DEri=

=8 01-26-98-10
233 GAPE o83 BWTZ|ule] =4 of 4 k%

Ao 4 2, FHY 2 AT A S A, g g aan

FEA183] =E2] 019 Vol26 No.9B

Burrows-Wheeler Transform based Lossless Image Compression
using Subband Decomposition and Gradient Adjusted Prediction
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ABSTRACT

Recently, it has been shown that block-sorting algorithm which is called Bumows and Wheeler
Transform(BWT) gives a good performance in text compression techniques. However, if we directly apply it to
image compression, the performance is not good because the correlative property of image is different from that
of text. So, we propose a new lossless image compression algorithm where we use BWT in hierachically
decomposited domain by using reversible Lossless Symmetric Short Kemel Filter(L-SSKF). To obtain more
compression ratio, we use Gradient Adjusted Prediction(GAP) in decomposited LL-band. Experimental results show
that the proposed method has better performance than lossless JPEG and LZ-based compression method(PKZIP)
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sible Wavelet Transform : RWT)o.2 S-pHE
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Input : banana

AskE el wis 4EAlTel JiddEe gUd
& A%rk 223 s S-S oS s s
L-SSKFE. 471¢] digez Bd¥ F AT o
QUL =)ol hs] &AL GAPE AHgsle] HA
Fub tgel M3 SAke AAEE ©S E
F BWHRE 3= WS ofge Addch =3t
Aot HHEL MTFHAS AFSS1A] ol de9
R AY dole] b5 729 AMe| Sx9 A9
At & 5 Qlok

£ =9 AL ot Atk T4L 3”47
of hsf Adwdstn MAAE Addk Wl o
3 sty NAelAe Akt WEd o8 =
9 Ay FE EdE o A bR PHES
g v M3 v VAl HAES W
gt

I, 2 67

1. Bweis

BWHEE syl forward) ek} «ulKreverse)
HEoz FAE] glom dHole AL A ©
wsbigelle 17 13} zo] djelelE AUAldt =7)
o] BELE o] 1 £E9] dlojHE & %t
ol B3l WA AL duelale Aesid Al
H(lexicographical) <ol 23t Auidsle 22 E
Zet) 53] e F A" 23 diojH=
A dlolelg}l wlY oA ClEw pRAE L
o 7lg 5408 QlE) deleje] sbugh Hsle] 7}
F3lc). BWHiE fxo] 48 8 6 ue]el
g Ze I delHd] #x1 “banana™E
7FAl s Advdskaa) gk

BwHIZe] ubel W F A5 dolelw 17

Qutput: (nnbaaa.4)

index Rotate 1 character right Usfex‘:é‘fg“rsp";_zcszég':%“’ Final column
1 banana abangn) n
2 abanan anabd n e e
3 nabana anang b y
@ anaban et e banan) a a
5 nanaba nabar| a a
5] ananab nanab@ a

33 1. £74d “banana™] 4 BWT
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Input : (nnbaaa, 4)

Qutput : banana

Reorder the received sequence Recover process of the original
and form the link sagqucnece
. Recsived lexicographi . . .
index sequence —cal sort Link index lexicographical sort Link
1 n a 4 1 a 4
2 n a 5 2 a 5
3 b a 6 8 |l > 6
—— -
start e N
4 a b I P - @/,:v-‘ ------- > 3
.’.
5 a n 1 5 P n 1
. -
=
[+ a n 2 6 ............. Ll ( ) 2

g 2. 4% B “pnbasa, 479 Suke BWT

1 o4 7 FApge] vix|g BAER o]FeiR]
2149 “pnbaa”e} ¥ dloly] EAlEE FAlde ¢l
Z(index)?) 4 o]t} BWHte] oJulg} wighe. o3
2 8} 7o) 417 A thgh ARA] Aol 9
T A ALY W dAlink)Ee A A A-EE £
Aldel s PAlE AP AE o)83 Y ExEE
Bsl= HAleg PAEc 4 ¥21d “banana”
ksl B A ¥ 2 el BRe] Qldx
4ojl4 Alztaled “bm& k3 bt QA 30A &
2l “a”E &7 “a”9t AF™ 6WA EA] v E

WA FE Pie Vel 4 BAAe $0un

2. L-SSKF

g Bl 18 AlEE Peli(Analysis) =
ej5e] a7sn] Fe] Ealslm 243ke] Pe
A4S 712 QMF(Quadrature mirror filter)2} H)
7 54} (Non-orthogonal) ] 549z} Rai3t Hajel o
3 shHY Hilo] o]Foix): L-SSKF7} $Jci®
L-SSKF ¥el:x g2 o7y 2] §-P wEe]
Heuch A3 dodelxe) Fuis gio] o4t
el Hejggh] o ARk aeiy Q7] Al
AL} FAlHA AT ARo] W ol G4 ¥
Ao o] A=z qlvk =3t o] Weje At
gy AgE /A R kgt {A
FEYE e glen e RS BE =R
Hg avgoz g £ gle el U
E3), & A7 AH%F L-SSKF(5 x3) Hel& v}
& L-SSKF Hejo| vls] $9 o Extol] A4

o] Heom A T¥™ck o] el LPFlow
pass filter)] = Zol7} 5013 He A& {-1/8,
1/4, 3/4, 1/4, -1/8}& 7}A|=] HPF(High pass filter)
9] o Aol 3oli e Ag {12, -1, 121&
Zh=cl).

3. GAP

GAP: 933 3k 249 7|e7) =g A%
Aog At vy A&l daxts 7
$7] ZAe] ikl A JPEG 239} SollA]
AHEElE dlERiie) & Aso) sk 1y 3
< 8 #=9 & P19 s AaETE B
AE FAECE

GAPE ¢l& #t PSS o83l =3 444
27k 4, Sajulake] 78] RS HHske
Al 4 9} deE TR dys ulEke el )
7] AEE FAse Al de E ke
29 7147] AEE 24 QiAo F o4k

v Current Pixel
Pli.j]

1
—
L

I8 3. 2 Pl jlel HiEt SRelAl o) $1A s
4 27
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AR /1Y e ZPgREle) 79 weke HEst
£ b AMEE S5 FRlEY wEdl el
Aes 7] Hd AdEAle =AY diEext
PHlijlv= oleRe] dmels 4o wel Pk 2
2la o] dmelEelld] A 7]FH(threshold) S
8u|E oA} dlelEel] )3t ZoE Hlolele] Bl
w2} ARSAP) SEA Y 4 glok

I, mekst R&dl A ek

calculate ;= | W—NW[+|N-NN|+INE=~NNE|
dv. dh -

oy, =|W-WW/|+|N=NW|+|N-NE{
FELLjTe ol 2 xp

PLLj]=w

Pl]=N

PrLLjI=(W+N)/2+{NE-NW)}/4

K Yes
(g—a >ag

Pl =(P(1.i1+W)/2

e [Li]=(P [i.j]1+N)/2

PriL]=(3P{i.j]+W)/a

Prhidl=(ap111+N)/4

A8 4. A% 23 PYjIE 97 A daelg

€ EEdMe AREAVE A9 ge 3 s
ol FHold A%e-g 71 BWHEHE: dabdl] 24e}
o &5 A% MATIE el o8 Akt

Aok v 34k dlojEg] A WAlE o)y
el L-SSKFZ A5 oy B8 sasla A
FA4E Pt EF ooz BWHIES sk A
sl #3538 dlgol =3 g5 e A
A7le whieR diY B9 HAFa oddd o)
8 =2} GAPE AMa}gic)

1. AlSH R8st BWTe| g3t

AL T4 Ak st e a9 59 e
DAR vrelAlc) oie Bahg 9jsle) B &8
A= A ()3 4] ()9} zo] LPF(low pass filter)
2] e Z¢]7} 59o|3L HPF(high pass filter)2] I
E1gdol7} 38]Q) L-SSKF(5x3)& AR&3lsirk o]
A L2k H)+= Z2} LPFS} HPFS] &oln)
X202} XQ2t-1)2 glH4alzo)ek Floor(x)e x5
A ke Ho| Aaghes Yt

L(D) = X(2) + Floor(HOHHALD ) (g
H(t) = X(2t—1)— Floor(l(—@—JFTX(M-) @

WA 19 T HY B e 20 28
A(redundancy)e] W& HAFa o] o)
L-SSKF(5 x3)2 33) ul23}je] =43 the ok
1078 g9eg ASH d9de Faslgch o)
Y L AA 94 FE Aol HA gl
FEHEE Mg Yo A Yok oY 6L
=717} 512x5120] 2 8¥)|E 7#o] Hwle zZH= 2
294 CT A& Add ggiag Aot

oluf diy Ego) A3 Ao gk ¥
7 EE AEES AlXl] YiiRleg algsEd A
@) vk old ki #HW Foln] pe i Hlo)4
9 HAEEolr). a7 78 E¥E CT 4] Y

step 1 step 2 step 3
. L—-8SSKF Forward Adaptive
Original . 10band BW Ari ;
Image and T nthr_netlc - Channel
Decomposition (except MTF) Coding
Adaptive Reverse L—-SSKF Original
Channel ——»| Arithmetic BWT 10band e
Decoding (except MTF) Composition £
step 4 step b step 6

a7 5. AR =N od4b ohEyEY BE cele]ady
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ole} o] ¥AAA AL AR F Y gUH
AF A J BEoa slod BW HEE s}
gt 23 8L 10719 o= A dygg &
ZF CT Aol ois] ¢ =74l 256k wol=
& g B2o2 Ae]dle] BWHIRE A5} gatelx
A AeR 3 e W ¥4 JPEG ¥F
abel wial b Aol WEE E 1 o &
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a2 8, Aaa dY 24wl CTIA] BW ¥g

24952 stz € o e 4L 29
g Ago] o)Foixe} Arle e vidicl =7t
Akt whle] Aelds R v B Ay
B g4 z3she B MTF A2 e A
314 dghr) Wil 7139 BE A 4 T2
Azl £ AL 2vka & £ Stk

2. ExXZo} CHele] GAP X33 BW HEe
a2t

B A7die 4F Ase o idskl Hst
o] L-SSKF(5x3) &3 "ejal 4] (D} 4 =7 4
Aol gge pgsigct et #AFT tiodl
LL szl of4ls] sazte] AdftAde] wel et
oA At meka] LL Wi=e] el AgAdE Eel
Eoger il 444 2 sidiE Wy
Ql GAPE A43l olZexg AQskict o2
T A9 45 oAkt o s HL, LN,
HH d¥3Ee) AAE § BFoz 3o %
BWHEHL ¥ & HeA ke FIEIE BIch 2
Y 92 A3 W) AA AHelabgE e

21947 LZAlge] PKZIP, ¥& AY dwe&F
(Original BWT), %<4 IPEGEZ?}, GAP I1#]il

d
YL o LL'
Qriginal LSKF | Y Forward lﬁ?tﬁ‘r)n“evt?c Ly Chand
Image " Decompositon | Yy BWT
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E 1. o2 A8 348 Wyt 45dE va

o 71&e] Wy _ A B
Original L-JPEG ‘ LSSKF | Lsskf | LSSKF
KK PKZIP BWT (mod 6) GAP (10band) | +BWT :gvﬁ
Babara 7.582 6.504 5417 5251 5220 5.069 5.025
T 3.785 3112 3419 3336 3.461 3.034 3.008
Lena 7124 5507 4.565 4.401 4.540 4.487 4392
Peppers 7294 5.638 5.064 4.745 4833 4775 4.673
Sailboat 7.249 5.924 5.500 5251 5364 5.281 5.185
Tiffany 6516 5278 5.088 4.876 5018 4953 4875
e 6.592 5342 4842 4.643 4749 4.609 4536

L-SSKFE Al43} cjadRd uhy 52] 788 F
A dEaE B 3] RS E1E
T gick =3 BWwEe] MTF}AS ARbste
AA Ag 2 dd9 BWHHE o= Su=lEd
nlalA] slgdch

- UL

Aok FEA S whHe] s 9 9
slo] e we) Age sk AYel S

¥ oake 727171 512 x5120] 2 8u]|E Z1dle] =
4 zZ}= Babara, CT, Lenna, Peppers, Sailboat,
Tiffany 3Atelm 23 108 AfPe) 218% s
olc}l. dubdom YAake] ¢F A g SHrlslr] 9
g o R oFEE JdEENE Fele] fwuglith
A W $3EE A4sl] A% bppit per
pixel)e]ck

% =9 T3y
EEDER) @

bpp =

(a) Babara

(d) Peppers
o7 10, AY 94E
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=5 e B33 GAPE o] 4% BWI7|Hke] F<24l od4) g

& 454

£

£ 40+
3.5
3.0

~-ll— SSKFBWT
—®-- SSKFGAPBWT
..... A BWT
—%—LJPEG

- GAP

—+— LESKF

T T T T T T ¥
Babara CT Lena Peppers
Test image

33 11, 713 W) A yule) dezs Hla

27 112 7|28 byt Aeket wpHE Ay 4
Abell Agsle] 73k QE=doln dEZYS} HE
TE Aol EolE] ¢ Aol A0E 5
4% By gtk E 18 AY 9kl e Lz
A o] PKZIP, 82 #¥ <w2|5(Original BWT),
B4 IPEG ®489t, GAP 123l L-SSKFE AR&
g 9 RE wby Fo] 7129 Tl shEPEE
s B m=Rela AR whHe] $3AE-g wlwdk
ANE Jeplglch

1 oA ®50] AjlRE L-SSKF + BWTS] 3
F wpL 7129 GAPE o443 qi&yhs wls:
3 AE HolAW olE 7|E hEWYE Mok
HFA7F 0044 ~ 1993 bpp AL FolR = g
e NAE Byck 3], 958 9Ake] BWT
e AL duc} sHold b AlEE Belm
Wk W et ohEadwel SRE 9lE AjeE
L-SSKF + GAP + BWT W& 7|& & s
o wisia] HArl 0.117 ~ 2.066 bpp AER
oA FwkHo R ¢ a2 HAE BY
o} ol AR WPEe] ARAZ} HE EA d
olefol -7t 9% A& 7 BWHEE 3
ap71el ¥4 L-SSKFE o]8% tl9idds GAPE
o]k A& ubg A4ale] G4 HTke AF
& E97) wold.

V.d &8

B e 4% B AY gE B g5
Hohd 4%e) b #% BL ¥F duelE

I T I 1
Sailboat Tiffany

BWHELS gi)el A3l FEA 5 AeE 7Y
Azl wel o8 Aldsiach 3 dael 7z
e Bhh Alo)e] A Ze)7] 98 L-SSKF(5
x3) GelE AHeslo] 10709 dides T4l A
24 BEE ¥ F d9 2R AA AR shi
9o BEog x2)sle] BW W] HE3lgdck o
g & o v E AeY e el
L-SSKF(5 x3) gej& Alg3le] 479 dded &
g & LLojedol &2} GAPE A-4% % BWH
g Fegslgick AR HHES 92 A9
GAP <& o] V2 EF=HRAT 7189 &
2 A gS PR/ MTF A4S AHs)
A wghe v Muldre A vk & 4 gl
=3 45 AE5E 9] A8 =9 d¥e '
Azt Aokt vRHEo] 71&o] whgrc) ofF 0.044
~ 2066 bppA= /A" Aeel e AY
& B3l Falsigich
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