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Figure 1 Curvature vector decomposition: the curvature vector on Point P of Curve C' on Surface S can be split into
normal curvature x, and geodesic curvature kg4
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Figure 2 The straightest geodesic and the shortest Figure 3 The straightest geodesic with equal left and
geodesic right curve angles 6; = 6,
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Table 1 The comparison of the shortest geodesic and the straightest geodesic

Shortest geodesic Straightest Geodesic

The shortest geodesic distance is a metric The straightest geodesic distance is not a metric, due to the

violation of the triangle inequality

The shortest geodesic path cannot pass through a Any path through a spherical vertex p that bisects the total

spherical vertex angle of p is a straightest geodesic

The shortest geodesic in metric geometry solves the The straightest geodesic gives a unique solution of initial value
boundary value problem of connecting two given problem for geodesics with a given point and a given tangential
points on a manifold with a locally shortest curve direction

* 2 BEHNEENRENEZ S CRHE LSRNt

Table 2 The comparison of the shortest geodesic on polyhedral surface and shortest geodesic on smooth surface

Shortest geodesics on smooth surfaces Shortest geodesics on polyhedral mesh

Locally shortest geodesic is equal to locally straightest Locally shortest geodesic is not equal to locally straightest

geodesic geodesic (the locally straightest geodesic is not even a metric)

The geodesic path can pass through any point The shortest geodesic path cannot pass through the spherical
vertex

Given an initial point and a tangent direction, the When passing through a saddle vertex, a geodesic path can

geodesic path exists and is unique be split into many geodesic paths
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Table 3 The comparison of typical exact geodesic algorithms

Application domain Algorithm Time complexity Space complexity
Sharir and Schorr O(n3logn) O(n?)
Convex polyhedron mesh Mount O(n?logn) O(nlogn)
Schreiber and Sharir O(nlogn) O(nlogn)
O’Rourke O(nd) Unknown
General polyhedron mesh MMP O(n?logn) O(n?)
CH O(n?) O(n)

MRS, OAEEE TR UM AR i S R M e 2 AN T PDE Bl i M 2 50k, 28 4 1
&5 H Rt H DB AEAT SR B RS AR AR 1 ) el I 2 S50 5 5 TN iR EL DN AR SR AT . d
JRAEER 6 XS SCHAT LS. B 7 R T HkAER R .

3 FEEMSIRE FNRENEEE

A EEIHEAE S RS AR L i M e 550, b SE B = A WA AR R® (Al ) —
FOEBIFIE T S, B S Rl o AN T ARIAE AT AR =AM A dim, JFH S
AB: (1) AMFAEISLEITR,; (2) BERIA R e T — =MD = AL, (3) AR =H
M EAANAE, Ba WA — DA B A S0, (4) T A ] 9y e 1) 8 47 6 PR i) - 1 L f
’/fé [10, 12].

BT BRI R U] PR Aol o R b 28 BVETE Bose 55N B LR A BONTEARIR IR, TRtk A
SCEBARIRFE TS LT B I B R I M 2 SR AN L T PDE [T AU fi R I s £ 5002

3.1 ETHE/LAERRENZEEX

ST UHRL LT ERORG B 5 R 0 b 24 B5092% 3 SR I B0 ) LR o i e 100 5 2R, ) 22 T A O A A TR SR i
R I R 28 OGS o O e 28 ARV 1) AR SEAR R A = A A b AR AR E b UK A 00 ¢ 2% A2 2 —
FRYNG L = AT W TH BB R, A4 3% S 408 PR THT R i — AP TN, X B BN o — S 4. B
AR BRSSO 28 5L 359 Sharir A1 Schorr 7 $2HIAY SS Bk, Mitchell 25 A B #2H )
MMP #.3%, Chen 1 Han '3 $#2H ) CH 5.7, Schreiber 1 Sharir M4 $& H I 5RLv4E, FL [a] & J4
7% 18] 52 24 FEE JAH I )3 Y Bl e 3 Bz, T D™ 25 THI AR IO s R — 5 22 T 445 X 4 13 77 T8 43 ) 2R 47
3R

3.1.1 OWEEAEMNIE ERBHEE

DAL S ATE B P 6 0™ 22 T R b () = 4k i #8421 B, F B A 3 A

Sharir 1 Schorr A SS &%, 1986 £E, Sharir Al Schorr 7 i A FT T HRFEESE IR 1 =4k i J6 1442
I R, T — AN T 22 A i T R ) e R AR IR R B, L TR R FEN O(n® log ).

ZENE R R 2 A T S 2 B R T AN X (peels), {HIXLL[X 38 A AL EAT
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Vi) SR fige B A AR R SRV, A Dijkstra SRS I DA U

THRME A s BN Z AR S PR — At FIRFERENELLZ RN (a) ROE S EREH ¢ 1
B X P (X ¢ g P NIE N ), IZXEN A SRR A, B RS — R R AR e
BIASEZIX . (b) ERFIRAT n(t) BIEHIXIR Jp PERIAIRGLFS ¢ () #EFEALF) ¢ M
SRR T P, £E-F 1 EoRAS T R S B R BR AT m(t). XBEE L, O(ndlogn) N A] FRAL 2,
IR SRS S [P X (peels), FFHARMEAER T, FRAVIF M (slice tree), Y] # AT LLLE
O(n) BAIANHAE S AR — RUFIVE 2 R S B8 AT, U IR S5/ O(n?) 7S [E]. #4
R X K L S Dijkstra I EE R BRI, S5 ARG X kA e I -1, i fe e~
T SR R LR AR

Sharir F1 Schorr F5LIE A 58— SR — 4 i 1] b 10 B B0 M 28 1) 5925, R e A0E F T 22 THAR,
I A) 52 % Pt A v, T BRI B BAR R T, A 5 T omAR S, i BE B SRR KA B AROR T- 1 2k
(KA, RAT IR R AR okt 2 A i 2 XG5S, A RESK B R4, PR B9k

Mount BYE L. Mount 19 Sk 7 [7] FIEVE, K iZ BRI AR 2RI ZE O(n?logn); [FIRE,
A AR EE PR E] O(nlogn).

Mount iEB T Sharir F1 Schorr 73 #I)EIH X3 (peels) RJ LAFAE & — AN 5 a0 & I~ 1 1)
A R Voronoi X1, T H R 228 n M, FrUANIE A s Bl 2 A B A ¢ KRBT E
ZRM t B R PATAT— 5 r € R NEBARIN L » B s 2 (8] f 20 B A 85 IR T T DA ] N3 P 3
i Dijkstra HEZEFIBEIRIHH S 4E R AT R Y Voronoi X3k, M5y R 6] 2 24 FEBE 2] O(n2logn).
F34h, Mount fEH] O(n?) )73 (B BEAT FUALFE, SR 5l HE PP R B2, 720 2 S5 A7 it s 5 A i)
78] 75 K AT LA 3] O(nlogn).

Mount 61 J5 5 S E ™ 2 AR 38 5 MR AL s FFUR B0 % A2 1 52 X BN o 2451, o8
BT AEA# Voronoi P IRIEHE 4514, 1250080 45149 DLRHF ™ 2 TR I B — 2534 e, BRI 7802 e AN

Schreiber #1 Sharir BIXF Y% ERBREIFIE L. 2006 4, Schreiber Ml Sharir 14 $2H T F =4k
I 22 1 T b AR DT Y R e R AR R B L, NI SRR 2R O(nlogn), 1B 2 BEIR
TR, ZEEY R Dijkstra BIHEVE, RVFESIEH. WE& U, — AN ST 22 AR 14 A% 18,
TE I B A0 P55 40 AR IR AN A R AR S B AT, %A SE T Hershberger A1 Suri M7 ) O(nlogn)
(10 ~F- T g A0 R AR B, I AR RS R AR, VRS DL RSB S IRAE A 0 K <E ) il
8] 58 A& . ZEIEME T — A AR Mount $dE 4544 16! 5 F B 204m 15 2w i #i T B JR A5 s
B HABFTA S B RS, X PSS T RIEBEAE O(nlogn) IR ] A THECHE ™ 2 1 44 h i F
M ke A, 1 IS M E R E WA O(nlogn). FIEHET 2] m MNMEAKTENT, BEEZE N
O((n + m)log(n +m)).

Schreiber 181§ J& 7 SCHR [14] #I53%, AT RTBRE L 2 A, B2 A 2 O =K9EN 2
A, 85— RESLZMEAE — N AFIE S — A X, 1% XIS KRR B2 — MR, 3k
LA — N FT R Z R (uncrowded polyhedron), B RAFAT A IE T ERIIAE N 1, N
Z AT — TS B BB 2 /02 1, I B e B 248 2 TR —AME E 05 #1102 08 5 B il (R4
HERRIY (low density model). 55 ZRESLLHMAE H LM (self-conforming), FF—2ki8 e HEH L
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Figure 4 The definition of window: w; is an interval window of the directional edge e, w2 is a pseudosource window

AN R EEE N O(|E|) (B Nib e WKE). ER=FET, BTS2 1T 0 2 445 M
IR BEIA O(nlogn), FIFHEAT Ja P — AR s R R AR B X, A4S R AL s BIEA] 75
At IR S TT LATE O(log n) B 5 I ().

HARSCHR [14] AL CIAS] T ES R, B N ESEH T 2 ik, 2 s i, X405
FERT AT SR AE — AN AT I HE .

3.1.2 —RZEAEMIE EBREL
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Z TR R T A, T T00 R Ak ) R E AN 38 S AR 22 25 3 O — My 22 THI A L D M B A% R SR AR EAT T A,
TR SRS AT A

O’Rourke FIEE. F7F 1985 4, O'Rourke 25 A\ 19 g # H—ANFE— M2 IR LR T A 2
VA B I M 2 1R BBV, FE TR S AR FE A O(n®). B BT SR B0 2 ()05 R R b fUETS 2 22 T A4 1R T
MLOESE, K S B ST Z A B E IR W R s Bl ¢ 3BT e, ..., e HIFES, 0
RE51W eq,... e, MBI ERCFTI, 7 BONELZ, WK « FO8Z—DNELEEE (straight line path,
slp), FFR i I 2% B B AR PR ON IR LR B AR, S ELZRBRAR G L IR R B8 I dH ELZR IR 597, IX 2
TR SR (7] 158 B DX R AR . 5 00 TE AR T A 0 B AR R SR H AR T
V) B B R 5. R 4 T B AR R B 4. S EE TR O(n®) KU IRRH R B4R, I TE1T I
I 18] 52 2% B R, DR MAZ AR R A 15 31 s .

MMP &%, 1987 4F, Mitchell 45 A 8 & H 7 1& A T — M k& d i MMP 50%, Hi ) 5 4B
BN O(n?logn) EME RN O(n?). BRI SCHR (7] BIESALRI 5200 2 AR MR AT
OyE HETRAE— M TR, M s & H 0 b % 42 AT DT X R T A, ZE SRR UL R, Mitchell
LENBAZ AR — AR v BHATACEE. PRIk, 2 TR MAS FATE — A ¢ R 25, 2 IR AL s 2
t AR v R IEES, PRI o B ¢ BB B N b o 3 s B0E B e/ MA.

A H R 2 1 — PR A 28 AR, LR SR BT moRIRO 2R B 2R A% 4R i oK
ik = A XA A TR PR b 28 2 BV R R A SR AR M B AN XA 4 B i — 2L TR, Rk e 1, L
K B LRI T HI —H R 2 B, SR IR 2 PL Dijkstra FHE 77 20K 8 1AL 75 2584 W
% i, (E 75 2 A BN B S 1 o LV o, XA AT DASK H gl T A 22— s 50 0 e B A2
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5 BEOSHL: bo, by AEOMIKAEREIALEIEER, B bo,b1 € [0, [le]]], do,d:r AKRR v BIE O IR
RHER, o RRARER v BIRSBNMERS, + RRBIES v 712 e B95E

Figure 5 The parameterization of window: bg,b; measure the distance between the endpoints of the window along the
edge, bo,b1 € [0,]le]|], do,d1 are the distances from pseudosource vertex v to the endpoints of the window respectively, o
represents the geodesic distance from v to the source, 7 indicates the direction of pseudosource v about edge e

FooR), R A BRI LR A T E R BB, S w, PR p BRI
A MR = MAE A, 5 1R w, AL X AN DA 5S4 o WA LR TE I, ik 4 FE 0
wy. wo FIMTE S ¢ BNV IR REA AT A v, RIONIE AT, B wo X E ORI IR S % 1,
{75/)?:5 v BIE A s MBI EERR A NIE s FE RS RO nf DLE H, X A& A RI0 5% S i i R 4 5
AN 1A IO S, T DR s T 102 R AC 3 2 d F BR AR 20 Hh AN TS e 48 7 145 2. DOL.

Mitchell %6 N H 25 W 1RSI SR A0 M 26 1) 9%, (HHFRSEI. BB 2005 4, A H Surazhsky
GNP S T —FRBl . ARSI B e N DR, AR R AR RE 1, ARYEE O
THEH ON IR AL B UG AR AT R — i, mT DA H L i 1 30 5 s 1 i R R A K R, B
HhEE S 0 M 2R 38 i [ AT AR H.

(1) 5 & HBREL BIEE SN B 5 L— AN D RE: W (bo, b1, do, di, 0, 7), WE 5 BTN,

(2) & IR B B, o, W SR s ARAR =M 1 — RN E DIVIME, SRS TE 1%
T R 53 AR 2ad AT TR AR OB 1. BT AR B B 11, 08 2 R A G B 9050 %) B2 Dt A7 i 7E—
AMRSEZB\FF . ARG, MMP 5092 I 5 BL Dijkstra i77 RALHEIE B . HIEAB IR M SR BAF
kR (IR —AE DR LLL N TR R & O, EEX AR, ERBASIAZE. & O Ry R
HREWE 6 FRi 3 Mol — X E DA — A& 1 (W 6(a) ATzR); AR AR B4
WrEd I (G 6(b) Fram); BANEEREOGIE SE O, X T O8RS E 0, AL TRk A (B A2 AN T
2m AL Kb, PR B U b B AR AN e BT s, IRIURAS A URAE 7 10 250 T405 (A FRT 2r
(17 550) Ak, T2 D s s T 0L [ B R A= X 1] B AN DI s 7 11 (W1 6(c) o). 4 A B & 11 5 B
TEIA I RA B 1 B S, w75 ZERHX AN & AT 38

(3) Wb 2E S A S AT B AR R . I B B TSI MR B AT, R S D IR S A
BT AR — AL p, 4325 RS IR = AT I P AR BT R b R 5L, T AR b P e AN
MM ER A%, ST T =M1 A BB S p, W 7(a) Fias, HGt Bre i i e 0w, BR800 6
BREN

D; = pflcigi(|Ppij| + [pijvil) + o3, (5)

Horb iy 5 @ AR EREE AR v NS MRIERL A p BRI bR B R A T =
KU ﬁﬁﬁﬁﬁﬁﬁ_ﬂ PR E /N, B D = min(Dy). 245 p Ar T 10 BRI A, B98I b B 1 Dy
= |ps| + 0.
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Po P

12 P> P> ws
(a) (b (c
6 BHOFRAI=MIFR

Figure 6 Three kinds of window extending. (a) Only extending one interval window; (b) extending two interval windows;
(c) extending the pseudosource windows

7 MMEENITE
Figure 7 The computation of geodesic distances. (a) Computing the geodesic distance; (b) constructing the geodesic
path

PN RS 4. — BB I i SRR BE 2 1) o 7 56, IR S 1B R H T FAT R — 5 p 1B
(=] Y5 s () B R B AR, B AR p AR LT TE 1 = A THD A P9 SR AS S5 S b B 25 1 S BT AE IR B 1, 12
AR M bR 1 2R — AT A, SRS TR DR VE SO B, DI S RN i E LR 5 — ML A 5 R
AR BTN — N S A0l 7(b) . $E TSR] DGR R R A SR w0 b P g BT 8 it
M O, FREIM ML EE 42 T IR HT A, 1K s AR VO R R 28 5% 1 I M B A%

MMP 55EA% FHI%ESE Dijkstra $R, # Dijkstra SE MRS iR FE BN, Lo SS HIEMI 7] 5 44 %
HIRKHISGE. Surazhsky S NG SLIGWEL R, BARRIAIE LT MMP BIEMIZITHAE O(n?logn),
HAE SE56 H R P 318 AT I TR I A, A —NR A B BT oAt U~ P 358 AT B T O(nt® log n).
EELE R ET F, WKIMAAERE W] LA 7. B 5, MMP S0k 55 E 4t — ML A1, #6 2% (IS [a]
HIPES O(logn); 85—, B4 B —ANHTE N, 75 B e AL AR Y, BEAEI S 2 Slohs 18 il .

RZ2FH N MMP B 7 sk, 2007 4E, Lin 25 A 22 4 R E AR R BB LS, $275
MMP Hik &M Bommes Fl Kobbelt 23§ 7 MMP 5032%, 7] LAACEE AT 1) £ 2T 2 IR AE
IR H 1 22 1 it 2R I HBEE 2. 2009 4F, B 56308 N 200 B B MMP BEH Y AR 1
FIHSE A FH R, EFXIX PN, 256 Dijkstra BEE, $&H T — PR TR B EE M SRR, fE— e R
EFEE T BIEMRER. 2012 4, Liu P EXTE ML MMP SEEHT T Sk, KRS A i 2R 45 44 o A
FHRIPRAN 1 G500 G B — AN 5 b, FEET 3 — SR BB O 2402, (X BRIk i
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& 8 CH E%% one angle one split 5|38
Figure 8 One angle one split lemma of CH algorithm

BN G BT T 44% B ATIS [EIFD 20% FRIAEGE 23 1A].

CH E3. 1990 4, Chen I Han 3] i 8 TAE G LE Dijkstra HiAR, FRERASEH T —Flks
MH LR 5L (CH H3%), HERIE RN O(n?), BB EN O(n). ZHEIERZOBER—A A7
A —/NE T (one angle one split), MTIEES | & CAN A BLAREY. AR, @ICH—A> O(1) BHEE) “i
B B @E BB AR O(logn) BFEIFIAR BRI, e b, CH Rk EARZ B T4 A TR DL IEIE
R4 51 2.

SIFE 1 REMHAE N wy Al wy £ AABC WIF—/N4 BC L, 11 BC WA G A A, W
fi ZOAB WM R ZH — A% DT URAE R BN ZE LW FHE D (i 8 AR).

CH BRI T 513 1, NEAE MILEAA A8 E 1, HIE A& DIRE. RG1EZ 8T
BB O(n) (T IR, A5 @ A A, 422 U00RA B A, DUNAR Bt FEAR e 48 R 1
7 LR E O, B2 EHOA BT A k. BVERIOURIE T H 46 24N A S 1 m] DRt i
FLEE AR AN G 11, HARATIE B 7 5086 b i) sl H R 2t ), L5 BT I R Bk A%, JF Hon DATE
O(n?) FAIEF (1] A A4) 38 56 B

CH Sk s T3 — AN A=A — AN DR AR, W8RG 1 7 11 18 (1 A B BT, A 3
A S BAF, A SV AR 1A] 52 2% BE R B O(n?). A AMZRIN 2 BT B — A otk 2 b e T
ZRTISRERYEB  r H W, T CH SRV AG YR A 30 44 T AR S B A 23 B, JIE B T B B 42 90
L4 AR .

CH BEMI S F B (a) CH BVEIRA RIS DA KBRS O, TR & DR A K
BT AL (b) CH HEA A FIA B g — AR AT, BEARFEAR T I A 4% B, (H%E IR
JRAEE O REAl i 55 BA R LM, IXFEIE A T KR TE G 5 AL HE, BRI L sERR AR It
KA wr. Surazhsky A PU JE I SLI0 RIET M 4% O(n?logn) 1) MMP Bz LU ] 52 2% %
O(n?) 1) CH BEEWRIIZ. (3) T CH FI5AT) e Xt Wk il T v 5 5 A 380 35 T A A B B AR a3 A T 40
P, L SEIEBCH WA, T 52 5 5l N THEAR 22

2009 4E, Xin 1 Wang 291 #5707 CH BIERCRARHIIR I, KB CH Sk i & DR F R,
TR T el CH H%, B ICH 8. SGH s TH: (a) MTCRCE DT EIE, 23 7 —4
AT B R 0 e B P 00 s Ak 1 B 8 i T B e T I 10 (b) % CH Rk i3
FAZ) 5 [ ARG 25 B A, 42 8l Rz i s R v 1. 3@t LA ok, TCH Sk L JFUR I CH 5
REMERE TR S T T LLE. 5 MMP B3kAHEE, TICH Sk A B BB, 17 H. 5 F 25 1A
By — (HHIR B H R R EAA O(n?logn).

2013 4, Ying 25 A 26 2 H T 9547 CH (PCH) &k, EH LM CH & Sl b2k Bk Bk 7 JF
TP, KIEFESRm T Ia FREE. [F T A MRS 5L —FF, S0 DO AR HESS. K CH I
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75 DO A AR 7 R 4 AN B JEREEE O AR O BUR A SRR B, SRR
Brb 93 /E o] DL AT, PCH B0V AE S [FIN B AL I% KBS 0. % T BRI g 3 et
KR DURATRE AT A5 SRR 2 10 A3 Rl o 10 8 8, o 0 AL R b B e s vh 28 PCH 55
LT RERR T AR I S22 n = |V, GPU BITHELRE ) (W0k% R H AR, B S5 k. £ GTX
580 A, PCH SHyAME B LR et ) CPU B ICH Bk T — M=

SVG Ei£. Ying 55N 270 78 2013 FH&H 7 Bl Hh i 85 (1) — it fig o 7 #% 55 (saddle
vertex graph, SVG). 1% 501518 Tl S i 8 i a5 1], 0 SRR 2 F550 N e 28 4D 1] R A A A SR o IS o e e A
{5, AT AT LA FH 2 m T2 B S I B R R AR R (B4 Dijkstra B35 R TRAR, B ROUFK T
DR A TR SRR A 2 ECI) b 28 i) 830 4D B i) B 2

FH T WA AR AR b B i 2 RN e i BR T A, HLZead i 2 3R 2 S 2k 2 A TR o A T IX
— VR, 5 H RSB 1 — 2% 4% SR I 2R T DA4) U it — AN B AN R 2 Bl ps A (B S1271),
T 1 25 b 2 7] B 2 5 — B el 2 Be U B A2 (PR S20270). IRk AT DA 47 by ok e ) b 55 425 BB A
R, TR S SV, SR 5 PR B PP SRAT RO A () B B AR, e PO mh sk 79 22 1 (1 b 28

SVG & —/MEBi e ) B, F R0 se B M R 4215 5. SVG BIH T s 2 s 1 T s, T
Gy N AR SR, SVG B R RS0 — S BRI R AR (B AN AT AT 45 T O M B A% ). 3
Seiml LAy N =28 SS W, WA A2 IR LRI M R A2 NS 3, — SR AR — AN A 2 TR ) B
ML EE AR NN 22, PRSI0 2 () ) B8 42, F Ess, Ens 1 Exn 700387 SS, NS Al NN
BREES. | S327 B8 T Bimba B | SS, NS Al NN 2.

BRES Fss, Exs Al Exn A H. RSB 3 2 B2 TE S, = (Vs, Ess), HAT
B85 OB S N E B MR A, BD SS I K, XA LY. R TR Sy = (Vs UV, Exs) B
B S RN AR i BOE B AR R R S 2 R B PR AR, B NS 4. B =BT S3 = (Viv, Exn) B
A AR s, PO R R S 2 (A B R AR, B NN i, Ying S5 AN C4UE ] — /Nl = AW
R SVG SN, H—ANFEIE = A WA E 14 R S R M 28 2 5 HL A OGIC Y SVG 1) de o
2, Bk, B SVG B, il aT LUK IR ASE TR ) B ) b 1) SRS 4 il SVG PR R (1 5 4 1 A i A

SVG 77255 3R A4 Je W M 2 1 0] G 8k 73 B A S0 38 SR AR I b 26 1 7 1) &, AT ] BAHEAT
THHAMERGE, T HA®E SVG B AT AT e T R, WK RHe & 7 BVE s AT R0R, iz H%
B IE] 44 IR B T O(Dnlogn), AR Z4E N O(Dn). o n = |V| MRS KIEH, D(D < N)
fEiE SVG MR &M, B 3 AN TEINFE Dss, Dns F Dan EKAE.

SVG HEAA LA (a) SVG FikAEH @Rk, BN —ANESEH R, D @i/ n, Bt
PLZEEI B B 4 B HE O(nlogn), T H HT Dijkstra FIEAW RALMEUETHE, Kk SVG 2T
TARTPURATHHE (FMM). (b) %7 VETHE A B 52— B i, RIS 2 SRR M 46 A = R 252K
BT e A T BT EUE R AR A, SVG 772 BUE s e IR i, i HF 7w DL A de 8 — AN Ahor
TR S K, 182 /a8 5 5 e B, A 300 T SVG 158 4% BRI BE 25 RS E. (¢) SVG
A PALL—AN 58 4 R BB A 47 07 SR e, M H. SVG 1P 2 BE B TR L VRIS L, B RS K
AU, B 2T A0 RS g AR i, AT SVG BE IR 2 B A

SVG BHVEIIA R 2 AR, A UE R T = A MR RBEA T HAD SR O R AE RS R
B R ZUHL AR T = A RS R, A, AR R A ERGRT SVG Wi g H, Wik sva
B e A B (1™ A ), 225808 25 ORI, (HERFERZ SVG BIFE— BB L T & — M I,
DRI T A2 2% R R R T
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3.2 ET PDE 7 /ARSI EE

35T PDE HJ5ik, A2 i i o0 J7 RERAT 21 1 R 3t 26 1] (R 3 DU 207 iR 2 5 S,
—RBOR I LR, (2 R BE1S BRI M 28, 7T ] — SE X RS FE R ANy, (H R R U
I L.

3.2.1 Kimmel f Kiryati &%

1995 4, Kimmel 1 Kiryati 28 it —> B i 45 € 10— MR FRoR, Bl gl 70 sle— A4
SETTARRIAR, A bR IC s T b i A L i B BRI ETAMI. Kimmel A1 Kiryati &t #75
AL NS BRSSP B B R3S — B By, £ A ER E SR A =R A TR AT R
MG 7%, MR A R AR iR A B A2, 7R 58 i B, 3t DA R A5 ISR AL Y B i A
eACHE B R Nt th 2k, B B R DA A P AT R I B AL BUEL S, o 3D h 24 T
FAH B — AN ) 4R B AT 5, T AR RPN AR m 2 R Y iR B A, BARZS
RAFHIIN M 26 R AU LE 2 15 R ARABGIE T, (E2 d1 T f B Do (0, BRI iz 5545 2RI
FUo2 LA AR RS RN 545 B SR B AR L. 125500 SR AT 1 I

3.2.2 Fast marching % (FMM)

1996 4, Sethian 29 Xt — MM T O(nlogn) —Mrid BAHGEAT RSV (fast marching method,
FMM) THERHBZL. 1998 47, Kimmel I Sethian 01 K¢ RIEATBETT VA B = A P#% L. 2008 4F, Weber
SN BU SR T — P T MR R R ) PRI AT RS, A LT R BT IR B e T I EAT A5,
IR AEDAR GPU _EsXof1T.

Fast marching BV R ff B AR ) T T R AR AL Hﬂlﬁ&ﬁﬁ’]ﬁ??ﬁﬁfi, M5 S R R b
BEAT BT, FFAEAL R R A0 % RO DI PR 5. DRI A i) A% 16 7 1) 7] 2 2 R A e B 7 [l
AH I, R 2 P A ) A R B A (0 7 ), R T b 2 o B 0] LUd I iR Eikonal 72 |VT| = F(z,y)
KRAF. 2 F =1 I, R B 55 T i T 4L $% BE RS [B] 7. Fast marching 752K Eikonal J7
FEH — P BB Ak, HRAARSRE DB y: B %6, WITA AR mURER B0 0, JHR HUIRASBUN Close (7Rl
PR B DD, B S YR A AT SUIR S EON Alive (Fe7- I B B8 178 580 05), FLA 0 580N Far
(FRKEEHIR). RS Dijkstra FIEUURITTVEEATEA. ROGEAR, F A RSt bric vk
Close I s /NI BE BB BEHTARIC N Alive HIRUERES, 254 Alive PRGN Close, FK 4T
HIRHIARIC BT Alive. ARG HEAT BRI P A s AR FR1C N Close M IE.

5 Dijkstra 5% B2 Lk, Fast marching 5325 2 AR 7 32 ZAE T B SRS AN, Dijkstra 5
R ) R B A R PR T P A b, TR R B B AR A R SR R TTTAE Fast marching 5%,
R A AT DAL Rk o = A P, DRI TR P SE B 2 T = A T G, a8 A T et ) S £ 5
FyAk, BEE BT AN, Fast marching SR B B2 18 B O A M EE 2 s A AR 2 (Alive 28
S ) R S B I REAT SR, XA TR BRI, WU BB R AN, A2 (Al
W SE T A IR B A AL XS T Dijkstra 5032 2 AN W ize B iR i PR 9 1) 0 25 BEHT AR Y . BRI Fast
marching 553K H ML 28 IRORS B AR B2 L Dijkstra ByE . —FH BT F LR 4.

Fast marching 5% (FMM) 42— 2 A% F 0 PO 200 B sl 2 AR, ¥F 2 AAE AR
FHET T 0. Kirsanov B3 A48T —FoE BUTE FMM AT ZE3 A 1 B8 R0 1bb B 3 00 00 = A ) e
HAE BB BB BE. Martinez 55 A\ 021 32 T — Mk 7572, SCE BT I = W ith T b (19
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% 4 Dijkstra HiA5 FMM BEAHISIEE
Table 4 The comparison of Dijkstra algorithm and FMM algorithm

Dijkstra FMM
Application domain Graph Mesh
Complexity O(|E|log | E|) O(nlogn)
Quality Poor First-order approximation
Implementation Easy Specially handling an obtuse angle

AT R TR M B AR A T A AT 45 H IR AT RICSIE — AN R il e/ IMEL, (H3%E 45 H S A0 50 51
WSIGH . Xin AT Wang B4 $&H T 5 —/MEARTV2:0038 7 PodiAT 3 A%, 2 Je e s T RIaE
PORATRETTVE, B 2 AR I 53 A R SR A, FE4EH XA [RS8 28 0 30 78 I8 1A R B fOAS [R) () A 2. 3L
R, FAEEASR S T AT S 1 R B AR B R R BRE it JR S e A0 Bk A, AR, B AR VAR AE N [H] L
FMM f{i%. Bertelli 25 A 3% 25 [ fifi Ff FMM AR BT b 2 8] 1) 5 B 42 7] @ (all-pairs shortest path,
APSP). AT H FR AN ] SR AN T AR IR FUZ AT FMM 53 n IR, TR FIHIAS R R SSSP 4
ERITUR VI ESRG — A AN IvE. BAREIAAE LI P IS T S S, (BRSO T, 2 HE
[FIE AT RIS AR /2 O(n?logn). Giard Al Macq B0 $&H T —Fp A5 1%, 76 L HAR #h T L f# vk APSP
W) . 1% 7 VA TRAL 30 BR ol XS FE 1T, IR BEVF 2 28 T iE — 3T T, IR Basid —
NGB 1275 AR NIR L, e T A 1 Dijkstra S92 7 132, 1% 630 42 07 e % 21 22 S V)~F 1 .
FEE WM B, B S A T e s a2 2% SR R IT AL B £ 0 R T 1 mh FH PR R B8 SR BB Rt A
(RN M 2 P 12 0592 O S A S B R AR R

3.2.3 MHEERMNMBEHNER

2012 4F, Xin %A\ BT 32 H T MR 55 g2 28 ) B3k 2 R0V I T B SRR AR T L b
B —AME— IR/ R (BIVE ), DABCBRALBERE || Vd| = 1 MPEIR, Jlid /ML RS & R 80 Eikonal
Tk
min E(d) = [ [ |Vd-Vd—1|*do, (6)
i

H do Z2IATER.

SRS B eI IR ) do: AT DA WIRER B8 . R Bg, HL 2 — NN AR R AT
WIGEA. T REERBEAL, {8 FHER IR EE B BT W a6 e RO At SRRl AT 3 AN AP BRI AR B ER
. (a) 48 SATHIEE R d, B hr S H - d, 85— R R &, SHERRIE f € F,
153 | Vd|; || = 1. (b) BEERE v, B R/MMUEEERE E(d, V) BHERES 4, B4 T
LIRS

min E(d,V) = Z A||lGi — viH27 (7)
fi€F
Hrp v 2HRAIAE, G REBHIIBESET. (o) A YHIEEE G & m/ S UM &, Wl
o, AL PSR- 2 FRix e b . BE ERPIR BRI R OENREH Lo, BUEZLPIR
ISR X AN TP R E A2 6.

AR FE SR TR M N EN R A, AMUE T e B MR AR b W3S T B

(R RRAS B b E T ) = A A 20 50 R S R0 o3 3R ANERURK, o g A B S . IR A R 2 ik
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FE TR XA 7 13K I 3 B 2 AN e PRAIE S P, L SRR T I a6 4k, tBASRECRUEHTHACSL.

3.2.4 ETHRNEZ

2013 4, Crane S5\ B8 2t 7 —FhdE TR TH S M B ES (08T 77 0%, 91 NIRRT 200 45 72 4
TR TR (Bl Bt £8) THEEI PSS AR TVE A DB A — R e i 5 g M 2R 1 L. 1%
BRI I AR B AR S o AR AN — s A3 21 A [XIOR M s 2. 72 58— RO IR, B IR 1] R HHE S 4
B AR B H AR A X, T LA — DAL R ko (y) KRR, BRI B RN — NS 2 &
REISTE] ¢ a2 A H By FIERRE. DB EMEEZ KR Varadhan AR, %A
NEYRZIE LR X 10X 2,y Z R EE &, Eis il — ANl i %2 R HE 3RS

d(z,y) = 7}1_{1(1) \/—4tlog ke 5 (y). (8)

RULH, AP HOT DB A NSER KRR T AL = THB R REALIE DAY, (R kL7223 — /)
BUNTE] ¢ 5 R AR B IR AL 1) iy, BRI, R T HUR VAR LUl 3 N EEACD BRI (K
S4B8): (a) t = 0 WP FESE— RUR— R, SRR AR 8] /5 RIR TR v = Au. (b) A—HEY
X = —Vu/|Vu|. (c) Kf# Poisson T Ap =V - X. Hr H A RRMIFE R Laplace-Beltrami 5
TFAERER SR M) SHE R E . 5 —Pi8id Laplacian 1EFH TR, #8072 BIREAE
PR B SRR RIWIME. P85, Y5 Eikonal J5 2, BAEE S SERRE R ALK, ISR — L RIRR B )
X = —Vu/|Vu|. FFEEERME [4|Ve - X[? KBIRIZIE NIRRT ¢, B il KA )
Euler-Lagrange 7712 A¢ = V- X. A& iEKIEE T 20 (R E & ¢ T 20, R ¢ Bl T serill
HERES. R RT DU PA b 3 PSR g b PR B9 37, 22 SRR AN — AR R 1) A o5 P 00 e 2 B I, T DA
B 5 AF Uy = 6(z) (RN Dirac delta); 241t 5RIE v FARS M S 0 gE 2, T LGB 5 E U,
N ¥ )7 X Dirac.

LS B L R, WS TR B, Ao — IR TAL R, FT DAE I SR A [R) N AR R 45 R
FESE T, B ST U B HE R VAT — N R R, [RI PR EF KT AR 2 HERR . 120775 R
FARHERI R > T, BT D& A T A 8RR O R, e . =AMk M m A

FET- I 7 VRS IR B B I 2 () R, 2 BRI — s Y, AR5 H— ik
w5, RIGEEE N RGORE RN E 2. AFZAAET Xin 58N BT [ 75 248 BR KB 2 Bl
T FE B I FE R 1, ARG I8 2 S AR ORI HBEE ;T Crane 55 A B8 577 9208 F GATHY
B B B 1, AN BTSN

4 BEEHMSIER ER RSN E X

A G SR O PR B R RS RN, SRTIAE SEBR R, AR AR A 55 A R i
ELEEN E{%&jF?Jﬁ%E‘T%%, Hewa g2k (a soup of polygons). BN PAE R
SE, WIS B IR LSRR A RIS, IXAEAE RE BN R BB T T IAR. TRIEJVE, 2E IRt
T ELFRAE A SREE I WA b rH S 2. A SR RS SRR AR, X T — AN o AN 5T 2RI T
ANTHU R B = A8 A% TR D, ANKE e VB U TR, B M ATREAS 5 (hole) . £48% (gap)- dF
2 (non-manifold configuration). B (degeneracies) BHk /> IH (5 5 4 139,
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4.1 Azouz WWEX

2007 4, Azouz S5 N B0 B SBAEA 4 BRAHEE 0 = A RS RUR b, HEPINTIR s ¢ Z (8
D0 PR i) L 2 B A ek R R R R R A T R R, TR 2 4 RS B (multi-
dimensional scaling, MDS) 1 7 VK 1 T R ON B — MR ZE R RR G =S (1), AR 5 I e/ 3k MDS 5k
FH WP 22 T P TR PR 5 £ o0 e 55

ZO AT EE AL M PR B EAEE 3 NP () XTRIRE S AT REE, RGNS
NP, SRR PUEAT S (FMM) THRCRFERAEE AT P, F Pi(i, 5 € P) Z (A HLEE 2. i
FMM tH508) P, A Py 2 18]I 2R A7 7T B i A2 1) — N, BRI AN IR Y. AbAT ] S SR mT {5
Hwy=1- Z—hj TENAARAFREEE, Forh, my; A& B FMM TS B A2 30 8, ml, M P
Py (B 3Bt S EARAAEE. (b) I IHLEEES 6, TR RIS, FT(5 M w,, (E AL,
Wi 24 REEE R (MDS) 775 RIE S IR RYERIRR QR 8], AR R T —A S BTE R, %3
A2 Elad 1 Kimmel BU 2 H ), {8 MDS 7735 0F 50 A e 48 2% 8] B 4 PR A3 T A AR A —
AN (o) I Gower M2 Bit G IN— AN MBHR A RIY REAR, ¥ P M Py B2 2k Y
3, AR 8] AR BR PG EE B I ALt 1 SR R i ) ) S LE U PR B, AT 5 S EPRAME R T
Py F1P; 2 18] FC IR A PR B () At v

ZHEPAHEM T S EWATUR P R Py Z A AL ER 25, ST R BAE O(nlogn + npt) 1Y
IS 1) PAY FRUAL BEAN 56 48 1) = A AR T . S0, THERE AR B BT i, 3 SRR ZEAE — 5 3 N O 3t
PRE M THE, PTLAME O(nlogn) HINFEIN SERRL. ZHERIEGS H T — ARG DL S AL i b 2 g i 72
(L BR, BTt S8 i SR 22 1) b R S S L N B B R 1.

4.2 Campen # Kobbelt K& X

2011 4, Campen Al Kobbelt B9 $i 1 78 J5U 46 R A% L BRI 2 ki 77 50, T3 B R
FEBE B AN B A 0 S . LA B AR A R LR G5 AL (S HLTRAE BRI ), R F™ R R ) 25 A\ T R
It o A 23 [R) e AR DIk, I B AT I 5. 2R UE N, IX RN TE 4 (0 0 0 £ FLZR I 48 i #5573 1k
VR, g ST h T A 7R BE 53 131, BB IR0 (B S509): (a) MM R R —ANSLT7
R, B Cartesian RIA%, j™ 4% BR 1 2 WA 702 BT f F K23 18] X3, 9 A\ XORERFRR; (b) BRTESS
IR R A, AN A& BT 7E )\ SR B BRI S5 R B () T MMP BE32AE )\ SR v i o A4
BGRB8 (d) K )\ SR R b B B3 B0 B IR AR R I

AR RCE LD, X T BN L SRAE A BRI R AR ASIE T, T EL H 0 PR v B L D st 2
WARE S, B FLIRE AR VR AR AT )\ OB FRA E M 48 58 IO BUAEL, o T BRI . 2% A3 2%
RAHAR, T HASBEMERIEES (shorteut) BITEDL, WAFFAER, & FOMERTT Ik, RXERN TS5 8T
T

4.3 BFHLETFHEZX

2012 4F, Quynh SN W R W T —ANWEREE, THEATIR K 2T MR A R SR el b 2.
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Figure 9 The geodesic distance computed by the method of unfolding the boundary curve [44] @Copyright 2012 Elsevier.
(a) Original surface; (b) surface with holes; (c) the geodesic distance computed by the method of unfolding the boundary
curve
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A survey on the computing of geodesic distances on meshes

ZHAO JunLi'?, XIN Shi-Qing®, LIU Yong-Jin*, WANG Xing-Ce'*, WU ZhongKe!,
ZHOU MingQuan' & HE Ying®
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Abstract Geodesic, the shortest path between two points on a three-dimensional surface, is analogous to a
straight line between two points on a plane, and is an important concept in differential geometry. It is utilized
extensively in computer graphics, image processing, computational geometry, computer vision, and other fields.
Geodesic algorithms have also been studied extensively since the 1980s, with many researchers proposing various
practical algorithms. This paper summarizes the definition, property, and algorithms associated with the shortest
geodesic and straightest geodesic on a mesh after introducing the concept of geodesic on smooth and polyhe-
dral surfaces. The main algorithms discussed are discrete geodesic algorithms on polyhedral surfaces, including
the exact shortest geodesic algorithms and the approximate shortest geodesic algorithms on integral meshes and
defective meshes. Various algorithms are also analyzed in depth, with the basic underlying idea and method
of realization of each algorithm discussed in detail, and the merits and demerits of each algorithm compared
from different perspectives. Further, their time complexity, space complexity, and fields of application are also

334



HERY EERY B4 E B3I

compared. Finally, the prospects for discrete geodesic research are discussed with a view towards deeper study of

geodesic.

Keywords geodesic, geodesic distance, shortest geodesic, straightest geodesic, mesh, algorithm
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