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Design of Digital IR Filter for Frequency Weighting in Sound-level
Meters Based on Modified Imperialist Competitive Algorithm

TANG Qiu, WU Juan®, QIU Wei,SHEN Jie, TENG Zhaosheng
(College of Electrical and Information Engineering, Hunan University , Changsha 410082, China )

Abstract: Aiming at the frequency distortion problem in the design of frequency weighting digital filter based on
bilinear transformation,an evolutionary method based on Modified Imperialist Competitive Algorithm (MICA )has
been proposed to design digital IIR filter. In order to help the algorithm to escape from local minima, this paper intro—
duced a chaotic function to make the search range wider in the assimilation operation of Imperialist Competitive Algo—
rithm (ICA). Meanwhile, a clone evolution operator was introduced in the competition operation, guiding the search for
global optimization efficiently. Then, the optimization model of modified ICA of the filter in sound-level meter was de—
signed based on the research of the source of error in IIR filter. The coefficients of frequency weighted were searched
based on the MICA. The results of both simulation and application show the performance of the design method to find
better solution, indicating that the proposed method can significantly improve the precision and the error can be con—
trolled within the order of 107 dB. Finally,the test of frequency weighting under different acoustic signal level with

noise verifies that the error of the MICA test can be maintained in the order of 10 dB,which fully meets the design
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requirements of sound level meter (Class 1) in the national standard of GB/T 3241-2010.

Key words: sound level meter;frequency weighting;digital IIR filter design; Imperialist Competitive Algorithm

(ICA ) ; chaotic function ; clone evolution
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Fig.1 A-weighting simulation curves
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Fig.2 C-weighting simulation curves
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Tab.1 A-weighting test error of the sound—level meter in low & high frequency( SNR=25 dB )

FGUAB T
10Hz 125Hz 16Hz 20Hz 25 Hz

BT -043 121 -094 -071 048
PSO -031 001 -034 -025 -008
e e o 0 0 0
MICA  -0.03 0 0 0 0
777777777777 BT 025 -071 -097 071 034 -0
PSO 006 0 -002 0 0
e e o 0 0 0
MICA 001 0 0 0 0
777777777777 BT -008 -282 -285 221 133 -0
PSO 0 024 095 08 -0.17
% 1CA 0 =005 -029 001 0
MICA 0 0 005 001 0
777777777777 BT 903 442 232 001 078 -0
PSO 822 307 188 032 -050
7 ICA 778 359 066 0.1 041

MR 2E/dB
31.5Hz 40Hz 63kHz 8kHz 10kHz 12.5 kHz 16 kHz 20 kHz
-028 -0.13 -088 -137 -181 -326 -546 -15.71
0 -0.12 -0.14 -052 -091 -0.62 -0.93
0 0 0 -021 -009 -0.11 -052
0 0 0 0 -0.01 0 -0.07
2026 -027 -017 -058 -121 -165 249 645
0 -008 -0.12 -043 -0.89 -0.55 -1.07
0 0 0 -021 -009 -0.11 -032
0 0 0 0 0 -0.07  -0.05
091 -076 -122 -053 -121 -152 229 -566
-0.12  -003 -0.19 0 -058 -092 -052 -1.01
-0.03 0 -0.21 0 -022 -030 -0.09 -0.49
0 0 0 0 -001  -0.01  -0.05
071  -087 -018 055 120 -157 219 -545
-031 0 0 -0.19 -0.59 -098 -098  -1.02
-0.27 0 0 -0.04 -013 -028 -029 -0.46
0 0 0 -001  -001 -0.04 -0.05




84 R R A4 (A AR BE2 R

2020 4F

14.6 dB, 4 AMG 5 BRI B 1R 25 T B2 AR I I
FAIIEZI | SOAR SO U AN .

2) & 10 A1, HET MICA 1 A THAUE m st
HIRZES ] TR KUGE. Rl &R 1 FEME RS IR ER
HISEIE T, MICA s B2 00T PSO FICA, H
MICA [IRR 24 A BELERSAE 1072 dB B MLl
W, BA BRI, £ 575901 0.1 dB IORS 1R

K.
10(
of
= ol .
30 ! fj AN
J;_ _a0+ =005
& s e el et T
T -60[ M 0.8 1.2 1.6 20 |[—=—78as
60 = FER10' He e
‘ = l l —<— 128 dB
BT 10° 10° 1o
SR Hz

B 10 AT MICA 45 A AR K2 R &
Fig.10 Curves of the test result of A—weighting based on MICA

4 & &

ARSCR R A AL ik it 75 G A
TFUEBCAS T R ZE RO R R, R T — R
et I 5 4P SR A PR G IR TR TR D8
TR . AR SR IE TCA LB ST B A R
A, TERAEEBOMAIRNE s K [ 5a 4 B B
FIASEREMACT T, HE— 2P PR Tk SRS . X
A THRUIIAZE R, AR SCHE H A BGHE TCA B30k,
AR TR Ok AR 22 LRI A . HL
TEMMMEIAEE T, AR S S R TR 22 K Ry
75107 dB B GG HIN 776 1 PR HER.
ARSCHR T IEAGE H T GO T BRI
it 3 T AR R AR B B T I
g R BPBAREE R HRE, AT B A SE PR H]
#rH.

S 3k

[1] ANSI SL.42 -2001 Design response of weighting networks for
acoustical measurements [S]. New York:Acoustical Society of
America,2001.

(2] Bhde, IhPRA, £ &, 55 A GATHBURE A 2K E RS
BT S 9L T ] - EEAR, 2010, 34(5) : 37—40.

ZHONG B,SUN Q S,WANG X J,et al. Design and realization of
automatic calibration system on frequency weighting of sound level

meter[ J ]. Audio Engineering,2010,34(5):37—40. (In Chinese)

[3] IEC 61672 -1 Sound level meters —Part 1:Specifications [S].
Geneva: International Electrotechnical Commission,2003.

[4] BEML WA, IKERR. AR T SR B A5 T &
] PR ARRER) , 2001, 24 (5):59—61,66.
YANG C Q,QIN S R,ZHANG Y J. Digit weight and development of
a virtual noise analyzer [J]. Journal of Chongqing University
(Natural Science Edition ),2001,24 (5):59—61,66. (In Chinese )

[5] WhiEHm, k%, Wi, 5. BT STM32 MUK TR AUkl 4
B AL IEEEAR 2018, 41(17):95—99.

YAO J X,ZHU L,PAN Y,et d. Design of cascaded IIR digital
filters based on STM32 [J]. Electronic Measurement Technology,
2018,41(17):95—99. (In Chinese)

L6] XI5k, Bl S, RIHk, 55, SO AT FIR s ml 2Rl ], ksl
57, 2009,28(2): 107—110.

LIU Q,CHEN R Y,LIU L,et al. Improved feed forward FIR
vibration controller [J]. Vibration and Shock,2009,28(2):107—
110. (In Chinese )

(7] A0, A3 SR AU 28 9L ] AR 4, 2006 ,27
(52):1495—1496.

JIN H, HE J. Digital design method of the frequency weighting [J ].
Chinese Journal of Scientific Instrument,2006,27(S2) : 1495—1496.

[8] KRISHNA B T. Design of fractional order differentiators using novel
s to z transform [CJ/ Proceedings of the 2012 International
Conference  on  Radar, Communication — and  Computing.
Tiruvannamalai: IEEE,2012:268—271.

(9] JEK, Bimd, e e, 4. FE TR REOLAL I 20t A THRLX
TR 1 AR, 2015,36(4) :856—862.

TANG Q,JIA Y W,TENG Z S,et al. Design of A —weighting in
sound-level meters based on PSO algorithm [ ] ]. Chinese Journal of
Science Instrument,2015,36(4 ) : 856—862. (In Chinese )

[10] LUITEL B,VENAYAGAMOORTHY G K. Differential evolution
particle swarm optimization for digital filter design [ C ]// 2008 IEEE
Congress on Evolutionary Computation. Hong Kong:IEEE,2008:
3954—3961.

(1] SRRk, S0, TRORMK. 453 2lcilt PSO ik A LSSVM Y L T.5%

B oL I BT T ], B 5 R4, 2018, 32
(2):36—41.
HU J Q,GUO F,ZHANG L B. Study on ultra—early prediction of
chemical abnormal situation based on improved PSO algorithm and
LSSVM  [J]. Journal of Electronic ~Measurement and
Instrumentation, 2018,32(2) :36—41. (In Chinese)

[12] ZHANG Y,WEI H,LIAO R,et al. A new support vector machine
model based on improved imperialist competitive algorithm for fault
diagnosis of oil -immersed transformers [J]. Journal of Electrical
Engineering & Technology,2017, 12(2):830—8309.

[13] #fARSE, #4212 Tk 58 f Ak PN S MBEE S 5 ). B
i SiRaE, 2017,37(2) :152—157.

SHAO Y L,CHANG ]. Structural modal parameter identification
based on improved imperialist competitive algorithm [J]. Noise and
Vibration Control ,2017,37(2):152—157. (In Chinese )

[14] ANDRZEJ M,ANDRZE] P. Digital ~filter —based compensation of
case effect in sound —level meters [J]. International Journal of
electronics and telecommunications,2010,56(3) :263—266.

[15] ATASHPAZ G E,LUCAS C. Imperialist competitive algorithm:an
algorithm for optimization inspired by imperialistic competition[ C ]/
2007 IEEE Congress on Evolutionary Computation. Singapore:
IEEE, 2007 :4661—4667.

[16] fafFar, Eiki, XIFH M, 5. T GA-PSO IR & F R M MFTRE R

PESEUI 1) ] AR, 2017, 38(4) :838—843.
HE C F,WANG Z,LIU X C,et al. Magnetic property parameter
identification of steel pole based on GA~PSO hybrid algorithm [J ].
Chinese Journal of Science Instrument,2017,38(4):838—843. (In
Chinese )



