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Abstract

In this paper, we use the principle of adaptive filter to perform a simulation of the voice noise re-
duction function in the ANC of the automotive noise reduction system. The simulated speech input
is performed through the Android car system and the DSP chip Si47925 from CoreTech to restore
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the real car speech scenario as much as possible. This designed automotive ANC system is based
on the adaptive filter as the center and the least mean square algorithm LMS as the main adaptive
control. Four algorithms commonly used for adaptive filtering: least mean square algorithm LMS,
combined algorithm LMS/F based on the minimum fourth order matrix, normalized least mean
square algorithm NLMS and variable step size least mean square algorithm VSS-LMS, will be de-
rived, realize the code implementation of these four algorithms based on Matlab software, and
digital filtering simulation is performed for noisy speech. According to the result of simulation, it
is found that all four algorithms can realize noise reduction effects on noisy band frequencies,
among which the LMS has the simplest and most convenient iterative weight coefficients, the sta-
bility and noise reduction of the system under the fixed-step LMS/F algorithm and the LMS algo-
rithm are similar, the VSS-LMS algorithm and the NLMS algorithm can both improve the conver-
gence speed, among which the NLMS algorithm can achieve a higher snr and the steady-state ac-
curacy is much higher.
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1. 3]

T ET R4 M s 456 7 VA Bl e s sl (2 2 B, ANC), I 31 7 42 6 (3 B4, PNC).
e 3 P 4% | (4 D7 VR TR R R R S AR ARG B 5 S D7 K1), BEREXT KT 500 Hz f it 75 g AT
A RCIERE, TERE DA E RC N IR EE LC S8V AL BR S 7ok S [2],  IXREf 2 ) 77 72 75 LR
AR IR, 2 R ua RSB, I 2 1IN 2 (R 4% T B DA SR R AR . T B M s o )
ST R S P TS SR B, I 7 AR R S I R IR AE AR A, AR LA B IR S R AR
THMRFE (3], XA SEEL T BN H BI[4]. AHEGTEh R, SRS S i TS A SR 200 Hz LA H)
AT, BRI ZE I e, T BRIE I [l 75 (5], B2 2 38U &2 IR {5 5 b P 23 (Digital Signal Process,
DSP)FIR &, ik RGNS R RiG . ASO R HIERJER S, X8 a8 ki /N4 5
HE(LMS), LARIET LMS BN 13— /N5 757 S (NLMS) - 3T 55/ DU B g FrR 26 B0 1
&K (LMS/F) IS K e /N4 77 B (VSS-LMS) BT T BB BE, it & S JE s s S8, Jhxt
B B 5 H ARG 5 7E Matlab ZEATARRD 0 STIL, LUK 8 [0t () b R JEAT 07 LR 7 L ) 45 SR AT 43
o

2. BENMIEEBREEER

TE T B BRI R G A PRI LI AR DR SRS, 20 il 2 A BR kel i) 32 )8 9 2% (Finite Impulse Response,
FIR) A1 JE FR M % J5€ 38 2% (Infinite Impulse Response, IIR).

2.1. BIERER AR

2.1.1. FFRBKAMRLER B (FIR)
O A DR B I S L B R L 4 58 FIR SEUEEE S TR R3S ORI T, %0k

][l
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AR R AE 3 N ARG, BTN . VBN B REON N, TERT SN n I, 2R
AR N AN x(n),-,x(n=N+1), SR B p(n) R ARUS &R S, B

y(n) =W (n) X (n)= 31w, () x(n 1) )
X (n)=[x(n),x(n-1),x(n-N+1)] )
W (n)=[wy (n)ow (n),wyy (n) ] 3)
ERAE, X () RN E W (n) ARURRURE . X RGN 2 A, 3B RGO R RN
_ Y(Z) _ N1 —i
H(z) =3y~ Lo W ()2 4)

HTF FIR JER AR IV — DML T 2 P AL S, IR RER, N2 FIR JE3GE
e ARG, DI FIR JER AR & LAl Rt h U SE B8 MR A, HB R i anid 1 for.

(n-N+1)

x(n) x(n-1) x(n-2) »
W w =
) =€f:) =€fj¢____:;;;____A%Ei>___191_+

Figure 1. The transversal structure of FIR filter

[& 1. FIR R E5HE m4E4a

2.1.1. TRREHR R BWR)

FIR YR SR LS 5B W ST, (1 IR B S 210 SUBRPR T, SBCR M 5 2 20 1
EEA KR, ARSI S BU O SIS R TR K . FERTEE SN o B SEBEE
i 5 A

y(n) =27 (n)y(n=i)+ X7 b (n)x(n 1) 5)

b, MOSRBIEE ARG a,(n) 9 n RN RARREG b (n) A n N2 R IHBUR .
DEL L2 2 8 1 A% 3 B KA«

()= L) Zin )z ©

X(z) 1=y (n)z

i E AT, TR U 88 2 /DAFAE — AN EURAE 2 IR R AL, 2 S 80 3 U i 5 I %108 5 2 M

B AL, RIS A e s A T AR RS . fERRETE T TH, TIR JEV AN FIR JEM A%, % WL
IR JEP AR5 IE] 2 Fw
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Figure 2. The structure of IIR filter
B 2. IR JEIKAREEH

2.2. BENE.

15 D BT R P 8 1 R RRARAT . RO S RO R A T i 2 A T — A 5%
R NN N, AT 208 T B AT 56 TR A (0 8, R T 75 B BB 1 A MR, R A 7
B\ B P 5 MR S AR G IR U T I S R U R 5 A VR A B LR 0 RS
VO MR B, OB TE (5 e SNIR 7 T 2 1 25 M 7 TR AR A Bk e o L T/ SRR
WA I 55 E[[e (n) | S0 % & (n) Sy NHER, XHEE7S d (n) AT LR V6 25 03800 1)

2.2.1. |/MFEZE(Least Mean Square, LMS)

/N T B A DL B & R, HBR B S ) 2 ORE R R 5 S kb R T 2 #
(0T 7 FAEE(E /N, RIS T iR 22 B /N [6] 0 AE SRR N B[] 58 2K de /N5 7 1 3 7 B0 5 SR B F 28
¥R:

1) &SGR y(n)=W" (n)X(n);

2) EXREES: e(n)=d(n)-y(n);

3) FHWRS LS BBRAER R E BT A K W (n+1) =W (n)+2uX (n)e(n)

B, n REEFES d(n) AR N OBERES RS p WEKET, EERANEE, AR
WEEEISL, 4 p MHUEIEEN: O<pu<l/A, AZMNIGE S B AHICH BRI SR RHE A -

2.2.2. Uﬂ—f‘tﬂgﬁlj\iﬁﬁﬁi(Normalized Least Mean Square, NLMS)

E B 3E R JE R L T IR — A e /INE T R 22 B Y B — R AR AR LMIS 500 138 S b 7
I HWSR R, (HR R M AR S E SR BN, SSBUAOB KGR, H—Trm, HMARE
PSSR RS, N MRS KD, AR REURA NSRS ATEE, N TR 5%
WSIOE R, £E LMS SRR BT 0 — AL B[ 7], RIAE 8 ds A R EOR A AR A, m) DI
WEEX PR AAT I, XMETRER L, EANMEERALZIE SRENEN, REFEKEE
PEATEL PR SR L [8]

NLMS Sk, il 3 — e 77 SOEAD Km EA ], JEBas BUR B i 5
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W (n+1) =W (n)+———X (n)e(n) (7)
()
ERR, o M REEHI SR, EGTEM BN 0.6 [x(n)] HBAE SRERR R BN
TSR 0 < < 2fr[R], RSN S0 EHIDHERE, SRIEN R = E{X (n) X" (n)} -

2.2.3. EFm/NUMERERNLE S EELMSF)

LMS/F Bk i T3 A LMS HE A /N YR HE FE SR LMF 454G TR 1. LMF HiE 3O 2 1E LMS
HE EIRHE), BEAMCE T HEEXENNTR T, 558 LMS 7ER(E 550 FISIORFEE 1 1 8[9]. LMF
(IR R ECE T A KON

W(n+1)=W(n)+uX(n)e’(n) (8)

LMF S0 R B0 B S A AR B N AT L LMS SR b H RS PR RE T 4, At e R 5
PR B B AN AR I A S B AR A M RS SO B LMS B3, 1X B 24 RRIGIN T . A T R
ok LMS Al LMF S shs s 7 —F LMS/F (5098, F T 58w AR 0 B AN 1 2 i H 5
LMS/F AR A XA

W(n+1)=W(n)+ef‘f;§Z)gx(n) ©)

XA, e NRESE, N—IEE, I G A E RE R T #2850 AR SGE . L SCHREX £ = 0.001 .
2.2.4. THKE /NG EZE(Variable Step-Size LMS-VSS-LMS)

VSS-LMS FiE RS A AL . TEVILRUSIN Bt R A S HUR AL R, BUR S BRAR R AR IR
REFHBERGT R, N T RIEA B B U SGE FE R i AR RS R ER B T, Sk EU KRB K [10]. ERE
Bar Ui, SkIE/NEPK, Pl Ra SR ZE . R R) — K0 SRTE TEAP K] DURYE T 20k

1T %
p(n+1)=au(n)+ pe*(n) (10)
ER, o, p¥INER, FHAO<a<l, B>0. WHKIER =097, £=0.00048, HFHL
FrEAT

P H(MH1)> 1,
lu(n+1): /’lmin Iu(n+1)<’umi“ (11)
u(n+1)  other

PR AKEE I py = pr0 » B p(n) RIEE, AR P AZHHE L o, p 2R, B
FE, HMEEE IWAHGL IR LMS SRA0PRAE, BERMIINR Z 2 SBCD KGR, RIERSCEE
RRE . PRIE g1, SKA T —ADTED KA

<
Ha = 3fF(R)

3. EF Matlab WEENERBE
3.1. A%
AR Matlab FISE ML 22 58 R SR HAT F1 38 IR0 BRI D7 2L, 4 BLTRAR I s Myt 1) 3 s
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Figure 3. Diagram of the simulation structure

3. ERESE

AR EBVRAR 2 A BRGS0 22 50 AU TR I SE R AL SE 2 A, Tl 22 5L
adb i &K 22 70 KA BT 7 (5 5 Lhowav BB UGB H K.
FT I LRSI B A 4 PR, P e I Bt R
1) SRHEHE R DSP S A Si47925 FTfEZENLIT KR, T b5 40
2) TFR A A L
3) 2 BRI HE T SO KA 2 B, JF HEAR AR |
4) THEHLH T adb i 485 U B 2 PC #R A%
5) — M EHEE A TR HTT RO B PC i o
FIHT adb fir & BEAT 3 IHORAT B PC AU iy 210 F P :
tinycap /sdcard/test.wav —D 0 -d 33 -c 2 -r 48000
adb pull /sdcard/test.wav E:\

Figure 4. Diagram of the simulation equipment

4. HEREE

it

DOI: 10.12677/m0s.2023.121035 371 e RSE TR


https://doi.org/10.12677/mos.2023.121035

R, g

Horfr, /sdcard J2 % 5 linux &40 FHIHIE; -D 0 AR & &5 -d33 &~ DSP O HIZE 33 Sim 2 H
Kt G -c 2 RoRMIER R 2 WIE; -r FoRREEIIR . BAEE WA S fix.

BN E\ADB\cmd.exe

E:\ADB>adb root

E:\ADB>adb remount
remount succeeded

E:\ADB>adb shell tinycap /sdcard/test.wav -D 0 —d 33 —c 2 —r 48000
(3

E:\ADB>adb pull /sdcard/test.wav E:‘\ADB\

/sdcard/test.wav: 1 file pulled. 34.9 MB/s (2261036 bytes in 0.062s)

E:\ADB>.

Figure 5. Diagram of exporting audio from Android

El 5 NRERGSHEM

3.2. BF®T

BT AR ZRALSE b, I HAEBON 28 3 AT SN, RIIETE Matlab 7 2540

AR ZE T B N RO R R v i e A SR L S 5t

LURE
[y_sign, fs] = audioread('"E:\ADB\test.wav');
x_sign=y_sign(:,1);
speh_in=x_sign";
input=( speh_in (:,(50001:60000)));
noise = awgn(input,20);

sigwn=input+noise;

FET Matlab 15 ¥ g AN A A 80 A ACRS[12]

%o AN HIIE F I

Yo HU I N VB & 5 )
Yol B
%AFEL 10000 J5 4 %i#E
ot N i T 7

Yo L B TR B R T

Bt REAT DR AR O A6 AL, FERRFE B GG T R ECRSEIIW (), X(m)KIRIAa1E, ARG HT

X=zeros(1,N);
W_LMS=zeros(1,N);
E nm=zeros(1,10000);

Yo T8 A i N\ R
P UL LTS
% € X% HY input 4E%—3

TEVIIRCIEIAS e, A B D E S HEREE, HROREE SRR, B2 LMS 5k 8H
REOTRE, FEAEF ERLA, B2 S RREFP S ARSI

for k=1:n

X(1,2:end) = X(1,1:end-1);

X(1,1) = noise(k);

y=W LMS *W _LMS";

E nm(k)=sigwn(k)-y;

W_LMS =W _LMS + 2*mu*E_nm(k) .*X

end

Yo SLIN 8] F ST Aa i 34
Yol N AT A6 JE T ek AR
Yol N\ (11 BT 45 EL BB

% STt

Yof3 FITRZAH

% B A EL

EERARID R, W LMS 1ok T3 RN Bk R RBGE R AR, T EGH I LMS FLkh A
B 7E T o B 2R O 5 KA N T A K, R 7E AT o 05 PR s R AR M . %8 %
SR HIEUE, BEAb R UK MR = 0.0003, K /ME 1 =0.0001, TN i A4 e T

P& R 7 dir 2 RS
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R=xcorr(X); %I HAHRHIFE R

B, AR 2 T B A, EE AN R 0 LMS B0 R0 B B R AR 2R AT BT, AR R s
W_LMS =W _LMS + 2*mu*E_nm(k) .*X %LMS Hi%

W_NLMS = W_NLMS + alfa*((E_nm(k)*X)/(X*X")) %NLMS #ik

W_LMSF =W _LMF +mu*((E_nm(k)*3)/((E_nm(k)*2)+0.001)).*X  %LMS/F $Li%

W_VL=W_VL + 2*mu*E nm(k)*X

4. HEERK SR

%VSS-LMS &%

e BB HEAT B EE, T Matlab TSI SE R, TR R RE R Kb, YIPHGED K
1 =0.004; HNLMS 5500 H S8 a =0.6,, WARREEH A3, BT 0 RSN [RIRYIL6 5
5 MRS MRS 5 W lE] 6 Fron. J SR DU R S04 2 B85 m 10 5 A0 FRD i A0 132 P 1 4] 7~

10 Bz

% 1 | | Input Signal | Y

=

= WWWMWWW*MWWW“W*‘

5 1 \ . ! |

0 2000 4000 6000 8000 10000
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E l T T T T

20
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Figure 6. Diagram of the input signal. noise signal and noisy speech signal
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Figure 7. Diagram of the speech signal after LMS algorithm
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Mixed Signal
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s
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Figure 8. Diagram of the speech signal after LMS/F algorithm
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Figure 9. Diagram of the speech signal after NLMS algorithm
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4.1. DEEEMRES

B EMREEE I AKX P S Ee NS HEITIS, 1620 dB IS EMELILEILT, BURRIRECH
1000 &, HEIE 11 FrsrigiRf. R Baphsk 2 NLMS Hik, iz VSS-LMS Hik, iz
& LMS/F Bk, Wtafhzee LMS Bk, fEa R, WUREERMEE ReA 8 TiRs. Hd, sk
JEMI T, NLMS SUERERE R R, EEERYINS AR AR, VSS-LMS SHik M iE &I K,
ETHA DKM LMS/F 2 80, H5/4&50 LMS Sk s R B, HERRX A, a7
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FRERARE 120 TURhRVETE 500 IR EAYZELERFEE, BTRSREETFELEHEMRFER, Ti)E
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Figure 10. Diagram of the speech signal after VSS-LMS algorithm
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MSE Curves 20db
T T T T T T T T T
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AR
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iterations
Figure 11. Performance curves of four algorithms with 20 dB noise
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MSE Curves 20db
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Figure 12. Localzoom between LMS and LMS/F algorithms
12. LMS 1 LMS/F BEIER S ERMIK LR
MSE Curves 40db
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Figure 13. Performance curves of four algorithms with 40 dB noise
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MSE Curves 10db
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Figure 14. Performance curves of four algorithms with 10 dB noise
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4.2. FEIREEERLL T EEEMRES

a3 HIXE A 40 dby 20 db AT 10 db T PN EIERIZRIE S, 20 db IESLAT UL 11, FlRPFE
LRI B R R 1 13 FOE] 14 s

13 AT, fEmRERE LI A ST, K NLMS Sk M SICHE B A B M & 5 niaaE, 78
500 VR EIIE SIS, B A8 B 5 - T0 B3 , LMS/F SISl 1 5018, I HLAHEE T 20 db IS0 T,
FSSIGH FE 3t — 508 9 HAE 1800 WA AIEEIFEAS . 1 VSS-LMS ikt LMS FikSifst, (HPi#
BITE 1200 IR A2 A USSR

A 14 A) 0, FEAGAS M LI A5 B TS B0 S DUAR Sk eSS0 B LA 07 37 250 UAE B Ik B8k,
HHAEMFERS KA T, LMS #iE5 LMS/F BiEF K5

4.3. BEEEI RO HT

TEPPAN B P ORI FRFR T, 0 A0 FH 1R 2 e e 5 1 255 (5 148 L SNR A8 7 iR 2 MISE P Fi i e
fekR[6]. Hdr, SNR 1 MSE HyiHE AR a2 F Rt 5.

S (n)
~101 ! . (12)
e g[zﬂx(n)—y(n)) J
MSE =371 (x(n) - »(n))’ (13)

AR v M (R M B, B T A (L0 ) TS B F B 1% T 38 1~38 3 F R M DU AP BT VA TR
AR R P R A PR R, R A N 2 R BT A R AT A .
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Table 1. Comparison of noise reduction effect between 4 algorithms with 10 dB noise

= 1. FEMA 10dB HYRER T UM EK B I PEIR AR X EE

RS SNR (dB) MSE
LMS 21.8753 0.1082
LMS/F 22.4687 0.1089
NLMS 23.6919 0.1443
VSSLMS 22.4638 0.1088

Table 2. Comparison of noise reduction effect between 4 algorithms with 20 dB noise

2 2. TEO 20dB BURRFES TS PO Fh B A (Bl O PEIR SR 3T EE

Hik SNR (dB) MSE
LMS 11.9143 0.0127
LMS/F 13.0929 0.0115
NLMS 14.1238 0.0145
VSSLMS 13.0197 0.0115

Table 3. Comparison of noise reduction effect between 4 algorithms with 40 dB noise

= 3. FEMA 40dB HYREFS T TUME KB I PEIR AR X EE

RS SNR (dB) MSE
LMS 6.3704 0.0798
LMS/F 6.3946 0.0803
NLMS 8.2235 0.0349
VSSLMS 6.9531 0.0588

i FRATHL, NLMS SE TR R 5 M LU IR R LM A AT T, #RREORFF B IR SR 1
AE SR, MR EE, VSS-LMS HIkTE & e Lk 75 BT R ZE L AL 40 1) LMS 59
W, TEL K LMS/F AR LMS SIEEARRYI K LT HZEARL, (HRETCIRZAE R AL
SYMEFE IR, LMS/F BUEHRE L LMS S T ) R 28Ok

5. RESRE

ACK LMS 53 LMS/F 5%, NLMS 59 M1 VSS-LMS HiE#E 4T TR s BL, ik E4s &8s
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