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[ Abstract] The computation of approximate geodesics algorithm on triangle mesh can be transformed to the computation
of the shortest path on triangle mesh. In order to figure out the geodesics on triangle mesh efficiently, an improved
approximate geodesics algorithm is presented. A weighted graph is constructed by splitting triangle mesh along the
Cartesian coordinate axes,thus the shortest path on lattice can be computed by A” algorithm and a new region of search
can be defined. The neighboring edges of the shortest path are iteratively subdivided to construct a new weighted graphs to
approach the geodesic. Experimental results show the improved algorithm can figure out the geodesics precisely and
efficiently. The speed up ratio of the algorithm range is increased between 10 and 59. A region labeling method on virtual
liver surgery based on the improved algorithm is also proposed, which can meet the computational real-time and quality
requirements of virtual scene.

[ Key words] geodesic ;triangle mesh ;division of space unit; A" algorithm;virtual liver surgery ; haptic interface device
DOI:10.3969/j. issn. 1000-3428.2014. 11. 044

o AR (1) R RE R SCHRL 1 S T 66 %

1 #Eid S Dijkstra BEE A HIZE 1) MMP B0 2801

T =y ARG TR 3 1A 1P A ) 18 00 M 2 3
JUART PP A — A~ FE RV )8, )32 o ] T3 S B
o MEAE RRG HLas A\ RIUELEE R AT AR
SRR, A BSOS I

FIHTE AT Z2 R0 Xh = A RS R 0 1 2 5125
AR 2 26 (1) T =M% b — G S AT A A
Z RN B3 5 (2) T3040 5 14 e ) ) 0 e 2 5

F[RI S 225 A O (n*logn) s SCER[ 2 JUEEBH T MMP 8.7k
(S Pris R T LB M S 2 Jf 4 T —Fh R
ZRJE N O(nlogn) WM HBER VTV SCRk[ 3 #2017
EAW CH Bk 20 8 A L — SR RS, A5,
L DRI BR300 oAy -4 5, R 3 — AR 7 SR, AT R 3
B SR 7T LIFE O (n®) WITHEAS 3 SCHik[4 ]
PEH—FPET RIS 22 B O (n) B b 2 30T U (H

ESTR : FRARBEIESEIIHH (61379103 ,61202333,61303185) ; i & B A 11 4 & L 4 ¥F B35 © (20104307110003 )
{EE B ik € (1991 - ), 5 WA, =5 1) T EALETE 2 i IENSE s BE L, 202 W A SO AR PH M WS, AT

%5 B #5:2013-10-21 &[5 B #§:2013-12-19

E-mail: jerrysyf@ gmail. com



226 it B® N TR

2014 4F11 H 15 H

FCT BRI BEAT R [R] T4 2] SCHR( S ] # e
Y HONES AL BT R 2 LI s 2 3530
BEfR R T — N RUR S, (R (2) ML A T, 3C
HRL6 K — A RS R AL R A, F ) Dijkstra 582
LR P ] ) i AR, PH 20 s B A2 00
AR HERR AR, R R AT B R AR AT B Y
SRR ZK 5 SR 2 ] 72 MMP 5532 A kAl |5 |
A R R R, R 2 ) A SRR SR I 1]
Mk,

ASSCAESCHRL 6 ] A9 BEAl B, 51 %] Dijkstra 553231
T B JEL A T R A Y [P T, 488 1 — ol B 7 2% [ B
TUR 53 e L B A 9 2 DX A /N A e L B AR
T AUTHERR W1 AN A o o B A B 20 A 3, 3 1 e
AR

2 REREERXESHNEZE

FE T3 [R) TC ) o ) SR A 4 R X el i /N
A - el i — A 2 R/INVAH S5 Y TE D 1R
TR L 2R A (R] SR L v R TR Y SR B
U7 SR IE A AR L BT S AU ) A A
JSCHT YA AR X I, 724 2R DI rp R R BORS ff 1Y
o AR A I b2

W =AM G #4728 [ BRITR 43 1 Xy
Xoin s Yo s Vi > Zona » Zowin 73900 0 = F0 RS B HLTE X,
Y, Z Bl b B ds RAE A/ IMEL, W X Sl 1) BT ) 43 1Y)
8N m R & IKIE GridSize 2 .

Xmax B Xmin
GridSize = T
i Y, Z 51 R o & EGE n, 193N
Y -Y

max min

- GridSize
Zmax B me
= GridSize
PRSI moxn x LA IETIR & T,
i 7 = A AR LR 4R B B — A = TH R T AR
FIE R E 7, R — =Ml E2 N E TR &
T R = A R D T TR, R
SAEARIE T RE TN A S E T MBEA A
METHIE T EET . K1 &X Bunny A28
B BT R A5 2T A IE T R & T A& T

il
L
TTT1
[

(FTAIER&ET O)AERIETTRET
1 Bunny {REIF) % E B ITR 4

HYZE R 4 T A AR AR A AR R ol s, 8 S
HIRCAARSE 2 M RE T O R RRIRER 2, & F
[E) P AL 0045 955 1T AH 408 0 AH B R0 S AH 4B 3 Fh o =K,
RV 7t s 1B B BE B 200004 GridSize 2 GridSize,
V3 GridSize .

A BRI SR S DN e 2 4 S s JUT L R 1Y
REKAEY AR RE-MB AN R
HEU B RS S SRS AR g (n) FIS B
PR S RIAEHL h(n) 56 B RX T ST A

fn) =g(n) +h(n)

AICH g (n) BENRR G & F B YT & T I
h(n) & h B & FRYRT & F B —F, 1
f(n) KPP Es A,

B M M 2R s T e &7 150 index, , %%
NTEETIF 58 index, MIHH A" REE LI
FHBIRY index, B index, B FSLIRAS L 4 —A>H 3%
G TV, % & T 9 R BRI T P A (8]0 1
LEA ., BURETIPIILL L n-483k &7
B0 = A TR R ST R I 2 48 R A% XSk G,
TR R0 b 88 0 5 57 T3 A48 2R IX sl

AR ATHEIR N -

&L SearchAreaRefining(G)

BN TR AMEEETY G

@ S = PR R X G

(1) BAA G FrdE=s A1) o3 s T A S5 R IE
IR &ET

2) B&A=MmmA & i A& T, M
FRIEARUN &1

(3) i) A" BTG I b 2 A RN R T AE
& index; F index, W] 1) 5 4 #7219 8 & 7
H L,

(4) BB & F 78 L S -G L1 &7 W
o= AR AR RIS G,

2 JZXT Bunny A& 2R X IR AT L A0 I
JE R 2t BiR T sk r oAk, Bunny #EHY R A
(i) e 6 % A48 ) 45 R DX Bk = A T A AL R OR /Y
5 3281/ NH 556 A AR R IXIHOR R EA /N, 78 =
6 FR T Fo e B A T R B S R

(@) AT 10 5R TX
2 Bunny BEHE RN

(DAL SE 1R 2R X 35k



a0 H11 W

Tt K, BRI L, AR AR P, A5 « Ot Y = A A 2 T DL M 2k S0 227

PN = A 10 e T WA T T A ) R
AR TSR ROR B AT L o P A P B i 5 8
B, A2 by TSR BT S ] DR R AR e e g
TR AT A BN & T S AT O R i D B A
ARET R AT R0 7 B RO A e = T 4K
WAL T DL R T ¥ AT LALEAR K A i ] Py 45 21
BRI -GN & T, AT WRA LN
B ZBE N O(n) 3l i &5 P8 B A48 28 DX
AR TRI A2 2N O (1) AR SO R I TR S 2%
o(n),

3 ERASHHEEINMEITTE

ARSCIE AT LATHE = A A% AT 5 A 1 4 0
M2, I M2 A S RIS 0 2 = A AR PR TR
A A0 RS T L B S RO g = A RS A Tl
R ITE R = R BEA TR O3 SRR T = A R AR
BT AR AT e AL Ry = A RS A TR A T&] 3
N HIIY =8 ABC, TG D= AR O THU,

C

E3 =fmisE

=M a , nTRFSCER 6 ] 1 B3T3
= A 2 T AT R T TR A A R b 2R, S
R L6 ] Y51 1 S I = Ay I A A5 7R 26 36 1l TG 1) 488
FE P R i Dijkstra 8092 R A5 90 100 18] A4 fc
PRAR B3 AN 0 o S B AR AT PN A 30 T A G
NI =TT R ) PN I A R 1% TG 1) < Bz 1A
2 A 53 e AR U (A 3, TS R I T
PR T ) 0 A, L BT S A UK A i AR 2 22/
T B, SRAS 1) d5 5 A B A V9 ) A 3 A
Mgk,

Bl 4 A FHSCHRT 6] Fh 7 vk 108 I i B AR 1 245
T 4 (a) KL R 0 46 0 A b ) I g AR
4 (b) H R RLZR A B 2

N AN /

()W ISR 12 (D)oL 2
4 XEK[6]FTEMIITHER

SCHRL 6 ] PP 07 i 5 B A B AR 15 [ PN EA T He
AT, i T = S AR R W LA %7
Y 11 B (B] 9 FELE ) B R R B AR BT ]
BT 2 (] BT 14 R R B A A % DX Il /N Bk
T, nT LSRR HERR 5 B A B Y s 1Y 340, 4
AR X, I/ NI i S AR ) TSR R]

4 BEIBS5SF

BT R UE AR SCHR L, #E PC HL (CPU S W%
1.40 GHz,RAM 2 GB) b if47 T 5256, s H & 5 fr
TS ASAS R B = A RS AR AR 3350 v e o R
SRR B ER S5 RN 1 R, W RLE AR SCE
AR B T SCHR[ 6 ] a5, = AR AR AR
B, SR . X5 T 69 451 > =M1 14
B Bunny FRFR A SO AG T RLE R 2 SRk 6 ] B
B 59 48 AR B

Ladl

(a)Fishf %Y
)l
¥
>3

A

py -
G\ ==X

(c)Dragonf$i

(e)Armadillofsi %Y
5 =RMEEEFN b
F1 RFEZRENHLEL M LIGEHE

(Happyfi#!

gt k[e1F¥:  AHE

POl R e hmmtis  ibsetis T
Fish 8874  0.054 0. 464 0.043 10. 790
Liver 13070  0.121 0. 831 0. 062 13. 400
Dragon 23 161  0.387 2. 804 0.253 11. 820
Bunny 69 451  0.438 21.761 0. 366 59. 456
Armadillo 102 972 0.355 NFEAN 0.438 -

Happy 204 744  0.234 NFEA 0. 520 -




228 it B® N TR

2014 4F11 H 15 H

Pl 5 oy BT A A0 0 b 2 24 T LE B R A IIE
BT A S W RIS AT B, H B B A, X T
A2 ZR AR | T LA 3 18 6 R 40 MR Y ) e
AR U S A% TR n-AB SRRV P A n 4R
RIS

TEFHA 13 070 > =M A B9 Liver £ &1 |- i
T 20 4 I M2 | 0L ) b A X B A ) g 2
KB W AR IR D7 R Bl £ 0 4k i K 38 L 181 6
AL, LI R /N — 5 I 0 b 2 b
SN R, P T AR SO R e T 7 4 R Y
PIHEAT Dijkstra 7180, 71500 18] FURII 3 2% 22 3 19
AT R G, TSR RN AR S
I A ORI = A A L B 2k 3 X TR
5= A AN b T B B 0 0 M R 5 A T S ) I i)
P,

80
70 |
60 |

O

R
) 40
=
R3O_
20 +

10

1

0.0 0.5 1.0
Tt LR 4 B

B 6 Liver #2EY kA [E]4< B ith 2% i) SLIR 44

5 REMAFEFRXERE

FE AR A R I S 2 AR AE A = 2= i
LN, BT A3 s i LS RS B B SR
M HEME R BRI SEEBS R G E " R
PRI D3l b 2 R U E F R 2L R 2 —,
SBR[ = A DR T 2R T R, X
i A E (5 FH R 005K HE U0 5 T S 1T 1 — #f I A%
T A, SRAEAT B — 3% B BN, , 530 a0k S 1 HI S [
T M2 I 3 2 R U = A IR A% % TT A B S R B,
R YR R AR A18 A 5 HI A P 0 M 2 T AR B — A Kty
2k, Bl ] 7 IR 2R i Xl 1k i s A, R H 2B A 4R
A

ASCHEAD I IE TR R 48 19 64424 PC L (CPU
PU#% 3.40 GHz,RAM 8 GB) LA K& SensAble 2\ 7] 4=
72 PHANTOM fil 358 B4 R IT 2 3
T H B & 4 OpenGL F1 71 I i H & £
OpenHaptic, OpenGL H >€ 5¢ i K1 B 9 22 il T4k,

OpenHaptic FHR 58 iU 3¢ RGeS B TAE, T
PLELF R 5, 761% R 40 09 K3 bs 2 20 B
PHANTOM fif bt 32 . 1% £ 7 JHF W 3 T80 1) SR s i 38
REAR TR0 3 A, AH AR o5 5] F 0 b 2 WA 2T 760 33 s
B S8 L, 27 78 B AN = I B B A8 9 R N A7
Dijkstra e i A2 1T IO 2 L i A R 2K,
PHANTOM R4 £1] 1% 5[] FE 2538 % A K, {1 H
A SCRR AT LhA /N i i AR A A X, s T AL
OB FREBRR] 73 15 x 10 x 10 M IE TR G T,
VT ARL I M 2R B R AT 5 AR ARCR AR 2, B HS
] (AT AL b 2R AN PR 7 v R BERI R, N M 2R Y- 35
TR A R 0.03 s, 0 M R (S B AR 22N
0.07% , il LAl &2 K 403 5 1) S B 4 R B S 1 1Y)

E7 BFEFARXIBAREBELIRR

6 ZEFRIE

ARSCHE W T BT 2 (W] BT R 40 1) B AR T R
DX I8 45 /INRE T , RF = T A 2 TR P s () 30 R0 b 2
BYF AT T e 3 AL b 2 2R AR AR R ) R
BT R B ] AR, SRR AE R R X
VLA B AR R T IR P s 2 T (R0 b 2k T 53K
KA A R) FE ST R0 I0) 28 1) 154 B i) 2658 i 4492
Kb, Bz Bk T U IEF R R G,
BT AL T AR 3 11 DX 38 s b S B A S
7oK o
X T A2 2 I S T RS AR B R 1 = A A% e U
A BYTTE W AR FH /N2 (8] FR T3 43 1 2% B B0
P RA G SR B T R AR SS R iY TE A M X
TE—E R REAL T3, Rk, el A 4 =
A IR 9 0 A7 R X B R A T A 3 A0 BT R 4, 4
FEEMACR A, 2 N -2 WENRY
AE
( FHE55 249 T1)



§40 % 55 11 HitE R, 7k

W, B, % 5T Android 19 BSP AT [ ZhilE iR AR 249

22 FIBIBCE xml SCPFFHAE R H AR A TS

(4) A Linux WAZIEIS 9% 0T 585 T K0 %)
AR H AR Linux A% IR A5 #E 1752 34 75, RS
BT AT

BSPYE®: |/home/redcracker/BSPProjec| | BSPHRES: |

A Samsung [v]

FEA: real6410 [v]

|/home/tmpBSP| | HEEABEZ
FiaiidE

6 WHSHENX

i A A pg i g e SE B T LA Y, S H AT
ARG Tl 3t 3 >R FH B % 3l 1% & Linux A% Y
BSP FARIE BC J5 ¥ A0 LU, AR SCHT 3 Hh 0 % A HE 22 0
T HAfijfb Linux A% BSP B4 B TAE R,
AR M2 = BSP BAHIE BL ) TAERCR

7 SR

ARSCBETE S B — L TR AR o A B
Andriod BSP #FH & BIHE SR — R Lo T
Linux AFEMLSE 3 I & SCRY 5 M Linux & R 454
HJZ R 53 ARG Z 8] A0 IR, A K 4% b S 2 1] Y
AR 6 R 4B = 48 P SCRY ), IR 45
] AR RYAE LR T 5. v A %02 = BSP #4H
H &N LR A R % % B Android Linux P 4% 1Y

TAERCR, N — 2B 5 a8 2> Android Linux
PAZ IR AL 39 T AR

&% 3Lk

[ 1] Google. Android Home Page[ EB/OL]. [2013-11-10].
http://www. android. com.

[2] O’Nils M, Jantseh A. Device Driver and DMA Controller
Synthesis from HW/SW Communication Protocol Speci-
fications[ J ]. Design Automation for Embedded Systems,
2001,6(2) :177-205.

[3] Wang Shaojie,Malik S,Bergamaschi R A. Modeling and
Integration of Peripheral Devices in Embedded Systems
[ C]//Proceedings of Conference on Design, Automation
and Test in Europe. Munich, Germany ; IEEE Press,2003 :
136-141.

[4] F5 &, 455 ET VxWorks B9 BSP iR Hr[T].
T RALE B ,2006,22(8-2) :86-88.

[5] 2 Jk,#hEH3, EZE. VxWorks F:1E R 575 OMAP
A ERRAELT]. BOTEALNTL2010,31(8) :50-59.

(6] BRods sBm, sk ke, VxWorksS. 5 7E k.t 2 5 4b
PRAS 09 R R AN PERE 20 M [T, TS AL A 5 R
2012,20(9) :2542-2545.

[7] FEAF D7 {2 3T S3C2410 ) Windows CE 5.0
BSP BAH[J]. UTHLIE R ,2008,24(2-2) :116-118.

(8] whflsg, x| ¥, x| ¥, 4. J T OMAP3530 11
Windows Embedded Compact 7 BSP AY JF % 5 %
HE[T]. RN ,2012,38(2) 114-17.

[9] Tk HFH AR Linux 2409 BSP 5 AWF55[D].
JIHR - LT R #2004,

[10] BER. #t Al LINUX & F & BSP R #5545
LB D] AR : B TR R ,2006.

[11] #FH%. Android HARMNH - R E[M]. dbat: PR
Tl AL, 2011.

[12] Yaghmour K. Building Embedded Linux System [ M ].
[S.1. ]:0’ Reilly Press,2003.

£ L

( F3E55 228 W)
B E TR

[ 1] Mitchell J S B, Mount D M, Papadimitriou C H. The
Discrete Geodesic Problem [ J ]. SIAM Journal on
Computing ,1987,16(4) :647-668.

[ 2] Surazhsky V,Surazhsky T,Kirsanov D,et al. Fast Exact
and Approximate Geodesics on Meshes [ J]. ACM
Transactions on Graphics,2005,24(3) :553-560.

[3] ChenJ,Han Y. Shortest Paths on a Polyhedron[ C|//
Proc. of the 6th Annual Symposium on Computational
Geometry. [ S. 1. ]:ACM Press, 1990 :360-369.

[4] Xin Shiging,Ying Xiang,He Ying. Constant-time All-pairs
Geodesic Distance Query on Triangle Meshes[ C]//Proc.
of ACM SIGGRAPH Symposium on Interactive 3D
Graphics and Games. [ S.1. ] :ACM Press,2012:31-38.

[ 5] Crane K,Weischedel C,Wardetzky M. Geodesics in Heat: A
New Approach to Computing Distance Based on Heat Flow
[J]. ACM Transactions on Graphics,2013,32(5) :152.

[ 6] Kanai T, Suzuki H. Approximate Shortest Path on a
Polyhedral Surface and Its Applications[ J]. Computer-
aided Design,2001,33(11) ;801-811.

(7] B ol JEREE, TARAR. s BEY 10 ol b2 iy 3
LT AL ,2011,31(4) :1050-1052.

[8] AbEEk, BT, £V B F i 4 ny 1153
(3], THSE PR B B i 5 B 24 2 41, 2006, 18 (3)
438-442.

[9] Xin Shiging, Wang Guojin. Applying the Improved Chen
and Han’ s Algorithm to Different Versions of Shortest
Path Problems on a Polyhedral Surface[ J]. Computer-
aided Design,2010,42(10) :942-951.

[10] Rusfell S,Norvig P. Artificial Intelligence——A Modern
Approach[ M |. 2nd ed. New Jersey, USA : Prentice Hall
Press,2004.

[11] Wang Yanzhen,Xiong Yueshan, Xu Kai,et al. vVKASS: A
Surgical Procedure Simulation System for Arth-roscopic
Anterior Cruciate Ligament Reconstruction [ J]. Computer
Animation and Virtual Worlds,2013,24(1) :2541.

(12] W8, fedml B B, 58 AT TR th s 32538
iz R B[], 3 FBLRE T, 2013, 33 (10) ; 2911-
2913,2917.

ErEE S TR 2



