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A Review on 3D Mesh Compression

CAI Su

ZHAOQO Qin-Ping

(School of Computer Science & Engineering, Beihang University, Beijing 100083)

Abstract To solve the conflict between the huge data of the 3D mesh and the power of the graphics engines and the
limit of the network bandwidth, 3D mesh compression technique provides a series of approaches. This paper introduces
and compares the 3D mesh compression technologies developed over the last decade, classifying it into two schemes:
single-rate and progressive, and proposing two cues; topology-driven and geometry-driven, Finally, we probe into the

trends in 3D mesh compression,
Keywords

1 5%

LRI MR EERN T RAANERN=ZEINE AR EAE
HARK B 3 RBEBATT LSRR EMA TR T
FRAER X RIS BT = 2 U4 838 9 SUB F B e2
EaREK. BAAJLATEERX AN = £EES L
HEEHMBEFRETEAXMBR. 5—FE, Internet FR
&R RO = TUMBER RN AR 2. HERMET
TARRB ™ HER 7 X RAMEE. RUKRYmE
RN ARR R AR IX —F R, BEATHFRE X
S8 LR R RB R

HYM=#EB BNERAEHEFRE S -TR
VRML /X302 1 MPEG-45, BT E RN & L =% ME A
M, AT M= MG 3DMC, K4 TR # = 4K
R ERTE NSRS GRE RS H E.

BHE— N EMEL =345 & B (Connectivi-
ty data) ,JU{TT{Z B (Geometry data) #1/8 #4:{H & (Property da-
ta), WIMEBHENTE MBI R ZHEEXLR JLFARFR
R A A B AR MR BB A LT RE X
7 .98 MESEEL. AXEERREIFHBIOERY
.

MWEEFERE, SHMBERT S IBSER T ERN
BANEERE S, NERBEE, WS EE M LRI
ARSI IR B A9 AR B 7 5 DAL B o SR 3 A R BG J
K. A SOHE A WS R B 0 A 26 1k 43 B R , 3 RAAA #M IR
SIS PR ER R FERREFIE.

2 WSERRNTG ‘
B =R R4 EE A CPU MBI B RZE M

3D mesh compression, Static compression, Progressive mesh

ERRESL H R EHEE. BN ESRRE N =48
BpRRIMEHES.

2,1 HINBEER

WEH® XFFREFRME VRML U F %
2+ B mesh 43 04— X AT A T K EHFIH =
AEFET), A 1 iR, EERSIRAE RS HETES, B—
BRI = RSN,

B ———

o Index Face |
AN 0 ©.2,1)
/ \ Lo ”-\”]' .........................
/T \"\ P 1 @230
AV ) L (340D
Yo Va Ceenn
E1 Rsl\E

(DZABH Deering " W=ABRFINFNER=ZARE
W EKE-ARFURBE=AEFERH, A 2 s, B
SR SHEMTRL, =AW LESIE /N BRENE
HAE. SAEHTAERTEERIMAMRNE.EER
M & =M RE .

) REZARW¥

WERZARY OEEHZAXF

M2 =AW

ORRTRBBZBURSEYE”. B F  WOURE, FEFRSENHNIERE BHRL. K0T HE 4 ERFRAEN

BERL HHRNARE ANTEE.

010


http://www.cqvip.com

(3) % & Pt (Spanning Tree) # & F-7 4 (node) B
AFERR 2 WBEX KA “run”,—4 run AL =%k
RSB — LR run KB B MR A T —4 run BE X
node FF sk 8 = RA A run WA RETRBIW .
Taubin il Rossignact® $#2 t KX Fh B B R U E F LA,
BAAT run KB, B/MET run A, A ABALE
BT IR LA E R R .

(D RSB KRR RETELC TR, £
HANINMREZEAWE=ARFE. FIABTSENEE,
BITERNGRURBN=ARBENER RERAIENS
R %8 . 5 Taubin Fl Rossignac B EM L, ERAR
RAET . OAREHMARBTWAHR OATEBRAAL; OF
ey

O S BON. £0F 7R -t Y=y 5PN
R, ZEHNIEEREBARN—FER, HRESTEN
IR R

2.2 NL{TRESR

HRTHRIMEMRIBEES R FREEISR R, T LR
BESZMMRPBRSHERE. TR RAeR, —RLE
W BE I R 08 AR (BT T — S B i LT R R 35
B P 518 8 AR BT LAGE — R AE X R A BUE
M2 X R TR AT 24 O0E sUMEERRIP . MEMKA
W LR, LREATEX RN ERR, B LM
FENERERR—FERER. LTREBH=ERER
B BATEME, MW, HRE. AR ILATESSHBT R
R AR

(1)Delta TR ; 53 H A8 4B TR A AR bR AEL 22 6] 19 32 51 B
TR/NEY 63 TR AR AR Y 2 (B 1T R BT , REO1Y  AE A5 TF4H .

(DEHEMT 1 ZER I R delta TP HES, ERA
TR R R AT TS SHTA LR TR # R,
AR,

=2 * s FeCn) W
Hei A, 22y ooodx HREBR B/
E{Pe(u)P*) =E{ Py, — £ (A * )P @

R DT Y K=1 H A =1 &R delta TN,
P47 AT B A PAT LA A =vtu—w
b ZBIE I A 6 TR HATI AR, i 3 i,

active list

A3 TR

(D ZKHRS  JB7 R delta R0 L BALK delta
G8T A bR~ FhERAE TN

3 BHtES
B BRI IE NIRRT

B U S 2 R A St . (ER R R M A
.« 2.

pooo http:llwww.cqvip.cohﬂ

R DL B R4 I B A Wi R A  JRSE R download-and-play B
BARREHA B2, BT LUK e Bn— T B
R KO R RS, AR B RS A T RS T Xk iE
SEFEMBF TR . B T SRS 5 48 84 (mesh simplifi-
cation) b EAERL HEHEE R, DENBHREBEERU
FHIMEM RSN £, Bl L E BB IME B WRE
KRB RN —F M.

3.1 RINBIHESR

(Li# i M# Hoppe 76 1996 4F & 542 H i it M #%
(Progressive Mesh, PM) BB s:0213 L B # S4ARN
HAMRME, iDF TEERfI— R ZE L RENREBRESE,
M EERINRERR D —F T RSN R TR, #
F Hoppe WTIE, X ERBEAMTEEHNT BRFR. In
T

@D Progressive Simplicial Complex (PSC)U'J, fH T
PM BB PR . HEEAL BT B 7T 5 ) R4S 7Efb R ik |
BRI 2 o A B R R RS R B

@ Progressive Forest Split (PFS)!'!, Taubin 7E 1998
ER I —M R RORE T, — KT AEBEN=ZHTE.
PFS & MPEG-4 3DMC ity —F v 3% RIS RS 1 K.

® Compressed Progressive Mesh (CPM)U$1)  Hy Paja-
rola il Rossignac 7& 2000 £ . CPM KT A 824t 4k
By, X — AR, CPM 8 A 87 B Huffman 4
B #&atH Laplacian S ERIE R, IEA LGRS,
E-DEiE X

@ BETFHMERHRE, 1996 4£,C Xial g H—F
THMETRAN=ARBERH AL, Hoppe thTF
1997 £ B 2 i PM B A7 , @ L T — R A
R T ¥k ) P R 25 (] JLAAT U8 22 A o 0 00 4 o R, i 9 i o
FULATR 224 N , 365 A AT B4 A 57 B A0 i 2
3,

(2) # & # #5 Patch Coloring D. Cohen-Ort®? % A #|F
HABEARRH T H—M IR 0B R . 38 TR IR
BRI TEBERRE - ERE, FEdEANFEN R
W ER/DE TR AL, NE 4 R, BT
RREERBEENR, BEH=ALE—RoH8RE, FTIL
RS

FHa TiSER

(3) A A % Valence-based Toumnal®! 1 548 A TR
SR ABEEX MEHRIME B HTHRGE . EME EEE—1
K=K  HZ AN =TSSR AR, FRE
T AT SRR b A S E TR AL, BEAE
BHEDER T =444 add, split, merge, P. Alliez % A 4
¥ EAERBEED split fr S WRBE, Z A4 P offset
BYCEEW T AERDHRE, HikP. Allez 2 ARH—
# A B 3R 5 ( Valence-Driven) i I #% 4% 15 8 102, @i /1> split
AR offset BRI A TEE, ATIIKBE B E
WHE,

(OHEAERE XNFERE THEILMAES, %


http://www.cqvip.com

Bk, oS IE M KB K M SO R A - RS Y
BE5H, {5 B R R K R R 2 A RRY, L8
TREARIMNES. ERIVESREM L, hBATHT -1
BRI R B ER RS, EhE . ORBE
BAEEEREAN=AEREZRNITHRE., OB E—K
HAEMPTA MR IME B R EW s A MLAER. @F
FHIME B RE y — MR RS .. @R FlimEt
WA R, MR P R TR AT BT . B =LA
e AT B A0 P B 2 K 45 H T I #E RS g4, BB
MAKHIIRE THEGNR, ARESEEBRE—FRmEHR
SER AR IME B .

YR U5 B EESR RO 2R, 30 10 FE 48 T DL X A A R
RR AR AER, R R R, LT ER R R .
X R —Fh R MRS R R .

3.2 NEBHESR

(1) Kd-tree Decomposition 2002 4F Gandoin i Devil-
lers™ 1 FT R T MR IME BB LAE B WRBE R T
—FILAMREHFIIFHRRB IR, ZEEET T o
) Kd-tree 43, 53 8 B 4 . O K% 58 JL AT 30858 18 2 4R
5 QWA ELEN LOD Z R X Hhiib A b T ameg, &
HHLERAEERINGH, R IE A TE B MR R,
HEERAR Y RPN E A4 (tetrahedral meshes),

(2)Octree Decomposition Peng H1 Kuo 7E 2005 4F Sig-
graph b 48 H} #9 — Ff 2 F A LB (Octree) B9 338 ot T 4R
B, ZEERAATA TR FRXRBEEAEE. KL
{IRBEEEE cell EERBTS N, MRRBTR
7 cell TR, X HERB BB . MR M RBERITIE
PRI, BITHES FR ST KNP SRG. XH
B A Kd-tree AR ABRAERY BRBIEHE .

Q)F A 7ERF R AL B, 8% E T
DFT 5t DCT %75 8 5 5o — 4 R P S B S R I, th T 0
Bl RSP, T LRSS AT AR ESES,
AEBEATIR A RS ™, XFEFERNEFESEN
8 bt LA T o SAG 4« B e A% JLART (AR R 20, %%
FH R, Taubin 7 1995 4F Siggraph KW L BB H T =
ERRE AT B, B TFiX—Z®, Kami 1 Gotsman 7
2000 4E Siggraph & | $2 i) = % JL1T M A% 3R E 45 7
B BFEN B —ATAHETHNER -1 nXn K
Laplacian %58, W= (3) 7R,

1
L; ;=< — 1/d;
0 otherwise

PERERREM BER T —1 R EWIESE, HRK
RIEERR T XRETENMAR. REHREN <, v, 28
AR R BB BIE R LR B, AR
RSB BN RPGET RS SAB TREFNERBR.
EHARRMEHERR ENES, BRRBAXHE X
n ERERAFIEE B E OO MBHEIT A ERE. THERS
BRAH RBP4, (B R AR AT B X, R
i

if vertices 7 and j are adjacent, €))

EFRBHGESPEA — PP LR, BN E
BB, BR—F PRGNSR,
Khodakovsky F 2000 sE$# iR LR T BELER R
T4y /0 B A5 AL 0 B W 4R B (Zerotree Coding) FE 45 JLA 7
B0, 2003 4F Khodakovsky AEM T W ik 45 & 1 1) M
BOUTABIER M ES R, ENENESERET4/D

£ 000 http://www.cqvip.com|

B, R B HF LA B R AR MER T o AR B e 3
{ELR R 3 00 e G A AR B IE B , 3 B R B AL 38 LM% 5 80
FEs &,

(WO ATEE G  GuiE 2002 FFHE I —FEF K =4 L
TR () 38 71 7 Y—JL {7 Bl 8 ( Geometry Image)), T
B PR E e B YT R — i TR, XA TR g S
BB —NAMER R, FEMEREESMTAMNE %
rRME AR EYSRERER, A5 Fin. ARER
S R E 4R Tk R4

B S RISREERE, A AL EEGMEE AR

b TR 2 TLAT PR e v [ R 5 A L SRR R
HEARSRHEEBRESRNN A, LIS BERR
SEE R A ERE BEAR .

(O H@iRAa FRE 2002 FRE—MHLREBL
FrECO M T B MR A — N R S B PR .
EXEFBRRE N EERE A E X ERE ENFES,
XEFESTLRAZSMERSH LRSI, A BB
HBF AL B RER T LA AL T 308

| &
o
JELY

il r——
FRA

P

w !

\

il

K6 RESEURAEILR

PERIRAY THEBSERLERIFNEES.
HFTENAEWER B2 B ERRFN-—MrE, B
RIFEF R T I E B EL K Kd-tree, Octree K 4T85 X,
KBRS RAR . AR, JLTRASAR A T i R AR X
FRAKMPEIE RS, 3 H B RN RIB L G el R .
T ZE—MEEL e, JUAT30HE 5 3 T KRER A FF A8 = ), i
MAPNAEELHRY BESE . 750 g P MR
W EME IR, B 7E S £ 3R A3 & R4 (resample regu-
larly) $E A , REAE JLAA 38 FE 45 B B8 IR FME B EE ZE T LU
BRIt

BEESFIETEILMARB LR SEF —ENHRAE
T &b, B2 B —FF LB A WAL =, M2 T B3R
W EARTT R RA EEWIS E R R AIES (AR X FA R
Bsh B R R 0 B P BT, T B R B8 dE R /R
387 Rate-Distortion #E8E b #8517 50 2 48 o BT BB AR IR 45
&/, BUHERK TR RS M ] SE7E W E HEL K
HEFHE.

A FEH XS = AT MR BN RN RS R
ARG, LR ERFEHN = H R R T R E L E TLT
jj‘ﬁ: "

() BHTE PR EGE, KEBNEERN L REE
MEAERE. SAEMEESEEEUTHRA.OBIE=HA
« 3


http://www.cqvip.com

R =AAREFIMFHEQESE SRS v 8 & R BER
OXERUEGFETRHERMNNN., HENEHENEES
PR L L EATEN NS ST =k,

(2) f 3¢ W B Hi gD, I TE 4% ™) #% ( Tetrahedral me-
shes) RS A Fe 7 JE AL R AL 5048 DA B X B 47 £ 43 S R 4
FRTTHALHET . XM ERA A RTEEER BRI R R Y
HUSGE R ABEE. MiEERgHN =A% Rekis
A ER:QUAR:QUEKEE. H THENAFBNTE,
EEMBEELHEEROFHEER, MR AXNENE
HBHEBELEN,

OOFEEEHY, SEMYRRABE=SBY
(3D photography) , Bl 2 0] # 4k (scientific visualization) , B3t
5 F & (magnetic resonance imaging, MRI), E2 I # com-
puted tomography (CTYB T E RN . HBfkgHLak
REBEHESTR - MK T ROEE.

(DOFHEMEEHES, ZRhERER=HBHAR
BrR— s AREHGH. ERmXBEFRED, HE =%
BEABRABEARMEM, BX CPUAE. BESEEN
BHEROERERBE, BE AR TEES =F B
ANEEESAE.

GOBEBFRER . KEB=FER 4 —H
B AM-ANETAE=45R. £ERN=#GRTE
EENRZEEEXR SHPXESLER . BENRS5EE
MR, ITESIFERS B REHRXEE R =i
Bt BRI THEH BATE X — R,

5 Ah ik [6) B W% (Normal mesh) .2 F 5 RAE R 2 H
M (Point-based geometry) 2528 8 By = 4k Rk L 45 WY 5%
HIXE & .

$ X xw

1 ISO/IEC 14772-1. The Virtual Reality Modeling Language
(VRML), 1997

2 ISO/IEC 19775:200X, Extensible 3D(X3D), 2003

3 ISO/IEC 14496-2, Coding of Audio-Visual Objects: Visual, July
2001

4  Deering M, Geometry compression. In:. ACM SIGGRAPH, 1995.
13~20

5 Taubin G, Rossignac J. Geometric compression through topologi-
cal surgery, ACM Trans, Graphics,1998,17(2):84~115

6 Bajaj C L, Pascucci V, Zhuang G. Single resolution compression
of arbitrary triangular meshes with properties. Computational
Geometry: Theory and Applications,1999(14):167~186

7 Touma C, Gotsman C. Triangle mesh compression. In: Proc
Graphics Interface, 1998, 26~34

8 Schindler M, A fast renormalization for arithmetic coding. In:
Proceedings of IEEE Data Compression Conference, 1998, 572

9  Alliez P, Desbrun M. Valence-driven connectivity encoding for 3D
meshes. In. EUROGRAPHICS, 2001. 480~489

10 Chow M. Optimized geometry compression for real-time render-
ing. In; IEEE Visualization, 1997, 347 ~354

11 Taubin G, Rossignac J. Geometric compression through topologi-
cal surgery. ACM Trans. Graphics,1998,17 (2),84~115

12 Hoppe H. Progressive meshes. In; ACM SIGGRAPH, 1996. 99
~108

13 Hoppe H, Efficient implementation of progressive meshes Com-
puters and Graphics,1998,22(1),27~36

14 Popovic J, Hoppe H. Progressive simplicial complexes. In, ACM
SIGGRAPH, 1997. 217~~224

15 Taubin G, Gueziec A," Horn W, Lazarus F. Progressive forest
split compression. In: ACM SIGGRAPH, 1998,32,123~132

16 Pajarola R, Rossignac J. Compressed progressive meshes. IEEE
Trans, Visualization and Computer Graphics,2000,6(1),79~93

17 Pajarola R, Rossignac J. Squeeze: Fast and progressive decom-

L] 4 L]

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

11

42

43

44

45

46

pooo http:llwww.cqvip.corﬁl

pression of triangle meshes. In: Proc, of Computer Graphics Intl.
Conf, 2000. 173~182

Xia J C, Varshney A. Dynamic view-dependent simplification for
polygonal models. In: Proc. of the Visualization’96,1996.

Hoppe H. - View-Dependent refinement of progressive meshes,
In: Proc. of the Computer Graphics, SIGGRAPH’97,1997
Cohen-Or D, Levin D,Remez O. Progressive Compression of Ar-
bitrary Triangular Meshes, In: IEEE Visualization’99, Qct, 1999
Touma C, Gotsman C. Triangle Mesh Compression. Proceedings
Graphics Interface 98,1998, 26~34

Alliez P, Desbrun M. Valence-Driven Connectivity Encoding for
3D Meshes. EG 2001

XIEE. ZHEILAEY . (82630300, #FIL T A%, 2001
Gandoin P M, Devillers O. Progressive lossless compression of ar-
bitrary simplicial complexes. ACM Trans, Graphics, 2002, 21
(3).372~379

Devillers O, Gandoin P. Geometric compression for interactive
transmission. In: IEEE Visualization, 2000, 319~326

Peng J, Kuo CC J. Geometry-guided progressive lossless 3D mesh
coding with octree (OT) decomposition. Appear to SIGGRAPH’
05

Jayant N S, Noll P. Digital Coding of Waveforms - Principles and
Applications to Speech and Video. Prentice Hall, 1984

Taubin G. A signal processing approach to fair surface design. In;
ACM SIGGRAPH, 1995, 351~358

Karni Z,Gotsman C, Spectral compression of mesh geometry. In;
ACM SIGGRAPH, 2000, 279~286

Khodakovsky A,Schroeder P, Sweldens W. Progressive Geometry
Compression. In; SIGGRAPH 2000 Proceedings, 2000, 271~278
Guskov I, Vidimce K, Sweldens W, Schroeder P. Normal Meshes.
In; ACM Siggraph, 2000

Khodakovsky A,Guskov I. Compression of Normal Meshes. In;
Geometric Modeling for Scientific Visualization. Springer-Verlag,
2003

Gu X, Gortler S J, Hoppe H. Geometry images. In. ACM SIG-
GRAPH, 2002, 355~361

RE. 7 Lfmabss. 3 55 /. (8L ¥A8 0. ¥, T
K2, 2002

King D, Rossignac J, Szymczak A. Connectivity compression for
irregular quadrilateral meshes; [ Technical Report TR-99-367,
GVU, Georgia Tech (1999)

Isenburg M, Snoeyink J. Face fixer; Compressing polygon meshes
with properties. In; ACM SIGGRAPH, 2000, 263~270

Lee H, Alliez P, Desbrun M, Angle-analyzer: A triangle-quad
mesh codec. In: EUROGRAPHICS, 2002, 383~~392

Isenburg M. Compressing polygon mesh connectivity with degree
duality prediction, In: Proc. Graphics Interface, 2002, 161~-170
Khodakovsky A, Alliez P, Desbrun M, Schroder P, Near-optimal
connectivity encoding of 2-manifold polygon meshes, Graphical
Models. Special Issue on Compression

Szymezak A,Rossignac J. Grow & fold: Compression of tetrahe-
dral meshes. In: Proc. of the 5th Symposium on Solid Modeling
and Applications, ACM Press, 1999, 54~64

Gumbhold S, Guthe S, Straper W. Tetrahedral mesh compression
with the cut-border machine, In; JEEE Visualization, 1999. 51~
58

Saupe D, Kuska J-P. Compression of isosurfaces for structured
volumes, In: Proc. of Vision, Modeling and Visualization, 2001,
333~340

Zhang X, Bajaj C,Blanke W, Fussell D, Scalable isosurface visu-
alization of massive datasets on cots clusters. In; Proc, of IEEE
Symposium on Parallel and Large Data Visualization and Graph-
ics, 2001, 51~58

Zhang J, Owen C B. Octree-based animated geometry compres-
sion, In; Proc. of IEEE Data Compression Conference, 2004, 508
~517

Zhang J, Owen C B. Hybrid coding for animated polygonal me-
shes; Combining delta and octree. In; Proc. of IEEE International
Conference on Information Technology, 2005

Teler E. Streaming of Complex 3D Scenes for Remote Walk-
throughs; [ Master thesis], The Hebrew University of Jerusa-
lem, Israel,2001



http://www.cqvip.com

