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ABSTRACT

An active control system for low frequency road
noise in automobiles combined with an audio system was
developed as a commercial application for the first time
in the world. The system was installed in a station
wagon. The purpose of this paper is to provide an
outline of the system and describe the newly developed
cost reduction technology used therein. A major factor
in the successful application of active noise control
technology to a commercia product is reduced system
cost. The methods used to reduce costs include
utilization of feedback control, implementation by
analogue circuits, and common use of audio system
speakers. This system reduces low frequency road noise
in the front seat by about 10 dB and improves the audio
system listening experience while driving.

gooodd

00ooo00ooooooooooooooooooog
gooo0oo0o0oo0ooooooooooooooo
000o000oooooooooooooooooooo
gdoodoo0ooooOooooooooooooood
000000 O Active Noise Controld O 0 ANCO O OO
gdoodoo0ooooOooooooooooooood
0ooo0oo0ooooooooDoooooooooooog
0000000ooo0o0oooooooogoeessegg

O0000OOANCOOODOOOOOOoOOoooooo
0000000000 oooobOoomoooo
ANCOOOODODOOOODOOOoooooooooooo
goooooO0o0oooooooDOo0oooooobooooog
00o0Do00o0o0oooooooooooooooog
gooooooooooboooooooooooooo

goooboooo
goooooomogd

gbobobobobobobobobooooobooon
OO0 FeedbackD OO FBO OODOOOODOOOODO
gbobobooboobooobooboobobobobooo
gbobobooboooooonO ANCODOOoOooonoago
ooobooooooooboooobououoDb ANCDDOO
gboobooon

gopoogdoog ANC ODOoOonono
gobogooooooo

ooboooooooono ANCODOOouoooooboo
gbobobobobooooooooobobobonbo
gbobooooobooboboboooooboon

21000000
ANC O0OOOD0ODO 1980 OODOO DSH Digital Signal

gr7ino



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

ProcessortD 0 0 0000000000 OOOODODODOO
gbobobob0obobobobo ANCODOobob
1980 00 O0O0OOOOOOOOPE
gboboobobooooooooooooooooboon
ooooooOooooooerEegoooooooooon
O0000oDo0ooooUooOooooeemmsgpopooon
0oooo0o0o0ooOoOoooooooooogoeEoOo
gbobob0oboboobooboboono ANCDOOobob
gbobooobooobobobobobobooboooo
obd ANCODOODOODOODbOoDbOobobooobon
DDDDDD
gbobooboobooooooooooooooooon
gbobooobooboboooboooboooboooboooboon
00000000000 00O0O0O0OO0O00OOgooeaniz
gbobooooooobobobobobobooboooo
gboboboboooooog

22.0000
ANCOOOODOOO0OO0OoODODOOoOoooooooooDo
OO0 FeedforwardC 00 FFOOOOOODOOOODOOO
oooboooooooooooboomoooomUrr™d
gboboooomobooomoobooooooo
oobooooboooooooooboouobog ANC O
gboobooooooobobobobobobooboooo
ugb FFOODOOOOOCOOOODOODOODOObOObOOn
gbobooooooobobobobobobooboooo
gboboooooobobobobobobooboooo
gbobooooooobobobobobobooooo
gbobooooooobobobobobobooboooo
gogo
o00obDo0oooo0oorBOOOOOOOANCODO
gbob rBOOOOOOOOODOODODODOOOOO
OO0O0OoooOooOoOoooooog TCM Tight Coupled
Monopole[M O"*0 0 000O0OOANCOOODODODODODOO
gbobooooooobobobobobobooboooo
gbooboooooooboobobobobobooobooon
goboboooooooooboobooboooooooboooooo
gooobooobooboobobooooooboooobooooboooon
gbobooooooobobobobobobooboooo
goboobooooooooobooooooooboobooboooooon
gboboooobooobobobobobobooboooo
gbobooooog
gooooooobobobbooooooooooooob
O0@MWindThrob@ OOOOOODOOOOOOODODOOO
FB-ANC 0000000000000 0COOOODOO
goboboooooooooooooooobobooooon
gobobooooooooboooooooooboooooo
OOOTablel O ANCODODODOOOOOODODODOO

Table 1 Examples of practical use of ANC
Acoustic Feedforward Feedback
condition control control
« Headphone
. . e Duct of air-
1-dimension conditioner Headphone
» Refrigerator
« Engine booming
3-dimension noise in a car Nothi
in closed space |* Motor booming othing
noise in a train

23.000000000D0000DO

gbobobobooboobooobooooooooooon
ANCOODOOOOOooOooooboooboooooooog
ooooooOo0ooobobboOo0oO0obobDbDOANCO 500Hz
gbobobobobooobooooooobobobobo
goob0 ANCOODOODbObOOoObOOOooooobooboD
gobooboobooboobbooboobooboon
oboboooooboobobobooooooon

goooooobobbbobooooooooooobooon
gboboboboboooooooooboboboono
gooOoOoOoOoOoOoOoOoOoOoOoooooooooesgm oo
gbobO0oo0ooooobOObOANCOODODOOOOoOnO
gboboboboboooobooooobobobonbo
gboboboboobooboobooboboboboonoo
gbobooooooobobaonbao

goboooobooooooo
uoboooobooboodon

3.1.000000

Fig.l0OOOOOOOCOOOOOO0OOOQoOoOOOO
gbobobobobooooooooobobobobo
ooooooooooooDDb 40Hz OODOOODOO
goooooooooobobooboooooooooooooo
gboooooobooobd

gbobobooooobobobobo 40HzODODO
gbobooooooobobobo FrROOOOOODOO

Fig.1 An acoustic mode of a station wagon at 40Hz

0720



gboboboooooobooboobobobooboboboooobobobo

Front door speaker
controlling front seat passenger area

Rear door speaker

controlling rear seat passenger area
LHF [[rHR

RHF RHR
’—>EEI Microphone D:|<—<

Fixed feedback
Controller

Fixed feedforward
Controller

[

Fig.2 Control strategy in the car

000Do000o0oo0ooooooooooooooooog
000000 FFODOOOOOODOOODOOOODOOO
0oooooooobsPOO0O0OOOODOOOOODOOO
00o00o0o0o0oooo 40Hz OODOODOOOODOO
00o0Do000o00ooooooooDooooooooog
gooDoo0ooooooooooooooooooooo
ooooooooooo
0000ooooooooooooooooooooooo
0000000000000 00000o0OdFrg2000
00o00o0o0ooooo0n Fg3 0O0ODOOODOODOOO
0oooooooooooooDooooooooooooo
0o0ooooooooooo
000000000 O Electronic Control Unitd OO
ECUMOO00000000OD0O0O00OFRQAI 000 40Hz O
0ooo00ooooooooooooooooooooo
00o0o000oo0o0oooooooooooooooooo
00oo00oooooooooooooooooooog
000000000 ECU DOO0ODOO0OOOOOODOOO
000 FBOOOOOOOOOOOOODOOOOOOOO
ooooooo0ooooooooooooooooood
00o0o0o0o0ooooooo0 FFOO0ODOOOOOOOO
00oDo00oooooooooooooooooooog
0oorFBOODOODODOODOOOMOOODOOOOO
O000000FFODOO00O0ODDOO00O0O0DMOOO
00o0D0Moooooooon
00ooo0ooooooooooooooooooog
0o0o0oooooooo FBOOOOODOOOOOOOO
0000o000ooooooooO0n0 FFOOOOODOOO
doooooooooooooooooooon
0000000ooooooooooooooooog

32 0b00b000ooooooon
gobobobobooboobbooooooooooooo

==
ECUIEE;A\\,/

driver’s seat

Fig.3 System installation configuration

ooboooooooomoooomooooooooo
gboboboboboooooobooobobobonbo
gooooo
gbmoooboobobooboooooboobo
gobobooo rBOODOOOOOOODOODO FFODO
ooo
gbobobobooooobooog
gbobobooobooogoon
gbobobooobooboobooboboboobooo
gbmoooobobooboon
gboboboooobooboobooboboboooo
goobobooooooobooboobobobooobo
gbobobooooboobooboboboobooo
321.000000000000000O0
gbobobobobobooobooboooooboooboan
ob FBOOOOOOOOOOOOODOOD FBOOOO
gboboboboboooooooooboboboono
gbobobobooboooooooboboboboonog
gbobmotboobobobmooobobobobo
gboboboboboooooooooboboboobo
goboooboooboobobooooooboooboodeEs-
ANC 00000 FFANC O0OODOODODOOOODOO
gbobooooooobobobobooobooog
oomooooooboobooobooboboboboo
gboobooboobooboboooobooboooooon
goobooboobooooooooooboooooon
O00000O0O0O0OO0OO00oOOoOoOOoOooogremrm
gobmooooooboobooooboobobobobon
obmooboooobmooooooooooog
gboboboboooboooooon
0000000 0Oooeesm2my Ohki 072 FB-ANC O
goooboooooooooboooooooooboobooboooo
gbobobobobooooboobooobobobonbo
gboboooooobD FB-ANCOODODOOODOODOO
gooooOooooOoOoOoO rBOOOOOOO9%O
gbobobooooo RBOFFOOOOOOOODOOD
gboboboboboobooboobooobobobobo
gbobobobooobooobooooooboboboonoog

0 730



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

Tail gate
O——| Comparator
Pl

Microphone

Microphone
amplifier

Music
compensator

Feedback controller
I for front seat passengerl
Feedforward controller

for rear seat passengel

i/;%cljjito 1 i E%Vgﬁ][ier Speaker
RHF O > > —»[[]
LHF O =g =§—"Eﬂ
RHR O =£—>§——>ﬂﬂ
LHR O =!\)_—>§——>[ﬂ

Inside ECU

Fig.4 The system configuration in ECU

gbobooooooobobobobobobooboooboo
gbooboooooooboobobobobobooboooo
gboboooooobobobobobobooboooo
gbooboooooooboboboboboboobooob
gbobobooobo rBOOODOODODODOOOOOO
goooo

gbobooboooooooboobooooooobooobooon
gboboboboooboobecuoOoboobOOoboOobOOoO
goboboobooooooboooooooooboobooooo
gobooooobobooooooboboooobooboooooo
FiglDOODOOOOOOOOOOOOOOOoOoooooo
gbobooooooobobobobobobooooo
ooooooboooboooobb0oo ecyugoonooOoOd
gboboooooooboobobobobobooooo
oooooobb eCcu Doooooooobooboooboo
gboboooooooboobobobobobooooo
gboboboooboood

322. 0000000000

O0HzODOOOOOOooODoOooooooooooooo
gbobobooooooobooboboboboboooooo
gboboooboooboooboboobooobooobmoobooan
gboomooboobooboobooboobogob
o000 40Hz OODOOOOOOOOODOOOODOOO
gooboooooooboboboboboooooooo
gboboooooooboboboboboboboooo
goobooooooobooboboboboboooooo
gbobooooooobobobobobobooboooo
gobobobobobobob ANCOOoboooboono
gbooboooooooboboboboboboooboooo
ood

ECUO00ODOO0O0ODOO0O Fgd4OODOOODODOO
goboboooooooboboboboboboooooo
gboboooooooboobobobobobooobooon
gbobobobobobobo ANCODOoooooo

Speaker Microphone Noise
Plant a
Audio input U(s) D(s)
P(s)
A(s) -
Feedback controller
+
C(s)

Music compensator

P(s)

A

Fig.5 A music compensator

0000D0D00000D000000000000000
000000D00000000000000000000
000000000000 0000000000000
00000000000000000000000000
D000DO0000O00OoO

33.00000000000

000000 FBODOOODOODOODOOOODOO
0000000000000 40Hz 0000000000
0000000000000 000000000000DO
00000 Fig4d500000000000000000
00000000 00000000000000000D
0000000000000 0000000000000
00000000000 000000000000000
0000000000000 0000000000n0D
00000000000 000000000000000
0000D0000000000000 M Internal Model
ControlD 00 IMCEU 00000000 DNONON0DO
00D00DOooosy

Fig.5 000DOPE)OOOOOODODNODNODODN
00000000000 D00000000000000
D0DO0000PGOOOOPEOONDNON0DNON0DOO
P(s)=P(s)0 000 0

c(s)

U(s) = Als) “TPCE C) ooo

00000000000 A(S)OOOOOOOOOO ¢(s)0
0o0000O0O0000000
0000000 ANC OOODODO
00000000000
000000000D000000000000
00000000000000000000000000
0000000000000000000

4. 000000000000D00000OO
gbobobobobobobobobooobooobooon

g 740



gboboboooooobooboobobobooboboboooobobobo

gbobooooooobobobobobobooboooo

gooboboboooboobo ANCOODOOooooonogono

0000 Fgd4 OODOOOO ECUDODOODOODODOOOO
gbobooooooobooboboboboboooooo
oooooobooooooogono ANCODODODOooDog
gbobooooooobooboboboboboboooo
gbobooooooobobobobobobooboooo
gbobooooooobobobobobobooboooo
gbobooooooo

350000000

FBOOOO0OO0OOO0O0OO0OO0O0OO0O0OO0O0DOO00O00D0OO0
gbobooooooobobobobobobooooo
gobobooooooooooooooooooboobooooo
gbobooooooobobobobobobobooo
gboboooooooboobobooboboboboooog
gbobooooooobobobobobobobooo
gboboooooooboboboboboboooooo
Oo0oooooC0O0dOdOFrg4 OOOODOOOOOOOO
gboboooooooboboboboboboooooo
god

OOoobodno ANC OO

oobooooooooobboooboog ANCDOO
gboboboooooobobD PEOODODOOOOO
FBOOOOOOOOOOOOOODOODOOOOOO0OO FF
gbooboobooboorBOOOOOOOOOODOO
goad

41.00 FFOODOODO

obooboboOoFrFFOODOODOODOODODODOOOO

0000000000000 Db0O00 FRRFANCODOODO
00000 filtered-reference LMSO O 0O 0O 0O O°f000qg g
gooooobobobbbbboooooooooogd
gdooooobooobobooobobooobooooooa
000 ANCOOO FRFOOOODOODOOODODOOO
Ogoooooooobooooooooooooooooa
doooooogoPremmumeZn qOoodooooooan
godddddooooooooooooooo
gomoooobobbbobbbbbbbbboboooooo
goood
gomooboobobbobbbbbobbbboboooooo
dddoooooooooooo
gooooobobbobbubooooooooooooo
Ogoooooooobooooooooooooooooa
gooooo
gooooooodooddoddoddoddgoggoa

Noise
Plant + 1 D(s)
+
P(s) ——»
Error
E(s)
Feedback controller

Ccs) |4&———

Fig.6 Block diagram of feedback ANC

gbobobobobooboooobooobobobobo
gboboooobo rBOODODODODOOOOOODOO
gooobboboooooooboboobooooooooboboooo
goobmoobo MCcOOOooOomooooooo

gboboboboobooboooboobooobooboooboan
gbobobobobooooooooobobobobo
goooboobobooooooobboobooooooboobooo
gboobooobspO0O0O0ObDODODbObOOOOOnOOg
gooobobooooobobooboobooooooobooooog
gboobooooobooboboboooogo

gbobobobobobobobooooooooon
gbobobobooobooooooooobobobobo
b0 FrBOOODOOODODODODODOOOOOODOO
gooooood

42000 FB OOOOODO
ANCODODODOOOOFBODOO0O0O0O0O0O0OOOOO
000000D00000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000
421.00000000

Fig.6 0 FB-ANC 0000000000 OFBANC OO
00000000000000000000000000
00000000000000000000000000
00000000000000
0000000000000000000000000
0000000000 FBOOOOODOOOOOOOO
0000000000000000000
0000000000000000000000000
00000 PN O0MO0000000000000Mm
0000000 DG)DOO00000O0OFBOODOOOO C
(s)0000000000000000000000 Fig.60
000D()OOO0D E)IO000000000OOOOO
00000 S6)XI0000

1

S6) = Trp(s)c() oDoo

g 70



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

Gain (dB)
N B
o o o
ol

w
o

N
o

=N
o o
o O o

=
o
o

Phase (degree)

N
o
o

50 100 150 200 250 300
Frequency (Hz)

Fig.7 An identified frequency response function of
the plant (solid line) and a reduced order
model of the plant (dashed line)

000000000D00000|S(je)|000000000
00000000000000SE)0 P)D000000
00000CGOO0000000000000000000
00000000000000000000000000

0000000 FB-ANC 000000000000
00mMmoooooooo
00MO00000000000000000000O0
oooo

422.000000000000 FBOOOODOOOO

0000000000000000000000000
0000000 L(jw)=P(jo)C(je)0 0000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000 o, 0 |L(jo) 0000 L(jo)Oi0° 000000
oo

S(jo)| = | —L—
ISG,) - Qoo

0000000 edB ODODOODODOOODOO
gobodobooboboobbooobooboboooo
ggobooobooboobbooobboobboooo
0000 O ™ Frequency Response Functiond 0 0 FRFEZ
0000oo000ooo0oooogonD Reg7 ODOOO
gobodobooboboobooobooboboon
godb sNOOOobooboobooog
gobooobooboboobboooboobobooo
ggoboooboboobobooobboobboooo
goobooooboobobooobbooboboooo
ggoboooboboobobooobboobboooo
gooboooboboobobooobbooboboooo

gbobobobooboooooobobobobooo
gboboboboboooboooobooboboboonoo
gbobobobobooobooobooooobobobonbo
obobooooooobobOoboboboooog 44.0
goooo
0bob0ob Ho-ODOOOOOO FBOOOOODOODO
goooooooobobobbobboboooooooao
gbobobobobooooooooobobobono
gboooooobooobd
423. H-OOOOOOO FrBOOOOOOOO
FB-ANCO HOO"2000000000000000O0
obobobobobooooooooobobobonbo
gbobooooooobobobobobooooboooboon
gboboboboobooboooboooooooboooboon
gboboboboboooooooobobobono
gboboboboobooooooooobobobono
gboboooooooboboboboboo0orRRFOOO
obobooooooooobooboDbo
UO0FRFOODOODOO0ODOOOOOOOOOOOOODOODn
O0O0OC0OC0COOQ0ODODgozams
gooomooooooobooooooooooooboobooo
OO00oo0ooooO pE@OOMOmMmOOOODODO
gboboboboboboboboboboban
gooooo
U0MFRFOOOODOOO0ODOO0O0ODOO0O0O0O0DDOOO0
gbobobobobOomobomobobobobonoo
oobooooooooooomomooooooooo
000000000 FRFEO Fg7 OOODDODOOODOO
gboboboboboooooooboobobobonbo
gooboooooogon
FB-ANC DO 0000000000 OO0DOOoOoDoOO
gooooo

IW(s)S(S)lleo < 1 ooo

ooo0ow,s)Dooooooooooooooooooo
gboboboboboooooobooobobobobo
gooo

IW(S)T(S)llew < 1 ooo

oooow (s)ioooooooooooooooooon
o076 O000000000000000000

- _PEICE)
07 TpecE

0oQ
0000000000PAmg 0000000 ¢s)00
0oQ

Fig.8 0 /W,(s)0ODOFig8 000000 40Hz OO
000000000000000000000000000

o760



gboboboooooobooboobobobooboboboooobobobo

40

Gain (dB)

2 i i i i i
00 50 100 150 200 250 300

Frequency [Hz]

Fig.8 Sensitivity function (solid line) and 1/W(s)
(dashed line)

C(s)00SG)N000Fg80 0000000000 D 40Hz
0000000 10dB 0000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0oo00oooooo

H.O0OOOOODO0ODODOO0O0D0O0O0000000000
000000000000000000°®0000000
00000000000000000000000000
00000000000000000000000000
00

43.00 FFODODOD

0004200 43.0000000 FBOODODOD
0000000000 D000000000000000
4Hz0ODOO00000000000000000000
03B00000000000000000000000
00000000 0D000FBOOODODOOOOOOD
00000000 FFODO0D0OD0D0D0D0DO0D
OD0D0OOO0OFgY 000D0D0D0D FB OOD
00000000000000000000000000
0D0D0D0D0000000000 FFODOODODO
00D00D000000000000000000000
00 FFO0OD0D0DO0DO0DO0O0O0OFgYDOD
00Q@0 QUOUOND FBOOOONDDDOOOO
000000000000000000000000000
00000000000000000000000000
0000000Q@0 Q@UIO000000000000
00DO0D0OO0DOooooodoad filtered-reference LMS O O
000000000000000000000000FFD
0D0000000000D00000000000000
0oOooOoooo

- Dashed line parts are only used in development stage.
- The filtered-reference LMS algorithm is utilized.
- After the adaptation, a feedforward controller is fixed.

P

Q) ] Qu(2) Aq
Microphone P , T

D~—N\1_—

. Er—.r_.-_
h
Fixed feedback l h
Controller Controller 1 :

1
i

0.2 ncapive
Adaptive = —

- r-

ég(Z) L >=. algorithm I

Fig.9 Rear seat control for suppressing amplification

ool FRO0OO0ODDODODDODOOODOODODDODODOO
ddoo4HzOOOODODDODOODODDODOOODDOOoOooooa
gobobooboboboobobobouobobooobob

gooddoddoooooo FBOODODOOOOOOOO
000000000 Multiple Input Multiple Outputtl O
oMiMOLO OOOooOoOooooooobooooooooao
O FFOODO MIMOODODOODOOOODOODOOODOO
ddddddoooooooooooooooooo

44. 00000000

gbobobobobooooboobooobooboooboan
gboboboboooboooboooooobobobono
goOoOOoOoOoOoQoOopooooosokm/nOOO0OOOO
OO000OC0O0000O0OO00DbO00FRgI001100D000
goOoOoCOoQoQoQoOooD 1B ODO0O0O0oOoOoooooO
gboboboboboooooobooobobobobo
goooooo

45.FB 0000O00O0OO

gboooobooboooboooooobooooboorBO
O0000 ANCOUOODOOOoooOoooooooDbo
gbooboooooooboboboboboooo rBOO
goooboboooooooobooooooooooboobooo
gboob00oooooobobOoDb FB-ANCOOODOODOO
gboooooooon

gbmoooooobooboooobooboboboboo

gbboooboooboooboobobooboooboboo

gooHz O0OO0OO0O0000 i mOO0OO0OOo0OO0oDOOoon

oooooQg 422 0000O0o0OoO

obomooooooooooo

gbomooooooooboboboboboobobo
goooooure2MFg70 00000000000

g 7o



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

C-weighted relative sound pressure level

Frequency [Hz]

Fig.10 Sound pressure level at front passenger
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