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Abstract: According to the fact that buildings in colored 3D point cloud having poor visual effect due to the shadow, we presented a new color

enhancement method for dark parts of buildings based on building surface segmentation. Fristly, we used the improved random sample consensus

(RANSAC) algorithm to conduct surface segmentation of buildings and proposed a light vector to divide the segmentation results into dark and

bright surfaces. Then, we conducted color enhancement for the dark surfaces alone. The experimental results show that the proposed method can

effectively improve the visual effect of 3D point cloud buildings. The brightness and contrast of building point cloud are enhanced while the

buildings’ style is maintained, and the influence of building shadows on the visual effect is eliminated partly. The proposed method can be

applied to all kinds of 3D point cloud projects with buildings as the main body.

Key words: point cloud, building, color enhancement, RANSAC

VEN AR A i R S i, i i =
2 3ty P S A 0 TR A BGR , tJ—Fl R H T A S
REIRTE R . AETE 3N AV BEAY BEAS GIS %4
P, TR RCR AT BN T T SR, 1ER
=4k iz R S RDE IR AR B A A S R A1
SR YR AT ACRICR ™ A AR, DRHARA A0 BB
FER AR 2> AT ORISR Tk, AR R @#ﬁ
P ESYR AT ALRCR . Y S B
51 15 R R A5 L Bk %ﬁ%&xﬁm%mﬁumﬁ

SRARAY P n] R PR B 25 bR 05 15 S B SR A

AR, H ARSI LR IE s A
PEIEY, TAZAGINIES . JEIR B RIR I 25 > 35T

e RERER T Ab Bk A S R LR 1 5
A1 32 LS 60 52 ) b O e 50 1) AR08 TR/, 2R PR R 1) 7
358 TR A 2 DR B A Y 1 5 T S B0 B S ) B B A A 22
5o ANSGHE S R — B (RANSAC) 5k
Sy RIS R, PR A S5 18 43 Sy B T80 BH AT
IS YT AT EO EIRUE AR TR, AT SE IS



. 46 - #, 32 4 6 12 A, %022 5% 54
MO, B RAE, DU A [R]—F-1hi

1 EFRANSACHIEFHIRE S E

RANSAC B3 32902 — Ff 1 43 w8 20 i A5 AL 481 45 5
P S N 1N 4y = e A T i S RE G | | P 3£ P N
RANSAC 5575 Jy Je iy, 38 20 - 187 P4 s e BLfRfb . DB-
SCAN 23 2842 s P IA 5H 34 SR SC B S 2R 1
BB

1) PN SRR . EEAVRET, P
SIS T K FCHE B o %, (H S R AR M5 21 HEAR
BT — M 25 8 B R S, K HE B /N FZ 3
H AN A . H IR BIR 250 i i K A
40 cm LAY, ASCHUE N 0.4 m. i T REEEEFY A
HVFZ M54, PR RANSAC S vA 4R ) S T
AR O AT P, FLZ RS B T
Bl St i S ), AR SR FH T ] e O Y- T PN A 4 i
WA TR, BIAEUCR F RANSAC B3k 45 40 H -1
J&, P N SR R Sk e e, R
A IS /INT— 22 BB A A A iR s, A 1
WAL FOR Ik L, AT AR k)
S 1 14) g BT T o, T Sk DU s oA 2o T 1
ST

g

N | -
llll"‘lljt\ll

0

N

2) DBSCAN/»ZF|4x . DBSCAN By BT %
FEEAT S s BEMEERY, 5 K-means T 7 41
e, DBSCAN B3 JO T i A e 24 235 SR 1 e 50 B mT F
115325, TR Tk O BE - TR A, P RE S
/NN EEE R TOIE 2, AR S = R BRE/ R
B, I, ASSCRFH DBSCAN BRZE N4 i = ik
1oy, B BERE, RBEARENNM, 55
ML AR RO AREA G 2R, X
B AL s g o BRI, AN SRR T
e R R AR AR R A i i 4325

3) VA, ek FIRAEER, ATREAFTE S EH
A TSP T S B Ay (] — B AR P R O, R e 2 A 7
Ao A SCE ST A - TR [ 2 R R 22 0] 1) e
FA OOl A A A S S T A3 T 1o A PRl e
AT BRI , K AT s E 25 R BT - RT3 A B 5 1)
RGP RS B, TR R, AT

2 EFESENRmEER

FETF 1R 43 H 0 05 o RGBT R R 3R
HT A 1T S5 BT, PR T R B R E 1k
2.1 Bl Y RH i R 5y

TERSUY) ) — ST S X R (AT, AR
SCHEF- 145 B A s ) it T e SO BHTAT, P35 BERRAIR
()58 T SR BRI o B 1T BH AT R 5325 3R h -

1) HE SN A S HSY i, SRR AR
i VIR ER S R s A SR A AR, RO
— B8 TR XN A, A mIEA—E 8 TR
DXERN S, W R EE (A e, AL TR X
o nT R R IS AN BTN, A SCR AR
ST BA T S BT, A

N M

ZVdark - szright
I/light == M+);71 (1)
A, N EEEG MRS BEG Vi, W5 x
NG RLAE TR Vg Py ASEA AT R

AT (1) RIAL, 7 BF T PH TR R 57 B ) A [
NG R, W F kR 2 M 05 27 5 B T
FEOOS I BH AT R 5 e, U B SRS SR N T 1) 5 16
SRR R, 5 EPRA, ¥, e E kL
T HESPGH BRI .

2) WYL Bk RS Y, B, A
INF 900, HIENBIE; T2 M IHE . %5 AR
A [ 59 1) #9250 00 7 T P S T L 7 EEAS TR A 1]
R, L RE S b B S T A B I 25 5
2.2 (B AT FERE

L7 PR SE A = — T 12 Y PR B 5
AR, BE 2 B e R LU RE S5 B . ASSORE B T Y
RGB B 5 it B 7 R e BH TRT Y RGB BT
P31, RIATLEAS b2 S S50 S i XU i3 T A58
fe s BB , AT B T SR B A ) T AARASCR
XF RGB @ IE AT B 7 EIRLE A HA IR «

1) XFEAIH RGB By A a4 i A b 3

k kg
Sk:T(rk):;Pr('x):;% (2)
K, n ABHE S 2 EGE; 0, WRGB H KA 7,

XSRS sk O BT PRI 1, SO 255
2) XFBHIA RGB FLJ5 P #EA T34 A Ak 1L

W:@@:ig@:i% (3)




%022 %% 547

BRAh—3F . &5t RANSAC St Ly R e R85 5% - 47 -

K, n NIHHER R », I RGB H T K44 2,

XL sk O BT PR 1, A 255
3) X (3) BEATHAR, WA -

Zk=G7](Vk) (4)

T (2) 53X (3) Akt T E I B,

K BAT AR 8 3 A B 2 P (s) =P (v) » 1RAZL (4)

AT
2 =G (s)=G[1(r,)] (5)
FRZAFR BT RGB HJ5 - B 5 R 2,

3 SLRHERSH

3.1 SRR
AR SRR TE AR 22 N A8 K2R 5T w8
PWHATEE, MR AEEE . 4. aRUKk
RGB =/ i 43 18
3.2 G
3.2.1 Ph#t RANSAC & 3% 5% 4 7 ik i 7 8 45 R xt ik
ASOR M RANSAC B9 51548 RANSAC B 1)
ORIV, TR, B 2a BERAEOW H B
THRESEAN A7, XEHTEHG ., T
SeFRE g e, B VR T
TAT, A SCOR I i e 07 B 1T NS, A% T 1
WA K] 2a FEERHEQ HAEAETR A B AR 5 44 01 1E
AR, T A SCRBUDBSCAN BR800 7 8402,
ATLAAROY NS B 2a BERAEQ T —AN T B4y
KA, M ARCHEE A, AT
— AP 5> R A TS L

a fEGTT b ASCE
B2 EoEESATEES LRI
322 HwmerHEnE
AR SCAE S - T3 B0 A Stk K] 43 BF T A0 B
T, P B ORI . eI = HSV
iH, DAVl N S =W, RAKRHRE S0
HSER GRS, PR AR SRR RGBS a TR,
SEIRULIE 3, WL S R . BN SR XK
PSR L e 5P Ee R, AniEl 3d
RN D, H R SE B RIS A BN, Wil 3b
I A B 3a P AT 518 3¢ HriY CAF- T S — X

T RS2 6 T, X T LS T A S ) 7
C MBI TR S B (A SRS A,
P A BT, 5B 4 B A T
i, IR NFAR TP B (FI3b). K
FPEZII, ASCEEE Vg JEA5 G TS 5
R S, SRR 4, b FOR B,
BRI, TR M, A SOV A 5P
RIS, TR 25 HOARLEG 19 B T UL A 4 43
KNI

a sz RGBEURTYRI J7
IS

b W58 SR T 77
IR

¢ S RCBHEHRARIL Y d WEsE R R A T
{EgiRb MARAIL S
3 HAZ=RGBHIESHE=AX N LERITLL

a FHRI T IRFOLALA b A LA
E4 WESHAEXSESR
W =R 5r R AE S BHEE , PABHIETY RGB B
BN Hbn, BT & 2 A RGB 1838 By R e T 5 &
FUEALAL B, FHTE NSEATAR TR, 755 B s 45 R Xt
e (E5. 6).

a ARIEIR A BVGIL)y
ML S
E5 maBRILBERITLE

b MRS R AT
IR
ASCR IR B PAMMBRACR , FHEEARI™
1 N 4
NI ©)

k=0n=0



. 48 - .32 & i 15 A

%022 K% 5

Kb, LR kD ROREM; N ASEE; [N
K R AR AR kA SR Bl 44 S K {1
AT S =, RAKX (6) THH 1S 21
i G XT R 3 2.466 F112.791,  F iR X HL 4k
TR B AR SCOR AT A 25000 3 S SR o 2 DR G R L R
A B BHRERCR , B R T AT AR AR
1 140 000
120 000
1 100 000
B 80000

2 40000
* 20000

i
e
1K
R

=R NTN~JIOO!

0
0 50 100 150 200 250 0
JRIEAE

a ARG 2 IKIE H TR

50 100 150 200 250
TR

b RIS A A R TR

4 £5 iF

ASCHREH T — Rl RANSAC 509 F T i &
TG, TR Vg, K HIN 53 B 5 BH AT, PR
T T B ERE TR, ST BN T 50 R
ERER IR . SCINAE R, ASCRIL AR B A Al
Sy VYR o B w43k B T 5 B T Y
R R T AR S T BRI R ST LR,
HARFE T RS, AR0E T 8509 5 = 1T ik
BRSO IR T OB TR BB, TS BRis
FEAE RSP s LA A A B A 1 BRI BASY SR Skt X
JFLC Al Ji DR 3 o5 P IS 52 2R 47 40 1) 5 R s A S el
RANSAC Bk i i 7 P G IFR, Al RE S A/ aT
A IS, Jo eefe /N RS AT ARG fff 43 1 E
Tt

SEM

[1] 3R, HAS, A, F EF g EERHERAKRN
(2021 FR) 32 5 % [7]. W 48 3 B2 A4S B, 2021, 46(6):

[15] Luo W, Wang F. Measures of Spatial Accessibility to
Health Care in a GIS Environment: Synthesis and a Case
Study in the Chicago Region[J]. Environment and Plan-
ning B Planning and Design,2003,30(6):865-884

[16] Jiang S, Guan W, He Z, et al. Measuring Taxi Accessibili-
ty Using Grid-based Method with Trajectory Data[J]. Sus-
tainability,2018,10(9):3 187

[17] RIEWE, KRR, RAER, S AR ISR T 18 Tk %
R k)] s A K ,2010,29(10):1 217-1 224

[4]

(5]

(7]

[19]

[20]

171-174

WA, kA, AT, AT SRR E AR AN ET
SV HEA )], $e3 5 A4Z 8:,2022,20(5):33-37

KR, =4 GIS B {47 B8 TF P 44 5 R[], desiaz B4
F54R,2014,16(2):151-157

Qu L, Tian J, He S, et al. Deshadownet: A Multi-context
Embedding Deep Network for Shadow Removal[C]// Pro-
ceedings of the IEEE Conference on Computer Vision and
Pattern Recognition,2017:4 067-4 075

Phan H N, Pham L H, Chung N M, et al. Improved Shad-
ow Removal Algorithm for Vehicle Classification in Traffic
Surveillance System[C]. 2020 RIVF IEEE International
Conference on Computing and Communication Technolo-
gies (RIVF),2020:1-6

Lubis M F, Muis A. Fast Shadow Removal Algorithm for
River Garbage Pollution Monitoring System[C]. IEEE In-
ternational Conference on Quality in Research (QiR),2015:
175-179

Abiko R, Ikehara M. Channel Attention GAN Trained with
Enhanced Dataset for Single-image Shadow Removal[J].
IEEE Access,2022,10:12 322-12 333

Fischler M A, Bolles R C. Random Sample Consensus: A
Paradigm for Model Fitting with Applications to Image
Analysis and Automated Cartography[J]. Communications
of the ACM, 1981,24(6):381-395

Dong Z, Yang B, Hu P, et al. An Efficient Global Energy
Optimization Approach for Robust 3D Plane Segmentation
of Point Clouds[J]. ISPRS Journal of Photogrammetry and
Remote Sensing,2018,137:112-133

AT, Z 4 & =5 L B ARBER[D]. AR & -F A K
%,2020:39-41

PR 2 FEGAILE A[M]. b 4 K 5 dmat, 2014
Ek Rt R, B kR[] RS,
2017,10(4):438-448

T, & AR AT GPS I AL F B T4 A
SHF[I]. A8 5 iE 4, 2020, 3338 F) 2):49-54

PR, TR, BR T, TR SR R B S AT OABRIE A
#I[J]. H28 2 915 B ,2022,20(6):20-23

PR, AT AR, R T BB TR KR T B 25 e
Z R[] I R E 8 ,2014,12(3):27-32

Yoo E, Roberts J, Eum Y, et al. Quality of Hybrid Loca-
tion Data Drawn from GPS-enabled Mobile Phones: Does
It Matter? [J]. Transactions in GIS,2020,24(2):462-482



