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ABSTRACT

3D mesh models are not only the basic material for shape
modeling of industrial products and the making of computer
animation, computer game characters and environment, but also
an indispensable tool needed in researching of basic theories
of differential geometry and topology with computers. So the
research of 3D mesh models has been paid great attention in
computer graphics for years.

When an artist is designing an animation character for
movies or 3D computer games, and when a designer’ s trying to
modify the shape of an industrial product in a computer aided
way, they are going to deform and edit the corresponding 3D mesh
model. So the deformation algorithm of 3D mesh models is a very
important part of mesh researches. A good deformation algorithm
must have two kernel advantages: the first one is to have the
efficiency of a real-time execution on a regular computer so
that the user could watch the results of editing in a real—-time
way; the second one is that the algorithm should preserve as
much geometry details as possible and maintain the visible
plausibility of the mesh model in a continuous deformation

process to make sure the user will not have such a feeling that



the model has actually been “destroyed” by large deformation.
In the paper we focus on two advanced algorithms which are
very popular in the research community, and we analysis the
deformation effects and execution speed after having
implemented them. Then we proposed some modified step
corresponding to their disadvantages. With a lot of experiment
results, we showed our improvements in comparison with the
original algorithms. Then we did some mathematical analysis of

our modifications to show their validity.
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fATgm s BN R EREE—2 ATHMA M [flaplacianté s 2 22 R K
SRR B IX R — B, B AR ZE R
V'=argmin E(V ) =argmin(Q I L(v, ) =&, [P + D IIvi = u ) (2-3)

A i=1 i=m
AR “FH7 HE 0 B s AR PSS B R 28301, FIE M'
(1 H 3B T Vo S Vg oo VYIRS BN 28 FH P38 B3 502 B2 1Ao7
BLU LU, U Y, BIRIY, =U, ie{m, ... K&

DU AT ¥ AP 7 Aok @ U A IR ZREE RELE(V ) : DAgITTiRE
BRBIENEVY), HIEV) = D(V')Zill L(v,) =6 I, IXFE “FH” HH

I I AR E AR Uy, XA ERRONIEZ . (HR BT “ TR
HES 2 05 TAMBERT 2 1, P AP RAE [F) — S50 R SR BT AR A,
AN N DX A5 RIS B AT St B A B b s 240 R 5 QAT S AR R 5
& RHE AR 5 5 EX I HAR A i AR PRI R . %
FUL RS, HArnAT i RPN R A oA B 2ok L

IRZEREEREEV ) :

EV) =2 IL0)-a I+ v -y, (2-4)
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= AEPAR AR (12T ST AT

AT RIS M B2 R 2R E(V ) fie/)-

S

V' =argmin E(/) =argmin(Y_)| LG )3 I+ v -0 1) 29

S BT SR S 8 5 2 R
2.2.2 mINTREMML

24 RIS MY RIS A7 (4,2, ) 9 R, L
NS P LT S A aE(V/ =0,

HF-7E EQV ) A ARAR IR AR o, BT LAt i aE<V/ =0, (i=12,..n)
(ISR AR, TRIBRHES TR I, XARFRIAE X=X, ooy X, ) RS2 «

2
o
L X U Xn
Ol .« UX,

L ZPIFEMEnfrlaplacianfifs, & 584 HER R R ke, H

argmin E(X )
X

—argmin | AX ~BIF  (2.6)
m

1 i= |
1 .

Li=1"¢ jelize(ji)eE} (2-7)
0 Ha

e FE K B BAEAERE, HoR TR k MEH AR B W, n 4
laplacian4 s 5x, = (6%, 5%, ...0x,) Flk 4E4I R & (ATA)X = ATB 24t
T RGURMERITL T RAT

2-64E n+k 17 n SUMIHEE R R4, F b 35 e,
(ATA)X =ATB= X =(ATA) ATB  (2-8)

3 FLA) AT A FTBIE B R SRR 1 n B St AR O L X — g AT 12
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HEL B, e ST BE 8 PR 1 70 PRSP M R R A T i R
IR H R R

2.2.3 kM RGKRBEXZERIVIEL

N T 3 TN B, 5 laplacianf S IR T — KM,
% RARNRARIIBLTT o S2bR_ RS AR AR 4 FH LA T
PSR BB 5 SR o laplacian AL RAG MR AR AL, X ARAIE T S
MR RS WA R2-BIALL TR, ATRIER It RTF 12
AT, B T O R AT IR R B R 6L A 1 H A b 5 B RO T
BHEIZATIZE O SR BHESh, HLARIIA, AT (ATA)(ATA) AT
AT DAZE RS HLATIRA I A s T L P T — VR B 1 i DX S
GV Oee S PN I

A2 H RV AL B T B TE T AT A FRSE EAREA (AT A) 3K
W, BRI T ACEUBOR OB, ARSI R B R B T
WL P77 R0 P A DR 5 P 338/ BB E 5 T 3K 2.3 o
S0 AR e L 25 AR AL 19 laplacian S SCHILR S 5 I HIRIBET:

IR L R PR R KT O R B . A S R 7 T e
AR, TS SEARSIARFRBRER I R B o, /A0 T A AR A
IS SR OTRE, BT AR S B TIT LS A R 95 d, 1)
SRR, BT d << n, WOURBER ORI RN BARRATTE
IR RE A, AT, (ATA) St R KRR B

% TR 2- 84 R JTRRAL(ATA) X = ATB , TS Al BT SR
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= AEPAR AR (12T ST AT

B (ATA) RRAR, A (ATA) Rn BT, 0 ERR, AME 44
f, i HL SR R BRG EE AURJE o0 R AEFRATTHY SEAG T R I B
PRl (ATA) T A, 7E A8 i double R AU TSRS BE B AR K, R
A T Float L (1 45 B SE IR S o T FRAT 1 G B0 10 PO R AR L 8 m 6 5
A LA THE, B LIRSS 2 1) RS T 75 AR

FATTR M BTN (ATA)EAT 70 # iy E =T~ =
HIEZ 5, A B R FRAETHRE SE AR B R Y ) & 5 1 % (] Y 3R«
ATB J5, RIATBRE A [EACSK A BORFNE . A b A aTREL,
TARTH R R FR B <0 S T R R BRI X B Y d, £
HEA AT A AR B RRBRAERE PR L T E SRR AR R (AT A) B
fe AR A IR M FE, T CABATTRT B (ATA) HEATLU 2 i
117 SE R 7025 A2 A5 & Do PR L R R 1T 152 T ) Cholesky 73 fif 5 ¥
Bunch-Kaufman 7 figiEkl,  FAl T K & ) 525611k B Cholesky ££ i
F A g P S5 A A T2

FESE(ATA) IR iR 5, J7 RE E2-8 5 A i B85 A A i 7] B
SRR AEAT AR, LI - PR IK o SRR AR T IR 4R
Fff)laplaciantELL 15 KA/ —IRAME, 2 IRARNKRIBIIHT
I AE R EAS A RS I RATIE SR [ — s, Wale 45 R
F2-10) “ZZH MR ” A2 H, ATAI 10000 52 A Y AR Y AR T A8

AL H P IA B SR
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2.3 AT®EMILEY laplacian BIERRIE

2.3.1 Laplacian FREHSTEZH TR T4

HH T-laplacianf bR & XAE — MR ARER S b, B T B8 5 1)
—AN AR AR AR, BRI A — T SR 8 A AR AR 4 Ry AR A & ) i
AR MR, laplacianABBR TCIEEENIX FEI AR 4K, AT PllaplacianAlds A
FE N AR o DRIMAE KA e e A2 BN, 38 Y laplacian 5L A
REAR I PR AL 2 ) LA 40 15 5 [m] 1 o) R o 2 B A RS [y 2, D88 )0
[e1) B AR A R AR

HEF I AT laplacian 7 L2 PRI, (HL
AN i NG TRANAZ I, AE 25 7] [l EL A T80T AT ORFE T AR, FEJies%
AN 0] AN [R] B 4 TECRE e T 7 T AR R A4k, an &l 2-2 7

L N

Kl2-2 e AR 40047 T laplacianAe b
2.3.2 Laplacian BEANBERIFRVACIERESS
PEi% Flaplacian )i o B3 S 2 1AL b IA BG4 R AR
2-30TIER], M AaTk0— R AU TR P PR AE, N

R A R 93 BBl N B e 200 (U P v 5 LA P ) e 5 kAt
EERIERAL) DOk EIR e B SY3 ERIESR . SR laplacian 7 &A1 ANRE
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YRR AR ()3 TR AT AT

F BT AR RO . H R E 2 LR 2 laplacian B bR A 2 g
ANAZ ) o QIR H 732 28 s R A7 B 20 R A A5 B RE ) R B e e
e MNARNER IR, A AR R VEAL 1T IR R e 4 BSR4
SRIATT AT LA BT AR R R KIIRARTTVE AR A < B AR AR AR
laplacianAs sl BEE—25, WSk AR SR R T VA IIRESE
FATE ] DM 3T 2 0 R Bl 2 RS S R R LTk (BN T
DRFFECTEMIAEZE, R BER B BONRT & B RIARTERCR, BRATT 06 2505t
JE 4G i laplacian BiEAE JE HEAT FE B 63 . SorkineZ5 ek #2 H T H
S H laplacian i, &7 Mk 1 DA_E T R

.i'-n.i e

R
%
¥
F
$F- -
i! -_-'-.
ne -
Y

24 Ak
L

O Ky

[512-3 Ha i b T 2R AT RCR I
(B B () J5da sk, (2)38 B Uk i 4 RO DX dsk (£1 1 i) A4 I H:

ZR)H1 T HER > ] A (BRI i), (3)(4) I 4filaplacian
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BRI EREERUR, (5)(6)ZR el &1t AL ) laplacian Ly 7E 2R -4 5 1
[Tt . )

2.3.3 TG

N T FRR eI S5 — LE 2 AR AN BEAE laplacian AR TP S N F ik
B MRRINE R I A AR AR AR e
AR DX BT v, Al SRS S IE R SR RE T, R R R M
laplacian ABFRAEH 2 5 KRS MR T ELER, IXFERESE L B 1%t
BT 3% LA oAt 22 A SR R BR o KX v, EL4%K laplacian 28451
JRR AT S AR e I ARARTT A TV, SRR, (EIZ 4R 2 & B L%

AMH LS A A et s, Bl

L(Tv,)=T(Lv) (2-9)

TAIAS 2 ) 2 =y iR 22 e AU -

E(V'){iHL(vi ) - Tal + 2 v '—uiuzj (2-10)

ILAE B OSBRI o) REAE TR BT . Oy 1 ORFF2-10/ 2tk 2 FH4K
T=T. (v, ) AR AL E AR, L VER L, 58 B/ —3en] G
LeVER B, DLRAE — T e AT SN DR (/) — M S A2 e T, BT A
AR R AN FHT

k
T, =argmin [Hvi STyl v =T, HZ} (2-11)
Ti le ] J
Hrb iy, RoRT Y, BIER AR

— AT BALEFR, R MAEREE TR, (HAR T & R
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= AEPAR AR (12T ST AT

kG2 SR FE AR R, RIS 5% i S P 4 /T FH P AT R
T 2 BRI , s 2585 18 s XA D82.3.177 52 21 laplacian
T HPPREANANE, NAEXS — AN <Ak 5 F (1 BEAA R AR 48 T 2 fRfr

AR, PRUSCRR T B . SRR W5 ek, [F gl
INRESE A WIAIE
s -h, h, O
|h s -h O
Ti= h h s 0 (2-12)
0O 0 0 1

SERET R BRI AAR RN T (s, by, by, hy) B SO FRAERS, 6f 202- 114K
/B YA R FAPR T (s, by, by, hy) SRofh AT -

(s,h,h,,h) =(A"A)*A'b, (2-13)
Hor iy
Vie 0 v oYy Vi
A=l e 0V emon,, bis || jemon,.

iz iy i Vi,

XFEFRA T RS b T, R 7 RISV MRS, k%
T £ MRk NlaplacianBIEFEZE A H # .

2.3. 4 M RGOk R

b B 2-10 5 Fi I 45 H ) SR dB laplacian i 2e Pk 2 45 :02-4, A fjeh
T, R2-10 FU SR2-alxyz s bR, BN EQ ) TS BT
[ A0 S XA T DS Ty, 28R SE— ANk R Mok
iR, ¥y, Z7R8R, T ELIK =2 92k P R 01 A S (ATA) T AT — i
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— R, R A ) R B AEAS LN A DXl AT 0 i) R A4 ) T FR) 58
A7 B fIxyz AR FRAED, E%%E#ﬁ%%ﬂmﬁ%mMT)AT%
n*nBh s X T EV) S, BT RE AT, TN,
FAS B A U8 laplacian BV (ATA) AT AR —xyiz = 2
FRSE HI3n*3n i KFE R, A7 0 2% 0] 2 SR 6 F) laplacian 55035 () U A
W SR B RE R AT R R B M R R R O TR BV A
HRRE e AT DLy, B R IR R ARERE R BN R o RN
— NI AFR, W N EI2-4F7R . AMERIL, HiEE A
B B AR T b SR B 32 A G laplacian B —FEH, L2 —
KRB AERE. B3, ATUE A B E0 A S5 1 70 AR B ATA
FIRPR IEE AR E T, AT R H Cholesky 73 fifiZ: o
0. 1

o
i
H
o
b
o
i
N
H

K2-4 Jidrlaplacianfiik i) A FEFE B IC T R BIFT SRE A JERE I AR &
K

2.4 RIRFIEWHIET laplacian BIMEEIEIZZ /2
2.4.1 Mp RS R

AL AT AR IR A S PR s BLERAT I Ge v A AR A I R v 75 2 58 B
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TS5 : A2 1 A RSTA3(n+K)*3n), THEAERE AT (JUSFA3n*3(n+K)) »
THEHERE ATA (RN 243n*3n),  THEAERE (ATA) T (R A (3n*3n), i
AR (ATA) AT (RS A8n*3(n+k)) . FI L5, BT = ARk AR B
WA, M TR aplacianfik, FLE R4k laplacian
EPTRIE S AR R AR ROR T JEOR 91

TERERE S 7, FATEH T intel 2 7 7 & FJMKL:  Math Kernel
library (U TH5E B, X — A R RE T AU T SRR, L Th BRI
W2 SCREIRIERE =S, R, SRA AL, BRI E
PRSI0 INFRTHRE B U 2 A8 4, DST I HUR T2 AR #4F,
T HAE SCRE R AR B R P R MRS . TR SE B AT I,
MK 2R 7218 FH B 6 Z07E Y A7 RIS AR B R R A RIAT, 2 R 14y
A5 TR AR Y Bl SO 2B 1A A7 H T 7 B 6 P AT A 1) i 2 L R A
AT BB EE AR M RS R R R ORI R T
PERI, A RGEMKLIE B ok K R o 43 TiC P 7 7 246 2 A
YR A BATSER R, MR, HIEATRE, S5
B BRI ] o5 AT AR A TR B IR R) H AN 22, 3R 4 [ ek T R A A
TREAL RN AR I FERER N AE R S 430 |, L seae gl R IR [#R2].
BEAPRE T — B R, Q10 54N AR, 2 “ TR H0E
SUN100AS, U H: BORE FEE float R A R RGBT o5 9 A 23 1) A
3*100000*3*(100000+100)*4 = 365990625007 ¥, #]£r34903GB¥
W, XRNT RGP TSR BT UM SEELA B K E,  Hilaplacian
BRI (¥ R A AR A TR JI 1 o
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B RrB 3

2.4.2 MUBEEM RGN SIHBER

NIEBERATTR A B RAE O TAE: B e dRATTR A R
JERGER T i, AEAE A ISR M G-l o AT TR 4 BB T BE e
AR AFERE AR ok BB H , BRI — I v, 55 FLA TR A
TR A9 5 E AL B ¢ R U R IR e F o, IR T ST
FFPRBATAEIN . XFEiRE S | IE D KB NAF S M AF B E TR . K
6% R IS I8 6 T U R At v A AR, B33 B K d, 2006, B
FUZ6/M, [ R A 1077 s B A, XA R A7 Ak B AT A0 A
B 77 fi% 23 A1 B% ©934903*6/100000=2.0914GB ¥, IXXf T A7 L 7e
AR RN 2 AT LR SZ I T

P& RAEFEREARSRAN 7 i 5T, FRATFE 0 AT T A FE R XS BRI
AT RARLE R 2, AN (ATA) FAERTTHALE, XAFFRATHE AT B A
F AT HURT LB 58 B R VR 5 o i, oW TR AR AT S A7 A
XFERET B A DA 0] Sy MR T, AR R
DT SURE <058 R AR 1 b 7R Al — LA W 5k g, Bt AAE At
BB IREIFFARARRBIIE N . T ANTTE T BT R RE UL A7 5 KAt
SRR SIS ], FATHOACAEAFRT a6 I RE RIS ) KK 4%, [
IS 19 BEAE 5% FH LI 0 2 T Ak B O Bl K AR i AT E o S0 % A
BRI AR AN I R I A PN A7 A ds SR TR AR Ja 6T B 4 1 L3R 2-1.
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= AEPAR AR (12T ST AT

R 2-1 A G R R A DL AR A AT 40 I 1) 22 8] YIS A8 X L

fR A R FENFEMB) | HIaa i N A2 .
EN A (sec) i# (fps)
CGEERT | et e | SoEkRT | ot s
hand  |1254  |1353 |122 |9 05 |
man 10139 1205.8 | 111.4 | 279 16.5 4.4
armadillo | 20031 2405.8 | 218.8 | 2008 191 2.4
horse 42568 #over | 737 #over | 559 1.1
Planck 100086 |#over |2146 |#over |1245 0.35

FATHIIM T 4 £ AMD64 3000+H)CPU, 1G N A7 A1 i~ 1Y
ANNHN, R2-1HH “#over” RIRBNFATHI RS TCiE B FAT

DAL A laplacianE L Fr TR Pl o 0 B ) N A7 DL R did At = 1] (R

i windows 114G RE UL N A7 _EFR) T TCik e Zhpaate,  pirBAAs
B A7 (R R AU A A7) RIS 1585 - anEI2-6 57 1 — A KA

(R ECN48969) AL, ULHIFRATHI TARAELS - B N5 {8
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Kl2-5 WIBA A AR (armadillo) 772738 4 4 R i 77 18
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BT ETEMREANTH T LM TRE LR

5 BT A T laplacian ) SR IO R BE DR RIAS A0S, IR
—NERVERIMESE s T S R R R SAE T ANREAR B IR AR BRI 1) B e ke
A, BIR E—FER2.3%TPT5] A H A & AL i laplacian 535 A\ —
SEREE_EfAO 7 /NA B e 5 IR EE AR AR e v 7L, (B e e A
e/ AL A EE RS A & DN ROV S G AR BIR RS, IR
MRS g ok ey 4 2R 325 1 ) ), DR T O A A e S AN KA L 22 A
R IER A . Sebr b, XA ER S E Hlaplacian A8 bR AS By AN fighe A
AR ) A EBRFE BT T 201 » BT DN T SE 3 O AR R e R ) 2 KA L 2 A
SR e, BeA1n 2k i laplaciantfE 2, ST 53 Ak — R BERS 1E e e A2
BN ORFFANZZ R A 5 o

3.1 HEMM T E S EREARE

N T RN IEIT = PR it i ) S LT R, BRATTRT 56 R iT 5T
HA — @G (L2 S HOE LRI LR FESE) i 1 U i 1 R 6l 70
JEVE Wy JUTRIBIE FE A B 45 e i — i, Joie R IR 2 H it
Ji 0 BATE AT LGB 7 5545 2] — 8 5 AR O AL bs 22 A
REY U E, X R 1 il AR AT e FAIEYE . # A1,
AT I K NIRIZ S AR, RAIZ S & 7 FRATEEAT T A2
TG P e B AR A AT e A A e . B BT ST 1 laplacian2 b X
SR AR — Sy, B [ B, R R A i i e e B AR
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1k, Bt A % 1) & Al laplacian e AR AN Jg T X A B MRS S AN AL & .
3.1.1 YIAS Guass FrZ2

APIEN C? 382 AUt T P(uy, u,) 26 — ANl 1Y 5 2 H0E BUE K
SV W E— 5 py = P, up) AR BT VR e N

oP oOP
Kau 8u/ J(uouo) (3-1)

CHRVIFIET, S Hn ME—RE, A

T, S ={T eR*|(T - p,,n)=0} (3-2)

P P
ou, au\

SYRIT, S RS HUR S %“’ (fp G, B

1

0,,0 8_ E -
T, S=P(u;,u; )+sau1(p0)+tau2(p0) (3-3)

¥ P(u,,u,) 7E p, s L% S Taylor R+, &

oP oP
P= Py + au (pO)AU +a(po)Au +

1 2
1| 0P 0P 0P
5{@( Po) AU +2———( Py ) Au,Au, +W(po)A“§}+O(AUE +au;)
1

172 2

(3-4)

EXEROEHESH IIEER &SN, wJF.

M HT R, Hexta3-3F1K3-4, BATATHT, s b s
B s b p, FATHY A2, TR BAIART, S S By— R V)11

FE, SRR 23-400 AT =10 — ki Q

oP oP 1] %P ) o0°P 0°P
= - +— t+=—| — +2st
Q p°+aul(p°)s auz(pc’) 2{au12('o°)S > 8u18u2(p°) ou,? 0z (Pt }

(3-5)
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= AEPAR AR (12T ST AT

T T EET, S SRS R MO i T S . py BREE R, (H2E
[ YRI5 T S0 8 (0, u,) 5 R, DRBEAR BB B LART A AR A
PR, SEAF RIS ] IRIHE S BVE T M BGE RAB 2, TR

83 5 — ki,

oP oP

m,, (s,t) = po+a—%(po)s+a—u2(po)t+
1/( %P o°P oO°P
E<(ﬁ(po)sz+28t T (po)+m(po)t2)'n(po)>n(po) (3-6)
1 17+2 2

1

1/(ep, ., .. &P P,
(s,t,5<£$(p0)s +2st auléuz(pO)Jr@(po)t j,n(p0)>J
A BIE ] m, (5,0 620 3T AR, FRBATH m, (50 45 1
Z IRV .

Mgz —, —RUIT RIS = A gL m e 2 9P fn pomt

ou, ou,

R, G R XIS E p, IS X3, A7 AR R B AR 2R (3L 44 Gauss

ﬁ%%{%@?@bﬂ%ﬁ&ﬁ%ﬁﬁ&ﬁ%¢ﬁﬁo%umﬁ%
1 2

bR, AR IZ R 2, my (s.t) B RE D5 AR AR

ou,ou,

(&t,%<(§§?{[%)sz+23t 0P (p0)+§§52(p¢n2j,n(gg>} (3-1
ﬁ~ﬁﬁﬂ§ﬁﬁ%%&%ﬂ&;%ﬂmimew$ﬁ%,%@om
AL 5 PRI, BT AR A S TE p, AL B MR TH
3.1.2 AR SEHERE

B 5eE M s AV B E: T E u+du=(u,+du,u, +du,)
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£ s ERATAT & LA dmm_%muﬂwd%,mﬁweﬁ

dP(U) €Tr,S » FTEAP(u)+dP(u) /2 T, S BRI AL, JUA ik 20
I (dP(u),dP(u)) = (dP(u), dP(u)) (3-8)

PRI s 158 —EATE RS, U R X I 3-8 5 15

mwmww)mum{FGK?j (3-9)

HHE = <aP ap> F<@3§E>1&G (P aP> T S B — B

ou, ou ou, au, ou, ou,
&, (RS 2R 5SHOERTE R Bt EATRIA ok
BT, S LA REMIS: B XY eTo,S TATE SL1(X,Y)=(X,Y),

1(X,Y)
JIOGYT(X,Y)

A 1 ] PAZIID) S P AN v ] ) R £
PSRBT m, (s.t) b, ZEMUE S R AR AR,

RS cos Z(X,Y) = (3-10)

H(mldP):(dwjmb){; m}[jr) (3-11)

i

B 8 HATZIE T s RS IR T, S R R B Sl
0 AR TR AT LA, D N X J A0 25 o B R i
e, BRI S5 B0 TS 554

Lipman 75 M 46 LA B3 T B4 52 FH 0 = 5 7 s 1
BT, it T VN R AR AR, FEEESE T 52 X R
Fe S T AR HEE

> < >u&N< >E@@55M~ PA
ou,ou, ouZ’
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SR 4RI = MM, b —T Ty, FARA 2 () Al
BRI R, A0 Ry, R Ry M, T UL A — AR 5 T 3 1 B
MWES-1FTR: TM v PP, WK %, Ry, Ry BT TM, BT
BT ERAR R AR R XL R Ry, WM B
U=UR, +U,%., e T,M FATAI AT :3-87E Lo — B AT A .

F(u):<u,u>:(u1¢5){ ok Tuien }(ulj (3-12)

kit Gkt WU
FAr g = (%R P Qe = (R R ) > TERCBEA 17 () OS5 SURAE
v, B v, (KT FH A1 (40 TR Vi, Vi IS ST AV, . AT
RIS Z5E 3L O, = sign(det(R, ', K, \ N') ) LUR B =LAl AL L £ 52
., A EHEEAT 2N 0 N IE(HRRATMSEI R I, 16K e
BERE, FTRE PO I AR ) <

X3
X ™
T '\_\_ i .
- X] ol — X
VIR ERGED) X [B——mEEaRy| !
FIELEMaAE JLAEX

K13-1 85—, TREEEARLN LR X
BB HCE AR T ) 55— AT A A A 5 H i S 8k Jo ok

RIAEYE, SEBR b 1 (u) 52 L, & AR AR AR RN _EAR AR P 2%
PO Z B )R IA v, S e — SRIAE VP I T™M B Z5 R
H T PIREME) & = v 2 PACO iE 87 sUBHT HHERT,  Fr LA AT
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LA e M R 25 — B R A R 52 S
H‘(u)=u1<f<L,N‘>+u (R ND =0l ol (3-13)

HJ AR LES-1; AR H S B HUE AT (u) IR AP S 1
i) PR ik . atep G = (R N') =% [cos @ sz 12
o o BEARE B TRV TM (S5 R, WLRI3-15 1 R0

BT MR RICRR, S LR T AN AR
R A AT SO S 2 AR T N T, A R 3
FRA, DLRSE -, MR A B IR, T AT AR A
T A HH SR 7 AT ST TR o B T30 24 M A A
A b

Lipmaniiil ] 7 5 HHE AT 1 LA SRS R 7 A,
AR B, B OREA AP B A (LA RSO 2E
(e UG R, SRR S AT M (0 2 s T D)
Berbt, A bR 2 L

3.2 EBRIHhE 51
3.2.1 B EERFREe

MBS RIRT, O MG, A AUE I BAT AR ARG, Gk
— ] T HAE TS AR 2 AU AT A5 R A bl

F 27 B IR ) 5 SCHRARATT B 5l T AT 2 T v, JR A SR A A
Z BHNGEIRIFIE N ETAEVIF I, B2 B A e SCRRB AT 20
WeSE — M TAT S T™M ERHE X J7 A B AN &R 1 ke A1 1 5 g
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= AEPAR AR (12T ST AT

e AR S T . Lipman ZEMIHiAy, AT DT R e B — AN 40 i 15
SIBEALTT RRAE Y X5, AN T30 8 55— AR08 Ji T () &4 A BT
Jimae RAEN X Bl ARG E 0 =0 < NI Y Bl IXRER AT
B2 7 AR AE Ty A AR EIE SRR (0], by, N') o TERIXFEE X
(EIRRZRIA) X 1) S b bR B R AR Y, Lipman 7EM A ) T 16 i
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