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ABSTRACT

In DWMT, CMFB is employed in the synthesis/fanalysis part. The CMFB uses filters of greater length than
the DFT, resulting in reduced interference between the camriers. In addition, the CMFB system is computationally
efficient and fast algorithms are available for their implementation. Traditional designs for the prototype filters of
CMFB usually involve nonlinear optimizations. Thus the required design time is considerably large even for small
filter orders,

In this paper, a prototype filter design method for CMFB is presented using optimal window method. The
design process is reduced to the optimization of a single parameter and consequently the required design time is
much less than those of the existing methods. It is shown that the stopband performance of the proposed method
is better than that of the Kaiser window method.

LR vire] 2zt v slelel2 Wzl A4

I.ME e Zlgolch WesEe] HE R ojA| |
Al wlbsl 2R 541 #7dellAls OFDM (Ortho-
de)slele|(Multicarrier) WEE A Ads o gonal Frequency Division Multiplexing) ©.24] <

B MBEAGE Pra Y defedd WY o T3 glen, ADSL3} 22 4 AedMde

* RTAEA T (junghak @etri.te kr) g Boieba o 4k3-#}2(scshin @ visidsp.chonbuk.ac.kr)
wex ARt T AR} - ARFAR  (jgehung @moak.chonbuk.ac.kr)
ZEHE . 99182-0514, Azl » 1999+ 59 149
w B 97 EFHA S47)E S7IA(97-0100-1001-3) A€oz s Euo.

1586

www.dbpia.co.kr



EHAEE o 84 FEIE Hojr] AL DA W2 ezt

DMT HH]e2a Qs glef

DMT2} zlo] DFT(Discrete Fourier Transform)
Yeiuia g ol4she A Helsfele] kgl
FFTE o435} Al2e8 4408 T78Y + 9]
L0} R9(sidelobe)2] #de] -13dBR AP3s] =3
Fale AMEY Aol AMHAEEL PG
o] FAEcL DMT wle] A= o2§ e
2oy S8 AEEE 2 dlels] AaHE A
F-Hol cyclic prefixE g whle] A=t ]
= MEAGEZ ] dFe] 2E 49E Fe zle
B, v} Ade dga 3% Hol7) cyclic prefix
Ho v} zlehd ArApdEe] A8 uyHA ek
=3 DMT Axdle)] e Ad ¥ S99 2
o]& £9)E% TEQ(Time-domain quualizer)-‘-’] ]
52 AAE duEEEe]l AEN®. 2=
o Ade) Alzkel wid =9l s}, okRlsl 93 =
gold ARte] 3] 59 2 o= TEQ2] #
el o)Al zhemde] Wl fx glow o
£ A o] Al As Heldx so|dw) 2
< Apde) g5k ¢S 4l

DWMT A|&jle- 2 ABAhd Hel&& tl#lals)

t o ol Nyquist 54-& wh5sbe S L9E
% ’Mﬂi B B4o] SR E tixjglgie} B,
o] A% Fal 2MEY Aoy ARALGE 7
"QO] %01501 DMT2] 7-$-9}= &) cyclic prefix

& 24 Yolx Ho g 7ol At B )
AA =k wleha] cyclic prefix® Qg eHI=F
29 4 9lex TEQE] wlejatAlql Ao2 <l
A5EAL] AMsE wY 4 vk DWMT A2y
CMFB2] synthesis bank®} analysis bank&- Z}2} 4
Alekat $ealche]] ghgghosa] Aawld A4
¥, CMFBe] 744 Nyquist 54 253iriq
g E4do] F& 43 g E tiAllely, o ¥
el g AR WEsle] Ausd gej g hEA F
na DCT(Discrete Cosine Transform) T<; il
& AMRE 9 9o FEe] Zhdsht

71&¢l CMFB €3 He¢ ozl s3bg: PR
(Perfect Reconstruction)g %HEEA|7]7] ¢ w43
#Hzz HE FAY B opjel HAser =
& FeheiEe] Bolr "ElE tiAlished e
Alzto] Ag=r) 817 Parks-McClellan ¢&]5-8-
o]-83}AL} Kaiser 9595 o]4sle] ZAlHem
PRE UE3PdA "e] tixlelA] FHElsiob sl
Haprie}E shiz o2y gH Al AJ7ke-
a7 5 ol whge] AAHYH M, £ =Reiln

t optimal 95978 ol4¥tezs CMFB 93
gele] ¥4 BAe o A 4 gle dRkl
HPES ARk 3 AR wiE #HAsse)
e geinjer) @A) shieloir] TRl Alzle]
Fa tjAjale] feoldt Pk ohje} Kaiser Y%5-5
o]-24)} ylrr) distortion emor$} aliasing error7}
o] SAkgle Baloh

. CMFB

CMFBA= DCTE o83t 3AR] g 53
slo] Yepll=zE Fn, DCTH o 71 /3%
DCT-IV7} ARREIc)

CMFB2] -F-4(analysis)@E]2} 3Ad(synthesis)Q
B o o] sk

hk(n)=2p(n)cos((2k+l)ézﬂ(n—'bzbl)+(—l)"-f{-)

0=n=N—1, 0=<ksM-1

filny = 2p(mcos 2+ 1) (= 5L ) (-2 )

0=sn<N—1, 0<ksM-1
€3]

A7 S Ay e e ERhe e
W (St ful(n)S 2 B4 9 $AgE 4
Ha e v

[T /_‘\\ VA
l I:“\ ..\ I: [I.‘\ "\" -

e P —5n —3n 0 Bz Sn
IRV M ZM M EM

3% 1, CMFBY] 13 ¥e9) Fulp ~YEY

JEERENED

o L

28 2. 8-#'d CMFBS| ¢ £

1587

www.dbpia.co.kr



A 8H] =22 *99-8 Vol24 No.8B

2% 12 A= CMFB] 9% HE)e} 3A}al
Wy dele] Fog 2dEYS Holw gtk
¥ 2% 8-Ad CMFBe| Ful $to]s DFT ¥
B ®=el] vla) $499) 2718 WA ¥ 4 9ee
Holx, glrt.

. CMFB2| ¥ ®E| C|xQl

M-3'd CMFB”} PR(Perfect Reconstruction)£-
WFE7] feide 4™ ALE R SHpairwise power
complementary) 718 W&o} gtk o] 7% &
¥ el Yxde A3 H-seol 2 weng
0] Bom uetd g8 tapRl Azle] 28 29

ok oA, Bkl WAy FAs A AAR o

JE SARRSE PRE 9hEsPA] alissing error
A8 AHIY 3] HEES HElE vl
LR

H¥ g8 A9 4 SAe) Aol A
82}, ¢] u] AR(Approximate Reconstruction)o]] o]
& 2L R Zrk

[P e™)\=0, for lal>z/M
ﬂei“')zl, where ﬂejm)zzgllp(ei(w-lmlmnz (2)

ez 7Pt a/mel F7143¢ o148 ohest
Ze] & 4 sk

T(e™)=|P(e™)*+|Pe ") <wsr/M (3)

A (@), )22HE ogat 22 54 FP4(obje-
ctive function)& o]&ehd = gjc)

¢ = max | (e™)*+ |P(e" "M _1|, 0= w</M
CY)

webd] ARWHAME @7 Hav) HEg 24
g FA4E AN 98 e E ORRIg

A A¥ Hel tiAfl yEL giE blAd
3 s AL ARert ot wklloja o)
e wiAY #Hasl uhe FalA guMw o
A oR U8 HelE claRlshs WrHe A3
o Blelde elegE AEsled g
Patks-McClellan 2l318)5-g o]&ale] g %= 9]
= YelEol At galg s HAaeem o
A 3h4e] Helrlels ARl AlR BA

1588

gk [7]904E Kaiser 9598 o4k g8 o=t
L g ALl ©A] sl slelvlekke F
A= WS AAskz glch =3 8]l AA
g 54 Fhrode o A2E e B3 g
AAsle] AaraEE ZhA5c)k

£ eFolMe opiimal 92978 U8 e 1)
Alelell =85k, [7]614 AARE B 4B o)4
3 el g vAIE) $j8) @A ehie] s
Elghe ‘#A5 o) Optimal Y9 Kaiser 9%
Soll Wld <o) A= Aol glod, Un$-S
t)A18ls o 9leIAE Kaiser 9%:9) w]s] vz
2 Zkds)e)

1. Optimal {I=RE 0|23+ &g

AESE ol AT Aot A%l UH 4n)
< vt 2 yeE & 5 gk

,b( n= hideal( ") u( 11), (5)

sin(w (n—0.5(N—1)))
a(n—0.5(N—1))

9714 w.= AEFARE vEhlE WS A
o] N U= Fpolok B R wn)e
optimal H=-5-8 AMg3}™ optimal YES$-F 3}
= gL oga)

w(mel AT Wa)= T ulmaroleh &
4 ek =3 o2 2R ¢ 5 Aot

where  Higep(n) =

b= [ 1MoL ©)

J7]x] o+ optimal $%=$2] stopband edgeo)
ok 6y = oA Al =8k H2o) FHe]
of 3= ofo]m] Parseval®] A28 Algsle] i)
o7 Aok 2 Ao vehie tiast o,

Fimempde ;) ze Bum=1

[W(el®)|2

Minimize this
part

3%l 3. Optimal #%-$ tizlel vpy

www.dbpia.co.kr



EHAETE o[ 43 UHE diofe] F4l4 24l H2 Felda oA

ulebd, 28 3elMAe A4 olftye] A 9
B ol AR A HEgA dYe] Hiv)
HEg 9558 tARlzbd ek 4 (6)9] 4,90
e AL ¢, F ¥

8= [ IMeP-42 ®

¢ IS oAR] Aok 2R FH7) Hofob
sl golrt £ =RelMe A4k Hejal (8)¢]
7} HEE sle dE=9-F viRllgct

T e w, e(2F v o] ALt

w=[w(0) w(1) -+ w(N-1)17,

e(z)=[1 2_1 z—(N—l)]T

®

DE o183 WMe=wTe(e™oZ ESY 5
ewz (5 win)S A

[WMe™)NP=We™) W ()= wTe(e™ e(e™)w
10
¥ o] BRY 4 9low of7)elx (*)= compl-

ex conjugate, (~)= Hermitian operationg £3%lt}.

(10y& (&)l =Rsiska

b= w" [ [[E (04w (11)
oln o37]4
E(w)=e(e™)e(e™) (12)

otk N XN 8 E(0)2 (m,m)) sl &
En

—Hm=rmao

e = cos(m— mw— jsin{m— n)w -(13)
o] el w2} E (o) Hermitiano] Ech Hat op]
g} o|7e] F<4¢H V(wi¥ antisymmetrice] ¥tk

wetd wiV () w=0°] i ¢, o} o)
z¥eke) At

¢,=wU(0) w (14)

714 AL U] (mmell Hddte dae
okt et

= )G Sin(m—n)g
u”‘"“J;COS(m N P L (15)

0<m, n<(N-1)

e &9 elvdA] At 2L wi AHElA
e ohgat ok

wiw=1 (16)

#$E Ulo)x HYs] Apolwir] diFjojmz
U(e)®] frA|(eigenvalue) B2 =5 Agolrh
ez 9] oA Al 2R ¢, 8 H
7} HA e 2 (14994 U ()9 Zf3 Zol
A W P Tl AT FAdeh w1} o] o
o sishe arfrael(eigenvector)?} Ttalat she
optimal =4 w(n) 2] A5Fo) Hrk

(4= vl2A Audse] gerE o] 4% gy
Akl WelE A2 B g4 Apgdi
A v(e™) =|Pe™|PoR FAE "] We®)
£ BA3RE (F Ve sl oA E¥3
W 2 F2ALS ve™7b TAFE2E Nyquist( 2M)
gely-g ovlal) Rk Z

WMy~ b= (),
i " an

were s=( b 120

o Yehg SxA ek
ol& olgsld Fr AN 24 Y4E ve
s} o] & 4 Sk

D reso ™ MNAX ,, ool 3 2Mm)| (18)

webd, wkAet AR o] A2 B ol 3
7t HEE 0% [Ffj-agptdd BN
M) WhH(iterative method) S ARg-3)e] A3}
Fozd 4% FelF TR ov BF (0, 55]
Ale}d] kg zherh

2. Y EE oxel of

(71 (8]l Akt wEst wiwslr] A
ABAE e M=32E A3 Yy Hdole e
E el A AP Ne=2mM(mE FE] A
A 228 WEIHEER UAQleef R o] ¢
ol Wlde m=7E AL oL 0.01306 2
gt

1589

www.dbpia.co.kr



R4 82 =14 '99-8 Vol.24 No.SB

Matlab-g& o]-83}e] Algwjold ¥ Zw} B4 3§
T b= 28 48 @M AEH 00 BF T
(convex function)® tiehiel ¢ ol FHighe
3.2419x10*el%ick ¥ 49 (e Uy "
271§ dBR X3¥ Aolw ¥ 48 ©& M
E #49 2718 ¥) 9 442 R Aol
o} 13§ 49 (d)+= distortion function®] 718 v}
e 3 glct 1] 49] (e)+= tix|el=l CMFBS F
g geivy 2] 49 (De FUI B g
7¥AE Kaiser -9 oj3) tiajld 18 g}
optimal Y=-9¢] 28 tixlAd 4y dejg wix
g a3oltk aFellx] B ulel o] optimal ¥
E9o &s] ol ¥ %IEH F-4e] Kaiser
1590 o8 vaelg Zwd) 2AES B 5 vk
uh o] o= ezt adf*l?dt’r et A W
A Fge] @7l AR el FE%07] o
ol 2ol bt yolzle 2 gt A% Aske
A9 glet. HElE dlole] Fald] 83k d
Ae 238 ¥4 B4o] F& optimal =4 W
Y& 2= o] A1E AR&7k(inter-symbol inter-
ference) A7l ©] EgAe|ck

£ 12 optimal Y5 upyel] o4 txlag ¥
3 Welo] FAdorh

®

1590

©

-q--_—-
----——-
m-——-—-
——TT 1 1 1 1 .

(e

dashed line : Kajs#r window a| ppronch
solid linw upt imal window appro

®
33 4. 9% " tizial ¢

www.dbpia.co.kr



EHEESE o143 FHE dlo)s §4 249 Wz deja vzl

E 1. tAalE 49 E28 34

Max. Reconstruction Aliasing
Sidelobe Etror( €., ) Emror( g, )
-89.7 dB 2.414e-03 2.74¢-07

£ 2. AU o FAol 9] 2] e OB

Max,
M m ] eloberam) | 572 Ea
4 -54.1 234e2 | 3.72¢-4
8 6 -81.9 22483 | 2.67e5
8 -106.77 42663 | 9.64e7
4 5417 2.32-2 | 1.87e-4
16 6 -81.87 221e-3 | 1.35¢-5
8 -106.8 4.05e-3 | 4977
4 54,21 2332 | 94e5
32 6 -81.94 224e3 | 6.77e-6
8 -106.8 4.03e-3 2.5e-7

3. MExE 2t E2|moj= He Zolo| e
CMFB &4
X 2& XBAY 5 m3 Fse)= W] o)
mol| W CMFB®] B4J8 nQlck Holx] ® n}
o} o] AEAY Foll wE H Ry =9
reconstruction error®] W= A9 ¢k et A
BAE 47) BErE BE Ao} 4eix)7) wie)
aliasing error= ZhA{ch @i AuAd S} 3
gk ge] Hojr} A48 gliasing errort= FhAgkc)

V. d &

Optimal YE=$-8 oj4%t CMFB 913 %] tix}
ol S 2As} o] W<eElr] wjdel PR AlA
ol vl We) R AIZRES E2AZ 4+ Sick
3 Kaiser HE$5 )43} upbgel ujs) v
6dB71A] o AddE ¥4 BAE JRAe ¥EE o
A% 4 g Bk
Window whg-2- o]8-8) vizlQl®l Al2¢l& PR 4]
26l uwEslAlE AT distortion errors} alia-
sing error7} AME- B4l ele AR FEelH
235]8 PR Alxgle] vis) g A& o $4 ¥
4 Qvkh eleidt AL HelE 4l ¥4 A% 4
AEAY) ofgfe] clE AHAdd HA wA=F

slolsi el ulsickn & & gk

1]

{21

31

(4]

(5]

[6]

(7

(8]

)

#gIEH

J. 8. Chow, J. C. Tu, and J. M. Cioffi, “A
discrete multitone transceiver system for
HDSL applications,” IEEE Journal on Select-
ed Areas in Communications, vol. 9, no. 6,
Aug. 1991.

J. 8. Chow, J. M. Cioffi, and J. A. C.
Bingham, “Equalizer training algorithms for
multicarrier modulation systems,” in Proc.
ICC, 1993,

M. A. Tzamnes, M. C., Tzannes and H, L.
Resnikoff, “The DWMT:A Multicarrier
Transceiver for ADSL Using M-Band Wave-
lets,” ANSI T1E1.4 Committee Contribution
No. 93-067, Mar. 1993,

M. A. Tzannes, M. C. Tzannes, J. G. Proakis
and P. N, Heller, “DMT Systems, DWMT
Systems and Digital Filter Banks,” in Proc,
ICC 94, pp. 311-315,

Stuart D. Sandberg and Michael A. Tzannes,
“Overlapped Discrete Multitone Modulation
for High Speed Copper Wire Communicatio-
ns,”  IEEE J. Selected Areas in Com-
munications, vol.13, no, 9, Dec. 1995,

A. D. Rizos, J. G. Proakis and T. Q. Nguyen,
“Comparison of DFT and Cosine Modulated
Filier Banks in Multicarrier Modulation,”
Globecom 94, Nov. 1994,

Yuan-Pei Lin and P. P. Vaidyanathan, “A
Kaiser Window Approach for the Design of
Prototype Filiers of Cosine Modulated Filter-
banks,” IEEE Signal Processing Letters, vol.
5, no. 6, Jun, 1998,

Charles D, Creusere and Sanjit K. Mitra, “A
Simple Method for Designing High-Quality
Prototype Filters for M-Band Pseudo QMF
Banks,” JEEE Trans. Signal Processing, vol.
43, no. 4, Apr. 1995.

P. P. Vaidyanathan, Multirate Systems And
Filter Banks, Englewood Cliffs, NJ: Prentice-
Hall, 1993.

1591

www.dbpia.co.kr



T2 A8 =F 7] '99-8 Vol24 No.8B

2 N alJung-Hak Kim) A3
: \ 1997+ 24 A Efta Ao
A& (F=AD
19990 2% : ABdtm Aw
FAEEIHEEA A
19994 34 ) : ETRIGT-%]
<] Hole VLSI AlF e

4l % H(Seung-Cheol Shin) Az
o 1998 24 : HEfEtE Ew
st (o84

1998\ 39 ~3) - AB R
AFITHHAIA)

<F34] Bel> VLSI AlsAg]

E #(Jin-Gyun Chung) 59
e 19857 24 Bk A}
FHIHFHAD
199113 124 : University of
Minesota #7]-2&tat
(FAAD
199414 129 : University of
Minesota %]7]-2-&}s}
(Fspabap
199533 39 ~3lA AR Etw ARFAFIAH 2
e

1996'd 99 ~A : ARt HRFA AdFa o
74

<F3}4] o> VLSI A3, 74 DSLEH)

& 4 A(Sang-Seob Song) A3l
: 197813 24 : ARfEal #7)
Fas} (A
19801 24 : KAIST #»7) %
AT EHAAD
1990'3 109 : University of

t- Manitoba 7|4 #FE]
FEIEEPAP
1981 3Y A ABOstE HAHRFIE =
2

<FH4 Hop 3& DSLEH, Gigabit FEthernet,
ATM-LAN

1592

www.dbpia.co.kr



