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Design and implementation of FIR digital filter based on FPGA

SONG Zhuo-da'*, WANG Zhi-qian'* , LI Jian-rong'
SHEN Cheng-wu'?, LIU Shao-jin'

(1. Changchun Institute of Optics,Fine Mechanics and Physics ,Chinese Academy of Sciences ,
Changchun 130033,China ;
2. Uniwversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A Finite Impulse Response (FIR) digital filter based on Field Programmable Gate Array
(FPGA) is designed and implemented for signal processing in strain signal acquisition system. Firstly,
based on MATILARB, Blackman window function is used to design a 15 order digital filter with 16
length, and the signal is composed of white Gaussian noise and sine wave with frequency of 2 kHz and
8 kHz. Then the 12 bit coefficients are quantized, and the coefficient file is imported into Quartus [
13.1 software. Combining with the IP core of digital filter in FPGA, FIR digital filter is designed from
top to bottom. Finally, it is simulated in Simulink environment. The results show that the mean
square error of the synthesized signal decreases by 28.5% before and after filtering, which can
improve the quality of low frequency signal and enhanced the function and integration of the strain sig-
nal acquisition system.
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Y& B #1:2020-04-09; 81T B #§ :2020-06-04.

E£E . H A BT H AR B H (No.20190302086GX s No. 20200403067 SF)
Supported by Key Science and Technoloy Foundation of Jilin Province, China(No.20190302086GX. No.
20200403067SF)

* @ {8 & N\, E-mail: zhigian_wang@sina.com



S

1074 W5 B

35 %

1 7]

nu\‘

TE o T A 0 1 AR ik L R 95 ik
50 3k R v 3 SR FH R AR DN R SR SR AR T i
T A AT () AR A 5, HEAT 23 B R AL B, Sy e 7 35
PRI 25 R BT R A NS A T BE . TN AR S
SR AE R A v, N AR A A AR R A S AR 4
TN IR B pV G, SR AR AR T IR AR
A5 AR SCR I —F 23T FPGA 1) FIR $F 0
WS AT S AL B, TE S e B B M A B B
B L G OLT 48 5 BT R AE R AR 5 RS B .
K BAE A B [ 3 3 AR, ] FPGA & il 1P,
BRI RE B SE B, LRI A A — R
R —1R5 .

FIR P80 45 19 52 PR B i A B 3 22 B )5 5
i FERE S 1 B 3k T A S BB TR A 5 19 U8 O
BN FPGA W& E &M IP A LUT %45
F L fEA% 52 3 K FIR %07 08 Uk 25 B2 41 8 FPGA
e I BURT DAAR AR S5 PR oR 7E B BROE B AR 1 S
B, KR Gk 1 7 i B BT TR L O e AR 1 S
KA R G B 1) 4 R AR

I AT 4 22 2% 1 A EDA H R 52 B FIR
B g A e AR A R R G AE 5 A H IR
KT B FPGA 2 55 550 50 FLEE 1
FERWT R B AT AE FPGA | S23R FIR 50506 % 2%
M5 A2 2 R T R R B B B B A L B =
i HLA ALY R R

2 ALAEZR

R 5 5 R 0 R P KE A 1
RARRI BB ROy

| REASRAGHE1

MAX1452
—BDR

Poa

[7
ARt MAX7420 ADS021-ADBI38:

L S
-: v C:ﬂ"‘“gg per oy

5Vi :

o s |

gy [H5HA :
SVED i :
AR )(: 1

Bl R AR S R R G AR AE IR

Fig.1 Block diagram of strain signal acquisition system

RIAERIHH2

RT3

PRI AT 4 AN ARE o R AR L A
SR 45 3 18 411 B X I AR HU B B 5 AT OB
PHERRT A/D R BCF AT 5 B 4 4 35 6 AL L AR Hi
Uity L AR 5 DR B 22 168 I I B A M2 s o R 4 A
g5 A/DREM S R Mg A/D RE
JEWE S X L T ZAE AL B S e AR
Wit UART S AT B2 A4 2 PC i R,

3 FIR & F B )% 35 ayi% it

31 ERFEEMEN

FIR %07 0 U 2% R B A6 ik oo 7 A BR K 5
I R T PR LR R AR R R RS 0T N By
FIR 38 0% 2% 50 AR E] 731 2 Go) % H 2k 08

ym)zgﬂuyun—m, (D
R GG 1 R BT RN R

IJ(Z)::EQh(n)zﬂ’:
h(O)+h(D) 2zt 4o 4+hn—1) 2",
(2)

Hoh GO RUEIE RSB n Wk BB (n—i) R
FERF ¢ A bk A

FIR U8 % #5714 B8 20 32 B84 B3 A 90k
2L FIR S #8551 . Horp B A g5 4
e 2 PR x5 W E N DR, BIRCRH
v GO ARTE BEHEAT n TR 0 — 1 YR IINTE S5 3
2z e,

x(n) z

y

RO)  h(1 r2) h(N-2) Th(N-1)

y(n)

B 2 R FIR JE % 28 W 2% 2 44

Fig.2 Network structure of direct FIR filter

XFF AR FIR U8 I 2% o H 557 o o7 J2 %
PREL KRR LBl h(n) = £Ah(N—1—n), FIH
O B T DL Ak I 2% 54 . 2 h G S X AR HL
N g s

ymrzghmxm—n:

h(i)y[x(n—i)+ (n—N+m)]. (3

e

i



55 10

KA, % 5T FPGA 1 FIR 507 UE 0% fe it S sz o 1075

LR MR 25 & 3 FR AT E N /2 A4
Fekidn . FIR 8 I 4% 55 bR b2 — A 20 5 09 2 )
28, A — Y R A 2R A5 B 08 U 4R Y
HEO S AR TT SR A AL FIR 807 U8 4%

z—l

KK

h(0) h(1) h(2) h(N/2-1) h(N/2)

y(n) ®

K3 FIR JE A% 2 VAR 7 9 2% 45 44

Fig.3 Linear phase network structure of FIR filter

32 FIRIEESF[EITRE
FIR 05 U8 U #v 1T A2 i 4 prows, B A4~

FIR 0708 U s 19 1 11 0T DL 43 R 08 0 45 R B0 1t

FUEPE AR TE FPGA 5283843 . R Matlab

AT Y FIR B057 8 e i & gh =k R 40 JFF

FIR BFUR I A% 1 N ERSAE B FPGA I,

& l@

2

[eason.

oz
K4 FIR J8 A% B i A2 ]
Fig.4 Flow chart of FIR filter design

4 FIR # 5 & % B4 FPGA 3L

4.1 Matlab iZitiE K& R

3@ o ff ] Matalb 1 FDA Tool T. B4 11
H—A~ 15 B I8 2 AH A7 FIR £ 8 I 25 .
KA 20 kHz, B K 3 kHz, KEH
16 3, IR FH A0 3 o0 2 1 S B0, B D8 0 A8 0 0N R
B 12 07, B 47 0 4B 09 uE B A TR Ak
J5 R B 28 2 EE A FIRCOE. TXT ¢fhrp, 3
W AR BT S an Al 5 B .
42 Simulink (FEIREBHBNES

$ Simulink H 1E 5% 3 {5 5 7= 4 BB sine
wave, f T B AL AWGN i 2155 &
B add A — A RFES R Ry 20 kHz (155 T
PO, I A 12 sk REG 5 2 kHz

Seine Do P PR G
e
mtie You « Lowpass FIR Werdow. Quontiomd
o 18 Winchons. Rt
©
.0
o ° 3 2 . .
[ Froguency (kHe)
o o ===
|| ——— Unes o0
- e antee e (o0
sos0

B 5 FDAtool Ui #% ¥ it 7
Fig.5 Design interface of FDATool filter
8 kHz/Y IE 3% I fi 5 & A FPGA Y A5
T RS RSN 6 FiR

K6 & RES kKA
Fig.6 Schematic diagram of synthetic signal genera-

ting module

43 IP#i&it FIR BFiRK R

A Quartusll 1P #%1& & FH1f, 51—~ 15 By
IRE LML IR P A K 4.2 T Y FIRCOE RECC &
AE| Coefficient set H1M , e & 47 I I 45 45 T S48,
A= FIR B U P a5 b, JfoR H Szl i1 . %k
FURB AT RTL s B ANE 7 s, Horp ast _sink_
data[ 11..0 |#1 ast_ source _data[ 25..0 |73 % B {55
S A v 1 RRSCHE s ) BEASREE LS T 2 199
AT, i HEAT] 107,

fir_ip_ast:fir_ip_ast inst

ast sink valid
ast source readv ast_s
clk ast s —>ast
reset n dataf25. ast

ast sink emrorf1..01

B 7 BFuEdas RTL 95 3K
Fig.7 RTL level schematic diagram of digital filter

5 FIR #%F &% B4 55 M

51 FR¥FRESRIGEMHE

54 FPGA 5 Simulink B4 520 ER & F- A
7E Simulink B E UL H , 30 2o 34 B = A A5
5 B A% % 3] FPGA, FPGA ¥ {5 5 Ak 31 )5 1% [l
Simulink /M, B4 7E Simulink F A EE A P



1076 W5 B

35 %

B, B R B FPGA I A 5 B, A& T
FPGA % H W £ Cyclone N &R 7
EPACEGE22C8N, #RJ5 KM JTAG 405 A, &
B ITAG #0280 I AP A5 5 R 5] 5 | i 4
S INGCR ARSI INCE VAR O S EHSEE IS LY TRy
s B A% 17 18 logic _board. xml 3, ] &
Simulink #E 8 B it & U 1) logic board.xml 34
AL RTL SCHRBY Verilog A3 3C 4, 34
Hg g A TZE A, H S BLE 10 H 8 508 1% 2%
| Simulink #. f5 HA R 8,181 9 FioR .

bt

Lowpass-fittered signal

w

TG {E/mV

n

Times/ms

K8 A fE S B I AT () J5 (b) B B K]
Fig.8 Time domain waveform before (a) and after

(b) filtering of synthetic signal

30
20(

W {E/mV
8503

-30

&

0 5 10 15 20 25 30 35 4
Frequency/kHz
Ca) YE UL G BLAF 5 30038 0% %

(a) Frequency domain waveform of synthesized

-50

signal before filtering

W {E/mV
£888-88

-100
-120
-140

15 20 25 30 35 40
Frequency/kHz

(o) PE W5 & W AR =5 S T

(b) Frequency domain waveform of filtered

0 5 10

synthetic signal
B9 G LA DR A
Fig.9 Frequency domain waveform before and after

filtering of synthetic signal

H1 & 8 Il 9 mI AN, UK I 1 A AR 5 A B I
FIVATUIR 8 28 R, i M 7R O 48 o,  FL TR
JEBR T 8 kHz mMif5 5 /it I WS {55 B F
KIS i B Rl 2 kHz B9 SR E 5505 S
I FIR 2 AR 071G 38 0% D fig # FPGA &
S,

52 FIREFIRKEI/IEBESH

W R AR5 5 SR AR R GE M 4 A Ry AR SR A 1 4y
S X o T TE e SR B 4 A AT N AR L O HL
I R FIR 07 8 i i e fh 25 R 1 SeA
S A Matlab e, R 47 £04E b 28 L 15 5] FIR 4L
FURPEAT G I 2.k 1 PR,

F£1 FIREFEEIEHAE

Tab. 1 Mean square deviation before and after FIR
digital filtering
W om0
. WEPEHT I SE
wE e BE ) )
¥z Wi
1 30 015 —88 467 1237.1 907.6
%4
N 2 35494 —89 736 1 126.5 875.3
i1
3 38 772 —85473 1283.1 910.4
1 40 913 —2 1073 972.5 674.1
.
ﬁi 2 58 209 —19 386 856.4 600.8
SRl
3 49 328 —19 758 782.3 545.0
1 79 635 70 394 709.2 539.5
5=
. 2 63 979 71 834 693.6 528.4
BRI
3 64 298 70 936 707.0 545.5
1 100 901 52 043 607.8 406.5
%50
. 2 70 365 52 864 583.4 384.3
SR
3 84 932 52 567 594.6 379.6

H 3R 1FIR 7R A G A (s 5 ¥ 20
XFEC AT, 25 FIR 807 080k 2% ) o 15 5 1 ¥ 07
ZRIEE T A NMEENREFS T ETY
TR 28.5% , BAT R AT RO .

53 REER

T RERENG 4 A AR SR AR GE T b A B R A
S5 4L 30 1 B U AE PC i SET R, i Matlab
GUI T HAF R I 8RB, Of B o =0 (D%



55 10

Rk, % T FPGA (19 FIR 305 08 il g 53t b s

1077

SR A 5 S B Ak A X 7 T F AL
ADCresen
v
K.V ADC 2% L .GND ki th 25 5
0 B A AR L R s ADCrecas B RFEZE R LN 2 ADC
A, TRl AR A 2 (5) , 78 A A 0 14 1 10 T
R 2 A8 JS A O 1 0 7

U, =EKe . (5
X E WHAFHRE K NN AE RE R e N

U, = (V. — GND) X +GND . (4)

AR -EL

AR X N AEAE S R R G AR — R T
FPGA [ FIR 2 AR A A1 38 %5 0 ol 2% 05 58 . 4
TR IR AR R 5 0 BAR R R A TE FPGA
ST B BRG] DR B AR A RS S
A BT YR AR RN SO & TS M A SR
it g 5 testbentch A A fF HE X 4 5 A

SCHL .

Modelsim 45 BLO7 U455 A T 52 2 ) 05 10
e R BAE FPGA b VR 15 5 % 2 B0, A b
— . - = T T S 00 T 33 1 Y

= S e S A B 4 SR T M O AL £ 1 B
2T W 28.5%  FUA RUAFMIE AR . 100 %
e e ST T R B A R B A A 1L

b T i 34 7 A8 3 R B R T 0 A A
FIR O3 38 % 5 19 D1 A RS ML E FPGA b B8 3)
Bl i B 2R 51 T I  oh  A  2 E 1
S TR 2 S0 £ 7 B AT I o e

BonFOmanE 10 s,

B 10 SR

Fig.10 Interface display UL
& X X #k:
(1] 28 k. B FHHUIE RS S & 4 s D X5 R 9 [ D). VE % 4 & o T BH 4 R %, 2013,

[2]

[3]

(4]

[5]

[6]

7]

WEI G B.The investigation in the Flight Test Technique of Rotary parts on helicopter [D]. Xi’an: Xidian Universi-
ty, 2013. (in Chinese)

FFLANR, EHBF AT FPCGANZHMBHEFEYRFESLARRE[J]L&dhs 2
245-250.

HUANG X Y, LING C D, HUANG R M, et al/. Multichannel weak medical bioelectrical signal processing system
based on FPGA []J]. Chinese Journal of Liquid Crystals and Display . 2014, 29(2): 245-250. (in Chinese)

AT AT IR E M MATLAB 5 FPGA 2 ALLM].2 Bz AL 50 B F Tolk i jiit . 2014,

DU Y. MATLAB and FPGA Implementation of Digital Filter [M]. 2nd ed. Beijing: Publishing House of Elec-
tronics Industry, 2014. (in Chinese)

PR F AR E L FIET FPGA BT IR DA BT 5 05 FLT AR A ). 2017.16(2) :85-88.

LUY Q, LI1J W, XUW W, ef al. Design and simulation of digital filter based on FPGA [J]. So ftware Guide ,
2017, 16(2); 85-88. (in Chinese)

AR R A, 28 A ST MAXT452 (93 48 I3 A& S8 A A B i 3t [T, & 33t £42.2012,20(2) 1 118-120.
AN D X, HUO J H, WANG L Q. Design of strain testing system front-end module based on MAX1452 [ J]. Elec-
tronic Design Engineering 2012, 20(2): 118-120. (in Chinese)

% A& .Verilog HDL 5 FPGA # 5 % %%t : Quartus [ [ M. 465 AL Tk B4 At . 2015.

LUO J. Design of Verilog HDL and FPGA Digital System Quartus Il [M]. Beijing: China Machine Press, 2015.
(in Chinese)

E e Kok, 2R, F 0T FIR 804 o0 s BB A i 4 T TR L) ] b AU F #0F F 4R, 2017,39(2)
83-88.

WANG Y F,ZHANG X G, WANG G, et al. Discussion on some problems about the design of window function of

~,2014,29(2):



1078 W5 B % 35 %

FIR filter [J]. Journal of Electrical & Electronic Education s2017, 39(2): 83-88. (in Chinese)

(8] A& 2T FPGA Y FIR B 38 I A 58 BLLD 1 AL 50 Jb 5Tl K%, 2012,
LIU F Q. Implementation of FIR digital filter based on FPGA [D]. Beijing: Beijing University of Posts and Tele-
communications, 2012, (in Chinese)
(9] 3Rwedh, MR4b o, B A LT FPGA A5 38 By FIR 98 3% 2% i sk 9 5 2 [ ) LR b F 3 K, 2016,39(11) . 55-
58,62.
GUO X W, CHEN Z R, XIA L N. Frequency domain improvement method for high-speed and high-order FIR filter
based on FPGA [J]. Modern Electronics Technique, 2016, 39(11): 55-58, 62. (in Chinese)
[10]  Z4£ . FIR $7 a8 it SO 5E[) ] R & #  3AK,2018(1) :48-49,62.
WANG H.Design and research of FIR digital filter [J]. Equi pment Manufacturing Technology » 2018(1): 48-49,
62. (in Chinese)
(110 R4z, XA . FIR Q847 19 FPGA Bit5 5C8[) ] & F %3 T42,2017,25(24) :65-69,73.
CHEN Y Y, LIY Y. FIR filter of the FPGA design and implementation [J]. Electronic Design Engineering ,
2017, 25(24): 65-69, 73. (in Chinese)
[12] 3 kT Simulink 198008 T0 L i B8 2 03 [7) 05 BLBOR D18 - i FRHE K22, 2013,
LI L. Simulink-based software radio hardware co-simulation technology [ DJ]. Chengdu: University of Electronic
Science and Technology of China, 2013. (in Chinese)
EEE

FERE969—), H , HMEEH AT
WF5E 61, 2009 4F T 35 PR 2 445 [+
2, FEMNFE R R OB FF S AL
FJ5 1 09 BF 58 . E-mail.: zhigian _wang

(@sina.com

REIE (1993 =), J , H MK H AL L
e A, 2016 4E T o B K=K+
¥4, EEMNHE FPGA iR AR R G &%
T107 W A9 BF 58 . E-mail: 453474362 @

qgq.com




