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Abstract : The HVAC system in an autonomous bus generates middle-frequency vibroacoustic noise, mainly in the 100 to
600 Hz range, due to the shell vibration of the compressor. This noise, which is dominated by harmonics of the rotation
frequency of compressor shaft and blower fan, is not only clearly perceptible but also contributes to passenger discomfort and
negatively impacts the perceived quality of the vehicle. To mitigate this issue, an active noise control(ANC) system was
developed. While the commonly used filtered-X least mean squared(FXLMS) algorithm is effective for noise control in
reciprocating compressors, to enhance the effectiveness of ANC, a momentum algorithm was implemented, offering a lower
residual error and faster convergence rate compared to FXLMS. This led to the development of a dynamic system-based
ANC algorithm, which significantly improved noise reduction.

Key words : Compressor(9}=71), Vibroacoustic noise(Z5-28F 4-2), Active noise control(‘5-5 42 #]|©]), Momentum
algorithm( 1] 271 212), Fast convergence(Bhe: 4-2)

Nomenclature 7 : inertia
HVAC : heating ventilation and air conditioning ¢ pegst imetion
ANC  : active noise control 4 idilier length
LMS  :least mean square v +leakage ﬁactcn:
FXLMS : filtered-x least mean square : ﬁ*eql.lency kit
SPL : sound pressure level b ugradict
DFTs :discrete fourier transforms 4 ditiormes
A/D : digital to analog vA + accumulated gradient
P, : power of reference signal
T z(n) :reference signal
w(n) :weight vector
n : time index e(n) :error signal
: mass of particle d(n) :desired signal
b : damping y(n) :output signal
m, 8 :stepsize s(n) :impulse response of secondary path
@ : normalized step size S(z) :secondary path transfer function
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P(z) :primary path
S(z)  : estimated transfer path function of the

secondary path
Wiz) :time-varying adaptive filter
S;.(f) :cross-power spectrum

S;a(f), S,.(f) : auto-power spectra
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Fig. 1 HVAC system of autonomous bus seat
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Fig. 2 Block diagram of ANC system using FXLMS algorithm
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Fig. 3 Comparison of convergence performance the momentum
and LMS algorithm along the error surface

A& S Ak & AToNA = ZHE 2EEE ANCY
283kt

4. HVAC Q27| A2 ANC

41 22|1= SET

E Aol A ALEE ANC Al 22812 Fig, 40l4] & &=
A5l &8 TA(1x2x)S =g H2E E
o2 git) o] A|2EL 5 Y] Ao V&G EAE £
F2 A58 vtk 29A shue ¢57] AW, g2
she 930 91Xt} OF 413 E5-S HVAC A|~=H)
o] A} 9ol 27 JHo dFH o2 ujx] wlo)
a2 Fd) o8 LAt FAE A5 L7 A ELS U
Ag=2] Altel] F83}ka1 o] AL 2 (103 4] (2002 ]
23519 A5 Aotk Fx NEE dadsdd I
gE7] Ao 2dgg 23 D& F8) 28 AL
AR Aol fosfiofk jitt. o] YHEL ofd2 1 g
B9} FE7] & thgt A} BE o] 544t ol



Active Noise Control for Radiated Noise Caused by Shell Vibration of Small Heater Pump Compressor

Right Error
Micraphon

Mic. and
Speakers Near
field ANC
/ o e il
Adaptive Filter n) 1 M Front Speaker
win) o s a
g _I_. ;.
; 1 4l Front Ervor
Model of secon- |17 | (msmomentum  f—— Microphane
dary path s'(n) Algorithm &in) Y

Fig. 4 Block diagram of ANC system using FXLMS
algorithm

2T A A Q5 o] AR EVRA| 9] §& A2 E X33}
T 9 358 Jeld. ol F, =24 A2 IO AF
A e wE F= A5 449t ol AL R
2% AT d(n)ol Qe ko]Z2 2352 AFd= &
Y AZ y(n) & B33

4.2 HVAC ANC A|AH] AlE M

Ay AA e =ER FAFEE dSPACE Autobox
VOR =S} Adste] ALgglom, o] Fig 5ol Yeht
it} o] A Aol 4] dSPACE Autoboxi A1 3.2 opd =1
oA gxdg, 1g|a 1 kiR Bgsls o3 g9
< %o} T3l o] A= ANCE 913 MATLAB Simulink
F=% Adc). O F vlo|ARED JfEEA A
A8 NoE B85 Fu5 AR diiol Yo F
ZE AT Qo g2 A9 53 2P A4S
AXE Aol A5Aolt), o] HAE A3 AEY Fut
FE AAsk=d 28] Atk £ AN E AY B3
e & ANCY| EF Fu F i Fu5+8 1k 27
3 400 HzE 21 T2 AR 255 JFA)7)
= dg)o]d #4S 97] $13) Nyquist-Shannon 4437
Ao uel MEY Fure A5 Fue AR F
2 5 vl o]do] H]ofof g, o] ol = 25 o] Fu}
& A0 FulE 21451 2048 Hzo) A EH Fu57)
Aot T3 A9AZ AGEHE Y NE y(n) S
A gd-old2 1(A/D) B3 Ao A AT &= Q= A
T4 FE A7) S8 BejHo] dasi) uelA
o] ATA e 2P Fuls AD ¥E F HAE 5
JE AT S/E AASL I, 53X T35 H21(100-400
Hz) Boll A 23] AE 228 A A58t dae]Fo] &
2hehE AL WA37] 918 400 Hz2 A AR o) wpx] 9}
o2 o] AFE AXE ALBdlY FEZE 2HAE &
Aoz FEiicl

Transactions of the Korean Society of Automotive Engi

dSPACE MicroA

utoBox
IO Board {\

MNotebook Computer Emor Microphone

=l grﬁge‘;ﬁg.
Secondary Source
—‘U:] Accelerometer
Low Pass Filter Error Micraphone ?
Reference Signal

e ) - (f—

Ampkfier

Fig. 5 Experimental setup for the implementation of ANC
system

43 2F O[3 =2E 2|3

HVAC A 2=¥19] SPLIE % T8 $A37] 9
3] 570¢] vlo] A2 FE S Fig 69 Yehd AAY 49
F'0¢) wz} HVAC AlZ=8] S4161A 1 m A X3
o} $A¥ SPL A3l 29, S35 H2](0-5000 Hz)
o X ] HA A-7FF & -2 Table 19 Lt

SAE 289 F9 FI5E Fig 7914 & 5 1]
o}=7] =] 3] F35(105 Hz)<F B2} Me) 3]7
(140 Hz) 2 1 ;1259 o] do) Z8 oA ¢
7] 2 W] AofA] ¥l IFSE 292 TF5F
o2 A7) A8 o5 N E en) rlolAZELS 72}
45719 shAF) 2 EF o HX| =]t Fig. 6914 £ &
A5%0] F M9 BE A0 A7 457 SA o XS}

ANC7} 715 04 Tl & Bz 2uA ) 37 Alg

T Fue] b Wil 100 Hzell 4] 400 Hzo] v,

Fig. 6 Setup of seven microphones and two speakers for
ANC of HVAC system

Table 1 A-weighted sound pressure level of all microphones

Microphones ~ Front  Right Left Rear Top

Average SPL  80.1dB 832dB 758dB 77.1dB 783dB
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