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Abstract

In order to select the optimal tracking of fastdiraiation of multipathfast time variation Rayleigh fading char,
this paper focuses on thecursive lea-squares (RLS) and Extended recursive lsgsars (E-RLS) algorithms and
reaches the conclusion that E-RisSnore feasible according to comparison output dhe simulation program from
tracking performance anghean square errcover five fast time variation dRayleigh fadin channels and more than
one time (send/receivegach to 100 tim¢to make sure from efficiency of these algorithms.
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1. Introduction

Data transmission over mobid®mmunicatior
channels suffers from fading-he amplitude o
transmitted signal will changes random
according to affecof Frequency flat fadir. It is
important to track variations dhe amplitude t
detect transmitted symbols optim:i In the
nonexistence of theirect line of sight, is often
made Rayleigh fading suppositiore., thefaded
amplitude (received amplitude)s a random
sequence with a Rayleigh densithe fading rats
of the received signal amplitude administered
by the Doppler bandwidth, whidh turn isrelated
to the speed of mobileor receive and the
transmission frequency. Thfading ratemust be
treated through design opowerful receivers.
Subsequently, in the fassingle or multipatt
fading channels, caot be neglect affected p of
the amplitude of the signalver a symbol peric.
The sampling frequency dhe received signi
over slow fading channelss the Nyquis
frequency of the transmittegigna and this
sampling rate is twice transmitted signe
bandwidth,that means the effects the fast time
varying Rayleigh fading channbk huge on th

(faded) signal since theeceived signal have a
bandwidth greaterthan the transmitted data
bandwidth [1,2,3,4], so it must be there an
efficient channelestimation to get the origin
data, lere we are compared the performanc
two algorithms, recursive lei-squares (RLS) and
extended recursive lea-squares (E-RLS)
algorithmsto show which one has a goability
to track fasttime variation of Rayleigh fadin
channels, to decreasbke negative effect on the
faded signalat the receive. By pointing to the
recent yearsthe comparisor assessment of the
tracking performancefor the least mean square
LMS and recursive leasiglares RLS algorithms
much havebeen described such a¢ [5]-[8]. The
LMS algorithm show: a well tracking
performance thathe RLS algorithm because t
LMS algorithm is model independenthile the
RLS algorithm is model depende

The remainder of th paper is prepared as
follows. We introducedthe channel model In
Section 2. In Section,3Ve presel mathematical
model of RLS and ERLS algorithm. Next, in
Section 4, we comparetthe performance of the
RLS and ERLS by computer simulation. Secti
5 concludes the paper.
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2. Channel Moded

The impulse response of a multipath fading
channel can be describe as
h(n) = Yizq Vi X () 5(n — ny) (1)
Where L, v, , x,(n) , are respectively the channel
length, path loss and Rayleigh fading sequence of
the k-th reflector groups, ana, are the groups
delay. In this event, for eaeh assumed the

amplitude|x(n)| have a Rayleigh distribution as
shown below [9]:

S | (xe () ) =

() | e M F/2 g () | >0 (2

Whereas, the phase Ox(n)is
distributed (assumed) with[im, 7 |:

uniformly

f(ka(n))=i ,—r< Ox (N <m
..(3)

Also, the auto-correlation function of thg (n)
sequence, now considered as a random process, is
modeled as a zeroth-order Bessel function of the
first kind [9], i.e.,

r(k) £ E x,(n) x,(n —n,) =
1,2nfpTsn,), n, =-+,—10,1,... ..(4
Where T, is the time sampling of the
sequence(n), fp is the maximum Doppler
frequency of the Rayleigh fading channel, and the
functionJ, (+) is determined by :

7,(y) 2 %foncos (v sin8)do ...(5)
The Doppler frequencyf, is the product of
carrier frequencyf. by speed of mobile users
(receiver)y, over to speed of light as given below:

fD=v_fC

c

Wherec = 3 *108m/s.

Here, figure (1) show sequence magnitude and
phase of Rayleigh fading channel &, =

100 Hz ,T, = 1X1073s, and number of channel
samples = 200 samples.

...(6)
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Fig .1. Sequence magnitude and phase of Rayleigh
channel at f, = 100 Hz .

Mathematical Mode for Tracking Fast
Time Variation of Rayleigh fading
Channel

Here, we have explained the mathematical
model of two algorithms as below [9]:

A. Tracking fast time variation of Rayleigh fading
channel via RLS algorithm as given in equations
below:

/’l_laPi_lu:f

Wi = Wit + o 4D — Ui

AT'PiqujuiPi—y
1+A‘1uiPi_1u2f

Pi = A_l Pi—l - (8)

B . Tracking fast time variation of Rayleigh fading
channel via E-RLS algorithm as given in
equations below :

A‘lcxPi_lu;f

- [d (@) — wywi_q]...(9)

wW; = Qw;_q +
l -1 1+A‘1uiPl-_1ui

_ ﬂ_lpi_ u;-‘ul-Pi_
Pi = A 1|O(|2 Pi—l - m] + q] (10)
Where
w; : Weight vector.
a : Some scalar valye| < 1.
A: Some scalar valdek A < 1.



Ali Salah Mahdi

Al-Khwarizmi Engineering Journal, Val. 12, No. 1, P.P. 73- 78 (2016)

P;: Covariance matrix.

u;: Input vector

q: A constant multiple of the identity matrix
where is more supposed to be less than unit
magnitude In order to ensure the stability of the
model.

And the measurement$(i) satisfy

d(@) = ww? + v(i) ..(12)

..(12)

o — o
Wipg = aw; + 1

Where

w: Unknown weight vector.

v(i): White noise measurement with unit
variance.

n;: Disturbance.

4. Simulation Result

In this simulation program, we consider the
channels is multipath Rayleigh fading and fast
time variation with length 5 taps (number of
simulated channels),Doppler frequency, =
100Hz, sampling frequency 1.25MHz, number of

samples for each channel equal to 1000 samples.

Before displaying the results of simulation, we
first describe the simulated algorithms parameters
in Table (1).

Table1,
Simulation Parameters.

Parameters Specifications
All initial values Zero

Scalar valuel 0.995

Scalar valuex 0.95
Constant valug 0.1

Number of 100
experiments

Figure (2), it is explained the magnitude for the
1* tap among five channels, it is illustrate three
lines as described in top left of each figure.
Furthermore the difference between performance
of RLS and E-RLS algorithms to track fast time
variation of the Rayleigh channel from start to end
clearly appeared in figure (2), that means, E-RLS
algorithm has a good ability to track fast vaoati
than RLS algorithm.
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Fig. 2. Tracking performance of RLS and E-RLS
algorithmsfor Rayleigh channel 1.

As well as, we explained tracking performance
of each algorithm for all other channels as shown
in Figure (3), Figure (4), Figure (5), And Figure
(6), still E-RLS superiorly on RLS algorithm.
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Fig. 3. Tracking performance of RLS and E-RLS
algorithmsfor Rayleigh channel 2.
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Fig. 4. Tracking performance of RLS and E-RLS
algorithmsfor Rayleigh channel 3.
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Fig. 5. Tracking performance of RLS and E-RLS
algorithmsfor Rayleigh channel 4.
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Fig. 6. Tracking performance of RLS and E-RLS
algorithmsfor Rayleigh channel 5.
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Table 2 shows comparison between the mean
square error MSE values (selected randomly) for
the recursive least-squares (RLS) and extended
recursive least-squares (E-RLS) algorithms and
the difference it is clearly appeared, MSE of the
E-RLS (Blue Line) nearest to zero level than MSE
of the RLS (Black Line).

Table2,
The Comparison between Mean square error
(M SE) of RLSvaluesand E-RL Svalues.

M SE M SE- M SE- Smaller
Sample RLS E-RLS Value
Number Value Value

20 6.1479 3.5628 E-RLS
200 15.0826 4.3558 E-RLS
500 16.5332 4.0328 E-RLS
800 16.9514 2.6490 E-RLS
1000 17.2023 3.3763 E-RLS

Figure (7) described mean square error (MSE)
for each algorithm. The blue line represent MSE
of E-RLS algorithm, and it is nearest to zero leve
than red line (MSE of RLS). Naturally after the
results that appeared in Figure (3,4), the error
ratio for E-RLS should be less than the error
ratio of RLS algorithm, as shown in the mention
figure.
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Fig. 7.Mean square error (MSE) of RLS and E-
RLSalgorithms.

5. Conclusion

In this paper, we have compared two Blind
algorithms recursive least-squares (RLS) and
Extended recursive least-squares (E-RLS),
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adaptive algorithms mean that, these algorithms
try to estimate the channel without need any
knowledge at the receiver (Blindly). Output

Figures (2,3,4,5,6) in the simulation section have
shown a good performance and higher ability for
E-RLS than RLS to track fast time variation of

Rayleigh fading channel since the E-RLS blue
line more close to the original channel red line
than RLS black line, as well table 2 Explain E-

RLS superiority by comparing output value for

each algorithms also the simulation program have
been plotted in the Figure (7). The future work for
this paper, apply these algorithms to track other
channels, i.e, finite impulse response complex
(FIR) channel or Rician fading channels to see
which algorithm has a good ability to track fast

amplitude variation than other.

6. References

[1] Jayesh H. Kotecha, Petar M. Djuric, "Blind
sequential detection for Rayleigh fading
channels using hybrid Monte Carlo-recursive
identification algorithms", Signal Processing,
84(5):825-832, 2004.

JH. Lodge, M.L. Moher, "Maximum
likelihood sequence estimation of CPM
signals transmitted over Rayleigh flat-fading
channels", IEEE Trans. Commun. 38 (6)
(June 1990) 787-794.

[2]

77

[3] G.M. Vitetta, D.P. Taylor, "Multisampling
receivers for uncoded and coded PSK signal
sequences transmitted over Rayleigh
frequency-flat fading channels”, IEEE Trans.
Commun. 44 (2) (February 1996) 130-133.
H. Zamiri-Jafrian, S. Pasupathy, "Adaptive
MLSD receiver with identification of flat
fading channels”, International Conference
on Acoustics, Speech and Signal Processing,
1997.

E. Eleftheriou and D. D. Falconer, "Tracking
properties and steady-state performance of
RLS adaptive filter algorithms", IEEE Trans.
Acoust., Speech, Signal Processing, vol.
ASSP-34, pp. 1097-1110, 1986.

[6] A. Benveniste, "Design of adaptive
algorithms for the tracking of time varying
systems”, Int. J. Adaptive Contr. Signal
Processing, vol. 1, pp.3—-29, 1987.

E. Eweda, "Comparison of RLS, LMS, and
sign algorithms for tracking randomly time-
varying channels", IEEE Trans. Signal
Processing, vol.42, pp. 2937-2944, 1994,

O. Macchi, "Optimization of adaptive
identification for time-varying filters", IEEE
Trans. Automat. Contr., vol. AC-31, pp. 283—
287, 1986.

Ali H. Sayed, "Adaptive Filter", A John
Wiley & SONS,INC.,PUBLICATIO N,
2008.

[4]

[5]

[7]

[8]

[9]



(2016) 78 -73 4ada ] dsel) (12 laal) Lusctipl] o j |53 ALaa g Ola Ao

G £.95 (a (Oh1) (pamial) JBLN Jans o) 2 & E-RLS 3 RL'S (i 4Rl
() aa il

ks dmalas /] oyl 530 deadigh IS fYUai¥ 5 ol pleall deutis anid
ali_info27 @yahoo.com. s 5SY1 a ll

LAl

asii Gl (E-RLS)s (RLS) el sall e 3 canidl 138 o Ll 38 amsall s a3l o Ll g s JSUl JieY) il ans Jaf (e

S 4 E -RLS ealie zlitil ) Giadl 138 Jus 35 (cae ) Cpedilly ansbo 51 dans gl e e slaa ) () zlia¥) 5 (30 S Jas l) ey

Eebin (o L o5 A ) By (o el e (b L8 ) uaal) g e JBLI Tl (el g o (B Alle 4B (g0 4Sliay W RLS (0 553
ey a0 o3m 508 (pa 2S5 0 Y o+ ) Jos (il [ D)) 33055 50 (e SSY 5 612V il (e Sl

78



