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ABSTRACT
Neptec Techn-d203DQLiDAR & optnkzAd for obscurant penetration. The OPKIO0 uses a scanning
mechanism based on the Risley prism pair. The scan patterns are created by rotating two prisms under independent
motor control. The geometry and material properties of the prismsediie conical fielebf-view of the sensor, which
can bebuilt to between 60 to 120 degrees. The OPKO0 was recently evaluated using a controlled obscurant chamber
capable of generatingatids of obscurants over a depth22m. Obscurants used in tlinwestigation include: Arizona
road dust, water fog, and faml. The obscurant cloud optical densities were monitored with a transmissometer. Optical
depths values ranged from an upper value of 6 and progressively decreased to 0. Targets werd po#itohack of
the obscurant chamber at a distance of 60m fronLilBAR. The targets are made of a foreground array of equally
spaced painted wood stripes in front of a solid background. Reflectivity contrasts were achieved with
foregroundbackgroud combinations of white/white, white/black and black/white. Data analysis will be presented on
the effect of optical densities on range and crasge resolutionrand accuracy.The analysis includehe combinations
of all obscurant types and target refleity contrasts.
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1. INTRODUCTION

Helicopter pilots can encounter situations of Degraded Visual Environments (DVE) when they landaif takbe
presence of obscurants such as dust, snowafaysmokeUnder these conditions, pilots cannot see nearby objects that
provide the visual references necessary to control the aircraft near the ground. There are manyrotugrieohg
accidentsand maintenance cosise to brownodt

Several sensing technologiesve been evaluated to improve pilot situational awareness ifi. \lEmeter-wave radar
(MMW) can penetrate obscuranwell due to their long wavelength but are limited in their spatial resolution capability.
LIDAR have shorter penetration depths whemmpared to MMW radars, but can offer higher spatial resolution
sufficient to detect small threats to the aircraft, such as wieesin depressions in the landing zone and small size
objects lying in the landing zoh&*®. A more indepth characterizimn of the OPAL sensor was requireridetermine

the expected resolution of small objects detection under conditions of obscurants.

This evaluation was done as part of a project with Defence Research and Developmeni Gatealtier (DRDGV)
with the objective of testing the OPAL 2.DiIDAR under controlled conditions usirthe DRDC Valcartier aerosol
chamber to quantify the effect of dense aerosokimgle beanrange andcrossrange measurements accuracy and
resolution.

2. OPAL LIDAR OVERVIEW

TheNepec Technol ogi es 6 GH-RAight Hase®IADRAR tha scartheTenviroement using a pair of

Risley prisms The OPALLIDAR has been developed in view of providing a truetbeeugh capability for pilots in the

final approach of a landing zone (LZ). The technical approach rests on a high power pulsed laser emitter combined with
a sensitive receiver, a capability to extraatget signals engulfed in a cloud of obscurants through atimeal
exploitation of thewaveform returngharacteristicand an efficient filtering of noise caused by th#iection of light on
particulate matter suspended in #ie

The OPAL:-120 LIDAR, shownin Figure2-1, is designél with a conical fieldof-view (FOV) that canbe built to beas
largeas 120. The OPAL:-120 is of special interest for airborne appiicas that require high data point densitighin a
reasonably largeOV. Using theRisley prism pailscanning methgdhe sensor generates unique rorerlapping scan
patterns thaproducevery dense 3D images with acquisition speafdup to200kHz point repetition frequency (PRF).



Figure2-1. OPAL-120LIiDAR (left); OPAL-120 pointed at the aerosol chamfraiddle) aerosol chambéright).

3. SETUP FOR CONTROLLED AEROSOLS TESTS

Figure 2-1 shows on the right sidea picture of the DRD&/ aerosol chamber that is used for controlled tests in
obscurants. The chamber is 22m lonihva 2.4m x 24m crosssection. It has collapsible doors at both ends that are
remotely activated. The obscurants are injected through high pressure nozzles; a set of ventilators ieep#teto
obscurant particldistribution as uniform as possible

Three types of obscurants were used for the tests: Arizona Road Dust (A&B)fog, and fog oil. The obscurants are
disseminatedising mixing fanswith both doors closedThe initial density or optical depth of the aerosols inside the
chamber was curolled by the amount of the aerosols disseminated. After the dissemination of aisrosoipleted,

the front door of the chamber is dropped down to allow the LIiDAR to perform the wtéleghe aerosolslissipate

The time for the aerosol dissipatiinside the chamber depends on the wind direction. If the wind is in the direction of
pushing aerosols inside the chamber, then it takes a longetdidissipate Once the targstinside the chamber are
clearly observed and most aerosols are disgip#ite back door is opedto let the residual aerosols inside the chamber
to be fully blown out of the chambefror each experimentransmissometers operating at wavelengths of 532 nm and
1600 nm are used tmeasure the transmission fromlight sourceat one end corner of the chamber to the
transmissometers detectors.

Figure3-1 shows how the test targets were mounted in the obscurant chdihbdargets are made of a top and bottom
sets of painted wood stripes (AJat are either black or whitehe stripesare pogioned in front of a back painted board
(B) that can be also either black or whifEhree frontback combinations were testethey are blaclon-white (BoW),
meaning that the front stripesesblack and the back target white; whiteon-black (WoB) andwhite-on-white (WoW).
The angle between the front and back targepm@imately30°. Each front wood stripe has a thickness of abouot 1
and a width of 10cm



Side view ¥

Figure3-1: Test target mountedn the obscurant chamber

Once the chamber is filled with obscurarttse front door opens anithe data is acquired with an OPA120 using
200kHz PRF. The OPAL operates at a wavelength of 1550nt the same time, a transmissometer acquires
independentransmission data. Both data sets are taenped, allowing the correlation of thdDAR data with the
transmission dataT he tests were done ugia low average laser power off8®/. The sensor is positioned at 60m from
the target. The targets are pdmined at back of the chamber, about 20m away from the front dbberefore, the
LiDAR goes through 40m of clear conditions and about 20m of obscurant cloud prior to hitting the tahgetaser
pulses have a full angle divergence of 0.6mrad, produzineam size of 3.6cm on the target surfaces.

4. TESTS DATA EXAMPLES
4.1 Testsin Arizona Road Dust (ARD)

Figure4-1 shows an example of data obtained in ARD obscurdnr@n operating at a PRF of 200kidging the WoW

targets The left side shows theontal view of the detection dhe targetson theX-Y (crossrange / elevationplane

plane); the colomaprepresents the range (along the Z axis), typically between 59.4 and 60.6m. The right side of the
figure shows the&X-Z (elevation / rangeplane; the colomaprepresents the intensity of the detectiofifie roundway

OD corresponding to each scan number is also given, based on the transmissometer value measured at the time the scan
was acquired.The indicated values are the one measured at 532nm, corresponding more closely to human eye visibility.

Figure4-2 shows results for the WoB targets obtained in similar condititmshis instanceit can be seen that the back
panel being black is not deted at the OD values listed in the figures.

4.2 Testsin Water Fog

Figure4-3 shows an example of data obtairibrbugha water fogobscuranivhen operating at a PRF of 200kHar, the
WoW targets.Figure4-4 shows the corresponding data for the case of the WoB targets.

4.3 Tests in Fog Oil
Figure 4-5 shows an eemple of the detectedDAR returns using the WoW targets immersed in fog oil obscurant. It

can be noticed that due the small size of the fog oil particlesrig),3he targets can be detected at much higher OD
when compared to ARD or wex fog.
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Figure4-1. Front and side view images of the W@D target detection through ARD dust at rate of 200.kHz
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Figure4-2. Front and side view images of the WoB 3D target detection through ARD dusttatof 200 kHz.
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Figure4-3. Front and side view Images of the WoW 3D target based on range and intensity detection through water fog

repetition rate of 200 kHz and heavy dust mode.










