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—BREZAEWYEREXRRETHE. SHTFRAEH . RF—"=SABATE L L WEERTARETHOE
SBE, R T ERABEHAF L 2~5.5 L CES R EE 2 L4%). T1 Gumhold % AT RI# sk fag i — B TH
AEFMNEAEHASER HIATHARMNBENE T -1 =A% REUE=REFEANBATIESH
ARETHSRP. BT RERENERBRESTMHE BHEEHR KU R A Holfman S5 # — 58 /08
ER FH—T"=AEFHTE 1. 0—1. 23 LLHF.

ENBERM LoD BAME T HTMEAR—RILMNEEES AR ERETREREN DR afk o
wWIMEE TR EREFRT AR AT, B2 Hoppe i Rt M -1 8 PMOFR R =& 5 8 LoD
BMEFARGHEN AN B - FINMAS ERETUESHE ST REVRMER. B BB
WL RH RRT R TWILTES, — AR RELE DB TE WA S B MR YHERHEHNN
MMH N HHESETATE gW A MERAFEHAE N 6. FEREPBATHFERY .3 LR
Taubin B A8 BT PM il 8 —H 5 % A0 B (orest split) FOMI R B A 5 R H# T RE. lAIE R
ABBFNEKE NTEBERMESL. #HERERNLRET AR FA AR T AT 7B EHE XT
ERMTU—BEHROEFTFIRFARPH AR B UEST K F S ARG EISE S~ £ 2
W ERSEZEBARRAMNTEEHE RMNEBHT - RN HibEE.

BTHIMERXEUA, FRESILAGR. —BRAGNERESRA . REHN. REFRREN. &K
HEDHPERERESE HN—BRA -2 HEFNE & Deering™ P AT - HERETRE. @
Taubin % A¥E Topology Surgery B k™ dr i 71 T — -0 He i 5 B 26 ¥ 351 00 28 ) Bl ofF el 8 B A 43 3 B
F—ATMAKNEEER. BAREMEBE ST EMMIES &S, K LGER R M Holfman %8 £ E AR H/B.
EXESMBEEELAERE BT T HHEWERETMNERTANT - RANEE . HEEBNBERE
—RBLRR P, BEEBAAEREEEAERL, HB Hulfman HB. XREREN F LT REAOELER
7R AR H A,

2 MERRT

R — Rt xR EMIEHAE M EE, CARBZARME. £S5 5. RITE T —MERE 2R
BEREMNE. — TS AENBERY PSR VLT ER VN ERAE. T I ZARE. TFRETT
B RRA—AFREATAEANG,V.LY, EMFEALEREEAN. EFE-TZHB U VL.V ER
E A BRI N (Voo Vi b = M5 0 — &l MR BUR Vo f1 V) 8 A#L (incident edge). #AENE ~T=A
BV RV PR H BV, VO AR RER BRIV ORZABREN &3, F V.V L.V NR
BLEH T EEEMBERSAE LAV VOREZBE BV YV h—1 A U E BB VLV
WEZRAE M- EmMN_SRY S ATRRRR HtuEALHESE - TESARR - HZ Ak
WA TUEFEF VLV, Ve b BV L V0G= 1020 o NGV = Vo) B R LR, AR Z R B — &
BEER. BB, FEONEERMBRHSEARS. SRS BANEN .Y TARAFANB I NE AR E,
B A RSN E RS, N LR AT R AT E X B R

(1) B& Ve, VHV, RFEKG 3 THERS EMNERBLEELT — 1T RE KK sector(V,, V.V, i E 1
(YR EFMEITFE—THEEFA V...,V o BREUMFREUEA | @I FR) 4 =V,V. . Voli=1,
2o GBI RBEMEAE (Lli=12. LAWK TR XK =AEE.

(2 IV, Vs Vo ) BRI — & B8 M ETEME LE X £~ REH LayerVe, Ve . Vol
MA AR, ECER TESNGHNASED, V. VAV G=00. . WDN-DEXTABRES S, HF
Vo=V Va=Vo A8 [i= 1,24 N1 T EEMBRBERE P FEMBHAR T REN AT
BEEIVLY, .V I RARERRE AL SRR LR AR A RA KRR SN BRI R

SRBAAMAL RENEREAARR ESRRAELNE 15 DB 2 FR. AAREFFEANES
B854 (LM AT LA S8 0 K PUFH 35 26 B G 4 5

() HIRERBEHNEN L-Suip, BT R NBE LN
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sector

(a) Sector (b) Layer (a) L-strip (b) O-strip
(a) B (b) B4i#
Fig.1 Basic structures Fig. 2 O-strip and L-strip
1 BEAELH B2 O-strip # L-strip

(a) Layer{V,,V,,V:}2h L-strip, & Vo, VL,V B M LB — 1T =/&TE.

(b) Layer{Vo:Vis. .. ,Vy_ i} &8 Lostrip, 0] % BAL % F 5 B A& ARA— R

VoV WV R—AT=/IEH Layer{V,,V,,... . Vn_,} g L-strip;:

(Vo Ve Ve ) A— T = H LayeriVo,Vieo oo sV} B Lostrip.

W 2Ca) fi &, EhF bk L-Strip % {80 F OpenGL FMHR=MEE M. 3, A - =ABARM

L-Strip®f A M F (leaf). )
(4) FREABREHH D O-Surip, WEZMFFR. — N BEHWE O-Strip, EWZEBRN=ABRTHET=

ABELHE—ATANTHARRKR L WELFR WAL FHMOFLE.

3 REMSBERD

EXRHMEFRBENFTELBEY -MEHEMRT KO TAEHRUNAIERBIRN —-RIBOE
HERNEFR)REEE LB N ER R RERE O-strip 1 L-strip; 8BS 8 o ¥ 7 R strip B4 & 15 3% 23
BEAEINEENES SARERBEINEHNE - IR EEN. NRAUR.ROKAHRENE. TN,
EE—T=AR AEHKITAEIAARRENHNE FEENKKEA-TBER. ARRANE &
AERBRHHME — N BEWEN Y LEE. LN 2EF - O-strip, AR L-strip, W # &2 8 4 X WA F
B4 A5 EARER . FICRAXNIELILHFERBR T FU LYHEN T EXFR=ZAFLEN RN
BA-MRRBE S RERPUSEREREHOEY BT ABZERXEHNNABE ARER+.
EHYRE R O-strip, WE BHB A AR R B EME - TH2. EABRER. LRASB-HATAMRE—
RIBAEMREBEEMBRG NI,

== L-strips

7 O-strips

~ center triangle

OLTVES )i

the alternative gray and bright zones are O-strip; black regions are L-strip; white triangles are small leaves
B AE H] RO R TE R 0 O-stripy BE RN Lsuip; HB =M B A F
Fig. 3 Example of topology decomposition

M3 M RET
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31 BHAMERE

FIMTBEERXER T — R T Y8R 84 % O-strip # L-strip, M E 4 ) F (b) i 7R. & BN B8R
PREN—-BEH.ERAARI VLV Ve hBEBERAV V- D FRBRAETREI=AB. RPN
BV V- OWEZABHBEIN TS N TEAHRELREER—.

(DR PHETFEWNENHARL X ERBEELWE S, —PF L-strip B F A Vo, Vv ) (JOE 4 () BT
). WEHE—-FRURFTE Lsuip B FREB T LMWE. F-,MHMWEN L-strip, & L-strip 5 FN, EH
HEPHEE—SH.BAS XA HELYWE—AF Z . CRHNIUR HEFITRENEA R £,

TR PRUTFHNEHADR L. thed, RBEE LR PFEE—D O-strip tF il (Vo Vo)) (T 4(b)
) HERGHAMETZ O-strip A EBE M LR FR.MYHEN — 4 O-strip, R HENS B F R, &
HKHE—-THE EARR SN, ELYNBEPEE— TR RIS XA HLME—F N EARR, FITR
4 R,

outer-border inner-border of other layer

(c) (d)

The gray area represents the encoded area. (a) The layer is cut into several L-strips. The thick lines and the
circle spots are the branching positions. (b) The layer is cut into three branches. The thick lines and the circle
spots are the branching positions. (c) The outer-border of the layer is divided into two boundaries by cutting
away the bridge (the thick line). The square spots are the near referenced vertices. (d) The outer-border (left
thick line) is merged with an inner-border (right thick line) of other layer which still lines in the layer stak,
and generate a new layer with the combined border (the whole thick line) as its inner-border. The white square
spots are the far referenced vertices

KEeEBRTRESANER. QZEEHNYRILS Lstrip, HEABE S ER XM (DZEEH S RIS T
B HEAMBARAXAE OHXHHENR, YSWENIARAIBRIFEIUR, FEARRELIARA
(d) SN HUREERBPHHBBRNNLRAH ERAFHAR . OAERRELII HATRA

Fig. 4 Layer decomposition and encoding

B4 BOBEERERE
BMNEB - TEHEMA 4 R T 33 :O-strip,L-strip MAEF G XHE. — 8, WE2LLHRIFIAXIFH K
B E D O-strip EHIMS M EM S P &4 KB W5 B/ RFBRFR O-strip, THESR B IER
BE AL BORATRAERGRESH . ZHEHWN O-strip, ABMR AR LY. HEALERER .,
AR O-strip WRBH REEZLRBZE, 0, BI5EAHRER RAZBEEWNR Lsuip FRAFX. ZFERHA
SE.BUFRHEATEBREE ZAFA S XAAEXEARF LOUR AMRARMEHNIER. HHW
BE L-strip, BIERE - T ATHARKR LA ENWAER B, AFE L-strip B, & T L-suip ¥ E
B EMEREMIFRTHRBMANILRE ERALELARAE A XM, FENSFETEEH AN T . BR—
MEBREURES M FTERNARRGMUE, M HAETXA- BBk — 5 RAERDHE.
Mi%. Encoding the O-strip
Ve is the last visited vertex during initialization process.
Py:=Vo; P, :=Qy; stop-flag: =FALSE; vertex-list: ={Qo};
while stop-flag is FALSE de
t: =the left triangle of edge (P,,P,);P;: =the third vertex of ¢;
if P,=Vgand P,=Q, then
write bit 1 into the bit stream; generate new layers using vertex-list {QosQys... Qum—113

push new layers onto layer stack; stop-flag: =TRUE;
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else if P, is the next vertex of P, on the inner-border then
write bit 1 into the hit stream; P,, =P,

else if P, is never visited hefare then
write bit O into the bit stream: write geometric information of vertex P, into the bit stream;
add P, to the tzil of vertex-list; P,.=P,;

else if P,=qQ. then
write bit 0 into the bit stream; write near-referenced vertex information into the bit stream;
generate a new laver using {Q:,... &Qu-1} as inner-border; push new layer onto layer stack,
vertices Qis1s. .. +GQu_. are removed from vertex-list {Qos. .. Qw1 P . =Pu

else if P; lies on other layer’s the inner-border then
write bit 0 into the bit stream; write far-referenced vertex information into the bit stream;
merge the far-referenced layer’s inner-border into vertex-list;
remove the far-referenced layer from the laver stack; P,.=P,.

3.2 L-strip #1 O-strip 5

ZEIABE.FECERBEMH ARETFR=HBEH Lstrip B O-strip, FTERITH TR T 105
BERE. % L-strip, WEZOFA BV, V... . Vs JHEANRE . HEBH.HERERFTH TS
BATA Poft P R B I(P, PO ETREREEM TMA P, ¥ PP EAMRBS LW T -HA. =
BRAPGPLPOIMRGHELTHN KRB N. EENEANRARL L PN AR P AR —TH &%
P EETE Lostrip WA E . BE— T = ABMNEDTHERE. B2 L-strip MABF .

11 0 1 0 1 0o 1 1 0

BT O-strip, R ERE - T HREMHENS ALH A THLRETRINA, FUEGBZNESTHTE
M. MG E M O-sirip AR RE L MA TV Ve D T, BRI ZINEZABREEITEE V.,V 8
% O-strip AL RABIATA. BEN Vi AHERETERALAR . AENT— A V. FES V.
© BB PR - R BB REEAE NS ESHT R A2 PR RS = A, W5 b S A 503k
iR,

LT Le-strip, 3 O-strip HHB AL RBIL W B F A TE Pof P B2 40 H % O-strip BEAME,
FUNEERE--TTHAEREFRX T O-strip ML AR (Q Q- @ RBEBESTFTHERRTH
Mg P POREZAE: MEA=ZABNAINTA P, . RERBEHA PLRTATHAARALE=ZAT : 5T
FOWL G P FHAFGM R, ERELBOREE AR LA P.OFE. BEES O, K TE P,
BESUNFIRERQHQ,.. Qu- P BRI R AW P=Q, 0<k<M,ERERERTH
S—MEHWNBF ES A WA DOF R X RS ERT L. T B — MR PR
51 & (near-referenced vertex) i, B Z AT HABR I R EMASI ARATE SR AR EPH R &,
BEU Q. Qo AR R ERE R~ TR EARR PSR S ERER N ( Qo Qi Qu ) R
—F B S A LB P b 5l B (far-referenced vertex). BB, I BARERRNANRABA N HHAES
RGBT AR E MR E. M, 2P O-strip AARHN=ZRABHRBE TN

Vie 1100 V', ¢ V', o0 Ve 1w v, 0 Vi 10 Ve 1o Voo

Vr& 0 V’Q 0 er 110 V’ll 0 V’lz 0 V'ls 10 Iﬂli ]-D Vl‘ls 1
HEFA4A L EY, 110"RMBENER,
33 MAfRELSE

REER TR EER U ELRFAERE TR RRA -1 AL FNEHANGEELTHMRE, &
X B IEF# T Huffman 8. AT - H THSREF - SHAUEBRNSEERE M HANEETRET
B TSR AT 7 R R PR R R UL AT 0 B ek ot TR B B AT AR AR M L R R X B4 I A AR
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BE A 47 B AL, 3 33 4T Huffman 5.
WP P POAMMAE=Z/ME, P, ARSI TAE W Z R P ARV, W P, AT LA 536 2 303 350
e 1E 0 Iy 70
Py=e(P))+P(P,, P, N,
B e(PHRKIES,P(P,, P, N)RS P RIFWIT,N H
BRH(P, PONE=AENEYE H WEH. WREFH
B(PLPOYME=MEHFHFE NBN I —-THEEL
BB E f R N — TR A B, AT BB A P (P,
PLNOAFEH EHS EBEM P, PIATTRAME—
Fig.5 Non-Linear Predictor for gemoetry A=A, (PR P(Po, Py, N P2 (8] i it 2
B5  dE 2R 4 10 8% A JL AT 1R A CnEsEr ). BITERD . REILASO R ERE . (P
HEERNLHRE-MERD. FTHAX -HEE RNENESFHRH T RBLER U-V-W B3 (P
THB.EFURPIAPHAHEXEWETEHENENVEEETUMWHES T MERE. «(POEW LR
EANERBTHEREMLEE ERHAN 2B EREBENBXERRI=ABAS LR IHRFRE.
# Huffman MWL RS P RIAHBENTAFE . FIHEAREBRRAH AL, B/ PHEE
RS AT AMTAF ARARNES. N TERESBEPESHIIXMAR, LAH Mg - FA X EMNETHR
B ABWEAMAE D, RI1A Huffman RWBITMBE—TAD S RRELSIHAZLAS AAER. £
BEERFP. M THAMEMNEE . EXATARETANW 4 EHB.AEEAREEFTEMEART. X T35 AT
AER . HREASIAXENAE RAERTAMNRS. HANRIMRATERERER, Dt - FRERT
B,
MEREFNEIE MEZHETEMLFRER T - YARR . ARRENEARRRZH. AEN
BEEERHRE B . URXAERB LENTE - EHFNE FEENEARER. IITMIBAMERE#7T,. B3

- BRRAIE.ZR.BINBE-BRE-ER. -1 =ZAREE-IT=ABRKE X

4 ZHEER

R A17E64M RAM #) Compag NT LHEW EACH+ LA T LR EHABEFHE FRATS T RAAXR
HASRARRAR RN, AOEENN B RFDH R, mEH xR,

Model 1 Model 2 Model 3 Model 4 Model § Model 6 Model 7 Model 8

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Vertex No. 310 2 282 2 555 3 107 4 413 9 025 23931 34 835
Triangle No. 540 4 463 5 094 6 028 8 822 18 061 47 858 69 473

Fig.6 Testing models
e JLHE
HEEMBHANESAMBESRNERAZL GHERPAETAAHEEXR VEERAONE EH
BEURRENEE HTEFERENBNAAHMAEHTE. N TRAREEPIEREFTUMBHNHER RAOZRA
A—TTHARETN BN RERBEREAN, Dt -SRI TAEREPHTEAES. FREA.BETNEXEE
BIE ERRPREHZHETR.
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Table 1 Compression result statistics
£1 ERFRGIE
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

8 bit Connectivity (bits/tri) 1.28 1.55 1. 64 1.38 1.37 1. 44 1.58 1.14
1
.. Position (bits/tri) 7.12 6. 06 5. 06 5.10 5.24 3.13 2.58 3.08
recision
P Total (bits/tri) 8.40  7.61 6.70  6.48  6.61  4.57 4.16  4.22
10 bit Connectivity (bits/tri) 1.28 1. 55 1. 64 1.38 1. 37 1. 44 1.59 1.14
L
. Position (bits/tri) 9.69 9.05 7.83 7.91  7.16  4.97  4.24 5,00
recision
P Total (bits/tri) 10.97 - 10.60  9.47  9.29  8.53  6.41 5.83  6.14
12 bit Connectivity (bits/tri) 1.28 1.55 1. 64 1.38 1. 37 1. 44 1.59 1.14
1
. Position (bits/tri) 11.57 12.13 10.73 10. 89 10. 07 7.62 6. 89 7.75
ecision
pr Total (bits/tri) 12.85 13.68 12.37 12.27 11.44 9.06  8.48  8.89

et

(a) The original models (b) 12 bits per coordinate  (¢) 10 bits per coordinate  (d) 9 bits per coordinate (e) 8 bits per coordinate

(a) BUHABLRY (b) 12EL 45 bR (c) TOE: % 5 b7 0 (d) 9H5F 4 bR (e) BLLHF bR

() The original models  (g) 12 bits per coordinate (h) 10 bits per coordinate (i) 9 bits per coordinate (j) 8 bits per coordinate

) BB R (g) 12H0 %74 7 W 1 (h) 10 L 4 57 B 1 (i) O L4 4 b7 B B (j) B HoHF A 45 1
Fig. 7 The bunny model with different precision

B7 FEEEMEFHER
BNEM R TFRAAAFOBESTES UEARANFEERSENIRE EHRBESHORENWETR
FoEAELBIMNER.
(1) M EEX RN ES BT L2 M TFL 70 bit/triangle, FH J£ 1. 42 bit /triangle.
(2) FE10 bit HE 2 F , T A £ B B9 F £ [E 45 B8 /6. 85 bit/triangle. MBI M X AR EH . E4E R RBIT.
() BEFHMTHEEFERAGH T TZAR BENTFHEERATSV24 951N =AE. BRREX. 50

AR HEME, M TFERXAMTQCE RN EF 7 ER PR L ESMARE. B4 2 H RO UTHER
k.

5 8 &

FHILAHALLERSM=ABOLHELS, AN, BEMBeir. kn% RIOAE, FATHXEFR
WA LARR A3D KeD WA R, Bk, TURASEA TR BEBRUN T RATER ARMRHXNEMNE
B A I8 I N ) B 8%

X F AR 2 AR W = AT R B8R R  BATT O AR B U7 B R 1 T AL BB B B, HF A S AR R JL AN E
FRE R IAEME—E 0 FREREA LR ESB#TERHB.

WRFEHFMEARE_ERE . 2HE ), AIREG I MRARCHHESTIRANERXR RAMLEFR
RREARFERILETRABRENEI BRI L THE MRS XUt FErmRAEAT 28N —8F
1 R RS RATETLUE S R R R B B BT DL A = A0 B S e, R W BT A R e A, B
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EEERANZABATHESN O KRB L4 N OB BFR . EEREAWISARAELAERE&NR,
BEFH— L7 [ 8 W R,

BRSO RAEHN RS CHENERRE DT MERITH AR R RERE

WEHEIMEE SARFEAERAES AR ENENAESXSHNRR UEARESERENER A LG
EHEHENHERAHEREEREEEI R,

6

duplicated vertex pair duplicated vertex pair

GBS 3 27N

edge spiit edge split

(2) The non-manifold case {b> The non-orientable case
() EREHB (b) IFE@ A
The thick edges and spot vertices are the extraordinary edges and vertices
Irta ST RAWEA
Fig. 8 The edge splits in non-manifold and non-orientable meshes

RN 8RR e e P g )
g5 i
FXHRET - T FERBNEENREREE. BT ARAFAAIEEXROERE UESHERY %

MEAHCARARIBAI—RPINESH . §-BEXE PRI B A - LRSI RRE N EFTEREZATR
e, MBI S SME B B R E . Ao AT T IL 00 R M0 B R T — A T 2R3 P T
B F 2B TOok A B E S0P BTE A LUAT 89 T A A0 b, S A iR 278 W U AR W R 4 0, B A
ERgBRTLEERE  BURB MR ENS.
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Incremental Geometric Compression

LIU Xin-guo BAOQ Hu-jun PENG Qun-sheng

(State Key Laboratory of CAD & CG  Zhejiung University Hangzhouw 310027)

Abstract A geometric compression algorithm is presented in this paper to save the geometry model storage
and transmission time. This merhod decomposes the model into a series of layers in a way of region growing.
These layers are then encaded effectively by using inter-layers coherence, so that the topology information of
the model is compressed dramatically. Experimental results show that it takes only an average of 1. 42 bits per
triangle. Additionally, a non-linear geometry predictor is designed to compress the geometric information. Com-
pared with the previous work, this algorithm is of linear complexity, and it can be implemented effectively.

Key words Geometric compression, 2-manifold, orientable surface, triangulated model.
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