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Abstract. Three lidar receiver technologies using the total laser energy required to perform a set of imaging
tasks are compared. The tasks are combinations of two collection types (3-D mapping from near and far),
two scene types (foliated and unobscured), and three types of data products (geometry only, geometry plus
3-bit intensity, and geometry plus 8-bit intensity). The receiver technologies are based on Geiger mode ava-
lanche photodiodes (GMAPD), linear mode avalanche photodiodes (LMAPD), and optical time-of-flight lidar,
which combine rapid polarization rotafion of the image and dual low-bandwidth cameras to generate a 3-D
image. We choose scenarios to highlight the strengths and weaknesses of various lidars. We consider
HgCdTe and InGaAs variations of LMAPD cameras. The InGaAs GMAPD and the HgCdTe LMAPD cameras
required the least energy to 3-D map both scenarios for bare earth, with the GMAPD taking slightly less energy.
We comment on the strengths and weaknesses of each receiver technology. Six bits of intensity gray levels
requires substantial energy using all camera modalities. © The Authors Pubished by SPIE under & Creafve Commons
Son or reproduction of this work in whole or in part requines full attribuion of the original publication, including
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1 Introduction
A flash imaging lidar is a laser-based 3-D imaging system

the semiconductor crystal in a high-electric field region of a
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in which a large luminated by each laser pulse and
a focal plane array (FPA) is used to simultaneously detect
light from thousands of adjacent directions. Mapping
and 2-D/3-D imaging are examples of applications for
such systems. To make these systems as robust as possible,

We analyze two classes of APDs as hidar detectors: linear
mode APDs (LMAPDs) and Geiger mode APDs (GMAPDs).
LMAPDs are operated below their breakdown voltage, gen-
erating current pulses that are on average proportional to
the strength of the optical signal pulse. LMAPDs normally
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For aspheric lens, the same principle can be applied with the difference that the local radius of curvature at the

ring interface diameter is used in Eq. (1). To compute this local radius of curvature, we start with the aspheric

surface description given as

(2)

r2

RP+ 1—(1+k)2

Z(r)

BRI~ A= I NVEBNTCEI Vv I T5HE,
MathJax OFREE « fd « BHTEET,

where z(r) is the sagitta of the aspheric surface at distance 7 from the symi
from the optical axis, R is the paraxial surface radius, k is the conic constar

coefficient.

The derivative of the aspheric function gives the slope of the tangent line to the aspheric surface at the radial
distance 1 from the axis of symmetry. The local radius of curvature at the radial distance 7 from the symmetry
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Dario Ambrosini received his degree in electronic engineering in 1993 from the Sapienza University of Rome (italy)
where from 1993 to 1995 he was a collaborator with the Optics Laboratory headed by Prof. Franco Gori. Since 1995 he
was an assistant professor with the Energetics Department (presently DIIIE, Department of Industrial and Information
Engineering and Economics) of the University of L'Aquila, where he currently is an associate professor. His research
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Engineering. In 2013 he was elevated to the rank of OSA Senior member.
recipients of the 2016 OSA Outstanding Reviewer award.
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interests include flow visualization and heat and mass transfer, optical metrology and non destructive testing,
thermography and digital image analysis. In these fields he has published more than 200 papers in peer reviewed
international journals and national and international congresses. A member of UIT (ltalian Union of Thermal-Fluid
Dynamics), OSA and Sigma Xi, D. Ambrosini is also in the Editorial Board of the journal Optics and Lasers in

He was the recipient (with G. Schirripa Spagnolo) of the 2001 SPIE Kingslake Medal and Prize and one of the

Advertisement

PROCEEDINGS ARTICLE | July 11, 2017

structures

Proc. SPIE. 10331, Optics for Arts, Architecture, and Archaeology VI

KEYWORDS: Thermography, Sun, Defect detection, Photography, Lamps, Inspection, Civil
i Panoramic y

Read Abstract +

SAVE TO MY LIBRARY { 0

DOWNLOAD PDF LW
hat’s a stick-slip ..
ositioner? B

Advertisement

PROCEEDINGS ARTICLE | July 7, 2015

Role of the masonry in paintings during a seismic event analyzed
by infrared vision

Proc. SPIE. 9527, Optics for Arts, Architecture, and Archaeology V

KEYWORDS: Thermography, Surface p Uy

Inspection, Cements, Buildings, Earthquakes, Infrared radiation

Image processing, Lamps,

Read Abstract +

SAVE TO MY LIBRARY

DOWNLOAD PDF

Sensors, IR, laser systems, spectral

©2019 Kinokuniya Company Ltd




*RELATED CONTENT (BH:Es0E)

(RO

FREIN T DS BEEOE OGS (Journal 35K O Proceedings) diud—EFR~LET,

ARTICLE SECTIONS ~ :f:;?& REFERENCES CITED BY ‘ DOWNLOAD PDF ‘ ‘ SAVE TO MY LIBRARY ‘
PDF
RELATED CONTENT Help
While it is inevitable that the near future will bring autonomous-navigation and ADAS systems that play
important roles in automobile safety and navigation, despite its significant promises, the role that lidar sensors ) ]
X . ) i X o 3D flash lidar imager onboard UAV
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. _ 5 5 New developments in HgCdTe APDs
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and provide sub-ms response time. Rather than capturing just a single range return, the ideal lidar sensor Proceedings of SPIE (June 20 2011)
might be configured to capture the reflectivity, pulse shape, polarization, and other scene attributes encoded in
- . . . Advances in HgCdTe APDs and LADAR
a return pulse waveform, to increase the dynamic information available to the system efficiently as a function receivers
of the average laser power expended Proceedings of SPIE (May 03 2010} A
Lidar applications can be grouped into two primary distance zones of interest: “a medium distance” of ~ 20 to M BACK
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distance lidars generally require multilocation placement and, as they need to fit within the body panels of the
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capture higher resolution 3-D images with finer depth precision. The light travels toward whatever object is in
its path, then reflects back toward the device. Since the speed of light is well known, lidar sensors can
determine the range to a target by measuring the time it takes for the light to return to the origin. In this way,
azimuth-elevation-range and range rate measurements may be captured. The use of reflected laser light also
allows the reflectivity of objects to be measured—independent from ambient light—enabling lidar to provide
long-distance high-fidelity range imaging in a wide range of conditions. Because lidar uses its own light source,
it avoids the problems of video cameras, which do not operate well in dark conditions and are prone to high
false-alarm rates (FARs) and saturation under brightly lit conditions.
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