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ABSTRACT

A newly developed hemispherical laser detection and ranging sensor is described. The system was
developed to support field-testing of algorithms for landing site selection and obstacle field
navigation. Results are presented for flight tests with a calibration target and obstacle field, and
for mapping of a large structure. Results are also presented for using the sensor in conjunction
with previously developed autonomous landing site selection software.

NOTATION
AGL Above ground level
ARP Autonomous Rotorcraft Project
CEP Circular error probable (rms/1.2)
COF Common Obstacle Field
DART Disaster Assistance and Rescue Team
IMU Inertial Measurement Unit
LADAR Laser Detection and Ranging
LCT LADAR Calibration Target
OFRP Obstacle Field Route Planner
SLAD Safe Landing Area Determination
UAV Unmanned Aerial Vehicle
uUTM Universal Transverse Mercator

INTRODUCTION

Unmanned aerial vehicles (UAVs) have become a
powerful and versatile tool on today’s battlefield. They
have proven their worth as platforms for standoff
surveillance and are beginning to do the same for
communications relay and weapons delivery. However,
there are significant operational limits in the urban
environment that prevent them from realizing their full
potential.
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The most potent capability of VTOL UAVs and, indeed
rotorcraft in general is the ability to operate close to the
ground. This includes hovering low over a spot, landing
on an unprepared surface, and maneuvering in close
proximity to obstacles. In the context of an urban
conflict, this translates into activities like surveillance at
shallow elevation angles, masking behind buildings,
perch and stare, and rooftop materiel placement.

Before these high-level behaviors can be achieved, one
needs to solve the difficult problem of reliably
navigating the urban environment. Sensing small yet
lethal hazards such as wires, poles, and antennas
requires extraordinary sensitivity and accuracy. The
dense obstacle environment necessitates efficient
algorithms for terrain representation and querying.
Inaccurate and outdated a priori topographic maps of the
combat zone make necessary fast and efficient onboard
terrain sensing, mapping, and localization. A narrow
view of the sky, multi-path, and active jamming make
GPS unreliable as a full-time navigational position
source.

The U.S. Army Aeroflightdynamics Directorate
(AFDD) is currently engaged in two areas of research
aimed at developing the navigation algorithms and
techniques that will enable the future development of
high-level autonomous behaviors. They are autonomous
landing at non-cooperative sites (Refs. 1 and 2) and
low-altitude obstacle field navigation in cluttered
environments (Ref. 3). To support these efforts a
lightweight hemispherical LADAR has been developed
to provide the sensing necessary for field testing of the



algorithms and techniques under development. This
paper will describe the LADAR system design, its
integration with a helicopter UAV, results from
calibration testing, and performance when used in
conjunction with a landing site selection algorithm.

FLIGHT TEST VEHICLE DESCRIPTION

The test platform is a Yamaha RMAX helicopter
operated by the AFDD Autonomous Rotorcraft Project
(ARP, Ref. 4). The aircraft has a ten-foot diameter rotor

and a maximum gross weight of 210 Ibs. As configured
for this test the vehicle gross weight was 172 Ibs. The
helicopter is capable of approximately one hour of
hovering flight.

The RMAX has been outfitted with a main avionics
compartment suspended from the underside of the
helicopter. The payload includes a 1 m span wing with
cross-shafted digital stereo cameras that can be tilted via
a servo between +5 and —95 deg. A complete list of the
components within the avionics compartment is
included in Table 1.

Table 1. ARP RMAX avionics components.

Name Description QTY
Avionics Payload
Crossbow AHRS IMU400CC-200 IMU 1
Novatel OEM4-G2L GPS receiver 1
Microhard MHX-920 900 MHz radio modem 1
R/C Servo Stereo camera tilt servo 1
80mm case fans Enclosure cooling fans 3
Netgear WG-102 802.11g bridge 1
RF Linx 2400CAE-1W 2.4GHz 1 watt amplifier 1
Sealevel USB/RS422 Transceiver for SICK data 1
Point Grey Flea, b&w; 8mm CS-mount lens Compact IEEE-1394 camera, res 640x480 2
Point Grey Flea, color; 2.8-12 mm CS-mount lens  Compact IEEE-1394 camera, res 640x480 1
MUSTAS5/8/20F Ultrasonic rangefinder 0.5-20 ft range, 20 Hz 1
PC104 Stack Components (also in payload)
Parvus OnPower 90 PC104 power supply, 90W 1
Advantech PCM-3370-MOAL (Celeron 650 Mhz)  Flight control and experimenter’s CPUs 2
RTD 7520-8 Analog -to-digital card 1
Analog front-end card Custom PCB for analog signal conditioning 1
Parvus COM-1461 IEEE1394 interface (camera data and power) 1
Parvus PRV-1059 100 Mbit 4-port ethernet switch 1
Connect Tech Xtreme 104 8-port serial cards 2
Hemispherical LADAR
SICK LMS200-291 180 deg. FOV, scans at 75Hz, 80m range 1
Maxon DC motor w/encoder and gear head Laser rotation drive 1
JR Kerr PIC-SERVO Motor controller 1
Mercotac 630-SS Brushless mercury bath slip ring for power and 1

data, 6 conductors

Other

NovAtel ANT-532-C
Omron D5B-1513 tactile switch

GPS antenna
Skid switches 4




LADAR description

The hemispherical LADAR system is comprised of a 100

SICK LMS291-S05 line scan LADAR coupled to a
custom rotating servo mount (Figs. 1 and 2).
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Figure 1. Main components and scan pattern of
hemispherical LADAR.

Figure 2. SICK LMS291-S005 on rotating mount.

The SICK LMS291-S05 is a Class 1 (eye-safe) time-
flight near-infrared (IR-A, 0.9 um) scanning lase
measurement system. For this test the unit houesily

internal structure was remanufactured which reduced’

the total weight from 10 Ib to 3.5 Ib.

The LMS291 has a 45 deg mirror rotating at 75 Hz t

produce a 180 deg line scan. The device was carfigu
to produce a return every 1.0 deg though it can

configured to produce a return every 0.25 or 0.§. de

if the®

The maximum range is 80 m but is degraded

material reflectance is less than approximately 7

percent as shown in Fig. 3. The reflectance vafaes
various materials are shown for a wavelength ofp0r®
(Ref. 5).
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Figure 3. SICK LMS291-S005 range vs.
reflectivity (Refs. 5 and 6).

Power and communications for the SICK unit is pdsse
through a brushless mercury bath slip ring to tlenm
avionics payload. The rotating servo mount is culed

by the flight computer via a serial line. An optica
interrupt switch is used to measure the rotatingimho
position once per revolution. The installed weighgll
components is approximately 6 Ibs and the maximum
current draw is 2.9A at 12V.

The servo mount is designed to rotate the SICK
LADAR at a continuous speed up to a maximum of 60
rom. The LADAR can also be commanded to an
arbitrary fixed rotational position. The axis oftation

of the mount is oriented 60 deg downward relative t
the nose of the helicopter. Rotating the SICK LADAR
mounting at a constant rate provides a complete
hemispherical scan pattern for each half revolutidre
data presented in this paper were gathered withutite
rotating at 30 rpm, which gives a complete
hemispherical scan at 1 Hz. A range of rotatiorgat
was tested during flight development but no appiei
effect on the LADAR data accuracy was noted.

Rectification of LADAR returns
oftware on-board the aircraft transforms the SICK

o) : .
fADAR returns from sensor coordinates to aircraiftl a

inertial coordinates in real time. These data asslen
ailable via a socket to any process running m th
system.

girst, the mount orientation, commanded rotational
speed, and measured interrupt times of the once-per

t{gvolution optical switch are used to transform the

ADAR returns into the aircraft reference frame.isTh
quires precise timing estimates and interpolation
btain an estimate of the pose of each LADAR return
ecause of the simultaneous spinning of the LADAR
mirror and rotating servo mount.



