46 % 6 2/ M Fx % W Vol. 46 No. 6
2025 4E 6 A Chinese Journal of Scientific Instrument Jun. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2513954

ERHEESNETHSRBEUBLCETHIEANTE"

WY, DT E 2T AREE RRE
(1. BITRFFEAOR DK B2 RIS T 361102; 2. RMALRFIEREARE B 362000
3EMIESRBEAIRET AR AR JEIT 361023)

B B EMSIR GRS, T LR = BE 5 TR AR SE B A SR MR ST 45, (B Tl B3
AT RE AR THIER S SO R A TSSO, PR RIUN, EX FR B, g e S 25 EAHNLR 4R =
St = B FR A a5 s A B SOIE B A A A R B SRR T R B T R AR R 0 oy E Bk
51 AR B/ kA R B S TUAAT 29 O SRR s = AT DR AS 17, R AL AR R RIS AR 4R T % M (5 e O 2k
Tl A5 2R 3% 5 BT — 0 B T M P S B 1) S AR 3 O R R R S ML) 255 25 R AR R RS NN OC R | JLAT R AE D4
LY SCIE AU Y T b 2 25 FAR Y e R B2 SE 401 5305 32 (R T SR — 4 R T R AR F AR 4 Y SRR 1) AL S R
P 22 ROBERRIE IR R R 066 20 i H AR 04 JR) 3 T LA 495 5 42 JR T AR R AIE , 8 R R/ NEEAR R AR IR B S 8009 424 1m]
B, B SR A TR R, SRS R R 2O R A R T T AR T SO T AR B A B IR (R S 4y RS
FAYZUHER R S BRSSO i R 3R 5 95% LU L,

KRR . TAFRG; =4 mi 5 S0 5080 AR R  FRIE R A

hESES: TH6 MEARIRES: A EXRREFRISERE; 460. 50

A recognition method of multi-class similar workpieces with
weak texture in complex stacking environments
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Abstract: In the fields of aviation, aerospace, automotive manufacturing, and beyond, industrial robots undertake vital tasks such as
automated assembly and meticulous workpiece sorting, relying on precise recognition. Yet, in industrial environments, challenges like
intricate backgrounds, workpieces with similar shapes and textures, and stacked arrangements often heighten the vulnerability to incorrect
recognition. To surmount these challenges, a binocular structured light camera is first used to acquire of high-fidelity three-dimensional
point cloud data. A preprocessing algorithm is then deployed to effectively eliminate background interference and mitigate noise within
these complex settings. Subsequently, an innovative point cloud over-segmentation algorithm is proposed, which integrates the moving
least squares method to construct local differential geometric constraints. This enables shape-preserving simplification on the raw point
cloud, optimizes the supervoxel clustering process, enhances robustness against noise, and effectively mitigates point cloud adhesion.
Further, a multi-feature adaptive supervoxel fusion mechanism based on concavity-convexity constraints is designed. This mechanism
comprehensively integrates multi-dimensional constraints, including the concavity-convexity relationships between supervoxel clusters and
geometric feature similarity, achieving high-precision instance segmentation of multi-class target in complex stacked scenarios. Building
upon this foundation, a support vector machine classification architecture driven by " local-global" descriptor sequences is proposed.

This architecture constructs a multi-scale cascaded feature description system that jointly characterizes the local geometric details and
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global morphological features of the targets. This approach effectively solves the misclassification problem caused by stacked targets under

small-sample conditions. Finally, an industrial robot platform is devised for algorithm validation. Experimental findings showcase

remarkable enhancements in instance segmentation accuracy and classification precision, particularly for similar weak-textured

workpieces. The achieved workpiece segmentation accuracy and recognition precision surpass 95% ,

robustness of the proposed method.

affirming the effectiveness and

Keywords : workpiece recognition; 3D point cloud; instance segmentation; supervoxel; feature description

0 3l

i3

Tl AL g A AR 7 2 B b Py 8 S A 40, T2
T A bRt A B T AR, SR, 7E
A LR TR 5 i sk T A TR A6 V8 2 S 2R AR S Ak
Ve 375 (AN I A L BRI S AT 55 2
PESE) LG R BOM g A2 5 2 2 T 2 Tl L as A
XFZFEAAT 55 IR oK o Rt B2 THBILE 0 31 55 SR g
JIFREHEVE L 58 77 R Tl AL gs N & e iy 2Pk A, AL
TR AP AR B R Sl A
REAL I 4R AL AT e .

TEDL s BB, H AR R 512 B0 D AL ke A A 2 A
X IR SR HAR I B EHOR . BT 4R R1R
8 B AR R 5 518 % R RGB (red green, blue) K154
B SORFERAE . EREREIEEAS FEFR
I HARBIRORTE e h, nT B aE T B — R
JUAATASEAR D B 30 U BAT LI A 59 08 T, T A5
P&t —FP BT I8 HE P 19 B AR U 5 125, 3 5 xRk
AT AR R A AR o P S A 2 e PR B T 1 H AR R
B, He %51 B2 A9 2 T X A Mask 4 B 28 (0 45
( Mask region-based convolutional neural metwork, Mask
R-CNN) #& 21 68 98 % H br B R k47 52 0] 70 ), 245 55
2 UO) 37 50 A 3 1 YOLOv3 (you only look once version 3)
REALSE I/ N H AR P A i s A SR, B T 1k
Z PR TFERBEAR BB I M LU R Je i & TR0 23 [ 4
BEPREIR)

Bl = AL AR BOR AT E 2D T = 4E A
H AR J7 2 8F — 2D 32 T+ Tl HL A% AN PR B8 B BE ),
Gu S R —Fh 22 RUBE = 44 7 ik 8 = dEAR L
PEAENUBE b N AR BE AT BN 5 TREAf e 41 1) DX B,
A5 B A A 2 5L &L, a2 e & H bRy =
e fE BEA AP, B s H = 4RO s s
YISO S ) R s i SR IR R S0k
WA TAERIERL, Zhang %61 3 1 —Fh el ik i O LELAS
REF B 5 T BHAR A = 0505 BN
Yk = 228 BARMEB SO0, BT X5 e S 3 1 0]
B, VCCS ( voxel cloud connectivity segmentation )™ 5
LCCP (locally convex connected patches) "> B 3 i 4 1A

FaL o ES MN ME 2  A R SRmE, SEBL T A BT Y
bR , SRR 7 AT A AE M 7 T JRIBR - 1) VCCS 4K
A T A R 0 4 SR, o MR 7S AU B Ry, 5 5 | R R Pl
fRi#% ;2) LCCP i ik M1 P A 4 A0 Ak XI5 0 (H R
— JUAAT 24 SREE LW Xof 22 28 AH AL T A 1 32 SFOASER 1), 7
SRR T S A I 5 77 A 4, AR 3 2830719, Bk T B
BLAR ARV S HF 17 & L ( support vector machine,
SVM) 7 KR DU AR AL G LA 2 S B F TRy
AEHG A 73 (S HRAE B 7 B (point feature histogram,
PFH) " P U RFAE B 7 & (fast point feature histogram,
FPFH) ™ WS R HE 7 & ( viewpoint feature histogram,
VFH) ') BEA /AR T SRR M3 (0
AEA AR 1A R A BB S I 42 )R 255 Jmy & TUART 4R ik 1 A R B
() FAE, 76 e AL T A 9 R AL 2 () 43 A1 v B 8 I )
ESATESIEY (o

WA, Bl TR B 2 ) R B R i 1 2 TAEH IR
JE28 2] 5 = AR AL BRAR S, DASE BN = 48 H bR
KRN, XKRIE 2 R I T AR I ALH A =
REAE LA 99 4% DL R E PR AG TORS B Liu S50 42 T
PolishNet-2D Fll PolishiNet-3D #1285 #5550, 43 55 I T —
Y T ARG AN =4k T 4R 5], BB, Wang AT
— R A FEALRUE B9 = 4E 5 FU4Z ProbConv, I 3 F 1LY
T DR 4 ProbNet, LA RUCSE B = 4k i =
LR BIME S . Qi % E it e & R e 4 5t 5 8
= = HEFEEHLEI ) ImVoteNet RI2% | SEH T X H AR JLAT .
T SCRS B AR Y S 3, O3 A B TR S 2 RS ZR LA
PETE=HE HARR IR RE . SR, S ORI ZRah SR nofe e
PERN R E , SEF R B 2 > 0 BR 1RO D 2 i A K
SRR | R RO R AR S AR TE AR AR T PR
FLAEAL BRI = A B R AL 0, 1155 52 4 B R0 U5 #E
SRy AR 2 R S O P ) 2

L5 BR YT O A W H AR 5 A R
TOMELIR XS TAFMEZ PR T s 2Rl 3% | DL S S e
AL T AR A s o 1) 43 0 U M, PRI, AR S
S 7R ME B PR 19 Z2 AR DL 55 S AR O vk A
BE BRI AN I

1) & 3 T B R AR R 8 i = S 3 BBk
F gl fre/IN R TEAR F SRy T LA 29 5, S R L s B ale
BOPRIEHG (8] o T THE T 11 M P 0 ) 22 AL 3 7 A



5 6 ]

WPTIR A5 52 R Ml PRI T ) 22 AR 55 BB T A0 ik 141

ENCLSE IR 2 R =S8 N S W R P ] U
P E AR 5 T E AT S

2)) H R TR - 4 SRy R AE 1 R P 91 ) S ] AL
OYZRIRHE BT OXEZE AR AL v B 3 S TR MR+
H 2 R RHIE OB IR A R ——I B R i LT 24035 5 4
JEy T ZSHRAE MR TR T /INEEA 2R PF T o R AD 4 5 S0 B T
PR EZS AR S S BRI 2K R,

—ﬁﬁzxﬁ%%’ﬂ!

ﬁ%%%ﬁ%ﬁﬁ?%# )|

ﬁmmm$wﬁ&ﬂﬁﬂﬁ¥ﬁ) r

g [Frpsp——
o |

P Gt M S v 2 ) | | ( - @
B |

1 ETFFitREN S ot E

WK 1R, BRI 1 B =T, R
WH S5 #4956 = 4EAALEREU HE% R 0. 02 mm 1) 75 R —
U S mEE . ESTIR BRI T = AL B, DA BR R

GE S E/WS N
ety 53 )

T T/ /™1
(7 gfaﬁﬁﬁfLﬁ%

ET%#’&{E%A&M&&#&ME‘J
38 B X SR £

R

BT Bk R AR E Y
Fig. 1  Overall framework of the proposed algorithm

1.1 {EETHEF

MR E R E AT R R BORE I B
AT R BRI AR A 1 [R] B O e A B 8 T IR AR 1
JUATHE BT, R NSRS 18 = A 7300 43, B I 501 R 224~
IR, 25 IR R AS /N, 7 F R A 2R A% PN 1Y
S A E A\ SR 25, B AR 2R S 1 50 LR
PISEPL R REEA R, e, o Rbrm (1) &
CIECW:R

i=— 3 x
N (xy:zev)
1

y=— Xy (1)
N (vy:zeV)
1

zZ=— z
N (xyzev)

ot n RIRZ Vi s
1.2 BEH—BUEE R EREHE

YT Tt (R 2k, 0 = B AR AL H brxt
SIME R AL T T SR, WURHIE - T 55 | 31X 2895 5L
ETH&%XTF&E’J AR IE T, PR, SR T Bl
HL— 30 B9 (random sample consensus , RANSAC) 2 2=
FROBMIE P 10, 76 45 A8, RANSAC 55 3k Bl HIL ik %
3 R RN R T ST AR P TR A R
AT (2) TR AR A BRI T EE S 5 RS
1B 6, 24 2 mm, BB /DN T2 B0 1 0 o DU 4 H 5 2 N
Zond A0, RANSAC 533 N A 8 i 2 1 P T AR Y
H 1M 25 BRRHHE - T

ax +by+cz+d,
JErrea (2’

Heiba, b, ¢, d, SHUREA B BRI SEL,
1.3 Gitigig kg

el ued B R bR s o I A B R K
EE MR A p, B b, A RGE AR AU T3 B
B, I AL 2 AR o . YRR
PRIEZEATHL s, , HIWTHE 2 A 3 G 48 AU P38 B o
SRR E B BN 0 SRS A B A, B
AR (3) R PR, X ke,
BREBRT B PR R R BRSO

p,=ip, e P l(n, —0os,)<d< (u +0,s,)} (3)

sk PRk

R 2 B

(a) JRIEGR

(a) Original scene

(b) MR

(b) Structured light projection

(o) JRIRR = HR (d) FRBJER R EHHE

(¢) Raw point clouds (d) Preprocessed point clouds
B2 Ak ERACR
Fig.2 The results of preprocessing




142 8 L F£ ¥ I H46t
THALHEA Sk D T I s B A s S T, 7 — P (4)
FERREE LT T SL L Bl o HIRRG BE SR, BiAb B e g e
M ER A7 AF TC 7R WIS 25 B 0 M8 75 RN 05 = R FE B 4, _ TR
K 2(d) ik, T 20R?,, )
sd=1{sd € SD| n > n,, | (6)

2 ETUHBEZHNIOISEEE

B _E I AR B3 o G T R Y IR R A R 3
PRI T — R TR R A R A o 7 ik, AT T
BRI R A . TR R IR R i s
$1 53 HAT LR AR B 2R DX, P o 5 T 22 4R AE
L M P T DX SR B3 e AR T O AR S
1, 48 i TR B0 R ARG
2.1 ETHHBEZHOINBIEE

i BER R F o R N 3 R

pi.i)

/// N ///

v
[ ok, W/ MR AZRTHEL |
v

¥ RV FRLBEER T AR L
RARIE R

v
WA REM T R, EREREAGRE
AR BB R

v
| L IR 5 |
v
| srmpasx, canmask |
I |
I |

v
FRB B/ TR X B G A A

v
ALK, ERINAERBEE

v
/// R R ///

B3 kb R R Rk

Fig. 3 Improved point cloud over-segmentation algorithm
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Fig. 10  Key point extraction results of flange workpieces
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over-segmentation algorithm
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Table 2 Comparison of instance segmentation performance
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Fig. 18 Visualization results of different workpieces segmentation
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Table 3 Comparison of classification performance

T FHAE SIHUERTE/ %
I AR T HE 53.8
FPFH 52.4
Spin_Image 37.1
RE—EE VFH 95.1
CVFH 94. 4
TOLDI 76.2
A SCH: 95.8
oy ERFHE 70.2
FPFH 78.5
Spin_Image 92.6
RE®E= VFH 93.2
CVFH 90.9
TOLDI 91.7
ASCH: 97.5




% 6 1

WPTIR A5 52 R Ml PRI T ) 22 AR 55 BB T A0 ik 151

RUERRIR RN T 97. 5% , B H A A T 20 B E R
AR T 22 2 T A 4 ey R i 2 ) EL AT s AR U
AR i A 2 R R R AR SR BRI, A7 300 R v
X SRR B LT ST T, S BRRI S — 4 JR BRI A4 3 R
A,

T AR TARRE TR R SR o
HKFTAT A UL . VEH iR 178 =48 1 50 8E 20
X 53 BE A 92. 3% 5 SI ik FAEM el N L fE B M
1528 E R 2 Ay AT 55 T R AL 5 (A G TR A 2, 7
b PR =S A 2 OBGE A I #7E 22 I AR SCHR S A IR
FHAS T HA 5 3 BT S i R S R A 25 . S
SRR AR IRIE AR 2R TR R AE RE J7 R, 3 i 14 5
JRy BB 2T R 9 BT R AN R, 7B S e T Tl 4 26
P2 PN 2 S XA

%4 AEIHRIEHRE

Table 4 The recognition accuracy of different workpieces

S A BT8R s
= b e
G | o R e e
By 2 i3k

T 0.447  0.915 0.265 0.659 0.862 0.646
ZHwe

FPFH 0.936  0.277  0.367 1 0.138 0.979
Spin_Image 0.340 0.723  0.061 1 1 0.813
VFH 1 0.936  0.918 0.932  0.828 1

CVFH 0.979 0.936 0.918 1 0.862 0.854
TOLDI 0.553 0.894 0.837 0.841 0.931 0.979
AL 0.957  0.957  0.959  0.955  0.966 1

5 % e

S T B A 7 1 2 T LB AL 5
T E TR U TSR P 5 2 1 A0 PR AE 55 1 £
H bR B P4, FRZ P A 5 S B IR 1 483R
TR AR I B B 42, B A% Ge R Oy 1 1 B A
Gt T B SRR, ik, S A R Rk
{1 55, 2 S A3 0 S B AR Sh iR — e A X
SR S LA V17 M T 5 R 3 1 X R 1 5
W SR, S TR S R DR e, SR
KT B v N 7 5 68 1 23 0 5 M e T 22 RLBEE R A 4
FIEFI 0 SVM 43 2R 5 3o 7 LA 40 5 4
JRTE AR (R I R 16 e | B85 TR R VAR T,
HCE T 0 TS SR 00 EL 3 85 14 595 80 34T 2, g g o 4 3
A T AR (0 G AE | B3 4 SR B M 2 v &
A PEPEREIIER R, fEAL T 6 2T TR AR I

ART7 B S A £ VERE AN [R) A 64 52 451) 53 K
FEYIR T 0. 98, 73 JMETN R T 95. 8% , A AR = 1AM
ALL555 SO T AR 29 0 0K 88 B 73 SR MERA 8, 593 B ik
TARTT AR T3 T i TR I

SZ 3k

[1] SUJH, LIUCH K, LI R. Robot precision assembly
combining with passive and active compliant motions[ J ].
IEEE Transactions on Industrial Electronics. 2022,
69(8): 8157-8167.

[2] JING M, YU X K, CHEN Y Q, et al. SCARA +
system; Bin picking system of revolution-symmetry
objects[ J]. IEEE Transactions on Industrial Electronics.
2024, 71(9) : 10976-10986.

(3] 2, W, ok, 55 HEBWeE A fe m T

PLas ARG D sl [ ], AR R4, 2023,
44(5) : 90-99.
LIT, GEY H, Al ] CH, et al. Adaptive motion control
of wheeled machining robot in conical thin-walled cylin-
der[J].
44(5) : 90-99.

(47 ZFk, Ry, ST 70w ALES AR 85 BT 1 2 H
B o7 ZE AL so A I [ 0], BLAR T/ % 4, 2023,
59(8) : 50-59.

WANG B, WU D, GAI Y H. High-precision wafer pose

Chinese Journal of Scientific Instrument, 2023,

visual detection for robot precise assembly[ J]. Journal of
Mechanical Engineering, 2023, 59(8) : 50-59.

[5] WM, R—4%. FETHLESIERYE G pE R ooy
HERE[D]. AXEMLERAER, 2024, 45(7) ; 1-26.
HU ZH Q, WU Y Q. Research progress in chip defect
detection based on machine vision[ J]. Chinese Journal
of Scientific Instrument, 2024, 45(7) . 1-26.

(6] R, 87, BRbh, 55 A pLas o 5 48 B Al
THAARL TP B U SR MBI [ )] AR 24
2023, 44(1) . 283-290.
XU ZH ZH, HUANG P, CHEN D, et al. Research on
similar industrial devices recognition strategy based on
machine vision and proximity estimation [ J]. Chinese
Journal of Scientific Instrument, 2023, 44 (1). 283-
290.

[7] EB7F, W, g, 55 TR R 55808
WE TP AP T RS A, 2022,
58(3) . 282-288.
WANG SHY, TIAN ] Y, CAI W ZH, et al. Recognition
of stacked texture-less workpieces based on hole feat-
ures[ J]. Computer Engineering and Applications, 2022,
58(3) . 282-288.



152

O M x #

#H Faetk

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

JI W, GAO X X, XU B, et al

method of green pepper harvesting robot based on

Target recognition
manifold ranking [ J ]. Computers and Electronics in
Agriculture, 2020, 177 105663.

HE K M, GKIOXARI G, DOLLAR P, et al. Mask R-
CNN[C]. 2017 IEEE International Conference on
Computer Vision, 2017 2961-2969.

B, RS, KW, S T HRE TS
NIRRTk (1] AR 4R, 2020,
41(5) . 108-117.

LI XZH, LI J H, ZHANG X Y, et al. Detection method
of robot optimal grasp posture based on deep learning[ J ].
Chinese Journal of Scientific Instrument, 2020, 41(5):
108-117.

GU D J, ZHU K, SHAO Y CH, et al. 3D scanning and
multiple point cloud registration with active view
complementation for panoramically imaging large-scale
plants[ C]. 12th International Conference on Intelligent
Robotics and Applications, 2019 329-341.

BESE, BRI, WWE, & BT HOL=4E A =1l
MCT AR ik [T, a4 50t TR, 2019,
48(4) . 169-176.

XUE SH, LYU N F, SHEN Y Y, et al. Identification
method for machine workpiece based on laser 3D point
cloud [ J ]. 2019,
48(4) . 169-176.

ZHANG ZH, ZHANG N S, WANG Al M. Improved

Infrared and Laser Engineering,

Euclidean clustering and segmentation algorithm for
workpiece identification [ C]. 2024 IEEE International
Conference on Mechatronics and Automation, 2024, 74-
78.

PAPON J, ABRAMOV A, SCHOELER M, et al. Voxel
cloud connectivity segmentation-supervoxels for point
clouds[ C]. 2013 IEEE Conference on Computer Vision
and Pattern Recognition, 2013, 2027-2034.

STEIN S C, SCHOELER M, PAPON J, et al. Object
partitioning using local convexity [ C ]. 2014 IEEE
Conference on Computer Vision and Pattern Recognition,
2014, 304-311.

DYRTF, BH, o0, % 3L EORTE IS ARAGE i
R ZRT A 6 S BIRAR I )], 38, 2019,
23(4) . 743-755.

MAZH Y, PANG Y, LI Z Y, et al. Fine classification
of near-ground point cloud based on terrestrial laser
scanning and detection of forest fallen wood[ J]. Journal
of Remote Sensing, 2019, 23(4) . 743-755.

FREIE, BT, DR, SRR T SRR AL H

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

PREEI L LR [T ], SR, 2014, 29(2) .
193-200.

GUO M W, ZHAO Y ZH, XIANG J P, et al. Review of
object detection methods based on SVM[ J]. Control and
Decision, 2014, 29(2) . 193-200.

HALE, SRR, XD, A T A e g
BRI 2R [1]. & MRS (B2 ), 2007,
45(2) ; 249-253.

DONG L. Y, YUAN S M, LIU G Y, et al. Image
classification based on Bayesian classifier[ J]. Journal of
Jilin University ( Science Edition), 2007, 45(2) . 249-
253.

RUSU R B, BLODOW N, MARTON Z C, et al
Aligning point cloud views using persistent feature
2008 IEEE/RS] International Confer-
ence on Intelligent Robots and Systems, 2008. 3384-
3391.

RUSU R B, BLODOW N, BEETZ M, et al. Fast point
feature histograms ( FPFH) for 3D registration[ C]. 2009
IEEE  International
Automation, 2009, 3212-3217.

RUSU R B, BRADSKI G, THIBAUX R, et al. Fast 3D

histograms [ C ].

Conference on  Robotics  and

recognition and pose using the viewpoint feature histo-
gram[ C]. 2010 TEEE/RS]J International Conference on
Intelligent Robots and Systems, 2010 2155-2162.
XRHL, TA7T, BHA, % R THOLA s 5 EIR
AEE 3D HARK IS T]. PR T RS2, 2022,
58(24) . 289-299.

LIUY G, YU F N, ZHANG X ], et al. Research on 3D
object detection based on laser point cloud and image
fusion[ J |]. Journal of Mechanical Engineering, 2022,
58(24) : 289-299.

LIU F Q, WANG Z Y. PolishNet-2D and PolishNet-3D
Deep learning-based workpiece recognition [ J]. IEEE
Access, 2019, 7. 127042-127054.

WANG X Y, ZHANG K, LI H Y, et al. ProbNet:
Bayesian deep neural network for point cloud analy-
sis[ J]. Computers & Graphics, 2022, 104 106-115.
QI C R, CHEN X L, LITANY O, et al. ImVoteNet:
Boosting 3D object detection in point clouds with image
votes[ C]. 2020 IEEE/CVF Conference on Computer
Vision and Pattern Recognition, 2020, 4404-4413.
ZHAO L, LI ZH H, MEN CH G, et al. Superpixels
extracted via region fusion with boundary constraint[ J].
Journal of Visual Communication and Image Repre-
sentation, 2020, 66. 102743.

OZTIRELI A C, GUENNEBAUD G, GROSS M. Feature



% 6 1

WPTIR A5 52 R Ml PRI T ) 22 AR 55 BB T A0 ik 153

preserving point set surfaces based on non-linear kernel

regression[ J].  Computer Graphics Forum, 2009,
28(2) : 493-501.

[28] EDELSBRUNNER H, KIRKPATRICK D G, SEIDEL R.
On the shape of a set of points in the plane[ J]. IEEE
Transactions on Information Theory, 1983, 29(4) . 551-
559.

[29] SANSONI G, BELLANDI P, LEONI F, et al. Opto-
ranger; A 3D pattern matching method for bin picking
applications [ J ]. Optics and Lasers in Engineering,
2014, 54. 222-231.

[30] JOHNSON A E, HEBERT M. Using spin images for
efficient object recognition in cluttered 3D scenes|[ ] ].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1999, 21(5) :433-449.

[31] ALDOMA A, VINCZE M, BLODOW N, et al. CAD-
model recognition and 6DOF pose estimation using 3D
cues [ C].
Computer Vision Workshops, 2011, 585-592.

[32] YANGJ Q, ZHANG Q, XIAO Y, et al. TOLDI; An

2011 IEEE International Conference on

effective and robust approach for 3D local shape

description [ J |]. Pattern Recognition, 2017, 65 175-
187.
EEE T

B AR, 2019 4R FREHE S RF R AT

2L, 2023 AR T RAA BRAGR 12 A

- b1 N MPNE o L Rl e - 0 S D

4 Fa j =Y
rq E-mail ; zhexinxie@ stu. xmu. edu. cn
"

Xie Zhexin received her B. Sc. degree from
Dalian Maritime University in 2019, received her M. Sc. degree
from Xiamen University in 2023. Now she is a doctoral candidate
in Xiamen University. Her main research interest includes 3D

version.

Z VIR, 2005 AR U A RAFEBRAG 7+
i, 2008 AR F ARG RFAARATI 227, B
RN ZE B2 e B, EEAF T 10 AT
BRE B S
E-mail ; 121550357@ qq. com

Li Xiaoli received her B. Sc. degree from
Sichuan Agricultural University in 2005 and her M. Sc. degree
from Huagiao University in 2008. She is currently a professor at
Quanzhou Vocational College of Economics and Business. Her

main research areas include artificial intelligence, big data, and

computer vision.

& 2013 4E TR LA Bk i 1

- F0L, 2021 AR FIF AR R ARAR 5, B

P SR 4 eI A A Tl A PR R e 4T

V R, 3 BEHE 5 J7 16 9 5 AE 19 R BE IR

‘ t . KA,
E-mail ; johnking61@ 163. com

Jiang Jin received his B. Sc. degree from Huainan Normal

University in 2013 and his Ph.D. degree from Tsinghua

University in 2021. He is currently a senior engineer at Xiamen

King Long United Automotive Industry Co., Ltd. His main
research focus is intelligent connected new energy vehicles.

SHBR i (il 5 11 20) L 2010 4F T IR R 35
Tlb R 2EARAG 212407, 2017 AR TR TR
AP, U TR B B, &2
BERFFEIT 16 A LG L E 5 PR B RERIL
PN
E-mail ; zhangct@ xmu. edu. cn

Zhang Chentao ( Corresponding author) received his B. Sc.
degree from Harbin Institute of Technology in 2010, received his
Ph. D. degree from Xiamen University in 2017. Now he is an
assistant professor at Xiamen University. His main research
interests include machine vision and environmental perception,

and intelligent robot.



