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Figure 15. Killer UAS engagement of a moving target.

vehicle using APLs onboard MLA algorithms. The
hunter UASs shared their locations and the grids that
had been searched over the Persistent Systems Wave
Relay radios. When the tracked ground vehicle was
found, the hunter UASs tracked it using the OnPoint
video-based engagement capability. After the hunter
UAS operator designated the vehicle hostile, a dedi-
cated killer UAS, operated by Procerus, attacked the
hostile vehicle using the Procerus video-based engage-
ment application.

For this experiment, the video-based feature track-
ing used for both vehicle tracking and engagement was
manually initiated by an operator who also monitored
the automatic feature tracking and reinitialized it or
intervened with manual feature tracking when neces-
sary, depending on the quality of the transmitted video.
With CHK, the hunter UASs can maintain track of
the target through the engagement by the killer and
can provide immediate battle damage indication to the
UAS operator. The MLA algorithms enable cooperation
between the multiple hunter and killer UASs and con-
trol by two operators.

Three low-cost UASs were used in the CHK UAS
flight demonstration. The two hunters were Procerus
Unicorn UASs with gimbaled EO cameras. The hunter
UASs autonomously self-configured to search for the
hostile vehicle using MLA algorithms on an onboard
processor and a mesh-network radio modem for plane-
to-plane communications. The Killer was the Pro-
cerus Miracle UAS with a fixed forward-mounted EO
camera. Although the killer did not utilize an onboard
MLA processor, it did receive flight commands from

the MLA algorithms via its
ground station.

The UASs used in this
demonstration were research
platforms; the autonomy,
tracking, and engagement
technologies demonstrated
were used subsequently with
other UASs. The experi-
ment was a success. The
hunter UASs were able to
consistently find, fix, track,
and target a high-mobil-
ity multipurpose wheeled
vehicle (Humvee) driving
10-20 mph (4.5-9 mf). A
typical issue experienced in
the field is an unacceptably
high probability of sensor-
to-track misassociation. APL
mitigated this issue by collo-
cating the hunter and killer
operators, allowing them to
compare videos from the
respective UASs and verify that they were tracking and
engaging the same target. On multiple runs, the killer
UAS passed within a lethal distance—20 ft (6.1 m)—of
the moving Humvee target (Fig. 15) while the hunter
UAS streamed real-time video of the engagement for
battle damage assessment by the operator.

Ft. Benning McKenna MOUT Facility 2009

We also demonstrated the ability of a group of cooper-
ating small UASs to execute the entire kill chain at the
McKenna MOUT urban warfare training facility at Ft.
Benning, Georgia. APL's MLA algorithms directed the
flight path and sensor pointing of the Prioria Maveric

Figure 16. Hunter UAS location of personnel targets.
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Figure 17. Hunter UAS location of a moving vehicle target.

hunter UAS. During testing at the McKenna facility,
the Maveric found both personnel (Fig. 16) and moving
vehicle targets (Fig. 17).

APL used the feature tracker software to geolocate
and track the targets. The geolocated position of the
target was used as an attraction in APL's MLA logic to
cue the killer UAS to the target’s position. The APL
and Prioria engineers also observed the MLA software
deconflicting the flight paths of the Maveric and the
killer UAS while they were cooperating to execute the
kill chain. Once the target was in the killer UAS’s video,
the Killer UAS operator used the video-based engage-
ment logic to engage the target. Although the Kkiller
UAS suffered a mishap during the first end-to-end
execution of the entire kill chain, the Procerus OnPoint
software running for the first time on a video processing
unit on board the killer UAS did successfully engage a
dummy human target accurately enough for the small
UAS-compatible warhead to be effective during the
demonstration (Fig. 18).

Figure 18. Killer UAS engagement of a human-sized target.

TECHNOLOGIES FOR SMALL UAS ENGAGEMENT OF MOVING TARGETS

Joint Expeditionary Forces Experiment 2010

In FY2010, the Air Force GCIC selected APL to par-
ticipate in JEFX 10. Specifically, GCIC and the Navy
Second Fleet sponsored APL to demonstrate convoy
protection with a group of CHK UASs. In this experi-
ment, APL teamed with the Army Aviation and Missile
Research Development and Engineering Center Small
UAS Laboratory (which works directly for the Army
Small UAS Program Office) and performed the demon-
stration with three Raven UASs as hunters. To protect
the convoy, APL created a road network search behav-
ior for the hunter Raven’s fixed, side-looking camera.
The hunter search area automatically moved along the
road network ahead of the convoy position. During the
scenario, the convoy received an intelligence report
of a potential threat location. In response, the hunter
Ravens conducted an “auction” to determine which
Raven investigated the threat and which Ravens con-
tinued performing the road network search, which is a
modification of the area search behavior demonstrated
during the IR&D effort. During the auction, each Raven
“bid” on the task associated with investigating the
threat. The Raven with the optimal sensor/target pair-
ing had more points to bid and “won” the auction. This
scheme allows some degree of task optimization within
the MLA framework. Once the threat was detected by
one of the hunter Ravens, the same video tracking and
geolocation logic provided target coordinates to attract
the other hunter Ravens and, ultimately, the Killer
UAS. After the threat was identified as hostile, the
convoy stopped and launched the killer UAS, which
attacked the target with the same video-based engage-
ment logic. The find, fix, track, and target portion of
the kill chain was demonstrated several times during
the weeklong experiment (Fig. 19). As a result of ground
control station problems, the engagement portion was
demonstrated only on the final day, when the APL and
Army Aviation and Missile Research Development and

Figure 19. A Raven UAS tracking a target sport utility vehicle.
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Killer engage

Figure 20. Killer UAS engaging a target sport utility vehicle.

Engineering Center team successfully engaged a fixed
threat vehicle (Fig. 20).

The team was not successful in engaging an
approaching threat vehicle. The surrogate killer UAS
took too long to launch and was too slow to engage the
threat before it reached the convoy. In addition to exe-
cuting the kill chain, APL reformatted all the hunter
Raven video into the predator format (MPEG2/Key
Length Value) and sent it along with cursor-on-target
messages of convoy, threat, and hunter UAS positions
to the local C2 node. The video and cursor-on-target
messages were then converted to Link 16 track formatin
the C2 node and broadcast to the local tactical aircraft
via the Link 16 military tactical data exchange net-
work. In the postexperimental data analysis, the GCIC

Figure 21. Warhead lethality test results.

assessors determined that the target location errors of
the reported threat positions were typically 50-150 m
(164-492 ft), which is sufficient for tactical aircraft
target cueing. According to the GCIC final assessment
report,2’ “As an experiment, technical assessment, and
proof of concept demonstration at JEFX 10-3 it was very
successful in validating the CHK software and convoy
protection concept in an irregular warfare environment
and provided very valuable experience and data for
John Hopkins University [Applied Physics Laboratory]
developers. Further development and experimentation
is highly desirable.”

Warhead Testing at CAES 2009

APL successfully demonstrated the lethality of a small
UAS-compatible warhead. Two sets of tests were con-
ducted at the CAES warhead test arena. The first test
set involved witness panels to assess the warhead frag-
ment patterns. The second test set assessed the lethality
of the warhead against a realistic target. All tests were
conducted with the warhead 15-20 ft (4.6-6.1 m) from
the target. As part of the warhead evaluation, two dif-
ferent warhead faceplates were tested to determine the
relationship between concavity of the faceplate and dis-
persion of the tungsten cubes. Witness panel tests con-
firmed that the concave faceplate yielded a more focused
pattern than did the flat faceplate. Warhead lethality
was demonstrated against a cargo van, shown in Fig. 21.
In both the flat and the concave warhead faceplate
tests, fragments passed completely through the vehicle
and impacted the concrete of the test arena behind the
van. As expected, the flat war-
head yielded a more dispersed
pattern [32 fragments or cubes
in a 24-in. (0.6-m) circle] than
the did the concave warhead
[60 fragments or cubes in an
11-in. (0.28-m) circle]. Frag-
ment speeds were computed
to be approximately 3200 ft/s
(975 m/s).

CONCLUSION

On multiple occasions, we
successfully demonstrated the
concept of CHK UASSs execut-
ing the entire kill chain against
a variety of targets. The suc-
cessful IR&D demonstrations
in 2007 and 2009 led the
GCIC and Navy Second Fleet
to fund participation in JEFX
10, which allowed assessors
from the Joint Fires Integration
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http://procerusuav.com/Downloads/DataSheets/Procerus_OnPoint2.0_Features.pdf
http://procerusuav.com/Downloads/DataSheets/Procerus_OnPoint2.0_Features.pdf
http://www.suasnews.com/?s=lmams
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