o4E 9 1<l: 324 LiDAR AT wlolHoIM Y] 7P} X3 doly Ad< A 4 A F3 /W 329
(Sangjun Lee et al.: Spherical Point Tracing for Synthetic Vehicle Data Generation with 3D LiDAR Point Cloud Data)

# = (Letter Paper)

HRE 38| =22 A28 A3E, 2023 59 (JBE Vol.28, No.3, May 2023)
https://doi.org/10.5909/JBE.2023.28.3.329

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

3x- LiDAR A Hlo]E oA €]
7P A= dHol" A4S A 7+ A F4 7Y

RIS

o] %

f
M)
o
J
il

Spherical Point Tracing for Synthetic Vehicle Data Generation
with 3D LiDAR Point Cloud Data

Sangjun Lee” and Hakil Kim"*

%)

©

wek oh)el AMERES A
$ 272 AA g B 45
F ootk B R sbe 3

, 53] Az AA | g A

Heid UENDE o189 33 AA A4 16 AT /1% Al Ul Ty A4 EF
A4 5 7] el PhE BAE 915 Bol AL Yok A 37 A4 214 w9 7
o] TA Ao e A4 YR ok APl PAS FuE o) AP BAE B4
AL A% HolEE Aye B9 g AT HelHAld ik 338 A4 21 299l

58 WP 716 208 3 dolth A dolEe] SAS 289 7U A 37 9 ALaed A A e 4
o P S AL, AR A A HIEE Absle] AEY ohzh RE A 9o welaAe A4 94 Hre 3

4
HARORA g HolEe e FENS UFSHAc

Abstract

3D Object Detection using deep neural network has been developed a lot for obstacle detection in autonomous vehicles because
it can recognize not only the class of target object but also the distance from the object. But in the case of 3D Object Detection
models, the detection performance for distant objects is lower than that for nearby objects, which is a critical issue for autonomous
vehicles. In this paper, we introduce a technique that increases the performance of 3D object detection models, particularly in
recognizing distant objects, by generating virtual 3D vehicle data and adding it to the dataset used for model training. We used a
spherical point tracing method that leverages the characteristics of 3D LiDAR sensor data to create virtual vehicles that closely
resemble real ones, and we demonstrated the validity of the virtual data by using it to improve recognition performance for objects
at all distances in model training.

Keyword : Autonomous driving, LiDAR, Point Cloud, Object Detection, Data Generation

Copyright © 2023 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



330 WEEEE A A28 A3E, 20239 59 (JBE Vol.28, No.3, May 2023)

.M E
3D Object Detection 71&2 22+ F7F dlo
St 2D Object Detection®l] B]3l] Zx-$jeol ojgt
7Fs8tal, 14 eE Al gk A2 AR7HA
ol AeFal Apge] A Aol ¢4
=3 itk SRR 3ak AR Q14 J]E S /Eﬂ/‘i
Aol A7t EEE gA] Aol "o+
dl, ol& At AA7E Aol whek §F wshEo
Stgol oY, 3k HlolE o] 3 g 7 ol
of s5-§ HolElAle] dAE AA tole 7} F-=st7
ol %‘335 vu:z'ﬂo]‘:]' o|5 sl astr] 98 3aH
AsAYI 71y 8748 yAs
& HolHE :r“éé = *o‘«] A PRI 7L ) okl )
| AA 3 8] oY 9
A HlolE o=

Aejo] 371z Bea.

<

_4
_|_,

2y o il
O oo

_1;

¥, >

N

o Mo

2=

l'UlO HQ,

~N
==

¢

—nﬁ}m

M X © o
g oyo &

(
N
-

{1

::4‘
i o _I\‘:

f —
021, = rrl> 2 2oy o rfr o

O]
o,
B
&2
)
=)
M
2
mz

Aol 7b AL, 7t

(o)
dolgle] deg AN 54 oz

7HAE 2] e frAksA E OH "HOiE} o s

B o]EJA< 3D Object Detection &2
I opuak AR ] Aol tigk 2l
Bk, ol & Fall 7HE AA
s} oA o H2 g

)

>,
>,
O
re
X
St

ﬂ

o

>

>

Ir

o

o

oy
Kt}
39

>,
e dlo
2

il
+
facs

a) I3t ehar %1 7]71 371 8h(Department of Electrical and Computer

Engineering INHA University)
¥ Corresponding Author : 718t(Hakil Kim)

E-mail: hikim@inha.ac.kr

Tel: +82-32-720-9085

ORCID: https://orcid.org/0000-0003-4232-3804
ARAYEAIADS AQ0R FIY71%
o APE Wol FPF AT, (P0017124, 20239 A A
]

+ Manuscript April 4, 2023; Revised April 13, 2023; Accepted April
13, 2023.

St FAlo] ofd A 9F - E uf, whAtE o] Eote= 7
Mol HEE 1%5}01 =419 s gAT E3 Al
EHE WALE =
FAE FH 2l F(Vertical Resolution) ¥+-¢] 7} 2}o] &
Fol WAteta, o] WAL BES 4% Aok (Horizontal

Angle) T 31AA A E919] HolHE R oH T

golth MM ] 75 WA OR s, 5 dolH el 2zt
A5 AN $AS QHOT it 79 AuA Ao Auw
L, ol 2 Folth ANZ £HT o8} e
Tel WA RS Witk 19 12 2lolth ANe) &
Y A2 dolHe) BEE Yo HHF AR, 19 19)
9%3} o] 4 A2 HolHY 54 S Frjain
a9 19 928 pe Bxe| HojEE FAT 4 3

Horizontal Resolution
!

UOIIN0S8Y [BOILOA

12 1. 360 LIDAR MM & EMof| ofsf +E& T Hlo[Ee| EX
Fig. 1. Distribution of Point Cloud data by 360-degree LIiDAR sensor

3
So A AZE St gA A4 24
Zojs} et WAk A AAE THEe

A 2A e AR (R =AM E 239 bo)
] B Ho2 T8 Dense 24 wlo|EZ A
A38t) Densedt 214 HolE & 3319 1@ 2y 2
ofo A AHE-aH= OBJ §4] 292 3198 PCD &4]¢)
& HolEHE FZ3le] Al

Densedt 2 AAE Y42 dlolH 9] dste &
3 & Y 1:1] 18] )\L/] 7NE AE 4 u].;\], Az 2 2A5}0]

Fol A4



o4E 9 1<: 344 LiDAR T HlolHoA 9] 7H} A3 wole A< A% v+ A F3 /W 331
(Sangjun Lee et al.: Spherical Point Tracing for Synthetic Vehicle Data Generation with 3D LiDAR Point Cloud Data)

[Before Tracing]

Fig. 2. Figure of Spherical Point Tracing(Left) and Application of
Spherical Point Tracing Method(Right)
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Table 1. Performance improvements of Voxel R-CNN on the KITTI val set with Synthetic KITTI dataset by distance

3D AP (loU=0.7) (%)
20~30m 30~40m 40~50m 50~60m 60~70m 70~80m
Easy | Mod | Hard | Easy | Mod | Hard | Easy | Mod | Hard | Easy | Mod | Hard | Easy | Mod | Hard | Easy | Mod | Hard
KITTI |92.24|85.01 | 82.51 | 92.24 | 85.01 | 82.51 | 92.24 | 85.01 | 82.51 | 92.24 | 85.01 | 82.51 | 92.24 | 85.01 | 82.51 | 92.24 | 85.01 | 82.51
::I'(I;'glo 92.37 | 85.12 | 82.86 | 92.65 | 85.33 | 82.87 | 92.63 | 85.35 | 82.91 | 92.38 | 84.94 | 82.74 | 92.38 | 85.27 | 82.85 | 92.43 | 85.11 | 82.83
:;I-[I;glo 92.15 | 85.05 | 82.75 | 92.26 | 84.94 | 82.78 | 92.58 | 85.23 | 82.82 | 92.23 | 85.25 | 82.91 | 92.47 | 85.10 | 82.77 | 92.70 | 85.18 | 82.89
+|§|Bglo - - - - - - 19248 |85.06 | 82.83 | 92.48 | 85.32 | 82.88 | 92.21 | 85.20 | 82.86 | - - -
V. 751% [4] M. Hossny, K. Saleh, M. Attia, A. Abobakr, J. Iskander, “Fast
Synthetic LiDAR Rendering via Spherical UV Unwrapping of
o . _ o B ) Equirectangular Z-Buffer Images,” Computer Vision and Pattern
2 =X 7 A F4 S ARE M A Recognition, Image and Video Processing, June 2020.
WA AA 71ES A3 A orsts 7|HE o] &3te] A doi: https://doi.org/10.48550/arXiv.2006.04345
o [5] X. Yueetal., “A LiDAR Point Cloud Generator: from a Virtual World
z}-2 o] &3] R==XS)) ARG . . ..
Al 372k gholth AlAf e} 3] ol et ° e ?%] O]-‘:'— 7HA to Autonomous Driving,” Computer Vision and Pattern Recognition,
= 7P AAE A, AAE 7P AR E d oAl pp. 458-464, June 2018.
- - . = o = doi: https://doi.org/10.1145/3206025.3206080
S =Z7}E o] M Ol Al )0l s AIX=90 FEAIA]F] p
= S7gBtel 32k ARl 14 2Hle] S e TR [6] S. Yoon et al., “Development of Autonomous Vehicle Learning Data
iiéﬁ 7 ]'}\o} 7—'.4 iﬂ 9,] %E/‘é Tg: %Ué 5‘]’ 9213} Generation System,” The Journal of The Korea Institute of Intelligent
Transport Systems, vol. 19, no. 5. The Korea Institute of Intelligent
Transport Systems, pp. 162 - 177, 2020.
) — doi: https://doi.org/10.12815/kits.2020.19.5.162
& 1 & 8 (References) [7]1 A. Geiger, P. Lenz and R. Urtasun, “Are we ready for autonomous

[1] F. Wang, Y. Zhuang, H. Gu, H. Hu, “Automatic Generation of
Synthetic LiDAR Point Clouds for 3-D Data Analysis,” IEEE Trans. of
Instrumentation and Measurement, vol. 68, no. 7, pp. 2671-2673, July
2019.

doi: https://doi.org/10.1109/TIM.2019.2906416

S. Chitnis, Z. Huang, K. Khoshelham, “Generating Synthetic 3D Point
Segment for Improved Classification of Mobile LiIDAR Point Clouds,”
The International Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, 139-144, 2021.

doi: https://doi.org/DOIL:10.5194/isprs-archives-XLIII-B2-2021-139- 2021
J. Beltran et al., “A Method for Synthetic LiIDAR Generation to Create
Annotated Datasets for Autonomous Vehicles Perception,” 2019 IEEE
Intelligent Transportation Systems Conference (ITSC), Auckland,
New Zealand, pp. 1091-1096, 2019.

doi: https://doi.org/10.1109/ITSC.2019.8917176

[2]

B3]

(8]

(9]

[10]

driving? The KITTI vision benchmark suite,” 2012 IEEE Conference
on Computer Vision and Pattern Recognition, Providence, RI, USA,
pp- 3354-3361, 2012.

doi: https://doi.org/10.1109/CVPR.2012.6248074

J. Deng, S. Shi, P. Li, W. Zhou, Y. Zhang, H. Li, “Voxel R-CNN:
Towards High Performance Voxel-based 3D Object Detection,”
Proceedings of the AAAI Conference on Artificial Intelligence, vol.
35, pp. 1201-1209, May 2021.

doi: https://doi.org/10.1609/aaai.v35i2.16207

R. B. Rusu and S. Cousins, “3D is here: Point Cloud Library (PCL),”
2011 IEEE International Conference on Robotics and Automation,
Shanghai, China, pp. 1-4, 2011.

doi: https://doi.org/10.1109/ICRA.2011.5980567

Q. Zhou, J. Park, V. Koltun, “Open3D: A Modern Library for 3D Data
Processing,” 2018.

doi: https://doi.org/10.48550/arXiv.1801.09847



