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UJIEHTUO®UKAIIVS CUCTEM C IOMOIIBIO
MOJIUPUIINPOBAHHOI' O PA3SPEXXKEHHOTI'O LMS AJITOPUTMA
C YTEUKOH

Typan /., Cynaues P.H., AMupraanes E.H.

*Kagenpa komnploTepHOH nHxeHepun, YHusepcureT uM. C. Jlemupens, Kackenen, Kazaxcran
a1 moyura: {cemil.turan, rassim.suliyev,yedilkhan.amirgaliyev}@sdu.edu.kz

KaroueBble c10Ba: aganTUBHBIC AITOPUTMBL, HACHTU(HUKAIUS CHCTEM, Pa3pPEKEHHBIC CHCTEMBI.

AnHotanus. B manHOU craThe mpemnaraercs HOBeI LMS anroputm ¢ yreukoir (LLMS), xoTopsiii yirydmmaer
anroput™m ZA-LLMS (Zero-Attracting Leaky-LMS) ucnonb3yemblii it UASHTU(PHUKALUA Pa3PEKEHHON CUCTEMBI.
[TpennoxeHHbIH aITOPUTM UCIIONB3YET Pa3peKEHHOCTh CHCTEMBI ¢ IPEMMYIIIECTBAMU IIEPEMEHHOCTH pa3Mepa Iiara
u mrpada lp-HOpMbL. MBI CpaBHIIM HPOM3BOIUTEIBHOCTD MPEMIOKEHHOro anroputMa ¢ LLMS u ZA-LLMS ¢
TOUYKH 3pEHHS CKOPOCTH CXOAUMOCTH U CpeIHEKBaApaTUYHOro oTKiIoHeHHs (MSD). DKcrepuMeHTHl IPOBOAUIINCH B
cpene MATLAB. MonenupoBaHue NoKa3ajio, 4TO NMPeJUIoKEeHHBIN alTOPUTM HUMEeT IMPEeBOCXOJCTBO HAJ APYTHMMHU
IrOPUTMaMH Ui OOOMX THIIOB BXOJHBIX CHUTHAJIOB: aimuTuBHOro Oenoro [ayccoBckoro myma (AWGN) u
aJJUTUBHOTO KoppenuposanHoro ["ayccoBckoro myma (ACGN).

A MODIFIED SPARSE LEAKY-LMS ALGORITHM
FOR SYSTEM IDENTIFICATION

D. Turan, R.N. Suliyev, Ye. N. Amirgaliyev

*Department of Computer Engineering, Suleyman Demirel University, Almaty, Kazakhstan
E-mail: {cemil.turan, rassim.suliyev,yedilkhan.amirgaliyev}@sdu.edu.kz

Keywords. Adaptive algorithms, system identification, sparse systems.

Abstract. In this paper, we propose a new Leaky-LMS (LLMS) algorithm that improves the Zero-Attracting
Leaky-LMS (ZA-LLMS) for sparse system identification. The proposed algorithm exploits the sparsity of the system
with the advantages of the variable step-size and /)-norm penalty. We compared the performance of our proposed
algorithm with the LLMS and ZA-LLMS in terms of the convergence rate and mean-square-deviation (MSD).
Experiments were performed in MATLAB. Simulations showed that the proposed algorithm has superiority over the
other algorithms for both types of input signals of additive white Gaussian noise (AWGN) and additive correlated
Gaussian noise (ACGN).

I. INTRODUCTION

The least-mean-square (LMS) algorithm is a well-known algorithm and has been successfully used
for system identification model (see Fig. 1) in adaptive filtering technology [1]. Many researchers studied
to improve the performance of the conventional LMS algorithm for different environments. Thus, many
different LMS-type algorithms were proposed.

Leaky-LMS-type algorithms were proposed [2,3] to overcome the issues when the input signal is
highly correlated, by using shrinkage in its update equation. Another LMS based algorithm VSSLMS uses

— ) ——
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a variable step-size in update equation of the standard LMS to increase the convergence speed at the
beginning stages of the iterations and decrease MSD at later iterations [4,5]. In order to improve the
performance of the LMS algorithm when the system is sparse (most of the system coefficients are zero),
ZA-LMS algorithm was proposed in [6].

In [7], the author proposed ZA-LLMS algorithm which combines the LLMS algorithm and ZA-LMS
algorithm for sparse system identification. A better performance was obtained for AWGN and ACGN
input signals. In [8], a high performance algorithm called zero-attracting function-controlled variable step-
size LMS (ZAFC-VSSLMS) was proposed by using the advantages of variable step-size and /,-norm

penalty. We were motivated by the inspiration of the combination of these two algorithms. So in this
paper, we proposed a new algorithm that combines the ZA-LLMS and ZAFC-VSSLMS algorithms. In
the next section, a brief review of the LLMS and ZA-LLMS algorithms is provided. We derived the
proposed algorithm in Section III. In Section IV, the simulations are presented and the performances of
the algorithms are compared. Conclusions are drawn in the last section.

A
ym) 7 d(n)

&/

x(n)

v

unknown system
+

/

adaptive filter

’

Fig. 1 — Block diagram of the system identification process.

Ye(n)

v

II. REVIEW OF THE RELATED ALGORITHMS
a) Leaky-LMS (LLMS) Algorithm

In a system identification process, the desired signal is defined as,
d(n) =h"x(n) +v(n) (1)

where h=[h,,...,h, ,]" is the unknown system coefficients with length N, X(n)=[x,,...,x,_] is
the input-tap vector and v(n) is the additive noise. In addition to being independent of the noise sample

v(n) with zero mean and variance of 03 , the input data sequence x(n) and the additive noise

sample v(n) are also assumed to be independent.
The cost function of the LLMS algorithm is given by,

J (n):%ez(nwwr(n)w(n) 2)

where w(n) is the filter-tap vector at time 7, y is a positive constant called ‘leakage factor’ and e(n) is the
instantaneous error and given by,
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e(n) =d(n)—w" (n)x(n) (3)
The update equation of the LLMS algorithm can be derived by using the gradient method as,

aJ (n)
ow(n)
=(1=py)w(n)+ pe(n)

wn+l)=w(n)+ u

(4)

where u is the step-size parameter of the algorithm.
b) Zero-Attracting Leaky-LMS (ZA-LLMS) Algorithm

The cost function of the LLMS algorithm was modified by adding the log-sum penalty of the filter-
tap vector as given below:

Jy(m) = %ez (n)+ yw" (myw(m)+7' Y (1 +|Zf—f|)
(5)

where ]/' and & " are positive parameters. Taking the gradient of the cost function and subtracting from
the previous filter-tap vector iteratively, then the update equation was derived as follows [7]:

sgn[w(n
w(n+1)=1-uy)w(n)+ pen)x(n)— pm
L+ &[w(n) ‘
(6)
where p = & is the zero-attracting parameter, &£ = % and sgn(.) operation is defined as,
=~ if x#0
sgn(x) = |x|
0 l X = 0
' (7)

III. THE PROPOSED ALGORITHM

An improved sparse LMS-type algorithm was proposed in [8] by exploiting the advantages of
variable step-size and recently proposed [9] /,-norm which gives an approximate value of ||| . We

modify the cost function of that algorithm by adding the weight vector norm penalty as,
1
J5(n)) =Eez(n)+VWT(n)W(n)+8||W(n)||0 (8)

where ¢ is a small positive constant and ||W(n)|| o denotes the /,-norm of the weight vector given as,

N-1
[wim], 0 X = (9)
k=0
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where A is a positive parameter. Deriving (8) with respect to w(n) and substituting in the update
equation we get,

W(n+1) = (1= (n)y)W(n) + p(m)e(m)x(m) — p(m)sgalw(mle ™

where p(n)= u(n)el. It is seen that, the update equation of the ZA-LLMS algorithm has been modified

by changing the constant step-size ¢ with u(n) given in [8] and the zero-attractor p% with
+S|\w(n

7/1‘w(n)‘

p(n)sgn[w(n)le

IV. SIMULATION RESULTS

In this section, we compare the performance of the proposed algorithm with LLMS and ZA-LLMS
algorithms in high-sparse and low-sparse system identification settings. Two different experiments are
performed for each of AWGN and ACGN input signals. To increase the reliability of the expected
ensemble average, experiments were repeated by 200 independent Monte-Carlo runs. The constant
parameters are found by extensive tests of simulations to obtain the optimal performance as follows: For
LLMS: ©=0.002 and y=0.001. For ZA-LLMS: 4=0.002, y=0.001, p=0.0005 and &=30. For the proposed
algorithm: p=0.0005 and A=8.

In the first experiment, all algorithms are compared for 90% high-sparsity and 50% low-sparsity of
the system with 20 coefficients having in the first part, two ‘1’ and 18 ‘0’; in the second part, ten ‘1’ and
ten ‘0’ for 5000 iterations. Signal-to-noise ratio (SNR) is kept at 10 dB by regulating the variances of the
input signal and the additive noise. The performances of the of the algorithm are compared in terms of

convergence speed and MSD = E {”h - w(n)”z} . Fig. 2 and Fig. 3 give the MSD vs. iteration number of

the three algorithms for 90% sparsity and 50% sparsity levels respectively. They show that, the proposed
algorithm has a fairly fast convergence with lower MSD than that of the other algorithms.
In the second experiment, all conditions are kept as same as in the previous experiment except the

input signal type. A correlated signal is created by the AR(1) process as x(n) =0.4x(n—1)+v,(n) and

the normalized. Fig. 4 and Fig. 5 show that, the proposed algorithm has again a faster convergence and
lower MSD than the other algorithms for 90% sparsity and 50% sparsity levels respectively.

IV. CONCLUSIONS

In this work, we proposed a modified leaky-LMS algorithm for sparse system identification. It was
derived by combining the ZA-LLMS and ZAFC-LMS algorithms. The performance of the proposed
algorithm was compared with LLMS and ZA-LLMS algorithms for 90% and 50% sparsity levels of the
system with AWGN and ACGN input signals in two different experiments performed in MATLAB.
Simulations showed that the proposed algorithm has a very high performance with a quite faster
convergence and lower MSD than that of the other algorithms. As a future work, it is recommended that
the proposed algorithm can be modified for transform domain or be tested for non-stationary systems.
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Fig. 2 — Steady state behavior of the LLMS, ZA-LLMS and the proposed algorithm for 90% sparsity with AWGN.
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Fig. 3 — Steady state behavior of the LLMS, ZA-LLMS and the proposed algorithm for 50% sparsity with AWGN.
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Fig. 4 — Steady state behavior of the LLMS, ZA-LLMS and the proposed algorithm for 90% sparsity with ACGN.
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Fig. 5 — Steady state behavior of the LLMS, ZA-LLMS and the proposed algorithm for 50% sparsity with ACGN.
REFERENCES

[1] Haykin S. Adaptive Filter Theory, Prentice Hall, Upper Saddle River, NJ, 2002.
[2] Mayyas K. A. and Aboulnasr T. “Leaky-LMS: a detailed analysis,” in Proc. IEEE International Symposium on Circuits
and Systems, 1995, vol. 2, pp. 1255-1258.




Hoxknaovl Hayuonanwvroii akademuu nayk Pecnybauku Kazaxcman

[3] M. Sowjanya, A. K. Sahoo and Sananda Kumar, “Distributed Incremental Leaky LMS,” International Conference on
Communications and Signal Processing (ICCSP), 2015, pp. 1753-1757.

[4] Chen W. Y. and Haddad R. “A variable step size LMS algorithm,” IEEE Proceedings of the 33rd Midwest Symposium
on Circuits and Systems, 1990, vol. 1, Calgary, pp. 423-426 .

[5] Won Y. K., Park R. H., Park J. H. and Lee B. U. “Variable LMS algorithms using the time constant concept,” IEEE
Transactions on Consumer Electronics, 1994, vol. 40, no. 4, pp. 1083-1087.

[6] ChenY., Gu Y. and Hero A. O. “Sparse LMS For System Identification,” /EEE International Conference Acoustic,
Speech and Signal Processing, 2009, pp. 3125-3128.

[7]1 Salman M. S. “Sparse leaky-LMS algorithm for system identification and its convergence analysis,” International
Journal of Adaptive Control and Signal Processing, 2013, vol. 28, no. 10, pp. 1065-1072.

[8] Turan C. and Salman M. S. “Zero-Attracting Function Controlled VSSLMS Algorithm with Analysis,” Circuits,
Systems, and Signal Processing, Springer, 2015, DOI 10.1007/s00034-015-9996-5.

[9] Sing-Long C.A., Tejos C.A., Irarrazaval P. Evaluation of continuous approximation functions for the /;-norm for
compressed sensing, Proc. Int. Soc. Mag. Reson. Med., 2009, vol. 17, pp. 4585.

MOJUPUKAIIUAJITAHFAH CUPEK LMS-AFATBIH
AJITOPUTMHIH KOMETTMEH KYWEJEPII COMKECTEHIIPY

. Typan, P.H. Cyamues, E.H. Omipranues

Tipek ce3aep: alanTHUBTI alTOPUTMIED, XKYHeIepai colikecTeHAIpY, CHPEKTENTeH Kyhenep.

AnpaTtna. By Makanana cupekrenreH xyieHi caiikectenaipy yumin ZA-LLMS (Zero-Attracting Leaky-LMS) anropurimin
JKakcapTyla KOJJIAHBLIATHIH jkaHa LMS-araThlH anropuTMIiH YCHIHBUIAABI. ¥YCHIHBUIFAH aJITOPUTM KaJgaM MeJuepi MeH [y
HOPMaJIbl AHbINMYIIIBIH ayBITKY apThIKLIBIIBIKTAPBIMEH CHPEKTEIreH XKYHEeH] KonaaHaabl. OHIMALINH CalbICTBIPY MaKCaThIHIA
YCBIHBLIBIN OThIpraH asroputmai LLMS-nen sxoHe ZA-LLMS-neH KHUHAKTBUIBIK >KbUILIAMABIFBl MEH OPTaKBaAPATTaIFaH aybITKY
(MSD) typrricbiHaH calbICTHIpABIK. 3epTreyiep MATLAB opTanbiFbiHAa KYprizingi. MoaensaeyniH KeTicTiri, eki THITeri
Kipic cHTHaJIIaphIHbI YIIiH: KockiMina ak ["aycc mysl (AWGN) MeH KocbiMina koppesuusiiblk [ayce mrysr (ACGN), YCBIHBUTBIIT
OTBIPFaH aITOpUTM 0acKaza aNropUTMASPAEH YCTEMALTITIHIH apTHIKIIBUIBIFBIH KOPCETE .
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