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1. Introduction

The Weapons Technology Analysis Branch of the Ballistics and Weapons Concepts Division,
Weapons and Materials Research Directorate, U.S. Army Research Laboratory (ARL) conducted
a test of the firing ability of a marker ball launcher mounted on a robotic research laboratory
vehicle. The robotic vehicle, an iRobot all-terrain research vehicle (ATRV) shown in figure 1,
was used as a technology demonstration platform for autonomous and semi-autonomous
behaviors. Some of the behaviors included the ability to return fire against enemy targets. The
ability to return fire necessitated that some form of weapon system be implemented on board the
robotic vehicle to properly evaluate the behavior.

Box for Camera
Power Supplies

Camera

GPS : 2
One each side Compass

Co2 Tank

Figure 1. All-terrain research vehicle.

In the interest of safety and simplicity, it was decided that a marker ball launcher (paintball gun)
would be used as the robot’s “weapon” system. A turret capable of azimuth and elevation
changes was also needed for the marker ball launcher to allow the robotic vehicle to precisely
point the launcher tube during targeting behaviors. A fully integrated marker ball launcher and
turret assembly, the return fire simulator (RFS) shown in figure 2, was purchased from
Bristlecone Corporation. The RFS is typically used as a stationary tactical training device for



military and law enforcement personnel. The RFS simulates enemy fire during close quarter
tactical scenarios, such as military operations in urban terrain and law enforcement special
weapons and tactics operations in urban dwellings. The RFS mounts a 0.68-inch caliber,
16-inch-long launcher barrel onto a Directed Perceptions, Inc., pan-and-tilt assembly. The
standard trough-like paintball magazine was replaced with a vertical acrylic tube magazine in an
effort to reduce the load on the turret drives. A low power class II laser was used as an optical
pointing aid for targeting during the testing. The RFS launcher and turret assembly, along with
the carbon dioxide propellant and regulator, were mounted on top of the ATRV to create a
mobile autonomous robotic gun system surrogate.

Figure 2. Return fire simulator.

Some of the autonomous robotic behaviors require the robotic vehicle to detect an enemy target,
sight the weapon system on the target, and then fire a specified number of rounds to achieve a
90% probability of hit (pHit). To meet one of the requirements for these behaviors, namely,
number of rounds to achieve 90% pHit, an estimate of the RFS launcher round dispersion based
upon the range to the target was needed. A test was developed to determine an estimate of the
number of rounds required to be fired to achieve a 50%, 75%, 90%, 95%, and 99% pHit against a
target of a specified cross-sectional size at various close quarter ranges. The test consisted of a
series of trials where the RFS was fired at a fixed target setup from four close quarter ranges.



The test ranges were 20, 40, 60, and 80 feet from the muzzle of the launcher to the target board.
At each range, 20 rounds were fired and their impact points were recorded. For each round fired,
the optical aim point, produced by the class II laser, was recorded and the launcher re-aimed
when necessary. The projectile’s muzzle velocity was also recorded for each round fired via a
radar chronograph, shown in figure 3. The data were collected and analyzed to generate the
azimuth (x coordinate) error and elevation (y coordinate) error and the total (x and y coordinate)
error. The statistical means and standard deviations of these errors and of the muzzle velocities
were calculated. The means of the azimuth error and elevation error were used to calculate the
azimuth and elevation angular offsets, respectively. These data and the target cross-sectional
size were used to calculate the number of shots required to achieve the probablities of hit at the
four target ranges.

Figure 3. Radar chronograph.

2. Procedures

The ATRYV robot, which was outfitted with the RFS projectile launcher and a class II laser, was
used as the surrogate weaponized autonomous robotic vehicle to evaluate the system’s ability to
achieve a probability of target hit within a specified number of shots fired. The ATRV, which is
manufactured by iRobot Corporation, is a small, lightweight wheeled research robot. The
vehicle is approximately 4 feet long, 3 feet wide, and 2.5 feet high and weighs 250 pounds. The
chassis is a four-wheeled, skid-steered platform employing battery-powered electric drive
motors. The RFS is a projectile launcher that uses compressed carbon dioxide propellant. The
launcher tube is 16 inches long with a 0.68-inch diameter bore. The propellant is regulated to
maintain a muzzle velocity of approximately 300 feet per second. The projectiles used for this



test were made of hard nylon and had a mass of approximately 28 grains. The launcher is
mounted to a turret assembly comprised of a pan-and-tilt unit, manufactured by Directed
Perceptions, Inc. A class II laser, with a maximum power output of less than 1 milliwatt, was
mounted to the launcher barrel to allow for optical aiming of the RFS. The specified target size
for the pHit calculations was a 3-foot by 3-foot square, which reasonably represents the cross-
sectional area of the target vehicle. The target vehicle for the autonomous behavior being
evaluated was a wheeled research robot that had a size similar to the ATRV. A 4-foot by 4-foot
square target box, shown in figure 4, was constructed. This size target was assumed to be large
enough to accept the total shot dispersion pattern of the launcher for the required test ranges.

Figure 4. Target box.

The target region was made from a heavy weight craft paper that was held in tension across the
target box to allow for the projectiles to make a clear perforation upon impact. The horizontal
and vertical sides of the target box had graduated rules attached to allow for accurate measuring
of the azimuth and elevation optical laser aim points and projectile hit points. The testing began
upon completion of the final assembly of the various pieces of hardware. The ATRV with its
mounted projectile launcher was emplaced at the initial test range from the target box. A radar
chronograph was set up below and slightly ahead of the launcher tube’s muzzle to record the
projectile muzzle velocity. We aimed the launcher by observing the red laser spot generated by
the class II laser, via a remote mounted joystick controlling the turret drives. The laser spot
image produced on the target area was measured to record its azimuth and elevation position.
The launcher was pressurized with propellant and a projectile fired at the target. The projectile



hit point perforation through the craft paper was measured to record its azimuth and elevation
position. The projectile’s muzzle velocity was measured by the radar chronograph and recorded.

Twenty shots were fired (in total) at the first test range, and the aim points, hit points, and
muzzle velocities were measured and recorded for each shot. The procedures were duplicated
for the successive test ranges. The data were analyzed for each group of shots at a particular test
range and then analyzed across the series of test ranges to develop a dispersion trend based on
range to the target. We calculated an azimuth and elevation error for each test shot by
subtracting the aim point from the actual hit point. A mean azimuth error, a mean elevation
error, and a total error was calculated for the group of 20 shots for each of the four test ranges.
The standard deviations for the azimuth and elevation errors were calculated, as well, within the
groups of shots. We calculated the azimuth angular offset of the launcher by taking the inverse
tangent of the azimuth error mean divided by the test range. The elevation angular offset was
calculated similarly with the elevation error mean and the test range. Two sets of pHit numbers
were calculated for these data: the first, an uncorrected set of pHit numbers based on the raw
data, and second, a set of corrected pHit numbers, where the azimuth and elevation biases were
removed. Removal of the azimuth bias required that the azimuth error mean be subtracted from
the azimuth errors. The resulting corrected azimuth errors were then used to calculate the
standard deviation for the corrected group of hit errors.

A similar procedure was applied to the elevation errors, with the elevation error mean to create a
set of corrected elevation errors. The standard deviation of the set of corrected elevation errors
was then calculated, as well. An algorithm was developed (f ) that generated the number of shots
required to achieve the various levels of pHit for each group of shots. The azimuth and elevation
standard deviations of the group of shots, the azimuth and elevation standard deviations of the
gun bias and the width and height of the target are entered in the algorithm to produce the pHit.
The azimuth and elevation standard deviations of the gun bias, in this particular test, were always
zero because a single launcher was used throughout the testing. The width and the height of the
target were both 3 feet. The standard deviations of the uncorrected and the corrected azimuth
and elevation errors were used as the input to the algorithm. The output generated by the
algorithm was the number of shots required to achieve the probabilities of hit of 50%, 75%, 90%,
95%, and 99% for the uncorrected and corrected errors. The data are shown in appendix A.

3. Discussion

The data from this test show a fairly consistent tendency for the launcher to create a dispersion
pattern bias in both azimuth and elevation (see figures 5 through 8). The elevation bias, which is
negative across all target ranges, becomes fairly large at the longer ranges because of the lack of

f Algorithm developed by Dr. Joseph K. Wald, ARL, 2003.



a fire control compensating for increases in super-elevation based on range to the target. The
muzzle velocities stayed quite consistent throughout the test with an overall mean of 308.6 feet
per second and a standard deviation of 2.66 feet per second. The azimuth bias is positive for all
the target ranges. There is a strong positive azimuth bias for all but the 80-foot range. The lower
three target ranges show a consistent tendency to fire to the right of the aim point. The azimuth
bias at the 80-foot range, while positive, is close to zero. It was observed during testing that the
flight characteristics tended to be more erratic at the longest range, possibly causing the
deviation from the general azimuth bias trend toward the right of the aim point. Notably, at the
80-foot range, a couple of shots hit above the aim point, producing a positive elevation error,
thus giving more credibility to the conjecture that the erratic flight behavior may have influenced
the trend of the data. The erratic flight behavior of some of the projectiles at the longest range
may have been caused by manufacturing defects in the projectiles themselves. During the
testing, an occasional shot was fired that passed through the target box backstop and impacted a
solid surface, causing the nylon projectile to crack or split open. Upon inspection of the cracked
open projectile, a void was typically found to be present inside. The void inside the nylon
spheres tended to be of approximately the same volume, thus maintaining a consistent mass of 28
grains for each projectile, but was situated rather randomly about the sphere’s geometric center.
This offsetting of the void caused the projectile’s center of mass to be situated away from the
geometric center, as well. Having some projectiles with a non-centroidal center of mass likely
contributed to the erratic flight behavior which was sometimes observed during firing at the
longest range. To eliminate this variation, the dispersion testing could be redone with projectiles
having no internal void or having a homogeneous density throughout the sphere.

The dispersion data were then run through the algorithm to generate the pHit numbers for the
various ranges. When we look at the bar chart in figure 9, which shows the number of shots
required to achieve the various pHit levels at the four ranges without correcting for the
dispersion bias, it is clear that only one shot will be required to achieve a 99% probability of
target hit at the ranges of 20 and 40 feet. The 60-foot range will only require one shot to achieve
a 95% pHit but will require two shots to attain the 99% pHit level. The longest range, 80 feet,
shows a linear increase in the number of shots required from two shots needed at the 50% pHit
level to five shots needed at the 95% pHit level. A further increase to seven shots is needed to
achieve the 99% probability of hit. When we look at the bar chart in figure 10, which shows the
number of shots required to achieve the various pHit levels at the four ranges with correction for
the dispersion bias, we see that only one shot is required to achieve the 99% pHit level for the
20-, 40-, and 60-foot target ranges. The 80-foot range requires only one shot to achieve the 50%
pHit level, two shots to reach the 90% pHit level, three shots for the 95% pHit level, and four
shots to achieve the 99% pHit level. The data on the bar charts clearly show that to achieve a
relatively high probability of hit at close quarter ranges will require a minimal number of shots
fired when the gun-pointing angles are adjusted to compensate for the dispersion biases. Further,
it is likely that the number of shots required to achieve the specified pHit levels at the 80-foot



range would be reduced because of a tighter dispersion pattern, if projectiles with a consistent
center of mass were used.
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Figure 6. Dispersion pattern (range = 40 feet).



XY Error, Range = 60 feet
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Figure 7. Dispersion pattern (range = 60 feet).
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Number of shots for pHit by range (uncorrected)
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Number of shots for pHit by range (corrected)
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Figure 10. Number of shots, corrected pHit.

4. Summary

A robotic vehicle, the iRobot ATRV, was used as a technology demonstration platform for
autonomous and semi-autonomous behaviors. Some of the behaviors included the ability to
return fire against enemy targets. The ability to return fire required the use of a weapon system
on board the robotic vehicle to properly evaluate the behavior. The weapon of choice was an
integrated marker ball launcher and turret assembly, the RFS, which is typically used as a
stationary tactical training device for military and law enforcement personnel. The RFS was
mounted on top of the ATRV to create a mobile autonomous robotic gun system surrogate. One
of the autonomous behaviors requires the robotic vehicle to locate an enemy target, sight the
weapon system on the target, and then fire a specified number of rounds to achieve a 90%
probability of hit. To properly evaluate this behavior, the launcher’s round dispersion at various
ranges was needed to estimate the number of shots to achieve the specified level of pHit for a
given size target.
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A test was developed to estimate the number of rounds required to achieve a 50%, 75%, 90%,
95%, and 99% pHit against a target with a 3-foot by 3-foot cross-sectional size at four target
ranges. The ranges used in the test were 20 feet, 40 feet, 60 feet, and 80 feet. Twenty rounds
were fired at each range. For each round fired, the hit point and the aim point were recorded.

We calculated an azimuth error and elevation error for each round by subtracting the respective
aim point from the hit point. A mean azimuth error, a mean elevation error, and a total error was
calculated for the group of 20 shots for each of the four ranges. The standard deviations of the
errors were calculated, as well. The error means were used as the dispersion pattern biases. The
pattern bias for all but the 80-foot range was low and to the right of the aim point. The 80-foot
range showed only a slight bias to the right and a consistently low elevation bias. The number of
shots required to achieve the various pHit levels over the four ranges was calculated with the
azimuth and elevation error standard deviations, the azimuth and elevation standard deviations of
the gun bias (in this case, it was always zero since we used a single launcher throughout the test),
and the 3-foot by 3-foot target size. Two sets of pHit numbers were generated. A first set was
based on the raw azimuth and elevation error standard deviations, and a second corrected set was
based on azimuth and elevation error standard deviations where the error biases had been
removed. The uncorrected data showed that only one shot will be required to achieve a 99%
pHit at the ranges of 20 and 40 feet. The 60-foot range required one shot to achieve a 95% pHit
but required two shots for 99% pHit. The 80-foot range shows a linear increase in the number of
shots required from two needed for 50% pHit to five needed for 95% pHit. An increase to seven
shots is needed to achieve 99% pHit. The corrected data showed that only one shot is required to
achieve 99% pHit for the 20-, 40-, and 60-foot ranges. The 80-foot range requires one shot to
achieve 50% pHit, two shots to reach 90% pHit, three shots for 95% pHit, and four shots to
achieve the 99% pHit level.

The data show that to achieve a relatively high probability of hit at close quarter ranges will
require a minimal number of shots fired when the gun-pointing angles are adjusted to
compensate for the dispersion biases.
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Range(ft) 20
Date 10/9/2003
Time 13:00
Temp(F) 76
Ambient Pressure(mb) 1028
Projectile
Type Nylon
Caliber 0.68
Mass(g) 1.8
Muzzle
Shot # Aim X(in) Aim Y(in) | Hit X(in) | Hit Y(in) | Velocity(ft/s) | X Error(in) Y Error(in) Total Error(in)
1 24.5 24.25 25.75 21.75 304 1.25 -2.5 2.795084972
2 24.25 24.25 25.375 21.5 310 1.125 -2.75 2.971216081
3 24.75 24.125 24.375 23.25 309 -0.375 -0.875 0.951971638
4 24.75 24.125 26.5 21.25 304 1.75 -2.875 3.365728004
5 24.8125 24.125 26.75 21.5 305 1.9375 -2.625 3.262595784
6 24.875 24.0625 25.5 20.125 307 0.625 -3.9375 3.986794608
7 24.9375 24 25.875 21.75 306 0.9375 -2.25 24375
8 24.75 24.25 25.5 23.25 310 0.75 -1 1.25
— 9 24.8125 24.125 26.75 23.25 306 1.9375 -0.875 2.125918919
bl 10 24.875 24.125 23.875 22.375 305 -1 -1.75 2.015564437
11 24.875 24.0625 25.25 23 306 0.375 -1.0625 1.126734774
12 24.9375 24 | 24.6875 21.125 305 -0.25 -2.875 2.885849095
13 24.9375 24 | 24.9375 23.5 312 0 -0.5 0.5
14 24.675 24.25 24.875 21.375 305 0.2 -2.875 2.881948126
15 24.75 24.1875 26.125 21 305 1.375 -3.1875 3.471423519
16 24.675 24.25 26.75 21.675 304 2.075 -2.575 3.307000151
17 24.75 24.675 | 24.6875 24.125 308 -0.0625 -0.55 0.553539746
18 24.75 24.675 25.125 | 24.1875 306 0.375 -0.4875 0.61504573
19 24.75 24.5625 25.675 22.875 311 0.925 -1.6875 1.924391137
20 24.75 24.5625 25.25 22.75 304 0.5 -1.8125 1.88020112
Mean 306.6 0.7225 -1.9525 2.215425392
Standard Deviation 2.521486612 | 0.846680826 | 1.032566743 1.085823581
Azimuth Offset(deg) -0.172483649
Elevation Offset(deg) 0.46611475
pHit 50%  pHit 75% pHit 90% pHit 95% pHit 99%

# of shots (uncorrected)
# of shots (bias removed)

1
1

1
1

1
1

1
1

1
1
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Range(ft) 40
Date 10/16/2003
Time 14:00
Temp(F) 71
Ambient Pressure(mb) 1027
Projectile
Type Nylon
Caliber 0.68
Mass(g) 1.8
Muzzle
Shot # Aim X(in) Aim Y(in) | Hit X(in) Hit Y(in) | Velocity(ft/s) | X Error(in) | Y Error(in) Total Error(in)
1 23.5 30.5 27.875 27.25 308 4.375 -3.25 5.450057339
2 23.5 30.5 24.675 24.75 307 1.175 -5.75 5.868826544
3 23 30.875 23 25.75 305 0 -5.125 5.125
4 23.125 30.75 25.675 29.675 313 2.55 -1.075 2.767331747
5 23.125 30.6875 25.8125 24.875 308 2.6875 -5.8125 6.403734262
6 23.125 30.675 23.75 30.25 311 0.625 -0.425 0.755810823
7 23.125 30.675 22.6875 27.5 311 -0.4375 -3.175 3.205000975
8 23.25 30.675 23.675 27 308 0.425 -3.675 3.699493209
9 23.3125 30.5625 22.6875 25.75 309 -0.625 -4.8125 4.852914717
= 10 23.3125 30.5 23.75 25.125 309 0.4375 -5.375 5.392775839
11 23.4375 30.4375 25.675 24.5625 308 2.2375 -5.875 6.286655013
12 23.3125 30.5 23.1875 26.3125 311 -0.125 -4.1875 4.189365256
13 23.375 30.5 26.125 28.5625 309 2.75 -1.9375 3.36398666
14 23.375 30.5 26.9375 29.25 307 3.5625 -1.25 3.775434578
15 23.375 30.5 25.875 30.125 310 2.5 -0.375 2.527968552
16 23.375 30.5 19.75 26.875 307 -3.625 -3.625 5.126524164
17 23.375 30.5 22.675 23.75 311 -0.7 -6.75 6.786199231
18 23.4375 30.5 26.5625 26.5 307 3.125 -4 5.075985126
19 23.4375 30.4375 25.3125 26.75 310 1.875 -3.6875 4.136820186
20 23.4375 30.4375 28.3125 29.375 303 4.875 -1.0625 4.989441978
Mean 308.6 1.384375 -3.56125 4.48896631
Standard Deviation 2.326053808 | 2.04507944 | 1.972662257 1.493225458
Azimuth Offset(deg) -0.165247135
Elevation Offset(deg) 0.425085106
pHit 50%  pHit 75% pHit 90% pHit 95% pHit 99%

# of shots (uncorrected)
# of shots (bias removed)

1
1

1
1

1
1

1
1

1
1




Range(ft) 60
Date 10/17/2003
Time 12:03
Temp(F) 68
Ambient Pressure(mb) 1030
Projectile
Type Nylon
Caliber 0.68
Mass(g) 1.8
Muzzle
Shot # Aim X(in) Aim Y(in) | Hit X(in) Hit Y(in) | Velocity(ft/s) | X Error(in) | Y Error(in) Total Error(in)
1 23 11/16 31 3/16 305/8 20.5 313 6.9375 -10.6875 12.74172526
2 23 11/16 31 32 11.5 309 8.3125 -19.5 21.19782197
3 23.5 351/8 24 3/4 217/8 308 1.25 -13.25 13.30883165
4 23.5 35 3/16 2511/16 211/4 309 2.1875 -13.9375 14.10812045
5 23.5 35 3/16 24 3/8 331/4 316 0.875 -1.9375 2.125918919
6 23.5 351/8 217/8 2711/16 315 -1.625 -7.4375 7.612951547
7 23 7/16 35 3/16 22 15/16 203/4 313 -0.5 -14.4375 14.44615541
8 23 7/16 35 3/16 343/4 32 1/8 313 11.3125 -3.0625 11.71970829
9 23.5 351/8 3115/16 211/8 310 8.4375 -14 16.34599053
. 10 23.5 351/8 24 7/16 23 307 0.9375 -12.125 12.16118955
~ 11 23.5 351/8 34 3/16 21 1/16 312 10.6875 -14.0625 17.66285828
12 23 7/16 35 1/16 34 1/16 26 5/16 311 10.625 -8.75 13.76419722
13 23 9/16 35 27 1/8 335/8 314 3.5625 -1.375 3.818642593
14 23.5 35 31 7/16 323/4 308 7.9375 -2.25 8.250236739
15 23.5 35 26 1/16 28 15/16 309 2.5625 -6.0625 6.581816808
16 23 7/16 35 1/16 30 3/16 28 3/4 312 6.75 -6.3125 9.241761534
17 23 7/16 35 35 26 5/16 306 11.5625 -8.6875 14.4625054
18 23 7/16 35 28 3/4 31 1/16 313 5.3125 -3.9375 6.612606332
19 23 7/16 35 26 3/4 23 309 3.3125 -12 12.4488014
20 23 7/16 35 22 5/16 24 3/16 309 -1.125 -10.8125 10.87086847
Mean 310.8 4.965625 -9.23125 11.47413542
Standard Deviation 2.783409496 | 4.3722489 | 5.076434688 4.685929301
Azimuth Offset(deg) -0.395145617
Elevation Offset(deg) 0.734559286
pHit 50%  pHit 75% pHit 90% pHit 95% pHit 99%

# of shots (uncorrected)
# of shots (bias removed)

1
1

1
1

1
1

1
1

— N




Range(ft) 80
Date 10/22/2003
Time 14:01
Temp(F) 69
Ambient Pressure(mb) 1010
Projectile
Type Nylon
Caliber 0.68
Mass(g) 1.8
Muzzle
Shot # Aim X(in) Aim Y(in) | Hit X(in) Hit Y(in) | Velocity(ft/s) | X Error(in) | Y Error(in) Total Error(in)
1 23 1/8 36 7/8 18 1/16 28 312 -5.0625 -8.875 10.2173642
2 23.25 36.75 20.5 33 1/8 313 -2.75 -3.625 4.550068681
3 23 3/8 36.75 24.25 26.25 311 0.875 -10.5 10.53639526
4 23 7/16 36.75 2.75 17 5/8 311 -20.6875 -19.125 28.1733612
5 23 7/16 36.75 41 39 308 17.5625 2.25 17.70604152
6 217/8 36 9/16 67/8 151/4 305 -15 -21.3125 26.06190047
7 22 36.25 22 5/8 71/8 309 0.625 -29.125 29.13170524
8 217/8 44.25 0.75 24 1/4 304 -21.125 -20 29.09064497
9 217/8 44.25 28 1/8 307/8 308 6.25 -13.375 14.76323559
10 22 1/16 44.25 38 455/8 309 15.9375 1.375 15.99670376
> 11 22 3/16 44 1/8 413/8 22 3/8 305 19.1875 -21.75 29.00383865
12 22 1/4 44 15172 14 1/8 304 -6.75 -29.875 30.62806107
13 22 1/8 44 273/4 16 5/8 307 5.625 -27.375 27.94693633
14 22 1/8 44 37 1/8 41172 310 15 -2.5 15.20690633
15 22 1/4 43 7/8 19172 25 313 -2.75 -18.875 19.07427915
16 22 172 43.75 33 375/8 310 10.5 -6.125 12.15588849
17 22172 43.75 0 20 3/8 308 -22.5 -23.375 32.44442363
18 22172 43.75 33 5/8 33 309 11.125 -10.75 15.47023351
19 22 9/16 43.75 323/4 371/4 310 10.1875 -6.5 12.08450066
20 22 9/16 43.75 117/8 87/8 303 -10.6875 -34.875 36.47585888
Mean 308.45 0.278125 | -15.215625 20.83591738
Standard Deviation 2.999561371 | 13.3174715 | 10.90971989 9.119979698
Azimuth Offset(deg) -0.016599363
Elevation Offset(deg) 0.908039693
pHit 50% pHit 75%  pHit 90% pHit 95%  pHit 99%
# of shots (uncorrected) 2 3 4 5 7
# of shots (bias removed) 1 2 2 3 4
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ADMINISTRATOR

DEFENSE TECHNICAL INFO CTR
ATTN DTIC OCA

8725 JOHN J KINGMAN RD STE 0944
FT BELVOIR VA 22060-6218

*pdf file only

DIRECTOR
US ARMY RSCH LABORATORY

ATTN IMNE AD IM DR MAIL & REC MGMT

2800 POWDER MILL RD
ADELPHI MD 20783-1197

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRD ARL CIOK TECH LIB
2800 POWDER MILL RD

ADELPHI MD 20783-1197

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRL SERM E BURKE
G GOLDMAN

2800 POWDER MILL RD

ADELPHI MD 20783-1197

DIRECTOR CIA
ATTN D MOORE
WASHINGTON DC 20505-0001

PM ABRAMS TANK SYSTEM

ATTN SFAE GCS AB COL KOTCHMAN
P LEITHEISER H PETERSON

WARREN MI 48397-5000

PM M1A2
ATTN SFAE GCS AB LTCR LOVETT
WARREN MI 48397-5000

PM M1Al
ATTN SFAE GCS AB LTCL C MILLER JR
WARREN MI 48397-5000

PEO-GCS

BRADLEY FIGHTING VEHICLES
ATTN MKING

WARREN MI 48397-5000

PM BFVS
ATTN ATZB BV COL C BETEK
FORT BENNING GA 31905

PM M2/M3 BFVS
ATTN SFAE GCS BV LTCJ MCGUINESS
WARREN MI 48397-5000

20
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3

PM BCT

ATTN SFAE GCS BCT COL R D OGG JR
JGERLACH T DEAN

WARREN MI 48397-5000

PMIAV
ATTN SFAE GCS BCT LTC J PARKER
WARREN MI 48397-5000

PM NIGHT VISION/RSTA

ATTN SFAE IEW&S NV M BOWMAN
10221 BURBECK RD

FT BELVOIR VA 22060-5806

DEPT OF THE ARMY

NIGHT VISION & ELEC SENSORS DIR
ATTN A F MILTON

10221 BURBECK RD STE 430

FT BELVOIR VA 22060-5806

CDR TRADOC

ATTN ATINZA R REUSS
ATINIT C GREEN

BLDG 133

FT MONROE VA 23651

OFC OF THE SECY OF DEFENSE

CTR FOR COUNTERMEASURES

ATTN M A SCHUCK

WHITE SANDS MISSILE RANGE NM 88002-5519

DIRECTOR
US ARMY RSCH LABORATORY
ATTN AMSRL SL EA R CUNDIFF
AMSRL SL EM J THOMPSON
WHITE SANDS MISSILE RANGE NM 88002-5519

US SOCOM

ATTN SOIOJAF JGOODE
7701 TAMPA POINT BLVD
BLDG 501

MCDILL AFB FL 33621-5323

CDR US ARMY ARMOR CTR & FT KNOX
ATTN TSM/ABRAMS COL D SZYDLOSKI

DIR UAMBL COL J HUGHES
FORT KNOX KY 40121

DIR OF COMBAT DEVELOPMENT
ATTN ATZK FD W MEINSHAUSEN
BLDG 1002 ROOM 326

IST CAVALRY DIV RD

FT KNOX KY 40121-9142
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CMDG OFFICER

MARINE CORPS INTEL ACTIVITY
ATTN COL W BARTH

3300 RUSSELL RD STE 250
QUANTICO VA 22134-5011

CDR US TACOM-ARDEC
ATTN AMSTA AR TD M DEVINE
M FISETTE
PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC

ATTN AMSTA AR FSAM J FENECK
AMSTA AR FSA P D PASCUA
AMSTA ARFSA T A LAGASCA

PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC

ATTN AMSTA AR FSA S R KOPMANN
H KERWIEN K JONES
A FRANCHINO

PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC
ATTN AMSTA AR FSP D LADD

M CILLI M BORTAK
PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC
ATTN AMSTA AR FSP G A PEZZANO
R SHORR
AMSTA AR FSPIR COLLETT
PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC

ATTN AMSTA AR QAC R SCHUBERT
AMSTA AR WE CR FONG S TANG

PICATINNY ARSENAL NJ 07806-5000

CDR US TACOM-ARDEC
ATTN AMSTA AR CCH A M PALTHINGAL
A VELLA E LOGSDON
R CARR M MICOLICH
M YOUNG A MOLINA
PICATINNY ARSENAL NJ 07806-5000

SAIC

ATTN K A JAMISON

PO BOX 4216

FT WALTON BEACH FL 32549
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4

12

PEO-GCS

ATTN SFAE GCS C GAGNON
SFAE GCS AB LF LTC PAULSON
SFAE GCS AB SW DR PATTISON
SFAE GCS BV J PHILLIPS

WARREN MI 48397-5000

PEO-GCS

ATTN SFAE GCSLAV COLTLYTLE
SFAE GCS LAV FCS MR ASOKLIS
SFAE GCSLAVM T KLER
SFAE GCSW A PUZZUOLI

WARREN MI 48397-5000

CDR US TACOM

ATTN AMSTA CM XSF R DRITLEIN
MR HENDERSON MR HUTCHINSON
MR SCHWARZ S PATHAK
RHALLE JARKAS G SIMON

WARREN MI 48397-5000

CDR US TACOM
ATTN AMSTA TA J CHAPIN
WARREN MI 48397-5000

CDR US TACOM

ATTN AMSTA TR DR R MCCLELLAND
MR BAGWELL

WARREN MI 48397-5000

CDR US TACOM
ATTN AMSTA TR R DR J PARKS
S SCHEHR D THOMAS C ACIR
JSOLTESZ S CAITO K LIM
JREVELLO B BEAUDOIN
B RATHGEB M CHAIT S BARSHAW
WARREN MI 48397-5000

MIT LINCOLN LABORATORY
ATTN JHERD G TITI D ENGREN
244 WOOD STREET

LEXINGTON MA 02420-9108

PEO PM MORTAR SYSTEMS
ATTN SFAE AMO CAS IFM L BICKLEY
M SERBAN K SLIVOVSKY
SFAE GCS TMA R KOWALSKI
SFAE GCS TMA PA E KOPACZ
PICATINNY ARSENAL NJ 07806-5000

THE UNIV OF TEXAS AT AUSTIN
INST FOR ADVANCED TECH
ATTN I MCNAB/ S BLESS

PO BOX 20797

AUSTIN TX 78720-2797
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INNOVATIVE SURVIVABILITY TECH
ATTN J STEEN

PO BOX 1989

GOLETA CA 93116

SUNY BUFFALO

ELECTRICAL ENGINEERING DEPT
ATTN J SARJEANT

PO BOX 601900

BUFFALO NY 14260-1900

GENRL DYNAMICS LAND SYSTEMS
ATTN D GERSDORFF

PO BOX 2074

WARREN MI 49090-2074

CDR US ARMY CECOM

ATTN W DEVILBISS

BLDG 600

FT MONMOUTH NJ 07703-5206

MARCORSYSCOM/CBG
ATTN CPT J DOUGLAS
QUANTICO VA 22134-5010

CDR USAIC

ATTN ATZB CDF MAJ J LANE
D HANCOCK

FT BENNING GA 31905

UNITED DEFENSE ADV DEV CTR
ATTN K GROVES JFAUL

T WINANT V HORVATICH
328 BROKAW ROAD
SANTA CLARA CA 95050

NORTHROP GRUMMAN CORP

ATTN A SHREKENHAMER D EWART
1100 W HOLLYVALE ST

AAUSA CA 91702

CDR US ARMY AMCOM
ATTN AMSAM RD ST WF D LOVELACE
REDSTONE ARSENAL AL 35898-5247

US MILITARY ACADEMY

MATH SCIENCES CTR OF EXCELLENCE
DEPT OF MATHEMATICAL SCIENCES
ATTN MDN A MAJ HUBER

THAYER HALL

WEST POINT NY 10996-1786

22

NO. OF

COPIES ORGANIZATION

1

DIR US ARMY WATERWAYS EXPER STN
ATTN R AHLVIN

3909 HALLS FERRY RD

VICKSBURG MS 39180-6199

NATL INST STAN AND TECH
ATTN K MURPHY

100 BUREAU DR
GAITHERSBURG MD 20899

CDR US ARMY MMBL

ATTN MAJ J BURNS

BLDG 2021

BLACKHORSE REGIMENT DR
FT KNOX KY 40121

DIR AMCOM MRDEC
ATTN AMSMI RD W C MCCORKLE
REDSTONE ARSENAL AL 35898-5240

CDR CECOM

SP & TERRESTRIAL COM DIV

ATTN AMSEL RD STMCM H SOICHER
FT MONMOUTH NJ 07703-5203

CDR US ARMY INFO SYS ENGRG CMD
ATTN ASQB OTD F JENIA
FT HUACHUCA AZ 85613-5300

CDR US ARMY NATICK RDEC
ACTING TECHNICAL DIR
ATTN SSCNC T P BRANDLER
NATICK MA 01760-5002

CDR ARMY RSCH OFC
4300 S MIAMI BLVD
RSCH TRIANGLE PK NC 27709

CDR US ARMY STRICOM
ATTN J STAHL

12350 RSCH PKWAY
ORLANDO FL 32826-3726

CDR US ARMY TRADOC

BATTLE LAB INTEGRATION 7 TECH DIR
ATTN ATCDBJ AKLEVECZ

FT MONROE VA 23651-5850

DARPA
3701 N FAIRFAX DRIVE
ARLINGTON VA 22203-1714
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CDR US ARMY AVIATION & MISSILE CMD 2
ATTN AMSAMRD SS EG A KISSELL

BLDG 5400

REDSTONE ARSENAL AL 35898

OFC OF THE PROJECT MGR

MANEUVER AMMUNITION SYSTEMS 7
ATTN S BARRIERES

BLDG 354

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TRADOC ANALYSIS CTR
ATTN ATRC WBA J GALLOWAY
WHITE SANDS MISSILE RANGE NM 88002

FASTTRACK TECH INC
ATTN JK GARRETT
540 CEDAR DRIVE
RADCLIFF KY 40160

ABERDEEN PROVING GROUND

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRD ARL CI OK (TECH LIB)

BLDG 4600 1

PM ODS

ATTN SFAE CBD COL B WELCH

BLDG 4475

APG EA 4

CDR US ARMY TECOM

ATTN AMSTE CD B SIMMONS
AMSTE CD M R COZBY

RYAN BLDG

DIR US AMSAA 4
ATTN AMXSY D M MCCARTHY
B SIEGEL P TOPPER
AMXSY CA G DRAKE/S FRANKLIN
APG MD 21005-5067

CDR US ATC

ATTN CSTE AEC COL ELLIS
CSTE AEC TD J FASIG
CSTE AEC TE H CUNNINGHAM 3
CSTE AECRM C A MOORE
CSTE AEC TE F P OXENBERG/A SCRAMLIN
CSTE AEC CCE W P CRISE

BLDG 400

23

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRL SL BG M ENDERLEIN
AMSRL SL EM C GARRETT

BLDG 390A

DIRECTOR
US ARMY RSCH LABORATORY
ATTN AMSRL WM ] SMITH
E SCHMIDT B RINGER
T ROSENBERGER B BURNS
C SHOEMAKER JBORNSTEIN
BLDG 4600

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRL WM B W CIEPIELLA
BLDG 4600

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRL WM BA D LYONS
AMSRL WM BD B FORCH

BLDG 4600

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRL WM BC P PLOSTINS
BLDG 390

DIRECTOR
US ARMY RSCH LABORATORY
ATTN AMSRL WM BF S WILKERSON
T HAUG R PEARSON
W OBERLE
BLDG 390

DIRECTOR
US ARMY RSCH LABORATORY
ATTN AMSRL WM MB FINK
AMSRL WM B L BURTON
AMSRL WM MC M MAHER
AMSRL WM MD W ROY
AMSRL WM MA S MCKNIGHT
BLDG 4600

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRL WM T P BAKER
AMSRL WM TC R COATES
AMSRL WM TB R SKAGGS

BLDG 309
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1

DIRECTOR
US ARMY RSCH LABORATORY

ATTN AMSRL WM TD SCHOENFELD

BLDG 4600

DIRECTOR
US ARMY RSCH LABORATORY
ATTN AMSRL WM TE
G THOMSON T KOTTKE
M MCNEIR P BERNING
JPOWELL C HUMMER
BLDG 120

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRL WM TA M SOLTOSKI
BLDG 393
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