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Frequency Domain Compression and Progressive Transmission
of Parametric Surfaces

HirosHI MASUDA, RYUTAROU OHBUCHI't and MASAKI AONOft

This paper discusses methods to compress free-form surface data used in Computer Aided
Design (CAD) applications so that they can be transferred quickly through network. Com-
pression of curved surfaces for communication is becoming more important due to increasing
demand to share and view large 3D CAD models often over a long distance. The algorithm
proposed in this paper transforms control points of curved surfaces into frequency domain,
by using Discrete Cosine Transform (DCT), for lossy compression. The DCT coefficients are
quantized and entropy coded to realize lossy data compression. The algorithm achieves high
compression ratios since most of the surfaces used in industrial applications are smooth so that
their control points can be approximated well by using only the low frequency components of
the transform. The algorithm also allows for progressive transmission of the compressed data

by using multi-level quantization of the coefficients.
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Fig. 1 Two approaches for displaying curved surfaces.

FER—BWTH L, LHLIoFECE, wES—
FEEBEDOE R Y F— S IIERT LT — 4
EVFEFICKE Y, RRRPERCEESP»5E
VIREDH B, TORBEICHRAT SDIZRY T
EFNORY LY EERS THY T lELFE D~
PREINTVE., LaL, RUTU#EfTT—%
B KIBCHRL L) eT2E, F—SOREIEL
{Ehbnd L wIBEFEL 5. 72, BEOBE
& (Levels Of Detail) ##F2oFFVE1ED, HAE
HHECL T, BRIV EFNVEHE Y T
EFNVE ANBEZ 5 HER, RYTVEFVO—E5
RFxBEAy Va2 L THREELZEETAFEDD §
RBEINTVWE, LPALINSOFETIE, BROB
HLIIIFNTH 575, HEO LOD RFEMERY I
VTS ERBTAILPFLEL B0, EERE
DB L) BRI FRL v,

hED, HET -7 DT T TER, ExL, THY
FITEY T EFVICERT 200 Hid, EREME
BERINDZFRIBWTR—RAARFICRZ S, LaL,
ThI )AL ETRTWE, TOFESTIERDRS
&% UNC @ Kumar 5 ¥ 25RL 72, —RICHET —
FIERENEREPTARNVT U F—4 L )7 — ¥ EH/A
ELTTH, BR - BROETENTH L. ¥/, #
BB B EOBIEE I & b CUE+ 5 T E
JSHICHE/ RV T RRT LI ENTEDIDT, K
TRELZELSTIEBERRRRITE L. EETRE,
Ay M7= BZEOMEICHRT, CPULEREED
MLEFZELWEWIEAFEETH Y, ShlLdy
X ORISR EALN S0, FREITREN
A THBRIRET -y BOL L VIET - 512 &
BEEDPENCRDEEZ OGNS, RHLTIIHRED



1190 TR 2 S5 R

FTrO—F, $bLHED F FERCERXE L TR
FTAILEREL, FOT7FU—FRXET H720
OMEF —F DERPENE2EZ 5.

2.2 BT — 2 EROMR

Deering® 13 # D KRBT, =ZA Ay 2 tat
BELULEMPELREL, EEE, EHENT ML,
RARE DEMEFRL 2. BEET Ay 2T kI
ERL, BEEOERS T BEORRITTIRBE
(72 21T 12 bit) CEFLT AL TTF— Y BT H
U7z, Fe, B PVORREEREZRBLCE
FALRF, SABA Y 2OMMREATALY v
TEERLLZRBENEACS I L TERETo /2.
LPL, SOFETRF-7EIEIPLBESO 11
FIZL2HIBTEY, KERERHRILZDR V.

Taubin 5 19k, AL {ZAF XY P 2RI,
TS % &) ERA (spanning tree) % JGIC L CHz4H
F— YRR ERT S PFELRELL. COFE
12 X AAHE RO EHERIE Deering O 7 EIC <4
BoB s, HEEEOEMICIE, BRAKEFAL
72 1 RTCONEFEAT 217V, BETFHORKRELZ LY b
o¥ -ty 2 FEEAVEZ. LiL, TOEBEE
FEMFEE 1 RTTEL Rz dRgICLTEY, Ay
v a L OBEEORD 2 RTORMMKEE LT L b +5
KFIHELTWA LIV Z W,

Hoppe®® 1&, &Y I 2Bl T e R
L, FNo0OSEHRMEE BREET S L TRIKEX
HICEEIMEL TV RERRL . BAEFIIAFSRL
TEXTHDNT, F—FEBDTO Ay a7 -2 LY
bASLTES, F77, Li 5 bAEEREZ BV
FHEEPREL, DAEAICEE T AHSEED 2 KT
DOFEAMEE BVTEBEERZERL, 7Ly T i
EEFPERTA7NVTY XL ERL. LA L, 2h
SOFETRFNIBILBEVEHRRILZDY, FoEM
OEOFHEENKREVE V) HESD 5.

Bz oh-fmEEEUEREL, TEHETSLW
F-yBTHEZ BT AMELL SN TS, De-
Vore 5 213, BREMFHROME% wavelet T
EO(HMENCERESLE L L GEUL, 208K
BT AIEM - BRGEERLZ. SoFEHwUL
BEEMCEREY ML T Tas Ly v TERD
WHeTH5. LiL, FEEEILELELT5720,
EMICELOFEEFVLEL L, HRIZETVORE,
FORERDET X ) HHAICEL Twi v, KR
T, HEZHRE L, HEOEURBRIIIIT—2
EMEEAT IV, EMSCETICBMREZ LB L
WHEREZ 5.

Mar. 1999

3. EXMLERS

ZZTi, i@ — % &£ LT NURBS (Non-
Uniform Rational B-Spline) #iEi%#%2 %». NURBS
HE TR, Ty BEOEIIHMEEL M) LB
HEEIZL>THEOLNEDT, MRGLEERETH
ik, ShsobiaotEr 5 FFIBL EMRY
EPLETHS.

X2k, 11 x 14 Oflf 8% &> NURBS #iE % L
YENCTLEZbDTHS. MEEODDIINZ,
OEHEAEL T AV 7L —ATERTHERLY. BY
BEOMNRD & ) 2 TERBICHVONZHEIX, D
BlE7-ZFNUEICES D THEIENE ., F3 i
COMBEOHBED ¢ BEE wv LTSIy b
L72bDTHAB, ThbrRaLHMSOEOHRINK
BRTEN, CORMEEREL CEHIHFTE 5.

3.1 METF—-2OEMRFE

SENLESL T 0L, ZoRBIkY EEL
BB LIRBRICHET -7 2 ERT 5 LIE
LV, 22T, R TEIEEET] % BRRERIC
TR B ER, ZORODICEROY AV ER
(DCT: Discrete Cosine Transform) ZHWAZ &1C
5. DCT 2AHWAZ LT, M20H0OMEI B
%11 x 14 OflEML, 2OEEz, vy, 2 LEA w
DFNFNIZDOE, 11 x 14 O DCT BEATHN KR
ANs. TOHBEEEEL DI, BREAFFIIHL
THEREBGE L. B413 B3 of¥iTHe 7
Oy bL725DTHA. (0,0) PEBRKTT, £ZI
EWVREDSEERESTH L. CORMSL, FEAY

2 NURBS HiE o4l
Fig. 2 An example of NURBS surface.



Vol. 40 No. 3

LI SAIEN
'

s
Sobd~N

® 3 NURBS MiEl#l#l& « D v—v 70y b
Fig. 3 A plot of x coordinates of NURBS surface control
points.

RMS value

4 NURBS BEHEAD ¢ HOBEKSES
Fig. 4 A plot of frequency components of x values of the
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Fig. 5 Processes of encoding and decoding.
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Fig. 6 Scanning order of the DCT coefficient matrix.
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