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ABSTRACT
Neptec Technologiesd next ¢ e-detectianttactmologyddr penetr&imy olhscudmsRo u s e s
detect objects. This multeturrs LIDAR system can receive u 7 returns from one single laser pulse. Based on a
Risley prism scanning mechanism, the OPRerformance Serie€Third Generation), employs independent motor
control to spin both prisms and generate optimigeshpatterns withcustomized field®f-view from 30° to 120°. The
OPAL-P500was recently evaluated to detect specific objects of various reflective indices within a controlled obscurant
chamber capable of generatiaghumber ofaerosol obscurants. Obscurants used in this invéstiganclude:Arizona
road dust andvater fog. The obscurant cloud optical densities were monitored adiggismissometer. A series of six
mesh screens were placed in the chambigh, solid targets athe farend of the chamber amwdth no obscurants present
in the ar. In this test scenaridhe number of return pulses and their relativengtties were validated from a single laser
pulse/shotThese meshes were placed at various distances from each other to characterize the detedtitiieprivh
clear conditionsAlternatively the meshes were removed ainel solid targets remaineat the back of the chamber to
validate the OPAEP500target detection performance in obscurants of varying densities. The data from a number of
testing scenarios will be presented tse@lye and analyze the effects of obscurants and target reflectivity using the
OPAL-P 5 Os@ndltireturrs LIDAR technology.
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1. INTRODUCTION

LiDAR sensors have proven tiheisefulness in providing high spatial resolution 3D information in the environment they
operate in. In addition, recent years have seen several advances in LIDAR hardware technologies contributing to the
reduction of typical LIDAR SWaP (Size, Weight andvier) as well as its affordability. As a result, LIDAR sensing is
becoming ubiquitous in a large number of applications, including guidance and navigation, surveying, surveillance, and
security. Of particular interest is the use of 3D LIiDAR for either manoous transportation or useontrolled platforms

where situational awareness necessitates high spatial resolution. Examples include the use of 3D LIiDAR to assist in
autonomous car navigation and for pittsist applications when flying helicopters iropuisibility>***

The main natural manifestations of poor visibility are attributable to rain, fog, snow, dust, and smoke. The ability of a
LIDAR sensor to penetrate such obscurants will depend upon a number of factors, intthedéngjitted pulse pda

power and the Li DARO6s detector sensitivity. Various est
obscurant type and density have been reported for the previous generation of OPAL>t /DA current OPAL
Performance Series DAR has the ability to detect up to seven returns from multiple targets illuminated by the same
laser pulse. One objective of this research was to test theretulth capability by using a number of mesh screens
positioned at regular intervals. This me@gnent approach was also used to estimate the spatial resolution limit of the
LiDAR. The tests were done in a controlled aerosol chamber at Defence Research and Development Canada (DRDC) in
Valcartier, Quebec, Canada.

A secondary objective was to quawtthe penetration of obscurants of the OPRRO0 LIiDAR. Tests were done using
water fog and Arizona Road Dust (ARD) obscurants. The material, methods and main results are presented in the
subsequent sections.



2. MATERIAL & METHOD
2.1 Li DAR sensorhigh-levelarchitecture

Neptec Technologiesd6 third gener at i-Rb00 a@FORAPL1FO8, nderate aha n c e
a wavelength of 1550nm and uses a sikmytale pulsed fiber laser. The scanning mechanism is based on the Risley
prism pair principlen which each prism is rotated under independent motor control to geurigtte, noroverlapping

scan patterns. The patterns are distributed in a conical FOV with a higher data density towards the center of the FOV
The maximumdataacquisition speet$ achievedat a Pulse Repetition fequency (PRFf 300kHz and helaser average

power isat 300mW. The range measurements are performed using the-Ofadight (TOF) methodology. Additional
information on the OPAL 3D LIiDAR architecture may be found in [l §9]. The OPALP500 unit also features the
capability to acquire up to seven returns (or reflections) per emitted laser pulse; this is especially useful to penetrate
through vegetation or through other porous material to acquire returns on objects thehiad such hindrances. High
resolution mapping of forested areas from an aerial platform is an example of the use-oftomulsi capability where

the tree tops are detected as well as the branches and the ground level below. Fiegunmuftinctiomlity is used for

this study to validate the feature experimentally and to measure the spatial resolution.

Figure2-1. Picture ofthe OPAL-P500 installed oa tripod.

Figure2-1. OPAL-P500, Third Generation LIDAR from Neptec Technologies

2.2 Controlled aerosolchamber & related equipment

The controlledaerosol chambeas shown in Figure2-2 (a). It is a 24.4m long structure withmatte black painted in the
interior wallsto minimize reflectionsBoth endsof the chambeare sealed witliast opening roller type garage daors
allowing the chamber to be filled with a specifimount ofobscurantFans on both sidesf the chamber close tihe
floor are used to evenly distribute the obscurants inside the chawihen a desiredbscurandensity is reached, the
doors are remotely opened and the LIDAR starts scanning the targets arranged inside the Elmamraig® (b) shows
the chamber withvater fog.

The aerosolsused for this studynclude water fay, and Arizona Road st (ARD). Thewater fog isgenerated using
BEX Spray Nozzles PV3frodudng water dropets in the range ofOum to 20pum indiameter. ie ARD isgenerated
with a Venturitype nozzlesprayingPTI ISO 121031 dustparticles in the range dfum to 13um in diameter.

Independent ransmissometers easure the transmissiaf light through the dust cloudt wavelegths of 532nm,
1064nm, and 1560n. The transmission measuremeasswell as the LIiDAR data are both tismped and can then be
correlated in the course of the tests.
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Figure2-2. (a)Inside view of the aerosol chamb@y)-View of the chamber with fog.

(b)

2.3 Multi -returns targets

The \alidation of multireturns capability as well as spatial resolution wesomplishedusingmesh screenspaced at
regularintervals A total of sixscre@s were placechithe chambelfrigure2-3 (a) and (bshow the screesarrangement.

The first screen is at a fixed position from the entrance dédhe chambertests were performed with separation
distances between the screendmf 2m and 4m.A target placed at the back of the chamber, beyond the set of screens,
can also be seen in the right picture. The target is a plywood bo#rda matte whitgpaintedsection with a 75%
reflectivity and amatteblack painted section withaf 5% reflectivity.

— (b)

Figure2-3. (a) -Meshscreertargets positioned at regular inteiwa the aerosol chambdib)- Closer view of the screens. A target is
also installed at the back of the chamber.

2.4 Multi -returns data acquisition method

Figure 2-4 shows the relativpositioning of the screens, targahd LIiDAR in the aerosol chambéfor these testshe
emitted laser bears held stationary through software contesid ispointedat the target at the back of the chamliter
has topropagatehrough eachmeshscreento reachthe target Each screehas a light transmission about 80%. The
lased pulse repetition rate is set at 25kHz and the waveform return for each laseispdigéized ata 2.5GHz
sampling frequency. The sampling interval corresisoto arange resolution of 0.06. Each waveform is limited to
1024 sampleandseveral waveforms are acquired for each test.
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Figure2-4 Diagram representintpe relativepositioning ofthe mesh screens and target in the aerosol chamber.

3. MULTI -RETURNS & SPATIAL RESOLUTION RESULTS
31 Waveforms measurements

During the tests, the laser was pulse®BitHz with a pulse peak power of XW. For each laar pulse, the return
waveform & digitizedand savedor analysis The LIDAR is positioned at about 53m from the target and at 30.7m from
the first mesh in the chambeX.picture of the target is shown Figure3-1 (d). The multi-returnstests wergerformed

in clear conditions.

Figure3-1 (a), (b) and (c)show the results obtained for mesh separatidris 2 and 4 metersrespectivelyEach graph
represents the average retimtensitysignal using 660 individual waveforms. The first observation isithatost cases
there is a measurable return intensity at the expected positions of each meshHPsisearturns can be seen for all the
meshes andlsofor the targetwith 2m and 4m separation intervala the case of the 1m separation interval, the last
meshscreenis not detected and the return intensity from the target is very low. It can atdiséeed that thmtensity

of thereturnsof the last mesh screen and the taggetstronger as the mestreenseparation increases.

It can beobservedfrom the graphsn Figure 3-1 that there isa dependence of the return intensity on the separation
distance between mesh scree@se possible reasomay haveto do with the beam size. The beam has a vedst of
~3.2nm and a full divergencengleof 0.85mrad. When the miescreensire separated by a small distance, suchlas
meter separatigrthe bearmareawill be smaller when going through tHemeter spacetheshes thait would bewhen
passing through medtreenspaced further aparA smaller leam size will proportionately have a largertion of its
area being blocked by the mesh strands and therefore a lower transmission through tidimefflect remains to be
tested experimentally.

3.2 Spatial resolution limit

A second main observation reddtto the measured waveforms is that each mesh screen is very well resolved without
any ambiguity. The theoretical spatial resolntmf two objects locatkin a single beam is given by equation lfg&)ow,
wheret is the pulse width, ¢ is the speed of tiggndDR is the spatial resolutidf

v

Yy -— )

The OPAL-P500 uses pulse width of 4ns and using equatidh (he range resolution of two objects contained in the
same beam is 0.6nkigure 3-2 (a) and (b)show LIDAR scandata obtained during a full scan of teereens in the
chamber using afF of 25kHz; the colour coder the data pointsises redo green to represetwer to highe pulse
returnintensities In image (a), the mesh screesgparated by 0.5m are not differentiated wheneasmage (b) they are
separated by 1rand are well differentiatedds can be seerit is not possible to differentiate the screens separated by
0.5mwhereas it is possible to distinctly identify all the six screens separated meter.The experiment confirms the
expected resolution limit of 0.6m.
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Figure3-1. Results obtained from ¢hwaveforms measurements. (a) 1m nssgkerseparation; (b) @ meshscreersepaation; (c)
4m meshscreerseparation; (d) target at the back of the chamber.

(b)

Figure3-2. Full scan of the chambar clear conditions; (anesh screerare separated by 0.5m; (b) mesh screens are separated by
im.




4. OBSCURANTS PENETRATION
4.1 Detection modes

Detection modesising either the rising edge falling edge of the target return pulsesillustrated inFigure4-1 (a). The
waveformsignal was obtained in fogbscurantconditions the first wide return signal corresponds to the reflection of

the laser pulses incident on the fog clavtereasthe last pule corresponds to the reflection from the white target

most of the experiments carried out in the aerosol chamber, the return signal from the target, when detected, was well
isolatedfrom the returns caused by aerosatsl was always detected as th&t laulse For mostof the teststhe use of

the rising or falling edges resulted in similar detection performafiggte4-1 (b) shows an example whetfee falling

edge detection is especially useful in situations where the ground level needs to be detected under obscurant conditions
from an aircraft".

Figure4-2 shows the arrangement used for the obscurant penetration tes®@PRheP500 is positioned at 12.8m from

the front door of the aerosol chamber. The target shanewiouslyin Figure 3-1 (d) is positioned at the back of the
chamber at a distance of 98 from the front door. The chamber has a length of 24.4m and is filled with obscurants
with its doors closed. ARD and water fog are used as obscursiter the chamber is filledvith a dense cloud of
obscurantsthe frontdoor is then opedto let the LiDARfully scan theinterior of thechamber Both the LIiDAR and

the transmissometedata are timestampedfor ease of correlationThe transmissometereceiving detctors are
positioned next to the white section of the target and measure the transmission across the column of aerosols.

Using this method, the LIDAR return data can be @ated to the actual light transmission value (and therefore optical
depth) prevailing at the time of the laser pulse emission. The analysis determines at what point in time the signal from
the target becomes cleaudgtectable This will in turn determinethe minimum transmissiomalue at which th®©PAL-

P500 isable to detect the targetderthe conditions of the experiment
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Figure4-1. (a): Target detection using rising edge versus falling g@y&enefits of falling edge mode in applications such as ground
level detection in obscurants.
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Figure4-2. OPAL-P500 LiDAR setup relative to aerosol chamber and target.



4.2 ARD obsaurant

Figure4-3 shows the penetration performascoé the LIDAR through ARD obscurants, for the white and black segments

of the targewhen operating at a PRF of 25kHand using the rising edge (a) and thénfga edge(b). The graphs show

the detected target positions versus the transmission value measured 5§Ghen wavelengtlransmissometer. When

the transmission is high enough to allow detection, the target is detected at its correct range of 86ifm $emsor.

The white and black segmentf the target havea reflectivity estimated at 75%nd 5%, respectively. As would be
expected, the detection of the black segment occurs at higher values of transmission because less energy is reflected by
the low reflectivity black target. Figure 4-4 shows similar graphef detection result®btained when operating with a

PRF of 100kHzAs shown in the graphs, tlidetections occur at higher values of transmission because the pulse energy
at 100kHz ha only 25% of the energy at 25kHResults obtained from the rising edge are comparable with the ones
obtained with the falling edge; this is expected as most tests fall in the situation descrizgdeis1 (a), where the

return pulse from the target is usually well isolated from the rest.

The image on the right ¢figure4-5 shows the LIDAR data ohtzed on the white section of tharget at a transmission
value of 0.026the data is coloucoded in intensity with blue showing high intensities and red the low intendities.
high-intensity returns on the left of the target correspond to a smallneftextor target and the one on the right
correspond to the transmissometer receiving optics.

Tasrget Range vs Transmission for ARD - Rising Edge Mode - 25kHz Tagget Range vs Transmission for ARD - Falling Edge Mode - 25kHz
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Figure4-3. Target range measurements vs transmission through Arizona Road DustfARIR)black and white target&): with
rising edge mode; (b): with falling edge mod#&®AR data &quisition is done at 25kHz.
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Figure4-4. Target range measurements vs transmission throughnarRRoad Dust (ARD) for the black and white targets. (a): with
rising edge mode; (b): with falling edge mode. LIDAR data acquisition is done at 100kHz.






