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ABSTRACT

In conventional predictive quantization schemes for 3-D mesh geometry, excessively large residuals or
prediction errors, although occasional, lead to visually unacceptable geometric distortion. This is due to the fact
that they cannot limit the maximum quantization error within a given bound. In order to completely eliminate the
visually unacceptable distortion caused by large residuals, we propose a predictive two-stage quantization scheme.
This scheme is very similar to the conventional DPCM except that the embedded quantizer is replaced by a
series of two quantizers. Each quantizer output is further compressed by an arithmetic code. When applied to
typical 3-D mesh models, the scheme performs much better than the conventional predictive quantization methods
and, depending upon input models, even than the MPEG-4 compression method for 3-D mesh geometry both in

rate-distortion sense and in subjective viewing.
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| TAR M) 2,845 4,545
FAA g 20 584

A BlEE YeiA T 7R HEE ARSI A
wa w9 329 oy 2dn 2dm 33kl
ol mde] BA Alele] Aw F sk £ ZAE
SR shparEX 2maA, oln] A] (1)el4
Aoslger, & =Folxe MEZ} Eck F 4
A= okl A (Da} o) ¥ 334 w4 mdd
Hug 3204 w4 mde] HxEr)ee] AE A
F3A A3 A2 JFE ke MSEo|th

MSE ﬁ'}/f"g“ S AL )
o7, M A =) FAH eolr}. MEx 3

AL W FE5 oxR A A7 2 =)
& MSE no} o % Wil okl AAg

Mo 23}
o

0.004
5 10 18 20 25 30 36
SER
[-e~TS-DPCM -®- MPEGA -4- PRVQ[9] —- AQL7] -~ MPEG—4w|

(a) “beethoven” 2xd

0.1

H 2}

0.01

0.001

0.0001 =t

om g
|~#-TS-DPCM M- MPEG4 ~- PRVQ[9] -+- AQ[7] ~m MPEG 4w

(b) “bicycle” 5=l

1% 10. ME &4i9] u)

ME % MSE 3= H43 F3xe| 7} 38 ),
4 qlEghe ke R ¥ AIRE F 3
gh gholck

a9 10& AQ xEsl”, PRVQ »u§Y
MPEG-4 FEFoll e vzt Ak why, 18
il TS-DPCM-& ME &3ell4 wimgt Aelct 19
1004 “MPEG-4"g}3 ¥7|% 22 MPEG-4l4
AeEl gqhae] Agg vehlz, “MPEG-4w 2kl
X719 AL MPEG4 w4 sy 3olut
Witten2] Aley3r|2 X Aol oRle
TS-DPCM HFHoll A% Witten?] AlsH33}7|9}
FU3 AoRA, AleHIIIE AR ] BE
o] As vlaE 3 o 104 SUlelgch B &
ol AAZE PRVQ ¥M4e] ZAdle 5 9 ¢
A9 ~gel R el Aer 2Ee)
DPCMej| &J3t Z#e} fAlslc) 28 10(a)= ¢
vl 9ol wle} Bdg “beethoven” Ed] 739
MEE ¥|Efo o} 27 AA1UE el o
d 10@)elA] o = glx%e] Ak whe] A £
A 3% wellAl AQ, PRVQe! uls] 2F 10 bitsy/
vertexe|Ake] BlE &4, = MPEG-4H}4le] 83
°F 17 bitsjvertex ©]4}e] H|Egol|M 58E o
2= glv}, a8lxw, MPEG-4wdrl= ¢F 15 bits/
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vertex ©J4Re] BIEgolA e & 4 ik 2
3 10y “bicycle” 2ol s u]=g&ol] ujz}
MEE 21 2AdZ vehl] oifelrl “bicycle”
X “beethoven” Zwllo) wla] A7)l A &
7] ddd T WRE A% B EFAE Adrse
R gl o] mde] A9, AQe} PRVQ M4
Bl8] Aok while] AA wlEE Falella] WE3F
v AsE 29E & 5 sivh 283, MPEGH4
wlilo]] w]3jr]e= ¢k 13 bits/vertex ©]3}, MPEG-4w
Hhile]] wlajaje 2 11 bits/vertex <]}l 318 n)
Egolx TS-DPCMS o] =F Holx|#qt v]
Efo] FoPLE A%0] o e ¢ 4 itk
AAZ < 10 bitsfvertex ©)8k] 1 F 2 v|EE
die A7 dFe) VT 2] Qi ME Ex
MSE¢} 72 434 S} A7 =8 3 ukd
3R] e e ek, AEHeR B 4
A AlQkRr wie] 71& wbdEel ujs)l ME &l
Al Ak e 23k o o gieh

2% 11(a)x= “beethoven™dl] dis) Alr] M 7}
Hhaje] HlES-MSE FAlg 22 252 vehd
aglelch. PRVQHAle] MSE ZFxold 71 $=
)3, TS-DPCM<L- 8 bits/vertexo]Ake] H]E-§oll4]
AQuHA, &5 15  bits/vertexo|A)  H]Eg-ollA]

1r
01

0.01

w3 HFZ 23}

0.001

0.0001

5 10 15 25 30 35

20
GEY
~#- TS-DPCM -8~ MPEG4 -4 PRVQ[9] -+- AQ[7] -8 MPEG—w]

(a) “beethoven” =

10
4
0.1

0.01

o7 A2 =28

0.001

0.000%
5 10 15 20 26 a0

s
[~#-TS-DPCM ~m- MPEG4 -a-PRVALQ] -+~ AQ[7] = MPEG-4w]

(b) “bicycle” =
28 11, MSE &%9] v
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MPEG-4 uhAlo]l wjsll -9-pghs o 4 sivk =3,
MPEG-4wXch= 14 bits/vertexe]A}oll4]  $<4-8h2
& 4 9lek 2% 11(b)+= “bicycle”ol] wHajr] 4
714 whle] MSEE 21 ~AldE Jehigch 12
bitsjvertexo]Ake] wlELlA BE )& whjurg
TS-DPCMe] -$-7%h& & & Sivh AF P4
7t A2 2o tiEji TS-DPCMS] MSE 4Al5o]
PRVQ u}Ao] uja) vhi uvpmz|el “bicycle” 2w
3} o] Tl gL 2l dalAde oz |
Aol £45%E ¢ 4 slvk & MSEx MEd] w3
32 w4 =] A g A wkdEA X
ek e Folsledof gick

2% 12 AAE He5 “beethoven” EdE H|
£:3} B E8R] 13 bits/vertexoll4] Zt v}ale] Aslel
H@gE Aotk B EFelx] Ak wbgel TS-
DPCM3} MPEG-4¢ll4] o= A3t ubfe o
#H 2z Aol faslA BEEE & 5 ok &
Zqt PRVQ HpAle- mulle) wpst Bio) 7jA1 AA

(a) TS-DPCM,
12.39 bits/vertex

(b) MPEG-4,
13,50 bits/vertex

() PRVQ[9]
12.70 bits/vertex

@ AQ[7].
12.87 bits/vertex

20 12. oF 13 bits/vertexell2] ZH wpAol) @& “beetho-
ven"2] H¥ =4
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EE/AF oA FAlde A 32 WA 2de) 944 B g

3 ElEla, AQ W thE A Hr) AvhA L
2 & NERYdE E7ela wiste] sl
A ERighe ¢ ¢ vk s 2 WA
3k Jgo] glol Tede] WARE o 4 Stk
132 “bicycle” Zdlel]l W F9A Ae vz
A, 11~12 bitsfvertex 2] W53t B =gl s 2
Halo] €3t Bl 2dS wedfcl AQ M9 7
- ARA vl Ale] ofF ZlgeiR| A old] Ale}
A d@ade] HAsla R vl H §Ea)
ofg] F-Eoll diFe] AA HAFE & F vk
PRVQ ®H2] 79, A7 nig Abe] =) =de
vl A o FAY Hola H vl &% WAE
Ashe SHdellv 4 Ede ghs 2% ¢
782 B 5 vk MPEG-4RAE §] F ulof
vla] 3 Hfle] AT i Abe] Zhgeizlch =t
Aulez Ajokdl whilel TS-DPCMoz B4y w2
92 A mdw vEP-E o apg Ae] Rt FHA
HHA A2 el A2 girt:

(a) TS-DPCM,
11.50 bits/vertex

(b) MPEG'4’
11.78 bitsfvertex

{c) PRVQ[9],
12.29 bits/vertex

(@ AQI7l,
12.78 bits/vertex

32| 13. 9 12 bitsfvertexolld 2t Hlel| w2 “bicycle”]
B4g] 24

TS-DPCM$& ol431%1& o, MSE Helx] &
s 29l 2dd glglevt ME deilde e W
Alel] wldl T2 A5el dyln A4H s 74
88 & 4 sk

3 29 “beethoven” Rz} “bicycle” 2ol o]
TS-DPCM WPl oj3t %33} nlE HRE v|=g
o wiz} viehligiel. 7 W] Axsel rlel 7A€
o] ARy wEgd ogel AT AE KA
2 g vjERA olF AR} AA)Fhs H]Eo]
¥k

¥ 39 “beethoven”™} “bicycle” o]¢]9] 67] =
del] hgl TS-DPCM3} MPEG-48) A%5-g- ulas}
g} o] Al¥ =WE-EL MPEGeY AM4shH= 400
o719} AE 2 3 qlejz AwWdl HozA Al
¥ 2dwe  “eight”, “shape”, “triceratops”,
“skull”, “crocodile”, “monmster” Zelck. ¥ 304
oF 4 gl wle} o) “skull” =llel} chalAE TS-
DPCMo] MPEG-4 ®p4] xr}l 953i=, 2 94
2do] didMe veIAY 2F P HeE B
k.

¥ 2. 4 2o i3 Y32 vE Ay
(a)“beethoven” 2 ge] 33} wle Au(E A 4 284570

10.07 654 22,821 | 4,716 | 448 28,639
14.74 1,282 | 35470 | 4,716 | 448 41,916
2006 | 2,929 | 48,954 | 4,716 | 448 57,047
25.56 | 3,639 | 63,915 | 4,716 | 448 72,718
31.14 | 7,436 | 75,997 | 4,716 | 448 88,597

REH

(b)*bicyele” £4%] 38} W= AR B 4 45457
g | & :ﬁﬂ | 2w
10,11 203 25,391 ] 19,920 | 448 45,962
15.74 7,735 43,457 | 19,920 | 448 71,560
19,34 8,200 59,320 | 19,920 | 448 87,888
21.11 7,684 67,911 { 19,920 | 448 95,963
25.22 8,196 86,042 | 19,920 | 448 114,606

V.id &

¥ =EelAe 3X w4 2l AR A2E
A2 AR gk dueEEE Addla, Hd %

2175

www.dbpia.co.kr



FEFAGE =R °99-11 Vol 24 Nol1B

B 3. 9¢lz d9= ngdgo) MES} MSE B3

TS-DPCM MPEG-4
2 o)& A 4 | AR5
HE& ME MSE H|ES ME MSE
9.81 0.3780 0.2040 9.48 0.2920 0.1699
14.52 0.0954 0.0528 14,81 0.0742 0.0411
eight 766 1 20,36 0.0239 0.0134 20.63 0.0179 0.0105
26,37 0.0059 0.0033 23.65 0.0091 0.0052
20.46 0.0030 0.0017 30.10 0.0021 0.0013
9.06 0.3632 0.2133 11.79 0.1884 0.1172
14.20 0.0947 0.0545 14,89 0.0889 0.0562
shape 2,562 1 20.06 0.0235 0.0136 21.00 0.0231 0.0134
25,96 0.0057 0.0034 27.07 0.0058 0.0034
31.63 0.0014 0.0008 30.17 0.0029 0.0017
10.77 0.1879 0.1040 10.37 0.1417 0.0818
15.27 0.0480 0.0257 15.56 0.0357 0.0206
triceratops 3,100 24 19.81 0.0120 0.0065 20.37 0.0086 0.0051
24.15 0.0030 0.0017 2497 0.0023 0.0013
3121 0.0004 0.0002 27.12 0.0011 0.0006
10.56 0.1932 0.1083 10.36 0.2039 0.1142
16.10 0.0475 0.0270 16.45 0.0502 0.0285
skutl 10,952 1 19,06 0.0236 0.0136 19.53 0.0247 0.0143
25.09 0.0060 0.0034 25.88 0.0063 0.0036
31.21 0.0015 0.0008 29.10 0.0032 0.0018
9.86 0.0968 0.0453 9.86 0.0381 0.0219
14.63 0.0243 0.0127 14.83 0.0096 0.0055
ctocodile 17,332 65 17.35 0.0121 0.0064 17.76 0.0048 0,0028
20.25 0.0060 0.0032 20.78 0.0024 0.0014
23.29 0.0030 0.0016 23,84 0.0012 0.0007
9.15 0.0956 0.0435 8,77 0.0652 0.0348
13,34 0.0241 0.0128 12.91 0.0160 0.0091
monster 25,118 140 18.60 0.0060 | 0.0033 18.31 0.0041 0.0023
21.52 0.0030 | 0.0017 21.39 0.0021 0.0011
24.58 0.0015 0.0008 24.53 0.0010 0.0006
(ME), 3¢ Al LXMSE) 59 A¢4 4% H
b A s Wl o Aol 718 ubyel HA2H
Hls) $r3hg Bedok & Ak dE odA &
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T GAR g FREReEN 218 S 94
213 W EelA W AF 2310 s AA %
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2 w4 2o 91X AR ghse] AIpYE &
dalgel. B 7ol Witteno] At AbsH 3
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