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City 3D real-world modeling based on multi-source data fusion
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Abstract: With the development of digital cities and smart cities, urban simulation has developed from two-
dimensional to three-dimensional. Urban three-dimensional real-world modeling becomes more and more
challenging. Due to the high density and rapid change of urban features, traditional manual 3D modeling
methods are inefficient and cannot adapt to the rapidly changing urban environment. Therefore, UAV tilt
photography technology is often used for fast 3D modeling. However, UAV tilt photography method
cannot solve the problems of urban object occlusion, canopy occlusion, eaves occlusion, glass light
transmission, etc., resulting in defects in the 3D model, such as local texture distortion, object pulling,
and object voids. To dealing with these issues, taking the campus of University of Chinese Academy of

Sciences as the research area, a fusion modeling method was proposed by combining the UAV tilt
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photography technology with ground LIDAR technology. In the experiment, a drone image acquisition
strategy of “regular route mainly automatic shooting-based, supplemented by interest area with manual
shooting” was used in the field; in interior work, “manual coarse registration and ICP algorithm fine
registration” was used. The experimental results show that the method of multi-source data fusion can not
only ensure the efficiency of 3D modeling, but also solve the problems of ground distortion and holes in the UAV
alone modeling method, improving the accuracy of the model, and optimizing the 3D model of the city.

Keywords: oblique photography; LIDAR; 3D modeling; multi-source data fusion
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Table 1 Comparison of 3D modeling methods

T 4 A i
AT A BURAUR CETTSE TS 33 N RS E Y
CETN EN TS T P N
i AR o FR
16148 P, st o B
e T MG 6 35 L R AR L/ W B
1 RAREE

A Y R AR TR R R A A R A B s B T AR TIN = M s % TIN = A M kA7
W BB AR B o AT AR} R 52 1 R 5 i T RO R IR R AT Rl S A A AR TR R JE N HILRE SR I a8 =
DO IR Bl S A R B 4R, AR BRI AR N 1 TR

[ ]
o]

SHHTIEREE, B EROLTR X

=psi=sipibnd

SYHTPY S

E1 RAEERARKE

Fig. 1 Fusion modeling technology route



146 TR K FFHK % 45 &

X T T0 N AL A8 52 AR B SR 8 e e L AT FAh 3, DT — 2D A7 5 v = I e, A5 3 S = A
SRR . A M T A T OGBS B A B W A I OORS L P I R B DR 22 (RMIS of
reprojection error) J& 75 i A& AE B BEOR L A5 Tt A R D) AR P06 A8 5 5 A4 [ B A R I A5 25 R 2B 1) = 4R A
PR A 2 S Sl T M T RO R R A B AT T L ) I = AR AR T S Ry T A RS B DA T A
JE b T RO B IS I X, AN Tl R R WA T I A LAl E

i TR SO B 8 A 25 RO A TR AR 2 A A - a5 s B A TR DA R s B R . S T O TR
R BRI H0HE A BR Y LI 60 m, O T BRI AR BRSO B 20 me DL I B L X RE IV BB 05 A ARk R AR o
AR IR 7 A DA B TE K A, 3A B 68 K B e /D, 4R R S S 0 A A B R R, PR Uk 1 2% R A Bk R Cyclone
Register360 $f 55 2 804l 5t IR EAT 8009 .

FH T b 1T 38O TR 28 R B 2 2 R R v T B LR AT ORI D s B i RS S s A
FRACR PR R IR AR A Y 8 B L — A O B S AR A L DR 3R A O SR 3 A
A MR FEUE U 2R R RE S 0D N B B SOR SR R s R AR B (LA, R — 5 R GO A
(statistical outlier removal) ¥ 2% zx R 42 v A M A0 5Bk . Gl uB i 28 3 R B A s B 5 B M AR K
AR B, RS B A 45 5= — A w0 o A JOBIR H 1 X 0 35 (R R o 25 D L 7 B B B AE A
YT Bl 22 A A T DA SCOh B R A MUBICHE v 25k

B TC 1 S B Ak T [R] A 25 ) AR A R 1Y) i AR A e B 8 — A Ak A & b, BDTRBEE Y 2 A4S 25 (R AL A &R A T
A RN, Xk BRI TS BCHE S B SRS BCHESS & 0 7 A AT R s B HE . R G HESR HT R 2 ICP i B L
BCBa kM ICP B89 i L fERBOR 5 S S M s A7 AR KB X &R, IR B B3 T sl s WS e v 75 24
HoAth T B U AT HLIC 1 22 S5 A BEAS B4 AR .

ICP {5 SR F 2 - S AR 2 A A 0 SRR AR A0 AR A0 R A0 0 E 4 0040 DT T L I 3 3 2 DG T a3 A AR |
O A 8RS AR A8 33 b X 7 96 ZR R 42 30 S 8, di e R Ik 4 2 0 A T RO 4 ) L TCP Bk A Ok Mk
i 3 Xk H b R g S? /b HO A SR

S*=min >, Q — ®P,+1) I, D)
AN ERRELQ WS H i a L, P JE B AR a8 = X R 5 R R e 52 75 0 H 5 (0 e % 7 %
L

TG A TC AMURHE R R AR 5 i 22 5 10 5 38 8 = 80l [l i 5 A Context Capture = 2 HEBE 4K {4
A AR A AR T 5 S = R AR
2 BIFAR
21 TAMEERE

1% 458 1) I N ATUAGE AR $6k 52 D 2 A« 1) A D DX, 1) JE AL 451 & 3047 A 3h A i 2 B4 5 2) 4% BRI 4]
UFBIAT L HEAT RAT , SE AN I S A 55 . R A% G 0 O AT JC LB SR AR i DR A 2 [ 5 L A0 v T A
Te vk 05 M AR AT Y BRI A RE X T E bR b A Tk TR 240 H 5 BOAE B = AR R AE A U I
FHHT AR TE L35S BB AH A RCR . ARk T v, ol T e AT 1 v v R ST 22 T Y T B R X A 0N A R Y
0 T 9 A 3 B AR A AR K AN A L 2 B JE A ML A O X Rk, ok e AL BN SR 4R O ik
AT (E 2) .

D ¥ AL G AR WOy 2, B My 110 m, 38 i ) 8 5 Ry 7500, 55 ] 8 & 2R 6506, HE AT [ it &k
KA

2) VA B TE L AT 155 B DA BB AG SR AT HR AR, %o 2 0 DX IS R A T T A



% 4 WEM,F . S RBERSGMT = LT ER 147

VR A RIE G

— A

B2 MEBNARSFHARARES

Fig. 2 Combination of Automatic route shooting with manual adjustment shooting

22 HEEXTBEHIERE

b TG O T 8 B AR B £ R kR BLK360 #OGHI R . 78 E 47 S b 306 B8 38 Bt , 1 5 J2
SE DU DX, AR T AR 0 DX 0 0 PRI R AT 0 5 A A % . R T Ak BLK360 9 43485 3 [l 0.6 ~60 m, 17 434 &0 19 B
B TR ITE 2 R 0 A R OO A L BRI Ot SRy T R B R R % R — 0 I S % S 4 R B B AR AR 20 ~
30 mZ (8], KT i 5 = 5 RE DR 45, AH AR I 3k 2 (B 75 B2 — 00 A R, R UE A 4B 3 2 A] BE A% 4t 5T %
L E 3 iR,

LK360_3595085_Setup98-2

3 MmO E RN
Fig. 3 Ground lidar station
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Fig. 4 Drone image preprocessing
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Fig. 5 Air triangulation results
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Quality Overview

Dataset: @ 1251 of 1253 photos calibrated (100%)

Keypoints: () Median of 13706 keypoints per image

Tie points: 268548 points, with a median of 831 points per photo.

Reprojection error (RMS):  0.75 pixels

Positioning / scaling: Georeferenced using photo metadata, not using control point
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Fig. 6 Air triangulation quality report
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Fig. 7 Image of aerial triangulation failure
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Fig. 8 Drone image modeling overall rendering
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Fig. 10 Lidar point cloud data automatic stitching
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Fig. 11 Manual registration results
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Fig. 13 Registration effect
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Fig. 14 Ground distortion correction
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Fig. 16  Feature optimization
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