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Picture two young brothers playing together in a village. The older
brother is hauling his younger sibling around in a wagon. Now picture
the wagon more closely — in place of its wheels are large circular anti-tank
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guad-view from four cameras, (GPSAR) and Minelab Electromagnetic Inductance (EMI) arrays
or a picture-in-picture view of were selected as the primary detection sensors for the Nemesis
selected cameras through a program. Navigation and positioning is provided from the robotic
multiplexed signal. platform to aid in correlation of data from the two sensors.

Components onboard the The radar and EMI sensors were selected for their ability to detect
platform provide remote both antipersonnel (AP) and antitank (AT) landmines in a 1.8-meter
Figure 2. Nemesis man-portable control functionality through  wide array configuration that leads to improved ground coverage
Operator Control Station (OCS) - aqylar enclosures designed tand performance. These arrays are capable of high spatial resolution
facilitate installation and maintenance, while maintaining manual(3 cm or less) and overlapping detections, thus increasing both the
control capabilities for the vehicle. The primary MRCS enclosurg@secision and accuracy of the overall system. During a scan, the
are mounted in a roof-rack on the Nemesis platform and includesystem collects data from each of the sensing elements, effectively
Vehicle Control Unit (VCU), Vehicle Radio Unit (VRU), Camera imaging a portion of the subsurface. The Nemesis design accounts
Multiplexer Unit (CMU), and Power Distribution Unit (PDU). for the effects of operating multiple sensor systems simultaneously,
Four cameras are implemented as part of the Nemesis robotic configuring the sensors to minimize interference without any loss in
platform. Fixed wide-angle cameras are mounted on the front asdnsitivity or performance. A picture of the integrated Nemesis
rear of the platform for forward and reverse driving. Two additior@&fstem with the detection sensors attached to the robotic platform is
cameras (visible zoom and infrared) are mounted on a pan/tilt urshown inFigure 3.
Feedback from the cameras is provided at the OCS video display,
with options to display a single camera view or a split-screen wi
multiple views.

primary focus of the Nemes
project is on processing the
detection sensor array data
Some operational environments dictate specific methods of RF @adiaeveloping algorithms
frequency) transmission; therefore, the MRCS is designed to facibitaséggnal post-processing,
change-out of radios as needed. The radios are external to the @@G&natic target cueing,
and other platform components so they can be easily exchangednd ldéscrimination and
current Nemesis wireless RF system consists of two radios: a classification. The goal is to
frequency-hopping spread-spectrum FreeWave data transceiverfizse source sensor data and Figure 3. Nemesis robotic platform and
command and control; and a DTC digital video radio for video extracted sensor information tg'etection sensor arays
feedback. Operational range of the platform is limited by the videmvide an increased level of mine detection while minimizing false
radio. The DTC digital video radios have a range of several miledlarms. The detection software system will also exploit spatial
with power settings at less than 1 Watt. registration and multi-sensor data fusion algorithms to provide real-
time automatic target recognition information to the user. A set of

Humanltarlan. demining MISSIons require very slow Qperatlonal data collected with the Nemesis radar and EMI sensors is shown in
speeds,. nearlng.the physu;al limitation of the plGtaiity. To Figure 4, highlighting the response to three landmine targets.
meet this operational requirement, closed-loop speed control was
designed to provide near constant slow speeds (< 0.5 km/hr)
unaffected by varying terrain or engine throttle setting. This control _
. .. Figure 4. Nemesis detect
loop was developed using position feedback from track sensors s 414 AT landmines
maintain constant platform speed in either the forward or reverseusing EMI and GPR
direction. Control algorithms were developed and implemented Gfnsor arrays '
board the platform. Two types of sensors were tested on the track
provide the position feedback: a high-resolution optical encoder !
mounted to the rear track wheels; and a low-resolution Hall effect " 7 ik T 13
sensor integrated with the track motors. Detailed evaluations prov s
either sensor provided the necessary feedback to exceed the slow F
requirement, obtaining constant speeds of less than 0.3 km/hr. _?r

Detailed investigations were conducted to determine which mature
sensor technologies would be best suited for application on the
Nemesis landmine detection system. A central finding of this sens
study was a single technology could not meet the detection
requirements of the program. Therefore &d@phroach was to use
multiple, complementary sensors. Based on data from previous
testing of these mature technologies and the results of detailed
evaluation, the PSI Ground Penetrating Synthetic Aperture Radar

Depth (zmi

13
Adang Trach (m)

34 unmanned Systems — MAY/JUNE 2006



