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A Study on Spatio Scalable Coding Using Vector Representation
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Abstract Vector representation has an advantage of keeping high image quality for arbitrary scaling. In recent
years, a demand for scalable video coding has been increasing for the diversity of digital contents and display ter-
minals. Conventional scalable video coding schemes are based on raster representation, and thus, line drawings
deteriorate in quality when they are expanded and/or shrunk. In this paper, we propose an edge reconstruction
method using vector representation for the purpose of keeping a consistent temporal scalability on transmission and
display. We consider an anti-aliasing process in edge areas and approximate luminance values around the edge. We
can display images at any scale by this method. Validity of the proposed methods is confirmed by quality assessment
when the image is expanded and shrunk.

Key words Image coding, Vectorization, Edge detection, Scalability, Resolution conversion

L oL I- T=A—=varRCG, TRy 7REDNIHRBRES
FHET DL, JEROLBIZED v X—72%, M/0EC
W, BF a7V EXOMBMROSRILICLY,  LoBoRENELS (12 ROXEIECERLEIC
BMZEMAS—F YT A BELZE TV TUVHE BB 20, SEEPSNR LB LT, Lo EELEIST
DERDEES>TVD. UROAT—FTNVETIRE WIFHEFEL LT, ROLBEICEL BV REORE
EFADOKIMILT A F—RATHY, EERFDORT— {230 T05[3).
FEVT A I3HERENDD, RRFETO—E LI-ZEM —%, N7 RMRBIE, ERAT—F YT 2B\,
AT=7 VT A DRRDBFZ TR, ZOLD, ¥V xy URHOFRITHND LT, LK - i/ BT



OBROGBERFENAREL 2D, iz, AT V=7 FEML
OEELEIT, X7 MARBEOFEBBEZHAVTIL—
LAROHBEE LD LT, BERTF—7 V7 1 ORER

LAEL 2D EERXBRS.

FRTIE, BENLLRFETO—EBLEEMAr—7
VT4 OREBENEL, X7 MVRBEERAVWEZZ Y
VOGEE - BRRFEERFTE. X7 MET T
TA VT VU TRERERShT v VR L TT
). BERREERTEILT2FEEREL, BE—F
DOBRIZH L T—DDEE LMD Z ERTERVRS b
NEREY, BROBEEREROL O ICHEET 5.

Ry MVERE LB LEEEY LD, BEMET
PL-dBERAT 2L T, BEEOHEHENESI
7Y, FEORBELTHATIEEL RS, £, BEOE
LIHRICB T 2R B &Y, RrT AR ICRE
REROBELIRBZ EX D52 & T, LK - #/IRTHD
Ty VOB LNIERANTREL 25, BEFEDOR
F—SeUF 4 RFBTBEZEICEY, HREOEBT
HRFEOAT—F Y T 4 BERFIA LI5S L i
LTH2dBHETHZ &R TE .

2. HXRFEREMHER

2.1 TuTONHE - BREK

Ty VD EE - BERICET 3ERPEE LTI, —
WOEGREAEERROAT =y MEHEIT2HENIA
{fTbh, MPEG-4 %2 L CEAINTWS. Flhxy¥
OETICETAHEL LT, wavelet BHEE OBEBIZK
LTy VETFNVEEALLREYH D (4. ZhbObt
BT, BREMAT—FY T4 ORRITRENT, M
INRTREEDBRDORE~OIISIIRETHS.

2.2 TyTHHOAY FILE

LTy VRAORT MALFEL LTE, T=A—Vs
LT HEEERE LT, RELBDESEHEE, ¥
BIINEILTHELT 2HERH S [1). i, BREI
#HLTIE, RAZYE—var®f7TH 2 L THRFAZET
L, ZDMEOERRER7 bALT DIRE~S bV
(5] BEFOLND. ZhLDFEL, =AYV TV TR
Bz L ABEL(CICRT AEEN TR, i, B
FHOBRTFLERES 12D, TI7RF ¥R EOBEFBRNE
bR TWVWEWORBERRHS.

2.3 BREELHR

RO SVC DL T AR —F TNV ETIHEL
i3, Vo Y—RARNANF2—REEELT, EERORT—
SEYTFARENVERENTVS. L, RTTHHR
i, FRENOMERKOER I U BRAREER
WMAKLATHD. BlxiE, HHRERE SVC THEL

Input image

transmission

Post processing

display

B 1 A flow of conventional method

nputimage
Edge detection
[ Vectorization | | encoder
o2
I transmission
Post processing
Post processing (Rasterization)
J decoder
¥

Reconstructed image ) display

2 A flow of proposed method

%, 120BETERETHIILEEXD. ZOEKY,
RREKRICHOET 12 FICHEKRT2HEIC, RE®
PEBE06FICHEITIHELULRLT, MEETRIC
HETHIENTERVWEWIRIEXSHS. 2F0, K
1R TEHIE, RRETO—BLEEMAF—7¢)Y
T 4 DR+ TRL, XK - HIRTFCROSE
MMETT 3.

3. REF &

3.1 TyTPOHNH - BEE

AETIE, Ty EBOA YT BER L, N
7 MVRBRERVWAT y POBEBRFEERETS. ¥
T, AFREIBT Ry DO - BREROLET o —

EE2CTY. ANES®RET Y VERE, TOESER

(EWERERS) oMY 5. ThEhEERHF5ks
Tol#Bitimil, Fa—FRTEMKREITY. <7 b
MEETH Ty VERIZ, A VTV EERTHI
i, W L=y VBRI, TOBERICHET5EE
WS OBEBEMAERETD

ADEGE f(z,y) L TDE, =y VER fy(r,y) i,

fu(z,y) = Edge{f(z,y)} (1)

L#u5. Edge(f) 35 A5 —Eiff f b=y VERE
M AR ETE. Fh, N MBS Va(n) &,



Vi (n) = Vectorize{ fu(z,y)} (2)

ERY. Vectorize{f} 1%, FAZ—EBR f 2~ 58T4
AT 5088 ET 5. —F, Rasterize{v,s} X7 ¥ —
BovEAT—NVsTIRETAXTEEKLTRE, N
7 MER Vy(n) &, 3.2 TRARZEE O LR OLE
Bh(n) ZRIALT, 7R% 74 AR LIEDHLK - F/N
WEEHE L= v VE# Ry (z,y) 13,

Ry (z,y) = Rasterize{h(n)Vx(n),1} (3)

ERB.

BRAERY fo(r,y) X, R4EFTLIIC, BEOL
PR E RS PAERICE Y SRE 54 ALy VH
Re, ANEREDEREDHIETERTS.

fr(z,y) = f(z,y) — Ru(z,y) (4)

BERERDTEIEFEOFECLYVFEIL X 2470,
Xfr(z,y) 8%, Xf(z,y) &, Ty EBOERL
LT, Vg(n) 26 WNC h(n) TN ENGET 5.

RIZTa—FRIONELE LT, EPHK - Fi/l 0B
TTORVWEEEERD. ZEMLIFOBERIT, MEk21E
FREBTRELLESRIITHIOIIIH LT, BEHX
BESRINRONC~NZ PERERD. BB/ A X
Zn(z,y) LT2L, EAERS XfL(z,y) 27 2—F
L= B

XX fr(z,y) = fu(z,y) + ne(z,y) (5)
LIRITAR Ly VHER (R3) Lofizxtsn
& TEHENRER fr(z,y)

fr(z,y) = Ru(z,y) + fL(z,y) + ne(z,y) (6)
285 ’

UEDRBIZE Y, =y PRAEHHL, ThENGS
fbl, 7a—ZRITHEER TR I LNAREL 2B, E1-,
FICEAERICH LT XA L AFE(bEERTE L,

ne(z,y) =0 (7
THBHDT,

fr(z.y)

=Ru(z.y) + fr(z,y) +0

=Ru(z,y) + f(z,y) — Ru(z,y)

=f(z,y)
L0, FHERSHE - BN TIREL R B.

WIZ, ZO5HE - FHEREERTLED, =4 VT
CITERER LTy CHEBRORELENE Lty Uk
FORY MALFIEE TR

Luminance value

X

X 3 Luminance value of HP image

5 6 7

|

J

3 2 1

[ 4 Freeman chaincode

3.2 TYUHNDOARY FILE

NI PUEERATO =y VERIE, & LTEBERY
ThY, BEFREFS. LiL, ~7 M REIR, &%
—ARDBUIH L T—DDMEE LD L A TE RN [6].
SR, BEOBEBEBREFOL I, X M REEY
YEART 5.

—AXANZEE R T B E AR RS ORI — kT T
BE3DESICREh, K9 Ddi# g(z) TELTE S,
NI PVERICR - DEEEORE TV, SRR T
BEMERT LT, N MARBEOBEMEOMMAS
AEEL D,

o - S22 0

ELHBRORERGIIUTOFIETITS.

(1) ~7 MbT 2%y VEREZ HHBLTS

(2) Freeman ® chain code [7](& 4) VT, #ic
R THMEBKET S

(3) nBEIRILICHFMOEHE LS

(4) FrarFUMEEEZELEDS

(5) FMIZHLTEADEEXIE wBEECREL,

BT EITFEBT D

(6) Bon-HEEEZRVT, BIZREICIIE
HERET 5.

ZOREDHKRF £ R 5 1TRT

TaA—FRUTTIAYTA XTHEE, ZOFETREL
TREEFIALT, BEEE~NZ PAERICEMT S 2
ET, H6ICTRT LI CEEDT y CEBOFHE THE
ks,




>

1pixel

X 5 Acquirement of Luminance values

Luminance value

X 6 Rasterization

3.3 RBRELHR

iz, SELEROREEFIALT, TFa-FRITEER
ORRGEEREIT ) FEETT. s BOK - #/0E
EITOHE, FAITAREDT y VB Rop(z,y) 11,
fEEHDRT PNER Vy(n) ZAWT

R,y (z,y) = Rasterize{h(n)Vx(n), s} (10)

EFRED. Fi, EBRBERSCH LTI, reonv{fL(z,y)+
ne(z,y), s} PLEBEITH. rconv{f, s} id, 7AF—ER
fRAY—IV s TREEERT IEHRLTD. =y VHE
#®ix, <7 MEBETAYTAXTHERIC, BELT
BIGEICHDETIEES, 3.2 TROLIELMBREE-
TERZLICRD D ZETERT S, EEERSCRL
TiE, Fa— FEICARBEEREET.
DEonsiz kY, BHRRER fr(z,y)

fr(z,y) = Ren(z,y) + reonv{fL(e,y) + ne(z,y), s}
(11)

255,

¥i, TRETA AR, EUBBROFEZRIEL,
FonT BB EICBE e ROIE LIRIBZ X DI LT,
LK - Mi/NRTREOT y VORFER D ITHEBAEITI Z
ELTHETHD. Z0LE, Ty VER Ryu(z,y) i3,

# 1 Experiment condition
width:334 hight:426[pixel]
0~255
Canny operator
Length filtering : 30[pixel]
EPS(by potrace [10])
Length :n= 3|[pixel]
Width :w =5[pixcl]
DPCM

Image size

Liminance value
Edge detection

Vectorization

Lossless Coding

() Input image (b) Edge image

(c) Rasterized cdge im-

(d) LFC(Low Frequency Com-

age(proposed method) ponent) image:(a)-(c)

[ 7 Modified images

R, (z,y) = Rasterize{h (n)Vg(n), s} (12)
THExbND.
4. EREER

4.1 TyTOHE - BER

REFHELFEEL, ERETok. EREHZRI
Y. ANERE, B7() OX)ICRBRTy VEET
T=A—varvEgEAvz. =y VERIE, UTOF
JEIZ & > TRDT=.

(1) NARRAFHOEHRERD D

(2) AAQE#IZ% LT, canny operator 8] Z AV T



(Unput image )

Edge detection

(Unput image )

Edge detection

(a) LFC image (b) Reconstructed LFC im-

age ( Proposed method)

8 Evaluation method of vectorization

Ty VRS EMHT S

(3) BAEROEVERESERY KL

(4) (3) TRHIEHRFIRICET B A RS
ATy VBgLT .
canny operator {¥, H VR 7 4NV HFIZL B FER{ILDIE,
WA ARL—BERBETTANLETHY, <7 MLt 5
Boxy VHHFEELT, BHURVWFEED—DTHS
LERTVA[9).

~7 MRBUIANY Py —v[10] # VT EPS T
B LI. ¥, EPSid=y bu b —FS{kaiTbi
Wz, RADOTH A MNEMY —V (1) TEMLE. <
7 MVRBITAH M E NIOEEE R SRR bzip2 TES
L7
R7i26\T, =y VEgE (b)IZ, FRAF 54 XEE
% (c) I, EEBRSOHBLATOER Y (d) IR, =
27T, ®7(b), (c) D=y VEIRIE, FAEIBER] 128
EAMLIEBOERTLTNS. 7LD, X7 ME
BETAL T XTHRIC, ERHEBROEEEE XS
LT, BEBEBRORI MALBTRETH S Z L a5,
IHITERY, fE - RRRTREOEEOFHEN TR & 42
D, ZERMRT—F )T 4 BRERTES.

7o, BRABESICE AL AGELEER LIBIC
BBRERIIANEREE LR L bR TR
4.2 TyTEHSORY MLE
ZETRENT Y PEBORY MLICBIT 2 ER
MR BT, ERERS OB X LR EHFELED
HEREEHB L. MEFEEZRSITTT. AHESD
5, HELcmil Loy PEREF|V I E=SEgRE, =y
VERENRI MALLTRAF S A4 X L= b DR B\
DEGOTERELET S LT, BRMEETT
ERSRER2ICTT. K210, BEFHRCLLT
ERESNDERBERSOFERE, ANEROGER L
BIEFRETHD bt Zhit, 52254 X
LTRIe=y PROBERIEE 2 —BER TS5 5710,

% 2 Evaluation of reconstructed image

image Bitrate([bit/pel]
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668x856(x2.0) 0.65 0.44 1.09
334x428(x1.0) 0.38 0.91 1.29
167x214(x0.5) 0.17 0.22 0.39

BHBERNILLTLTND L, RI3DL)RERICL-
T, NARNAEZEBRDD LI REENRELbNE &
DREIZHDLEZ NS, IEEHMBROFREDE 2 FHiz
DNTDELRZBFETY, BEEEZBED TV LE
NdH5.

4.3 RBEEH

4.3.1 Ty VHHORESE
REELEIE-BOT y PHRYDTEREFZHIEL
. Ty VRS ORERIT, NI MAERLEZOBER
BOMTHDN, X7 bALEIT O BBEIC L > TE(L
+5. 2%V,

o N7 MMERIZET 52 HOEL

o N7 MAMERTH D EEEREOE/L
NEZLND. MRBELTy VRYOHFEEOBEGRLE
SITRY. ok, MEZRDIBORE, R5VNCIEI,
TNENDORBEIN U TERE T, T, LA
UTIC LTIAEEA LT,

®3LY, MBELHRRELOBIZRIE, #EHHTHS
NP D. e, IORREEST, EEOREGE
THEGERTT DL, —RHICEAREE Tl L
Ty VBEHEE S E BRIV EREEE N E VLS.
4.3.2 MRBEEHRICRT 3 EETE
ERORBRECEHBE AR THHIC, <7 M IERE
ET-BERFENEDHTH S Z L2 RTDIC, itk
@E%@ﬁﬁ?&k%&bt.EE@%E%ﬁKU2K
MOTHILEREL, Fa—FRTHER2EICEAL
TBROSEERE L. ERFHEIL, EEGEZEELL
RERFIZ 1/2 1M/ L7z, —F, REFEIZ, BEEEH
by VEBREFIVIEBRERS EFELL, HERIC
1208/ Lz, Fa—FRcr, #kFEk REFE
EHiT, TRENZMEICHER L, EEgE D PSNR %
RIE L. #8/EROERIZIZ JPEG2000 TEA Sh T
W% 9/7 % v 7D Daubecies Filter % fiV 7. Daubecies
Filter ¥ % &K 4 (ZRT.

PRI 1L
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Operation PSNR([dB]
Conventional method | Proposed method
Nearest neighbor 23.47 24.66
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Nearest neighbor 23.31 24.57
Bi-cubic 24.19 25.61
Bi-liner 24.23 26.26
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