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Fig.1 Flowchart of 3D Viewshed Estimation

2.1 IHHRE I
B Ak T2 T A B A G Bl AP B 4 AL

Gy B 23 M S5 g A . 28 IS4
AL A B I o R — O BSR4
JIT A 1 3 ()AL A0 3 — MR B R 2 I 3 55
AL AR A o

M T A Bl o, 7 AR A LA T 2
1 5 A 8O 37 3 L DA T e I RT 0 B A 3 7 145
SEAREE o AR SCR T HR ML BRE 09 3 8 00 3 1 2 R
W, EAR TS A0 R AR AT A B T MR S A
TE ] B8 2> 5 BR300 0T I A A S AN A e
I 52 520 v Y 2% AR G 1 25 RN BE AL R 25 S B0y
W 7 a5, A% il 1 PCL (point cloud library) '™ Hr
M GE T B I RUR IR B K A R o

SRS = I € iy NNl 1 0 5 2 o ]
AN o) SRR A, R T R s B A A AL
RO EX @R, AT
PR s RG] @ e T oy FHEIM A 5 R
T BRI A R O ARG AR 2 K g,
FEBE N g, A B SR 45 A5 09 A G L] g 1k, A
FE 45 fP R R S RG] B S R E R
o (B AR 2 RUAE oy PTG AR AR A L A AR
45 05 oy - TH B R AL bR VE AL AE 2oy - T
R 45 52 DX I, U] g 0 Ay JRR Y B AR 445 A5, &) 2 (a)
TR 5 SR X TG AR 45 1, IR R A L
RS R v, o, o PS5 SRR LIRSt
W 45 A0S TR 2R B9 A OC 8 M, AL 46 =5 [ iR R
MBS RS AR R IU o R 2S fE]
Kol G5 TR B 2 2, i H R AR 25 S my
G5 2R F 2B AR 2 b B IR R S e e R
8 22 8 38 LB A, O 4 R S A R R A
A AL DABI PR 5 22355 i A3 TR] A RO, TE L
Kl 2(b) s fe Jo ARG AL 37 £ BE IR 2 O R it — 2D i
T LB AR 5 AT I 2 T P A i o S
IR AR R SR G R E S ZS U D sE a8
AL T 4375 Y I 5 45 55RO 0 0k L /b T R Sk
AR IR SR Y B L A B TR AT B
RO

(a) FR4h i

(b) -4 i

K2 =m=HE5IRER
Fig.2 Diagram of Spatial Index



260 R K¥%Ww - F BRI %MW 2020 42 H
2.2 AHEITE & PR AIHLAR bR 22 v i — 745 S iR R p

MR A §2. 1 8 2 A 00 a5 K AR 37 3 Bl o9 7 ot 45
ROARSGE BT RRNREZAREITAE NS
o AT AR L R A R B i 2 SR R
A s i e ) DL SSA A bR T A R BIL AR bR R
cUVN'F AL AR 2 B AanR « DL A5 A
BLAEBR &R B 5 O, (2, v, 20)s WMER AL T AR HL
G5 AT U 7 ) R AR HLF 1L
A TR0, R e dR ol ss 3, BT U Shy
J5 o] Ry AL bl Vs i B TR il U Sl ie 5% 2
V) IR AE 8 1) S Nl P AR bR R I e
BwF .

(1)

AL (X, Y, Z0) T 45 50U e 5 P AE AR
BLABBR 2 B A8 45 5 (X, Y, Z,) b HL A b i A
A B 2R H B AL B 5 C 1 A Al B e He 2 RO I Y 3
R C U UT B AS 2 - 2 A A AR
R AR R (2, e, 20, 38 BT AH AL 1T
8 0] H AR 8975 1503 9, A AL B %8 BT 0192 A
w, AT

N=(—1r).n() (2)
U=(u X N).n() (3)
V=(N XU).n() (4)
U, V, N, O
R= v, Ve Ny 0 (5)
U. V. N. 0
0 0 0 1
1 0 0 —ux.
=0 L0 T (6)
0O 0 1 —=z
0O 0 O 1
C'=R"T" (7)

A, () X o] &Y U7 — AR5 5 R O AL AR 8
JiE 2 55 UK [ 5 T O 7 7% 57 KRG s N WU LV 43 33
AL AR AR AR = Al 07 1) B L i LU, U, UL
[V, V, VLN, N, NG ULV N 34 Bl 7E
JEHE S AR AR 2T A AR AR 0

22 bR A 5, WL A TR DY Y i T A R R
Py 0l e 8 2 LA w0 S B R ML AR A 2R R K AL
G v i B A T 45 R BRI 1B B R e 3
I L S D £ S ST O X B AR F T
L Frh R A i 5 B A AR A
d, 5 d, N TRIEGATT- 11 73 B o

O AR (Up, Vi, Np), 852 BV 47 T AL 0
MG T T oy B9 A6 A5 R (2, ) AT
| f U,
L,] B \NP\'[VJ o
T T A I F 45 s AR R 35 % | B,
GiTh I N UR BE 28 A7 1 T R AN A A Hh B S0 s R
Bl R 2 P A AR R B HAE N BT
TRZ A B4 AT AR 2 b i S R SR B S T
MY, WE3FR, P, P, Py Py R F45 5
PR B A, 4 AR B R B 92 A7 T T Y [
— HAS L Py R R S R R R, ) P T AR
Tt F 25 KR AT R, P AR R A i1
G AR A O TR A
AR B BAR E A3 h E R s )
TET 0 5 4 R R A b, U e T
AT A R R P R A R
A2 18] D)4t A5 T A5 B A v SR A B B

FTHZEUTHKERN SEEN S M 78585
K%,
r oV

=L i KT S i A
3 WEZARER
Fig.3 Diagram of Depth Buffering
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Fast Visibility Analysis and Application in Road Environment with
Mobile Laser Scanning Data

MI Xiaoxin' YANG Bisheng' DONG Zhen'
1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430079, China

Abstract: Visibility analysis is one of the most important parts of the spatial analysis in geographic informa-
tion system, which is calculated based on the measurable models. However, it is hard to construct accurate
models for the huge number of objects automatically because there is a mess of various objects in the urban
area. Mobile laser scanning can acquire accurate three-dimensional information together with other physical
properties (such as reflected intensity, echo waveform, etc.) on road and along roadside flexibly and effi-
ciently, which provides an alternative data source for visibility analysis of the large-scale road scenes. This
paper proposes a fast and robust depth-buffering method to analyze visibility based on point cloud data in
road scenes efficiently and robustly. To achieve the goal, an adaptive spatial index construction strategy is
firstly introduced based on the viewpoint and the corresponding field of view. Then the viewshed between
the viewpoint and the field of view is analyzed efficiently using the depth-buffering method. The visualizing
degree from the road to the traffic sign and the illuminated region on road of the street lamps are estimated
respectively to verify the feasibility as well as the flexibility of the proposed method. The performance of
the experiments shows that the proposed method can assist in monitoring the infrastructure health and deci-
sion support for the municipal planning department.

Key words: mobile laser scanning (ML.S); point cloud; visibility analysis; depth buffering; blind zone de-
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