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ABSTRACT

Block FIR digital filters can be used either for high-speed or low-power (with reduced supply voltage) applicat-
ions. Traditional block filter implementations casuse linear increase in the hardware cost with respect to the block
size. Recently, an efficient block FIR filter implementation technique requiring a less-than linear increase in the hard-
ware cost was proposed. In this paper, it is shown that the hardware cost can be reduced further (5%-15%) by

exploiting the frequency spectrum characteristics. Also, an efficient block filter quantization algorithm is proposed.
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BRI 2AEY PSS ol 87 HEHQ BE FR B dak)

AZ72 FIR Yelel Zg#Ql T8 g a7
© w9 wol s sty et AT Ropr) ¥
B oiAIR], 2 "E Alee] 483l CAD &
o] 8% delglzol AWM, 515 s U
3, FIR gelo| 85 ZaAds 97 sf=so) Hg
& e i d3e vle- AUk 220 FRA(Fast
FIR Algorithm)& o] &3l & FIR "e] F&A] 3}
zglo} ¥lEE AT Al AMLHAHE6-9].
2 mRdAMe S BAS 8E TN o
Aoz slzdo] oW E MEe] dualE
o wigled Ha zHA A7l M2E FIR YEe] B
ZZAA e Al w3 sledoly 8
A FEE A BE Held A3 F48 41
2| 5& Atgch MHo|A FFAC] dig) zhshelA &
oty oy AWER] wl& FFAS E&HY Al
o tal =gt MdeA E5 FIR "e|o] A
3t oFzbsl vWhH-E Aorsich IVA|A = sub-structure
sharing® 27030, VAJME B2 e dxql
42 Holt}

o =
)

II. FFA(Fast FIR Algorithms)

delel (N-1) 2 FIR HEl9] &9 y,& o ¢
ol 384 4 Urh

n=0,1,2, -, o, O

A71A {x )& F3 ZHole YFHolm, {k,}e Hol
7t N9l FIR g AFoltt. olg 7129 L-E% FIR
Yol Eejnolz FHe

g Yi(zhz = Ig Hi(z"yz2™ Z‘) X"z F @

st 2w of7)x

Y,‘(Z) ="‘Z0 2~mym1‘+l‘
NL~1
Hi(z) = g@ FRA TV
X2 =20 2 "xpyy, i=0,1,, L=1 @

<

frgesy

olth [7]1. 4] 3% AHxeg FHsA

Y = HX,
= [Y, Y, - YL-1]T-
X =X, Xy - Xx,,17,
Hy 2'"H,., z7"*H,_, - 2 "'H,
H Hy z'H,_, - z7'H,
Hlfl HL-»Z HLvii HO

o]H, Hi= pseudo-circulant3i Z o)t} 2] (4)= o)z}
NLR! L’7}2] FIR HEIE o] &3le] ¥% FIR WE &
TEE = USE Kloh

1. 2-by-2 (L=2) FFA
L=29) A% 4 @2 o

YO +z ! Yl - (I{o +Z~1111)(X() +2ﬁ1X1),
=Xy +2 H X, +H X)) +2 *H X, 5

e

dom olze

Y, = HyX,+2 *H, X,,
Yl = 1{0X1 +]11X0 (6)

& guigt 4 69 FHPA) FEe a2y 19 gk
ol F&& HolZ} N2%l 4709 FIR HE{g} 27)9] &
ZaAY ez FAAEW 2NNl F4719 2N-2
7hel Gi71E Hew gt

x(2k) -

e k*ﬁ}%——» y(2k)

o
——” He } _.:_l_A y(2k+1)

x{2k+1) ~—r

38 1. 71F9 (2-by-2) 5% FIR 9E.

A (H)E W oga g (2-by-2) FFAO
(FFA-type 0)& o4& + it} [71:
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Y, = Hy Xy +2z *H X\,
Y = Hyy Xooy —Hy Xy~ H X 0]

A71A, Hyy; = Hi+HeRlR, X, =X,+X;°|
th 2 (N2l FEe 1y 29 Pk o] F:y Holnt
Ni2¢l 3709 FIR gEl9} 4709 AH/F A w4l
18 AHEshH 3N FA71eE 32— 1) H4ane
Q4718 "aez k. 2y 29 FFAOE I3 19
71E Fxe vla] 25%9 stego] o5& A& F
At

x{(2k+1)

13 2. FFA0E o] &3} (2-by-2) £% FIR HE,

2l (& wEsle] 3&el FFAl (FFA-type D&
dg & Sl

YO =H()X0 +272H1X1,
Y] = _[IO,IX()_I"’II()XO +H1X1. (8)

FFAlel 2j3] dolzl 3= ¥ 33} #uf
x(2K)

y(2K)

y(2k+1)

x(2k+1)

2] 3. FFA1 S o}&@ (2-by-2) 2% FIR He,

FFAOY| A= Ho+1©] AMHE-H 31 FFAl XM= Ho 1]
AHgEth= d3 189 98 AlFE %= FIR gE
E 78 o F=9o] Ears HE A9 nonzero
HlE<o] vt 48 o] &3l FFAQ & FFAI
Z HH-3 AdgS gozx BE geel sledels
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& wW Hot Hi9] A9l A7 Ho- Hio Alge =
/1 2oh g AA B Ho+Hio) Ho— H Bt} Al 4o
A o w2 nonzero MESFE 7Rk (VAL o #z)
Folzl olH 2~ gwre] B3y} e AGRI e
o] A9y A5 Wby Ho—Hiol Ho+H Bt} Al
AM U BE nonzero B|ESFE AT admg 4
dslazt sh= FIR HEle] Fopg ~HEY 548 11
#3lo] FFAQ ¥= FFALS Mujdtoax 25 FIR ¥
B FEA slede] WA MHARE Zo 4 u)

2. 3-by-3 (L=3) FFA
(3-by-3) FFAL 4 Alo|=7} 391 42 9] 7

zoltk. L=38] A% 2] @)z,

Yy = HyXy+ 2 "(H X, — Hy X)),
Yy = (H X\ —H X)) + 2 Ho X,
Y'Z = ]1(]X2 +][]X] _IIZ.YQ (9)

oltt. 4 94l AHF Tl Helzk N3 9719 E
Bloh 670e) & =2y S4lzizt AHSE 3NARe #
A7)9} 3N-3709] QAVIE BRE gt (2-by-2) FFAO
o} ol & (9E WPslr s oo (3-by-3) FFAO
& 95 F Ak

Yo = HoXo— 2 Xo +2 [(H, 42X 1y — H) X)),
Y, = [Ho+|X0+1 ‘H1X1)] - [HoXn "ZV’SHZXz],

Yo = Hywrv9Xov142 —~[Hys1 Xory — H X)]
_[HHQXHE_H]XIJ- (10)

1Y 4% (3by-3) FFAOZ Y] ¢lojzl e 7a
olth. o] Fxi= Wolsk NSl 671e) WISt 107)e]
A5 ZRA GA7IE A8 eI FAl7]
st 63— 1)+ 10709] si487]7} Basit,

(-by-D FRAO 2 /129) el ¥ioh oF 33%
o sugle] o]%5E 4 4 Stk (3-by-3) FFAIS
4 9 des ol BBsel AT 4 Ak

Yo = HyXo+2 "Ho Xy, — 27 [ (Hyo Xy ) ~ H X)),

Vi= —(Hy Xoo —H XD+ Ho Xo + 2 Hy X),

Yy =Hy 142Xo 140 —[Ho 1 Xg 1 —H X|]
~[Hy 1 X —H X,]. (1n
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x(3<+1}

(k42 2 4

—— y{3)

yi3k+1)

Y3 +2)

e F0+HT 12 -

a7 4. FFAOE 183 (3-by-3) ¥

19 5% (3-by-3) FFAIC 2 REl o

zo|t},

x(3k)

x{3k+ 1)

x(3k+2)

# FIR ¥

olx Wy T

y(3%)

¥{3ks1)

y(3Ke2)

)+ Howienz

22| 5. FFAL1E o] §§ (3-by-3) B&

3. FFAZS| =g

% dde] 3R & B "Ele
Hejsl (3-by-3) 5 HEE ol 83td]
goz g # Stk dE
Bl (2-by-2) BE FEof HEYge
o} (4-by-4) €5 ¥
z2HALE o33 2t
Y, +z7° Y,

Y=Y, 4z 'V, +z""¢

= (X, 427 X +27 0 +2 0 Xy)

(Hy+z "Hy+2  Hy +27°Hy).
4 (120 o e WeE golstdl
X(;’:X(]‘FZVQXQ, X1’=X]+Z
HYy =Hy+z *H, H'=H+z

FIR "E.

Q-by-2) £
Z] #(cascade)

go] (4-by-4) 2% ¥

98 % 9

HE Fddr] A Edselz

12)

X,

*H, (13)

g Alat o] vpepd 4= ek
= (X, +27 ' X\ WH +27 HY). (149

P dE oAl 2

Al 10 2 (14)9)] (2-by-2) FFA 2 &

Y= Xy Hy +2 ' [(Xy + XYy +H,)

, (15)
~ Xy Hy — X\ H'1+z""X/H,.
A 2: X, Hyol 2-by-2) FFA &
XQ’H()’ = (X(] +Z¥2X2)(H0 +272}12>,
Xy Hy = XoHy+z2 Y (Xo+ Xo)(Hy+ H)
(16)
—XOIIO“X2H2]+27‘1X2H2.
Al 3. X, 'H, ol 2-by-2) FFA A&
X HY = (X; +2 ' X0 (Hy +2 *Hy),
XyHy = X\H)+z [(X,+X; )H + H)
(17
- X\H, — X Hy1+ 2z "X, Hs.

A 4 (X, + X)W Hy +HO)ol (2-by-2) FFA 2§

(X + X\ NHY +H)=(Xy+ X )(Hy+ H))
+ 2 ( Xo+ X+ Xyt X3)(Hy+ Hy+ Hy + Hy))
— (Xo+ X\ Hy+ H) — (Xy+ X3)(Hy+ H3))
2 N X+ X)(Hy+ Hy). (18)

1Y 62] (4-by-4) FFAQL- 9Nfa7He] F44719} 9N/4
+11702) gd71E gaR ol Z1Ee] e Bis)
oF 44%9] F=glo] o] 5% dE & vk

(4-by-4) FFA1-L- FFAOS} & e 1y 73
ol PHE F AUtk BE Alo] AV} 501l ol
5 (4-by-4) HE Fejoae} Fe WPEoE (2-by-2)
FFAS} (3-by-3) FFAE AMg3te] 8% 5 Stk
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HO'#H1*
e T} sk
S""i HOH? | -/L

n(dks2)ex(dke gy ——t—a THI T} —

xX(4K)+x{4k+1}

y(4k+3)

Hi®

X{4kr 1) — 777@3 .?
HO H J

T o

- L i

1% 6. FFAOE <] &3 (4-by-4) &5 FIR #e].

x(4k+3)

Ha

x(4ky —— Ho_} 1 e Y4k}
— O I3 -)\ {4k +2}
ithed) L T
o
x{4k)-x{4k+1) {HO } y(aks1
b1 -

>— HOeH1 l G y(ak+3)
x(4k+2)x(4k+3) ﬂjv—\f—@——

a8 7. FFA1S o] &3} (4-by-4) 8% FIR HEL

II1. Look-Ahead MAD X}3}

dwtron Fel Aest dxlal S AX N
WA sAdE Bo ol 2 fake SAo] ¢lo] 7o)
okei&] olth2, 10, 11). NUS etai]$s{11]el|a]3= o} 4
Aol "yl AgF /b 8 Al ddlalel 1o ¥k
= Aaraket ohy Alqrshel o)adEel "] Algell VSF
(Variable Scale Factor)® F3L5 okz}lglsic}. VSFi-
2 YW= gm2e))g ARl Alo)zi #lA] 0.4375004)
113704 @asls 2AdY Adgeeloh qlele] VSFr

z2t AEjAFE dRkEs]) el wiA kabayl
AFES W5 002 27315 % o]zl e A
4ol VSF7} Falzl ghah xlabel Ad=ete] driglel
apol 7} 714 & A4l SPT(Signed power-of-two) 3}
£ wiz] gl NUS da]ise sl 4=o] SPT
aHgo| @ B m7lx] Ei= 25R= NPR(Normalized
Peak Ripple) of wHEHHE uf7hz] SPT hag Whgal o
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2 ghgsicl 04375904 L137kRje] RE VSFe| of
o ofeldt dpgd& whata, Hael NPRE A Fohz
kapsbyl wle] Al e

1 FIR Wl At FFAS] A8 ola) 2lojq)
28 ‘M el el Eatci/AAldgiele] NPRo] 4
olu]A]l ety Fr s Al o] E(ripple) & 7}
4 ES obxbehyl A AvElyl 9% vlEei Af
849 7 flok [6]9Asz o] gl HEleh ofzjabw
o el ulg £ EAR) Ae sEe e
I:‘J}‘ﬁ‘ &5he] Hul zke]9l MAD(Maximum Absolute
Difference) & 4 Al &k v}

GagE AevE 2RE W geplee) Aits) W
VSFell 2]3F 2908 #3kg Hsl] ¢lel PPSF
(Post-Processing  Scale Factor)# He|e] F2cho] A}
gahy ohal {le] Akt

PPSF = Max[Abs(Ideal Filter Coeffs.)] / VSF. (19)

W HE AN B Alolm L=29%3" o
AR8-E4= PPSF 4332 39x6°0]mit PPSFo Olzﬂl
shrosfol euEmd sxAl "k (6] = ?P
slrgo] eWEl=E Folry] 9Jska] PPSFE u}—ﬂ}
(e grew Aglbelieh: {0125, 0.25, 0375, 0.5,
0625, 0.75, 0.875, 1}. ¥aje] PPSFE o] E =
71 e kg 4 AR PPSFE WX A7l F
v 3eHAlEE Setal HEe] oJxpEd "yl Al

=t

NN

CHAl 12 PPSFi: X385 Al 2

A
PPSFir ¥38ta Al = <kxbaldl A4 X PPSF. (20
CHAl 2 AlE2S PPSFE 717 ®wiald Al 214 -
Welel Al = PPSF& 384 A5 [ Al2$ PPSF. (21)
WA 3 sk Al krtal
refvk 9le) e wA 3elM ik Al
AL Ghapbslit grelslrisie) AfsLg- PPSFeoll sl A
Ao kel Arg BEg 4 gloh ol EAlE
sk el L editol| A= Look-ahead MAD OU}

gl ruelEs Alekdtrk Aeryl <ruelHol A

agh 2hg s palsty] el Foxl VSFel tf gt PPSF
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HFay AAERL FAE

ol &% B &

FIR 98 il

Z A4bsts, AlAME PPSFO] nonzero B|ES7} 87
He HESRET Zod Fstd Afe VSFY 9
& zAdER AAYE AFe drstgo vy F
o]l VSFe|| gt PPSFO] HiESVE 875 e WES
Ht} gowl 1 o8 4|9 VSFO| s o] F}y&
Ll t-i=

Look-Ahead MAD Quantization

For each filter section in the block FIR filter
{
Normalize the set of filter coefficients so that the
magnitude of the largest coefficient is 1:
For VSF =
{
Compute PPSF by (19);
Convert PPSF into Canonic Signed Digit form;

Lower scale: Step size: Upper scale,

IF (No. of nonzero bits in PPSF) < prespecified value,
{
Scale normalized coefficients with VSF;
Quantize the scaled coefficients using SPT term
allocation scheme in NUS algorithm;
Calculate MAD between the frequency responses
of the ideal and Quantized filters;

}
Choose the quantized coefficients that leads to the

minimum MAD;

Example 1: t}-& AFE 712 o=l ¥ E 2
#A3kz6]: o]l A = {00648 0.1404 0.4328
—0.0818 0.0391}. ©] Alw $=Zolr} 7 BEY o
[6]9] Scalable MAD <fzb3} daelgel o8] cbg
22 oz b3t} PPSF = 0.625, $Aksl A
= {—0.109375 0203125 0.6875 —0.140625 0.046875}.
Al2kgl MAD & 0.0360125°]c). %<2 %F PPSF 3ol
e B =FolA] At dmeE]Bell o8] kg =
A&+ W= th&3 Zrh: PPSF = 0.625, 4xrisl A4
{—0.109375 0.21875 0.6875 ~0.140625 0.0625}.
A qrst ol o]dF MADZES 0.016481250] 3L [6]°)
ol MADZkS] <F 45%<) Eatsith ¥ 8olxe Al
SHEE o] o3 ok Sgol [6]2] wWyel wls)
o] A&l gt o HIdn USE B}

o
o
&

Magnitude
o o o o o o
8 2 5 2 &5 5 2 9
~ B B D @D mm B

=
-

_ . eal

by Parker

- proposed

=
8

[=3

a1 02 03 04 as 0B a7 o8 [13:] 1
Frequency

22| 8. Example 19] F3}4 &5t

IV. Sub-Structure Sharing

Sub-structure sharing2 W] Al F=do) 78
"] j’%‘ Fiel €85 Sulg stv] #i3t whett
=M= FIR €E] 829 sub-structure sharing2
"%‘5}71 Aal A AP FE AMESIH 2 sub-ex-
pression sharing@} 913 A4 sharing®] % 7}A] sub-
Hgstank [6, 12]. [12]9]
sub-expression sharing& % 714 e e 4 9l
ot AMA M= CSDEHA 7 &3 37
o (101, 101, 130 W@ 28 Adstn, THA
I M e 3709 o] AP §Ael oo nE 9
el Al¢E FE3itt 18 95 sub-expression sharing
& ARgsted A4 [0.10101010, 0.1010101019) 2-
¥ HE|E FEY 2yolr) Sharingg AEEHA] ¢S
o o] |9 o] 79 GiAlZIy dad WA
sharing-& A}£&ke] 57129 © 2 2-¥) ¥EE

structure  sharing ] &

ol Al 7] uto &

FHY + AeH ¢ 4+ ek
1
x{n}
218 9. Sub-expression sharing-& AM&§ FIR ¥y Lz,

1H A4 sharingol| X QIE|AWM WgE Fol

2871

www.dbpia.co.kr



2 B8} =] ‘98-10 Vol.23 No.10

11 -

wal, 1 ?léi

QA% 243G

71 fa ol "el AlFseE gew
)4]!1:{1@* "hdﬁng 9= C}\l‘— ~.‘f;$ﬂo
oh 29 10% A%2E [0.00T00010, 1.0010001)%) 2-

W gejol el 913 Al sharing§ A &3 ool
o] offeff A1y sharing-% ARE8LA) g of o} v|irskad
179 1,1 AT el o ns HolErh i il

Ay B gele] ol

= /H] sharing& 5%

ahraslol 1 g%
AHgBlslch

PR

+

2] 10. 213 A4 sharing - AF8-¢F FIR ¥ 2

y(n)

V. CIX2! o

Example 2: H&| z2F = 24, S0} = 0~03 7,

A2 = 057~ 79 AQE} Heldh e ekri6).
¥ e elgAe 9da velw, 18 12614

ol A9l b Sxhut Aok Rl el Fup

e w@sch ® 1S [6]3 ¥ miloa] AQtE

ag 11,

Example 29] o] 3¢l 1% 24

28718

218 12, Example 22| a3} 2

)~ (zl (7__0)__

woalol2s) 2,3, 4, 6, 8 1291 7%

vlaghct 3w

Lol Aehe

Atolzoll tisl <F 5%~ 15%¢]

o 4 qlrh

¥ 1. Example 29] ¥e] B4
Proposed method | Parker’s method
# of adders for H 65 73
# of $SS adders 44 55
L = 2| # of PPSF adders 3 1
S. Ripple(dB) 45,1507 45.1606
P. Ripple(dB) 0.0455 0.0589
# of adders for H 95 114
# of $8S adders 71 90
L = 3| # of PPSF adders 4 5
S. Ripple(dB) 42.852 427698
P. Ripple(dB) 0.0547 0.0554
# of adders for H 114 125
# of S55 adders 88 99
L = 4| # of PPSF adders 9 8
S. Ripple(dB) 40.6154 40,2009
P. Ripple(dB) 0.0407 0.0502
# of adders for H ml_‘-4~ 154
# of SSS adders 16 130 |
L = 6| #of PPSF adders 16 8
S.RippledB) | 413315 42.1684
P Ripple(dB) 00515 | 00558
1 #of a iders for H ) 163
# of S5 adders 141
L=8| #of PPSFadders | 25
S RippledB) | 425423 | 423029
P.RippledB) | 00579 0.0575
# of adders for H | 20 | 20
#of $8Sadders | 196 23]
Il = 12| # of PPSF adders. 48 20
| S RippleB) | 429155 43.3736
P. Ripplc(dB) 0.0454 0.0584

#of SSS adders =

www.dbpia.co.kr
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Example 3: HE] 24 = 72, 53l = 0047, B 2. Example 3¢ ge] £4
AR = 0457~ ALSED HE|E azskai6]: — Proposed method [ Parker’s method |
13 138 o)3HQ) QlEA S¥elm, ad ladlHE | R 73 ad
gy i
ol 3HMQl Fat Suka Ak Wl 2 ks R =
2518 vwgch X 20432 [6]9F B =EdlA Aot S. Ripple(dB) 324643 32311
s wlol] sl BE aJolzy) 2,3, 4, 6, 8 1291 A |__P. Ripple(dB) 0.1306 0.1404
o 1l 26 )
9 shmslo] wleg wmach B mEolA Aoke e = =
Wl o] < 5%~15%<] wW47E Hus o+ oal L = 3| # of PPSF adders 6 3
&8 2o}, . S. Rlppk(dB) 329597 32.8994
P. Ripplc(dB) 0.1357 0.1524
# of adders for H 298 309
# of S8S adders A2‘32 222
L =4 | # of PPSE adders s 4«
S. RippicidB) 13.9957 33.1794
P. Ripple(dB) 0.1331 0.1473
# of addcn_iﬁ)_r H 366 438
# of SSS adders 285 356
L =6 # of PPSF adders 18 9
S. Ripple(dB) 33.5189 0.1472
P. RipplcidB) eSS I
._# of adders for H 446 505
# of SSS adders 356 393
L = 8| # of PPSF adders B 8
| S Ripple(dB; 34.6538 33.6680
P. Ripple(dB: 0.1789 0.1764
% of adders for H 6355 656
—12] 13. Example 3] o)4alo] dwlx gup # of SSS adders 549 603
L = 12| # of PPSF adders 50 19
S. Ripple(dB) 128167 331451
P. Ripple(dB;) 0.1237 0.1436

# of S88 adders = sub-structure sharing®] 8 3. adder
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