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B F — FF 0 = 1R IE FIR 508 i 829% it

R FED RAM #H &K
(WRIFEAFITENFR w7 637009)
(DHERE SR BELINEATELLRE &1 637009)

e

B ARSCXRE A IR Ao r B (FIR) 805 78 %28 By Bt AT 7 #F 70, B 3 A =A%
Senth Gouy B A B v b R HUH FIR L7 IR A oy e F REF —FHFm=H%
B TR FIR B F i MR T ik, A FIR BB 0 MR E- B 2 UMl &,
SEIIE WSS FTEARB T MR BN, EREREl N HHHED
B— Ak TARE S RBKR T B, B EARE R & W MRAATE A B, 2 1 4
BB — RPN LR B, EARE R L T AT R A T, N
i LA E AT B A Ay B R E LI A RS R AE T AR SURR By it
WA UM T ELA BT A e o R AR OCR MRt T R BN R A S
i 2270 4 B9 90 3 v B SR R SR I

KRt KE A IR Ao o B (FIR) U5 8K A REAHL(RNS); =M &, Fik-Eins

B0 Bowwep; BEGIRE

0 3 =

AHCAYE (residue number system, RNS) &7 ]
THRCFAF T AL PR 5k i U RS IR — A Ak
BAErE R4, 78 RNS # 8— AR PR
R — R AR 23 B U LA AR X /N B
BRIAS, SR 5 X RNS H R A T4 7 b Pt 7l vk Fn 3fe
B, WA RIARR Dy —A-iEiE, B RNS 3@ # A7
B . 3k RNS SR N 23 32 3138 38 7] 1% 17§ 1T
RN, ZR G0 RE AT LA 3 2R 0/ N 2K i
FIE I R O S 3R SR 48 55, DRI, RNS ik 52
IR v SHAT B i o 137 ( finite impulse response , FIR )
DB e 1) — R A RO, Horh B IS 5 ik A
Pk,

X — 4, A1 F RNS #2472 F 507
fF5 b AR SCHR[3 2 T —FEE T REB RS

O EERARBEIES (61871330) BEHHTH ,

A PRI 48 22 30 X (4 VR P 9 A6 I 1%, %
AT R 512 0 s AR 5 1 11 536 5, 4 v
A NER, SCER[4 4R T — R TR R G5
AR A AR B SRR EERSIK
Bos AR NG B B — 5 e I L
5EEBRN R S 3K BT 5 A B SRk v
RS IR AL T B A LB, SRS TR T T
RNS HAHB A5 H 1R 22 R 5 AL E /48, R AT 180 nm
CMOS FRfEFAICIE LR 45 R W %07 RAEIER |
THAEFNTE AT 55 07 T AL GER RNS A B &, A
RFARERN 5K IERE T

B> RNS MR B RS —RUE, Bl — 2k
X BB G . BF AT RNS B T 2R i
REF PR (2n — 1, 2", 2" w1 A, R
X PR AT LR AL IE /00 G B g (9 3, {2 RNS
BARMITRIPERESZ BIEL 27 + 1 G 3B Y s TR BE PR

@  H,1966 A HAz  WFFE 05 1) . S EE (5 X 715 8 ; E-mail ; zhaohai _ jun@ 163. com,

( Wk H 3 :2022-05-07)
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fil, SCER[7 1R —KE /I (2, 27 - 1] W
RNS B T — BT 0 ok i oA /55 4
P PR 38 o) e e o R IR BORSEIIE f 45 A R4 T
e, DAE AR B 7 AR A A S i, SRR A IR R
T —A 4 B R B T g ik, X
BRI8TLA 12" —1,2", 2" +1,2"" —1,2"" —1| K
B BT T —Fh 128 ik FIR JE SR, FI ST
HE3+ (Wallace ) B &5 FI I LI A 32 0 LI SCB T
THERIBIR B, SCERT9, 10 18R I T —FlR
IR A -FE A (mixed-radix conversion, MRC) £ A,
ORPRE AR (20 2 — 1, 2n 2 -1, 2,
2" + 1} 4 RNS Fe4e3) —ibHl 6488, &t T 2
AT ) 2, DT AR A5HBE  5 J050 0 48 T (1] £14) A
i, (HIXEEF ] RNS A5 42 B 2 2 — 3 i 3 4 80
IE [ 64, B2 02 A RINS 6 40 3 — a1l A e 25 14)
) S g | SR B ) R AR AP AEA SR 2 Ak

XF I AR SCHR SR ] =4 (20 -1, 20, 2 -
1) HTIGHE FIR Bk gs iy iseit, BARTm S, A
FIR S5H 00 £ B2 & K5 T 54 RNS 13l i:- 2
#% ( multiplication-accumulator, MAC) 45 ¥4 1 FH T 4F
AVE FIR & A5, SCLE [ 4hds IR
T I ) 48 28 (9 D) R, AT S IR AR T
FIET RS54 5 feJ 0 0 L S S 4 SRS AIE 1 A
SCHR AL BT R A O T HLIER TOAE BT AR
G 1 S ) 5B AR SCIETT A /N B DB D 2R
2% TRV - A AR 3 i 7 58 SRR o

1 B4 %R

RNS & & A E 5T 0 B 80E kA E Y
BB m = {m, my, -, mb, HBXT 4, j (i, )
=1,,k) Hi<j, fged(m,m) =1,gcd(+) %
RREKR AL ATEBEX(0<X <M, Hp
M= 1" m)FERNS FERNX =[x, x,,m,
a0, Hba, = (X)), (X)), R X BEm, i85, 11K

RNS J&—MIEmAF £ 4, il i ARz
BB CE /NP Z RN ARZ R . TR
HHIE A5 AR IE S T HAB G I, R E A Z RN
— 582 —

FEAEFEOALRE , PRI RNS A5 31 A S Jo A invk Fi e
{ERDRT AN

RSB R o A g A e e A B
(o), 2y, | BB X, — R T B A8
ZEH ( Chinese remainder theorem,CRT) AR A -
B (MRC) P10 A

CRT A2

X= (X' (aN) M)y, (1)
XM, = M/m, BN, = (M;"), J& M, (38 m, 32
B EFIIER EEEORETE M, (EENRK
R BUTEAR m, IR M 1555

MRC BAREL {x,, 6y, x| Tl BB XK
HEAX N

X = akﬂ f:llMl + o +aymm, +a,m, + a,

(2)
A a, MIRA-FEET: (mixed-radix digit, MRD) , 7]
PAMAEC 33
a, = ((-((x —a,)c; —ay)c,,; -
~ )¢ ) (3)
Ko, MT1<i<j<kRmBmms, 85 (c,
Xml.>m/_ =1XFk>1Ha =x,

2 HT RNS W= # & FIR /R #& %t

FUAT Bk b 1 8K b, 09 N Sk FIR H5 06
A b

y(n) = X bx(n - k) (4)

BOAN FIR 98I A T ARSI I 1 R, ]
LA A BT N ORI N — 1 Wmik, Tk
FERT RIS R 7 T A3 S0, DR R R
TEERBA 2 MORMIIE 2 38 (0B T A
T ELE AR 3 % PV T B 1 5 B0 5

o
by— b, _’?bc_’$b,«v—:—’$ by
yany ay T y(n)
N> WV UV V

E1 {545 FIR JEiH S8 &M
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LSRG B, ME RS A A AT e - B .
I, ASCHE T 2T RNS A9 =464 (m,,
[ MAC Z5H0 R SEBLE

B2 T 7R 9 AR SCHE Y 36 F RNS 19 = B4R
[my, my, my| 9 MAC 454, RNS 09 24 LER 55
SEAE MRS AT A T8 R R RS . 1 )
WA — A Z R R A B — D OC TR A AR B
TR BB, B AR T T E AR (G AT
ASLITE 1 SR 5 306 ) e A 28— R BRI I B
SRy FLAERO R, SR GE I A S A AT AR
TAE BT ARAT R 3 fdfi 1552 305 B R R 4 5

AT 2 AT A ZS (8], BT AR )
Hrp— et 1 T A8 R B, 75— A A7 it i A %X
PR EATE AR B e 20, i R A =8 FIR
TEIY AR LHLAE RNS Sk 52 B FIR 98Pk, 78 5
m, .m, Al m, I FIR I8P AT — RII MAC 125,

m,, m3f

B [ B | <B)

o/ m

T8 ,m | <B,0m | <B,7m,

RO
syn'E

K b> [(b,)n, | <h\;>”,‘|
rxi Y |E
SLel » :%J y(n)
(MAC).) ‘
IZ_1 5 N—;\'
(MAC) P+ 2
T =4
Hoa L) m [E)m | 5)m
| [CdnlG )]G )n
;\aﬂ— 2 5 :
- !<xu‘fv+!>m‘|<XHVN+I>”1’I<XH‘"\/+l>m‘|
frn tx tx
[ —it#lsRNS |

Tx(n)
2 ET RNS =4 FIR B EH

2.1 RER-BMET

XF T A SCHRE i RNS FIR JE % 285k 150, =X (4)
QEZS”

() = (X ) (k) )0

i=1,23 (5)

K], FIR SEHHE m, WG (5) 07
R AT B B 5 B — M m, MAC
JCo

3 BFR WA m, MAC WTE, B0 2 18 (b,
B (wn - k), HITR, I APEE HR A, Tewk f

FAETT H MAC BLOCTE A R AT, ) (b)),
M (x(n = k)), H2DEAFI AR 3 Frammy
MAC T i AAHIRIFIRIN O , W) 25 SRAF R AE N
AR T R e e N fE T, B
— AN, B R A B A TR I N L S HT A TE
£ R

B, it HaRek 2y = (by), (x(n)), , &
JEHEE m, 45253 2, INBIRER (b)), (x(n - 1)),
H BB 2, =z + (b)), (x(n-1)),  EN
PNMERSFTE ST 3B IHAF RIS (y(n) ), o B,
& EE R y(n) 3 RNS 45 2R {(y(n)),,,
(y(n)),, . {y(n)),. |BIAEE “ a3,

(B,
v L
m(?@fmf—-mjm.-i- G0
(x(=i))m, Clk

B3 #m, MAC B¢

DI AT T MAC 550 52 I B A58 v 4% A1
B4t
2.1.1 Bk

G E R R AR (2" - 1) (2" - 1)
Ik SCh

(v, +y gy ={x, +y, +1 =C, ) (6)
K €, B &+ y W, B 4 (a) IR A
B RIREEEER | EALSE — D FE AL BRI A% (car-
ry propagate adder,CPA) . —“> NOR [] il —~ )i &
i ,n L CPA SEBLK A P B «, A1y, BRENLC,,
T NOR [TSE AL C,, FIPEHTIERL 1| HIE 5, I
AR AR, B 4(b) iR AR TAELR n
IESCRAFR 2 Wl 45 10 Dol B 8 1) PN 3 22 6 P, % D
E8

B2 Ik n] DL 4 ) 2008 Vi Y n S0 i
AL
2.1.2 Rk

BE(2" - 1) (BE2"" - 1) FIEATLIRIR N

(x; Xy gy = (La; Xy + 2, X y,div2") 5.,

(7)
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xl y;
a {n {n

1 nhiCPA |«— 1
5=5_S,,..S,

EA ]

z= x4y

(a) HE(2" - 1) WEPEG5HE AN

[

(b) SCH A RS
B4 mINENEEENE

Kb (v, xy,) 50 XT3 &, x y, BUMRHI R T, &, x
y,div2" X T, Her y dive” BE R y, /2"
MR, 4% O 15 ) DU T B B i i 36 2, IRt
L (2" - 1) Fedknl Ll n A A5 TIER G 2 n
fifE (2" = 1) IER e,

K (7) AT AR S S 3R 3 AR i

n-1
= 2 L0 <Ppi,k > on_1

_1%;,

(2 X ¥ )90 (8)
A« = x, Y03 Vi = YieYin
Yior Hoppiy = 20 X (i YioYinr ™ Yins) (H
AND ["15280) 56 k AR FRL (2" - 1),
TR, & n AR pp,, A MR AN (HE
XA ) RIRE T A AR AL E B AR &R 4y
B BUEMIFER, 21 FR N 4 07585 A AR5 A

H A

n-29"" )

K1 B2 1) HRRERM

20 23 24 2° 2? 2! 2°
Xi0Yi3 Xi0Yia i0Yi3 Xi0Yio = PPio
i3%i3 Xain X1 Yia Yo XiaYis = PPia
1213 2Yi2 Xia¥in Xi2¥io 2Yis Xi2¥ip = PPin
Xi3Yi3 i3Yin i3Yin Xi3Yio Xi3Yi3 Xi3Yin Xi3Yi1 = PPijs
XAk AR R 20 AL (TR E 5oy
LR 7eih) B BT R S H E LA, Hglﬁt,: ml;
FEAL G2 1 3 T 470 10 B2 R b, S A7 it 9% Bes PP Pollin
(read-only memory , ROM ) £7fif 4B v] REAE 1Y) 36 14 45 ’J
o ARSCR LY R DA RIS T ARG S, 42 o
MRS (2" - 1) FeILSLIMAE A 5 (a) Ui, RiX
BT KB AREART I N 4 07,18 5(a) iR H
4 x4 Wallace WIBH A2 0, XHT 4 x4 i1,/ K
J 4 AR, BLIEATARN 40 R 8 R A 2 (a) BT - 1) TRk At
AN ARTE IS (carry save adders, CSA) Fl 1 4> 1 ’f” *1 *1 *1
e A S T P HE L 04 3457 % B N 4% (CPA with end Tq L@ L@ U*
around carry, CPA with EAC) A1 ; 2 H a9 2 T o A7 0 1/ 0 1/ 0 1/ 0 l/
il BB A3 R A S BN ZE A AN BT 5 (b) fis, B
| W3 | | fwz | | fF“l’l] || fwo |
n 2 %% (multiplexer, MUX) ¥ 5, n M AFEAS n n n n
PPs PP, pp;, PD;y

TR, B 0 AR BUE % 2 F] MUX 5L
Pt A B A BCE 7 1 B BE B O MUX )
T s —1(1 <s < n) TR H AR,

— 584 —
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iR as Y MBRE x, = x, 35,7, %, A n
=4 LA, MR B A 4 ME, R, B4
MUX 347 TAER n A~ MUX BRITTH B (6 F 27 -1
WIE ), H AT TAER no+ 1 4 MUX B0 (4T
2" — 1 ) MR

B 2" Tk Ry

(% X700 = 2 ppis 9)

K PPk = % (YiwsYinaa %0 00---0) ¢ i S

SR CSA A, IF Z3F A
2.2 Zit#lE] RNS EiR
FELO,M) JEFE RS X, T 2" DS Fom A
X = Y72 = N2 N2+ N, (10)
7E RNS i LLAIREAE {my,my,my | IIEES
(%, ,2,,25) e, R TAFERELH RNS R, 75 2%
3 AR BT R 1
R m, = 2" 3 3H AR (Hx, 7]
DUE S X BR DL 2" A0S 3 kn] DLE i 808 X (E
R STER, R N
x, = {X)y = X, X, X, (11)
ST (2" - 1) IEM (2" - 1) Wi, H Y
BTG 2% J2 D Ry e 4 1) B 2 485 SRR T 4
X AR, (2" - 1) KRB R S, T H
A R TR RRURITER B b AR B B, AL T R SOAS R FH B
PHaS MR — RNk T, R PR,
%, = (XD, = (N2™ + N2" + Ny)y, (12)
T O

(2", =1 (13)
K (12) /RIS Ky
Xy = <Nz + N, +N0>2n-1 (14)

JATHT X FRE (2" — 1) B %40 AT DA fa] P b 3 4o
FAN X AORE (2" - 1) B9 N, DERIRIIAT

PAARTR 77 =0, Al HE: (27 - 1) mARECh

xy = (X)puu, = (N2 4 N 2" 4 N )y,

(15a)

A (15a) AT LAKE R

x; = (N, + N, + N'y) i,
KN N, RN, Fn o+ 1B

(15b)

2.3 RNS 2| Z il ik
UERTRE (272" — 1,2 — 1} A RNS %L
(Y15 ¥2s ¥3) s WA SCHEE R MRC $A R IH5E
RNS By 55 20 — #E i 8, X T4 SCHe B4 (k
=3) =X (2) fiife R
y = a2"(2"-1) +a,2" + a,
= (a, +a2" —a;)2" +a,
= (a, —a;)2" + q,
= a2" + a, (16)
X TASCH S R AR E I N ¢, =
Ly =2 He, =-2, iz (3)7H5 MRD,
a, =Y
a, = ¥, = ¥1) s (17)
a; = ((ay =2(y; = ¥1))2) 200,
R a, U MRD a, F1 a, B9ZLC, Hob a,
JEdRe A B (most significant bit, MSB) , a, J&
H AL (least significant bit, LSB) ;

a, = a, +a2" (18)
as 5= MDR a, 1 a, BLGEIR: .
as = a, — a (19)

Jir Y RNS 3 SR8 25 6 (a)
BN, BALS 2 B (20" - 1) Jlkas, 1 M (2"
= 1) BT AR A L A G 1 LA B U 2% ( borrow
propagation subtractor, BPS) , HH1 n A y, Ml y,
LB (2" - 1) WA S B S n ALY ay,n HIHY
y, Fln + 1LYy, G BE (2" = 1) JRILAREE 6
WS e, 38 (2" - 1) Wk s RG4S
F n+ 100 ay,a; Fl a, EIEAFE] 20 + 1 070 a,, 2K
J5Y5 ay 23t BPS i8558 2n + 1 V1Y ay, FJ5 H
y, VEVEISH) 3n + 1 ALAYHNH v,

B (2" - 1) kT LIERR X(20) .

(0 =y)py = =y =B, (20)

AR (B,,) ITHTEL (2" - 1) kR
R R T

{1
Bnul =
0 x=y

x <y (21)

AR 2 Y ide v S5 5 o S i Il A ( ASEER AR
s EEFME ) AT PR (2" - 1) wikasa(20),
X P T el s g AR Ry R S R 7 A fE AL
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&% %% (borrow propagate subtractor with end around
borrow , BPS with EAB) , 2 AYHL (2" - 1) JikLH
VLG T RO E RN B RS Tk
T CPA with EAC BB LA A RESLBLX I fE, N
WHAR SO A5E S8 IR Ry i 2R i 41 B A AL (end
around borrow , EAB) f -3l 8k 4% , 18 6 (b) Tz i
JLT EAB 1Y BPS RURLIGE dr 2 #4581 n i
BPS fUSEIR D, 38 i ik 4% 5 2319 B RORZ2 i .

b/ Y, Vs
n n n+l1

- n
| mod 2" 1}k 58 |
“1n (]

1 1-

n+l
5
-

[ mod 2! - 135 3¢ |
!

&3

| a

e n+1
aW\2n+l =
—
a

3n+1
24

By
(]
=
F
—_

(a) fE {27, 271 27+l 1} i MRC 2544

[* ]2-
B2
; nfiiBPS [«——— B_

1

=

R

Zlo

z={x=y) 3y

(b) 3T BPS Fll EAB A% 2"~ vk %
B 6 RNS 2| Z#FI#mEiREH

T, =1, ITLAERBORK v, -y, J5, IRA -5
Foa, AN, PR AN BEEHER o
1R SRR v, -y, 52 IR R R 22
HANEAB B 1 755 3 M BRBIHL ¥ o, 1F
IR G IS AL B 25 A A 5 4 Mz
X R FAT NGB 1 A,

% MRD a, .a, .a;, A WTF 3§ £ .

Ay, = ay,_ Gy, 500

(22)

A; = Ay 18y 2" "0y
a; = Q3,103 ,2°""A3 9
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W= (18) F(19) Fizn , ZEMA 3 M RAIEHOR S
B a,, X3 MEAERSFT 2 A (20 +1) i a,
Flag, FERH a, fla,2" —EERTE (20 + 1) 7 L
#AE O,

a, = 0000y, a,,,°0ay,
—_— -
ntl > (23)
n - Ry coe
a2" = a3 A3 ,_1°""Q3 9 00---0
%f——/ ~~
n+l n
A .
Ay = Q3,053 ,_ 103 ¢Qy , 1Ay , »°""Ay g (24)

Uﬁjwf (15 B 0/4 - (13 E‘l‘l/‘/{@ﬁ/fgé}ﬁ% BPS gg})'n-to
e e (16) RYEA |, 280 R L (PFH%) I,
PRI IR A SR —HI y = a2" + a,:

Y = Q50,055,105 0 Q1,18 2" Ay (25)

2n+1 n

3 HEGREELBRRER

3.1 FEMERSHIEE

N T BAEASCHE R 1 A SR Parks-Me-
Clellan J7%E " F Matlab %F =4 (2°', 2", 2" -
1} \n = 6127 B FIR i@ ng P as a7 30+ BE it
BRI, 53 2 AT,

551 2B 1] firpmord i 4 fiti 11t 5 A Parks-Me-
Clellan FIR U 5 19 B, LU 2 B REas . A s
WM [N, fo,mo,w] = firpmord (f,m ,dev) , W] & f
= (0.4 0.5) MR AR & i m =1 048
DDl AR AT A0 SEL A Ak 301 B A 18 L ) 1O £, 1) Bt dlew
= [0.01 0. 1T LA I8 I 2501 {10 0 17 7 H01 L 0 £
I R AV 2%

55 2 ARIEIE AR A PR T, H firppm 54 b =
firpm (N, fo ,mo) #2111 Parks-McClellan FIR U
EAO) SUUIIVE Y- .

X T 0K BE R 9 60 A BE (AL 46 155000 ) 1) 4L
FOREPE A% RN 2 R,

F 2 A 3 AR BUE SR T 2 P TR IE AN
H(H 2 9) #4mm 8, %51 22 H 2 A Matlab 5
% Q 1 = quantizer('round’, Format) 1 b _ binary =
num2bin(Q _ 1,b)%F ZHEHIE & 6l b iy i S s
W% A b AT B s AR P Y (S 38 Matlab bR
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BB — E 1) %02 54 [ wordlength , fractionlength ] F
TAFEE R X T 9 ARG BEAR A wordlength =
9 Fl fractionlength =8, 2 2 2 & 2 A7 11) Matlab
PR%L ¢ 1 = quantizer ('round’, Format) F1 b  int =
bin2num(q 1,b  binary ) Z#FHl 8 o Z il 546
REEEUE, FERX PG O, R X fractionlength = 0
Bl Format = [9,0 ] ; e, 5 1k 5 400 A 8 B0 e 4
4 RNS $, X T R B IE 6] e 46, ] Matlab bR %X

mod

D5 ELSEBG T ST A (64,63, 127 | B — R 2] 4
Bty . SCHIHGR T RECL, M ABIREARSR
M5 e, RO R R OB b, MO R
0.023540422135223 , 44 HA 45y — 4% b binary
=111111010, RS BB b int= -6, )55
> RNS %t b RNS = (58,57,121) ,

R2 =RE£((2" 1, 2", 2" -1} .n=6BI27 M FIR (RBBIEEERE

R0, XU i o7 AR — Rfiﬁ -
by = by, 0.004493088227562 1 1 1 1
b, = by —0.023540422135223 -6 58 57 121
by, = by —0.010537273615351 -3 61 60 124
by = by, 0.014434554627302 4 4 4 4
b, = by 0.017852276297252 5 5
by = by —-0.014709152081930 -4 60 59 123
by = by, —-0.031608802439920 -8 56 55 119
by = by, 0.009659673837214 2 2 2 2
by = by 0.051468586283075 13 13 13 13
by = by 0.005218868131868 1 1 1 1
by = by —0.084444425211876 -22 42 41 105
by = by —0.047670664338718 -12 52 51 115
by, = by 0.179378544446062 46 46 46 46
b, = by, 0.413118538653651 106 42 43 106

3.2 AXEITAEMNRIE

K Matlab #4787 ELIGUEA SCHYBETH 7
P 7 7 S A 30 1) BERUAEL 08 e i A s it 2 (g &) AN
SEBrR Mg (SE4k) o RTIL, T AR BN AR AR
FIR R 8 I 2% A RAF 1 0 P RE

0 ....................
®
3
s ] (|| ICHCEIECEY S| S USRS, RIS, (e e
i
=
® V1| | MRS S | O T ¢ S
-60 i i H i
0.2 0.4 0.6 0.8 1
IH—{b i

B 7 RN

R BEE R e 51 B Ak ok 10 07 (B4 5 ), HLUE
WA IAEBEA 5 A TR ZE R O T S B, I8 0 2

M AL XE ESE 1 y(n) | HIE(26) 44 H
| y(n) | <max{l x(n) 1} X" 15,1 = 476718
~18. 86 bit (26)

B 163,604,127 $24ik T 18. 96 1 By 3h &0
FEL, 306 TR 2 B s b i 0 2 2 g 1, B =X (26)
25y 18.86 i E AL,

&1 8 fii7n >k RNS 3 38 9 Bk s 7, 55 1 >N
55 2 DT IR AR R EE L AAEAHTE 6 (i, 5
3T UM AR I R BUE LA AE T ML, TR
164,63, 127 | RER G BIFEAR Ny
_[(63,15,7) n =0
“10,0,00 a0

Xt A AN U 75 1) Bk o 132, T A MRC AR
KN EER T RE PRI R G A
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AR CANTEL 6 ), A5 3] 118 50 U I8 A 1) Jok oo o 337 20
B9 (a) i s RECE AR 9 A7), Tk e i ()
IR ZE 9(b) Fias, ATLAE L9 A7k 2 LR R
wZE/NT0.02,

£ syb N -
= "8 I-.nlt.nn.rT .-ni.l__
0 15 20 25 30
FEAEL
(a) JHIE (2 W%M@Wu
100 |evemseeem b e — i
= I:H """" I""r;:f';;. |
0 5 20
#ﬁﬁ
(b) WWIE 2" 1Y ik e
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Design of low-pass FIR digital filter based on a new three moduli set

ZHAO Haijun, CHEN Yihong, HE Chunlin, PU Bin
(School of Computer China-West Normal University, Nanchong 637009 )
(Internet of Things Perception and Big Data Analysis Key Laboratory of Nanchong, Nanchong 637009 )
Abstract

In this paper, the design of low-pass finite impulse response (FIR) digital filter is studied. Based on the anal-
ysis of common three moduli set and traditional FIR digital filter with impulse response coefficients, a new three
moduli set is proposed for the design of low-pass FIR digital filter. The FIR filter is composed of multiple multipli-
cation-accumulator units, which can realize the functions of a forward converter, parallel arithmetic channels and a
reverse converter. The forward converter encodes a binary number into a residue represented number, with regard
to the moduli set, each arithmetic channel requires modular multiplication and accumulation for each modulo of set,
the reverse converter decodes a residue represented number into its equivalent binary number, the arithmetic chan-
nels are working in a completely parallel architecture, so as to realize the calculation of lightweight and simple
structure. Finally, the simulation results not only verify the effectiveness of the proposed design method, but also
show the proposed design method has smaller filter coefficient deviation and better frequency response ripple charac-
teristics compared with the traditional one-way conversion design.

Key words: low-pass finite impulse response ( FIR) digital filter, residue number system (RNS) , three mod-

uli set, multiplication-accumulator unit, impulse response, quantization error
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