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TSFB

10 TSFB

11

12a 12c

13a 13b

14a 14b PSNR

15a 15c
< >
100 : 110 : JBIG
120,132 : FDWT 122,134 :
124,135 : 126,136 :
210 : JBIG 220,230 :
222,232 . 224,234 .
226,236 : IDWT 240 :

(text) (image) (document) (segmentation)

JPEG(Joint Photographic Experts Group)

JPEG

JPEG ,
JPEG
(integer transform) , 1)
' 2) , 3) » 4) » 5) » 5
JBG JBIG
FDWT ; (graycode)
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(Bit-plane)
; JBG JB
IG ; ’ 1
, IDWT ; ,
1 ; JBG 2 ;
3
, 4
, JBG 1 ;
2 y ’
3 y i)
4 ;
1
(100)
JBG JBIG (110);
FDWT (120,132) ;
(graycode) ,
(Bit-plane) (122,134) .
, (foreground)
(background)
(100)
(1)
(2
3) Y, U,V uv
Y uv 4:1:1
(C)) Y,Uu,Vv
(5)
(6) :
LL, LH, HL, HH
(7) :
(8)
9 :
.bmp . -Jpg , Uff (100)
12a, 12b, 12c .
(100) K- (K-means)
K- RGB
(Pixel)
’ K-
1.
2.
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3.
4 2 3
K- (block bicolor clusterin
9)
K-
(multiscale bicolor clustering)
(gri
d)
1.
2.
3.
4.
5.
6 4 5 , 2
/ (foreground/background inverting)
/
K- , /
(100) .bmp, .jpg, .tiff
RGB, CMY, YUV, YIQ .
RGB , CMY(Cyan,M
agenta,Blue) , YIQ
YUV RGB
RGB YUV
1 RGB YUV

1
Y=0.30R+0.59G +0.11B
U=(B-Y)X0.493
V=(R-Y)X0.877
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1 RGB YUV , Y, UV Y:U:vV  4:1:1 (down
sampling)
(100) ,
, FDWT (120,132) .
FDWT ((Forward Discrete Wavelet Transform),120,132) (Lifting scheme)
(lifting scheme)
(forward wavelet transform) (inverse)
(reversible) , ,
12 .
x[n] , s[n] (lowpass subband) , d[n] (highpass
subband) ,SolNl x[2n],d o [n] x[2n+1] .
2
(5/3)
d [nl=dy[n]- | (s, [m+1]+s,fn]) |
1 1
s [7]=s,[n]+ LZ(d [72]+d [n_1])+7 ]
s [m1=so071- | i(d [ra]+d [n—l])—l—i ]
: 4 2
d [r]=d,[r]~+ | ; (so[r+11+so[7]D) |
3
(2/6)
d,[n]=d,[n]-s[n]
1
s [n]=s [n]+ | — il |
dln]=d [n]+ | %(-s [n+1]+s [n-1] )+% |
1 1
d(n]=d [n]- | Z(-s [s2-1]+s [n-1] )+3 ]
1
s r=soln]- | 5 dy[n] ]
di[n]=dy[n]+sg[n]
4
(SP+B)



d,|n]=d,|n]-s,[n]

s tl=sylnl+ | 5 il |

d [n]=d,[n]+ | %(—35‘ [n+1]+s [n]+2s [r-1]+24d, [n-!—l])—!—% |

d [n]=d,[n]- | %(—3s [p+1]+s [r]+2s [n—1]+2d1[n+1])+% |
s (] =sqln]- | 5 d,[n]]

dl[n]:do[n]Jrso[n]

5
(9/7-M)

L

A [nl=d,[n1+ | ((oln2 +sglm=1D-9Cs, [+ 1 s D)+

s [n]=s,[n]+ | %(d [r]+d [n—l])+% |

1 1
s [r]=s,[n]- | ?(d [22]+d [?:z—l])-l-7 ]

d [n]=d [#]- [1—16((3D [n+2]+su[n—1])—9(Su[n+1]+su[n]))+% |

6
(2/10)

di[n]=doln]-solx]

B 1
s [n]=so[n]+ | Edl[n] J

d [n]=d,[n]+ | 6—14(22@ [#-1]-s [+ 1]D+3(s [n+2]—S[n—2]))+% |

d [n]=d [n]- | %(22(3 [72-1]-8 [+ 1])+3(s [n+2]-s[n-2]))+% |
s [n]=s,[#]- L % d [#] ]

d,[n]=d [n]+s[n]

-
(5/11-C)

d,[n]=d [n]- | %(So[n-i-l]-l-so[n])J

s [n]=s,[n]+ | %(dl[n]-l-dl[n-l])-i-% ]

d [n]=d [n]+ | %(51[n+2]—sl[n+1]—S1[n]+sl[n—1])+% |
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d [n)=d,[n]- | %(31[n+2]-sl[n+1]-sl[n]-i—sl[n-l])-i—% |
s [n]=s,[n]- | %(az1 [n]+4, [n—l])—l—% |

d,[n]=d,[n]+ | % (s, [+ 11+s,[n]) |

8
(5/11-A)

dy[nl=dyl - | 5 ol 11 s0m]) |
~ 1 1
s [nl=salnl+ | - (s [nl+dy[n-1D+

d [al=d a1+ | < (1 [n20esy [ s, [l sy [ 1)+

d [n]=d,[n]- | 3—12(51[n+2]-sl[n+1]-sl[n]+sl[n-1])+% |
s [n]=s,[n]- | %(dl [n]+d1[n—1])+% |

d,[m=dy[n1+ | Csolmrt 11,0 |

9
(6/14)

[l =dy[n]-5q[n]
_ 1 1
s [n]=solm)+ | <= (-eh[n+ 1]+ dy[n- 1]+ 8d, ]+ |

d [l=d[n1+ | <= (5 n 215, [m-21 6 (s [ 11, [ 1) - |

d [n]=d [n]- | 1—16(51 [n+2]-sl[n-2]+6(-sl[n+1]+sl[n-1]))+% ]

1 1
s [n]=s5,[#7]- | ﬁ(-dl[rz-l—1]-l-dl[rz-l]-i—&r:ll[rz])-i—7 ]
d [n]=d [n]+s[#]

10
SPC+C

di[n]=doln]-soln]

B 1
s [n]=soln]+ | — dil7] |

d [n]=d,[n]+ | 1—16(-83 [+ 1]+4s [#]+55 [n-11-s [5-2]+6d,[n+ 1])% |
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d [n]=d,[n]- l 1—16(-83 [2+1]+4s [22]+ 58 [72-1]-5 [12-2]+64d, [n+1])% ]

s [n]=s,[n]- | % d,[n] |
d [n]=d [n]+s,[#n]

11
(13/7-T)

d [ml=dolm1+ | = ((solrn+21+s0ln= 11)-9Csoln+ 1T +50[ 1)+ |

_ 1 1
s [71=so[n]+ | 55 (Cd[n1]-d [n-2D+9(d [n]+d [n-1])+— J

s [r2]=s5,[22]- L 3—12((—63 [z +1]-F [22-2]D+9(d [22]+d [n—l]))+% ]

d [r2]=d [#2]- L %((sn [n+2]+sn[rz—1])—9(Sn[n+1]+sn[n]))+% ]

12
(13/7-C)

d [ml=dol 1+ | (5oLt 21+5ln-11-9Csoln+ 11+soln1)+ |

1

s [n]=soln]+ | T16(5(d [+ [n-1D)-(d [+ 11+d -2+ |

s [n]=s,[7]- | %(S(d [z2]+d [#2-1])-(d [s2+1]+d [n—2]))+% |

1

d [n]=d [#n]- | 1—16(SD [H+2]+SD[H-1]-9(SD[H+1]+SD[H]))+E ]

13
(9/7-F)

dlnl=dylnl+ | (203(Csalnr1]-soln) = |

1
2066 UG [nl-d\[n-1D)y+— |

si[n1=so[n]+ |

d [nl=dy[nl+ | o (113 sy Dn+ 115, D)= |

1 1

s [n]=s0n]+ | 1096 (1817(d, [111]+‘cz71[r1—1]))+E |

s [n]=s[n]- | ﬁ(lSl’/(dl [n]+d1[n-1]))+% |

1

d [n]=d,[n)- | (113(51[n+1]+sl[n]))+% |
syl | s 17Gd,[n]-d [ 1)+ |
a,[nl=d,[n]- | L~ (203(s,[n+1]-5,[n])+— |

128 2
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Enc t
(Tree Structure)

TSFB(Tree-Structured Filter Bank)

10-0412176

(decomposition)

3 3
(band)
Enc t , TSFB (ana
lyze)
4 (Split)
(even) , (odd) , LIFT1
(lowpass) , LIFTO (highpass)
(number_of_sequence) 1 ( )
1 , 2
5 2 (5/3) 1 (reversible)
14
14
X X 1
LIFT 0 :Y,(m)=X,(n)- LM ]
Y Y
LIFT 1 : Y, (m)=X, (m)+ | w+% ]
6 1 ( ) (pseudo-code)
, 4 , LL, HL, LH, HH .
) , FDWT (120,132)
(134,122)
(122,134) (Bit-plane)
(most significant bit) 0 , (least significant bi
t) .
(2x2 64x64)
(122,134)
, (binary im
age)
, 127(01111111) 128(100000000) 1
(graycode)
15 m- m 9 m1-929190
15
gi:ai@aiﬂ 0<i<m-2
gm-lzam-l
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P XOR G din
1 (
Em1=Fm-1 ), XOR (
g:':‘:zfﬂa el )
15 127(01111111) 01000000 , 128(1000
0000) 11000000
2 L
(quantization)
(shift) )
LL LH, HL, HH
, LH, HL, HH
Y,U,V u,Vv Y
8 .
LL n , LH, HL 1 (n+1)
HH 2 (n+2)
, LL n 0
0 , 0
(insignificant)"
9a 9b
(122,134) " (significance)"
1 .
1 " (significant)"
0] " (insignificant)"
1
, .jbg JBIG (110)
JBIG (110) JBIG-1 JBIG-2 .
JBIG(Joint Bi-level Image Experts Group) (Bi-level Image) (grayscale)
JBIG / ISO/IEC 11544(ITU-T T.82)
JBIG
(122,134) (1241
35) (126,136)
, 234 14 234@14
15 15
2 .
(126,136) (adaptive arithmetic) .
, .bmp, .jpg, .tiff (100)
(1 )
JBIG (110) .jbg ( 2 ).
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FDWT (120)
(122)
3 ).
FDWT (122)
, (134)
4 ).
3 4 (124,135)
, (126,136)
(1)
2 JBIG (210)
(3)
(4)
(5) Y, U,V
(6) Y, U,V u,v
Y u,v 1:4:4
(7) YUV RGB ,
(8) , :
2 ,
(220,230) ;
JBG JBIG (210)
, , YUV RGB
, IDWT (226,236)
’ (240)
JBIG (210)
2 (220,230)
(222,232)
234@12 234
(224,234)
IDWT (226,236)
IDWT (Inverse Discrete Wavelet Transform) 3 FDWT
10 TSFB (synthesize) .
4 , LIFT1, LIFTO, 1 ( )
1 C )
, 11
reconstruction),240) (original) .
, JBG (1 ).
, YUV 1:4:4 , YUV RGB
(2 )
, YUV 1:4:4 , YUV RGB
(3 )
, ( 4
Codec
12a(Lena (400x255)) ,
12b(Hobby (791x565))
12c(ATT (512x512))
RGB

- 11 -
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(
(
14
((document
).
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PSNR(Peak Signal-to-Noise Ratio) 16

16
255
, 255 , MSE(Mean Squared Error)
17
17
.. .2
asp— 22 VUD-F (D]
WxH
W H .
13a 13b l4a 14b
PSNR
100:9 ,
100:7
(5/3) (5/11-C)
(9/7-F) , PSNR .
(5/3) (5/11-C) PSNR
(5/3) (2/6)
(5/3) PSNR
(9/7-F) PSNR
15a, 15b, 15c 12a, 12b, 12c
12 15 ,
, , 12 (integer transform)
(quality)
(57)
1.
JBG JBIG ;
FDWT
2.
JBG JBIG ;
, IDWT

- 12 -
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JBG 2 ;

3 4 , 1 RGB
YUV Y U V 4:1:1

3 , (LL,
LH,HL,HH)
7.
6 , (shift)

8.
7 , LL LH, HL, HH

9 . 1 (significance)
, 1 (signficant)
0 (insignificant)

11.
10 , 0

12.
3 , 3,4 ,

(lowpass filter) , (highpass filter) ,

13.
JBG 1 ;
, YUV 1:4:4 , YUV RGB

, YUV 1:4:4 , YUV RGB
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Level 3(root)
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Nurnber

4
of LIFTI
sequUence
ST T,

0 [ W] [ .
T T v 1 T
3 s
3
T !:{>
3 SPLIT |
b
T+ A
QQQQQEﬁ UFTU¢§§§¢3 Low-pass
[] filtering
High-pass
filtering
5
Xt (0,1..n)
Xn(0,1..n}

while(numseq)
{
setup: /1 () BN FE I0IEE ZOIEH &5
split :// BEl ZHE MY S, SN 4L SIFHE BE
LIFTO: // ESEX S &0 [} 5 High-pass fittering
LIFT1: // B S0 L0 [F5 L ow_pass filtering

v T — —) v 1]

down sampling |} upsamplinjg

c|d V' e | e

e = (atb+c+d)/4

@
®

- 16 -
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8
s 10bit -
L HL coefficient (LL) |
- bit
@ G
3y (nbi 4;
LH HH @ ‘W
- [ coefcent LHAD )
+1)bi
ORI
@
coefficient (HH) ]
I e 5
oI
(r#2dbi
@
9a
01001110010100....... )
10110100......... ® 0 bit plane
@
10100...., ey
m-1 bit plane
m bit plane
9b
.—/"r
a1 s {nxn) subblack , (2<n<B4)
O AR AR ]
subblock map

subblock scan order

10
MNumber
of
sequence
] 0 [
T T T T
2z
3
1 D
synthesize g 4
o+ L
original
image
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1D_inverse
filtering
{vertical)

—

1D_inverse
filtering ||
{horizontal)
original
Image

12a

NEWS ITEM! Standard ECO establishes world

record for endurance with 63 minute flight!
Qn.lngusﬂ? 1996 a standard ECO mﬂwmlurausm

active RC ml:optardbis"zﬂsmmnhlg Gm'naru

Elettllc H
for only

IKO0A Ikarus ECO Electric Helicopter kit, regular price $250.00
mlummmmm%ﬂww
ECO cut-performs most hdwghe d, its electric so
wuwwmamm&b ndue ution. Fly indoors when it's
helicopter that is

12b

ECO: For expert or beginner -- best choice in

Or you can use an :
m_vg.lm“ mwrmmmmpumwmh

ided.
Rotor 3 ", i
% diameter: 41. Lang{hmal 35.85", Weight without

Mermal fuines

- 18 -
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documents on the
Web with high
resolution ... another
useful invention from
AT&T Labs.

hitp:/ fwww.djvu.ait.com

12c

GONVENTIONAL J FKir ANa Ll com-
pression techniques only begin to
solve the problem. As a result, Web
site content developers have been
unable to leverage existing

printed materials.

Until now.

Sim

Introducing DjVu

DjVu= (pronounced “déja vu”) is a
highly sophisticated, ground-break-
ing technology developed by AT&T
Labs. DjVu™= is the Next Generation

[—a——Lena

—e— Hobby ——w—  AT&T

AN

Compressed size (%)
¢ 3
» »
L
—
/

20 % A\ o
Mo =
"%
original
file /3 26 §PB YT-M 2/10 s/11-C | 13/7-T | W/7-F
size(%)
Lena (400x 255) 100 (%) | 11.4(%)| 11a(%)| 112(%)] 10.3%)| 11.4(%)| 11.3(%)| 11.3¢%)| 179(%)
Hobby (791x 565) 700 (%) | 8.6(%)| 92(%)| 92(%)| 80(%) | 94(%) | &7 (%) 90(%) | 95(%)
At&t (572% 512) 100 (%)] 8.7(%)| 22(%)| 8.8(%)] 89(¥) | 23(%)| 87 (%) 8.0(%)| 8.7(%)
Average 700 (%) 9.6(%) | 9.9(%) | 9.8(%) | 8.7(%)| 16(%) | 9.65(%) | 8.8(%) 10.4 (%)
Background Image Compression
100 % \
\\\ [C+—Lena —e— Hobby —=— AT&
— ETR T . IR
3 \\\\
o
o 60 % \\\\
-4
?
@
3 B T ST LR
3
: \
20%
© A —
i original
e 53 216 §PB oT-u 210 | S/11-C | 13/7-T | 97-F
size(%)
Lona (400x 255) 100 (%) | 7a(%)| 72(%)| F2(%)| 8O(%) | 7e(%)| 3G(¥)| 82(%)| 85(%)
Hobby (791x 565) 700 (%] BO(%) | 6.6(%| 71(%)| 74K | FE(R| 73(%)| 75(%)| 78(%)
A&t {512% 512) 00 (%] 69(%) | 66(%) | 70(%) | 75(%) | Fa(| S5 76| 79K
r Average 100 (%) | 7.0(%) | 7.0(%) | 7.1(%) | 7.6(%) | 7.6(%) | 7.6(%) | 7.7 (%) | 8.1 (%) J
Fareground Image Compression

- 19 -
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1l4a

as

=
as
= SR P
£ v
k| o | —
o
.g 28
z
é 20
[}
E 16
g'-‘: —&— Lena —&—— Hobby ———— AT&T
10
]
@
L 5
L
5/3 26 8PB o7-M 210 | sti-c | 137-T | wI-F
Lena (400x 255) 3173 3093 2897 31.38 3074 ar 48 3t 49 3220
Hobby (791 x 565) 53 58 3282 3167 3528 3257 33 35 33 34 3336
Atat (512% 512) 5397 | 298 5155 | sss2 5270 33,76 53 46 343/
Average 33.08 32.24 3107 32.72 32.00 32.85 32.77 33 30

Background Image PSNR

14b

as
40
g a6
z
E 20
8
= 28
2
5 20
I
2 s e e
v":: —=a——Lena  —-s—— Hobby —u—o AT&F
x 10
)
3
e s
°
/3 26 §PB UT-M 210 | S/11-C | 13/7-T | 9T-F
Lena (400% £55) 3576 5434 3306 35.06 33.94 3520 34,95 3450
Hobby (791 % 565) 3613 36 28 3377 3431 35.64 37.35 3769 3574
Atat (512x 512) 3677 9510 92 68 35.9/ 3468 3502 35 63 5276
Average 9689 | 3524 | 3324 | 3508 | 3482 | 3519 | 3567 | 3470

Foreground Image PSNAR

- 20 -
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NEWS ITEM! Standard ECO establishes world

documents on the
Web with high
resolution ... another
useful invention from
AT&T Labs.

http:/ fwww.djwu.att.com

15b

ECO: For expert or beginner -- your best choice in

GONVENTIONAL « It AN il com-
pression techniques only begin to
solve the problem. As a result, Web
site content developers have been
unable to leverage existing

printed materials.

Until now.

Introducing DjVu™

DjVu= (pronounced “déja vu”) is a
highly sophisticated, ground-break-
ing technology developed by AT&T
Labs. DjVu* is the Next Generation

- 21 -
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