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Fig. 1 Flowchart of the Proposed Algorithm

1.1 KEME
BRI A Ik EZE AW (1) JUAT
EEY L HENE BT S B LA BR T A BE B
RN . — MR 2R P AR 3 AR SR/ — 3R g . A
PIE 25 78 AN UERR . 25 2y ) 9 36 AR HOER B AL Jm) 38
5 &N OR RV K el i W 7 s S TN I E B A4
R—B WS F B /ME . (2) AURE" . R R
P U ST 5 ek B R S5 R T B O S BRI . %
T3 TSR B R R HLAE AP T AL
— ek E AEOT R T R
o =[1 " xxJux) =0 (1
AbwCo="[u w w " FoRABERTE FR LG
SO FRIR R x FIULA BRI Y BE 1S 37 R 40 JEPh B
05 ] 5 mO T AR A
n(x) = Vfx) =11
+ [0 I, 2LxTJu(x)
K VER - S8G L 2R 3 Brip i, SLhr
FL K@ AHERIRR N
n(x)~[0 I, 2I;x]Ju(x) (3)
B 20 ) AT DAY ) R 2 A T BR A AU,
TR ARG IR LN T e T8 A ] B ) 5 A

x x'x]Vu(x)

b5 9 1) i 508 AT A5 B BR1E A FE R A LA 1)
2= B /MER HAr sR % BRI A A T R T /RN -

[ D w1, 2> w, (x)p, Vﬂ
_(ZZ]w,-(x)p,)T 42w,-(x)p?p, a
i Zw,-(x)n,-
12> w, (x) pln,
K, pian w (x)ﬁ%'l%%i"“"—??ﬂéﬂﬁﬂéﬁ\‘%
] FIALEE . i — 2P R A1 .

Zup n;, — ZipTan

20> wplp, — D @pl D wip)

u, = Z@n — 2u, Emp,

u, :—u]TZﬁ)p-—u? pr.Tp (5)
K@ =w,/ 2w, s RR G R RE 8T
PR g LIS LA A S A A AL . R
WE VG || 5wk m KB — 30 A OB E
|V GO || =18

ulu, — 4ugu, = 1 (6)

PG BR 1T 5 5 b i T A O R RR R S B A A
FSES- A

D SRS . AP 2t DA S S 80T
JEE - B A B R A T RRAE . R A AR BN A BR
AR, R A I 3 T % IS s R A T i R AR
W T AR RS A AR A SR 4
Sz PR S AR I

hy="ql lp—qll <2 qg—N(@ || '}
(7)
Kb, B p WA N (@O FIR q 1Y k- 483
MAEG A BoREREGEZ N 7L BEE A AW K.
h, ANWEI . Gl R e 5 A AT IE LA [R) 2 RE
oz AT VA S0 55 05 2 MR 2
2) PR, 7E 5 2k ) SR A, AT REAEAE BB

4)

uZi

3 R 1) AN A T 1) AN — S50 00 B A AL R
ROl LAyRAb s 5 I 0 BRBE . AT H R B eR %

AR5 ST AL o BRI R e 0T A BRI K0 I 2R AL R BT
—E R L REAE DI AL D5 45 2R (E0) R 2 M a2
AU ARSCR B AT 1IGG3™ I AT
Mo Xk a5 2 35 1) EEORT RE AL

w;s | v | < ky
koCky — |v; D
W; = AW =

lv(hh)
09 ‘UI‘>/31

Kb o [ = v | Joo bR UEIRLTE 250 8 500 N
TRE kg k) NS B BUELE 1.0~1.5 F1 2.5

ke < v [ << Ry (8)



5 Az B 1

25 [ 82 4 . R FH Delaunay 4043 #E 47 e 75 5 2 il i 0 2 125

~8.0 2], KXW k=1.0,k=2.5,w,=1.0,
— it 2~3 Yk A AT A RO ROk 25 HHE
1.2 ZR5HMERXA

HHRZB L SiHhT S M3 s r BISR AR 2B
5 JRHRLG BRI s 1938 . RBLT RS 3 dme/ ) 3k
#: (moving least square, MLS)M 3% /L % 8 19 2
i AR SR P EARTT 33 40 B 5 Bk D 52 1 1 O 1% 0
SRR M. B b BECE kAR W B
| FCr) | AU/ o 32 25 s BRI B2k £ S i
TS HY LS E ST s 2 PR

Bl 2 2eB s ihimse s
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Finite Element

Using Delaunay Refinement to Reconstruct Surface from Noisy Point Clouds

LI Guojun'* LI Zongchun'

SUN Yuanchao'

LI Wei' HUANG Zhiyong®

1 School of Mapping and Surveying, Information Engineering University, Zhengzhou 450052, China

2 Beijing Satellite Navigation Center, Beijing 100094, China

3 China Aerospace Surveying & Mapping Center, Beijing 102102, China

Abstract: To reconstruct surfaces from noisy point clouds, a surface reconstruction algorithm based on

Delaunay refinementis proposed. First, a local surface is approximated by algebraic sphere, fitted

through neighboring point coordinates and normals by the robust least square algorithm. Compared to

traditional sphere fitting methods, the new method is more robust to noise and outliers. Secondly, to

find any segment intersecting a surface in the Delaunay refinement procedure, surface bounding
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spheres intersecting segments were efficiently located using the AABB-tree algorithm. Then, initial-
ized by the sphere center, initial segment-surface intersections approximated within bounding spheres
were parallel-computed by iterative segment-sphere intersection. Finally, the surface was meshed by
Delaunay refinement, unambiguously. This approach can reconstruct surfaces with a good aspect ratio
in comparison with the matching-cube algorithm. Experiments show that the new algorithm can effi-
ciently, robustly, and accurately reconstruct surfaces from point clouds with high noise, but the time
cost and memory consumption rapidly increases when executing precise models.

Key words: Delaunay refinement; sphere fitting; noisy point clouds; surface reconstruction
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vided an unprecedented tool for capturing individual travel activities in space and time. However, the
temporal sparsity and spatial imprecision of this data imposes significant biases upon the derived mob-
ility patterns. Two efficient techniques to cope with this issue are proposed. First, we implement an
activity-location and travel-OD identification method to reconstruct reliable trajectories from call de-
tailed records for mobile users. Second, we introduce the approximate entropy, which is superior to
conditional entropy, for quantifying the regularity of individuals’consecutively visited locations. With
a case study in Harbin, the proposed approaches enable us to uncover meaningful patterns of urban
mobility in terms of frequently and consecutively visited locations.

Key words: call detailed records; digital traces; displacement identification; mobility patterns; trajec-

tory entropy
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