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Abstract

Morphing, alse known as metamorphosis, is the gradual, consecutive, slippery
and natural transformation of the source object into the target object {the object maybe
digital image, curve surface, gridding and so on). Morphing has wide practical use in
areas such as computer graphics, animation design, industrial modeling, science
computation visualization, film stunt and so on. This paper makes researches on the
morphing of planar compatible trianguiations and planar polygons, and the main
results are as follows:

1} The similitude compatible triangulations of planar polygons. This paper
presents a compatible triangulations arithmetic which is based upon the comparability
between the source polygon and the target polygon. This arithmetic takes the
comparability into account. Firstly, triangulates the similitude parts between the
source polygon and target polygon, needing no extra vertex in this process, this can
simplify the two polygons, called the two resulted polygons as simplified source
polygon and simplified target polygon. Using the already existing arithmetic, the two
simplified polygons can be triangutated. Then the computation can be decreased for
triangulating the original polygons and the results of triangulation are satisfied. The
number of exira vertexes can be decreased, so the complexity and the computation are
decreased for metamorphosizing the polygons.

2) The morph arithmetic of polygons is based upon waveletes. Firstly, the source
polygon and the target polygon are decomposed at the same level, as a result, the
overall shapes of the polygons and the details of the polygons can be gotten. Secondly,
the overall shapes and the details are metamorphosized separately. Lastly, the middle
polygon can be reconstructed via reconstructed arithmetic according to the middle
overall shapes and the middle details. The intersection-free of the overall shape of the
polygons is largely improved, so this arithmetic can be merged with the morph
arithmetic of the compatible triangulation, to exert the virtues of the two arithmetices.
There are some examples to show that this arithmetic can decreased the complication

of compatible triangulation, bringing on the decreased the computation of morph and
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the process is real time. The morph resultes are satisfied.

3) This paper goes along with the research on convexity-preserving when planar
convex griddings metamorphosize. When two polygons that have different convex
boundaries metamorphosize, the arithmetic presented in this paper can keep the
boundary convexity. This arithmetic is base on the angle and that is used to
metamorphosize the boundaries of the griddings. The character that this arithmetic is
convexity-preserving is proved in this paper and this arithmetic has the character that
all the angles in the polygon have the same transformational rate. The inner vertexes
can be metamorphosized via convex combination. The arithmetic in this paper can
keep the boundary protruding all the time and the middle gridding is compatible with
source gridding and target gridding, the phenomena of intersection will not appear in

the whole process of metamorphosise.
Key word: compatible triangulations, similitude compatible triangulation, simplified

polygons, wavelet transformation, multi-resolution-analysis, overall shape polygen,

detail, extra vertex, intersection-free, convexity-preserving, convex combination
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BT WMME

B 2.2 AA RS H ARG~ a @E Eamside. RRMERERPLANET. El
BB R BPR ILATHE R (I 2. 2.1 99, SOBIR G BIEIE R # EA (E F M A SR A5 PO B9 R TR A
KR 2229, BERARAREERA MR ME (2237, RERBAZ—MREER, ©ME
FEBRFZAEAER (K22 47,

MEERMER, WLURBRAERNMEE, NMASAHEEERERN.

B 2-2 W TIXJUMOT IR LM — R R MR, EFEHSERERE
FRETRA R, BB D Z AN — RS R R . XMER TR RIX—
KA EERWRER. SRARTERAERNNSERARNHHTH. €
TFEFEFERENEE: ASZARMNEZARAERIMEZ . BRESRE
R T XA R, BEREMAMT =AEER.

Shr b, BT ERRARNSLRDE SBNEERT, XL rEa6e
WALA. WHRER, ATHERE-TSENRBSHL, EHLHE8Y “H57
(skin)”,

ERRER LA PERT BRI MM ERUFHEEERKNER, THE
LEHHERATERSHSFHEE (1 2.2.4%).

2.3 SHLBI KT

TG TR RERE 2-AEHAMIRE, BAENSRELRERN. Hit,
R EE— 4 B RS SUERUR AL ERTH

2.3.1 BE® (star shape)

Kent %[29. 30]E KR TR — R T T4 MM BIBE LA . 4655
RE—RYERRELER. T OEREU TR EREERRMUATSME
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BE MMEE

KM EBREEEAN. T, AN EERETEARSHMETN. HA
M= PER R B — A R 2 XU

Z-REN-BRURESOERE FER L. £EAS, BO5—RH
R BERERZSEURSNHEESEEEREAR. RAEE R PA SR
HER. BB, BE-TEABLR S REE N ABRE A E . 9
s, WRXNFERPEL, HORATRE, MAZRFENAEEE05E
RESR, REMGUHTE SRS, XA R R S 7 A 3Rm B B 5.
B 2-3 st T — M BA

4
%j

B 23—~ EFLRRENREEL LY, ZENBRFHEY (S AN TRE L0

AN BV RE AR SR S — A EIH LR

B, W-rREREME - TREEEA-IEN, MRE, FREA.
HAREEETE (P SR, W RUEE SR P TS W A 2 (0 H3E A ek
EARE. FARSANRERAE (kemel). MBBRIEZN, WMaMWEHL
BB, FEE—A (&) BRRMSETLMENER. MAFERTARD, HE

— NS H MR E 2 E R O(nlogn) »

2.3.2 B

Shapiro Il Tal[7]E KB T —MEERT TR EE AR LERKTER
o MEERATRSB RN ESERRL, E2RALNEBRR— NN
ibe DULEECH 3, 4, S HITRABHE. RARMREZAMNE, ERNRARE
FF{EM: & Euler-Poincare 1858, ABM=A (HE) FEETPEESNT 6.
e, BEOFE-IMEREROT 6HA.
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BIE AREE

—BERERCRNEE, TAagEMEERY L, #RERERERNY.
EWRE, TR TEFEMEREENI, 4, SHTASBRBERMNHN. t
WRB, mR AW {i} LAFINETE 7 £, BAXA SIS BAEIE R

SRIMSNE, BRI £ KA I E R P .

2.3.3 BPEHRA

Alexa[35] P H R AT ER —A B USRS EERT L BATE., B
EABEMEOCHRHE R, BE-ATRETEMEYEAN L. R, ER
EE, FEAFRLHBANFERBEEAT: 82—, HAMAZENONASHTRS
Hig GRED M-8 B2, REATHIIBREIRIFRA.

BAFHERA BRI EELARNE., MEMNAEERTHEN
MR RARHAR AN E L, BTN AR — R EERIM

WHEAP LN —ABRE LR AR, WEEEESNRE - ITAETEOH
PP L. BERXEEA LR £, eI
f
ﬁﬂ:zgﬂﬁ% (2.16)
Z]EN(I)wj

BAFENEEREESRD TRENA. ETFEENT. BEHTHA8RT
FEMTHAREA— N, XNAR (2.16) FI—NFEAE. EBE L, BRI
BMEBRESAMAERET L, R, DBEEMRTIRERENME, hHRE
WHRETA .

YHXAME AR, Gumbold[15[4RE T —MEF AR RAMR T E: EE K0
A G RREEE L, BRER

4‘+l_1 i

W ;(ZJEK AR 2.17)

MRERUERANNIB I ERE, TR LN — e EEE MR L2
ARG, BN, XI—OBRE AR AFENRARABER. —RA
RENS, SERSAFEHRYFARMNAE. o RTINS ES —AERU
RHEANAEENSN TR EX—%&F. X8, FREMRRE LvlEN=
AR R R SRR . X ORI T sgn((v, x v, )-v,) BMEREE 2. B 2-4
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B OARAE

WRAT —LG ML EEER KRR, 825 BRTJLAMERHALG R,

P W o i, i L . -
- r-wi“ \ r,j@? k. . ﬁ:ll L7
f il T Ay | 3 / J:
»fll |L kX (8, | I|I. { i ke |
\ SRR A % ;N
- g ul LT | o L
{ W & Wl N s
hY 0 iterntions 14 iterations 100 itarations 1000 iterations 10000 iterations

H 24 AR EEE— SIS RARERE L. B, FE TR s e —4 s S8 8
Bl L. BHEEHEATHOF R, B EER. B aa MRk A n A ER0E.

o e
1 .__-..11 ! |II ' " :!.'.h’ %
N i ,.;. h K] = N l

Bl2-5 —REERE. ~RELRNEEN - RRGRUMEREGIRA

2.3.4 [k 54t

BT DERAR (W02 2. 4 WHHR) LMERRARTHN, LEFTRE
HERH-MEENZEREAFREMBIER. FORZHERARRT /K
Gk, A BLRIXFEIE A —RE TR ARG EHRE: FATEE
e LT JLAT T S0P % 4 R B U ), T4 At Ay R T A TR R TR
e e i Tl el oAl R

2.4 KE/NA
FEREPNE T TARMR R, A& T — e BRI, SR



BE WP

BERNETREREME TERONR, HLEMRELENNE, —EEERITN
MREHEE. WNEEE-ERE ERWENARL AR AMEEZAHI4RE,
MNHEEE, SURZENRAG=ARTRAEOREE, BRET—2HNE
FHEEHHFEM=AE S



B VEFLURNHUEAZMAS

= TEZAEHREIRA=AHES

FM= M ESNMIESEE -2 EENEH, 8 SHNAGEE, X4
—AFHRM=AMERATFEEN, LS ERN T EE U RRBFNER
HE. AENERES, FHZARMRERRES TN FEERH SRR
mHk, AMHRRETEZANENERETE, STX-RPEHEEATE
ENEY. ETRE=AMNKEENTRFER Alexa[l714 W KA1, Floater F
Gotsman 4 45 1M 4E &35 T% 771, Gotsman 1 Surazhsky £5 H i 7T 6B R HF @
=R HRRFES6), FAEZARENAEEZR641%5. MK RE=RAME
HETFUA (6. 26+ 34. 43, 61, 62]1%. SR, NATFHEHEZAEELFMEH
R, BRYAEILERE=AMEFE NSRRI LM EE, B
HFRMOFI AN L, RENTEEHIRK, ATiFESIAITAA
B B BT E B AN MR . AEENFED SN TR S T E M T S
B9, BT BTN E.

3.1 TEHRA=ARERENIR

LFRAET=AFBRGEMERRESNGN G, MWRIHMFEZHRIEE
RN, RERBAEEN. MHSHHFINENTE-BNES LEVRE
MBS, TEMERTE=AMERGEERDR.

EX 3 GRIEED BRXE-MEZES, EXO—NTHRECHE:

(1) {x,¢}cr;
(2) t FEREANRAMIENE
(3) tPEMRAMZENE  +

Wz A X H—AaE, R, —DMREE

—ABGRUE pATAREFHBRESV =VG)MTKLEH Y RART
B g M TER BN — M EE E=EGHM, WEG=G(V,E). EFHKENTH
B e, ) R G I, R eRTFREN, Mide=(@v)BiENe=u, Fu,

20



B=F TPEHZABMBURGZAEHS

v & e (i, BHkufly BAEAI TN . 8 B Rk ARl LAfEhsE E
FAES HBEE.

EERRF, FANERRG, =GV, E) G =G, E) A (isomorphic), £
BGHMG M RESNUEESZRAANGFE——E, (FBITMRHIEEX N
Tﬂ}ﬁo

EX32 BEG=GV.EyRATFaAE, mREHINTHEHS:
(1) FFE——BRET p TSV B BFE LA — P EAE A HLE:

(2) GWIBHUE e EXNTLL p(i) 30 p(j) A A F 1L

(3) XLFERHERTEANRELNZHS, THERA.

LA E 8 G # AFHEE (Planar graph), H-FEFZRHAFE (Plane graph). HLL
ERMTUEY, —AFHESHTERAMN, BATPE R,

SEFE =AM (planar triangulation) T=T(G,P), RIELGMEFRNGT=4
BESFUMHELZBERAHELEFE. HAMFHZAMRET =TG5
T,=T7,(G,,P) ET R Cisomorphic & compatible), REBRE IR ENRE
BREMK, HANARMMT:

(1) EG,REG R,
(2) FE=HAMKTNTHE FEZRFEE——BRIENXER, FAWHAM
SR REZ WA E G, AR G AR R TR .
(3) BFeG, oG AFEMRAMA R (orientation), Bl 8G, M 8G, 7 A AERT
LI TR FF R, BT T S AR F 3 R R B S 0 S I R 4
FE, AR .
(4) T, 7 B FE AR RERH AR F MR R 77H.
() 5 ) BENM. REABHEFUSKK A p, 2y - p, &
FEE AR FE: HEM TR RS, REWSFS
P Py e P, BERERNAELE FENECERER 5 RSB,
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FZRE PR URRATR = M 9

BEEE FAMEE S, B p, py, - p, BHREMTAET S REOR
RN 177 M FEFI B0 . B 3-1 4 ) T 5P T = Fa MR R4 5 R R AT S 4

. ] ) 3
["L:\ ,__-'E"-J" . = ;\ A
ARy ey, tE P Y N
¢ 2 ,_'& Y Ill: VW '] a0 '-1I|~ R T \"' 1 | g
D RN A\ B S A
..'_.f‘ U "W ol v W W, 3N I| LA X _'u\-. 'J
| e | T ™ T T o g LT S - t
LIRS [~/ |5 | i) a | 1\_',.- ol
¥ 1 2 1 2 2 1 £
L e 1
(a) ) (c) €3] (e)

B3l EEESROENTFEZAMED, 0)Y@ERAME, KXRKRBTS@FN, MBCQFMET
HEEE, (@5ETHEHMARUGHEE W), (©5@FlZHRERRIE)

HEFMFH=AMNE, RREETFAMELRERAYHAE AESRER
TR & LENEFNTAIATREFANER. B8, MTFACHHEATA, &
FHRERHEZAMBNRCREAELN: N TRENKABNSZLY, EIREFAN
=AES, AEAR—HEEZNEE, EARNSHTHSNERT, RE=nE
SRENREAFEN. CEAFRAEANENLRE=ARMBNTEEERE - NP 1
B, At AARN— SRR NSNS 8 M R = A Mg 4.

®

(0 AARESAH

B 3-2 WEaB
EX 33 B M (Tree) Bn(n20) MERNHRE.
EEER—RETHF: (D FARF—MFEHFHAR (Root) ML (2)
Hn>18, HKE[THAm (m> O AMEPERHNERET, T, -, T, ®
- MEAEGRE—RR, FERANRKTH (SubTree). W 3-2 i,
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=T PR RE=AE 5

B 3-2 (b) #, F#{B, E, F, K, L}ELRIR A 0T,
B34 (W) SEWENTREFFNESHE (Degree), FHTME AR
. WE 32 (b)Y #, E. K. L. G, H, I. MERWIHHES.

X35 GHEE) 86 RE p MK, ¢ZUR FAENTES, G# s
AERBAS, S, -, S, Fw. ECHEIETHE- AT, 45,50
BHv. WERAES,, §,HS FIE0LRESE~4AHL, WHSHA
WRMSE), WAL ©,0) EEo Mo, EESES,, S, HARLREE—K
CRIERR (0,0,) SFHRMARATIEL), BSBRREaRTAE, XA
B A TR g £38HI8 G B G RIAHEE.

EX 36 (AR H®p. p REUNPWEAEAATE, mMBpp 4T
LUTHHE, W 5o, HEDH P H—HH L

EX37 (H) Wp.. p. pu RELHPWSMERTE, #Ep,p.

BEPWXAE, Bap,. p. p.,BRPH—AE, pHHIER.

3.2 TASOHNEHA=ZARSHENTE

HEERHNMERE » FARE R BILEN, WEZAT S HTSNURBRETF
ALNHRENTHA L, SAWENRANIN, EXWEANSUBZRERERE
ARERM=RHES: AR ZARHAR, BN TAR VRN, REMN
P EURZRREFERM=ANIE? BREE EHIZRE Boris Aronov A
FEILRR[6]F &7 B B4, FERLOTRR P, ME& I T MBI = A B 48,
HEEWMEEEER o) MRS IR

FiE—: HREAGH N HRAEAERL U LR, FEREFEBLE
WiE 2 [BRX R R R CEHEE, ¥ P AP, AN A TO R Bt & 7 ) B MRS 44 77

M1 Bl n TR S . SR PR—AEHE M TIRNERLEZ LR, HHP T
REFHERATARMA Ba 5T, EXHSURBTREZAHS, TENR
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BB VEEFUWEMALREWE S35

NEIAR R P, B AR TR, FEX B AP, AT S AR, AR
AR T L FER T ZRMEASURNZAE5. BEH 2 = A58 5
T, MPRMATEZARSRIT,, BTAL2BRET P L, WEHEHEPHHE
PEABNT, BT, MEHEREBS L: PP, L: PP, LESRUST
HIB, AUR=ZABABSRHEET LHNNTA, AkAt, LEB=/RHST,
s, AURZARLAIMMET, EARATE, AREE. % PR=ZAEST
Hr, BBE-2, WAIPH—MNES, ERFIABHTAYBRT, 0 PH
A D AT =AFIS, WUBEPH—NZARSS, EHSRE o)A TRA.
WS, = L(SYMS, = L(S)FH3h PP HIFM =A%, &9 mE 3-3 5

=

@ (&

(© (d) (e)
B33  @50RMATFERBZANTNALE. @5 @EFRFE—REHA NS DE@OHEFRIN
=85

24



BZE CFE LA AR = f 35

FEZ: EHIER Boris Aronov 2 AR LEK[6]F A B A —Fh 2 TR
Fi (A Universial Triangulation) =A% 57 BENHRE “H%M” (E 3-4
(a)) MERHETZAFS. HETR, WF—MIEaL&ANZLE, B U
W EHB—ANHE n-2 BRLOEZBRM—N A OT S, HTRER—

Bsk R

(a) (b)

B34 (@AH S MRANESIARE MR, b)E 12 ATHAFEE 8 M ANEBURTEE— A FHER
MELfk, ZEUBAEE 2ATE, Hd 74 A,

EEURNFATR LSS T LHaMEE, @ TFROESHHZ 6, AEBES
FRARPA 2 2 10 X B P T A

SEE—NH n LN ZAHL “ BN ZAH ST BTN TS BRES
RBE: REIATE P R—AWHn M MANEAE, P a MAEFEm M E,
BITH n-m N USEEL AT LD, 7 P A ERHE — M P RS BRI R
AR P, EHHEEP S P 2B T — £, &8 P 5 P 2 KX R A,
WA ZA MR T n ML, EPNFREAAT, LEESHE, B
F—AMHRc, BEARRBRNPABRY—K5Ed, HEEI EHn—eHEY

ERLEHMASR, MTHEANS, FEFEHAS LS ANELT, dEEA
HERARE -3 WERETEBSRET - BHNEERMNEE 3 1Ak, HE
“UIIRI PG TR S 2 AR BTE TSRS, SR AT AT =L 1 M
EREME, ERAT PR=AE5. LEMIETIEF, ERBn(n-3)+1 /M4
PR HEELE, STARGEANMEENER, BUOERT RN £
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BE CPHEESLRARER = A5

AT, MHEMEH S MMANZURERER AR (XREREENRES
AWARTLT, AREERE IR, HOERIREATLI D, XEREEN
BT A AT AE A — 2,

B 3-5 ZRAAESHERAMRNRLSARORB=AES. @ FRA<L 2, 1, 3, 2, 2, 4, >0 “mw
EHEE. ) @ENTRASAB/HZAIS . HEREREE AR RIZE. by s
H&ﬁ\mﬁ%%ﬁﬁu&ﬁ¢£m%mﬁmﬁm%§ﬁﬂmﬁﬁ*%ﬁﬁ,MH¢MM$mmﬁﬁmmm
FHFR. () @FHRHRETFD), ©EREFFN kR EEE. () BERHAFRRREERY ‘8
BRF EEE. (o) AEAOMFE LAY Suekm EER. 0 () ETFEN “WER" ES
Em¥F SRR ERM=a%0. 28, AP0GamaTho,. SEsiRB=fAk,

A3%=: Craig Gotsman 1 Vitaly Surazhsky FERF R T & L A REELE
i B3 AR[601RT, AT ZURRM=AH SN —REE, ERFETRE
A=A%aEE “Wkm” &4, ZERas— POl mUedhonET
L% FERFRARLE), HH45ECZ K F R AT A A AR EE . Gotsman
Surazhsky Fi8 BT iETE B4 T E M —Frak iR @, PR Z AR BARIAR
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B=E PHEZARMOHEUER=AR S

b, BALT L3k “RRRR” 44, HOROBRTERREEN, BEHOHRA
B2 WA TS RSP R LS H BT A R AR (0 35 () Fim), X
B, BT LRBASABSEE WO TN SMNE.

b HRELE, BEZHNS, ERESHUSOTER, FEEL
BRGNS T DU S T A R AR (S THET %
B, HIBERE TS, SRERERGPOTME. BERL
TaZE, BT=AANGEE GIRTZ=ZATATEER P EIEED Fa et
BHR, MTTETLL S S TR A % TR A MR AR (milestones), ETA MR
R 5 TR A B S AT B ME (R 3.5 (6) F (o)), HUE
VIR ZiAFw BREFSHE SARR A “Hiskm 7 &R (WE 3-5 (d) f (D),
EXFA R EEERATE—E, HEHNETSNE RS (L
B 3-5 (), TESRRE R |, A DA A L0 “ bk 7 % (L
B 35 (2), BEMEHFHANTE, EALURAMALAR, TRBHEIT
SEAZE “H R EREAEARAMEEXR ULE 35 () 1 (). &
HISMEA = A4 RAEN. ZEEKETEENKEARMATRRDNEE,
Wb TSN T AO%H

FiEM, FESHHNERESILEENBGETES, WO THFSHIHTT
. ENVKSBHETRGZHEMIE, — AT EENTTRREAR
BB, BHOTERTABHRN, FASHN—A T4, HLmm
MmMER TR ARG, ANENEEER. £THESHEE, Vialy
Surazhsky $! Craig Gotsman 7E3CER[61] P 1R H T Bl 8, B B A0S/ 18 i)
P, TEAE—FTHURPRENES: FERBNE—ASURET
B “BORRR " M, HEUMEHABNREAN (MMAZAR) BEMH
BT ESMBANAL, ZHILT ERMBATAXIMER, RERS—EN
FANEERE—E LM EAR ENTA, TEEERASIES RS,
FETHEA SRR TR LA, BUNHANS BRI RITHEm. BE, 4
B NI R B TR AT P BRI A “BARKR 7 S5A0 2P 0 BSNTR ALY L T, ATRA
& B BIX T R

AR R A FA P FRZ 4, EREEAFRRBRZ AL,
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REE FEHLUEABLERZ A8

B 3-6 Sl ek HIE. RTRERRRMEIPHRAF RN, (X065 B S a 5 B
HATZARG. HRREAT BB HARRE: ORA "N SHERAHRINRE: O#O)TNH
A CEISR I ESRRL A — “BIRRR) Z5Hg; (d) Wb)TPRY CE” HRE A Ceak v, BAER “Yagkm
git; (e BEETH “PaskM” SRABEEINER (D, () BEA ) 8 “BAWMERN" SHBiEE
Blgalslf = A () (D R RASE " RS S HRBENER = AR

BHABH-IMHOMNERS, X4 WM SHRNEISENN TR £
BHRA=RAES. 4 H0EL>TRESHESNL, WEEMRSLIRKIL
PR E R T R . FEHH PR MBS A R T YIRS 18T 2 B LT
Al HAMTEZELCENRSOERMAROELN, WiEHORE=/R% %
ALHFRRFE.

& 3-6 RERRE T REENENARIMASAEHRAB=/AEISN, TE
3-7 Wl T F TR B R4 A LA 77 R 18 BI04 R LR

3.3 HRM=/%SW%

RIS R RE SR BIR A 2 P 2 A R B &, EREBIE TR
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BEE FHZURNBECEEZ AT

% {b)

el

W37 EW=AEIS RS 38 MTAMAR NN ENY, MEXREABTATFHN—H. (0 RAK
g 575 MR (b) RAEEERERM 334 ARSI, (o) RERNMATRA=AR 5
B 153 DI

BEAFEMGONE, FEEMOTANEEE, 5 in iR R
EHE—. FEDP, FEEMKEAHHBRBUEMEM SR, FE=1R
T AFHRABZARSHE SRRSO TS T ANEE, AR
REEHELIRE T, MHAZLRBRIBUEEERESR, €T
PUrhes T BIARFARMEIE RS R, ARIXR REMINEISMNITURZEHIT
HSATEENTS A EE, BRERTEEHETRES,
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BT FPEZDRAIRL = A5

FERETLLETENARZL, EXWEHEMTH—DSHHR, BHT—
MENEBRAH S TE TEEBRATHRENER, AXNTEIERE
A ST R =M 8 2 0 20T 2 MBS Bk k. B LB IR A8 IR 1T 10
OB E, ATTERLEIASORERER S,

3.3.1 WixEA

EX 38 EXUEPHMAFY p, p,, - p, REREFTEES, FH

Bop TE pop 22 GO W, TUBRTRAS p, ™ (D . B (UD S TR
Wfi<r (>7)

231 NHTEE—MERRANSLE, EEARLESTATIA

EW CRERIEE) BRER B SOsABRE &8 TS,

B n AR SRS BTG P, .
HR AR A S, EXA % "
WHPRE pp 5 popry 2R ' & ;

FRAHE, (—x<8 <n), Ki=1

M, 6,4MEpp 5HEpp, 2N
B R A SERAEWE 3-8
i

T I K S BA R A O *
W, RTEEFE &R EZ AT m % B3 MesTsL
fA—ff, M6 <0 G=1l, 2, -, n) AIIEY 6 <0, X5GHHNEY
%mﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁ%ﬁcMﬁﬁﬁﬁﬁﬁﬁ4>0,mﬁ%&ﬁ—%ﬁ%
fERRZHE, RISFSPhEFER N,

a2
EE32 TFAYnz4MBURELE XA,
iR HEHE 3L, SURESEE-ANOTA, #p R-AOTHA, poH
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BZE CFEL AR =82

pa RS p MEKTHE. WR p_p, B—FNAL, WEBRRT. TH, BE
piap, AR—-FEXAL, MREp p, EPHSE, RETH PR, EXH
FEULEE—BRT, B#n>3, ZR%p_ pp, ZELESPH—ATE (BT

Piar Do P LA, W p BEE p BIAEW. FEZAK p_p.p,. WK P KTA,

Pia P

# 3-9 B 3-10

EIHRREMN p, B pry Do BAHFFITT pop., WKL P EIF =87 pop b B
BT, WA 3-9 iR,

B8, HTHEEp (LRAFNEEE) BLFRAMEFEETHZARE
%, 8 pp R iR OP AHACHIN . T

EE33 REUEPHAEATS NP ETRINEFNE D ENALOTL
Bal=fk.

iEBR XL LTSS A MRS, MR e=3, ZURPE-IZAR, &
WRAM. ¥n2d, HEE 3.2, BEJ=pp, RPH—EXMAL, HEHE

SMe X, dNTERKSS PR, FEPRSFBRAANEFUR P H P, BRI %
LR d Y — & A, TTESNMSURMTLAELTe, WE 3-10 ik, X
BT EPRE TN S, B EP AP FRT pap, 255

31



BZE  PHSLBAEURG =585

SE-ATA. PS5 P NRPAMERRER LR IER.
iEEE
EE34 LAERZAR=ATINET 2—EH.
B BT AEN, WO —REk, HREIEAS ST R = A
BREZURAR -, Z5RHELTE, BT B—iEH. =
EEIS TRHn>4MERSURELERIAERNE.
ER ZARSHBTHHN—INESHNT A 8. BAAMEANE H
AN ERHE. REEMERRR, H(0-2)>21M8 0, DEDHEWN ISR,
k&
EX 39 GHLUTR) EVMRBUBMTANEXRACLHERERT, 2
— AR AEB AR, TUFRZR TR AR AT

3.3.2 #Mo¥E

321 RE, RE-MERSUREEEE, SERESBHRITEY
BMSER S —BMER—-1 =A%, ZEZKRBAUZARN=4%14. 3/
B ARBRMZNT RN, WHR— I HNELE GHESURLERNEE
BT A —&1, ZHSUWRNRFER, ERAEACR, WAL
EEAR=RES. NTRHZARS, ENRSARNOTRXTRXRDERE
FIEW T, WAARBSAEMHEUNSEE, AEE - NAMMAZ)E, B
BT —3HRHAR LR, SEEHENZHABENTL, REE/RIRLLR
RERE, NENBNMARLSURZMAFEEAUEN. RERAMENBENT
BN ERZARHTREZ RS, ARG EEAA IR 2R =AW
BASEXR, ERHNTHASLRHRABZAELS. B MIRTHEN: B—
SH——B—5. THHEHATHENEEDR.

WP A NS piGi=1, 2, -, n)MBRNVIEELATE, PAB A
pii=1 2, -, nERHEFEZRE, BENASHETEZANNXREE

B, HXNMXRBEA p, N p . MEESRWOT:
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BEE CFELURMOAEL M= 55

(b) RIUALHE= M EI 2B B YIR 1 09U A
FRENER, ATl 5 M HARARNERSHE

() MALHHMBNBRMHKEAL () KA1 BBRE
RSB REZ I 1 R = 5

-

(o) ¥ile) Y (d) MARKEBE T B WAL 2 MR M
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e cp Of N

t, ot 1

HERREZBA—AD2x2MEE N E— TR FEERNT:

TG ER#— A (x, ») R E SRR, RBA-
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zp!eDsdistz(p;,p,)%/J\. P dise 52 SUCHFRZ [ _ LA TR IBRRE S . /20
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EH, AME—FETR, fBq EPHE

(PPl (Hi=dit, BU+1H D L, g, #p, ®e,0.0 80 %FAppp, i
MAE R, WE p=rp +5,p+7,0 EF7.1,20, 1,20, 7+7,+7,=1.
A=t He=Ty Ha=t MITEREjel2,d}, 4 p,=0, HXHT

ﬁ“/\\k=1,2,“-,d ’ ;ﬁ.

d d
Ziuj,kpjnp Zlu‘j,k =] Hia 20
=1

Jal
1 d
é ,1} = —Z lujk (57)
d kul '

HTA 2, /d>0, M h, 4 HAE, BGEREELAH (5.5). F5

58



FEhE CFESMERNRL BT

EH, AX (5.7 &F7T d=3010HER.

FRSI T R RBLAEREA XT pMp,p,, -, p, RIELN, BT
RAWE, EHTMNAETERN, ATERHAARBHEEMRR, ALERRHE
. BR, IBXT pMp,py, p, BENBEFRIENLAERE—E
BE—ASHNAEN A, (18, Q1B FENTRESHE LREXR, HIRE
Floater[37)ff R T X — M, Sl TROASREMWTAN:

. tan{e, /2}+tan(a, /2
,11=_:"_r’ W, = ( )1 (2./2)

Zj=]wj ) !
M 4-5 B, o, =2ppp. h=|p-pl. BT o happp, — AR, BE

(5.8)

O<a, <x, BREEMH,  (5.8) KBHOEERHKA>0. (5.8) BEXHLAS

EFR A H (mean value coordinates), ‘BXTF p#l p,p,, -, p, RIEEL NI
1.

{£ Floater H1 Gotsman([ 19]f " 4843244 1, Gotsman F Surazhsky[63]5F 51
TEEEIN GURRERED CUEEMMESRED, RIBT FF linear-reducible J7
£ (—HALEN, B—MARBK) M—MEMEFHN=AFERE 8 R%EL
MR, FEFRATHAIK-ABER, FEEARNNZFHESEH 1=
PR, JBRMAEIR T AM=fAMEOAERER4], AP GHAeREXMYE
ki (5.8), EiTHMIEEMESRHTRNABRLK, MARERENHEE
BEARR, REWERE T VARSI AESR. BET LR amRERER.

5.2 RMTH=ARAENROER

7E 5. 1 e A4E T Floater 1 Gotsman[19]{] 4§ ik, & EEXT A HAH
Mg R R RS TFE = AMEHITERR, RgURREAE, HENTRFE
SAEMBISGASEMEFN. Bk, W Floater[18]7 LAGH £id (). IifFf
A T R R = A PR T OV A R R, REME T R RL ARG
RN EAT, R LRES RFSGRE STAMNERNY, BRELEETRE.
EXERUMAERKE, FEIRE—HERSENOCESARET LR HE

59



BHE  CFEORgHR ORI

REFRMMRITE, ATERT B AR NG FHRAEE= A MENER, X
SCHIZITIEERR A P I MR B R AR T .

Floater 1 Gotsman ZE[19] thEF 5T T AR id FHAE - T BRI R A7%, 185 %R
T Shapira 0 Rappoport[42] 85T 1R AL FR B 77 k0t M G F AT TR, MR AT
AU EARNEERTR TR BAIR P IL TR T 5 80 7 [ 9 3 A
wouk e ut s k=0,1, iﬁﬂﬁ%ﬂl%(uf,uf,---,uf) RECHu, k=01, BEE
uf uf o ut FARAARFOR A wf = ug +7 (cos6),sin6) ), k=0,1, HF0<6 <27,
Ho <0 <. <8 <8 +2x . SHTFAE—re[0,1], &

u,(=(A- +tuy, r(O=0-Or"+1r', G(H=01-06 +16

WA FRERELA: wl)=u ) +r)(cosB(),sin (1), i=12,.n.

Floater I Gotsman[ 191X FhEE T ARAAR A T i, REARILEMFTH G+
FHRESHKAFOLYE, B2, dTETEREETRAEN, FHIEHCRME
(RAER A R E R, TOEERIER O, XEREAREE— &AL &
3T %07 o TR S AR R RIE T RS A REE N LZ A (NE
5-3), HLE W, EHENTFARGURER THREEBAGE (£, B
{RAIE (] PO AR 4 SRR SR, B I & SBR[ RS I B ZTRR

, — . 3
e S P e T -
| ?‘; *i { f 5
k. . ‘% . < ’ : i ) |
R Ml'ﬂ"”ﬂw)w J— f S o -&w ) ,.,«'" L“ / : ;
8 g P . r
=0 GRS AR 70,2 t=0.4 t=0.6 t=0.8 t=1 (BEEGEIH)

B 5.3 RAONETFRLEMFTERNRALSALOER. REDZAROSAR, BAlRBIELEE
%, 1WA p He=04, 0.6, 0.8 1AM,

REREH T —MEORERESE, EHEEETAERTENMLAST
H[19], oo NTEME R AT PR B i S, R Y, RS T ERE
H e ] R AR B S TR S AL B . %7 4R Floater 1 Gotsman[ 1914 B3 BB ¥UR
BFAE S ERERIE, SRERFENEREHILE®E. THRERNERRE

60



FHE PEOMENROERISA

PR IE RS
EE S LEVIKHOLLE, BRETAMOMNERCSRT, MR
RANEMEERTER, W
(D MR AL AFE RS G, Bl 6 T A5 AR,
(2). EREMZIEFE S AR AHNEER.

R W T ARIAMIKABARE, T =(pipf--p'), Hpt=pt,
k=01, TRMMERRL: pl> pl i=0L-o,n, BTRARERE T HHT
B pt oot B Pl Pt B RN 0, 1223, n e, KB pE = pf, MO B
MEFHNBOEE, BURAE. AFONSUROFERA LN E, FUg

0<0 <m, k=0l i=23n+l,

BRI RS AT = (pipl - p,) - HATEREEEET SN, p!,p! Bl p' p! B
HEERANO == +18!, te[0]], i=23,n, Rp. p, 5l pip| W 1
A0, CHTHEENTPEZURMNEK o WiRY, HETPEBART K
WtE, BIF p, = pg)e
WE: EREZMET=(pp-p): p,=pT ETARSEEHREER, 1
Poab Blp p WBEEREEANA L pyp. b FISL

(D, RiE: BRELHZNTRZABT FEELEUE, B4 E3.

2 o
B4 TOmimariansy Bs5 TOMMEREA “sHr
“¥Rr, XH 4% THE BAT “IT", XEN IR

HF " =(1-1,)6" +4,8' 20, i=23,,n, WT° WHIXIERETEEY “BB”

(N 5-4), MATRER “8 " WEH “8B” (Wl 5-5). KERBLBT

61



BHE FEOFARNROEBTR

BERVIGAME popr EEERAE ), SLAEAKERSHRBprpr &
5 RERREANAES, AEKERYSLNE prp B, KiKLHR, HE
JEERARAKG:, , WEKERHIIRME. dFop 20, i=23,,n, ¥VHEL
I R ) IR T M B, EHEINERS o, (08 MTERILERM) EEEEMLE,
FTEAT AR TERATRE S “BR .

BT “F” Tnl (n22), ATZUWHNAANTUBELMGLRER

EOmERARZM, MixnEREEEBFECE, Sk re fsffh 2nr,
B

a+l n
2nm = 08 =) 6" + 65

n+l
i=2 i=2

Y60 =Y [1-1)6° +1,6!]

=2 i=2

=(1—:0)§";9i° +r0§":0}
=2

P
=(1-4)27 - 6,,) +1,(27 - 6),))
" O sOp €10,7)
S(1-1)Q2r -0 ) +4,(2n-6),) € (7,2x]
5Bl =2~ [(L-1,)(27 - 62,) + 1,27 - 6, )] € [2(n - D7, (2n - D7)
e, B Fr22, BEk BIMA, TIAMARRERRR (-7,7), #5EXFE.
FRUMERI 2P M AR AR R Z L.

(2), B (1) ithn, FE/HNZMPRSABLHRBHE, HEHH
H2r. FLH

n+l n

=30/ =206 +6,,
j=2

i=2

EPTF (1) P

62



FHE PO MRAROEETR

97:+l =27 - [(]- - f)(271' - 9:+1) + 1(27[ - 9:+| )} € [Osﬂ.)
M Ti=23n BTFE (0,7, k=01, WHE =(1-18° +18' €[0,7)-
gr ATk, MTi=23,,n+1, EHEE €[0,x), ENrEtZIPH BABHIHT
BUEHAME, RUEEHZMPESHENLBER.
iEEe
ZIEREA KRB ERTHER L. BAMZARNZE —PMEHEAMEN
%, NMERANEREEERLZNEN, ATRIEZEESEPHZARRE— &
WEAR, NEBEAT —FOEN—EfHEEE, 8.
L=(-1)L, +1-L, +8,, (i=0, 1, =+, m) (5.9)
KPR B S SR RT B E CI57]. (5.9) S E Rl XIS T —14
WM. SEMBFLANTINED. RENERERERE, 34N

L=(1-0)-L, +1-L +5 <08, ARHTFRERFIREHIABKL. WA 5-6 Fir:

(@RI | I E AT (YRR 1) L RIS 307
B 56 st Mt L RIIE =5 B NS LR

BARHBE 5-6 PR B ERA TR, BRERF AR, ) THAXFT

REtERITEEE, TEAXAH THARLURNRLERERE, HFEHTRERENE

9, TR ATERA LA &8I,

5.3 ETFAEMROERER

BHERMAZARN - FUR SZLHENHITNAREARIE =,

63



BRE PSRN RS TR R

. AT HRHEE, R EREROZARR A REN =T,
ik 51 dHaATAEpiG=1,2n, k=01 MBEMAIEN RN EiLE
PY, WA RERTA pF S pfi=2,3,,n-1), MTTTHIRY n— 2 = ST Apt pt pt

Apfpipts -, Aptptopt, WE 57 (2) B 57 (o) Fim.

(ayWIRA B (b) t FF RN B i () BHpEih K
# 5-7

RS WPET ZAME, EEXPREA=(Tes, V) RRZAME, =
ARBETHE— P ZABRA=ZANRO—NE: KV RS AR & T A%
¥R: Tes A (n-2)x3HVAERE, BRZAMBMBRREN, Eda-2 =0k
FESN=AKEER, T8 —THrx—10E EFN=ZATEIMRZEH=4
TRHRT: Tes(m, ) R Tes B mITH jHIMTHE: V, RREmAPWA: T, %

REm A, KSR S Tes M8 m FFH=A TR,

EX 52 SRFEZAMBA=TesV), 26, WT,HTERY,,, K
m=12.,n-2,j=123, WHEEQ={0, )" ° HZAMHEA=Tes,V) WA
%0, (m=12,-n-2,j =12 AHAEER. BR, ABLAT - FEMHEA,
TH-MRE—RERQ. B2, XEE-AEK-{0, )7 hER=g
Wi, BEREE— &AM~ RARFEMIETE, TR0 Vs
SRR (Vs Vw20 60101206, | BIE RIS A ST 8, BHRE A MBARTRA,

AGHBERRERBE - ATLMBZAT A v, . hio,) R
e Voo Vi) » BBV EAIZ 5 B HE S HAT R, TRALME

64



BRE FEHONEMRSERIR

T,(m#1), FRHEESE 2 HMMHOAT LR Mis Editie,

Wik 52 wEmBEQ=(0, [ MBAHERRMN T, BB
PATIURA Vs » Vi r WIEFFAME A = (Tes, V) AT HE LU T ME— T2

BB BV Vi 010 012 O} BT Vi 7R

2Vt VmanVian =01 L ranaVreaaVioan =62 8V s B FRIEE:

"Vres(l,z) B V?'es(l.l)”
coté,, +coth,

VTes(I,B) = Vi + (8 COtel,l +e,)

- ¥ -V, —_ =0 1
ﬂ':‘:‘ el =M 2 22 =iel ] Eﬁ%?ﬁﬂﬂ?‘—ﬂmum, %Vrﬂll 4
| -1 0 0

Tes(l,2) VTes(!,i)

Vian® Visgsy TCBFHEHHTURIE S, B (1 5-8 B,
SR FA=(Tes,V) TPEARMMETS, AHRT,RE— kM4, B
RAVEA Vs » MR

Z‘VTe.sr(111,3)]77":3.9[m,l)‘VTes(m,Z) = 6m,l A Vlf'es(m,I)VTe.r(m,Z)VTes(m,J) = 0m,2 H{I VTes(mj) EH —F
AHE:

|!VTe.w(m,2) - VT‘"("’~'}H

Viesimay = Veesimay + (€, €0t 8, +e,) cotf . +cotf
m.1 m.2

— VnViewn — [0 1 o
ﬁEPQI:IVT”(m'z) dald) ' € miel [_1 0:| Eﬁ%?ﬁﬁu—F}mmljﬂ}(’ éVn_‘-(m_])'

Tes(mn2) VTes(m,l)”
Vimay» Vignyy TEDBEHEHHERIR B ", TR "

FTast1.3)

Presil)

| Vrest1,2) Pesti) Vrest13)

B 58 ZFEAE “+” MEDL HERR -7 fER

63



BEE CFEROPENELEBITR

XH, ZAMEPIEET ST B 5ELT R — MmO HARREA 258K
H, MEEHTE, TER=AME. NEMIRLZLEAROTREZNT:
3553 AE =0 RNVt EHEM =1 ZIM BAROEAH P FP,
M £(0 < <1) BRI LATE B LT P EKE:
S REAEE 5.1, EURBYRLNEAEE =B A= (Tes, V)
A =(Tes, VY,
PR HEZAMNEAHANAEEQ MY
o' ={e | Q' ={6,,}
B3 mUT &R AN RREA WRESEQ = (0] )
6,, =~ f()6,, + [(16,,
Hep ()R F(0)=0, fO)=1FRABMRE, HEE W0 =t.
HBA WO = (0], ) PP Vi Vi REFIEH: 5.2, EHH
Bl R A .
SIS AR L RN REEE TS EL SR P .
BA M AR HE I T
Wik 54 A =0 ZIMVIEE R =1 B 26 E AR Mg PR P, T
100 <t < 1) W ZU R PGt AT P BROR A
S8 1L RBFENNAR, EABETASOASREL.
B2, MR FRESE S 3 BE 0 < <) NZHMIAT, I EATN

A A R
SIS BESRE 2, TUBANMARTALRUEABM LR, A
0 <t <1) B 2B PR B 52 o

66



BRE CPEOFESROERIIA

5.4 ETAEHROIR BEIER

ATEBHEE, PHREEANHAMELR Tes 0B 527 Figx, HfTes s
TRTERICANT S 1 s, SN TR, i Tes B—ITHITEN
{1,2.3}.

HEEEETUENH, ErEETARNRLZEREBRE HRNERRY

f1, RFEE R T

D) 0<8, <m: DO< LV oV iestmsn)V tesimny <7 ASm<n-2):0<6,,,<7;
(4) 0 < ZV]ies(ll)V;es(n—l,l)V;es(n—2,3) <Te

EHE 52 RHEES IBAMMEBARE - ONEILE.

W (D 0<f, <

VHIRBAEEREAZOE, BOARL F0)=0, fO)=1RRFEEHEE

S 0<(1-f(NEL + (16, <=

l: 0< 91’,2 =(1- f(z))gl?z +f(t)9:.z <7

@0<< V;c.s'(m,Z)Vl’{e.t(m.f!)i/f(b‘.\'(mﬂl) <z (1€m<n-2)

‘éVTres(mﬂV?{m(m 3 Tz:s(m+12) =4, +g:n+]2

= (1= SN, + [,
3 m+l2_'(1 Je +12+f(1) 12 (l1<m<n=-2)
0<6);+6,

m+l 2

0<d + 6

m3 m+l, 2

W FE AR ERXFRBEATE O < LV iV resimVresmorty <7

@B 0<G ;<7

FHAZAEHNARNE: 6,,=71-6,,, -0,

0<8, +0 < B0<E,,, 40, ,, <7

S 0<l Oy, = (= fUNE 1 +60s )+ fUON Oy +6,05) <7
L0<8, 4 =7-6,,,-6,,,<

67



BRE PEHOMEMHRLEEHRA

! 3 t
(4) 0 <Z VT&?(IJ)VTe.v(n—l,l)VTes(n—Z,J) <7

n-2
AVT‘es(l,E)V!r'e.r(n—Z,l)V'[{e.\'(n—'Z,J) = ZHL,I E‘ 9::1,1 = (1 _f(t))gf:] + f(t)gp:m (m = 19 29' SR 2)
m=1

n-2
V0 < LV e iy = 2 Ony <7
m=1

Tes(1,2)” Tes(n-2,1)" Fes(n-2,3)

n-2
1 1 1 _ 1
0 < LV o0V o2V Pestn-2) = ng,l <
m=]

n-2 ' n=2
S0< 4V;es(l_z)szes(n—z,l)VT'es(n—z.J) =(l- f(t))z ‘9;: I f(t)z 9:::,1 <7

=
5.5 MiZILHl

FERH R P BN B ATBHITER . B 5-9 BRA[19])F HEEEE
FRER, TURIE =05 XANZATMREGSMHARLET ESGHAR, T
RAAXWRNEREEBINANRIFESREFHGRLNE, DAURKNER
WA 5-10, MFSKERIE 5-11 Fin, BIFRTEAR T [19]F HBA ATH < 55t
BOSESFEXIAR.

t=0.7 =09 t=1(H & mFHE)

B 5.0 FA[ON T IEX EMEGEITER, H=058, ATAT 5ARTAs BE.

68



BHE FEOMBORSEBRR

(OS>

=0 (FIE A5 =02 =05
=07 =09 =1{ B RN R)

B 5-10 SEAENE 5.3 HER RN ROER

=07 =09 t=1{ B G OFIE)

R 511 KRR 4 BHNBFHERT )
5.6 AF/IG

Az EE AR EOEREEET T NG, ORI REEA RS ORIE
S e R AR AR A R T, WA T I8 5-9 TN SH T RE S

69



FAE FEOFMEMROEBITR

FRZ, RERQGHMNERS VHSESNEED, ERIIER FEBRIE
R E R AR, AIOHREEE AR IR T 2. BERETET
MERROEBES, ZHERRT19FHASTSSHBTAESNRE. [
I BIGRE T P TE MR IR AR Ol 0 P A 1 1 P — S R AR MR I M I, IR RAEE T %y
MEELMAE R THARE A, Al TERIGIEY.

70



FBAE WRERTRE

FRE MRGRMRE

6.1 HrRLit

EXHFHEDEHBEFE®ATTHR, WRETEEPEL=AFH: —£
S R R = A R BRI T 9T, CRETNERFIE £ IR RN
B ZRVFEMMENROEREETR. UTEAER=ZAFERENE
B

& FH &34 7 K Rl 8 = 4 PUAS B0 2 BF

NP L ARG R Z APMENRS, FXEZRERE TETUALLR
Z R RHABME R A = f PR R OTE . BOTEEE % B T ERT R =A%
WM AR BILI 2 16 AR, EARMFATUEARFL T = A4 EmiE
PREIARZBEEE . H T RS LRR M EILRE, W EL
SURATN RPN R LTS TRROIAZ LR, BERFET OIRSLHEZ
AT R =/ EI2, X RS = A8 RE RSP R S U E R FAH=
REISRERPTHL. A, MHZTERBEDOETREZ AT LE
RIS R, AITRD T A RERNERE. ERE=ZFFE25 M T REEN
72 BA R AR R I S 151 o

& BT /NP £ DR EIEH R

XA MEENAL GRS, KRB LURARL. BEXSURTRN
BRI XKANEARRE, AT, RET FENASLBHRRER
MBREE, BET/DEOFESUWERRESE. STREE T MREENSY
ERREZAFAREREE, ZTEXADEERLCBYASILE, BEYIRS
ARSI U AN A TSR, MRS LRRERAED R A A EREE,
MANREERAKMEEE FEMEASEENNTENZANEAR. Zh%E
BWEMRARE LREVASARNRET R AL, HERAGREN 2. AEd
SKEGEM T IR ST AR R RG = AR, DUREDTHTER
SE, AMZEBSLAAROR, AR URES NERNERAR.

-



BARE UIRgitRmE

® ST ) R AR R TR A

EHTRAEARGGFANEETE= AMEOROERTE, 2 0RHTE
THREMNKNEROLEREEEEFAGERNER, FEH T HERECKERITN,
HARCAF WAKR —BEERFER, SRS H P 3T A NS T,
FITEREBRER R FAER RSB P BLREOE, BRI ik %
HMAMRFEM, BIAEEETHRE,

6.2 AIREER

AR P EURERATALES, RARFA —SERE— PR
HIFE, BET:

I MAKNBERNERTECERS, ENMREESENKIXEEARTE—
MEBFENKHE, W, MESEREE, ERREURYEeBELER. BR
SREME, EEMBITAYIRERRAERERULKN= AR, BRE
BEMRTATE, BEEENEET, JETENREEDTERE, nfTEEk
IXERTERREITRE, REEPHEN.

2. EAXMMAEENERENEREE, WARREITRIOEY, Hak
WH AT SIS, UEHEFROBRE? ZEGELERTERA
IRt

3. EXFESURSTERN. FEERLELIRMANATIR, WEEN
BREEARANETR, NSABNARREYE. IFEERENERTEEL
L DTSR, WX R 5 A5 P 3R I R 5 B R E R AL

4. HRTMRA LA RN OAE R RGN RE QAR IS
FEBER, HELWGNBRLARENRAN, HETEEROTHEARF
TRAMEHHMNNE. IARRAGMREN=EREATR, AREHAR
Xe



5% 30k

[t}

[2]

(3]

(4]

[5]

[6]

{71

(8]

9]

S 3k

FEE, EEE, FER. GHENEBILEETY , RS kiR, 5%
HH W AREL, 2001.

KA. AMPE=ANENTEASAEEREWR, BTl X¥mti
3.2004.3.

RIS, FH=HAPEHERM, BT KEm+ 3, 20053,
A.Greogory, A.State, M.Lin, D.Manocha, and M.Livingston. Feature-based surface
decomposition for correspondence and morphing between polyhedra. Proceedings
of Computer Animation ’98, 64-71, 1993.

Arthur Gregory, Andrei State, Ming C.Lin, Dinesh Manocha, Mark A.Livingston.
Interactive surface decomposition for polyhedral morphing. The Visual Computer,
15(9):453-470, 1999.

Aronov B, Seidel R, Souvaine DL, On Compatible Triangulations of Simple
Polygons. Computational Geometry: Theory and Applications, 3:27-35, 1992.
A.Shapiro and A. Tal. Polyhedron realization for shape transformation. The Visual
Computer, 14(8-9):429-444, ISSN 0178-2789, 1998.

A.Tal and GElber. Image morphing with feature preserving texture. Computer
Graphics forum (Eurographics *99 Proceedings), 18(3):339-348,1999.

AWFELEE, D.Dobkin, W.Sweldens, and P.Schroder. Multiresolution Mesh
Morphing. SIGGRAPH 99 Proceedings, 343-350, 1999.

{10] Babikov M, Souvaine DL, Wenger R. Constructing piecewise linear

homeomorphisms of polygons with holes. Proceedings of Ninth Canadian

Conference on Computational Geometry, 1997.

(11} B. L’evy and J.-L. Mallet. Non-distorted texture mapping for sheared triangulated

meshes. Proceedings of SIGGRAPH 98, pages 343-352, July 1998.

[12} C.Erten, S.G.Kobourov and C.Pitta. Morphing Planar Graphs. Symposium on

Computational Geometry : 451-452, 2004,

73



2% 30w

[13] Cesim Erten, Stephen GKobourov, and Chandan Pitta. Intersection-Free
Morphing of Planar Graphs, LNCS 2912, Proc. 11" International Symposium on
Graph Drawing(GI>):320-332, 2003,

[14] D.Cohen-Or, D.Levin, and A.Solomovici, Three dimensional distance field
metamorphosis. ACM Transactions on Graphics, 1998.

[15] DeCarlo, D., Gallier, J. Topological evolution of surfaces. Proceedings of Graphics
Interface’96, Toronto, Canada, 194-203, 1996.

(16] E.Carmel and D.Cohen-Or. Warp-guided object-space morphing. The Visual
Computer, 13:465-478, 1997.

[17] E.Goldstein and C.Gotsman. Polygon morphing using a multiresolution
representation. Proceeding of Graphics interface, 1995,

[18] Floater, M.S. Parameterization and smooth approximation of surface triangulation.
Computer Aided Geometric Design 14,231-250, 1997.

[19] Floater, M.S. Gotsman C. How to morph tilings injectively. Computationa!l  and
Applied Mathematics, 101:117-129, 1999,

[20] Floater, M.S., Pham-Trong, V., Convex combination maps over triangulations,
tilings,and tetrahedral meshes. Adv. Comput. Math, 2005
http://heim.ifi.uio.no/~michaelf/papers/cc_maps_short.pdf

1211 G. Karypis and V. Kumar. Multilevel k-way hypergraph partitioning. Technical
Report 98-036, Department of Computer Science and Engineering, University of
Minnesota, Minneapolis, MN 55455, 1998.

[22] G.Zigelmann, R Kimmel, and N.Kiryati. Texture mapping using surface flattening
vie multi-dimensional scaling. IEEE Transactions on Visualization and Computer
Graphics, to appear, 2002.

[23] H.Bunke, X.Jiang, K. Abegglen, and A Kandel, On the weighted mean of a pair of
strings, Pattern Analysis and Applications, 2001.

[24] Henry Johan, Yuichi Koiso, Tomoyuki Nishita. Morphing Using Curves and Shape
Interpolation Techniques. In Proceedings of Pacific Graphics 2000, 8™ Pacific
Conference on Computer Graphics and Application, 348-358, 2000.

4



BE M

(25] Hermann Birkholz, Dietmar Jackél. Image Warping with Feature Curves. Spring
Conference on Computer Graphics. Modeling and visualization: 199 - 202, 2003,

[26] JEFF DANCIGER, SATYAN L.DEVADOSS, AND DON SHEEHY.
COMPATIBLE TRIANGULATIONS AND POINT PARTITIONS BY
SERIES-TRIANGULAR GRAPHS. eprint arXiv:cs/0502043, 02/2005.

{27] J.FHughes. Scheduled Fourier Volume Morphing. SIGGRAPH’92 Proceedings,
26,2,43-46, 1992.

[28] Jindrich Parus, Ivana Kolingerova, Morphing of Meshes with Attributes In Spring
conference on computer graphics SCCG 2004, Bratislava: Comenius University,
2004. 5.69-78. ISBN80-223-1918-X.

[29] J. Kent, R. Parent, andW. E. Carlson. Establishing correspondences by topolo-
gical merging: A new approach to 3-d shape transformation. Graphics
Interface 91, pages 271-278, June 1991.

[30] J.R. Kent, W.E. Carlson, and R.E. Parent. Shape Transformation for Polyhedral
Objects. SIGGRAPH "92 Proceedings, 26(2):47-54, 1992,

[31] Kaul, A., Riossignac, J.. Solid interpolating deformations: construction and
animation of PIPs. In: Post, FH. and Barth, W, eds., Proceedings of
Eurographics’91. Elsevier Science Pulishers, B.V., 1991,

[32] K.Fujimura and M.Makarov. Foldover-free image warping. Graphical Models and
Image Processing, 60(2):100-111, Mar, 1998.

[33] K.Polthier. Conjugate harmonic maps and minimal surfaces. Technical Report
Preprint No. 446, TU Berlin, SFB 288, 2000,

[34] M.Alexa, D.Cohen-Or, and D.Levin. As-rigid-as possible polygon morphing.
Proceedings of SIGGRAPH ‘2000, pages 157-164, 2000,

[35] M.Alexa. Merging polyhedral shapes with scattered features. The Visual Computer,
16(1):26-37, 2000.

[36] Marc Alexa, Daniel Cohen-Or, David Levin. As-Rigid-As-Possible Shape
Interpolation. Proceedings of SIGGRAPH’2000. Computer Graphics, 157-163,
2000.

75



SE MR

[37] Michae! S.Floater. Mean Value Coordinates, Computer Aided Geometric Design
(20): 19- 27, 2003.

[38] Mikael Persson. Automatic Image Metamorphosis.
hitp://www.yodel.net/members/mikael/data/morph/Automatic%20Image%20Meta
morphosis%20-%20paper_revised.pdf

[39] M. S. Floater. Parametrization and smooth approximation of surface triangula-
tions. Computer Aided Geometric Design, 14(3):231-250, 1997. ISSN 0167-8396.

[40] M. S. Floater. Convex combination maps. Algorithms for Approximation IV,
2001.

[41] M. S. Floater. One-to-one piecewise linear mappings over triangulations. Math.
Comp., 2002,

[42] M.Shapira and A.Rappoport.Shape blending using the star-skeleton representation.
IEEE Trans. on Computer Graphics and Application, 15(2): 44-51, 1995.

[43] Oswin Aichholzer, Franz Aurenhammer, Ferran Hurtado, Hannes Krasser. Towards

Compatible Triangulations. Theoretical Computer Science. 296:3-13, Special Issue

2003.

)

[44] Ping-Hsien Lin and Tong-Yee Lee. A Fast 2D Shape Interpolation Technique.
Lecture Notes on Computer Science (LNCS 3482) volume 3482, Springer-Verlag,
pp. 1050-1059, 2005,

[45] R.A. Wagner and M.J. Fischer. The String-to-String correction problem. Journal of
the ACM, 21(1): 168-173, 1974.

[46] R.Singh, R.M. Voyles, D.Littau, and N.P. Papanikolopoulos. Graspling real objects
using virtual images,Proc, of IEEE Conf. On Decision &Control, 3269-3274,
1998.

[47] Saalfeld A. Joint triangulations and triangulation maps. Proceedings of  Third
Annual ACM Symposium on computational Geometry, 195-204, 1987.

[48] 8.Cohen, G.Elber, and R.Yehuda, Matching of freeform curves. In Computer
Aided Design, Vol.29, No.5:369-378, 1997.

76



B30k

[49] Seung-Yong Lee, Kyung-Yong Chwa, James Hahn, Sung Yong Shin.Image
Morphing Using Deformation Techniques. The Journal of Visualization and
Computer Animation, 6(3), 1995.

[50] Seungyong Lee, George Wolberg, Kyung- Yong Chwa, and Sung Yong Shin. Image
Metamorphosis with Scattered Feature Constraints. IEEE Transactions on
Visualization and Computer Graphics, Volum2(4):337-354, 1996,

[51] 8.Y.Lee, K.Y.Chwa, S.T.Shin, and G. Wolberg. Image Metamorphosis  Using
Snakes and Free-Form Deformations. SIGGRAPH ’95 Proceedings. 439-444,
1995.

[52] T.Beizer and S.Neely. Feature-based image metamorphosis. Computer ~ Graphics
(SIGGRAPH '92), 26(2):35-42,1992.

[53] T.He, S.Wang, and A Kaufman. Wavelet-Based Volume Morphing. Proceedings of
Visu-alization *94, 85-92, 1994,

[54] Thomas W.Sederberg and Eugene Greenwood. Shape Blending of 2-D Piecewise
Curves. In Mathematical methods for curves and surfaces, Vanderbilt University
Press, pages 497-506, 1999,

[55] TKanai, H.Suzuki, and F.Kimura. 3D geometric metamorphosis based on
harmonic maps. In Proceedings of Pacific Graphics, Tokyo, October, 2001.

[56] T.Samoilov and G. Elber. Self-intersection elimination in metamorphosis of
two-dimensional curvers. The Visial Computer, 14:415-428, 1998.

[57] T.W. Sederberg, P. Gao, G. Wang, and H.Mu. 2-D shape blending: an intrinsic
solution to the vertex path problem. Computer Graphics(SIGGRAPH
‘93),27:15-18, 1993,

{58] T.W.Sederberg and E.Greenwood. A physically based approach to 2-D shape
blending. Computer Graphics(SIGGRAPH ‘92), 26:25-34, 1992,

[39] U.Pinkall, K.Polthier. Computing discrete minimal surfaces and their conjugates.
Experimanetal Mathematics, 2(1):15-36, 1993.

[60] V.Surazhsky and C.Gotsman. Guaranteed intersection-free polygon morphing.
Computers and Graphics, 25(1)%:67-75, 2001.

77



2% 30wk

(61]

(62]

(63]

[64]

(65]

[66]

Vitaly Surazhsky, Craig Gotsman.Morphing  Stick Figure Using Optimized
Compatible Triangulations. Proceedings Ninth Pacific Conference on Computer
Graphics and Applications, 40-49, 2001.

Vitaly Surazhsky, Craig Gotsman. High Quality Compatible Triangulations
Proceedings of 11th International Meshing Roundtable, pages 183-192, Sept.
2002.

V.Surazhsky and C.Gotsman, Controllable morphing of compatible planar
triangulations, ACM Transactions on Graphics, 20(4):203-231, 2001.

VITALY SURAZHSKY, CRAIG GOTSMAN. Intrinsic Morphing of Compatible
Triangulations. International Journal of Shape Modeling, Vol.9, No.2 :191-201,
2003.

Xiaoyi Jiang, Horst Bunke, Karin Abegglen, Abraham Kandel. Curve Morphing by
Weighted Mean of strings. In Proceedings of the Sixteenth Conference on PAttern
Recognition (ICPR 2002), volume 4, pages 192-195. IEEE Press, 2002.

W. T. Tutte. How to draw a graph. Proc. London Mathematical Society,
13:743-768, 1963.

[67} Yuefeng Zhang, Yu Huang. Wavelet Shape blending. The Visual Computer.

Volume: 16. Issue: 2. p. 106 -115, 2000.

[68] Zigiang Liu, Ce Liu, Heung-Yeung Shum, Yizhou-Yu. Pattern-based Texture

Metamorphosis. Pacific Conference on Computer Graphics and Applications, pp.

184-193, 2002,

78



B

B

HRERZEF, LT ABRTE. ZENHRELR, Rmakhi, &
FRAGRER. i, REBFEX=ERAABRFBMTEZMAEE, H
K, URBFRRNEE—TAL T RE,

BE, RROFITER0HE, SIMAF™E, 2RMHE, BEHEN,
THEAN, ERXNBREEIRPAUERT MFEROBR, TEETHANE
Mo XEAHFERSLRZE. ERBRELRZEINER, TRAWIMEE. T
gif). . MANRENE--NIF, EABRTNBLERNED. h™
SR SOOI RE A — 22 ARG TR R XK R BZ ST REFEST PR
REESNRBRIAE, BEAFENEOKESAROEE, FROETEE
B, BRIEMEA S RN MRS T ORBRE!

EREFERFENE. RONEHRPARTRERSE ! BB R

Rbey REMZF! REEREREBZHALZMUREHE LIS TROR
E#HE. /% BEKERMKERZEER LS FROXONEBULE L
FILDRERIE &, B 03 RYWHELERZMHEMMME. REZENFLELZE,
RBEERR!

BE, REERROEIMLAEIES, UENEFHRRKERHERRL.
FRRZFIROFAESRS, 2. RZEMHE URELETIEENRAHREE
ZB. HTPEAKEHR, HRITPNEE - SETEZ4e, MEEMEME Tt
PHE1IE.

K



T A TR R

3\

BiEFMAEEXEZRTAR

B{EE, (—FMETMENSILBERER), TENIREENAH, €T
Vol42,No3 ERZE.

EEMEH, (BTERRBRANIRRRAERA), HENTESNA,
£ F Vol42,No.10 L& K.

FNMEE, (RfuERErnESRERRBERRL), HENTHRSNE,
ETF Vol42, No4 LR E.

BIEE, (CHEREHRLASHRS TRENMNERES), HEIR
Bkt EEEEER, SFA.

80



[ |l A ==3 4

A SRR A B A5
ANFEET FPRAT KRR IE, B WEFAE AR B A S 13 314
IR R BT B T RE U AT PRI AR BT 1 [ AT B0 kA 3T 18 S 3L
ERFFREL T AR . ARA R IRSCH AR B PR W] LU 5217 68 301 A 0l 8543 W 2 5
AHRERERATI R, WTLCRHIBO . 7l 5 5 I BRI n A 5018 3
FET A NARLIE Sl S5 65 £ 74706 SCUT 50 LT T 95 130 38— e W03 B0 o pE UL £l

E -’PTi’n

RE AR R TGN AR

%ﬁ%jﬁ%ﬁzgﬁgﬂ ? %@%Wﬁﬁ:éé;ﬁﬁ
e 4 4 Der g

AL Tk A%

AL S IR B 7 I
Tk FRFE M MAME R RRE IS, AN SRS, Fr e iie T, £
NS IS F AT | AT RIS MR RIS A 30 L3 A 75
RUBBHITTIh, A8 SR A AR (A A AR EL 42 20 TF R Ak T RO A,
Ty A A AL EL T G AR AR A RO R AR ST T T
BRI ARG, BB S U R .
FNFRR T GIRHATRE, FRA — IR AT

#WWIW%%Zaﬁ*ﬂLﬁ
Wb ¢H GH



	封面
	文摘
	英文文摘
	第一章绪论
	第二章对应问题
	第三章平面多边形的相似同构三角剖分
	第四章基于小波的平面多边形变形算法
	4.1已有的平面多边形变形方法介绍
	4.2基于小波的多边形变形算法
	4.3算法实例
	4.4本章小结

	第五章平面凸网格的保凸变形研究
	第六章研究结论和展望
	参考文献
	致谢
	攻读学位期间论文发表情况
	西北工业大学业学位论文知识产权声明书和西北工业大学学位论文原创性声明



