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JUR R4 o — AN B4R & — AN 24T R 25 73 24000, SR iy )2 B R (1) T A BOAN,
A7A 73 TR 75 B Log(N) AN LUARF s WHR T R NEE N 6, A7 4% 70 R~ P I FR 2R 5.3
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— ARG A M = MATE M . — D= MM RN A — —oudl<y, T>, KV AHT
M, THH=MBE. TTHEN TR A =T RFSI<Ve, Vi, V>, HWF
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Xk, 4 TIEIAUATIE, e X
LR, .

1. fR& Ve, VATV A =AM H {

sector

g N X v layer
BT AT, EAHEMIRS b ST —mTEIX (a) FiKZ5Fi(sector)  (b) J2&iHi(layer)
W Sector(Vy, Vs Vi), WHE 1@, (a) sector (b) layer

LS EAEE TS, s Via R SN ]

Fig 1 basic structures

Wi LA A CnEl 1@ ) L=<V,
Ve V2 G= 1020 0 b Yohllg SHimerbomndary) P
LH=ME. (Gli=1, 2, ..., k}
JT R T DX ) = AR TR AR

2. &V Vi s Vo b AMEE
B—orflde, MEAEME e X T 2
gifLayer(Vo, Vis ..., Vy_1), WK 1(b)
Pi7s, AEWA: (Ei% B IS IX
iﬂﬁ) I/jfly Vl ;Fn I/l'Jr] (ZZO; 1, ceed N_l)
ST RIEXRIES , v, =Vyy, Yy
=Vo o {8;1i=1, 2, ..., N1 /R T % (a) L-strip (b) O-strip
SRR IELE, HA T = MBI T B2 O-strip Rl Lestrip

Fig2 O-strip and L-strip
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AN ZFIREE. BRI Vo, Vie . Vo) FRARZERINIARE, %z Bisfee s —
SR, WIRRIZI L i) AN T2 .

IR ML, JZE5 MRS, Ea e ARERNS—2. Wik 2 s, A
PR T LR A S ), ATART S 4 R DA i kg 3 P T A 2 25 ) (1) 9

3. PR EEMIFR N L-Strip, e Rl )AL E A

(1) Layer{Vy, Vi, VayML-strip, #<Vo, Vi, Vo> A& ER—A =M.

(2) Layer{Vy, Vi » ..., Vyaydi HL-strip, W24 HACS RPN AEFA AN AT
o <Vo» Vya» Vi A—Z=SMHLayer{Vi, Vi ..., Vya} N —L-strip;
o <Vy, Vaas VN_2>j"J*E%ﬂ:ZE_Laer{Vo; Vi, ... VN_z}j"J*L-StI"ip;

WK 2 (@FTR, 92Fr L L-Strip 20T OpenGL AR = M IEEE M . Frmlis, Hilh—A=
FTEALH L-Strip FR AT (leaf) o

4. BB FREEARZEERIFR A O-Strip, WK 20)FTR, —AZEHE O-Strip, #4HZJZ N
SR A, 2OH AT T RN L, 200 55— TS T AMa
Hek L.

M. Mo HES wE

AT R A O R DL —
T DX e g 7k 0 7 SR R
TR R B O i — R A 2 4
Koy, el 3 AR5 HE 2 S E O B
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J X PR strip 4 ik B0
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\ NN, . ; % R (8] R ER T IX -Strip; %

F, WORATL L, BAVRBIR ey pwpe. 1=t .

i, AMIEE- =M, e 3 Fig 3 Example of Topology Decomposition; the alternative

AT AT R NI AL IE W AR T 2 gray and bright zones are O-strips; black regions are L-
B EM MR IR IEN— B . SR strips; white triangles are small leaves.
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NRERIER AT )E . A9 EEA R O-strip, RIS L-strip, WI¥AZJZ 73 A
TIRE K, BN ZHER, Il S 5 BB FeRr it b . A0, HaE o — AR
HOR=HMIBEH, TATE N iR 65 2 LA Bl it b DU W R AR G5 R 28R, I BBl IR
M5, RS g AR R T . AR N O-strip, WIEZHHILANA F 2k, il
PEA B (0 2 IS N R HERR . BRI R B B MR — R A2 Gk 56 4 B aa A G i oA 1

center triangle

4.1 JE 5 5

A o SR R 22— AR 2 T 25 90 N O-strip M L-strip, 11 4(a)s (b)FT7R .
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TR ILF RN =, BPAIA<Vo, Vo> =S MEE =T, R i Ay
TEb I

(1) TEPALTHE RN LR L. XEWEEAA RS, — AT L-stripth T-3U<V,,
Via>o (B 4(a)) FEdE— DRSS X L-stripte (P78 S5 8 M2 . A2, WPYHTE N
L-strip, {ZL-strip%ifh; W), (E2477 2 PARAE— 0k, #0300 3O, IR R —0
T W LE, IR A TR SR SN R R .

(2) TWURPAAL T HFT AR NILF o BEi, SO 280 R P AFAE — O-striplh T-14<V,,
V> (B 4b)) . FRAR GRS X O-striphh i 5 3 T2 . B2, WPYHTE AN —
O-strip, HHILANL T2, mbkiE—Frif 2, AR 50, 7525002 P AAAE— 08
B XA, BRI E

BAVEBI—AZEEM ] LU =3 O-strip, L-strip B ME. — B, 7

B2 HORERAFIX =R 2R . VEE R O-strip LRI 3l AL S5 h S 4 R 28, 4 s
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NETEEFEORAR IR O-strip, ToBEARFFIEMRCR . DL, AR MR IERARR— R
gik: FARJREHN O-strip, HIES 0 bridLM, IF G AR ARG, 47K O-strip K194
PR B e s 0, S 1 B NEEGL, RVNZREHE— L-sorip SEAT 2S00 &
CRADI, 1 JE RN AR, RN XU AE R 2 NI S LA E, A
AR HEAR DG 05 B o 7 MR JoAe — Lestrip, 15 1 J5RHE— K T WL AL T B A IE
WAL RIGE L-strip Wit . H1T L-strip WA D, PR RBRIAR IR B - /K
LHks . RS R A BA D, PRV 7RG, BRI DU
Bt PAER LA AL E, SR, SRR AUT — S g — 2P A R

DD INZD
S N o
A4 Q Vhfngéuﬂ@.r»"
Vo Vg outer-border inner-border of other layer
(a) (© (d)

B 4 ROr i M it o A AR CgmiBIX I8 (a) AR > N LA L-strip, RN 154K
AN XL (0) R N A TR, FHER f3R R 7> AL E () B LARRIINE,
B J2 ML T AT S, T5 T R ab 5| TG (d) T2 AL S R R i L
JERWNILFEI, TR A g, B s sz b 5| 0 A

Fig 4 Layer decomposition and encoding. 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 lies in the layer stack, 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.

Algorithm (1): Encoding the O-strip

Vi is the last visited vertex during initialization process.
Py=T; Py = Qo; stop-flag :=FALSE; vertex-list = {Qy};
while stop-flag is FALSE do
t .= the left triangle of edge <Py , P> ; P, := the third vertex of [,
if PO :VE andP2=Q0 then
write bit 1 into the bit stream; generate new layers using vertex-list {Qo, O1,...,Op-1};
push new layers onto layer stack; stop-flag := TRUE;
else if P, is the next vertex of Pyon the inner-border  then
write bit 1 into the bit stream; Py = P,;
elseif P, is never visited before ~ then
write bit 0 into the bit stream ; write geometric information of vertex P, into the bit stream;
add P, to the tail of vertex-list; P, := Ps;
elseif P, =Q; then
write bit 0 into the bit stream; write near-referenced vertex information into the bit stream ;
generate a new layer using {Q ,...,Qu1} as inner-border ; push new layer onto layer stack ;
vertices Qy+y »...,Ou1 are removed from vertex-list {Qq ,...,0y1}; P1 == Py}
elseif P, lies on other layers 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 layer stack ; Py = P, ;

4.2 L-strip B O-sirip il

SN R, A PR R S RS A BE AR IR MR G5 L-strip 11 O-strip, T T3
TP ROR EM RIS 5% . X —%kL-strip, ZFHE 2(a), W& Vo, Vis ..., VyaP NHANIA
FRER, Gafdnt, SRRV M AN TSPy F1 Py, JRERENI<Py, PRI = AMTE K
HE = AT Pyo #7PyNPOEWNIA AL LR —Tk, W =MTE<Py, P, P>MIgaiS N 1;
B, Hgahthh 0. FERBETENTIAAL L, Pt T — TSP IR — T3 Py, W2
WL-strip{f9tsy, 5o — =M T4 A0 . Bl 2(2) T L-stripF 4 in K

1 1. 01 01 01 10
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TEAL G H 55 (far-referenced vertex)o BLIN, KEiZ5 | H AL BT AEJZ 10 N 34 S RlN 2 1 (14 T e
H IRRERE S 02 HERR I s . BB 2 (a) R O-strip# MU AR = M TG 741«
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4.3 T nifr R4
FeABE A7V A B B AR R A, AU FI— T B0 T O
HEAFHIRCE, B ATEESUAAT Huffman G0, BLHTH) T fEHRIE T o I B
(RS P SO BEAFL FUON . 7B D06 7 R P 8 LA B 2 T
FRULAT ARG TN, %S0T U It P/ 485 HORS P POSIEAT K, JFEAT Huffman
4.
B<Po, P, P> T ARER = TE Py . "Aee
=AU, AEBEZ R PR L, ) 4 //7\4\v
Py LM BEMSUR B2 S A

P,= &EP)+P(Py P, N)
Hrh EP)REAZIETH, P (Py, Py N)EXIP,H)

SIHTHEE . WA 71<Py, P4 A IS AR P TIUIEE [ L AT 1 B
TEIFAAFAE, WIHINY — NG S TEE i) Fig 5 Non-LinearPredictor for gemoetry

o M AN ITRMEERE, BATHCHI 5P
(Po» Pis NYASFHIH LR AEFERPy, PO DNTURR—ANFIL =M. & (P)REP (Pos

Py, N) Rl Pz [l B 7 (A 5 i) vERE], ARYs U R B STk, & (P)TEI
N_ERIBGE AR AN D TRIAEX R BAEWE 5 st — AR AR R U-V-WH

XHE (PYHATHAY, HAU ZEPFIP TR &, WETIEREN, V EHEE TURNWE

=R & (PYEW _EIESE /N R 7 i 5y S -2k, 7RI E A AR bRl EBEY
{BE=FNIEREEE VDAL (R Wil NN ST

£ Huffman ZefSHEfet, W LB =MERM TGS R, SRl i e R RS T
sABBR, T3 AN PRI AL 5| AN Ak 5 L TR A B O T AR A v e UM X =
TSR, B —Fh gy AR E AT AT g5 . 8 HArsegli 5k, JATH Huffman %
(2 —ANFR G — AN 23 R A 5 | R A 5T SRR . R URR B a6 10 Ay
BMEE, HOESAKIESE W 8B4, KR5S B NS X+ 5 T
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fRE, HASAGUNI S, RG22 IR G TR 5 R 22 KA R R B
DR R R AR

RS ST s A R T R o AR 2 T F S8 M LR B i rh B — S R, R R ENTIEA
JEHERZ b o SRJE MHEMR T — AN, XA RS, a2 2 N )2, IR
MIRAHER o XA LR AW AT H 2 R A KR, AW 22, A4
SIBHEE A AR R R

B, SHRER

FAIFE 64M RAM 1) Compaq NT T AEu, ] CH5ZIL T bk s 4 Ffgt I 4 57k, IR
T )\ASA RSB BB R RS 30 AR SFVE I RR, A IR, A RS a e, BAR N
Kl 6.

AT

Model 1 Model2  Model 3 Model 4 Model 5 Model 6

Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8
Vertex No. 310 2282 2555 3107 4413 9025 23931 34835

Triangle No. 540 4463 5094 6208 8822 18061 47858 69473
K o6 MARIR

Fig 6 testing models

B 7 RNFRERR TR,  (a&®D): FEAEBAL; (b)&(g): 12 LLRFAARRIEE: (c)&(h): 10 HLRFAARRREE
(&) 9 ELRFARBIRG AL (e)&(j): 8 LLIFARARHE S o
Fig 7 The bunny model with different precision. (a)&(f): The original models. (b)&(g): 12 bits per coordinate.
(c)&(h): 10 bits per coordinate. (d)&(1): 9 bits per coordinate. (e)&(j): 8 bits per coordinate.

XK L P KA ) s AN R 2 (1 45 R 5 T3 1o GEvl 45 Rp G TR M E R G AR
P B AR I RAR S TR TA 3 LA A s (KD B, L P AR B L IO AR SN B e v i A5 0 1
W SR AR LTI 5 (R RACR AT 22— i e PR T 8 A L - SN DA 3 —
D T A B O R R SR, BETRAIANSCRE ARG, T 3R AT W] S ) 32

IA] o

FATTEX G 7R YA [ FRDR BE HEAT e 4, AN R FRIRS BE P 5 1 AR 22, s i S ik s
IR s 7 fise fER 1, JATARHL:
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(1) HAMEBC R R 4850 S2(K T 1.70 bit/triangle, “F-33J2 1.42 bit/triangle.

(2) AE 10 bit KL, TRALE I R4 AL 6.85 bit/triangle. RKR ML ,
IR ES T

() RGE TR BERD 29757 DN =HATE, ARG )T R Y BERD 24945 D= E
BN BEK, FIAT AR TTEA T, T R TR &, AT S 4 7 VAR
L HARE . Jioh, ANBEMHAT I E IR R

F 1 SRS RS0 (table of compression result)
Table 1 compression result statistics

Model 1|Model 2| Model 3 | Model 4 | Model 5 | Model 6 | Model 7 [Model 8

Connectivity (bits/tri) | 128 | 1.55 | 1.64 | 138 | 137 | 144 | 158 | 1.14

8 it Position (bits/tri) | 7.12 | 606 | 506 |5.10 |s524 |3.13 |258 |3.08
precision

Total (bits/tri) 840 | 761 | 670 |648 |661 |457 |416 |422

Connectivity (bits/tri) | 128 | 1.55 | 1.64 | 138 | 137 | 144 | 159 | 1.14

10 bit Position (bits/tri) | 9.69 | 9.05 | 7.83 | 791 | 7.16 |497 | 424 |5.00
preCIS10n

Total (bits/tri) 1097 | 1060 | 947 | 929 |853 |64l |58 |6.14

Connectivity 128 | 155 | 164 | 138 |137 |144 |159 | 1.4

12 bit Position 1157 | 1213 | 1073 | 1089 | 1007 | 7.62 | 689 | 7.75
precision

Total (bits/tri) 1285 | 13.68 | 1237 | 1227 | 1144 | 906 | 848 | 8.89
7~ TR

A LT A5 T = AR I 2 B BB AN G AR bR . VR A5 . BATT%0
W, P RX LS BT AR 3D 88 2D [, Bk, w um%%E%mﬁuﬁﬁﬁ
FAARI T IBEAT IS AT, AR A0 EATT& B R B A Y. 0 T 4%

X ARRE 1 BARGUIE = WA, FRATTIRI R R 22 AR TRA BERY B, 5 RS S0 il LA
SE 18] AU W% ARJE O BE— AN 5 1) T8 R T3 1R 592500 Sl EA T e 4 4 S o

BRI G PR AN S BT, R AR T AR AT ST R R, FREIf L
BRI FOFICRIX LT 5 A R ISR AR il ) — Le T UUE RIS . S, ARE )
WA A R] L) i Dy 28 1 MY

dupllcated vertex pai duphcated vertex pair
o FRATTATAE I R L Ja) B 5 1 )
T F, e P TR =M e

m’ *ﬁm“ﬁ%ﬁ%ﬁ@%EQ@’ E[] edge Spht edge Spllt
HALWRA MBI . .

AIFHAK ISV, (R SAT @ ®
AR, R 8 BRI AR AN, IR
Bl — Lo ] YR A AT S . (@) dERERE: (b)) dEE TG E.

Fig 8 The edge splits in non-manifold and non-orientable meshes.
TR SBAR, WSS U ) A% 23 i A The thick edges and spot vertices are the extraordinary edges and

M 4RI G, T e vertices. (a) The non-manifold case. (b) The non-orientable case.
LR T o WERIRA AL A7 2 o ORAF IR AR AL JBT,  UORAF IO AR A5 L, O
R EATAINEN A AT IR 5 LU AR s 4 5 J i BRI K 2805 JEUKS S8 PR T & ke R
LERA R MR

. &it
ISR T — AR S R 4 T 45 5508, 207 178 0 PRI R SN IR S AR R B
DA ey 5K (0 5 2O =M MR il — ROV R G, AN B it —

SERE S RS I AR = B AR, AR M B s s 4. 5356, JAT TR
JUIT R AGE BEPE, SR T AN ARSI e oAl D T B2 T U4 A5 R o IE QSO T igs
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HELHT ) TAEAIEE, AR RES AT AR W mi i AU 1 S 0%, R e Rfige i 4o R B2 1t
SR, RELMRAR T AT

SR
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Incremental Geometrical Compression

Liu Xinguo Bao Hujun Peng Qunsheng

Abstract In this paper, a geometry compression algorithm is presented to save the geometry
model storage and transmission time. This method decomposes the model into a serial of layers in
a region growing way. These layers are then encoded effectively by taking advantage of
inter-layers coherence, so that the topology information of the model is compressed dramatically.
Additionally, a non-linear geometry predictor is designed to compress the geometric information.
Compared with the previous works, this algorithm is of linear complexity, higher compression
ratio and very fast. Experiments showed that it takes only an average 1.42bits per triangle.

Keywords: Geometrical Compression, 2-manifold, orientable surface, triangulated model.
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