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Optimum Subband Quantization Filter Design for Image Compression

Kyusik Park’ - Jaehyun Park™

ABSTRACT

This paper provides a rigorous theory for analysis of quantization effects and optimum filter bank design in quantized multidimensional
subband filter banks. Even though subband filter design has been a hot topic for last decades, a few results have been reported on the
subband filter with a quantizer. Each pdf-optimized quantizer is modeled by a nonlinear gain-plus-additive uncorrelated noise and
embedded into the subband structure. Using polyphase decomposition of the analysis/synthesis filter banks, we derive the exact expression
for the output mean square quantization error. Based on the minimization of the output mean square error, the technique for optimal filter
design methodology is developed. Numerical design examples for optimum nonseparable paraunitary and biorthogonal filter banks are
presented with a quincunx subsampling lattice. Through the simulation, 10720 % decreases in MSE have been observed compared with
subband filter with no quantizers especially for low bit rate cases.

Key Words : Quantized Multidimensional Filter Bank, Optimum Filter Design, Nonseparable Filter Bank Design, Quantization Analysis

379

1M &8

A (subband coding) 7]&&
Eqoz @, o] Ji&y 7|& 7
a7 AAse Fog EH

B3

o]
el

A Holy

‘H =
a < gEYe
ke

of &
oy
&2 o [m

& FA#A (uncorre-
lated) HHFEZ 2E8H 39 oz
&l nle st AR
Aolt}.

Arde 3g A|2"dA  %x}3Hquantization) A o)
Hole 49 ZWolA 7b} Fa3 aadeE BEn

AN dAE w3 % 1 Ake) BA dheted H9F

rol

%z
HE

E

m\m K

ol £
18

U é

OSL

o2 AFE =2 BA ¥ "otk MEWE 39 £o}
oA FAtsl ado] digEd wyozs @A (cyclo-

L gEeE ARt Y
s B HAFg P
12005 149 269, AAMREE (20059 59 30Y

+
+

-+
Il o o2t

o ot
Prode

A
=Y

Z o

stationary)2t th9)AH(polyphase) W@e] FE=& wholsir),
A Wy Frldor AW(time-varying)dle A3
o EXS tF3 9t} TabatabaiZ} 2:0d RE WA (filter
bank)ell X 423 g3 g 24 WHozE £EAHA 7
d4e Aoz =gsilerlll, F48 A7 484 73
stohe 7Hg bl &8 A®d=(power spectral density)
& 589 Uzune Tabatabaid] 0)&& M ¥ 7%
of ALy AdxEIE o]5H &S v ¥ (gain-plus
additive noise) JElZ Ed AN 2] 21w 99 FF
ARTEE T3 o]y HAlinverse)S #H3td MSE(Mean
Square Error)E T3l HH-& AL

e we de Wag gt JEE S5 e
AE Y (downsampler) % HAE (upsampler)  Atole) A&
(slow-clock rate) AlZof F4& F& Al EW(time-invariant)

Bdm= T
w4 oz &Y MSEZF 89 FTHAHcovariance)



380 IEX2IST=2X B M12-BT M4=(2005.8)

BH9 Efo|A(trace)Z FIEH. 134
o AR A wyge (4 #REIAYG FH2el ¥ A W(non-
orthogonal) ABWIE I AE&He MEE YA 71Ho]
D EHA0], 23+ E&(separable) ABUIE A A A 2
H(synthesis) L& w3 i A77F A= ATHS).

B 2L [4ldA Agks 149 AAd 93 A3s o
Aoz FAAIed 2 FAE Fn gtk Yy
248 FHQ ALE A9, A (multidimensional)
= ] o] E(multirate) FE @3] HAE ‘_”\'P 12k4 7%
o ggors AYe] HA gtk E =82 gy b
HE Bt oA HE WAd e gxta) E-‘Jr"ﬂ gigt o
B4 A& A=stn "e W39 o9 #2(decom-
position)? M2 YAz 2dg JNtez Ao WUy ¥
2 AA e ¢t oldE gy WA qELE ¥
23t Rdg ]%0}‘?1 MSEE A7t g9l 3o Ao
2 f=3te Aol 7Hssith

¥ =Fy 3L oy o 23dAEe gF Uxd
#HAzle e ALSEHE oS FEE dd mdd
et AEa g S B3 ok ARus AlAaHe
¥Arsk mHe] digd BAE stk 3FAME vjEE
(non-separable) ¥E #W3o] gt HH HA WHH 1 o
g Holn, 4 Ae el dF ZAHEE Fatd 4%
S 2AMgth oo g 549N AR Pt

ARWE Xz8

2. Axtet 3 Y

21 ¢xjst 29

(2™ D (@l 23 wie} o] &5 o
A3} 7)ol A FALg) elg]lE who]o] Z(bias
99 Augdo{7][8].

i
o =
o
3
&2
o
B o2

E[v]=0, E[W]=0 M

=v-v

._léa 0
<« _D

(a) -
(3% 1) (a)&E U= HNsE FASE7|, (holST HSS
{3 24
a8y %x3 oy ve

4 vol| A#A(correlated)©]

Hu %23 dele] BA of =0 -0]0] At wats ¢
Hol SPAQA Ao gt 7tdd wdze 3§ dx
o HAHzE UdAEr|E AT £ Qo (2F 1 ()01
Jayant 9 Nollo] A etgh ol&o F&go] t]stdzl 4zts)

ol
mdolthg). o mde] oS *="TF =i e B

R

22 YApst of2fel 24

(T8 26l && dxo H2gd IR 247 (com-
pensator) & z2t& oAt MAE e WIS JeEAe
°l FEIA ALY ¢ M=|detD|7t H= AE A
(crltxcally sampled) AEl2t 3 B =3dME o A
g tF3z . dr)dA De EES 3 E(sampling
matriX)O]‘:]'[ﬂ[S]. BA/34 2E gad g9 28 iy

& A8 k=01, M-1 3% (4 27} F=dr)

M-

H (=Y z%H,,°) & H, (=D h(Dn+k)z"

=0 nea

G, (2)= ZZ-IGH(Z ) o G (2= ng(D” k)z™ ©)

1=0 nen

k& D9 lﬁl(coset) WE] n2 Qe AHLuE 1y
AHsampling lattlce)O]E}

kd
>
rr
=3
g
ot
dnd

10 l~-~o oL@},
@

|

SM—I . G

Cmpemarm
27|92k BAD|E 2E O M U] ZE #3

i 6
(38 2) &%

A Ade BRI st FAuelAE &
(positive)s] o WEZL AEHITh NAAS ThelY g
BAe F837) el NxN B2 99 Dol Q21 N7
9 SAME kg ky ok, }e AERE b ) S kT
2 ol$3w Dol 9% DeAEYL o] hDark) L
£t ol e FHU BAY BHAE SUsl 2§
Bk webd 2A/E4 2H WA ooy 92 10s
G@¢ Agds Bddn. FEUE A3t PR
E2 ol53 g9 ¥4 2UE YAkD BA% T4 ¥

WAE O ez 43 (28 3) (@8 deth

!

o off, o

HP(Z) =[Hp,k (E)]MXM’ g,(2)= [Gp,k (2]
0<phk<M-1 €



8~ o) 1 S W@ N2
x@,,' _z:ké@__ ,V,g(_] ér S0 | ﬁ,@%;,@_y@
12 -5, @ % gzgl &8 70 ) gj

. H,(2) G,(@ .
. Yoy .
i
b () Ve & _§ S _ ‘_J
Z_EM"M.l ® Dpy Mait (L‘ 55 e
Compensator

£(n) v(n T n(n)
e o, @) [ 4 s L g |-

(b)
(38 3 (a)cisle S7F 7=, (b)HE(et HHS ALZSH £#3

oz FAE FEo| Yoz A o) & HAY] B
Holrh, ¢ Az=de A ) 7x1e T8 o] Fd
B o] M(spatially-invariant) (18 3) (b)Z} o] THF
A7l A Agt St iz o] 5(diagonal gain)¥ BAS e}
We PFZejrt

2
[oF

A=diagla,,a,, - ,a, ], a=1-—"for i=01,.,M-1
U s

v

S = diag[s,,8;,*,5 4] 4)

ZAHQ ¥ o 1,@= (4] 5E FHHY 7,0 =
P43} AT} BHAIZE Qe Aol Mo Az Zdoldl (4]
§)F o] MxM tZaE BE sty V(D)=9,(2)é0) =
(2 5o P (A NE A=)

1,@=n@)-1,(2)=G, @(EA-DH,(2)E@)+G; (2SR  (5)

B=S4-1=diag[s,a,—1s,a,~1,--+,5, 2,1 ()

1,(0=6,BV(2)+6,(DSR@) =1,2)+7,2)

Z dAg dy 1,0 1,098 1 (22 Bged,
1,08 A5 gtoz Qi oy 1,@0= dY FS
el g b,

FAst 2l BHAA v(n)FH r(n) & FARH|mZ
Fzts} ol 7,09 APYTE (2] Q) o] HEHAT}

S,, ©=G5(2 BS,@BG @Y +6, (=SS, @56 (g

SXX(Z)‘Q}’ SQ(E)“E Zhzh EdE v(im) 3 dg of ] l(ﬂ)
o HEdx ot v G AF H,9 9 6,
= (4 9% 2ol FAHY Hpw B Gon e MM E4/34
ot Al ™oty

H, (D=2 H,,z", G (D=2.G,,2"

e e (9)
h,(Da+ky)  h(Dn+k,) h,(Dn+k,._)
h(Dn+k,) h(Dn+k,) h(Dn+k, )

Houw = : : :
Py (Dntky) by (Dn+k) - b, (Dntk,.)
gu(DlH'lfo) go(DE+l_cl) gg(DKH']_(M—l)
¢ = &(Dntky) g (Dn+k)) g (Dn+k,, )
pn . . .
Dn+k Dn+k)) - Dn+k 1o
g (Dn+ko) gy (Dntky) - gy, (Dntk,. )

el FEAFES A F A% PdE R, B L k=0

kel
=
oA (4 1) zFol FHHC]

quaq = 229;13&1(1 ~b)B G ™ ZZQZJ SR:! (_1. ~kb)S Gos (

jenken jenken 11

(28 3) R R, 7} 22 29 g 7 @=[h@),

M @1=DDn+ k) -y (Dn+ky )19 (4] 12)5h 2e 54
& Y FEN 9F92 ¢ 4 ok

R, (Dn+ky, Dn+ky)
R, (Dn+k, Dn+ky)

Ryy (Dn+ky,Dn+k,, ;)

R, (Dn+k,Dn+k,.,)
R,©= » :

R,(Dn+k,...Dn+k)) - R, (Dn+k,,.Da+k, )| (12)

MAS &9 QYT o F

°
2 EAsHsum of variance)
<o webA Edd 2359
z

O = B, 1= By =3, () F1 = TracdR, , @)=} +0

(13)
1
o= i Trace[y > G, BR,(j-K)BG,,]
Jjen ken
2 I T .
o, =-—Trace] SR,_(j—-k)S
M [ZkZG D%y

R, (m)=El@V (a+m)] ¢t R, (m)=Er(@)r +mie Z
Z A% vm ot AY MY #E r(n) 9 3@ PFolr) o)
FAE o153 HAV|ZRH BT YIS Uguy A
H 7 Jeol 9ste ol 7F BAETh

ok MSEE AAldl #3d Fez vehir] $18he
(4 100& (A 1499 Y T AHelsd MSEY 43 A8
I AY FE ABE A(15), 16T zo] FAAT.

rlo



362 HEXelSt=EX B M12-BE M43(2005.8)

M
Z(soe ) ozzgz l)+——ZZ(SOe -5, DR, (0 g Dg,

::0 J=0 i

{Z Z (S'ai - 1)2 Rv,v,. (m)z g; (Dgi (Dm + D
m0 i=) len

T3S Ga-isa,-DR,, (m)Zg,-(l)g,-(Dmﬂ)} -

m#0 i=0 j=0ixj len

0,28 (1)

len

L3
B M i=0 G: = aio-Vzi (16)

(A 159 ALE A &5 R, e (3 177 2ol
232 4 Ao,

R, @) = Ev,(n)v,(n+m)]= Elx,(Dn)x,(D(n+m))]|= R, , (Dm)
amn

E AEdE A9 e R (e 9o Aadw
Are] dB -~ S (impulse response) S ARE3le] yEhAH
R, (m)=R, (m)*h,(m)*h,(-m)o] Ht} ZEHOZ N
AA Z89 MSE7L H¥H o2 =(explicitly) ¥4/834 9
Blo] AF mEs A gz 98 259 4#A 2,
WA A o 2 =(implicitly) Z+ 3¢ tl9d) 3= v Eo
g Aoz AT ohg WAl dAE AN i
He 149 AA v EY Fg A3t MSEE #4383 Al

=

i

N

=

71 A9 9A EY(perfect reconstruction) & WAE
e Aot}

(4 159 (2 16) F3te] Bl tig 2 7hA AR
S s 2ok AR, 5, =12 A$E wadol gle dE
a9 7z soA 9 gAY ¥ MSEE 97 "o &
A, s,=1e,d AT g3 gle ol5° HAH(gain-

compensated) *&7} "t} &, £39 MSEE 2471
AAR 27 A9 4% A doh a3y o]HE A9
BAZI FHe de F2E AFEE AL ot} HR
Hog BHH ZHoMe MSEL #39 rA7E M
o324 ZtAIF JFEddl v AolM 2k "E] A o
g B3l o] #AHE AN

3. Mjetet Ao CixA HE W3 i Wy

FJ

£ HoMe 239 g-1+YH 2l (paraunitary) 9t ©}5 3
(biorthogonal) & ®W3d] #d 94d 2Y 2AS A
I AR B0 % HAel Uy WA fRE &
Ei=a

ot

i

1 ™o oAt metRuUe ] HE W3

SehgUE BE was 2 ool 48 6@ =2"

H 22 Aegoas oo ¢hdl Y 20L& W&
tH11j[12].  o7lelA BEA/EA4 ey dEe Fed
(lossless)ol®, #,(2)=#"»(z") o] T},

®(2)=G, @) ,(2)=z2“]
H,DH,(2)=1 and G,(2G,(D=1 (g

Aol 41 B 271L IAYGAAN g 2o siAH

H[12] {h (0} o {2, (D)}

<h(k),h(Dn+k)>=5,_,6(n)

<g(k).g (Dn+k)>=5, ,6(n) (19)
(4 19 Azt BE 0} 7 BE Aol Do A
DHE HolFH o P4 WeolE eV £, (4 19)
2iel S 24 42 ol MU 4F g
4 B 2ol HEEed et gaddds 47 3
% 4 meDndl| diste] BEEojof g8 & 4 9o)
A9 Au 27102 (4 194 Adzre] d@AAE AAE
(A 159 (4 159 29 a9 MSEd B4 L o
&gt Fejrt Aok

>

o)

bl

o} —Lﬂf(as ~-1)’o? ——l—ﬂi
TMeT v Tn T & o (20)

A7) A o =2, 2 hORORE=Do)et. 919 (4] 20)%
80’2

Azglate FHov 5 0% ﬂ%s}lﬂ stEgyEe 2

B 929 BAY e T8

de HAAARAGE 5 =1o|th

siol AAE 2 b F2ARe Yelaw ot 2o

38 FefuEE 9 Was BA
Aol HHe] AA Hol},
AnAe AN 9 A
= Aggrt
HajEs 71ge g mds
sted [13]9] 2w E upe} Zo] Ady P v

T

>
o,
>
2l
o
ox

oo JE L
2
- El
o,
&)
EN
nlo
m(o

11]71 e Z

® ® e

>l oL g fo

o

I
4 2

2 =|Hof 2x12l olZA W HE{W3
=34 (noncausal) 3t 20} o]F 2w He wW=[14]= 24
o gFFyseE "e wWae dwrE(generalization)o]th.



o] FZ —t— BHFuEHI e Brled 2add MY A
%JEH E9& 7HeekA S,

A/ 2E W3 disty o|FAn ¢
A %«d zA % (& 2D g3ty gr=Eag{121114].

<h(k),g,(k—n)>=25(n-p)
<h(k),g,(k-m)>=0 for n+p 21

A7IAA g =g (-nel L& AL Yephdg 22
A2 tg 2719 olFAa FH WA HAx ssaAu
¥ =g e webue Pzse MaE g 2o
A719 "y WIwe u# 3o

AFHL B WANNE AL 35 FR4Y 23
2 Al o3 oMo MSEZF (4 15 16)% 2t

do},
s, o AL Bl dojR=

H ohe AolA 24 0134w
olg Avjech

£
L

A" 5 7te 10] opy
ZH e dAY 98 Fato

33 25 dAet M5 24

A¥(quincunx) T-22 EE3} Az} D=G —11)73: Ab&-3}
o 24d 229 et UE e ojFdn dE Yas A4
gk o] A$ M=|detD|=27} HWEA/AG] ALHE
v 2 g9 A7) 43¢0
oA F-8h= %E% FA gkl ALSEHE AA
AAE Ao E¥eo MSEE #HAssl=
A HEE AAse Aol 43} Jerﬂ
7} AHg et e HHE dugdEse g
E & Rg 71FeR BE 71538 239 Hl_
ZALGTE Z4Zke] HIE 2ge] wE e "y
BAZ 283 3¥E MSEZ AAEd o &
#e = A7 HHe A 9

e *
Ir
7 o
=

=
#e)

B o OF 2
py off o = oo )y
Y to I oIm o rr
E Y
m
o}’.,.i‘&

B o B
kS
=
€21
[ea!

4. NEH0|M Az

AT M= LENNA, PEOPLE, GIRL. 31 MIT9
1 TR/ AL EH’“OE Ao "y HdAEZ Agsge
o AlEgold ZAx BE u£d A& 2HYTL wa
A B =RdAE F2 256256 LENNA %44& 5% 24
2 AEYelH AAE TAFT =3 Aok HE A7
Mo A% BAE H3td 7S] Ald"®  Kovalteviesh
Vetterli{111¢] Zehf-E2] ZE 9 wa g Fr}
THAFE BolstAl 3] fste] F4F dolEd BAA
stationary) 42 REE A&tk B2y AR ANAH
‘autocorrelation) &4~ (4] 22)9} Zow JHo B

ofN iz

oE_l

R, (m,n)=clp)pl (22)

JYYU=S A0 HHO AEHE ARG TH MA 383

Taaa-ph ol oy, e AT FH AR
AR Azt <E 1>e A7e 4F Aol Y 248
Sebole} ke molzn,

CE 1) HF Jao waty 43 A 83, 2

i Pr Py . 0,
LENNA 0942 0972 98.679 52292
PEOPLE 0862 0890 98.081 74780

GIRL 0986 0991 101.899 77.393

MIT 0918 0957 81990 75229

sEUEE "y B3 :<E 2> (QF FA4pixe)F B
7t HE&o] 1914 2 Ale]Ql % LENNA %At thdt 3
2ol vEe sgfuee g WA AdA Ao ®
2b)e 4T FF vES R=1, 15 29 #$ol g LPF
hy(ny,n,) 9} HE Aot}

(E 2) (a)diE2] metrUEz
ho(ny,m,) 2 A5

ZE 439 HX M (b)LPF

(a)

R RO R1 MSE
1 1 1 0.32432
15 2 1 0.09251
2 3 1 0.03829
{(b)
Ln,>n, 0 | 1 | 2
R = 1 bits/pixel
0 -1.478e-31 -0.21326 4.283e-34
1 0.73279 0.53332 6.525e-02
2 0.29306 0.11875 -0.16320
3 -4.067e-34 4747e-02 -3.408e-32
R = 15 bits/pixel
0 1.772e-22 -0.21404 5.578e-33
"1 0.73124 053220 6.728e-02
2 0.29409 0.12175 -0.16729
3 -3.950e-33 4.897e-02 4.055e-23
R = 2 bits/pixel
0 -3.167e-21 -0.21405 1.385e-32
1 0.73123 0.53218 6.730e-02
2 0.29411 0.12177 -0.16732
3 -3.218e-32 4.898e-02 ~7.248e-22
<E 2>0M & F d%ol FH AlFE HT vlESY
WA AR Wsol @ 9L A g wEd F
Ho] MSE® "% 9z Fag v
AA% gZdiueE e e uaE 93t Kovadevié

o} Vetterliol <J3te] [11]e) Aote LEIS A}t LENNA
B 22 2Eg Ak <F 3> Kovatevicst Vetterli
o "dgAgolt. (28 & 9 F AA wid u=
MSE®] ®]ulo|t}.



384 FEAMeIED==FXIB M12-B2 X 4z=(2005.8)

(E 3 Kovacevic & Vetterlie] B|22| TatRUER| ZE s (19 8)& 39 W HES0] R=2¢ 499 LENNA
Ym,on 0 1 2 B8 A AEHA ARolth. wo He FAS T
0 0 “024148 0 7F LENNA® B2, off 223 B4 §-3o 335
1 0.72444 0.41825 011207 98-S wolg,
2 0.41825 0.11207 -0.19411
3 0 6.470e-02 0

o]ZA = BE| WA <F 4> (a)= LENNA G4t gt
HHe] vE &9 g R, R HH BA F s, 5 2T

HoMSE #Eolth <X 4> (b)e HAY " Eg o|FF
3 WALPF  Ay(n,m)=hy(3~n.2-n,)9} wlthy HPF
h(n,ny)=—mh(G3-n,2-n,)9 AF FEL YepdTh

#HAztd sebpuee] g8 93k [11]9 29 93
Hlate] ul ¢ Wug A% S Bolkd 1 ofE A
¥ "E7} binomial 9 Heg Fag¢ SAE YR
ol oA WA HAo) Y AN s ®
@ 727 7oA YAl olF £ MSES FR AES A

20 A L= Bt

9 R orolm BTl G oo HoHOE Il (@ O (a)8122l OIFHD el W30 X |, (DHHe

8|22| o|Z2|W th& LPF A(n,n,) 2 BIHE A (n,n,)

& & & 9t o AL
(a)
04
, R RO | R1 s0 sl MSE
0= Opt. paraunitary 1 11 125789 0.93202 0.28373
~ ¥ - Kovacevic's
-~0-- Random comp
--@-- Distortion comp 15 211 1.07073  0.94538 0.06875
2 311 102098 0.94863 0.02878
(b)
In,—>n, 0 1 2
R = 1 bits/pixel
"""""""""" . - hy(0,1,) ~7.083¢-27 -0.26271 -1491e-19
20 25 3.0
R bitsipixel hy(1,n,) 0.10869 0.82410 -0.34095
2l 2 &slE mole i i ZE|o)
(0" 7) 2xstE mebauUEz(2 Kovacevic & Vetterli ZE{Q] 1O, 921227 025975 L dlde 15
MSE H|w
h(1,n,) -0.10746 0.81482 -0.33710

R = 1.5 bits/pixel

R ) | 243627 0.245% ~2304e-11
T o (Lny) 9.920e-02 081537 032887

I (0,m,) 879228 ~0.24301 229711

h(,ny) ~9.801e-02 0.80565 032495

o R = 2 bits/pixel

X hoOn) | 208728 021618 ~3509¢-20
() ho(lon) 816502 0.79840 030157
h(Om,) 425429 021343 | -3464e-20

(Q,ny) -8.062e-02 0.78826 -0.29774

<E 4>M & 5 ARl A o)FHm FHY AF
AE vELIH Qe T 4w AF 7ol vl 0
o

o rlr

FRistks B
R (228 9l olFAxw Ay WA MSE, o7, o L1
o e HnE Astd defuEe BHY AY gEel A
(2% 8) R=20l 2| HIE2 TAFUER HEf w3el ()= C1FAD VEL T HE MSE @& 2aFs dd 4%
8 S ()02l 24 Rl ARl Kowmoeie & ol SIF Bl w3 sl 2l 2718 A A8 S

Vetterli ZE{ #3329 (c) %%J 4 (dolz] I 4 ok



04

—C— Opt. paraunitary
- 2% - Opt. biorthogonal
---@-- Kovacevic's
--&-. Random comp
---¢-- Distortion comp

0.3 - .'.

01

1.0 15 2.0 25 3.0
R bits/pixel

(3" 9) 2~e matRUERl, O|F2m ZE 39l Kovacevic
& Vetterli ZE{| H37te] MSE H|m

(29 1002 329 HT vES R=29 R=253% 7A$d9
o|%2 % HEE LENNA At A&3 ANBH ol Aol
o FefuyeEE e A5 vaste Asol FAHU

o 0
"=

& % g,

(b)

(d)

(38 10) R=22! <ol HI22| 0|21 T #W3A2(a)=d
2Y, (b)old 24, R=25¢21 Aol vz 0|5
m =) Wa3e (o) 2 LA, (D)ol 24

5.2 &

2 RdAE B ARuE 28 gadA FAs 3
oz g Ao BAF T we Ao Fe HA %
e AT Alre WH2 AU FRI Az F
ol gaglol dutyoz AHgo] shgsitt HEeE dehf

Fatx=s 2ot AXo| MEHE gXial ZE M2 385

Yelget olg4a de WA dArt ojfeion a1 A4
T 94 HolEE ol&sto W FAsATh MSE 9

dMe oleHn 7}t FeHFUE vt 53 A
e Bl wel, sehfuEe] EE 2 AT 4 A
o 549 st Fasive FAol Atk olE [M4ld &
¥ 1349 A9 2e Adolrt,

(11]o1 A4 Aleter Pej9k MSE ZHoA vlaE s1gon
3 A3 AgkE Ay AA g $a4el Y4SHEA 9
& o) &7 Al FAE} dele] thERe] P 9
47 2o AR BAsG e o AW k|
ZEA2e H84E& HoErh B4 gf dde nFd
A A& A0 AEr1e Faste glo] el Wy
g Aotk B8, o] At e WA 4d Ed 5
= BF7e oY

gagd

[1] A. Tabatabai, “Optimum analysis/synthesis filter hank
structures with application to sub-band coding systems,”
IEEE Proc. ISCAS’SS, pp.823-826, 1988,

[2] N. Uzun and R. A. Haddad, “Modeling and analysis of

' quantization errors in two channel subband filter structures,”
Proc. SPIE’92, pp. 1446-1457, Nov., 1992.

[3] K. Park and R. A. Haddad, “Optimum subband filter bank
design and compensation in presence of quantizers,” Proc.
27th Asilomar Conf. Sign., Syst., Comp., Pacific Grove, CA,
Nov., 1993.

[4] R. A. Haddad and K. Park, “Modeling, analysis, and optimum
design of quantized M-band filter bank,” IEEE Trans. on
Signal Proc., Vol.43, No.11, pp.2540-2549, Nov., 1995.

[5] R. Gandhi and S. K. Mitra, “Quantization to maximize SNR
in non-orthogonal subband coders,” Proc. Int. Conf.
Acoustics, Speech and Signal Processing, Vol.6, pp.3689-
3692, May, 2001.

{6} G. Calvagno, G. A. Mian, and R. Rinaldo, “Synthesis filter
bank optimization in two-dimensional separable subband
coding systems,” IEEE Trans. Image Proc, Vol.9, No.9,
pp.1497-1508, Sep., 2000.

[7] G. Karlsson and M. Vetterli, “Theory of two-dimensional
multirate filter banks,” [EEE Trans. Acousicstics, Speech,
Signal Processing., Vol.38, No.6, pp.925-937, June, 1990.

[8] E. Viscito and J. P. Allebach, “The analysis and design of
multidimensional FIR perfect reconstruction filter banks for
arbitrary sampling lattices,” IEEE Trans. Circuits Syst.,
Vol.CAS-38, No.1, pp.29-41, Jan., 1991.

[9] S. P Lloyd, “Least squares quantization in PCM,” Inst.
Mathematical Sciences meeting, Atlantic City, NJ, Sept.,
1957.

[10] N. S. Jayant and P. Noll, ‘Digital Coding of Waveforms/,



386 IEMcIET==XB XM12-BH HM45(2005.8)

Englewood Cliffs, NJ:Prentice-Hall, 1984.

[11] J. Kovacevic and M. Vetterli, “Nonseparable multidimen-
sional perfect reconstruction filter banks and wavelet bases
for R,” IEEE Trans. Information Theory, Vol32, No.2,
pp.533-555, Mar., 1992.

[12] P. P. Vaidyanathan, ‘Multirate System and Filter Banks/,
Englewood Cliffs, NJ: Prentice-Hall, 1993.

[13] A. K. Soman and P. P. Vaidyanathan, “Coding gain in para-
unitary analysis/synthesis systems,” IEEE Trans. Signal
Processing, Vol4l, No.6, pp.1824-1835, May, 1993.

[14] M. Vetterli and C. Herley, “Wavelets and filter banks:
Relationships and new results,” Proc. ICASSP’90, pp.1723-
1726, 1990.

[15] A. N. Akansu, R. A. Haddad and H. Calgar, “Perfect recon-
struction binomial QMF-wavelet transform,” SPIE'90, Vol.
1360, pp.609-618, Oct., 1990.3

o 7 A
e-mail : kspark@dankook.ac.kr
1986 Polytechnic University AAF

&k (&Ha})
1988'd Polytechnic University AAM&
Bt (A AL
19939 Polytechnic University A
st} (b}
19943 ~1996d A AR Hda+4
1996 ~2001d ot ZHAFEH - ARFAGE 2us
2001 ~dA gty AR HAE Rus
DRk &4 4 SFAT A, HEW o] AwAE, DSP Al

>
oo,

| 78

LN |
e-mail : hpark@mju.ac.kr
1984 A &ulgr Hd7]5 8 (gAY
1986\ Polytechnic University #3383}
(H44h
J . .. 19933 Polytechnic University A=}-3-83)
- (2Ah)
19944 ~1996 A AR Add7d
19963 ~1999d B hetw HAA-F&a =

o

<!
o>
H
o
of
2
o
T
Lot
e
>
o
o



