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Multi-Factor Segmentation of Point Cloud Based on Improved
Multi-Rule Region Growing

Wang Wengqi, Li Zongchun®, Fu Yongjian, He Hua, Xiong Feng
Institute of Geospatial Information, PLA Strategic Support Force Information Engineering University,
Zhengzhow, Henan 450001, China

Abstract With regard to the low segmentation accuracy of planar point sets and poor merging effect of segments in
the existing multi-factor segmentation algorithms of point clouds, an improved multi-rule region growing algorithm
was proposed in this paper. On one hand, the plane fitting residuals of point clouds were calculated, based on
which, the seed condition was set and the segmentation of planar point sets was optimized, so as to increase the
segmentation accuracy of planar factors. On the other hand, on the basis of the distance condition, the merging
strategy was improved in combination with similarity and volume changes to achieve effective merging of segments.
In addition, the threshold parameters involved in this algorithm were set adaptively using the median clustering,
Baarda data snooping, and k-means clustering. Furthermore, three different types of point clouds were tested, and
the results show that the improved algorithm can boost the segmentation accuracy of planar point sets, and enhance
the veracity of segments merging. Compared with other algorithms, the proposed algorithm can take into account
both accuracy and efficiency and has better segmentation results.

Key words remote sensing; point cloud segmentation; multi-factor segmentation; plane fitting residuals; segments
merging
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Fig. 1 An example of point cloud multi-factor segmentation based on traditional RG algorithm
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Fig. 2 An example of point cloud multi-factor segmentation based on MRG algorithm

3 B Y 2 N DX el A B

N T fE SR MRG 53k W A7 1 1 ] L AR B 52 4
H— P e A 2 N X A K (IMRG) 38 3% . B4
MRG B3k 7 TR 2 4 23 %0 7023 5 He 5 9 07 T 4775
F8 8T ] i S R ) R R R SR T AT B
TR T AR a0 A A e A
3.1 ERAESEMRL
3.1.1 #E45ERA

ARz THIR 5 AL B R TR AT T A
SR T AR A o 4 2% A A W Y A A
L TB) I 1) e AR 5 A A O R OR HEAT KA
W 2 AT DU L A MRG 533k 3547 5 0 &)

A7 AE R0 S S0V T B R 7 o MU A9 19 . R TR
PRI AT Hh B 23 BB G g s PR, DS A 08 491
Pl 3 Bz, B T T At 350 S7. TG RT3 T 4% 1 N AR
DR ik [ A AT AR HE AT DXAE KA B o] LA
T 2 35 1o 2T A A B (L 26 0 L RERS AR B A0 15
Je 7F A 270 J22 O IRT R S7 T £1% 300 5 A s 50 T D e T
R (S I RSN € A AR (B g R
TE A MBS IES T 10, N 3 ALB XK i A =
L1 AT LA X — [, DA AR AT XA
I, AN [ 3R 300 5 Ak ) 9 1 A7 T DA R R 2R A
A I R BB S T 2R B, S BOR R 2R
B [F]— o E R

3 WA, (a) s B (b) Fm

Fig. 3 An example of normal vector. (a) Point cloud; (b) normal vector of point cloud
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Fig. 4 An example of linear and planar point set segmentation. (a) Linear point set; (b) planar point set
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Fig. 6 An example of volume change based on correct merging (AV=2.13). (a) Unmerged segments;

(b) convex hulls of unmerged segments; (¢) merged segment; (d) convex hull of merged segments
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Fig. 7 An example of volume change based on incorrect merging (AV=17214.04). (a) Unmerged segments;

(b) convex hulls of unmerged segments; (c¢) merged segment; (d) convex hull of merged segments

Algorithm: merge strategy

Input: unmerged segments S, , distance threshold d, , similarity threshold s, , threshold of volume change
V.
Output: merged segments S,
initialize convex hull points set H =0, S =OJ
1.convex hull calculation
for i=1tosize{ S, } do
calculate the convex hull points H, of each segment S,
end for
obtain the convex hull points set A of unmerged segments S,
2.segments merging
while size{ S, } > 1 do
S, =8,{1}
for i =2 to size{ S, } do
calculate the distance d, , between S, and S, using H, and H,
end for

obtain minimum distance d,,, = min  {d;} and the corresponding segment S,
1<i<size(S,}-1

calculate the difference AR of plane fitting residual between S, and S,
calculate the volume difference AV before and after the merge
if d, >d or AR>s or AV >V, do
Sli"’—“‘>Sm, S —mee S, H—=me 5 H
continue
else
merge S, into S,
recalculate and update the convex hull points H, of S,
S, —meve 5§ | H,—=meve sy b
end if
end while

S,

B8 3 IS it ACRS

Fig. 8 Pseudo-code of merge strategy
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Fig. 9 Point cloud data set. (a) Airborne point cloud (scene I); (b) terrestrial point cloud (scene II);

(c¢) vehicle-borne point cloud (scene I11)
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Fig. 10 Reference data of each scene. (a) Scene I; (b) scene II; (c¢) scene III
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Table 1 Segmentation evaluation of building plane in each scene
Method N, /() P R alied
Scene 1 Scene 11 Scene 111 Scene 1 Scene 11 Scene 111 Scene 1 Scene 11 Scene 111

5 97.38 99. 23 99. 40 84.96 99. 06 99. 14 90.75 99.15 99. 27
MRG 10 97.32 99. 40 99. 34 77.80 97.41 75. 80 86. 47 98. 40 85.99

15 93. 80 72.38 99.41 68.09 99. 90 34.56 78.91 83.94 51. 29

5 97.56 99. 33 99. 45 87.68 99. 00 99. 25 92.35 99.16 99. 35
IMRG 10 97.50 99.41 99.52 90. 94 98. 96 88.12 94.11 99. 19 93.48

15 97.23 99.43 99. 38 89.91 96.91 64.50 93.43 98.16 78.23

GEAFE T MF 2 5 R SRR A E 4k Rtk Ay
S, T LA R

D) SRS KGN T b s A R 22 A0 X AR
P R IMRG Y 75 4R i 46 J7 1 73 1 850C5R B4 A

0528001-8



E41%E F5H/2021 £3 B/RFZFR

® 2 AGSHE - EIIEN

Table 2 Segmentation evaluation of ground in each scene

Method N.,/(*) P R/ Fi/%
Scene 1 Scene 1T Scene 111 Scene 1 Scene 1T Scene 111 Scene 1 Scene 1T Scene 111

5 88. 41 97. 64 98.61 87.87 98.09 99.03 88. 14 97.87 98. 82
MRG 10 85.78 93.77 84.42 90. 65 98.55 99. 31 88.15 96. 10 91. 26
15 83.09 93. 65 67.05 90. 55 3. 66 99. 54 86. 66 7.05 80. 13
5 90. 11 97.51 98. 75 86.23 98. 34 99. 07 88.13 97.92 98.91
IMRG 10 89. 85 97. 39 91.50 89. 81 98. 56 99. 31 89. 83 97.97 95.25
15 89. 27 92. 66 78.99 90. 58 98.63 99. 45 89.92 95.55 88.05
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AR B AL AT & I 9 Fh 3 W A= < 2o 72 b 3 )
R AMBEE M, WE N 157, B I E N, o>
W% E R 10°(Scene 1 il Scene 1D Fl 5°(Scene 11D ;
M Qs K& T 2 8 IR 3 N e 1 T
FEAFE] LR IR 35 KM OW KA FH B B H o, ]
EHZH KO, ARG IF 45 R 05 Wk 4,

R R T B 3 PR A K i ot 30T T A b T Y 1R #H5MEG,
A B B [/ — 4 F B A A I L IMRG Bk Bk 4y £3 AHBEESH
EKS BE B2 F MRG & ¥k, X i IMRG & 3 Re Table 3 Merge threshold parameters
WrE— T L N, EARNZN. KT Scene d,/m s./m Vi
IR R AT S L (R AT 11 R AT Scenc | b 10 e
N PN i SN e Scene 11 0. 25 0. 05 16. 33
tH MRG 53 19 43 #1045 58 b 3081 A R 1) 81
. " ~ — . Scene 111 0.13 0.03 14.61
S R E#R S M A TR — B b (B A D
ZF 4 Scene 1 5G4k
Table 4 Merge results in Scene I
Type of ground object Building plan Ground Vegetation
P /% 89. 70 87.53 91.77
Strategy@D (M=1150) R /% 80. 50 87.92 92. 14
F\/% 84.85 87.72 91.96
P /% 96. 44 89. 74 92. 99
Strategy® (M=1515) R /% 90. 43 89.19 94. 14
F./% 93. 34 89. 46 93.56
25 Scene 1 P& i85 %
Table 5 Merge results in Scene 11
Type of ground object Building plan Ground Vegetation Power line
P /% 97.67 91.15 99.78 95.72
Strategy@D (M =1550) R /% 96. 22 97.25 96. 47 60. 97
F./% 96. 94 94. 10 98.10 74. 49
P /% 99. 38 97.42 99.78 99. 40
Strategy@® (M =2730) R /% 98. 97 98. 45 99.79 98. 36
F./% 99.17 97. 94 99.79 98. 88
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% 6 Scene 111 ¥ &I %
Table 6 Merge results in Scene 111

Type of ground object Building plan Ground Vegetation Car

P /% 97.09 98. 30 98. 75 94. 67

StrategyD (M =1673) R /% 98. 65 98.18 96. 40 94. 14
F./% 97. 86 98. 24 97.56 94. 41

P /% 98. 96 98.72 99. 01 95. 35

Strategy@ (M =2386) R /% 99. 07 98.71 98.79 95. 44
F./% 99. 01 98.71 98. 90 95. 39

K 11 Scene II #l Scene II1 375 IR 45 45 oy #) 45 (N, =15°), (a) Scene II H MRG %558 ;
(b) Scene II H1 IMRG %555 (¢) Scene III i MRG %5 % ;5 (d) Scene 111 #7 IMRG 45 5
Fig. 11 Segmentation results of planar point set in Scene 11 and Scene TII (N, =15°). (a) MRG in Scene I1;
(b) IMRG in Scene II; (¢) MRG in Scene I1I; (d) IMRG in Scene 111

X BT B SRS (19 45 45 2R L mT LR B TR O I B AR5 I RO T USRI 2 1 19 & OF
) ZEEHE o FHARUE AR S IF SRR O . M OEAT B IFI L T Scene 155
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HhRE Bl 2 A T A S 5 A AR B A Bk A B B
JE 3k, SO A 50 S FORS BE T B o WD
Scene 11 &5 K &R 43 ML J1 26 B % A 5 - 1f L 3K
G2 G & B mE R B EEAK; Scene 111 3
SRS B G IR RS LT RO . A
O & A SCHE H 1 45 01 S @ 25 18 T 43 B B 22 )
1R AR 0 43 B A 5 AR B AR 4k, 3k A T SR g D R
FEAEI 0] L, (1 53 1) B A 45 JF 3 B2 b B 68 S A [ 4F
JEA B 53 EDORS BE

2) =R B IR S FIHECE 4 5 2028,
3787 F1 3376, % Lb P Bl R W 5 I IS T A3 Y o3 HI He gk
St I SR s DA I 22 05 1 4 1 He ot 3 /0 3 i B
Gy BIH A AR B IR (U — BRI R A IR AR
22 ) R BRGSO  5 2 AR SR @
RE A% 70 DR 5 20 K5 FE 1 18 0 A 2 R 19 17 5 5T
[Fi) B ST I i 8 R 3 ) HORS B L & O LI T Oy
AR,
4.4 RSB FEIEE

H BT EE XS s = 2R 4y B 5l ki Ry
TELE HPE AR 50 UE AR SCHE H IMRG B 1 43 #14L
L TEPE T U b A (Y )5 1 5 AR SO ik AT R
Method 1: MRG & % ; Method 2: RG + mean shift
B ZAES ST B R RG Bkt
Fr IR A 0 #0 L AR5 R mean shift 53k % 4 ik
ST RS B R R AR SCA I 3 s kit 0 45 S F
F14 9 s Method 3. 2R FH #i 455 400 € I (CSF)HW 5
DBSCAN ® K4 & 1 Jrik— CSF+ DBSCAN #
B BIE S % S0k [16, 20 L L Se R CSF ik
22 5 LTI A5, SR 5 A ] DBSCAN Bk %6 3 b 17
FTRE B e RIS SCA I s x4 #1245 R k47 &
I3 Method 4. 4 3C#2 1 (1 IMRG %3 ; Method 5
o 0 e B 3R A SR 2 T ¥ (GMIO) , X % T X
FRC31 0y 438 JELIEG S B a2 B AT 5 o e i 7
2 ek SR 5 X R A9 % R 4T DBSCAN
Rl THLET = g 509 b T 7E 0 Bk B

B SF S5 AH T, 3R 2 0k A o DA IX 43 o PR AR AT B2
JESN ik DIS IR (S S A Py S TN R ey SiFiiE
TR, IF K o B S5 Rk 17 & 9F . Hrp IMRG
BRI E S A4 3. MRG BikA KA M,
RN, LEEGIFEME 4, 5% IMRG B ¥k #
RG+mean shift Bk H,RG FEkAKBEHE M, Al
v, 5% IMRG & ¥, mean shift 25 07 52 S 50
Ay E 8 mo4 m Al 2 m; CSF+DBSCAN ik
s S B S8 WS RSE L B R B R
1oy ME/NEE m,, BR B E W R 7, SR
NIRRT S =B F, 4535505 0% 8~10.
F 7 Method 4 T ES
Table 7 Parameters for Method 4

CSF DBSCAN
Scene
l./m h./m rq/m my
Scene 1 0.8 0.5 2 5
Scene 11 2 0.4 0.5 10
Scene 111 2 0.5 0.5 30

8 Scene I EnE F, 144

Table 8 F, score of segmentation in Scene 1

Fi/%
Method  Building ] Time /s
Ground Vegetation
plan
Method 1 76. 84 85.03 90. 62 294.03
Method 2 92.99 92. 17 94.71 4697. 64
Method 3 83.70 93. 35 94. 42 3230. 18
Method 4 93. 34 89. 46 93.56 372.53

Sy HT R 8~10 HhOR[E 5L A5 2 1Y 05 = 4 # 4
LA R B

1) ASCHE 1 IMRG 55075 38 R 43 #1 350CR )4
FE 47 FR E RCR T A B A — R, IMRG
FETE MRG FEvk 36 mt B b AT T Ak, 0 B B
FHRTE; WA IMRG RL kK T 2 s 48 2 00 AR K
YRR €5 BB 8 AR i AN W) 22 28 04 4 05 o0 9 A7 4
T . RG+ mean shiflt B EFM CSF+DBSCAN
SRR TG A = R S R A R R = X

29 Scene 15 /#E F, 54

Table 9 F, score of segmentation in Scene 11

Fl/% .
Method — - - Time /s
Building plan Ground Vegetation Power line
Method 1 97.00 94. 56 97.53 54.95 499. 06
Method 2 98. 94 97.57 98. 74 93.61 943.72
Method 3 98. 64 97.51 99.19 79. 06 1523. 06
Method 4 99.17 97.94 99. 79 98. 88 830. 65
Method 5 97.90 95.71 96. 36 78.59 4627. 44
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# 10 Scene LIl FH43% F, 184

Table 10 F, score of segmentation in Scene III

F./% .
Method — - Time /s
Building plan Ground Vegetation Car
Method 1 98. 56 98. 19 98. 41 93. 89 954.01
Method 2 97.52 98.69 97.01 92.72 1750. 89
Method 3 93.08 96. 18 89.58 82.65 1218. 09
Method 4 99.01 98.71 98.90 95. 39 987. 68
Method 5 91.92 96. 10 89. 47 79.11 5922. 04
FFAR AR b 1) 34 L 52 e A FDRS B s GMIIC B33k AN ORI S R
CIRDR 5 k73 QTR W (S G e [ b=/ WO | 414 2) TE4r HIRG B 7 1, IMRG B398 3 R AL F HoAlh
P A5 X DL R0 B AP 12 B L 3 0 H ) Rl gl SR RAE Scene T 37 55 A4 b 1T AR 4 43 51 oS FEAIR
e F 2 T AR b, GMIC B3k g 5 o) H 45 F RG+mean shift 53 il CSF+ DBSCAN H ik,

B 12 £Eik5#, () RG+ mean shift; (b) CSF+DBSCAN;(¢) GMIC
Fig. 12 Incorrect segmentation. (a) RG-+mean shift; (b) CSF+DBSCAN; (c¢) GMIC
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3T HJE A L Scene T 37 5 81 5 10 Fl K L HUJE B2 AR 42
Ak B 5, R 2 5O AR R A7 05 AR A 2 R 4 R R
5 4 Hbu TET A U B OE B A ACTED IR S AR L R 11 PR,
5 HALE A e IMRG 535 w45 21 1 Hb 1w 43 %) Bk
AU D 5 TR AR 43 26 108 2 o i 4+ M T A v
i1 R AL 25 08 T RE P 1S R, B 52 R 1 b T 43 )
HLpgAs BE , N 11 H T DUE 1 IMRG B k45 5|
F14) b T 3 1 B b i 58 R 22
F 11 Scene 1375 b 1 43 B 45 SR

Table 11 Segmentation results of ground in Scene I

Method Ty Fp
RG+ mean shift 351708 29669
CSF+DBSCAN 364594 34771

IMRG 340502 38946

3) TE > BIAEHT 97 i, IMRG 55 ¥k B 6] g &2 T
MRG ##k x 2& i T IMRG 5L 7 f 1 &)
Wi 25 0 F1 A 9 A5 1 2B T T AR 5 B 2R KK AR R4y
S IF BB E . RG+ mean shiflt & 3% . CSF +
DBSCAN %75 Fl GMIC SRk FERT K L 30 5 R 1k
SR B O ERCRINA G

5 4% g7

AL TREGFZERZPHGRK AL
D) DX gl A B i Y ity b B R T — b et i 2 B
N XS A BT i o T iR R T A A B
X T AR a5 B 23 R 23 BB O W0 T A A AT T
L, Rl IER 2T AR 5% 1 2 B 1 3 D B B O T
TE AR 5 5 23 0 D5 1T, 20 B T MRG 5503k 3 1) 3
G HE B IR SR 5 R BORT L 1) 485 e —— 1) T
P R 22 B AP T R A 1R 3R T T AR AR 2 Y
WG BE 5 76 73 B P 9175 1 BEX B — BB R A JF AL
SR 22 B[R] AL, 30T 3 ) B 2% AR AR R A Ak
FAF L ORAIE T 20 FHRAS I B0 AR M 5 75 R (R O i
BT 45 G A 2 BN R A 2 ) SR R R
Baarda %04 78 00 1 6 P{E SR 507 kS L fH 2
Rony A& B BRI T RE R Al N, A
R AT S A5 R R AR SO BT A
TR My o3 A AE R VRS B T8RO [ B g
0% Fe o5 I 2 B2 A 23 B HURG HE

ARXEEUARER R RN EZER Y
F R HU U R I, i 2 AR N R T
AR AH R I AR SCRE S A7 A — E B e =
[, B4 5z o DL 408 S ) PRt 3R A B s AT AR L T
DR AR K Fh A B3 iE 73 2 77 3k ) 30 4 L X 4 )

T i DR A B TRk B — PR BUE R B s m 2
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