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Abstract The method of extracting building boundaries based on the fusion of airborne radar (LIDAR) point cloud
and aerial images is proposed by analyzing the feature of LIDAR point cloud data and aerial images data. The
contour line of buildings are extracted from both the point cloud and the aerial images. The contour line is fitted to
lines of the building boundaries. The building vertexes are derived from two adjacent and vertical boundaries. The
registration fusion of airborne point cloud and aerial images is achieved according to the correspondence vertexes of
building. The point clouds get the spectral information of aerial images, which is used as a feature vector of
clustering analysis to extract plants, trees and other objects. The height information is used to extract building from
the buildings and roads which have similar spectral information, and the accurate boundaries of buildings are
extracted and the detection of the boundaries of building is achieved. Experimental results indicate that the accuracy
of point cloud classification can reach 97.96 %, and the precision of the extraction of building boundaries can be up
to 0.21 m, which ensures an effective way of detecting building boundaries.
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Fig. 1 Airborne LIDAR data. (a) Point cloud of building facade; (b) building boundaries
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Fig. 2 Schematic of the generation processing of density point cloud image
TEA T TE A A5 B oA RO I 3 BR AR w22, YT RO i R, — Mg Sk AT 211
RAHRIZ R ITHE R R R — MR R TR 5 I G AL 3 H R B, O 2R R #4740 B, T AS 2 6 s i 47 Ak
B, 3502 ARL T X0 FRLITAR DI N B R AT RS R AR SR A AT REAE X A R R AR . 2 BT AR RSTN
AR R AR 2, 2 0 30 i BG4k 30 B 4 A 00 B ) A . Piegl 8 SEAIISTE T M A% R ~F K/
EOBER: Oy AW S B 2L /NS W

Gg,;dsizcia«/WXH/no (3)
G prigsine 7 T DGR s S8 755 K7 T35 B ITAR O R A SR8 1.0~1.5, BRMERRER

(58 JE0 e A FLAR 4 O m R B RR B R i P I L2 A5 BUML N 5 (30 20 S SR B B R AR 2
22 MERGEHIERK

{0 FH R0 28 S48 R 8 2o b B 1 TE SR R A8 SR T LSDM Y ik B UM 28 R I B2 R AR AR W TR
canny F T FEIBURRIEZE 1907 ¥ L 12005 25 SR I AR E 0 B R, TR A B R A0 . S v A AR A A AR ST
LR D80 FLER BB G N R AR AR U AR S A7 AL . 2 RO

D AT LSD 8k 42 BUZ AR 09 ELARAE R SR U B — J AR B i VR i VR 58 BB AR I A VR (L
PRAF I R ST 5

0514002-3



H = # ot

2) Mo B— 250 RE 1Y ST e S A D B 0, AR AR R T SR R A B D 1) 1)

3) TR — AR B 5 1) 1) i 5 T (A ) R -5 00 4 1 A T 1) 1) A T L DR B IR R B

4) PR B AL BEAT E— LA T P AT A B B o ELEE L 0 T AR B B RN T J Y
DA — 2530 O Bt o) — 2R B Bz Jr 1) I
23 ETHHIENZENAREE

JIT A8 Y 4 1 3 B 3R 0 23 T S AR A S WL A8 A 2 BB R AT B 27, SR AR (R A 5 A 8 o A o 28 52
B PR 2 A C I L E DL 2 A R 5 B0 i T 50 08 UTR] 44 ORI 23 82 A8 L 28 2 T v B ] — Ak A
R A — g m R 22 . il AHLE LIDAR sz B 28 5245 v $2 BOAE S0 56 T3 2k s % i 2 0 )
P 2 UL B B2 B Y A ST e S 320, LA TP A 408 L e Y R G 30 A A2 A B SR B L R 3 TR .l
FLERAA S 77 3 AT LAD /N T 30 08 URE AR A e 10217 R BB 22 o ROR 3R i B2 AR R il 2 50 1) B VK 52 1k B I) 44
R IR V7 326 HOAR A8 114 [+ 44 R st 42 o TC A DX, DA DR/ T A ) W /A 22, R 40 sl SR A () 44 o S P R = A
JL 28 SEAR O BCHE AR 4 FF 7S o (X5 Y ) O s v o 7 A 48 LT 1 ) 48 S 0 A 22 A9 B A A AR R P A —
AR, (X1.Y7) AR A5 B i SR [ 44 A1l P oy 2R AR bR o TR TR s RS2 A0 SR IR0 () 44 5 4R
P BT 8 e B Y K F A2 e 2 80N

X =pXicosa + pYisina + Ax
Yy =—pXisina —I—,uY’icosa-l-Ay’
K w HBHHF o AIRESE Ax Ay HFEFESEL.

4

YA
OA
&3 A B4 BCER LR B R
Fig. 3 Building vertex Fig. 4 Schematic illustration of registraion model
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Fig. 5 Flowchart of clustering using spectral information
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Fig. 6 LIDAR point cloud data and aerial image of the study area
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Fig. 7 Extraction of building boundaries from LIDAR Fig. 8 Extraction of building boundaries from aerial image.
point cloud. (a) Contour points of LIDAR point cloud; (a) Before optimization;
(b) contour line of LIDAR point cloud (b) after optimization
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Table 1 Corresponding building corner coordinates

Corresponding corner coordinates Corresponding corner coordinates
Point of image of point cloud
X, Y, Xa Y

1 867.786 388.163 4209.411 39128.174

2 877.206 401.180 4221.106 39112.881

3 871.458 404.722 4214.732 39108.718

4 802.041 563.900 4143.838 38947.625

5 967.245 482.063 4295.894 39074.216

6 842.913 620.955 4186.045 38882.249

7 968.699 578.714 4310.407 38923.874

8 957.725 649.053 4303.712 38846.753

®2 MIESESH
Table 2 Parameters of registration model
Parameter a 2 Ax Ay

Value —0.7642 1.054 3306.421 39546.100
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Fig. 9 LiDAR point cloud with the fusion of aerial image. (a) Top view; (b) side view
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Fig. 10 Classification of vegetation using spectral information. (a) Vegetation clustering; (b) vegetation removed
I 10 T AT, B T & 10 Ca) B €0 JiE HE #8435 0 9k 230 €0 R 3T 1) J2 000k 6 0 B A 5 25 B R AT g B AR |
REME B E B 73 25 . B BRAE AR AR 00 5, LIDAR 2= B8l v 5 adt S ) Al i DL SOl i — 220 fF B S
SR RL M) 2 R BT 10 Ch) iz o R 38 A J ok D st b T 0 2= CRL 95 3 8% R i 2= 114 s
D MR AR O A AR I P 1 v AR A AR B0 T A B A5 B LIDAR #5Y) 8 = iE 11 () s, $2

B ER AN 11 () iR .

B 11 BERYREBRRER. () BRYS S (b) BRI
Fig. 11 Results of the extraction from the contour of buildings. (a) Point cloud of buildings; (b) contour of buildings
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Table 3 Error of building classification

) Reference number Actual value of Points number Points number Error Missing
Method Total points
of building points building points of error of missing rate rate
Terrascan 128977 3012 1689 2.36% 1.32%
740430 127645
Proposed method 126211 578 2021 0.40% 1.58%
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Table 4 Contour line extraction error

Error Max Average RMSE
Distance /m 0.24 0.18 0.21
Direction angle /(°) 0.28 0.13 0.17
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