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0 2-1: Applications of display (Reference [12])
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0 2-3: Eye sight (Reference [12])
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0 2-1: Characteristics of binary image coding

Coding system Characteristic
MH 1 dimension Run Length coding
MR 2 dimension Run Length coding
MMR 2 dimension Run Length coding, Not insert EOL
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JBIG2 Multi-pagel] Code representation

oooo

0000000000000 000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000020000000000000000000000
00000000000000000000000000000000000000000
D0000000000000000ISO/IEC JTC 1/SC 290000 0 MPEG-4 Part10
AVC AMDI1 O SVC (Scalable Video Coding) 0000000000000 0000000O
00000000000000000000000000000000000000000
DDooooooooooooog U590

24.2 000000000

0000000000000 0MH (Modified Huffman)0 MR (Modified Read)0) MMR,
(Modified MR) O FAXOOOOOOOOOOOOODOOOOOOOOFAXODOOOOOO
O0000000000200000000000000000000000000000
0000000000000 000000000000000000000000000
D00000000QM-Coder 000000000000 000O00OOOOOODOOJBIG
(Joint Bi-level Image Experts Group) 1000000 (MOJBIGOOOOOO0O0O 1/20
O0000000000000000000000000000000000000000
O0000000000000000000000000000000000000000
000000020000 500 JBIGOOOOO0 JBIG2000000000 (90000
00000000000 000000 2-1000000000000

MH/MR/MMR

MHOOOOODODOOOOOOoOOoOobooooboooobooooobooooooo
goboobobooooboobobooobbooboooobooooMdbbooboobboooo
O000000 MakeuwpOOmOODODODDOOOOODOOOOOOOOOOO Terminating
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ob0¢«00b0b0obdb0obdbO0 RLO RL=64m+t00000O0ODODOODOO
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ubobobooobooboobooboooobooboobobooboobooobobooooboboon
gbooboooboboobobooobobooobbooboobobooboooboboobooboon
ooboobooboboooooboobooobooboooboobbooooboooMEODODD
oon

MMROODOOODOOOODOOODOOOOODOOODOOOD G4O0ODOOOD
ubooboooboobooboobobboooboobobobobooboooboboonoo
OO000D0OCOOCO0O0D00OO0O0O EOLOEnd Of LineDO0O0D0OOCOOO0ODOOOOCODOOO
uboboooooan

JBIG

ITU-T T.82, ISO/IEC 115440 0000000000 (")oooDoos0000000
000000oo0o0o0o00o0ooo0ooD 1/20000000000000000000D0O
goog

l.0000(oooO0)oooooooooo

2.000000TPpOOOOOO0OOUOOODODODODODODOLDOLODODOOOD
gbooooboobobobobooobobobobooooooboboooooan

. 00o00ooobpob0obboOo0oOoOOoOOobDO0ODbO0ObObObOOObODOOOn
gobooobooooboobooom

4. 000000O0O0bOO0bOO0bOO0bO0bOO0ObOobObOobOObOOobOObOO

5. bobOobOobOobOobobobobobo

gboobooooooooooooobooboobol1ob3gboooooooooong

gobooboooboboogoboobooboooboobobobobooobobobooboDbo
vobobooobooooboobobooboobooobobooobooobobbboboo
booboboboooobooooooobobobobooobooooobooboboobOono
voboobooobooboboobobooooboooobboboboooobooboooboobooo
oooooOoOOOOODOOOOODOOO0OOOOOOOoOoOoJBIGODDO2000000O
vobobooobboobobooobooboboooboboooboooboboboobooo
ooooOO0OO0COOOO0O000ooooooooooooDooOJBIGOOODOOOOOOOOO
voboboooobbboboobooboobobooboobooobobooobboobooboo
00000000o00o0oooUoOoo.JBIGODOOOO 1/2"000000000O0O00OO
vobobooboobooboobobooboboobooboobobooobobboo
voboboooobooooobooooboooboboooobobooboboboboo
oboooooooogoooogono
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JBIG2

ITU—TT.88,ISO/IEC14492DDDDDDDDDDD( )0OJBIGOOOOODOOO
ooo0OJBlG20 000000000 0DO0O0OOODOOODOOOOOOODOOOOO
gobobooobobooobooboboooobobooboboboooboooobobon
googoo

e 000U DOODODLDODOODODLODLDODODODLODLOOLOODOODODOD
o IO DOOODLOOODDOODLOUODLDOODLOODLDOO
e JOI0DO0ODOODDOODOODDOODLOODDOODOODLDODO

JBIG2 0 Multi-page U0 DO DOOO00O0OO0OOOO0DOOODOOOOOOOODOOODOO
ooobooooooobbooobboOooJBiG20OOe00dpibODOODOOoOoOoDOOO
gobooboooboooobooboboogbboooboboooboooboboobboo
obooboobooboobooooooooooooooooooo

243 000000000

000000000o0ooooooooo198600 ISO IEC/JTCL/SC/WG1 O ITU-
TSG8CCICOUIDDOOODO JPEG(Joint Photographic Experts Group) O O O 0O 0 1994
0000000000 (bCT) 0000000 0D0OD0DD0O0O0000000 JPEG Part 1
DISO/IECIOQIS—lDDDDDDDDDD( 0000000 Part00D0D0DOODDOODOO
O000000000o0oO0 (b0o0)00000000 JPEG-LSOO0O0OOOOOO1999
O000000000O0ISO/IEC 14495-10 000000000 JPEG-LSOOOOOOOO
00do0dDOdo0ododbOOobOdooooooDoooobO0obOOoooooo JPEGOODOO
000000000000 0000O0DOOYyoooooooboooooaonog JPEG2000
0 ISO/IEC JTC1/SC29/WG1 OO ODOO0O0O0OD0OO0O0OO0O0O 20000 120000000
0090000000000 0000000000 DCTOOOOO JPEG OO Wavelet O
0000 JPEG20000 0000 22000000000000000000O00O00ODOODOO
0 JPEGOJPEG20000 0000000 240000000 24 (a), (b) 00O JPEG2000
OJPEGODODOOOODOODOODODOODOODOOODOOODODODODODOODODOO
dododoooooboooooooooooob b oo ooooooo
dooooooooooooooooooob oo ooooooooboon

O0O0JPEG20000 000000000 0OO00OO

JPEG2000

JPEG2000 0 20000 1200 ISO/IEC JTC1/SC29/WG1 0O ODOOOOOOOOODO
Dooooo (WOoO0O000D0000000000000000000000000000
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0 2-2: Characteristics of JPEG2000
JPEG2000 | JPEG

Scalability Spatial/SNR | SNR

ROI o x
Binary Data o X
Lossless Coding o X

60

60

"JPEG2000 ——
JPEG |

55 55 L

50 50 |
45 45 +

40 | 40 |

PSNR[dB]
PSNR[dB]

35 35

30 + 30 + ¥

1 1 1 1 1 1 1 1 1 25 1 1 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 38 35 4 45 5

25

Bit rate[bit/pel] Bit rate[bit/pel]
(a) Animation(Harbor) (b) Lena

0 2-4: Rate-Distortion curve (JPEG, JPEG2000)

OO000O00DOO0OO00D0O0O0DODOSNRDO Signal to Noise RatioD OO DOO0OOOOOODOO
0000000 (ROI: Region Of Interest) D00 000000000000 0OOOOOO
oooooooJpeGOOOOOOOOOOOOOOOODOOOODOOOOODOOOOO
SNROOOOODOODOODOOOOOOOODOOOOOOOoDOoOobOOobOboOoDboOoo
gbooobooboobobooboboobobboboobobobbobooboon
OO0O0OJPEG20000000000O0ODDOODOOCOC 250000000CCODO0O0OOO
000000000000 00DDO0O0O0O0OC00O0UO0DDOOUOODOO (DWT : Discrete
Wavelet Transform) OO0 0000000000000 O00O0DWTOOOOOOOOOO
OooooooooooOoOoooooooDbCcTOOOOOoOoOooOoOODOoOooOooODoOD
ugobobubooobboobbbuoooboboobobbooobbooobboooboo
DwToooooooooooooboboboobooooooooooobobooboDbo
boobooboboooboobuoboboboobboboboobPPart 100D O0ODO
gboooboobobobooobogobobobobooboobobooboboboooboboo
oboobooboobooNOObOobooobobooboboboboobobobooobo
gbooobooboboobooboooboobooboboobooobooboon
000000000000 00000000000000o00 EBCOT (Embedded Block
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EBCOT
Wavelet »Quantization-Y—» BI'[. , Arlthmet|c
transform modeling coding
§ Header |,
<« Packet generation Rate <
generation |, control

0O 2-5: JPEG2000 Encorder

Coding with Optimized Truncation) 0000000
OO00JPEG20000 200000000000DO0OO0OOOOOOOODOOOOODO
gobobooobobooobbooobboooobbooobbooobboobboon
gobodbdooboobooboooboobooooboboobooboobooobobon
gbobobobobooboooon
goboooboobooboooboobobooboobbooboooboboobon
gbogboboobobobogbobuooboooboobooboobobooboban
gboboouoooboboboboboooobobobooboobobobobobon
JPEG 20000 000000000 OC0OO0OCOOOO0O0OO0OOO0OO0O0OOOOOOOOO
gboboobooboboboboobooboboboobooboboooobbooooon
goboooobooboooboobboobbooboboobbooboobobooboboo
D0000000000o0Dooooo MMOOJPEG 2000000000000000
gbooobooogoboboooboobogooobooobooboobooboobobog
gbobooboboobobobobuoobooooobuoobobooboboboobood
gbooobooboobooobooboobooboboobboob0oobOo0obLoooboHDTY,
NTSC, PALOOOCOO0000O0ODOCODOO0O000ODODOODOOOO0OODODODOOO
00 0MRC (Mixed Raster Content) 000000000

MRC

MRCOOOODOOOOODOOOODO 300000000000 0O0O0O0OOO0OO
0000000000000 00000000000000000000000000
ggbbodobbuoobobooobooobbooobooobooobboobboan
gbbobooooboboobooboboobboobuoobobobobooobooood
0000000 JPEG20000 0000000 JBIG/JBIG2000000O00OOOOOODO
(2I)|:|

JPEG 2000 Part6 OO OMRCODOOOODOODOOOOODOOOOOODOOOOOOOO
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O00000000000000000000000000000 ®Y00000JBIGO
ubooooboobgoob3goboboobooboooboboobobooboboooooo
gbooooobooobooboobon

24.4 00000000

ITU-TOISO/IECO0DN000000DN00N0OON0ON0ONDNONONOON0OnNooog 20
000000000000 00000000000000000000000000000
00 MPEG-4 AVC/H.26400000000000MPEG-20000 200000000
D000000000200300000000000000000000000000000
OD000000000000000000000000000 FRExtO OO Fidelity Range
Extensions0 0000000000 020500000000000

MPEG-4 AVC/H.2640 00 00000000000000000000000O000
000000000000 00000000000000000000000000000
D0000D0000000 TVOOODOO0O00000000000000000000
000000000000 00000000000000000000000000000
000

00000000000 00000000000000000000000000000
D000 (Sveo®) o 300000000 (MVC: MultiviewVideo Coding) 000 00 O
D000000000000000000000 MPEG-4 AVC/H.26400000000
D00000000000SVCOOODOOOOOOSNROOOOOODOOOO0OO00
00000000000 000000O0n

SVC(Scalable Video Coding)

ISO/IEC 000000000000 MPEGOO20030 1000000000000
0000 (SvC)UooooouoooosvecooodoMPEG-21 Part1l30 SvCOOOO
O000000000000MPEG4 Part 10 (AVC) AMD 100000000000 0O0OO
goosvCOOoOoooOooooooOooooooooOooooooooDooooooooo
gooobobooboboobobooboboboooooboboboobobon
0000000000000 0000O000OO000DODoOO0ooDogoooooosveon
H.264/AVC 0000000000000 00O000000OO0Wavelet 000000000
gboooobooboobboobuooboboboboobooboo

Oo0ooOogoOoooSsSvcOoOooOooOOoOoooOoooOoOobooOoooooooOoooo
gboooobobooooboobobooboboboobobooboboobobo
gobooboboobbooboooboooboooboooboooboooboon
00o0o0oO0ooooOoSsSvcooOoUoool/20000000000000000000O
gbooobooobobooil20000bo0oboobooboooboeboboonbnoO
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(_Input image )

A 4

’ Coding \

transmission

A

] Decoding \

l

’Post processing\
display

Output image

0O 2-6: A flow of conventional method

uboobooboobooboobuooboobooboobooboobooob 26000
booooboobobbobooboobobooboobooboboboobbon
goboobogbbooboobooboobboooboon

25 0O0goono

0000000000000 boooboboooonoooooon
000000ooooooooooooo0oooooooooooo0o0onooooon
gdodoooooodbooubooooodboououooooooooboouoooooona
oo ooouooooooa
oo oboooooooooooooobouooog
gddododooooooodouoooooooooooodououoooooooa
goddoddoodooooodoouooooooobooooooouooonoooogd
Oo0do0odooooooooooooooooooooooooooooooooooon
00000000000 oobobo0ooobooo0oooDoooooooboooon
oo ooooobooooobooooooooooond
oo ob oo oobooobouooogd
oo ooouoouoooo oo oo oobooooouooog
gddoooooooooouooooooooan

0000000 0OEPS(Encapsulated Post Script)”) 0SVG(Scalable Vector Graphics)®) [
Macromedia 0 0 Flash®) 00 0000000000000 O00OO0O0DOOOOOOOO
2-300000000000040ad
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0 2-3: Characteristics of vector coding

Coding system Characteristic
EPS 3-dimension Bezier curve
SVG 2or3-dimension Bezier curve
Flash B-spline curve

2.5.1 PostScript (EPS)

Postscript [0 Adobe Systems 00 000000000000 Page Description Language:
POLODODOODOOOOODOOOOOOOOO0ODOOOOODODOOOOODOODOO0ODOOO
000000000000 000000000 ®MpOo00000000DOooonoonog
0000000oo0o00ooo0o000ooooo0oooooooooooooooog
00000000000 0000000000oooooO0D00oooooOooonoogn
O00000DoooooOoooooooooon

0000000000000 0000000D00000000000000000000
00000DoO000oo0oo0o0oo0ooooDo0ooooDoDooooooooooooo
00000000000 0000D0D0O0D0D0O00O0000Adobe TypelOODODODODOOO
0000000000000 000000000000000D0000000000000
0000 RGBOCMYKOOOOODOOOOOOODODODODOODOOODODDODOoOoooooOo
OO00oDooooooooog

Level 1000000000 ODOODO0ODOO 19 0000O000O1900000O00O0O0OO
U00bO0Ob2000000000DO Level200199 00000000O0O0O0OO0OODO
U00DO0o0o0o0OPDFOUOOOU0ODUODODOODO Level 300000DO0OOO Level3
0000000000 0D0ODDo000ooDooO000oDoO0o0o0oDoOooo0oogoooogo
000000000000 00000DODoo0o0ooOo0o0ooo0n

000 NewpathOOOOOOOOOOClesepath D OO0 00000000 OOOODOO
Moveto 000000000000 DOOOO LinetoDOOO0O0OO000O0D0ODODOOOODOOD
obooooooo3buobobobo3buobooboo

EPS

EPSO PostSeript 0 000 00000000000000 CY0PostScript0 00000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000 PostSeript 0 000000000000 PostSeript 0 00000000000000
00 PostSeript 0000000000000 00000O PostSeript0 00000000
00000000000000000000000000000000000000000
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OO00000D0PostScript 00000 000DOOCOO0ODODOOOOOODOOOODOOO
0000000000000 O0 (PICTOOO0)0ODOOODOO0OOOOOOOOOOOOO
uboooooogoo

2.5.2 SVG

W3C (World Wide Web Consortium) 000000 XMLOOO 20000000000
D0000O0WebOODODODOOOOOOO0OOO0O0OO0DO ®)OPostSeriptd 00000
ubgobobuooouooooboobobooboboobuoboboboboboood
OooooooOooobooosvGOoooooooooboooOwWebooonooooQ
OOO0DOoOgoon “SVG Viewer" D00 O0OO0D0OO0OO0ODOOODOOOSVGOOOOOO
oooooobbo,gb,bobob30oboob0obooooobooboooooooon
ubobooboobgobobobooobo,boobobbooboa,ogboobbogbouoboobo
gbooooXMLOOOOOOoOooOooobobobooooooobooboboboboo
gooobooboboooobooboboboboooboboooooboboobo XMLOD
oooooooooooosveGoooooooooooooooooobooobooooboo
oboooooooboboboboooooobobobobooooooooXMLOD
ugbbogooboodan

SVGOOOMoveto DOOOO0O0O0OO0OO0DOOOOO0DOOOClosepath DOOOOODO
oboobooboobobooboobooboo0o0ooobo0obbob0ob0b0ob0O0b0b000 Lineto OO
gboboboobobobobobooooboboobosoboboboob20BOO
OO0D0O00ODO0O0ODOODSVG Mobile DOODOOODOOD 3000000O0SVG 1.00
2000 09000SvG1lL1O20030100W3CUOOOOOOOOODOOODOOODO
000000000 SVGMobile DOOOOODOOO

2.5.3 Flash

FlashOOOOOOOOOOOOOOOOOOOOOOODOOODOOOODOOOOOO
0000000000000 00ODO000O00DO0O0DOOO0OOoO0oOoO wWebODOOO
D000 C90WebDODOOODDOOOODOOOODOO “Flash Player” 0000000
O00000O0000D0FlashOOODOOOOOOODOBOOOODOOODOOOODOO
000o0oOOo0o00obOOOo00oo0oboOooO0ooooO0oboDoobDOoDOboOogoooogo
0000d0ododooooo0oooooooOo0o0oOoo0o0goOooobooooOogoooo

Flash 00 0OO0OO0OODOOOOCDDOO ShapeOO0O0O Edgerecord000D0OO0O0O0ODO
O OEdge record 00000 OO Straight edge record 00000000000 Curved edge
record J 2000000
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0 2-4: Scanning condition

Scanner Canon Canoscan LIDE30
Source images Weekly magazine
Paper size B5(4299 x  6090)
Scanning resolution 600dpi
Component/Bit depth Gray scale/8bit
Binalize threshold 0.6 (0:whited 1:black)

12000

10000

8000

6000

File size[KByte]

1 2 3 4 5 6 7 8
Image number

0 2-7: Coding efficiency of vector coding

254 00000000

10

23

00000 EPS, SVG, Flash (SWF) OOO0OOOO0O0O0O0O0O 100000000000
oobo0obO0ooooooboOobo 27v0oboboboobooboboOobOoOoboOoOo 100D
000000000000 00000000D000020000000000000000
0000000000000 00000000000000000000000D00000
0000000000000 000000D00D0D00000000000000 2400
OOEPSOO0DO0O0DODOO0DOODOODN Potrace® 0000000 OFlashO0O0O0
Adobe 0 Tlustrator”™ 0000 O Potrace 00000 EPSO FlashO DD OO OO0O0O
oO0o0007000000 EPSOD0OOODOODOOO FlashODOOO BOODOOOOO
gooobogoo2-7b00b0gbo0ooogboboobogboboboooboboobooboo

oooon
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4000 T T T T T T T T
MH ;
I MR .
3500 .
N JBIG o s i
- 3000 JBIG2 =
[3) EPS o
é 2500 I Epg.bzip2 e ]
T 2000 | ]
? o
& 1500 |
L o - o T
1000
500 L
0

Image number

0 2-8: Coding efficiency for binary images

02-7000EPSO FlashDOODODOODDOOODOOODOOODOOSVGOODOO
D0D00000D0D0000D0O0O00EPSO SVGOOOODDOOODDOOOODDOO
000D000SVGOODOO0O000O0ODD0000DDD0000DDo000ononooooon

D00D000000000D0 EPSOO0O0000OODODODDOOONOONOODODOOO
O MH, MR, MMR, JBIG, JBIG20 500000000000000D0D0OJBIGOOO
O0O00O000D0ODDDO0OO0O0O00EPSOO0OO0OOOOOODODOODOODODDDOOOO
000000 bzip2**) 000D ODDOO00 280000

D000D000D0200000000000000000000EPSOODOOODODO
0000000000000 0000000000000000000000000000
00000000000000000000000000D0000000000000 EPS
O000OD0O0JBIGODOOOOOODOODDDODOOOOOOD CWooooooooog
000000000000

O00DD0EPSOO0O0OOOOODODOOOOOOODOODDDOOOOOOOOOO
0000000000000 0000000000000000000000000000
0000000000000 SVGoDoOOoooo G®Yooooooooo0oooooog
D00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
000000000000 0000D000

*LZOO00000000 Burrows-Wheeler 00 (D00D0O000)0000000000O00OOUODOOOO
goood
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26 0000

goboboboobooobooooboooboobooboooboobooooooboooDo
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030

Jobooboobuobouobogoooonod
googd

3.1 0000

gboboobobooboboooobobooboobooboboooboboobong
uboobobooboboobobooboboboobooobooobooobooboon
ubooboboooboooboboooboboboboboobobooooooobooooooboon
ubooobobooboooobooobuobobobooboboobooobobooboon
ubobobooobobooboooooobooobobooooboooboooboooboon
ubobooobooobooooboooo

3.2 00000

gbobobodboboobuobobobobooboobuoboobobooboboobobg
gbobobuobobogboboboobuoobobuoboboboobuoobobod
gobobbooobobbuoooobbboooobbboooobbbuoooooboobooad
vbgbogbobuobobuooobobouobbobuoboobobooboboobobod
goobooboobooboooogobooboobbooobooboooboobooooboobooo
gboobooooo3ooooooooooooobooooboooboooboon

3.2.1 000000

obobobooboooboobooboooboobooobooooboobooboooDbo
uoboboooboobooboooooboooboobooooboobooobooboooboo
uboboooboooboooooboooobobosbobobobooboboobaoboon
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vobooboobobooboooboooboobooobooboobooooobooboobOoboo
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gooogoogoon

0000000000000 00000000000 (Nearest neighbor) 000000
00000000000 0000O0O000O0oOo0bO0o0oO f(x,y)D ADODOOOOO
00000 g(x,y) O

9(x,y) = f(lz/A+1/2],[y/A+1/2]) (3-1)

000000000[x/A+1/2]02/A0000000000000
0000000000000000000000000000000000000000

000000000000000000000000000000000000000000

00000000000000000000000000000000

googooo

0000000000000 000000000 f(e,y) D ADOODOOOOOO(z/A,y/A)
oboooobogoo

6. = z/A—[z/A] (0<6,<1) (3-2)
oy = y/A—-[y/A] (0<94,<1) (3:3)
foo = f(l=/A] ly/A]) (3-4)
fio= f(z/A+1], [y/A)) (3-5)
for = f(lz/A] y/A+ 1)) (3-6)
fu= f(=/A+1],[y/A+1]) (3:7)

ubogoodg

gla,y) = (70 S0 10y (10

3-8
for fui Oz dy ) (33)

vobooboobooooooboooboooboobooboooboobooobooobooobooboboo
bobooooboooboooboooooooooooooooobooooog

goooooogn

0000000000000 0O000O00000000O f(e,y)0 ADODOODDOOOODO
(z/A,y/A)0 1600000000000000O 3-10000

QUUIDODOO0ODODODDOO0ODODeOODOODODoeODODOODODODOO
O000000000X000YOOOoooooooO000 ded, 0000000 W,,W,0O
ogoooooooooow=w,W,0000
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143, 5. 1-5 2-5.
Les O O O O
» T (-1,-1) (0,-1) (1,-1) (2,-1)
5.
5 C TS [ ] [ ] C
v Je1o |8, ool (1,0) (2,0)
\JQ
15 C o ® C
y T (-1,1) (0,1) (1,1) 2,1)
M 0 e
2‘@CH2) 0.2) (1.2) JQ@
0 3-1: Bi-cubic method
_ 2 _ 7 _
vv{u W2 —d—1) 00000 59)
—(d-1)(d-2)?* 00000

000000 (-1,1)0000000oooonow,,Ww,wooooooo

W, = 52(0z — 1)2 (3-10)
Wy = by (0y — 1)? (311)
W= 6;(6, —1)%5,(6, — 1)? (3-12)
000000000000 W(z,y)0 (2,y) 00000000QUOD g(Q)00O
2 2
9@ =Y > Wy f(x,y) (313)

r=—1y=-1

gboobooboboooboobooobobobobooboboboboobooboobooon
gbooboboooboobobboboooobobooooboobobobooboboan
goooboboobobooobbooboboobobooobooboboboobobon
ooo
gboooboobooboobboboobooboboboooobobooooboobooooboDbo
gboboboobuobobobooboboobuooobuooboboobobobooboad
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T U : Up sampler

i ‘ | D : Down sampler
(D,U: integer)

H(z) : Low pass filter

EZ Decimator
[ 1D] U, |o, |< min (" "j

__________________ H(e™) = . by
U U O, otherwise
y[n] —Fs
D v D

where o, =2nF/(UF,)

O 3-2: Decimator
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NNl

(a) Step (b) Roof (c) Peak (d) Line

0 3-3: Edge type

oooooooooooooooooooooo (2490

3.3.1 000000000

gogooboboooobooboooooboboboooooobboboooooooboobooboo
goboboobooboobuooboobobboobooboxboobooybo o
gooobooooboboooboboobooboooboooobobobooboboo
ogoboboobgooo

O00xyOOOODOOOOOOO f(e,y) DOOOOOOOODODO (gradient) O

vf@%w::angDUx+afgawuy
x Y

oooooo0o000000000 ueu 00000 x,ybOOOOooooooodddxO
00000 f,0y000000 f,00000Gradient000000000000O000O0O

Vi@l = /@y + ) (3:17)

0 = tan 1 (%) (3-18)

(3-16)

oooboooo
gboooboobobooobobooboboobooooboboooboboooboDbo
000000000000000000 f(xr,y)OOOOOOOOODO

fw(xvy): f(x—l-l,y)—f(x—l,y) (319)
fy(l'vy): f($7y+1)_f(x7y_1) (320)

oooo
gbooogooogboobooboobooboboobuoooooooooo

Jdddddddddoooooooooog 3x 3000oooooooonOooiPrewitt

operator [0 Sobeloperator 0 D0 DO O00O0OO0OOD0ODOOODOOOODO 340350000

3.3.2 00000OLaplacian0 00000

O000000000000000000000000O0D0O0000 (Laplacian)

V2 f(@,y)| = \ /2, y) + fa () (3-21)
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0 3-5: Sobel operator

ubooobouooboobaboobuo sebboubooaoooboooboanoaooon
booboboobobbooboboobobooboboboob1boboobooobo
ugbboobodoboobobooboobbooboobboobooboo

3.3.3 CannyO4UogQ

00000000 Canny O operator*) 000000000000 0000000000O
vooobooboobobooobooboooobooobooboooboobooooboboo
vobogobogoooooooooobobobooboboboobooobooooobooDboo
gboboooobooooooon

o JUUOOODODODODOO

1(-4]1]|[1]-8]1
O[1]0]|[1]1]1

(a) 4 (b) &
neighbor neighbor

0 3-6: Laplacian operator
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e OO OOODOODOODOO
e J00ID0OUODOODOODODODODODLODODLODODOD

D00D0D000000D0D0 Canny operator 0000 OO (90O

1. 00040bbg0 boboobodobobobobooboobboobuoobboobg
gbooboooooooooooooooooooboonb 22000000

$2
Gla) = ——exp(

2ro 202

) (3-22)

000¢?00000000000000000000000000000000000O0
ubboobuoobbooobooboon

x x x?
G'(z) = GGa( ) = _mg3eXp(_Tﬂ) (3:23)

gooooog

2. 00000000000 00000 (Gradient)Vf(z,y) DO0OOOO0O0O0ODO0O0OOO
000x0O00O0O00 f,0y0ODQOOOO f,000000 3253250000

Vi@l = /@y + ) (3:24)
0 = tan~1(42) (3-25)

O000O00OCannyoperator 000000000000 DOOOOOOODOCODOOOOO
voboboooboooobooooobbooboboooboboooboooboobboo
000000000 f(r,y) DDD0ODA00OD0O0DOOD0OD0OOOODOOOOOO G'(x,y)
oboooooooooooooooog

fG/(x,y):ZZf(m—i—int(z’cosG—jsin@),y+int(isinﬁ—i—jcosﬁ))G’(m,y) (3-26)
i g
O00000000000Imt() 0000000000000 00O0DO0OPOO0DODOODO8O
gooboo22500000000000000x00000b0 y000b0ooobbooo
ogoooooooooogd

0G(z) —x 1 z?

2 32 T (=5 3) (3-27)
0Gly) -y 1 Y

oy o2 27mexp( 202) (3:28)

goooboobogobobooogoxpgboooboboooooobobooyoboD

vboboooooooooooooooooooooooooooooooonoo
0326000000000000000000DO0OO0ODOOODOODOODOODO

gboboooooooooooooooooooooooooooooooonoo
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3. 0000 O0DO0O0O0OOO0OODOO0OOoOO0O |Vf(xr,y)|OOOODODOOODDOOOOOOO
OO000000O000000000O00D000D0O00D Canny operator0 0020000
000 T, Tx (Ty >T,)0000000000000O0O00OOOO0OOOOOOOODO f.O
ood

L if Ty < |Vf(z,y)l
fe(z,y) =91 if Ty <|Vf(x,y)| < Ty and Connected with another edge  (3:29)

0 otherwise

0000000000000 f(r,y)=1000000000000000000O00O00OOOO
uboobooboobooboobboobooboboobboobooooboo

000O000Canny operator 0 0 000 0000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000

K. Tombre 00 0000000000000 O00000O0000O000000000O0
000000000000000000 Canny operator 000000000000000
00000000000 000000O0o0oooooooo (90

0000000000000000001000000000000,00000000
00000000000000000000000000000000000000000
00000000000000000 20000000 CumaniD000O0000000
0000000000000000000000000000000000000000
Canny operater 0 ] 000 00000000000000O000O00O G990

0 3-70 OSobel, Laplacian, Canny 0 0000 0000000000000000OO 3-70
00 Canny operator 0 000 00000000000000000O000O0O0O00O00OO
0oooooooo

3.4 0040000000

goboooboboooooboboobuooboboboobobooboobobobo
gboooobgoboooboooobooobobobooboboobbooboobobon
goboboobobooobobobooobobooobobooboboooboobobon
gbooooboobooboooboo

34.1 0000000

gobooboooogoosbooooboooo200b0oBOObOOODObDOODOO
gbooboooooboobobooobooboboooo BOOobooooboboooooD



030 0000000oooooboboobobobooooooooo 35

(a) Sobel operator (Ani- (b) Sobel operator (Lena)

mation)

(c) Laplacian operator (d) Laplacian operator (Lena)

(Animation)

(f) Canny operator (Lena)

(e) Canny operator (An-
imation)

0 3-7: Edge detection by differential operator
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000000000000000000000
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x(t) = wo(t —1)% + 3z1t(t — 1)% + 3ot (t — 1) + x3t? (3-32)
y(t) = yo(t —1)3 + 3ypt(t — 1)% + 3yat?(t — 1) + y3t® (3-33)

ooooooo
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(a) Skelton compo- (b) Texture compo- (¢) Reconstructed (d) Noise compo-

nent nent image(a)+(b) nent (Input image -

(©)

0 3-8: Skelton-texture separation for animation
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(a) Skelton component (b) Texture component

(¢) Reconstructed image(a)+(b) (d) Noise component (Input im-

age -(c))

0 3-9: Skelton-texture separation for graphics (Lena)

41
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Bit rate[bit/pel]

(a) Animation(Harbor)
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0 3-10: Rate-Distortion curve of SVG Rendering

(a) Animation(Harbor)

(b) Lena

0 3-11: Modified images by SVG Rendering
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0 3-1: Evaluation of SVG Rendering (animation)

Operation Number of vectors | Bitrate[bit/pel] | PSNR[dB]|
Detail v 3.71 23.84
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More simplified 81 0.36 21.18
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(_Input image )
L
‘ Edge detection ‘
|
‘ Length filtering ‘
D= 8-neighbor
<l/ dilation and erosion encoder
\ Smoothing operation \ (repetition : n)
DCT I
Q ‘ Vectorization ‘
IQ ‘ Rasterization‘
superscription decoder
(+r

3

Geconstructed imaga

O 4-1: A flow of Superscription Model
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Border line Line drawing
(a) Class of line

/___

<

Edge area ) Edge area
(b) Edge smoothing

Vector

. Vector Vector
Padding
¢—L \ 2 /

s

L

xﬂ_/
Padding

(c) Superscription

O 4-2: Superscription of edge

g(x)

Luminance value

Edge area s [pixel] %o

O 4-3: Smoothing method
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x000y000O0000000
2
@ 2ol (1)
where e:np(—%) <1.0%1073 (42)
g = \/%8
0000000000000 00000 42000000000000000000
slpixe]] 0 00000000000000000DCTO000000000000000
D0000000000000000DCTOO00000000000
0000000000000000000000000000000000 DCTO0O0
D00000000000000000000000000042()000000000
D00000000000000000000000000000000000000000
000000000
00000000000000000000DCTOO000000000000000
D0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
D0D000000000000000000000000000000000000000
D0D00000000000000000000000000000000000000

gbooboooboobboobooboboooobd

g(x) =a+ (b—a)exp(—

4.3 0000000

gbobooobbooboooooobobooobooobooboboobooboonbo
gobobboooobobobooooobooooobboooooobobbooooobobooon
gboooboooboobobooobobooooobobobobooboobooboboon
gboboboooboobooboboobobooobobooboooboobooobooboon
gbooooobgooboboobooboooobooboboooboobobooobobn
ubobooooboooobooobobooooboobooobooobobooboobooboboon
ubooooobooboobobooboboobooboo

4.3.1 0000000000

0000000000000 D000000000000000 4400000000000
0000000000000 D00000D0OO0OLFC: Low Frequency ComponentD 00 0 0O
O00000o00o00oooooooooooooDooooooooooooooooon
O00000o000o0ooo00oooooooooooooooogooooooogn
O00000oDoooooooooooooooon

00000 f(e,y) DOOOODODOOOO fy(x,y)OO

fr(z,y) = Edge{f(z,y)} (4:3)
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( Inéut imaée )

| edge diatection \

’ Vectorization ‘

_‘—ﬂ Rasterization k— Eencoder

Frequency Component)

Decoding !
| | Rasterization |

i ’ Resolution conversion \

5 Edecoder
: : i

v
@econstructed ima@ display

O 4-4: A flow of proposed method

DO0D0O0OOEdge{f} 0000000 fOOO0O000000000000O0O000000OO
0000 Vy(n)OO

Vi (n) = Vectorize{ fg(z,y)} (4-4)

00 0DOVectorize{ f} 00000000 f000000O00000DODOO0OORasterize{v, s}
0000000000000 s0000000000000000000000 V()OO
43200000000000000 A(n)00ODODDO0O000OO0OO0O00sO000000O

00000000000 Ryg(e,y) 00

Rsp(z,y) = Rasterize{h(n) Vi (n), s} (4-5)

goog
LFCOO fr(z,y)OOD 460000000000000000O0DO00O00O0DODOOO s=1
gboooooboobooooboboboboboboboboboboboo

fL(xay) :f(ﬂf,y)—RlH(l',y) (46)

LFCOOO0O0O00O0000000 XO000UO0X fr(x,y) O000X fr(z,y) DOOOODO
0000000000000 0 Vg(n)OOUOODOOOUOOOOO A(n)DOOODOOOOO

gboooogobobooobobboooobobobobooobooboooobooobooo
gobooboooboboooboobooooobooobobobooobooboooboboooDo
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0 Xfy(z,y) 0000000000 Vu(n), (n) 00000000000 ne(z,y) 00000
LFCOO Xfi(x,y) 000000000

XX fr(z.y) = fr(z,y) +ne(z.y) (4-7)
ggoooobobobbbobooooooooooooooboog

Rip(z,y) = Rasterize{h(n)Vg(n), 1} (4-8)
000000000 oooun fr(e,y)

fr(z,y) = Rin(z,y) + fr(z,y) + ne(z,y)
= Rin(z,y) + f(z,y) — Rin(z,y) +ne(z,y) (4-9)
= [(z,y) + ne(z,y).
ooo.
0000000000000000000000000000000000000000

ooooooog
Oo00O0O0LrCOODOOCODOOOO0OOODOODOOOOO

ne(r,y) =0 (4-10)
oooooo
fr(z,y) = Ria(z,y) + fo(z,y) +0
= f(z,y).
0000000000000000000

gbobobobbooboobobooooboboobooboboboboono
gboboobooboobobooboobbooo

(4-11)

4.3.2 00000000000

0000000000000000000000000000000000000000
00000000000 000oo000oo00oooo0ooooDooooooooon
000000000000000000000000000000000 ®Yoooooog
00000000 00oooooooooooooon

000000000000 0000O00D0O00D0O0O0O0 45(c)0bb00O0DOOOO
412000 ¢g(zx)DODODODOODO
asin(bx + ¢
) =t
O0000a,b,c,d, e0000000000D0O0O0ODOO00ODOOODOOODOOOOOODOOO
0000000000000 00000D00O000000000O00O0DOD0O000DODDO000
Oo0oooooooo

0000000000 D0O00000 m,wDO0OO0OO0ODODOODOOOD

(4-12)
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luminance value

luminance value

luminance value

(a) Luminance value of input image around
edge

(b) Luminance value of LFC

(¢) Luminance value of Edge component

(¢)=(a)-(b)

4-5: Luminance value of each component

o1
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6.

5 6 I
4 « » 0
3 2 1

0 4-6: Freeman chaincode

idth

<+—>

1pixel

O 4-7: Acquisition of luminance values

.oboobooboobobooboobbon

. Freeman 0 chain code("™)(0 4-6) 00000000000000000

mUO0O00000000040000

.obooboobobooobooobo

goooogobobooobobobbobbwdobOobobbOOobOobobooDboD

0000000000000 0000000 ¢g(x,y)000O0OOOODODO

000000000 4-70000000y¢g(x,y) 000000000000 A(n)ODODO
000000000000 00000000000DOO000O00 A(n)DOOOODOO
00000000 Vyg(n)DOOOODDOOOOD480000000000000DO0O0ODOO
gooooo
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Luminance value

0 4-8: Rasterization

4.3.3 00000

00000000000000000000000000000000000000O0s
0000000000000000000000000000 Rey(e,y)00000000
0000 Vyg(p)ODODOOO

Rsp(z,y) = Rasterize{h(n)Vi(n), s} (4-13)

0000000000000O0000LFCOO0000000Reonv{fL(z,y) + ne(z,y), s}
0D0O0O0O0O0OReonv{f,s}00000000 f00000s00000000000000C
0000000000000000000000000000000000000000
00000000000000000000000000000000LFCO00000
00000000000000000

00000000000000 fr(z,y)

fR(xa y) - RSH(x7 y) + RCOHV{fL(xv y) + nc(x, y)? S} (414)

oooog

000000000000000000000000000000000D00O00O000
O0000000000000000000000000000000000000000
000000000000 Ryg(x,y)00

Rpi(z,y) = Rasterize{h' (n)Vi(n), s} (4-15)

googoogd
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44 0000

goboobobooobobooobooobooobooboobobobooboboooboooDbo
gobogboboogoboboooobooboooobooboboobooboboobobooboo
gobooboooboooobooogbooooooboobooobobooobooobooboo
ggbooboobooooboooboooobooobooboooobobobbboboo
gobooboobooobbooogobobooobboboboobobooboobooobooo
goboobooobooooooogbooboboooboooboboooobooobooboo
goboobooboooobooogbooboboobboooboboboobobooboooboo
goboobooboboooboboooboooogobooboobobooboboooDbo
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5.1 0000

gbooobboboobooboobobooodbuooouooobobooboboong
uboobuobooobobobobobbobooooboobooooobobobobon
uboboooboboobobooboboooboboobobooboboboobobon
uboooboobooboboobobuoobobooboboooboobobooobod
uboboooboboooboodbobooboboobobobooboboobobon
ubooboboobooboon

5.2 00000000000

0000000000000000000000 5100000000000 5-1()00
00000000000 000000O0O0000000CCanny operator0O000O0OOO0
Oo000ooooo00oOooOoo0ooooob0oooooo0oooooO0ooooDoog Canny
operator U OO0 O00O000O0O0OO00OO0OO00OO0OO00OO0O00DOO0DOODODOD

000000000 000000 PotraceOODOD EPSODODOOODOOOODOEPSOO
ooooboooobooooooobooouoDobooooDbboOoooD zip2ODOOOOO
OO000000ooO00oooooooobCTOOODODODOOOOOJPEGODOODDOO

0 5-1: Experiment condition of Superscription Model
Image size width:334 hight:426]pixel]

Liminance value 00 255

Canny operator

Edge detection Length filtering : 30[pixel]

Repetition : n=1
Vector coding EPS(by Potrace)
DCT coding(intra) JPEG
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I .
(a) Input image (b) Edge image

EPS:0.194[bit/pel]

(c) Smoothed image (d) Reconstructed image
JPEG:0.501[bit/pel] EPS+JPEG:0.695[bit /pel]
PSNR:31.90[dB]

O 5-1: Modified images of Superscription Model
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0 5-2: Bit rate of Superscription Model

Operation Bit rate[bit/pel] PSNR
Vector | Smoothed image | Total | [dB]
Proposed method | 0.194 0.501 0.695 | 31.90
33 T T T T T T
JPEG —+— A
32 | Proposed method —><— KT -
31 i

m 30 .

S,

o 4

= 29

2]

o 28 i
27 i
26 :

(A) (B) < ©)
25 1 1 1 1 1 1 1 1 1
0.3 035 04 045 0.5 055 06 065 0.7 0.75 0.8
Bitrate[bit/pel]

0 5-2: Evaluation of Superscription Model

05100000000000 (b)00000000 (00000000 (d)00o0on
51000 (b)) 0000000 ()0000000000000000000() 00000
00000000000 5-1000000000000000 520000

00000000 RDOOOD52000000000000000000000JPEG
0000000000000000000000000000000

00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000

05-2000(B)0000000000000000JPEGOOONOONOONOOOO 0.2[dB]
00000000000000000(C)0000000000000000000000
000000000000000000000000000(A)000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000R-DO
00000000000000000000000000000000000000000
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0 5-3: Experiment condition

Image size width:334 hight:426|pixel]

Liminance value 00 255

Edge detection Canny operator
Length filtering : 30[pixel]
EPS(by Potrace(*))

Vectorization Length :n= 3[pixel]
Width :w =5[pixel]
Lossless Coding DPCM

ubobooboboobobbobobobboboboooooobobobobobon
ubgbobogbobodooobobuoooooobobooboboobuoobobod
ugbboobuoaboboobuoobobooodgd

5.3 04Oggoon

5.3.1 0O0OO0ODOO0OOO0O

gboooooooooooooooooooogs30unon
O00000000000000000 53 (2000000000000 ODO0OO0OOD
boobooboobooooooooooooooooooooo

1. 0bobobobooboob
2.000000000Canny operator 000000000 O0DOOO
. 00b0oboboboboobob

4. (3)00000O000000ODOOODODOOOODODOOOODODOOO

Canny operator 10 0000000000000 DOOOODOOOOODOO Potraced OO
0O EPSOO00O0OO bzip20O0OOOOO0O0O0O0O0OOUOODOOOOOOODOD A(n)ODOOO
bzip2OOOOOO

05300000000000 (bh)0O0U0O0OODOOOOD (cgODOLFCOODOOOODO
0000 ()U0o0ooooogns5-3(b), (c)D0000D0O0ODOOOODOOO 1280000
oooboboooooo 30000 booooooooooo
0o0o0o0oo0oobooboobooboobooooDoooDboobooboooboooo
0o0oo0oboobooooboooobooooooDbooobOooooooo

O00LFCOOD0O0OD0O0DOODOODOOD00O0DOO0ODOODOOD0O0ODOO0ODOODOD0OO
oooooboooo
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(a) Input image (b) Edge component

(c) Edge component after rasteraza- (d) Low Frequency Component
tion (proposed method) (LFC): (a)-(c)

0 5-3: Modified images (animation)

99
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(_Input image ) (_Input image )
' l }

’ Edge detection \ \ Edge detection \
!
\ Vectorization \
!
®<—7\ @<——‘ Rasterization \
Lossless Bit rat Lossless Bit rat
coding it rate coding L rate
(2) LFC image (b) Reconstructed LFC image ( Pro-
posed method)
O 5-4: Evaluation method of vectorization
0 5-4: Evaluation of rasterized image
Image Bitrate[bit /pel]
Input image 4.34
LFC image 3.94
Reconstructed LFC image(proposed method) 4.33

5.3.2 00000000000

Ooo0oooo0oO0ooopoOoooooOoOoooOooO0ooooOoOooooLFCOO0DOn
gbobooooooooooboobooboboboobob 40b000bobooboboboobo
gboogogbooboboobooobbobooobooboobobobobooboonn
gbobobobobobooooooobobobobog

Oooooobs4000ob 40bobobObo0ooobooooobo LrCcoooooboog
gbooobooboobobooboobooboboobobobooboooboobon
0000000000000 00O000O0000O000O0O000DO00OO0OO045(c)000
gooobooobbobooobobobooobobobooboboboooboobooboog
gbobobogbooboboboboobuooboobobobobboboobaon
goo



os0 0OOod 61

O 5-5: Bit rate of edge components

Resolution Bit rate[bit/pel]
334x428 Vector coding: Vi (n) | Sub data: h(n) | Total
668x856(x2.0) 0.65 0.44 1.09
334x428(x1.0) 0.38 0.91 1.29
167%x214(x0.5) 0.17 0.22 0.39

5.3.3 00000

goooooogn

gboboooboboobobobooboboooboooboboboboobuooboobo
000 Vyg(n)ODODOODOOO A(n)DO00DO0OO0O0O0O0OCO0O0OO00O0OOO0OOOUODOOODOO
gboooood

e O I0ODOODLOOODDOODOO
e J00DUDOUDODOODODOOOD An)ODOO

ubooobooobobboboobuoobooobooossuugbooooboobobonoo
uboooboooboboboooboboobobooboboooboonooooboooboon
ugboboooooan

gs-sbbbounooabooonouoonouogoobooobooobooonoonoonooong
uboboboooboboobooboooobooobbouooboboobobooboboboon
gbobooobooboobooobobon

gbooboooooooon

000000000000 00O000000O00O000O0O00O0O0O0OO0O0OOOO00OBO
000000000000000000000DO000D00O0000 1/200000000
000000000000 2000000000000000. (O 5-5)

0000000000000000000 1/20000000000000000000O
000000000 LFCO000D0000000D0 1/20000000000000000
O00000000000O0000C0O000OOO00O00DODO PSNROOODOOOOOODBDO
0000 JPEG20000 0000000 9/70000 Daubecies Filter 0 O O O O Daubecies
Fiter DOO0ODO 560000

0000000

e JOUOODOODODOO

e JO00ODOODOODOO



os0 0OOod 62

Conventional method

Input image o |2 output image

Proposed method

Input image (+ (+)—(output image
\—‘ Edge detectloﬂ—L Post ﬁ PSNR

Processing
(_Input image )

0 5-5: Resolution conversion

0 5-6: 9/7 Daubecies filter coefficients
k Low Pass High Pass

0 0.6029490182363579 1.115087052456994
+/-1] 0.2668641184428723 | -0.5912717631142470
+/ -2 | -0.07822326652898785 | -0.05754352622849957
+/ -3 | -0.01686411844287495 | 0.09127176311424948
+/-4 | 0.026748741080976 -

o JUODODOO

googooo
gboogoboobbooboobboobooooon

e JUUIOOOMO

e J0OODOODOO

000000000 JPEG20000000LFCOOO 1.0[bit/pel] 0000000 OOOOO
boobobooboboobobooboooobobooboooobooboobobooboooon
OO0 PSNROOOODOOOOOS-7,5-8000000000000000O0O0O0O0O 590
ooo

gs-705-8000000000DO0O0DLOO0O0OO0ODbOO0DbOO0bOOOobDbOoDbOonDO
gbooboboobooobobobooboboboboboobobobuoboo 2dBObDOOOO
000000000 0O0oo0oOn(e,y)DO00D0O0O0ODOOODOOOOOOOOOOOO
ooooogo

gbooboobobboobobooboobooboboboboobobog seboon
goobooooboobooboboboboboboboboboboboboboo

gs-60bb000bobobogoboboboooboboboboboobobooboonDo
vboboodobgoboboobbuobooobooboboooboboobobobaan
ugboooooo
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O 5-7: PSNR of reconstructed images (Lossless coding)

Operation PSNR/[dB]
Conventional method | Proposed method
Nearest neighbor 23.47 24.66
Bi-cubic 24.40 25.63
Bi-linear 24.43 26.54

0 5-8: PSNR of reconstructed images (Lossy coding)

Operation

PSNR[dB]

Conventional method

Proposed method

Nearest neighbor 23.31 24.57
Bi-cubic 24.19 25.61
Bi-linear 24.23 26.26

534 0000000

O00D0b512x 512pixel 0000 LenaODO0O00OO0OOOO0OOOODOOOOODOOODO
uboooboobgobobobooboooboboobobooboboooboboobobon
oooooboooobooboooooooooobobooboOooboobbOoLFCconbDoo
uboboooboboobobdoobooboobobooboboboboobobod
O000000RDOOOOOOOOOOOODO 7000000 LFCOOO 1.0[bit/pell
OOo0o0o0oO0obOoOo0oDoOoOobDoOono PSNRODO 5-100000

O0570000000000000000000O0O0O000O0O0ODOODODO 1.5[dBOOO
O00000000000O0000000 0.6[bit/pell] 0000 PSNROOOOOOOODO
O000000000000O0000OO0OoO0OoOo.6lbit/pelC0000O0OOOOOOCODO

0 5-9: Bit rate of each component (animation)

Component Bit rate[bit/pel]
Conventional | Proposed
Vector: Vi(n) - 0.38
Sub data: h(n) - 0.91
Lossless | LFC - 4.33
coding | total 4.34 5.61
Lossy | LFC - 1.00
coding | total 2.29 2.29
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(a) Conventional method (b) Proposed method

O 5-6: Reconstructed images

0 5-10: Bit rate of each component (Lena)

Operation Bit rate[bit/pel] PSNR

(Method) | Vector: Vg (n) | Sub data: h(n) | LFC | Total | [dB]
Conventional - - - 1.31 | 30.05

Proposed 0.23 0.08 1.00 | 1.31 | 31.50

00000005800000 5800000000000 (b)OOLFCODO00O0ODN
000 ()00000000 ()00000000058(h)0000000000000
00 1280000000000000000000.61bit/pel] 0000000000000
000000000058 (e)0000

00000000000 58000000000000000000000000000
000000000000000000000000LFCO00000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000O0PSNROOOOOOOOOOOOO0O00O0000
0O0D0D0D00.6[bit/pe]] 100000000000 0000000D00000000O000
000000000000

0000000000000000000000000000000000000000
00000D00000000000000000000000000000000000
000000000000000000000000000000000
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33 - - . : :
32 -
31 | -
T30 | -
o i i
C% 29
B 28 :
27 1 ;" 1
og | Conventional method —+— |
o5 v Proposed method - R
0 1 2 3 4 5 6
Bitrate[Bit/pel]
0 5-7: Rate-Distortion of proposed method (Lena)
54 0O0O0OO

goboobooooboooobooobooboboobboobobooobooboDbo
goobooobooboboooboooboobobooobooobboooboooboboon
goboobobooobooboboobooboboboobobobobobboobobon
oobooobooobooboooobbooboobDobobOoboobDobDbOObbDOOR-DO
goboooobobooboboobobooboboobobboobobboobobnon
goooboboooobooobooobooboooobooboboboboobon
goboooobobooboboobobooboboobooobobobboobobnon
gooobobooboobooobobooboboobobooobooooobobnon
gobooooboboobobooboboobooooboboooboboobobon
gooooobooboobooooooboboooboooboobooboooboboobobon
000000000000000DO0bO0O000 2dB|CO0O0O0DOOOOOUOOODOO
gooooooboobobobooboboobooboobobooboooboobon
god
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(a) Input image

(b) Edge component
Vi (n): 0.23, h(n) : 0.08[bit/pel]

(d) Reconstructed image
EPS+LFC: 0.61[bit/pel]
PSNR:29.29[dB]

(¢) Low Frequency Component
LFC: 0.30[bit/pel]

(e) Reconstructed image
(Conventional) 0.61[bit/pel]
PSNR:29.24[dB]

0 5-8: Modified images (Lena)

66
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