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A Study on Optimum Subband Filter Bank Design Using Vector
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Abstract This paper provides a new approach for modeling of vector quantizer(VQ) followed by analysis and
design of subband codecs with imbedded VQ’s. We compute the mean squared reconstruction error(MSE) which
depend on /V the number of entries in each codebook, k the length of each codeword, and on the filter bank(FB)
coefficients in subband codecs. We show that the optimum AZ-band filter bank structure in presence of pdf
-optimized vector quantizer can be designed by a suitable choice of equivalent scalar quantizer parameters. Specific
design examples have been developed for two different classes of filter banks, paraunitary and the biorthogonal FB
and the 2 channel case. These theoretical results are confirmed by Monte Carlo simulation.

Key Words : Vector Quantizer, Subband Filter Bank, Paraunitary, Biorthogonal

.M 2 g 799 718 de o] 5 g S o8 N

o o g Fiste 7} fi9& F53} gk Aotk

Aol o =HL(SBO) Crochierere™el 18F @ pOM %= DPCM F07} 72+ gl S 253} 3=
HA). Vettererli”oJa)q thabgl A5 2 SAAAEE 2} gofo) mEAS SEE HE B9 Axw 249

- =
ol FjY IY 7|ed w2 U9 SAIEY AX 94, duidor E9EL Intra Y VQ = Inter

o
HYQ 12]3 HDTV A% I & AH8Eo] 9ok & vQE 55390} Intra 1Y VQE ZF Frjdo] t}

‘A9, Tolistn AIEE A EEA LS} Received: 22 December, 2016 / Revised: 22 January, 2017 /
AUzl 2016 129 229, £=ALE 2017d 1Y 22 Accepted: 3 February, 2017
AN LA 2017 2 3Y "Corresponding Author: ijee@hongik.ac.kr

Dept. of Computer and Information Communications Engineering,
Hongik University, Korea

- 107 -



A Study on Optimum Subband Filter Bank Design Using Vector Quantizer

VQ= F-353} €tk Inter Y VQE EE ool 43
o = oulAel WE okx}r]oth. Westerink 7}
Inter tHY VQOl oY ZPE AlRbsAT o2
ATAEL AN St Tale] i AH e
o o]FEst= AAY 3E Qo= BAo] Slich 1d
12 Mg gA7] 2dla} 5712 gain—plus additive noise

28E ehich

o)

,
v v 0 v _/_t\ o
L Ve | &
+ + 7
;Q=yfﬁ ?
(a) (b)

T8 1. (a) HIE Y17, (b) gain—plus—additive &S =
Fig. 1. (a) vector quantizer, (b) gain—plus—additive
noise model

Alz=gls eIt ZF Alds
21719) ZEE-E Linde-Buzo-Gray(LBG)
S ARESF A 500,000 FEAC] AR(1) A&
:E(n)O] Perfect Reconstruction( PR) Z71& wH&3sl=
FIR 2H d9& F3gich

a2 2, HiE UXtelE o Y EHE™3 X
Fig. 2. M—band filter bank structure with vector
quantizers

ro(n)

vo(n) Qi so(n)

Qo

ri(n)

vi(n) Y st (n)

rm-1(n)
vam-1(n) )\sM_l(n)

QpM-1

a3 3. cield 57t 2
Fig. 3. polyphase edquivalent structure

1A M OAPel A dAS] Rbits/sec) AEEHEE

437 Slg AL B 2o,

1 M—1

WZR]:R )

ji=0
A7, Ri= QA1 &3
2ol kot N@s zte 2=RE 7RIn 294 R

oe Ao BAH,

log, V;
;= Tk @
ek pdf AH3E B 2t ALeIA ] Gk
s o} Wk T o] tehin ™
027 = (R]-)27 mja? (3)

714 0%z GA719) JAE Bakeln, B(R;)E 9
B2 v, pdf el R;sh W) Ak 17 32 vely
WY} 2 GAsh RS Bl Erh o] 5,4 BA

2
J
ﬂg

o

S
o

o

I, #lE Lxp7| 22

1, HE| AR} |
29 1@ ¥ @A kA9 Bl Qe v
Ak 2 48 WE, v=(vpv), A4

ek A I EQ

ro

i)
ol
=
tlo
3
)
2
o
K
1 f
i
frtl
T
rlet
ol
==
o=

[ez]
;9] -8l ol p(y) W o] Fhgate] g
&t €k Vel AxH
p(UA) for veSs,. 24 $Ee Oe



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 17, No. 1, pp.107—113, Feb, 28, 2017. pISSN 2289-0238, elSSN 22890246

DéQ(R) C(k,m)2 (m/k) R[/[l) 1)]k/ m+k ] (m+k)/k
(6
714 Akym)-2 WE 2L k9F k 2D 37l A 2 5
AE AEE Gk m gte] B4} Bk

2. TAIBHEl Z|Z{o| HIE| UX||

Jayant <} Noll”ol] ¢]abd SA35-50] 2H& A7k pdf
= 7N pdf 2 2ANE A2 5 9leS BTk HA
o] wie] Fapy] mRelA g Ee|lelA e Bt &
A8t @ Ap= 79AIgE Bt A5l i3 7} 72
o] 2Akgt A2 4 Utk

2
ful
dlo

Dfy = 127 (det )V = o 7
o714 ki WE A9, R PAlol B Tl
B I Qs T 33 e, rt £

Q5 r=2mek(1+2)4 qle) i WEA]e)

&g} Algreltt. o] el A= A¥E Voronol 4
A R AlgE d”%ﬂfﬂ Folxl Eg Mgt A%

ro- AAtgko] A Q3le] Toeplitz

lim detl'l/k*exp[QL/‘ﬂ log, S, (e")du] = o> 8)
koo _

e, mm(

U% =Dy, ~ 79 22 9
Predictor
P(z) = X7, aie”
a2 4, g8t 7|199| X 6|57
Fig. 4. A finite memory optimal predictor

A7 of = B, )P} 18 48] F% 719j9] 27 o
27199] o Z0a} e b o) A3kt e
QECEREEEEERERDEES IR =

7} AHEEE B0 7
A AHgEE B4 2e Fue A

lll. Gain—Plus—Additive Noise
Model for VQ

pif A 3FE A7)0 gain-plus-additive FS =
g2 I3 1(b)oll YRS o] mdo A $-2]= e
AFRS A

Eol=0, Elvol=0 (10)
J% 2 2 2

a=1——, U,,:a(lfa)auzaag. (11)
U’l

S#)= o] mao] HHskE VQ AHEES BT

LBG g5l W Ze g o= vhast 2t

L z( lo(i)— ()P, (12)

k-1

k-
$21= VQ2] (4 9)7F o] == vEhiS BT
Aol A E{o}=0, Bo()o@}=0. Py HH3}t8

WE|FR7 A ph, = 22— L (i) — o)

L ()

202 ol g

1[]

] hepd 5= Qleh

2 AH88 5 9SS welr Ei o =

HE] obA7]e) W A Bes) 2o

2
< 2—21?/k 2
1_% , (13)

a:1—

v

o714 = ‘?%‘H«] 29 kol o2V H3 H Al
= o]0 o]3}n

o, :E{ (v—0) }:'yi(rz. (14)
A
a=1-72 2/ (15)

7|4 2 = A S5 A5t
Awe] 24 77 Hrk

7 =min{*0?}/0? = [max{* G, }I"" (16)
A7 G 5719 dF oSl Sl 2 vhe

I e o R AR ¢ vk dE ~¥EY 4%
S, () zero-mean Z2ZA| 22 {X(n)}o] H(e™) ZE

g A3t s, () =H()PS,, ()7} =T



A Study on Optimum Subband Filter Bank Design Using Vector Quantizer

exply [ 085, (e

%= . : (17)
o ;5:,1)(6'”))[1(1)
2rJ _ "

B Rl B3} k=8 2 dobd Zo) ohES
FAA77) S B3 1 ol ek AgHom Qe
AU 6 AT, T =17 2

A9 VQ BEAs oxbe e Pk
0’% =9 2&/k=0) ’yf,o;. (18)
V. 22 AS
1. 99 4r( )(p=0.95, mean =0, var = 1.0) Az 7}

4~tap Binomial QuF"" £33t} o] HE ® AFs}
ILBG 41 EL A8 I=89 BAE AT 2 AMRH
ok -2l HE Ad(k=4), =5
2E AE(p=500,000) 2.2 AAQF} o] YaE]Fe] o
Ein 9,].]_31_9. bz x}i:o;q. QH_—J_LO] ]‘,‘l\:}' 9_94,\]34 7%_,/}7]_
3E 1o vk of AfgelePdo® sl{o)~ o, EloG)v(i)}=0
selg 4 vk M HAske wE o gl

Dhg=r2 =L 3 () —a()pe] AT Axs

i=n—(k—1)

7] f18iM Arg

2

Fh(N=32, 64),

i3]

gain—plus-additive #2-

: 2 de gk Aol
S Btk AR s=0 AHEI ARES F 20 U
FAJAL F2 Agstd v
AALE o] AlEH oo 5
e M AE B sEe) A HA o] Wy Al &
Z+e} gain-plus-additive noise R 2dg & 4 9l&
< gspsink

=
o
he
o)

=
<
@
n°{’
o

3 fele AR MY P A3 24 9

1 " o ;
% (i) —o(i)| & AHESIA
i=n—(k—1)

AEHQ  VQ  HZEA dL
gain-plus-additive noise LA AL o2& HW3}S
th AFA o2 ARG 4 AR § gk 3R 3ol LHE
RiFei=y

& Dl = 127 Mo =

LBG HE| UxIE st AR(1) Ms
(n=7500,000, p=0.95) A}t A|S0|M Znt
Table 1. Simulation results using AR(1) signal
(n=1500,00 samples, p=0.95) for LBG
vector quantizer.
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Table 2. Comparision Z{|v(i)]?}sim from test on
VQ experimentally with % from
equivalent scalar gain—plus—additive
noise model theoretically.

Bit rate(B) E'{\?) }s1m O'%
0.625 0.1187 0.1152
0.75 0.0861 0.0969
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Table 3. values of § for AR(1) gaussian input
(p=095). R is the VQ rate in
bit/sample, & is the VQ dimension.

R 0.25 0.5 0.75 1.0
k=8 0.5450 0.1499 -0.0859 -0.2434
k=12 0.1323 -0.2855 -0.5371
k=16 -0.1476 -0.5780
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¥ 4. Paraunitary FB (6-%) A|S8[0|Md Az}
Table 4. Simulation results for paraunitary B

(6-tap)
R R, R, MSE, | MSEsim
05 7 1 0.0867 0.0867
0.625 9 1 0.0638 0.0633
0.75 11 1 0.0471 0.0498
10 11 5 0.0411 0.0422
R hO(O) ho(l) hO(Z) h0(3) h0(4) h0(5)
05 0.38% | 0.7962 | 04281 | -0.1408 | -0.1066 | 0.0516
0625 | 0386 | 0.7962 | 0.4281 | -0.1408 | -0.1066 | 0.0516
0.75 0.38% | 0.7962 | 04281 | -0.1408 | -0.1066 | 0.0516
10 03604 | 0.7885 | 04625 | -0.1339 | -0.1166 | 0.0533

H 5. Biorthogonal 7B (6-%) AlZa[0|M Zu}
Table 5. Simulation results for biorthogonal B

(6-tap)
R B | R EN EN MSEa | MSE sim
05 7 1 1.0046 1.1548 0.08>4 0.0870
0.625 9 1 1.0046 1.1564 0.0621 0.0643
0.75 11 1 1.0070 1.0171 0.0452 0.0465
1.0 11 5 0.9998 0.9990 0.0402 0.0421
R | hy(0) | hy(@) | hy(2) | R (0) | hy(1) | hy(2)
05 | 00990 | 04736 | 0.9449 | 0.0430 | -0.2057 | 0.6277
0625 | 00677 | 04205 | 0945 | 0.0317 | -0.1197 | 0.6142
075 | 0.0411 | -0.3702 | 0.9457 | 0.0210 | -0.1831 | 0.6011
10 | 01291 | -05174 | 09316 | 0.0240 | -0.2166 | 0.649%4
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