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Abstract : In this paper, we developed the evaluation system for the active noise control so that the algorithms can

be easily evaluated in real-time on the system. We implemented the active noise controller based on a single-chip

with only additional op-amps for signal conditioning because the TMS320C280049 MCU includes almost all necessary

peripherals for the active noise controller. Due to the difficulty in testing algorithms on embedded-type hardware unlike

in computer simulation, we also developed GUI-based evaluation software which makes it simple to test algorithms on

the hardware. Using the GUI software, we can optimize the parameters of the algorithms with ease in a specific noise

environment because the parameters can be adjusted in real-time when the algorithm is running on the hardware.
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Fig. 1. The block diagram of the MFXLMS algorithm for
feedforward configuration
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Fig. 2. The block diagram of the FXLMS algorithm for
feedback configuration

J

j=1
Wi, () = [w, 0 (n) w () owy ()] T (1b)
Xj(n) = [x/(n) x‘i(n—l) :zzj(n—L-I-l)]T, (1c)
)’Em,k.j(n):‘gm‘k*xj(n)’ (2)

i=12,..J k=12,.. K, m=1,2,.... M,

d,(n)=e, (n)+ Esmk Ky, (n), m=1,2,.., M, (3)
e‘rln( +EZWLJ X, k.j ) (4)

k=1j=1
m=1,2,.... M,

Wk‘j(n+ 1) - Wk7=j(n) +M i K XJm‘k ¥ (71)(3 (77/) s
"G N m e

k=1,2,... K j=1,2,....

(5)

7|4 J= FHx wtelae] AN, K Aol 2T A )
F, M= 23 mlol=e] AFelth z,(n) = A FE vl
a5 B8 5o ol wyn) e /‘ﬂ*’*ﬂ
deol 7lnkete] AR Aol ~¥7] NEE AYgs] A
4 A Agoltt. s, (n)E A 237G miA 2
a4 wlola A g9 FAAOIL ¢, (n)& mHA 24
wlolA R Fol fdgoltt 2 (B)olx= AR Al o
5} Wé*é% AdE7] 8 48 As2 Aslete dn

=< A&t pte convergence factor, vyi= leaky

}_ U}o]

factor ZZE].J_ e+ regularization factore]th.

1.2 Feedback 2]

Iy 2% feedback W49 FxLMS ¢1zlFe] E2EE
BolEt} feedback HHajolAl @2} Az sl 28 TE &8-S
olg&ate] Fe Az d|FstE dE HeE FAgrh oA
Az Fo] e RS o835t FE AAST] v
o] AeE UFT9 43719 22 FEHR A A

feedforward %217} @] AlPHoZ AT} 22 A5 &
= Fe Az FLwrs AAY £ g ZHeH
feedback 219l thald FxLMS &ag|&e tfS3 72t}



y (n) = Zlbkf,j<n>dj<n>, k=12, K, (62)

b ;(n) = [bk.j.o(n) blwa(") bk‘j‘Lfl(n)]t (6b)
d;(n) = [J](n) gj(n—l) g](n—L-&-l)]T, (6¢)
im.,k.,j(n) = S:k* dj(”)v %

d(n) :ej(n)Jr Z s(n) x y(n), j=1,2,..,. 4, )

b (0 1) =ty () 4 i [ Xm ke, (n) ]7
H +e

met 2 Z ” zmk/ (9)
1j=1
k=1.2,.. ]J(j712 M
A7IA by (n)= A A mlo]aE Vwkew 3Add

o
=

Yol 7|ukate] AR
-3 g Ageelt}

1.3 Hybrid %4

Hybrid #2412 feedforward W23} feedback W41&
FalM Abgsts WAtk 1%l 39 feedforward -
MFXLMS, feedback H#<& FxLMSE % €3 hybrid ®
o] EExolth IdolA B F %ol Ao AT y(n
feedforward -3¢ A& HE &7 feedback 829
4y 499 FdES & Atk webA hybrid B4
18 FL feedforward F22 443 feedback <]
Tl A o FEwt 89tk oiwl, hybrid 84 €]
7F2 218}e] hybrid WA A= @d Ayt 7f
FasA WA J=1, K51, ME19D A Solmg
= AFstd

Ao} 2397 A5 E *@*35}7] 3%

o

™

NP

=

¢
off r

o, ob >
12 oo )y fo O 1

[ oy 1 a2 010

y(n) =w" (n)x(n)+b" (n)d(n). (10)

A= MCUS
8% F9 XJZ]%%
FxLMS <5 G
AToles f9 F2Ue wEsl= A7kl MCUS Texas
InstrumentsAhe] TMS320F2800498 A74ste] Akt
TMS320F280049¢] &4 b3 2t} [10].

@ HolF MAC 94He& X 938= CPU
CLA Bz Z2AA

50KB9 ¢ SRAM

256KBe] Z 4 wlmz]

3719] 12bit A/D W37

271¢] 12bit D/A W37

770¢] PGA (OP <)

TMS320F280049= A7F] MCUQel%® Eatal 7
DSPZ #7{¥ T C2000 DSPE 7IWre = sta gl7] wE
of gAd Az Aol S3k¥o] oA g ko] s

H o168 M 6= 214 12¥ 243

. L dm
yn Y
Noise > Z‘;(:y) >A »  s(n) —>D—

x(n) e(n)
+

Col-+4
d(

Adaptive =
algorithm -

v *y
—>‘ $(n) w(n) ’—»_ D
é(n)
Adaptive |
algorithm |

21 3. hybrid 2ol MFXLMS & FXLMS €112|Ee =85
Fig. 3. The block diagram of the MFXLMS and the FXLMS

algorithms for hybrid configuration

TMS320F28004x
I Piccolo™ MCUs > J
I R Tovs > O

INSTRUMENTS

Analog Signal

Front End ~ Conditioning

UART, I2C
(SPI, CAN)

24 53 A2 Mo "ot Al2He EEE
Flg The block diagram of the active noise control
evaluation system

3o
Moo @ oweE

Zo] tAld 5% As A7t JhEsith

I% 58 & AFE B AFE 55 &g Ao =
o] W7} nEolr} ye] veERd wiel Zo] who]a YT
9] anti-aliasing ¥ 297 &899 anti-imagings 93
A g Fdo] ok OP YX o= F7Fe] FF ¢l
o] TMS320F280049 @3 wroz FdEH AT (33VE 4
7 A7bs, 5V-10-33V #ZdolEk 48 §ich) 79
PGAZF U= 7l A%, " 370, &9 2718 ¢



b

244 Bz 55

Output OP Amps

Input OP Amps

| TMS320F280049 MCU | | 33vLDO |

2l 5, TMS320F2800495 0|83t 58 42 Ao It E=
Fig. 5. The active noise control evaluation board using the

TMS320F280049.
A9 Y& Fdalde FEA ¥7] wEel F719 OP
Hzzt dasivh A9 dHE 434 ARAZE AL
o, 9gES Multiple-feedback WAlo® & vhe
Sallen-key Wao=2 FdAT. FdH A9 Ly
cutoff 3+ 1.5 kHzolth

Feedforward MFxLMS 1 x 1 x 1
Feedforward MFxLMS 1 x 2 x 2
Hybrid MFXLMS, FXLMS 1 x 1 x 1
Feedback FXLMS 0(1) x 1 x 1
Feedback FxLMS 0(2) x 2 x 2

Hybrid 49l %ol feedforward H-#-& MFXLMS,
feedback 22 FxLMS= Tt feedback 2]l A
Fx wpo]AE AMESHA FETL URAoR Jx AT
Fgste] Abgsted, daE F4E Hx Aso AF
Z ongt}, 3, Feedforward %43 Hybrid %A 7
o= Aoy 29AY A7t FHx npolaR AFAlH &
25 Al 715E "ol A Hed olF WA 4
qAE For FAHE AZE A7 HE feedback
neutralization 7]%5°] 283tk 1 x 1 x 1 7x9 74
feedback neutralization %51% AYseh (1 x 2 x 29 74
T F7F Ak oge] glojA A A gheth feedback

L oft Ho i mlm rir

= Mo 3 EHob AlAR S

WAl Ase Fx ovlelarzt gyl Wi
neutralization 7]%5¢] Z835}4 ¢kt})
duFs XHIE GAHAA FYs =
oA Alds WHE FLIA H-EsHAArh
ojf 2 BE ZZAAS CLAS o] &3
2 ekt [Tl CLAE o439
24 CPU ¢14ke] of 20% Ao #lds
T A% 34 CLAE C HAIdHE ALE-5H7]
17] e8] wio] o5 Z2a9s d9 2 ¢
AFdAE [717 28 2 G 2 9 leaky
factor®} regularization factors X33t i, o= <lsf
CPUIA Agaforst Abake] F748t57] W o] CLA®
A HlFol 10% W2 Fol&th
(717 92 49 dugEE Fdstx
Aee Zradgds 2P ¥4
e 83} Ao AEHoR A L WA 5& A3
A

A
s, o AN = 4w % ATl 417

feedback

A43: [7
o2l s}
Az
Aol g

£ 37t A

—

oF o —ﬂ I
=

ol
ol
mE i)

off md )y my

=

M

rr oo
riz 2 a2

n:?L' o

ol

o

£ 2 @ o & ro

SRR RS
371 W CLA o
%

A5 AR hybrid #49] $-o= feedback &
A9 A4 GA] 43 ME3 & feedforward 95 2
A5 Ptk oA F2A7F 48E B
wolzrh H43t A4l loop unrolling

= hal
How Ag dee Hn
o

[e)

1=

H 1 ZHLoE[Ee| M8 EH AU X
Table 1. The maximum order of the adaptive filter in each
algorithm.

Vo
Algorithm Filter i
order
adaptve filter 340
Feedforward 1x2x2
secondary path filter 170
adaptve filter 1205
Feedforward 1x1x1
secondary path filter 400
feedf d
ee orw.ar adaptve 655
filter
Hybrid IxIx1 feedback adaptve filter 500
secondary path filter 300
adaptve filter 205
Feedback 0x2x2
secondary path filter 100
adaptve filter 1395
Feedback Ox1x1
secondary path filter 400
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Fig. 6. GUI evaluation software (Feedforward 1 x 2 x 2)
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