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ABSTRACT A method on the hardware implementation of the Multi-channel FIR digital filter using Digital Qu-
arter Square Multiplication(DQSM) algorithm is proposed. This paper describes that ROM requirement can be re-
duced by using the double precision algorithm and the absolute value circuit, and also execution speed can be impro-
ved by reducing logic level steps of absolute value circuit. The frequency response of the four channel FIR digital

filter implemented by the above method is quite agreeable with the frequency response simulated by Remez exchange
algorithm.
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Basic block diagram of DQSM.
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Circuit of overflow corrector.
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Absolute value circuit.
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Truth table of absolute value circuit.
Dn S Ca An Cn
0 0 0 0 0
0 0 1 d d
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 d d
1 1 0 0 0
1 1 1 1 0
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Block diagram of the implementation of FIR digital
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Block diagram of implementing a multiplication of
operands without sign bit.
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Block diagram of an absolute difference circuit for
two operands without sign bit.

o] vi5ted EAC(End Arround Carry) 7} 44
e 5 osWEe A [Foli, EAC7H 4
3k otom A9 gto] Hel AC A ASE

A& OI%EM Aol 2 & 4] A % 4 o},
252 AER 1Y 52 A4l 3| 27}
Zbs el 2 i 2SR 7L AN Xj_ilr,}

A(5)0) A 283} A 3L LFHES 2k 2
o 2 osidEH EQ] 23 Eﬂ_‘a% T 7
s AEg 21952 322 Agsich o]
ROM ¢] $joj=+

k2D 110 ase 2 k<Ba aex

25K415k B ashet,

[SL 2B- 2 43

g
LY

QY olFmaAANEALE H¥ ¥

Partial products of a double precision multiplication.

;L;,xgou vebdl upelzto] 4l(5)2] Al1gkzt =}
=2t g+.& FE(overlap) = %

$% ogL SRl 4He] @i
g 4 ol 1Y 59} nlus) R 1‘5}%]%9] 7t

A7 b F7bE o] AR A ZEE A= v AAE W
o ROM 9| &8 74417 4 drt, nkeF B
o}F & 7%-oll+= Multi-precision® L 2|5 o] #

Hagk Aolch

4. CIEHE YA

+

el Fd Aol 4 o st de] ) E 7‘3-‘?'—
= RAM 3t ¥ 5{(buffer) & o]|-&3ted #|efAlgqll
ola FolwiA ol 4 Ao HHrad # (
ffer Cx=“H", R/W="H") =l Xz2|ys =
t{MBR(Memory Buffer Resister) & A3t
ob-S s 8l EA Rxn iy & RAMell 7194170
t}. (Buffer Cxk=“L", R/W="L")

382 eekxl ROMo| 714|712 ROM ¢

221

www.dbpia.co.kr



BB (S B &R LiE 86— 6 Vol. 11 No. 3

CH, CH; CH, CH, (Analog input) B3 o] A
Decoder pecifications of filters.

$3hoh o sl | b of o abek 5l

i -+ zp
ST % # (dB) 7 # (dB )
0.15 002 A
R ¥ BUFFER LPF 1 3234
BUFFER C« ] > ROM address -0.18 —33.7
RAM address . 16 5
[;ecoder - R/W} RO?’:} LPF [I 0.2 0.25 .
-0.21 ~32.7
MBR C, —{ REGJA‘ REG I -l REG | ol
QQ Q x| o a}ebFal Lo apoh by
210 chEA LA g T I s e R A R Rl
Block diagram for multi-channel method. A4 (dB) | 41 (dB) | 24 (dB) | 24 (dB)

. _ 0.08 0.12 0.18 0.22 ]
ol 2] 8- F 26 vhepcl BPF | 323}
~26.2 | —0.46 | —0.44 | -26.2

HE2 ROM?| wlxg] HE : 0.06 0.1 0.2 0.24
Memory map of ROM. BPEI g | cos | —os | o
o] ¥.2]o] S & 5 £ o) L
00-1F CH1 ¢ AlFay~as LPF 1
ol ol@maude &, o
20— 3F CH?2 , LPF 2 olu FHul JHM I 4 pL
40- 5F CH3 ” BPF 1 T
60— 7F CH 4 ” BPF 2 R
J b TAT
B4 Ul Af
Cofficients of filters.
LPF 1 LPF 2
[ ]
a, =—0.12580726 E —01=a,, a, = —0.39445565E —03=ay,
a, = 0.68240613 E —03=as, a, = .17375086 E —01= ay,
a, = 0.11493956 E —01=a, a, = .28881757E —02= ay
a; = 0. 15288784 E _01=au a; =— 13025203 E —01= Qg
a, = 3069177373 E—02=a,, a, =— _.88306228E —02= a,,
‘ as =—0.16051199 E ~0l=a as = .15380838E —01=au
i as =—1973429797 E — 0l =a ay = .18346490E —01=a,s
a; = 0.30771027 E—02=a, a; =— _15094390E —01=a,,
as = 329480390. E —0l=ay; as =— .32090779E —01=a,;,
a, = (.32882046 E —0l=a,, | ay = .98533574E —02=a,,
a,=—0.11575410 E —0l=a,, \ ayo= .51883899E —01=a,
ay, = -0.63743807 E —0l=ay a,, = .51658405E —02= a,
a,,=--0.56363333 E~0l=a,, @ =— .84753782E —01=ay,
az= 0.47947090 E —0l=a,, a;3=— 47680058 E —0l=a,,
a,= 0.21025324 E+00=a,, Q= .17953773E +00= a,,
as= 0.33272400 E +00=as ays = .41309619E +00=a,
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BPF 1 BPF 2
a0 =  .18644039E —01=ay, ao = — .14033278E —01=ay,
a, =— .18519249E —01=a;, a, = .12828214E —0l=as,
a, =— .26479645E —0l=ay a; =— .13425309E —0l=ay
ay =— .17918328E —01=a as = — .18033192E —0l=a,s
a, = .10704063E —03=a,, a, = .98252892E —(02=a,,
as = 35720579 E —02=a as = 45725916 E —01=a,
as =— .90651698E —02=a,; as = .44672649E —01=a,s
a; =— .49349219}3“02:‘014 a, = 75775599 E —02=a,,
ag — .37333585}3“01:0:: Qg = — .7427005112‘02:023
ay = L79119043E —01=a,, ay = .24698270E —01=a,,
A= 49747497E —01=ay, A= .33458896E —01=a,,
an=— .60601674E —01=a, an=— .54259352E —(0l=a,
a,,=— .15809725E +00=a,, a;=— .17318834E +00=a,,
a;s=— .12831770E +00=a,;s a3=— .15814833E +00=a,,
ay= .30076798 E —01=a,, a, = .40245365E —01=a,,
Q5= .18088952E +00=a,s = .24782662E +00=a
2

2 omeh ob Tol o] ERHZs(sec). ol '”+' 470¢] ROM (—) ofl &

Tci= ADH3EE710] Wb H(sec), T &Hajd .
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(BPF 1, BPF2)2 TAstdlon o5 e
A3 A2 72 Remez exchange &FiEl&
o2 Agelo] st Tt E 33k E 4ot
wWatel
41(5)2] Double precision &iLeg|Fo]4 K2
L 82 A4 AE3 siygeos T4 3221 16
HE 43 FIRC[ et 2] slEdlo] TR
9F MojAlZE 211, Z¥120] vepGiT},

A

®

1111 4 ROM 2] ol=g| A8 29 B4 4

6. AEANY nF

1681E 323 4 ¥ FIRvAetUe] & A ogy
127, HAEsUel 208 FAs Pt F4
®H Pejof ool 40 0dB2] A alg} whal4)
q¢ 7t Ao gl E Fateg 77 =HA
el 44 29 AL dBulel 24 2335}
of Falr &g AT
oA A2 F 62 LPF 19 79 Remez exchange
ReFo s AlgH ol dsle oA Ful4g
< TA" "l Aol A dAFL ne

Ay =l ol

AL

o] 3|22 Al A AAIZLE e 25,
A 7pAk7] 55k, ROM 2%, A3 2ol A4
Zhs Al AL o] A AIZES] o o] Fofx] o
TTL ROM ICE 4834 2F2us, MOS ROM
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CH, CH. CH,

CH,

Multiplexer
N

BUFFER C, BUFFER
ROM address
RAM ln)(ii:’edisr 16 < ROM
2 Decoder 2 16
8 ) “3 7
MBR C*—'iZTRE(' Q] __{.CREG Ql ‘,i REG.(;} _.1_ REG. QJ
}
8 s E X 8
l_ADDER' ADDEj [ ADDER_] El—ﬁﬁﬁjﬂ | ADDE‘}I;] I ADDER] | ADDER—] lADpEF ,
19 1‘ 4 ) i‘.) 39 g El
o] Do) Cn ] ] D] s
I8 i3 3 ® %
ROM -

16

16

Demultiplexer

| Demultiplex:r r‘[ﬁ”;—i'l

CH. CH, CH, CH.

28N srse) TN of

r*— ROM. RAM address
9
+-— ROM, RAM decoder

Control

— ST
—— BUFFER C,
t—— MBR C«

" AccCu

Signal

—— CLR ¢
—— OUT C«

Block diagram for hardware implementation.

ICE AFg3t9 oFl4pus Y T o|ch

2 3|29 At 323k0| BB ALAZEA 2l 4
A48 F e HoFsbe+= A500KHz A 57t
=}, 28|32 Double precision ¥ 12| F3 A o
28|28 o] g3l=2 1754 s ROMO &
2o (B=16, K=8) 2-2% (2B—2) /2°-2""

224

{2(B—K)— 2t =137 A% zt4" 5 vt

7.8 B

¥ 7ol A= DQSM H2lE o] &3 ohF A
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RAM, ROM Decoder
ROM, RAM address

o] 714d wet 4 AYFIRCALHAE TA 5

S/Hn o N qom 4g¢ B ohest 22 AL Agsh
MBR C, gl n mn N a
BUFFER Cy ny g — (1)Double precision ¥ 2|&3 dulz 3 =2F
R/W 1r —Lr — o] 83t e ROM S-S 2H4AA v g2t
S — — & san
ouT G n 2)doz)sl 2ol welaldE Eolxn 4|(5)9] vhx
o) SAIYE AR 18 L T
3812 Alej4s A5 E o) 83l A T4 T o) NS 78]
Control signal. ke A Qeye) FAYL Alokstel el A
ES5 ROMS| g Tt B HARALY ] TAL BolslA 3
Contents of ROM.
H
44| ROM(~) W& { ~—Z—2: High Bye ) 471 | ROM (=) w8 { ——= 21— Low Byte)
00 | 0000 00 FF FF FF FF FF FF FF FF FF FF FF FF FF 00 | 00 00 00 FFFEFDFCFAF8 F6 F4 F1 EE EB E8 E4
10 | FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 10 | EODCD8 D3 CECY C4 BEB8 B2 ACAS 9E97 % 88
20 | FF FF FF FF F7 FF FF FF FF FF FF FF FF FF FE FE 20 | 80 78 70 67 SE55 4C42 38 2E 24 19 0E03 F8 EC
3 | FE FE FE FE FF FE FE FE FE FE FE FE FE FE FE FE 30 | EOD4 CE BBAEALI 94 86 78 6A5C4D3E2F20 10
40 | FE FDFD FD FD FD FD FD FD FD FD FD FD FD FD FC 40 | 00 FOEO CFBEAD9YCB8AT78 66 5¢ 41 2E1B08 F4
50 | FCFCFC FC FC FC FC FC FC FC FC FB FB FB FB FB 50 | E0 CCB8 A38E79 64 4E38 22 0CF5 DEC7 By 98
60 | FBFBFBFBFBFB FAFA FA FAFA FA FA FAFA F9 60 | 80 68 50 37 1E05 ECD2 B8 9E 84 69 4E33 18 FC
70 | F9 F9 F9 F9 F9 F9 F9 F9 F8 F8 F8 F8 F8 F8 F8 F8 70 | EO0C4 A8 8B6ESI 34 16 F8 DABCYD7E5F 40 20
80 | F8 F7 F7 F7 F7 F7 F7 F7 F6 F6 F6 F6 F6 F6 F6 F6 8 | 00 EOCO9F7ESD3C1AF8 D6 B4 91 6E4B28 04
9 | F5 F5 F5 F5 F5 F5 F5 F4 F4 F4 F4 F4 F4 F3 F3 F3 9 | E0BC9 73 4E29 04 DEBS 92 6C45 1EF7 D0 A8
A0 | F3 F3 F3 F3 F2 F2 F2 F2 F2 F2 F1 F1 F1 F1 F1 F1- A0 | 80 58 30 07 DEB58C62 38 OEE4 BI 8E63 38 0C
B0 | F0 F0 FO FO F0 FO FF EF FF EF EF EE EE FE EE FE B0 | E0B48 5B2EO] D4 A6 78 4A1CEDBESF 60 30
C0 | EEED EDED ED ED EC EC EC EC EC EB EB EB EB EB €O | 00 DO AO6F3EODDCAAT78 46 14 E1 AE7TB48 14
D0 | EAEAEAEAEAEY E9 E9 E9 E9 E8 E§ E8 E8 E7 E7 D0 | EOACT78 43 OED9 A4 6E38 02 CC95 5E27 Fo B8
E0 | E7 E7 E7 E6 E6 E6 E6 E5 E5 E5 E5 E4 E4 E4 E4 E4 EO | 80 48 10 D7 9E65 2CF2 B8 7TE44 09 CE93 58 1C
FO | E3 E3 E3 E3 E2 E2 E2 E2 El El E1 El E0 E0 E0 E0 FO | E0 A4 68 2BEEB! 74 36 F8 BA7C 3D FE BF 80 40
44| ROM (+) & — L - High Byte | 44| ROM (+) W& (— =L ow Byte)
00 | 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 | 00 00 00 O 02 03 04 06 08 OAOCOF12 15 18 1C
10} 00 00 00 00 00 OO 00 00 00 00 0O 00 00 00 00 00 10 | 20 24 28 2D32 37 3C42 48 4E54 5B62 69 70 78
20 | 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Ol Ol 20 | 80 88 % 99 A2 ABB4 BEC8 D2 DCE7 F2 FD 08 14
30 | 0101 01 01 01 01 01 01 01 01 01 01 0L 01 01 01 30 | 20 2C38 45 52 SF6CT7A8 9% A4 B3 C2 D1 E0 Fo
40 | 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 03 40 | 00 10 20 31 42 53 64 76 88 JAACBF D2 E5 F8 0C
50 | 0303 03 03 03 03 0303 03 03 03 0404 04 04 04 50 | 20 34 48 5D72 87 9CB2 C8 9EF4 0B 22 39 50 68
60 04 04 04 04 04 04 05 05 05 05 05 05 05 05 05 06 60 80 98 BOCOE2FBHM X4 D 7C97 B2 CDES 04
70 | 0606 06 06 06 06 06 06 06 07 07 07 07 07 07 O7 70 | 20 3C58 75 92 AFCCEA08 62 44 63 82 Al CO EO
80 | 07 08 08 08 08 08 08 08 08 09 09 09 09 09 09 09 80 | 00 20 40 61 82 A3 C4 E6 08 2A 4C6F 92 B5 D8 FC
90 | O0A OA OA 0A 0A 0A 0A OB 0B 0B 0B 0B 0B 0C 0C 0C 90 | 20 44 68 8DB2 D7 FC22 48 2E 9% BBE2 09 30 58
AD | 0C 0C 0C 0C 0D 0D 0D 0D 0D 0D QE OE OE OE OE (E A0 ' 80 A8 DO F9 22 4B74 9EC8 62 1C47 72 9DC8 F4
BO | OF OF OF OF OF OF 10 10 10 10 10 11 11 11 11 1 BO | 20 4C78 A5 D2 FF2C5A88 F6 E4 13 42 71 A0 DO
CO| N1R1RRER2BBBIBIEBMYIMIULULY €0 | 00 30 60 91 C2 F324 56 88 BAEC1F52 85 B8 EC
DO| 1515151515 16 16 16 16 16 17 17 17 17 18 18 DO | 20 54 88 BDF2 27 5C92 C8 BE34 6B A2 D9 10 48
EO | 181818 17 19 19 19 1A 1A 1A 1A 1A 1B 1B 1B IB E0 | 80 BSF0O 29 62 9BD4 OE48 F2 BCF7 32 6D A8 Ed
Fo ICIC1CI1C 1D ID 1D 1D IE IE 1E 1E IF IF |F IF Fo 20 5C98 D5 12 4F8CCAO08 85 84 C302 41 80 Co
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Comparision between the frequency response siml—xlrat-:dﬁb; Remez exchange algorithm and that of filter
implemented.

0 A o A48 0] 4 7H(dB) F451 2.2 3(dB)

T LPF1 | LPF2 | BPF1 | BPF 2 | LPF 1 | LPF 2 | BPF 1 | BPF 2
0.00 0.18 0.20 | —26.21 | —24.93 0.15 0.18 —26.4 —25.2
0.05 — 0.18 0.00 { —42.84 | —28.11 - 0.15 | — 001 | —419 —27.6
0.10 — 00| —021|—589] — 051 — 00 - 0.15 | - 6.3 — 0.48
0.15 — 0.18 | — 0.05 0.30 | — 0.50 - 0.1 - 0.05 : 0.2 — 0.52
0.20 —33.71 | —0.21 | — 545 | — 0.51 -34.0 | — 0.1 — 4.8 - (.56
0.25 —53.59 | —32.65 | —33.30 ©26.95 | —54.5 -31.8 -32.9 —27.4
0.30 —35.3 -45,55 | —30.51 - 44,67 -35.5 —46.4 —30.4 —45.2
0.35 —35.87 | —32.64 2710 | —24.94 | —36.9 --31.4 —28.2 —25.3
0.40 —41,15 | —59.62 | —37.23 | —50.24 | —40.8 - 58,7 -36.5 —51.4
0.45 —33.91 | —32.64 | —26,26 | —24.92 34.5 - 3L.4 —27.3 —25.3
0.49 —35.27 | —34.51 | —27.88 ~26.71 | ~36.5 -34.2 —28.2 —27.3

e,

4)T4A= 4449 vz UeF LPF1 9

A0
T

Fsb
©} 2 Remez exchange &ILE|H 0T <4
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