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Research progress of APD three-dimensional imaging lidar

Cao Jie', Hao Qun"’, Zhang Fanghua', Xu Chenyu', Cheng Yang', Zhang Jiali',
Tao Yu'?, Zhou Dong', Zhang Kaiyu'

(1. Bionic Robot Key Laboratory of Ministry of Education, School of Optics and Photonics,
Beijing Institute of Technology, Beijing 100081, China;
2. System Engineering Institute, Academy of Army Research, Chinese People's Liberation Army, Beijing 100039, China)

Abstract: Due to the advantages of rich information, strong anti-interference ability and high resolution, three-
dimensional (3D) imaging lidar has been widely used in defense and civil fields, such as geomorphology surveys,
autopilot, smart transportation and visual tracking. With the development of avalanche photodiode detector (APD)
and the multiplicities of 3D lidar (e.g., MEMS, optical phased array, flash, etc.), the performances of lidar has
been greatly improved compared with that of initial 3D systems. According to the new requirements on 3D lidar
for the military and civilian fields, novel methods and mechanisms were proposed to improve comprehensive
performances of 3D imaging. First of all, the three key technologies of APD-based 3D imaging lidar were
analyzed, including the transmitting unit, the receiving unit, and the algorithm unit (data processing unit). Then,
3D imaging lidar was classified and discussed according to the different applications for loading. Among them,
3D imaging lidar based on unmanned vehicle was selected as the typical example for illustrating the application
status and the difficulties faced with military and civilian applications. Based on the diversified development of

3D imaging methods, two novel 3D imaging methods (heterogeneous resolution and ghost imaging) suitable for
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APD devices were discussed. Finally, based on the analysis of the research status of 3D imaging lidar, it is con-
cluded that 3D imaging lidar is developing towards the large field of view, high resolution, high precision, real-
time, modularity and intelligence, which paves the way for developing high performances of 3D imaging lidar.
subdivision

Key words: three-dimensional imaging;  lidar; APD; identification;
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(b) YAG laser

(c) Fiber-optic laser (d) VCSEL array
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Fig.2 Typical laser for 3D imaging laser radar
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Tab.1 Mainstream filter effect comparison

Filter name Principle

Features

Pass-through

For point cloud data with certain spatial characteristics in the spatial distribution, determine the The speed is fast, but the filtering is
range of the point cloud in the x, y, and z axis directions, and then filter the threshold to remove not accurate enough, which is often a

filteri . . . .
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. . . . . . . Th f point cl i
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point cloud itself
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o erform noise filtering basgd on point ¢ oud_denS} y. By calculating the average d}s ance from . filtering effect is better than
Statistical each point to its nearest neighbor, the Gaussian distribution of all points in the point cloud is . . .
. . . . . . straight-through filtering, which can
filtering obtained, and then a distance threshold can be determined according to the mean and variance .
- accurately filter out sparse outliers
to filter outliers.
Bilateral Given a threshold, calculate the number of point clouds under each radius. When the number is Can filter out internal noise more
filtering greater than the given threshold, keep it, otherwise filter out quickly than statistical filtering
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F G T AR R 1732 N, FEAE B P H AR R
T, 2003 4F, & [ [ B 5 A 5T RIS (DARPA) FilE
I i 2 P30 R H, A% 3% 2 A LRy (NVESD) 3 [m] 4F |
By — A A Al AL A T T AL B B Jigsaw #0O6
SR ERIR RS, B A R PR R R

2007,
HDL-64

Field of view 360 ° x 26.8 °, horizontal resolution 0.09 °,
detection range 50-120 m, accuracy 1.5, 5-15 Hz
frame frequency optional, wavelength 905 nm.

B PR B T A A O B F AT

SERHE . BRI . T BERK S Y SR, G
WOLHE IR R A S BB S, T SCA A SO
OB IR BT e, R IR S AR 7
3, A AN A 2O R A A T 52 BURRET Ini&l 3 i,

2010,
Scala

The hybrid solid-state lidar, with a distance of 150 m, has
been successfully used in the Audi A8, the world's first
mass-produced vehiclegrade lidar.

I
Mechanical scan

MEMS scan

Phased array

2016,
InnovizOne

Detection range 200 m, sounding accuracy <<2 cm, field of
view 100 °x25 °, spatial resolution 0.1 °, and the frame
frequency is 25 Hz.

2016,

Using optical phased array technology, detection distance
10-150 m, accuracy 2-4 cm, horizontal field of

view 120 °, vertical field of view 10 °, and angle
resolution at least 0.02 °.

(a) Foreign situation

2019, RS-Ruby

128-line laser radar, detection range 200 m @ 10% reflectivity,
accuracy * 3 cm, field of view 360 ° x 40 °, resolution 0.1 °,
maximum frame frequency 20 Hz.

2019,
C-Fans-128

Detection range 200 m @ 10% reflectivity, accuracy 2cm, field
of view 150 © x 30 °, resolution0.09 ° x 0.23 °, frame rate 20-
80 Hz.

Solid area array

2019, ML-30

Achieve 100 lines @ 20 Hz, maximum configuration 400 lines,

120 °. The key components pass AEC-Q100 (sweep frequency
vibration, random vibration, etc.).

2017, CE30

Detection distance is 4 m, field angle is 132 © x 9 °, frame
size is 320 x 20, frame frequency is 20 Hz, and operating
temperature range is 0 °-50 °.

(b) Domestic situation

P 3 RIS = 4 SO o IS BB vk L]

Fig.3 Comparison of typical products of vehicle three-dimensional imaging lidar at domestic and foreign
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Tab.2 Comparison of MEMS and OPA imaging laser radar

MEMS

Phased array

Core principle Micromechanical scanning

Advantage Small size, light weight, large swing, small

inertia
Disadvantages Small target surface and low damage threshold
Craft difficulty Relatively easy
Cost Lower

Current research

S Relatively mature
situation

Transmitter unit array + phase control

Small size, light weight, no inertia, large swing (depending on unit
spacing)

Damage threshold is high, can form high power

Difficult (unit spacing is less than half of the optical wavelength)

Reduce costs after batching

Immature
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Fig.4 Human eye retina principle
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