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ABSTRACT

The LMS(Least Mean Square) algorithm is generally used because of tenacity, high mating spots and
simplicity of realization. But the LMS algorithm has trade-off between nonuniform collect and EMSE( Excess
Mean Square Error ). To overcome this weakness, variable step size is used widely but it needs a lot of
calculation load. In this paper we consider new algorithm, which can reduce calculations and adapt in case of
environment changes, uses original signal and noise signal of IGC(Instantaneous Gain Control). For the real time
processing of IGC algorithm, we remove the logarithmic function. The performance of proposed algorithm is
tested to adaptive noise canceller in automobile. We show implemented LabVIEW FPGA system of IGC

algorithm is more efficient than others.

. M

rhu

EAoR AL & glel, A AEE 4 Fol
Ll—] /\ O]T;]. j—‘_ﬂ‘/} /‘]X‘”E Hlxgﬂ r,H /] ;<L°

Agol R Az sks Ao AFe Ak W T sl 2d 2 B ohet
tAE Al e olel b ubdoz Ashs ARkel) et ko] Aol Wahs 548 2o glck
wAlo]ck, b QJEAEe] MRS Bas A% S

A5l AReo] AR P Fulg ool el 1342] wstel e} $A4 o] mskshs A%
A5 O] B GEE ASFOoEA AL ol ABA shz Aol Axdl olud /1
¥ B RS 20103 A% et de ol x]flel] 2)3F =Rl

* oot A 2541382 (movienik @nate.com, cwlee @daegu.ac.kr)
= F CKICS2011-01-032, A4zl 120114 19 129, FHE=EHadzb: 20119 39 18
183

www.dbpia.co.kr



241813 =] °11-03 Vol.36 No.3

O}E]M]/H #HAo| HrE F2 £A F= 7ss 4
Z #-¢-ZE](adaptive f11ter)7]— L=z glektA

A& Az x| FolollA] steepest descent HF2]al
LMS(Least Mean Square) &v2|&2 1 Ao] Zigk
slar A AREe R 479 B8 DA 4 glelA]
AFE de] AR e ey LMs gae]
& THERE oA =HA 7 Ao FAH
W ]*— 73l = WAk =, S =olA =
FTHEETL "o, FHEGEe] A Aol
trade-off7} AR} o]2|3t LMS Uae]&e] w4
< /IAs7] $18ll NLMS (Normalized LMS) %ze]
Z, VSS LMS (Variable Step Size LMS) <we|&
Sol M= G Tt o3k duEEHe AF)
Ato]ze] Adle|| we} gL Er) AdlEw 797t
HhAglcl,

2 =roli= 7387 misadjustmentE E0]7]
S8l eapilse} :‘15194 4, & U3z 284S
o} AFgAlB0| o] 55 o]43lo], AFjAle]= 3‘—7‘43}
= IGC(Instantaneous Gain Control) &v2]Z&2 A3t
ght}. o] darE|Ee SAdAlEe) 39 %’L’\
2 W3lol| & A|xElo] bAFI) md B ==
A7 22§13t IGC daze]EellA] log TS
AAB) AL, AA R AFAF A A7 A
gk due|Re] s Fslska, 7|9 ?:J'E’—E]%ﬁ
|5 23], 1IGC ] Fe| 32 si53irh

EI

F

ues

H-P'

7

I.IGC L1215

21 Mg TZ MH2

I
Aeake A A7 = F o din) T 22AZ X(n)
2 o]FoiA] glar, F g1HL u|x|e] Ae A IS

S A ny(n) 2 24 AlE s(n) & A=,
#-ehE 9] 9] F2AFE 5 ny(n) ks At
Alelar, $4A1% s(n)H= wdA ok 483t
+AA718] E4 e(n)2 F 4 d(n) 2} Ze] &9
y(n) 2] 2xjolvd, 77 12 213 =Ql A4-84-34717]
o Fx25 ‘/‘rE‘r‘)r‘:‘r
—u L) EH (TL)'E‘

W(n) = [wy(n) w,(n) wy(n) « « « w,_ (n)]"
(€Y

oluf AeaeAA7Ie] 2 c(n)=

184

d(m)

Signal

+
source | 5™ O O em

ny(n)

Noise
source

Adaptive Noise Canceller

I3 1. AE A A1e =

e(n)=d(n)—yln)
= s(n) +ny(n) — Wn) X(n) @

X(n) = [zy(n) z,(n) « « « x(n—L+1)]" @3)

A7V, L& BE) Aol ()7 (+) ] A2
olek,

2ol 2] BelE )] 18 e
7he 7148 gl

Lo

o=

7 1. SAA1E s(n) 2 ny(n) = BlAdAlo] 1,
ng(n) 3 X(n)-&AagAe]ch

7H 2. ny(n)3 X(n)L Fito] ‘0ol WSS
(Wide-Sense Satationary)© |t}

714 11| 2]3)

E[X(n)s(n)]=0 4)

L < [ A7) 8183} [ x 1 A5 At We] =)
S} #)

R=E[X(n)X"(n) )

P=E[X(n)ny(n)] ©)

TAG) R RS
Positive definite®|t}.

symmetric matrix, Toeplitz,

L
Mo =tr(R)=Lo* @)

www.dbpia.co.kr



=2 AAZE 28AAE 13 IGC Algorithme] LabVIEW FPGA -3

W=Rr'P ®8)

= AgeAle &
SRR, Thg A e,

e(n) —s(n)
— o (n) — Wn) X(n) ©)
SEEPEERETErE )
EX(n)el;]=0 (10

4] )5 AFste] 71 AL F WL Wl
)3, MMSE(Minimum Mean Square Error)+& th
+ A3} 2

MSE.

min — %no

—PTw’ (11)
LMS k2| 2] 4-8-gEs= oo} 2ek.

Wn+1)= W(n)+ pe(n)X(n) (12)
El*(n)]o] #Hzvt =H=2 JeEY yn)S

ny(n) & SAP R A48 Ho] A-8AH5A1717]

TH@, TA13) 7@ RFE A8 W
#e) A-5ge] W el TAR R A% wl, ny(n)
< y(n) 3 719 et

AW=Wnh+1)— Wn)= us(n)X(n) 14)

AW ps(n) X(n) 2] =] ghe TA2Z Al
Aoz WaR)l> M ol A ) gt Flellx] 2
EMSE(Excess Mean Square Error)] A¥}E %3}
A Ho¥ o= Ao rElxjo]=E Auldlo g2u
EMSEE £4 & QA a4} Assl )
7 HhAEhE S oF 5 Slok A8AREAIA 7 ellA] 2~
gate]=e] e 5ldel EMSES Aol 7h-
% % glelob

e(m)

: s(n)

ng(1) /

Control Gain
Step Size Calculator

Gy n)

m(n)

Adaptive Noise Canceller

a2l 2. 1GcY &

2.2 IGCYE|E

13 2+ IGC(Instantaneous Gain Control)&372]
5 A8 A8 A5 AA7Y FE2E veRia 9l
th o y(n)& A& eS| FH2R s(n)ell Aldde
AeAEs Al EH8la e(n) 2 3hgo] AlA
= NS E EHeirl daeElee] vkt y(n)
I e(n) ] A 915 o]E3led, o152 ;@5}"4

2® Ale]l= ke 747‘ A 2Adsle] e
misadjustments &9 dE|Folr) 7|E9] 7}13:1 -
=

g Ale]z= dare]Ee o Vﬂi e(n)2] gl v} 2~
g Afol=E zAddlgl ot Aljlele darelEs £t
A3 e(n) 3} Feo] 29 y(n) o] B4 5, d3ke &
A 5o} AHEA 5 2] 0]5-2 o] fale] AE] Alo|=RE
zAsn g &4 Al5e} FH 3 F2kaw w3}
oﬂE /K]/\Eﬂo] ql—x%)(—]o]tlﬂ/ﬂ TU"T—‘J]— BH].EAI E].J_
misadjustment= E°|A] Hc}

Gain Calculator+= o}eje} 252 2] o0& F-5)|%ct.

)dB (15)

G(n) = (d(n)— y(n))* = e*(n) (16)

Grln) = y*(n) an
o714 v & wj§- 2k ghoe g Brr) o] He A
5wk} 2Ejo]= o] Ex oS- Ald) ok
He.omin G q{ldx <G C(ﬂ)
Heao = QGC(7I,)+[3 Gqun < GC(n) < qudx
Ka.omaz G. C(Tl) <G Qnm
18
1714
185

www.dbpia.co.kr



241813 =] °11-03 Vol.36 No.3

a = (laemin = teoma )/ (G-Omar — G.Cmin) ©]
A, B= paomin — (@G- Omaz) o]tk

IGCEe|Fe] A F shbe Anl=ke] Saolth
IGCL 2SS Tdsh7] Slsix= 20+52] FA4lo
daspe, 20709 siAle] Basht & 12 7F
2]5e] AREES vlagh otk o714 IGC ¢are]
=S 53k §/N 714k loged4kel SNRVSS &z
3 vlas R ok 3o 3k

—

LMS VSSLMS IGC
A 2L+1 2L+4 2L+5
A 2L 2L+1 2L

II. AAIZF XM2| IGC Y125

3.1 AAZEAE| Le|E

IGC de]Ee AXbEEe Z o, AsA|zte] &
o Zel= TAF ok AR A7EE Addhks 7P
2 A= 4 (15)2] Gain Calculatoroll4] log@kell
o APAZEE A A ZItH= Aot

B =ollA= AAZE HElE $ske] okt 7ol
logE A3 IGC HarE]5S o83k

Gyln)

19

4] (15)9] IGC darz]FollA logit AlA 1=
dl, 2}(15)°] G.C(n) #te] -10dBell4] -60dB Ale]el
L, logE AAT IGC Fue|Felli= 01004
0.000001 > 2 W75 72L& o 5= 9lr}. o] 531+ log
o] S4ollA] o 4+ 9150, log® Aslelw, Al
AAA ) 7He WA = AL

% 32 Matlab &2 Al E#Ho|A 3 &3 7o)
ol 8l Aot Ahs AlsE 72 271ellA A 519l
o}k ¢ s gkgo] 235X

&2
o
=
>
e
2
N
2
o

Ay
Ampltude

1
Time [Sec] Time [Sec]

0 02 04 06 08 1 12 14 16 18 L T T TR T ey
Time [Sec] T

me (Sec]

a2l 3. 16C9} log AIA IGC

186

AAEE AR SO AR WA AR5 o] 85t
A&l slgdth 71E IGCe} logE AAEF IGCY
2| Ze] disle] "ejEE g F AFAREE 1
e 2 Aow, S8 42 ATl sieol
ki Azl 1% ofle] 7]1E IGCoh L85e
log A7 IGC7} Al 2} 28|25 F3le] darels
7re] Apol7} glrks Ze & 5= Slrk

E 2. Running time

Running time
7]& 1GC 7WA1® 1GC
100 1.0647 0.4474

iteration

IV. LabVIEW FPGA &8

4.1 Matlab Simulation

B ol AREAF Ag AlA AlEReAC
A 1GCe] A5 HIAEE %] MATLABelA %)
Aas 7H A sk 29 4elld 34 Al
FA137) §le ARe As5E ARSkck

a8 5= o4 st AeAlsot 419l Alse) At
5 AlEe] i3S 7 LMSse e HE] 22 3}
&7} squared error AEE Hol a1 Qlrk

a3 62 VSSLMS dwEEe] ¥ miey)
squared error®] 34 Ho F3 9lrh LMS dxElE
o] St 2 A5} vl Al Hol7h glek

I3 7 1IGCe] &4 133 squared errord] 32

www.dbpia.co.kr



=2 AAZE 28AAE 13 IGC Algorithme] LabVIEW FPGA -3

s

I “ H
0 02 04 06 08 1 12 14 16 18 % h2 04 06 08 1 12 14 15 18
Time [Sec]

% 5. LMS &% 387} squared error

VSSLNS

) L
02 04 06 08 1 12 14 15 18 D n2 04 05 D6 T 12 14 16 i
Time (Sec]

J% 6. VSSLMS &% 383} squared error

16¢

i L o Li d i
0 02 04 06 08 1 12 14 16 18 0 02 04 06 08 1 12 14 16 18
Time [Sec]

a8 7. 1GC &3 733 squared error

veia gk

a8 5~7& AR MATLABS 53t A3zl
T oA A A8 E3le SimulationS é_!/‘
shoiek o] A= 32242 dhela 100W2] 1
B3] FAY BRE duEEs SHsnk 1 7é
21Ze] &4 5ol IG JJ_ﬂZ-J o] ohE
daelEE Hel a9 40 |4 T3 7 Rk
= s g & 5 olok =3 282 squared

error®] Fh& HUPtE v el Hrt 35

=

& e

42 Ag2olM &7 gl Ay

B =7e] AlEHo]4 2742 LabVIEWollA] Als)
3lodck 28] 8-S Real-Time ANC Hardware -2
viehdct.

B =9 A]2~Hle Host PC, cRIO-9014 real-time

a- Sound + Noise Noise

Speaker primary source

Reference source

cRIO-9014
Sound Acquisition NI 9233
Chassis Host PC
Processing (ANC) Data Transfer
FPGA

13 8. AlEeld 7=

controller, NI 9233 opd 27 13 wEZ A=Y
t}. primary source25E] ¥ A5} A4go] 41al Al
3Z, reference sourceZ5E] 33 Al&EE NI 9233
HEs 53l fF Wl cRIO-90142] FPGAE 53
LMS, VSSLMS, IGCLMS%i2]&2 LabVIEW
FPGAE T3&3}le, 7 3= Host PCE DMA FIFO
= 5ol Assta, o AR dloleE AAzE =3t
v} 7+ &d312]52] desired signal, reference signal,
ANC out signal-> 24bit2 F&3}g] o =1 5 4bit
= Ageolrk step size: 16bitE T3]

FPGA VIi= NI 9233°24¢] dlo]e]& gjzuto}
dve]E FIPS AR AYEA F AlE~
T2 o]FolA glek FEl Al FEE= A WA
7} Bb o WAR ok AR, Al A
2 3w 2= FFolrh Wi, NI 923302 dlo]H
& E5317] 98] Data Rates A#3tc) Data Rate
= 2kS/sellA] NI 92330] #A|$13h= 2o AE <=4l
50kS/s71A] A2 E A9 & 4= Q== §F ¥ FPGA
o] Qe E el QIEHES 248, hostwi
E] ackXl37} 2 v 74| 7]t}=Ich HostZH-E] ackXl
37} 97 NI 92330] ‘ﬂ"] HE F53p] AAslal A
g 9 25 3 AEe 5 AATE NI 92332 47
2] AE7EA] dlolelE F5 & 4 glo), & =il
A ch0, ch1wt ARERIeE 230 9] wlo|elE qlEfe]
Hs 8 daElse S wid ssie] DMA
FIFO°l| #1A314, HosteollA 71422 do[eE ¢
o] ] sh= whAo]rk.

AL F3le] EH5= 89S AR v
7] f15te] AT E o] 8- Fgic) AT E vk
3} Zro] Aelxlr).

==
=4

187

www.dbpia.co.kr



241813 =] °11-03 Vol.36 No.3

o714 N BEE3lg, P dkare]ge] At
(steady-state)°l] == F] WF Folck RP= 4 A
5o} ol Als AlFe] Wlw, 1 9] dBelch

olgfe] T3 9= B =olld AR 34 Alse}
Aoty oA Al hee] gl % A%
E ol 83l ASAlEE B o] A 2| vle)
35 Fdto] AATE AR agS A HelEo]
ARg3IIT). AsAE Alge] ARl AdelellA] <lxlae]e}
22 2l Arlete] AR 7 AL ol 71
2l 255 o83k 2™l 9] Az AF
He] 34 Alzelar, offe] Alse AsARe] <lxla
olv, 27| AXE 25-S T Aeolt)

olzle] 23 10> LMS Algorithm=- LabVIEW Z
Xsta e AX 29 oS E 23 A
olch. 2l A5} vlwEs W, Z =
Mot Ahgrella] 2= AESgat]
AA sHe] "olAl= AL gl & 7} Qlrk

% 11- VSSLMS AlgorithmS LabVIEW = 3
& sl el 5 FHsla v $A941Se] gk 18]
otk $19] LMS9} vl A, AR5 AlAEelA
ot AA5E Woluh 2 A5} vlawals uf 3t

o i\g
N
)
¥
<t
R+
o
=2
RS- I
=

wol Wol o} gk

I3 12+ logs A3 IGC LaE|Ee s o
e E Rl G 4 Aler) 22 |Adal g 77t
<+ A& 2l & 71 9k

O

10000 20000 30000
Alzr

32l 10. LMS Algorithm

188

10000 zodoo 30000 40000 50000
PYED]

a2 11. VSSLMS Algorithm

i
9|
B

-
=1

-o.5-
o

=1.5=% o o o . !
1]

10000 20000 30000 40000 50000
Al2E

T2] 12. IGC Algorithm

w

2 2t A5 S0l digh ZTe]E )
ot} IGCY B 5] RPRE T A2 Atk
Ssdwe]&Exre} oF 1.2dB 37, LMSe} v

Al oF 28dB U B Aol FE S o 5 ek

o F
Lﬂi fﬁi' kI
Fel

<

E 3. g A (el : dB)
ResidualPower(dB)
LMS(dB) VSS(dB) 7N41% 1IGC(dB)
7.6041 9.2518 10.4245
V. Z =B
g AlsAg] A= AlEHeAd FAHS AT
uf, A 7kell e} F919] Fhg 5ol F43 WA
ke 71 Shella] wol o) o] ek sp|ak A1)

oz} fel7} dudshs 42 A7l wet 34

Watehes 457
2w, S 8 s

g2k #gel tiste] AdE skl A

(
)

o,

o

=2

13

u

o fo i
<

7

-
<
5/)
<
5]
w2
.
<
U())
il
)
AURNE
a8
fz
k3
)
o
X
X
o
=
)
¥

www.dbpia.co.kr



i AXTY 2eAAS 913 IGC Algorithm®] LabVIEW FPGA -3

(10)

Greenberg, J. E., Modified LMS algorithms for
speech processing with an adaptive noise
canceller, IEEE Trans. Speech Audio
Processing, Vol.6, No.4, pp.338-351, 1998.
Haykin, S., Adaptive Filter Theory, 4th ed.,
Upper Saddle River, NJ: Prentice Hall, 2002.
Ikeda, S. and A. Sugiyama, An adaptive noise
canceller with low signal distortion for speech
codecs, IEEE Trans. Signal Processing, Vol.47,
No.3, pp.665-674, 1999.

Hongyan, C., S. Chongfei, X. Xiaobo, H. Yong
and K. D. Luk, Study on Adaptive Noise
Fixed-Point
Real-Time Somatosensory Evoked Potential
Monitoring, ICBBE 2008, pp.3274-3277, 2008.
Boll, S. F. and D. C. Pulsipher, Suppression of

canceller on Algorithm  for

acoustic noise in speech using two microphone
IEEE Trans.

Processing,

adaptive noise cancellation,
Acoust., Speech, Signal
Vol.ASSP-28, No.6, 1980.
Kim, Dai I. and P. De Wild, Performance
analysis of the DCT-LMS adaptive filtering
algorithm, Signal Processing, Vol.80, No.8,
pp.1629-1654, 2000.

Wallace, R. B. and R. A. Goubran, Improved
tracking adaptive noise canceller for nonsta-
tionary environments, IEEE Trans. Signal
Processing, Vol.40, No.30, pp.700-703, 1992.
Ho, K. C., A minimum misadjustment adaptive
FIR filter, IEEE Trans. Signal Processing,
Vol.44, No.3, pp.577-585, 1996.

Maxwell, J. A. and P. M. Zurek, Reducing
acoustic feedback in hearing aids, IEEE Trans.
Speech  Audio Vol.3, Nod4,
pp.304-313, 1995.

Al-Saleh, M. A., Fast tracking two stage
adaptive noise canceller, IEEE Region 10

Conference TENCON, pp.606-609, 2004.

Processing,

(11) Anrikulu, O. and A. G. Constantinides, The
LMS algorithm with time-varying forgetting
factor for adaptive system identification in
additive  output ICASSP 96,
pp.1851-1854, 1996.

(12] Delgado, R. E., O. Ozadmar, S. Rahman and

C. N. Lopez, Adaptive noise cancellation in a

noise,

multimicrophone system for distortion product
otoacoustic emission acquisition, IEEE Trans.

Biomedical  Engineering, Vol.47, No.9,
pp-1154-1164, 2000.
(13) Kim, Joonwan and A. D. Poularikas,

Comparison of two proposed methods in
adaptive noise canceling, IEEE SSST 2003,
pp-400-403, 2003.

(14]) Liavas, A. P. and D. Tsipouridou, On the
performance of the Mismatched MMSE and the
LS Linear Equalizers, IEEE Trans. Acoustics,
Speech, Signal Processing, Vol.55, No.7,

pp.3302-3311, 2007.

Z & A (Chun-Sik Kim) =3

20004 24 oSt AR
Al e rr] el
3} spat

2009 39~&A oSt
Au-gAlgstat MAaE 2

<ol tA| AlsAe,
4212, DSP-&-%

0| ®| £ (Chae-Wook Lee) Z213)

19801d 29 =Rteistal &
Alg3tt stk

19874 29 FAFHHS A
71328t At

1990 24 F7Fdehst 2171
bzt what

19901 3Y~3A) oehsta
ST

<ol YA" AlsAe], ANC, 3541 33

189

www.dbpia.co.kr



	실시간 소음제거를 위한 IGC Algorithm의 LabVIEW FPGA 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. IGC 알고리즘
	Ⅲ. 실시간 처리 IGC 알고리즘
	Ⅳ. LabVIEW FPGA 실험
	Ⅴ. 결론
	참고문헌


