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Three-dimensional point cloud object segmentation and
collision detection based on depth projection
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Abstract: Three-dimensional LiDAR is widely used in unmanned driving systems, mainly to detect the
road environment and for collision avoidance detection. A real-time method to segment the point cloud

based on depth projection was proposed to increase the segmentation accuracy of a point cloud scanned
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by LiDAR. Voxel filtering was first used to remove noise points, after which progressive
morphological filtering was used to remove ground points, and finally the point cloud was subjected to
point depth projection. The adaptive angle threshold method for the depth projection image was used
to segment the point cloud, and after segmentation of the point cloud target, a hybrid hierarchical
bounding box was constructed for collision detection. The experimental results show that this method
constitutes a significant improvement in time efficiency compared with traditional clustering
algorithms, and can effectively reduce the problem of over-segmentation. The proposed method
increased the segmentation accuracy rate in the experiment to 78. 82%. The combined hierarchical
bounding box algorithm is applied to the segmented points.

Key words: unmanned; LiDAR; point cloud target segmentation; hierarchical bounding box; 3D

collision detection

1 31 =

Bl TC N2 B R B R, = 4RO TR IR R
5 G0 SRS 2 i BT MR BE 5 L 42 7 AL A A SR
JL S BORGBT 2 B N AE JC N B AR R il T
N 72 i 2 b T I 2 L PR B IR = B AR R
I il 8 A D0 ) A IR AR

WG TR I8 R B =4t i B TG P R
PERE R X 2 R HEAT RS S R S S il e
R iy G AR T A TR IR X R H Y
T3 30 AE = 4 23 ) Aok 1 52 % (0 JLARTRRAE L SR
Je AR R FE XS s H AT 3 H)  3X 0T vk AR T
DU 41 2 10 85CR A2 3 350 ) i <, AR 1
RHE W & R 43 ) i 92 i B RE . DBSCAN
(Density-Based Spatial Clustering of Applications
with Noise) 5 vk J2& £ il () 36 T % 8 1 SR 2R 07 ik
3 i A A8 a2 A e /N B (X L AT
BEEEBEEAYE ERREREAE, N
THI S = HAs o E et B s 21
— 3 N R R B A Y R R R R L
B 2 P (L R, 3 L 5% 3R S Y Jm) 7 4B J 2k
12 s Bogoslavskyi 4 F HI & B2 AR A BE 8 #5147
Moz HARST #3802 490 2 b 0y R B 22 0 e A
o lE) — W s ) 3 D BRI E B ) & AL
LiDAR s = 80 20 2R 0005 15, 5 = H i 23 %1 69 1
) B2 5 o o AHL 3 3 I ) 2R AT A B T 25 1)

TETC N2 BlR 4 i B AR A DU, X6 4 4 1] 110
il i 0 R — O AT 5% o A AR R —
A Sy i TR O 1 o RS B8 KT LA e A 5 B
F14) 2, BT 6 3 LA 3R 52 2% A JL AT X 5, U X

6B 1Y X G AT R — 2P Rl A D L 325 VA AR
RS R EOR B R4 T R R T s S
[ RN E i1 = o e I SR i o
X 3% /1 Bl & ( Axis-Aligned Bounding Box.
AABB) f1 A [n] f4 il & (Oriented Bounding Box,
OBB) 4§ , $K 11y 3 642, [l 65 75 filf: 15 A6 00 28 35 FUHS 2
AR E R

ARSCHR S — PR TR O B s HARSE
I3 BT E X IR s AT AL B 2 BRI
SUFIHTET 50, SR 5 AT IR BE O R I E AL e 1
FEH RN A AR EOLH B AR A= ZH
B 1 B2 H BR 2R AT 23 30 R A O A RE 1 (E Y
T3k ARG A [) 19 O B 38 491 4098 L 5 5E AS [R) Y
60 B SR, 52 1 5 s E bR 23 0 A R AR A RS A
I Ja R A 2 Bl & Ak HE MR = B
B AT Rl 484G, SR FH AABB 4 [l & 5 i R g
I AR R A 28 HLAS AT BB Al 4 19 6 42, X0 T AABB 3
Pl G A7 TE AR 28 1 X 5, D) ik — 20 SR i) 8 8 PR 3 0
1 OBB A [ K 0 Bl fa 4R 2 L ROK B 8 1 i 938 A
N ) R

2 s EAETE

2.1 mAERE

1 0L TR A R 5 H w23 TR RIE 34 008
R, S BOE R IBRE S =8, R )5l
PR R AL DB B 25 B Ab s R A i SR i i 08 25
ST X T AT AR S AR T R = S
TRIZ B0 MR B ST G 2 L AR BE B2 R 1 A
IV AR R B D 3 o AR T A AT H AR
B S R 3 )2 OB Bl & Bk R AT RS A DU



1602 e KE TR

5 28 &

WO B i A BRI
AL

B 2 R

IETIRPEBE I
wz HARg

AABB/L [
TR

Y

OBBfu [ &
T

WIHIE
R i

B 1 O A H i Ak 2
Fig. 1 Flowchart of LiIDAR data processing

2.2 RARIRHE

FETC N Bk A AT 3 A v OLH A R AR
() =4k i 2 30 H R % B AR 5] ARG Mk A A
AW FIS R T R s . AR AR B T
Be AALAT DAY D i 2= B 1 B AT DR RE A= 2
P IR R R L HEAT A K AR Uk Ik S W B
TE L2 BRI T R R 2 B A 0 R/ = 4
R 5 A B K a2 B R 43 3 A 3 B A
MU R R Y A AR o B AR AR T B0 B
MR R N T A SR AR FRME . AR RN A
a s W B = AE = A bRl g ) B AR R A HOR

o Tmax ~ Lmin
N, —floor(ia j

va::fzoor(éﬁﬂi?!Xﬂﬂj, (D

A floor PR IR BB RS T & BB s
Vmasx * Zonas T Lonin » Yonin » Zmin 70 RN W = AEWOLH
I ARAR A P = A AR AR il 5 1 45 Y e A Rk
R,

AN 0N Bl 2 A R 4R 1Y) o 2 K Hl i R
b 1T AR 3 A BEAT 232 SR Tt SO B
B T7 1 AT LA A0 o b T Y A S SR
Mo R H bR o F AR G R 4 A Ik AR
T,
2.3 RERFBEBREL

A B R AT A B A U R T 25 BR S

HR A A M 1T o5 2 19 23 [B) JLAR] R AE L 56 T IR B 452
PR B N A B B 3R T 5 = AR, Bk
W = 2 1 2 B S e R A R Ak O TR Y R
B3 I O TR IR R A B T R
ANBOCIHR ] H bR 0 5 B, SR 58 =2 i s AT
TR Horh IR B B R 1 B MR R A
T OGRS G 22 8] s 1] B L TR
B BRI R, B F 2 B 5 1) E OB
BH BB EIR M5 R, B T O A K
AR HERS, =S s SRERE RSB
[) () B 5 DG RN E] 2 PR .

(@ JF G =
(a)Original point cloud

(o) TR B [ 1R
(b)Depth projection image

754

(¢)Scene map
KBl 2 =B 8RR R
Fig. 2 3D point cloud projection to depth map

Eg&/'ﬁiﬁl‘mﬁﬁé&1&%zﬁ(15 Vo Z)miﬁﬁ
AR BR S H B Al Sl TR BE B ER 4k AR BR (R,
O) AL A AN

R= %arcsin(z/D)

C:iarcsin(y/f) ’ w
v
Kbz, yo e HE a0 =4 M A bR, D=
ST TR b WO S T B o
SO 35T A8 P



5507

Fk R A T IR BB B =4 s s B R 43 R A 1603

2.4 FHESRZERSE
Y RS T O RS AR R
PSRBT MO E B 5 A 8= Z WA E
. K3 NBFOLHEIBAME S A H = ZH
A s B B RO TR BT O JL L
OA OB TR BOCHR 5 YA T A B W i, O0A
MAB ZIEHJ Ml B s A F B Z 8] /Y % 26
AT X R R E Y AR 3 () R A
FRAR P A Bl b T8 S A ] B 2506 G2 &1 DL 390 1) s
TR0 24 = RO TR I8 16 PR B 7 W —
YR b m A B B S HIAR B A R B 3
WO TR I8 Y E B 22 {5/ B LA 3£ B 8K i A
RYRZ 0], T A7 7E ] B IS A28 A F B
(LA FIB 433 A WA~ A A8 H 4) 20306 5
AR B B 25 (LR, BT DL B AR HE /I DR, i T 38
TR IR E AR 5L = Z 8] 0 F BE AR B AT LA K I 2 A5
ME—8 ik, OA M AB Z 183 g Wit 8 A
2
B=arctan(|BH|/|HA|)=
arctan((dysin @) /(d, —d;cos @) , (3)
Ao HERL OA F1OB Z B IS, d, Tl d,
510 OA F1OB IE#

™

a

) Omb
() 5= Z B E (b)Y FHAE 25 = H bR 43

(a) Angle between point clouds (b) Adjacent point cloud

object segmentation
K3 sz Z Iy £ B A = H AR 2 B B
Fig.3 Angle between point clouds and point cloud

object segmentation

BESE A B(EL R 0, 250 f B0 I DA A
AR TR — W A AR A AN TR) 9 17 P 35 5% 3o % A [ 19
R B E 0, AT LUK BB 9 0 BIBOR . ASCE
B X ki T B A 05 AT DN O R R
B 22 20 JTT A8 B FR BT 1 U5 B Tl S A B
BE /N L A O = 0. 114 rad I B A EEFHY

MEEIRCR . TR R R s R
YERAJEE L AR IR A5 2 1 T4, R H bR BBk
Hh B R ROR R /N i 2 B B (L 25 BR A T A2
BRI = HAR,

H T IO B I8 A RO I 2 B A S A B
B AR AT AR A A7 B T B R R B L A
A0 A O 1) a2 AR L P LA [ — I 3 5
A BE B O A VR [F RE (L 00 B2 Bl 41 4 B
B AR A 38 N2 R, AR SO OE 3 R 13
PR HEAT 3 B AN AT 4 7R AR A AN T B 45148 B g
VEE AN [ 1) 71 52 9 {0, e ) 1109 4 7 41 4
B AR RE B A OC R S A D7 e .l g el Oy
T I8 VA EE B O O

_ m (33
64—180(1001%—6.5), 4

R O E R IE S, BT O E S
HE B A AL 0~100 m, FrLL,0</<C100,

)
100
£
3
=
8
2
T 30
3
s
215
3 \
0 —
0.200 0.286 0.689
Angle threshold/rad

P4 O TR 2 1 ik B R A IR

Fig.4 Lidar scan distances and angle thresholds

2.5 HMABEMEANERERPLERE

WO T IA S IO B AL A A e A
SRR b R SR O TR IS AL AR RS G AL bR R 2 1]
f1% A b AR R BT R SOR OL T IS AR A
SR TOURR A, B O b E SO TR IR S AR AR R T
li) A — 2, A& 5 B, oG H I A9 AR B8 R 1Y o b
PRk SR B A B by Bl o2 A
M. HIL o AN A R 2 AABB &
Pl . o 21 9T By A 48 1) R L R TS N 3R
AL G Ak — E He 0 BE AT O A AR AR R Y
(ko



1604 e KE TR

5 28 &

FS  WOLTE XS TN S B B AR

Fig.5 Lidar and unmanned vehicle position calibration
3 EEHERSEROCEET XML

3.1 BARXGBEEEEREMAE

FETTAL BB B, SR A IO R A 3k Sl LA
X G K HE AL L G 2 R  SORE BR A
A3l X 2R AABB B &MY J2 /) OBB 4 [l
B YOG TR I8 RN JC N2 B A A bR G AE TR — Ak
&R, HARbRE T ) A8 6 L 5T LIS N2 3 44 X
T F . AABB £ [ &, 4 K I X 52 4y i
AABB 1 OBB [l & . A Xk IR G ZE K
1 BBl 8 5 1 o 7l ARG 00 B B, %o TR — ) MR i £
1775 k4 L &K . AABB 5 AABB 4, [l £ il 4%
il . AABB 5 OBB 4, Bl £ il 48 46 0]
3.2 AABB 5 AABB & E &#fiE#H N

AABB 3 il & 14 #5 Bl 77 10 55 A A il 1) 7 1] °F-
77, 0T LA AABB fif $8 A6 I R 2 0 T 4 D A
AN AR ARl T B R A A E AR AR
2 WA R & A Rl 500 . 5 ) TA S R K 2 il
2T EHIN 3 ., RS SR W 6 iR

6 AABB Y AABB [l & fill 4 4 il
Fig. 6 AABB and AABB bounding box collision detection

3.3 AABB 5 OBB &1 Bl &£ 7l

AABB 1 OBB 3 [l & 5% H] 43 2 %l & B 47
Bl TS DU R AEAE BT & A BB LA
B, Gi=1.2.3) 50 E A.BHANEH &K . %. &
B—2F,C.D,Gi=1.2,3) 52 & A.B K.
DN =R DA o M YR N o SN S
HELL R E R O R o A gy 43 I E
EE AR BK. &N — T L DR
A A, AL B WA B & 7 45 25 3l 1 i 4%
PR AT L], WA

3
or = >, | AC, - L |, (5)
i=1

3

¢s = >, | BD,+ LI, (6

i=1
3
FNTL|> (gr+e) = > | AC, + L |+

| B.D, « L |, UL & oK & AF Al 48 L 5 D) 4k 2
ST A B & 7 A 14 S B B R
HES,
3.4 S EEESN A EXT S

mE 7 R, A FRTLENE WA AABB
f1 1 & . B Rn 8 B A5 A R ) OBB a i &, C
FoR B RIS WK B AABB B & .D £8 L
NB WA E sl ., YuE&E A Suf&
C KA R A & A S E & B &S
RO S A 5B & B AR K A i, Wi
KRR RN, RZ, WH KA E,

4 EHB5

SLE P B iz B B O Jetson TX2, 5
# NVIDIA Y Tegra ZbH 28 F1 8 GB A7 . 5%
% M Python % #2 55 8, 3 H] OpenGL # 17
BR.

Ry 9 AR AS SO D Y s B B Rl A A
T3 1 v 0 R S B L SE 6 R T KTTTT A
FFI Velodyne-64 i 7 5 B4 4 4F S 5303 DUl
BUREAS , KIS 4R A BE ML A 210 WS 2 B s i
PR B, SRBUY B o5 = B s an Bl 8 () Tz . &
S BE HEAT TUAL B, 2% R MR PR R b TR A5 8K
SR E 8(b) Fir 7, Hb T A1 23 BRASCR LA W] .



b
&

Fk R A T IR BB B =4 s s B R 43 R A 1605

(a) AABB and AABB
7

(b) AABB and OBB
A 438 A 000 X L 2 A

(c)Proposed algorithm

Fig. 7 Contrast analysis of bounding box collision detection

(DRI S =

(a)Original point cloud

(b)) 25 [ i TG 3, 1 e 75
(b) Ground point and noise point extraction
K8z B sk B

Fig. 8 Point cloud data preprocessing

s 70 B e i B0 DX 3 1 5 0 el ed )

L R T R R AT R B R 2R

G5 e R AR A [R) 153 2 18] 4 25 (8] IR L HLAS: B 0 ) A

mERIE, K9 XU R B BGUR 2R

ASSCHIT B A R TR 1R VR Y 3 AR B 1
(A 5 = H A3 23 0 75 2 BEAT A I B %68 e T

TE 5z HAR 23 F a7 o, DX < 530 3k A RR

A REFR BRI S BUE R BE . 18] 9 () Hfl

WOEE BT A B A B s, B

PR L 40 (D BT AE 28 B H AR BT s 5 T8 9 (b)) P i B

WO T IR B I ELR A H AR IF
Z Ak 5 EN R @ L QO MO Ak B HE 1E (Y H A B

71 s AR SCRT 4R 09 07 35 B o e 80 1 J8 B i =
Fbs, i 9o frs , b O 7. O 8 T2
R & QNIRRT

T B DX dul 498 < A k| R R IR 2 R RN R S
P2 AR S = HAR AT 508, IR A2
il 458 #6x

UCRLIE & 5 X o U 1 s H bs 2R 4T
I AE 250 K I oK SR AR O

() KHU K 2 B AR E1 5515

(a)Region growing point cloud object segmentation algorithm

(b) B R H R

(b) European clustering algorithm

R rr “é‘}!ﬂ“%‘ E m:;“] ﬂ ij‘!:{'mm;

(ORI 2 = H br 43 I3 8
(c)Point cloud object segmentation algorithm
B9 Rz B bR E) AL A I R
Fig. 9 Point cloud target segmentation and collision detection

effects



1606 ﬁiﬁ%

K TR

5 28 &

& 10 Ry BRI A L X R B AR S
P A 7 1 A 2 B A T ] ) X L T R R
JERE N X R 0 BRI 0 7 3832 AT B T 430 Oy
992 ms Ml 1 734 ms, ASCRTHE A 23 T IR BE 4%
SRRy E A N A RE A Y s B AR o O 2R
BIE TR Ry 73 ms, B[] 850 1 2k IX 4k 3 K
SR 23 A%, I ELUAE R R 2 2R 2 BR RN X sl
SRV I T v A B BT e 2 B A B TR SOR AR
A R R 2 BB Ak B ) SR RS R

2000
w» 1500
g
B
£
Brooof T e
& L Proposed algorithm
500 . . .
Region growing algorithm
Euclidean algorithm

00 20 40 60 80 100 120 140 160 180 200

Frame count
B 10 4 FI5E0k i B ) % 3R % L

Fig. 10 Time efficiency comparison of segmentation

algorithms

N T W s EAR o> BV 0 HE L S
Hh 3 S O T R o BE BE AL 442 S B AR
SR EWNI IS S RS TR W o (BN N & s o B SR R
R3S 8z BAR 2 F SR ME R o s H R
How S, 5B H BRI H I -

P:§‘. (D

X 2 B 3 Sl R = B o Bk AT

Sk

(1] B R, F0, 2ARAF, JETHO6E K IE K
WP AR AT (1], B R k. 2018, 38
(6): 1000-1007.
DUAN J M, LISH Y, WANG CH R, etal.. Re-
search on road boundary and obstacle detection
based on LiDAR [J]. Applied Laser, 2018, 38
(6): 1000-1007. (in Chinese)

(2] E&.BFX, Fwm. RIS = 88 &
BE[J]. B4 #% T42,2017,25(12): 3169-3178.

AbFE AR R S R Ay EL W H AR B S,
J& A AR = AR H bR A IR MERR R . AR ST
PREE R T R 78, 82% ., WA B B 1 M
R 72,62 %, X IIG 1R 28 B 0E I A R Ry
75. 11 Y0 o T 4 530 1 R Xof IR 2 2R I B30 1k ) o i e 4
R T2 6 %0, AH X DX 0 4 Bk (R A R R T
29 4%, Re NS B HETR X 05 = H AR AT 4 L B
TR .

AR SCEE X To N 2 Bl A O A B S = H AR
3 R $88 ARG I 5 0 AT OO L B e SR AR Y AT
73 B A PR 2R AR B 0 T T 25 R MR P L D T
RO B[R R 35 A 2 B AR, PR
W 8 252 DB 7 12 25 R M T R s AR T
BT IR BB IR 38 A R I (A 7 0
= AARBEAT 70380 ARG AN TR] A9 A5 2 351 408 R 50
ANTR] B £ L B0 1L A BB AR T o s H AR B 3 23
[ R 5 Ji o TR 5 )2 O I 5 0k 0 o3 B 2
Rz EAT R AR I . 3 S e B AR ST 4
s F AR 2 8007 1A X T DS R Rk L
R B4 TR 23 %, M FRRA R K H
BERRETE T 6%, WARGERAHE&
FEX B 0w B b 2 AL & I BEAT R
RN, AR TASAEaRE RS EREE &
G A T T R R B AT R R L ORORHR W TR
5 G N0 I 8] 2%

Sz FR 20 B0 50 3 B R A 28 [A] LA 4
MEEAT F bR 23 81 4 K 22 BOR R A0 2 41 X R E
SR A R R R Y BT R R R R B ST Y
K,

CUI X, YAN X T, LI SH P. Denoising of scattered
point cloud data preserving features [J]. Opt. Preci-
sion Eng. » 2017, 25 (12): 3169-3178. (in Chinese)
[3] Mt 2R, 2@ 5. ETMRREESIN
MR R A Sl [T &5 # % T4, 2019,
27(5): 1218-1228.
CHEN H W, YUAN X C, WU L SH, etal.. Au-
tomatic extraction of point cloud feature lines based
on curvature mutation analysis [J]. Opt. Precision
Eng.. 2019, 27 (5): 1218-1228. (in Chinese)
(4] BHERRA. & E47.5. FHTE 2 RHLEMH



57 M TRk E A TR R Y =4 R E AR 43 )RR A 1607
WeFIEE K [T, % % 14,2019,27(7) ., 3D laser scanner [ J]. Geodetics and Geodynamics ,
1601-1612. 2019, 39 (5): 533-537. (in Chinese)

ZHAO CH, ZHANG B M, YU D X, etal.. Air- [12] e, esbie, £ BT IRZMLMAME T REW
borne Lidar point cloud classification using transfer Hafife BT [J]. &4 K,2015,39(17)
learning [J1. Opt. Precision Eng. , 2019, 27 (7). 43-47.

1601-1612. (in Chinese) YUAN H., PANG ] K, MO J W. Research on

(5] %@, E2H,RKER,F. R 64 LT IEWSL simplified point cloud algorithm based on voxel
o A RGO S A KBRS (U] A E T grid sampling [J]. Television technology. 2015,
#£,2019,41(7): 779-754. 39 (17): 43-47. (in Chinese)

LOU X Y, WANG H, CAI YF, et al.. Research on [13] F3.24%% ETESFHEMNIILEBOEERME
real-time road obstacle detection and classification algo- YEuk w7k (1], # &5 3R,2008,12(4) : 633-639.

rithm using 64-line LiDAR [J]. Automotive Engineer- LIY, WU H Y. Airborne laser scanning data fil-
ing, 2019, 41 (7). 779-754. (in Chinese) tering method based on morphological gradient

[6] LUX, YAO]J. TUIJ, etal.. Pairwise linkage for [J]. Journal of Remote Sensing ., 2008, 12 (4):
point cloud segmentation [J]. ISPRS Annals of 633-639. (in Chinese)

Photogrammetry s Remote Sensing & Spatial In- [(14] w B, .57, &%, F. ETXEWWH Li-
Fformation Sciences, 2016, 3(3). DAR MBI AFEWFE (1] #ks ks
(7] ReR GES Lok, ¥ AEMNRBBERY F it & ,2015,52(1) : 011003,
DBSCAN B8k [J]. DB A F A %, MIAO Q G, GUO X, SONG J F, e al.. Morpho-
2018,39(10) : 2186-2190. logical filtering algorithm of LiDAR point cloud data
QINJ R, XUW H, MA H H, etal.. DBSCAN based on region prediction []J]. Laser & Optoelec-
clustering algorithm with adaptive local radius [J]. tronics Progress, 2015,52 (1): 011003, (in Chinese)
Small Microcomputer System, 2018, 39 (10): [15] #&da. DA, 2R, 5. BEneEkitilEss
2186-2190. (in Chinese) BRgese i [ b % 142, 2019.27(7) .

[8] BOGOSLAVSKYII, STACHNISS C. Efficient on- 1640-16438.
line segmentation for sparse 3D laser scans [J]. FANJJ,MA Y Q, SUN A B, et al.. Extraction
PFG-Journal of Photogrammetry , Remote Sensing of contour points of point cloud data lines by pat-
and Geoin formation Science, 2017, 85(1): 41-52. tern vector method [J]. Opt. Precision Eng. ,

(9] X &F. Fme 02,45, 3T 8 LKL 2019, 27 (7): 1640-1648. (in Chinese)
Ok z:%t#i’:éﬁé [J]. ks #E s, [16] BOGOSLAVSKYI I, STACHNISS C. Fast range
2016,24(1): 210-219. image-based segmentation of sparse 3D laser scans
LIU ZH Q, LIP CH, CHEN X W, et al.. Classi- for online operation [C]. 2016 IEEE/RS]J Inter-
fication of airborne LiDAR point cloud data based on national Conference on Intelligent Robots and
information vector machine [ J]. Opt. Precision Systems (IROS). IEEE, 2016. 163-169.

Eng., 2016, 24 (1): 210-219. (in Chinese) [17] EFr 4EEA, KL, 5. S4EH0OEE IRTE T

[10] ERREH LG F. Sk iR A & 6l NGNS HbnsE [T]. 2 A # k. 2019.39

MEEMsE (V] R %4 A5, 2019,30(11D); (1): 113-118.

4236-4243. CHENG Z Y, RENG Q, ZHANG Y, etal.. Cal-

WANG CH, ZHANG ZH L, LONG Y, et al.. Re- ibration of external parameters of 3D LiDAR in

search on improved hybrid bounding box collision de- ground unmanned platform [J]. Applied Laser,

tection algorithm [ J]. Jowrnal of System Simula- 2019, 39 (1): 113-118. (in Chinese)

tion, 2019, 30 (11): 4236-4243. (in Chinese) (18] F &% .5k4. &R F. WO AREAA E
(11] %M. &HB.ZER.F. LT MBI %ﬂmbi*ﬂ@fzﬁﬁm ] #othbeF 3t

AYOL A WMBEEE [J]. Kbm &5 0k s 5,
2019,39(5): 533-537.
CHANG M, PAN L1J, MENG X G, etal.. Re-

search on slope deformation monitoring based on

J »2017,54(6) : 062802.
LUO ZH F, ZHANG Y, WANG ZH G, etal.. Po-
sition calibration of laser ranging sensors in autono-

mous navigation carts [J]. Laser & Optoelectronics



1608

K TR

%28 &

(19]

[20]

Progress, 2017, 54 (6): 062802. (in Chinese)
FRE, 0 Yl L F. SUBRAL I BOLE X R
ZHE S E Ok (1], w2 53R, 2018, 47(2) .
269-274.

LIM L, LIU SH CH, YANG H, et al.. A bi-
level optimized method for Lidar point cloud scene
segmentation [ J]. Journal of Surveying and
Mapping, 2018,47 (2): 269-274. (in Chinese)
Ta= . REL, KL F. A X0 &M
[l 2y pREREAG DL [T, PR EZBEBF®,
2018,23(12): 1925-1937.

YURY, ZHAO]J L, YU L, eral.. Collision detec-
tion algorithm combining axis-aligned bounding boxes

and space division [ J]. Jowrnal of Image and

Graphics, 2018, 23 (12): 1925-1937. (in Chinese)

EER N

FoH T« 1995 —), F, W g RN B
+:,2018 4F F 1% BH B T 2% pe 3R 15 % &
AL, 32 A O TR R R A R B U
AR M FE . E-mail: wzfhkd@126.

com

W

[21]

[22]

BIEME

s xr

JEREE R, R AL BT I R &
PR A A S ()], A REIRBXFEFR,
2018,39(10): 1695-1701.

TANG Y H, HOU J, WU T T, ez al.. Hybrid
collision detection algorithm based on particle
transformation and bounding box [J]. Journal of
Harbin Engineering University, 2018, 39 (10) .
1695-1701. (in Chinese)

AL, EREE R, — P a2
SEREAT A [T]. 3 S AL JLARAL, 2018(5)
6-10.

LIU CH, JIANG X J, SHI H B. A fast double-
layer bounding box collision detection algorithm
[J]. Computer and Modernization, 2018 (5): 6-
10. (in Chinese)

&

XER1982—), 5 wdb 7 AL 8l 2
W+ A4 50, 2005 4F 2008 4F I
2012 4 K HEK 27 53 5 3¢ R U}
b A, DA SRS B
A WU A RS W T B 8 i 12 W AR
W 5%, E-mail: chunyangliu @ haust.

(GRS

edu. cn

A TR T IR SCME BT R

1.2020 4F 28 4 2 ] 405 U, ZSEHBOE T W15 1 J5 Fe B 6 4 & 9 K 450 S H SERS

Tt

—3,DOI:10. 3788/0PE. 20202802. 0405

4T B Ay« [ 5 S TR B B3 H (No. 2018 YFB105400)
B IE N - [ R S & TR B B30 H (No. 2018 YFB1105400)
2.2020 47 28 % 5 ] 1012 o, KM 37 I 50 A 45 A= &2 HR D 2% R 58 — 3¢, DOI.: 10. 3788/

OPE. 20202805. 1012

4T B JE k- [ 4 S & TR B B3 H (No. 2018 YBF1105400)
B OE A [ R E A & R 9 B H (No. 2018 YFB1105400)

TR A S E

(G

A T g ARSE 2020 4E 7 H 15 H



