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Abstract An improved three-dimensional Douglas-Peucker (3RDP) algorithm is proposed to optimize the normal
estimation method and solve the problem of incomplete and inaccurate point cloud contours extracted when using an
angle threshold to assess the point cloud contour through the normal estimation algorithm. First, the traditional
normal estimation method is used to obtain candidate points of the boundary feature under a low threshold. And,
the 3RDP algorithm is introduced to thin the candidate points. Then a method of using principal component analysis
to select the base surface of the point set and finding the origin and end point in the main direction is proposed, and
the point set is sorted by the minimum distance selection method. Finally, according to the distance from the point
to the base surface, it is judged whether the point belongs to the point on the contour line, and the internal points
are removed at the same time to extract the contour feature of the target. Experimental results show that the
proposed algorithm can effectively eliminate the candidate points that do not belong to the contour line in the normal
estimation method. Compared with the traditional normal estimation algorithm, the extracted object contour line is
more complete and accurate.
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Table 1 Contour extraction effect of Meleon40 data
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Table 2 Comparison ofnormal line estimation algorithm and improved RDP algorithm

Normal vector algorithm

Original point

Improved 3RDP algorithm

Object cloud Remaining Rejection Remaining Rejection
point cloud rate /% point cloud rate /%
Monitor 10000 5362 46. 38 2294 77.06
Wardrobe 10000 4625 53.75 1632 83.68
Sink 10000 4312 56. 88 1331 86. 69
Table 10000 4632 53.68 3094 69. 06
Dresser 10000 5931 40. 69 2263 77.37
Curtain 10000 2155 78. 45 2064 79. 36
Cup 10000 2354 76. 46 1039 89.61
Cone 10000 1865 81. 35 988 90.12
Stairs 10000 4551 54.49 2827 71.73
Stool 10000 3056 69. 44 1540 84. 60

o1 2 Al 3k T E A B AR = AL G RE
LA Tk B O A B B B 2 T A

SRDP B 3E UL 5 A 120 5 32 B T 22 1 A o 3 5
EIFATE SIS A PR Y P9 AT A B R L

1610016-5



$£58% £ 1681/2021 £8 B/B A EREFEFHRE

e s Fin . aTLVE 10 S B s L G R Em 100

ST HIBR O 61, 5706 4 A B 1 19 41 25 7 4 ol N '/f/ﬁ\/f
S 80. 92 %, FH IR AR B T 19.75% 20l ol Bl
12 MENREHOEROMELSIETEE  feo ./ 1
an o T N
A B 7 3R BB A R T S AR @ gl
FM810-1X-A #*5 3D AHL . 75 ZR R 46 Zds i s 28 20 -

— % - normal vector algorithm
—o— improved 3RDP algorithm

A AR S RO S X 3R BRI A 05 s R AT AL

Iﬂvﬁ%iuﬁiﬂ:iﬁ;? RGB Eﬁn@ 6(3)}5)]"% 9*%@?‘43 mnnitiorwar:irobe;ink talbledroe]sijiztcjlmint‘:‘up ctlme s‘r.l'airs stl,ool
A 1L BEARY B BB AHFE ., FHAHHL Bl 5 10 A H AR BBk 35T 1Y

ARAT B RUR KL WAL 6 (b) BT 7R

—
(=l =}
T

Fig. 5 Comparison of rejection rates of 10 targets
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Fig. 6 Preprocessing of original point cloud. (a) Real environmental objects; (b) original point cloud collected;

(¢) point cloud after preprocessing
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Table 3 Effect of point cloud extraction of 11 targets

Serial number Objects Original point cloud Edge point Rejection rate /%
1 Paper towel 8607 2678 68. 89
2 Medicine bottle 8421 2461 70.78
3 Toner bottle 1 10814 3208 70. 33
4 Pill box 14386 3570 75.18
5 Yogurt 9204 2861 68.92
6 Toner bottle 2 8965 2058 77.04
7 Staple box 19811 6803 65. 66
8 Pen case 14074 2027 85. 60
9 Ink cartridge 13132 3083 76.52
10 Soda water 14197 2030 85.70
11 Ink tank 10643 2985 71.95
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Fig. 8 Algorithm comparison analysis. (a) Original point cloud of Sink; (b) extraction effect of Sink using Gaussian

clustering algorithm; (c) extraction effect of Sink using improved 3RDP algorithm; (d) original point cloud of

Table; (e) extraction effect of Table using Gaussian clustering algorithm; (f) extraction effect of Table using

improved 3RDP algorithm
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Table 4 Comparison of improved 3RDP algorithm and

Gaussian clustering algorithm

Algorithm Sink Table Rejection rate /%
Gaussian clustering 2710 8746 42.72
Improved 3RDP 1331 3094 77.87

SCH S P& R R T, BT 4R B i AR /N R A B
YRR JE £ v B DR 3 T 1 IR 2 G R A L BORS U L A
ZHRM R =BT RBBERE

5 4% 1w

Tk 3RDP Sk XL Al TR IGA 507
LT TR e T S RO O S A R R
TR A AR IBORS BE

D) AT T A% 58 59 R S fil i 7 SNt A7
oI B RIS L AR Rt 2L H
XA [R] 9 249 A% A 30 BRI L I e 380 A 5 B A 3k
$:77 30 3 AR B AR s = 2R AT T Gk AR5 B
RERCR .

2) ¥ 3RDP FE 51 A/ 2 30 FAR B
IR A T e . A 3 A Hr i R B
AP T 1) (AR AR B B XA e
IR R A O I R ] o R B A K ) B
1T X AR D7 A Rt AR T SRDP B8 3k 7 1 iU

1610016-7



¥ 5845 F 16 #1/2021 £ 8 B/HEXEFEHE

- T A FE AL R e LA R B e R Y TR AL [ B
SN T HOE RARPLR £ 2 5 /N AR 2 H AR G
JFE N

3) FH Melond0 ¥4 o HFr W) 45 = X AR CH

AT TR PRI SE 5, 0T 5 A% G 1 Al Tk
T X, XPRERINZ B YREL S =T
R B 5 0. 8 S T f Ak A
2T A RCH 2 BR AR JE TR R A T S Lt AR S A
P PR SR BR A T 19,75 %,

ARSI 2 R et 3RDP 83 ki T H AR P48

N SR 2 S B T AR G M 5 TR 22 F b A 4R
B e A —HLEF R R AR B 2 A H AR i Kot
Z HRFEAE B WL R Bt 59 SRDP 553k , AT fs
TR A AR ) 8 A PR B o BEAR BR T H A A
ZoBEAY Y O B R A S SOAR DR B b R AR T Kl &
LR IO (9 B s 2 0 40 1 25 B v LR AIE DT ]

SN A BRI
5 £ X
[1] Fan]J J, Ma L Q, Zou Z, et al. A registration

(2]

(3]

(4]

(6]

method of point cloud to CAD model based on edge
matching[J]. Optik, 2020, 219: 165223.

Hu J B, Liu Z, Zhang P F, et al. Feature extraction
of scattered point clouds based on discrete Morse
theory [J]. 2019, 39 (6):
0615002.

BAEEDL, XU&E, BRIB &, 4F. JET Bl Morse HIB 1
BELA = R AR SR LT, SboE 274k, 2019, 39(6):
0615002.

SuY L, Ping X L.

algorithm based on Gaussian map clustering [J].

Acta Optica Sinica,

Point cloud edge-extraction

Laser & Optoelectronics Progress, 2019, 56 (11):
111506.

Hade, PER. TR HT L R R S AR
T[T WOt SOt TR gE R, 2019, 56 (11):
111506.

Zhao M N, Hua X H, Feng S Q, et al. Information
extraction of buildings, doors, and windows based on
point cloud slices [J]. Chinese Journal of Lasers,
2020, 47(6): 0604002.

A, AL, BAR, F. ET R YR R
Wil fs B EBCLIT. b O, 2020, 47 (6):
0604002.

Dou S Q, Zhang X Y. Research on generalization
technology of spatial line vector data [J]. Applied
Mechanics and Materials, 2014, 687/688/689/690/
691: 1153-1156.

Marani R, Reno V, Nitti M, A modified

et al.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

1610016-8

iterative closest point algorithm for 3D point cloud
Civil and
515-534.

FuS'Y, Wu L S. Feature extraction from 3D point

registration[J] . Computer-Aided

Infrastructure Engineering, 2016, 31(7):

clouds based on linear intercept ratio[J]. Laser &
Optoelectronics Progress, 2019, 56(9): 091009.
I, R, I T B AEEE i =4 5 = R R
WLl #oe 556w 7% gk B, 2019, 56 (9):
091009.

Xu W Q, Chen X J, Zhang G, et al. Method for
extraction of feature lines of three-dimensional laser
point cloud based on Gaussian map []J]. Laser &
Optoelectronics Progress, 2019, 56(9): 091403.
WA, BRVGIL, ®o, 4. —FhIk T e s g =
el DAL AR OO ¥R [T WOE 5O00h TR,
2019, 56(9): 091403.

Ahmed S M, Tan Y Z, Chew C M, et al. Edge and
corner detection for unorganized 3D point clouds with
application to robotic welding [C] /2018 1IEEE/RS]
International Conference on Intelligent Robots and
(IROS), October 1-5, 2018, Madrid,
Spain. New York: IEEE Press, 2018: 7350-7355.
Wang Y, Ewert D, Schilberg D, Edge
extraction by merging 3D point cloud and 2D image
data[C] // 2013 10th International Conference and
Expo on Emerging Technologies for a Smarter World
(CEWIT), October 21-22, 2013, Melville, NY,
USA. New York: IEEE Press, 2013: 1-6.

Zhong W B, Li X R, Sun S, et al. Key contour

feature extraction of printed circuit board point cloud

Systems

et al.

[J1. Laser & Optoelectronics Progress, 2020, 57
(14): 141001.

PROCH, 0 E, IME, AF . B R A S G R
RIMFAESRI)]. WOt 5 oth FE kR, 2020, 57
(14): 141001.

Altantsetseg E, Muraki Y, Matsuyama K, et al.
Feature line extraction from unorganized noisy point
clouds using truncated Fourier series[J]. The Visual
Computer, 2013, 29(6/7/8): 617-626.

Han Y C, Hou H, Bai Y R, et al. A closed point
cloud edge extraction algorithm using edge coefficient
[J]. Laser & Optoelectronics Progress, 2018, 55
(11): 111003.

HEN, B, A=, F. —FET B RN H
AR BGIRBE L], BOotEta TR E,
2018, 55(11): 111003.

He J, Fei L F.
algorithm and the

Three-dimensional Douglas-Peucker
study on its application to
automated generalization of DEM[]]. Proceedings of
SPIE, 2006, 6420: 64200M.

Fei L F, He J. A three-dimensional Douglas-Peucker



$£58% £ 1681/2021 £8 B/B A EREFEFHRE

[16]

[17]

algorithm and its application to automated
generalization of DEMs[J]. International Journal of
Geographical Information Science, 2009, 23(6): 703-
718.

He J, Fei L F. Further study on three dimensional
Douglas-Peucker algorithm and its application to
DEM[]].
Information Science of Wuhan University, 2008, 33
(2): 160-163.

fal e, 2 7 NL. 718 =4k Douglas-Peucker 8 ¥ K H
1E DEM Zia PRI [J] . B2 4 - 15 B Rk
iR, 2008, 33(2): 160-163.

Liu M. Relief automated generalization based on the

generalization  of Geomatics  and

improved  three  dimensional = Douglas-Peucker

algorithm: a case study in the loess plateau [D].

Xi’an: Northwest University, 2007: 29-33.

[18]

[19]

1610016-9

XIEC. e T = A AR T R AR A B &R A
WFoE - DATE S i B 9238 4 48] [D] . P54 7Lk
2%, 2007: 29-33.

Du Y H, Wang P, Shi Y J, et al. LIDAR data
segmentation method adapting to environmental
characteristics [J]. Infrared and Laser Engineering,
2018, 47(8): 0830001.

FEL, EMW, SRIEHE, . FBERHIE AN O E
BB 4 F O (U] 408N S5 WOE TR, 2018, 47
(8): 0830001.

Bazazian D, Casas J R, Ruiz-Hidalgo J, et al. Fast
and robust edge extraction in unorganized point clouds
[C]//2015 International Conference on Digital Image
Computing: Techniques and Applications (DICTA),
November 23-25, 2015, Adelaide, SA, Australia.

New York: IEEE Press, 2015: 1-8.



