in the
halt times of the heavy section as they moved Into overwatch; one stops
movement at 720 seconds , another at 810 seconds, and the third at 880
seconds. Then a 30-second delay is experienced before the light section
begins movemen t aga in. A comp arison of total trial times of fi gures 7
and 12 reveals another difference in tactics. During rapid approach
trials the platoon took 530 seconds to cover a 1 ,455-meter route, whfle
in the overwatch trial this time was 1 ,390 seconds for a 1 ,475—meter
rou te.

c. Defender Position Effects. Figures 7 through 12 il lustrate the
effect a change in defender position has on the intervisibility that
occurs. Figures 7 and 8 are plots of the intervisib ility from t~positions of a Fort Knox East-West rapid advance trial that were
approximately 270 meters apart. (The dark lines represent the time
(and range) during each trial that a tank was Intervisibl e with a given
defender position.) Defender 1 was more In a flanking position , which
resulted in intervisibility with a greater portion of each trail than
defender 4 who was positioned directly in front of the attacking force.
This same effec t can be seen in figures 9 and 10 even on the more open
terrain of Fort Bl iss for a bounding overwatch trial . Figures Il and 12
are from two defender positions on the North-South site at Fort Knox .
Both of these positions were directly in front of the attacking force
and approximately 450 meters apart.

d. Multiple Target Intervisibi lity . The advantage gained from the
STAGS data base is that of being able to time sequence dynamic tactical
movement. Figures 7 through 12 are all examples of how this added

• dimension can be used for analytical purposes. These trail plots show
not only the visible portions of each trail but also at what time during
the trial the intervisibility occurred and at what range from the defen-
der. These displays allow for confirmation of the existence of multiple
target intervisibi lity for both one defender on multiple targets and
multiple defenders on a single target. Figures 13 through 16 are typical
results of this multiple target intervis ibility . They plot the number
of targets visible to a single defender at 10-second intervals during
both overwatch and rapid advance trials on various sites.

(1) Figure 13 plots the number of targets visible to a defender
during an overwatch trial at Fort Bliss site 2. The movement of each
section can be seen easily from this plot. For the first 350 seconds,
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only the light section is moving as only two targets are visible. When
the heavy section begins movenlef t , the number of tanks visible increases
un til they reach an overwatch po ition and the light section moves
forward at the 900-second point . In figure 14 a similar result is
noticed for a trial conducted on the wooded terrain of Fort Knox where
only two tanks are visibl e for the first 200 seconds of the trial. Due
to the terrain , better concealment was available when the light section
went into overwatch so that for the next 1 ,000 seconds only the three
tanks of the heavy section were visible to the defender. When this
secti on goes into overwatch at the 1,100-second mar k, the number of
tanks visible drops again until 1 ,300 seconds when the entire platoon
begins to move forward .

(2) Figures 15 and 16 show the difference in target visibility
between the overwatch tactic of figures 13 an d 14 , which uses terrain
cover to its maximum advantage , and the rapid ac~vance tactic , which
does not. Note the higher number of vislbh ~drgets for a greater por—
tior~ of t r ial  time , regardless of the terrain over which the trial was
conducted .

(3) Table 1 presents the average number of tanks that were
visible to a given defender at any 10-second interval during the respec-
tive trial . Note the difference between tactic and terrain types. The
rapid advance tactic consistently provides a greater number of visibl e
targets to each defender regardless of the terrain over which the trial
was run .  A comparison of the figures from the For t Knox terra in and those
from the Fort Bliss terrain reestablishes that more targets will be
visible on an open terrain than on a wooded area.

(4) Figures 17 through 20 are examples of other multiple inter-
visibility plots. (The dark lines represent only the time during each
trial that a tank was i ntervisibl e with a given defender position.)
Figure 17 i~ a plot of one defender ’s intervisibility with the five
tar~jets dur

ing a rapid advance trial at Fort Knox. Note the loss of
lOS to all but one tank during a given period , suggesting a blocking

— 
terrain feature. Figure 18 plots the visibility existing between one
tank and all defender positions for the same trial as figure 17. (Data
were not available from positions 2 and 7.) The rapid advance tactic
does not u-se terrain for cover during an attack. This Is apparent here,
for when tie tank is visible to one defender, it Is visible to all
defenders. Figures 19 and 20 are examples of the visibility existing
during an overwatch trial at Fort Bliss. Even though this tactic
requires ~se of terrain features for cover, the open terrain of thissite allo~;ed for very little protection as can be seen by the extreme
durations of visible segments.
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C. Averag~~~urdtion of !ntervisible Times and SegJJIent Lengths.
Tables 2 and 3 present the avm -~iqe visible time segment and average
visib e segment len~jths for eaU~ site and tactic. Notice the extreme
difference between terrains , with ttse statistics for Fort Bliss more
than double those of Fort Knox. Comparing tactics on similar terrain
the average visible segment l engths and visibilit y times are relatively
stable. As expected , the visible segment lengths In the overwatch
tactic are less than those of the rapid advance trials due to Increased
use of terrain masking. The opposite trend occurs for the amount of
time visible. This increase occurs in overwatch trials due to the

Table 2. Average visible segment length

Average Visible Segment
Sample Path Length (m)

Test Site  Tactics Size . Length (ml Mean Std 0ev

East-West Rapid Advance 339 1455 118.9 194.4
Overwatch 467 1475 47.5 69.2

North-South Rapid Advance 323 1318 104.7 173.1
Overwatch 393 1467 60.9 69.6

Site 1 Rapid Advance 253 2827 327.6 563.6
Overwatch 390 3117 199.5 363.0

Site 2 Rapid Advance 370 4294 337.3 683.1
Overwatch 376 4140 297.4 547.7

Table 3. Average visible ;ime segment

Visible Time
• Average Segment

Sampl e Trial (sec )
_ Test Site Tactics Size 

- 
lime (sec ) Mean Std 0ev

East .-West Rapid Advance 340 530 36.4 57.6
Overwatch 475 1390 43.3 131.0

North-South Rapid Advance 325 340 25.8 44.3
Overwatch 394 970 42.0 98.5

Site 1 Rapid Advance 255 760 83.1 147.7
Overwatch 394 - 1 500 87.6 179.9

Site 2 Rapid Advance 375 1040 76.1 155.4
Overwatch 377 1580 101 .1 221 .2
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increased opportunity for long periods of visibility while providing
cover fire for the moving section . Caution should be exercised when
comparing visible segment l engths with actual times of exposure . Longer
segment lengths , like those at Fort Bliss , may not necessar4ly reflect
the effect this measurement of LOS has on a defender ’s abil -ty to track
or engage the target. These longer segment l engths imply a more wide
open terrain , which allows the attacking force to travel at increased
speeds. An increase in attack speed will result in shorter LOS times,
giving the defender a shorter time in which to track and successfully
engage the target.

f. Opening Ranges. As stated in paragraph 4, the range between
defender positions and attack4ng tanks did not exceed 2,000 meters at
the Fort Knox sites and 4,500 meters at Fort Bliss. Table 4 lists the
average defender to target range at first LOS initiation for each site .
Comparing the two at each site , there does not appear to be any signifi-
cant difference between opening ranges. This may be the result of both
tactics being conducted on the same piece of terrain rather than any
similarity of tactics. This appears plausible , since comparing the same
two statistics for different terrain sites shows a wider variation.

Table 4. Range from defender to target at first LOS
initiation (all defenders: 5 tanks)

Mean (meters)

Knox East—West Rapid Advance 1561
Overwatch 1366

Knox North-South Rapid Advance 1 207
Overwatch 1283

Bliss Site 1 Rapid Advance 2371*
Overwatch 2489

Bliss Site 2 Rapid Advance 3686
Overwatch 3842

* Data available for three tank paths only.

g. Velocity Profiles. Figures 21 and 22 are cumulative plots of
the velocity profiles for the five tanks during a rapid advance trial
at each 10-second block increment for the Fort Knox East-West site and
site 2 at Fort Bliss. The effects of terrain are quite noticeable
here. Whereas in both trials the rapid advance tactic was used , the
rougher , more wooded terrain of Fort Knox slowed down the attack con-
siderably. At Fort Knox 80 percent of the velocities were less than
4m/sec, while on the more open terrain of Fort Bliss , 80 percent of
the velocities were 5.5m/sec or less. It is also important to note the
great range in velocities for both sites, implying that velocities are
not constant over a given area but depend on the terrai n encountered
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from mom ent to moment durin~ an attack. Table 5 gives the average
velocity for each tactic on cv trial site. From these data it can
be seen that velocity is deper u~nt not only on the terrain over which
the attack occurs but also on th~ tactic used. The overwatch tactic
in which the attacking force Is to use terrain to its maximum advan-
tage has the effect of not only increasing trial time but also slowing
down the overall advancing velocity of the attack.

• Table 5. Average advance rates (m/sec)

Site Tactic Mean Std 0ev

Knox East—West Rapid Advance 3.16 1.29
Overwatch 2.40 1.22

Knox North-South Rapid Advance 3.88 1.23
Overwatch 2.80 1.37

Bliss Site 1 Rapid Advance 4.22 1.66
Overwatch 3.75 1.42

Bliss Site 2 Rapid Advance 4.37 l.5~Overwatch 4.33 l.3~-

h. Laser Intervisibi 1ity~~palysis. During the second phase of
each trial intervisibi lity data were also collected using a laser source
arid laser receivers. An omnidirectional laser was mounted or’ the gun of
the tank as it retraced the attack paths. Laser receivers were placed
at five of the ten defender positions. These receivers provided con-
tinuous tracking of the intervisib ility status of the laser source with
a 17 degree cone of track. The position of the laser source provided
~nte rvisibility status disregarding low ground cover but did not account
for instances of high canopy cover such as that caused by trees where
the l ower part of the tank could remain visible. The use of a single
laser source result s in LOS measurement only to that point on the tank.
Thus, parts of the tank could be visibl e to an observer but at the same
time be considered out of LOS to the laser receiver.

(1) The laser intervisibi lity data have small breaks in LOS
caused by trees , branches, or tops of dunes . These small breaks can
be ignored for very fast time of flight systems. For some of the newer
systems developed and under development , small clutter can effect
~ystem performance greatly. Systems that are constantly transmitting
ju ic t ance irformation , such as the TOW or 1aser beam rider , canno t hav e
c tm utter bel.ween the missile and the tracker while the missile is in
flight. Vegetation that is local to the firer would be the primary
problem fo’- thi s type of system.

(2) The masking that is local to the target could have greatest
effect on two types of systems. These would be the system employing
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‘c’~kers and the systems with warheads that cannot penetrate clutterwi tk detonating. The seeker systems, spot lasers , thermal Imaging ,
and optical contrast must have continuous lock—on to the target until

• missile impact. Small clutter can greatly affect the lock-on of these
systems. The density of the masking and the sensitivity of the war-
heads will determine how the clutter would affect a missile ’s ability
to penetrate clutter. The density of masking was not measured in this
test.

(3) This test did not collect data on the location of the
interrupting features. However , a majority of the masking in the
heavily vegetated terrain of Fort Knox probably occurred close to the
target since the observer positions were elevated above the approach

• 
• trails and the threat vehicles had a large amount of vegetation to use

for cover. The Fort Bl i ss observers did not have the el evation advantage
that existed at. i-ort Knox r~ - •Jid tile threat force have much vegetation
for cover. Masking at Fort Bliss was mainly caused by sand dunes , and
these were not necessarily local to the threat vehicle.

(4) The differences in exposure times recorded by the five
observers and corresponding laser receivers for a given platoon approach
are shown in table 6. The differences in the sampl e sizes reemphasize
the increased breaks in LOS detected by the lasers and not by the
observers. Also provided in this tabl e are the values of exposure times
calculated if LOS breaks less than 2 and 5 seconds are ignored in the
laser data. Fi l tering the data in this manner shows how many of the
breaks in LOS are due to small clutter in the terrain. A 2-second
filter on the laser data at Fort Knox results in average exposure times
that are approximately equal to the average times recorded by the
observers. This is based on the fact that the average velocities during
Fort Knox trials were approximately 3 meters per second. The 2-second
filter would thus give the effective intervisibility to a 6-meter target
rather than a single point source.

(a) Fort Knox East-West site. This site was l ocated on
the Saint Vith Tank Range at Fort Knox , Kentucky. The terrain was
rolling wi th heavy vegetation and large patches of open area. The
defender positions were on a hill sloped up to 20 to 30 meters above
the start point of the tank approaches. The approach was limited to
specific points at two or three areas in the site due to streams crossing
through the range.

1. Comparing the observer and laser mean exposure
times and sample sTze emphasizes how the vegetation found in the area
affected the measurements. A 2-second fi l ter on the laser data recorded
during the rapid advance trial brings the- average time of intervisibility
into closer agreement with the observer data . For the overwatch trials

V 
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~-‘cond filter on the laser data brings it into closer agreement
wi th ~~~ if the observer.

2. This indi ca tes that for the rapid approach tactic ,
where the tank is constant ’ y i o ’i nq, the breaks In LOS that wr re detected
by the laser receiver but not b , iF ~ observer were breaks of ‘ ess than a
tank length. However , for the aoundiny overwatch tactic , wher e the tank
is able to stop and start in cc’vered positions , the observer ~s forced• to make more judgments on the iank ’ s LOS status. The reliance on the
ndividua ls judgment arid the d fference in definitions of intervisibi lity
for laser and observer appear ii the data as approximately 5 seconds of
exposure time.

(b) Fort Knox North-- ’~nut h site. The North-South site
overlapped part of the r st ‘ “st ~~~~ The site was more level and the
middle of the terrain Wa~ ‘~ - r~- ü [rr:  - - i th  dense woods on both sides .
The observer positions were riot more than b - --~~tnrs above the approach
area. The veaetation was of a denser nature , such as evergreens , than
that found on the East—West site. The exposure data show less small ,

• choppy clutter but , on the other hand , the breaks in LOS were much longer
when they occurred . The filtering of the laser data does bring them
Into very close agreement with the observer results. The mean observer
exposure time falls between the 2— and 5-secc d fi l tered laser data . It
would appear that more observer judgment was required during the rapid
approach trial and less in the overwotch trial than occurred in the East—
West site trial.

(c) Fort Bliss. The experiment at Fort Bliss was conducted
in clear , windy weather. The tank trails were more than double the
distances available at Fort Knox . Both observations in the field and
the resultant data indicated that perception of the- tank at ranges
exceeding 3,&lO meters was a problen . Even with a slight dust trail
followi ng the tank it was difficult for the observers to say positively
that the tank was in LOS at these long ranges . Table 7, average total
exposure times , confirms these observations. The average total exposure
times recorded by the laser ‘eceiv-~rs at Fort Bliss were greater thanthose times recorded by the observers in all but one case (rapid advance
at site 2).

1. Site 1 had gently rolling terrain with dunes
varying from 1 to 3 meters in height. The area in which the observer
positions were located gently slope d to app roxi mately 5 to 10 meters
above the approach area . Intervi sibility on this site was broken mainly
by the rolling terrain as opposed to sand dunes . Since LOS breaks were
caused by land forms , the laser and observer data are in closest agreement
on this site.
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Table 7. Average total exposure time (seconds) (per position per
tank)

Filtered Laser Data

Site Tactic Observer Laser 2 second 5 second_

Fort Knox

East-West Rapid Adv 302.03 303.00 313.39 328.89

Overwatch 465.97 440.74 466.97 496.02

North-South Rapid Adv 147.51 76.16 81.94 88.11

Overwatch 267.03 269.82 279.95 289.66

Fcrt- Bliss

Site 1 Rapid Adv 524.47 602.45 607.07 611.74

Overwatch 857.30 1070.85 1076.89 1117.13

Site 2 Rapid Adv 593.26 573.40 589.16 60L85

Overwatch 802.77 876.70 89L01 905.69
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2. Site 2 was on an area where the dunes wer e 2 to
3 ~~~ 

-
~ h~qh throughout the entire site. The tanks were required to

maneuver sharply to go around t~e closely spaced dunes. There was
choppier LOS due to these dunes than at site 1. Due to the hi’jher
velocities at Fort Bliss , many af these interruptions were tracked
through by the observers . Cover to be used in the overwatch trials
was difficult to find. The observer data for the overwatch trial
closely agree with the 2-seconc filtered laser data. For the vel ocities
recorded at the Fort Bliss sites this results in an exposed d~stanceslightly greater than one tank length.

(5) Comparing observel’ and laser data from this test shows
that the micro-cover of the terrain greatly influences the LOS. Within

• the same type of terrain dune size or vegetation density can greatly
affect the s ize of the LOS breaks. Some of the differences between
observer and laser data cai  bf explained by allowing the laser data to
have an error of approximately one tank length. However, other dis-
crepancies can only be explained by the additional error of judgment
and perception on the part of the observer.

8. SUMMARY OF RESULTS. As has been demonstrated by the various trial
plots presented , the intervisibility between a given defender and an
attacking force is highly dependent on three factors: terrain , defender
position , and tactic employed by the attacking force. In more open
terrain the defender sees roughl y the same target array sequence
regardless of the tactic employed by the approaching force. Tradeoffs
begin to occur when the terrain is more wooded . In this case the attacker
using the terrain features to their maximum cover advantage results in
shorter and choppier period s of exposure. However , the attack momentum
is considerably slower. Use of a rapid , straightforward movement to the
objective results in longer individual exposure , but the approach takes
much less time. A defender who is in a flanking position relative to
the attacking force appears not only to have an increased view of the
playing area but also is afforded greater intervisibi lity with the player
force. Comparison of laser LOS data with that recorded from observers
at the same positions s hows that intervisibility data from observers
should be used very carefull y. If these data are to be used in an
engagement analysis , it should be remembered what type of system it is
being applied to. The laser data point out ~~aaks in LOS that could
conceivably affect the weapon system being analyzed , especially if it
requires continuous line of sight until impact. CACDA will conduct a
further analysis to examine what effect the difference of target inter-
visibility recorded by a laser and an observer has on the engagement
opportunities of specific weapon systems as the TOW, Laser Beam Rider
(LBR), HELLFIRE missile system , CLGP , and a M6OA1 main tank gun.
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