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SUPERVISED IDENTIFICATION AND EQUALIZATION OF TRANSMISSION
CHANNEL USING REPRODUCING KERNEL HILBERT SPACE

The subject matter of the article is to identify and equalize the parameters of telecommunication channels. The
goal is to develop a new mathematical approach based on positive definite kernels on a Hilbert space. The tasks
to be solved are: (a) to formulate a mathematical procedure based on a kernel; a kernel is a function that maps
pairs of data points to a scalar value, and positive definite kernels are widely used in machine learning and
signal processing applications; (b) to identify the channel parameters using the proposed method; and (c) to
apply the Zero Forcing and MMSE equalizer to measure the performance of the proposed system. This article
introduces a new method to address the problem of supervised identification of transmission channel parameters
based on the positive definite kernel on Hilbert space, which implements Gaussian kernels. The input sequence,
used as an input for a system or process, is assumed to be independent, have a zero mean, a hon-Gaussian
distribution, and be identically distributed. These assumptions are made to simplify the analysis and modeling.
The proposed method for estimating the parameters of the channel impulse response yields promising results,
indicating that the estimated parameters are close to the measured parameters of the model for various channels.
The convergence of the estimated parameters toward the measured parameters of the model is particularly no-
ticeable for BRAN A (indoor) and BRAN E (outdoor) channels. The method has been tested with different channel
models, and the results remain consistent. Overall, the proposed method appears to be a reliable and effective
approach for estimating channel impulse response parameters. The accuracy of the estimated parameters is
particularly noteworthy considering the challenges inherent in modeling wireless channels, which can be influ-
enced by various factors such as obstacles and interference. These findings have important implications for the
design and optimization of wireless communication systems. Accurate estimates of channel impulse response
parameters are essential for predicting and mitigating the effects of channel distortion and interference, and the
proposed method represents a promising tool for achieving this goal. Further research and testing are needed
to validate and refine the method and to explore its potential applications in different settings and scenarios. We
evaluated the performance of the system using the estimated parameters obtained from the proposed method.
Two equalizers, MMSE and ZF, were used, and the results show that MMSE outperforms ZF. Both equalizers
produced highly satisfactory outcomes.

Keywords: FIR channel; MC-CDMA; Equalization; identification; transmission channel; Reproducing Kernel
Hilbert Space; BRAN; ZE equalizer; MMSE equalizer.

Multiple Access (DSCDMA) [1]. However, the capabil-
ities of the 3G system remain insufficient due to the needs
expressed in permanence. The 4th generation that sup-

1. Introduction

Wireless or cellular networks have undergone a

great evolution, which requires operators to improve their
offered services. Vocal conversations were a major chal-
lenge for researchers, especially due to the massive ex-
plosion of Internet traffic on fixed networks, which im-
poses an effective improvement in techniques based on
mobile network technology. Several services have been
introduced, such as 2G systems, including email, web ac-
cess, and online bank transaction services. Then, the 3G
architecture was developed to solve the defects of the 2G.
The first is based on Direct Sequence Code Division

ports high-speed remains a solution adapted to the expec-
tations of users [2]. The 4th generation, which supports
broadband, comes as a solution adapted to the expecta-
tions of users' needs, but it is still insufficient to meet the
needs and number of users, which is constantly increas-
ing. For this reason, the generation 5G has taken place,
which already promises speeds 10 times higher than
those of 4G, with maximum speeds expected of 20 Gb/s.
The latter is still in its infancy, and its deployment should
still take a few years. Although 5G is still very young in
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the world market, telecommunications specialists are al-
ready preparing the ground for the network that will suc-
ceed it — we are talking about 6G. The migration of our
approach to these last generations will be the subject of
our future work.

The identification of channel parameters has be-
come a major topic addressed mainly by researchers in
the signal-processing field [3]. In this work, we will ap-
ply a new method based on a positive-definite kernels on
Hilbert space using a Gaussian kernel to identify the
channel parameters [4].

2. Related works.

In this article, we study the application of positive
definite kernels on a Hilbert space for the identification
and equalization of a transmission channel, so it is neces-
sary to review existing studies and approaches already
used in this context. The widespread use of the Internet
has led to a massive increase in the data throughput of
wireless communication systems, and many research
studies have focused on the identification of channel pa-
rameters using different approaches such as order cumu-
lants [2], which addressed the problem of blind identifi-
cation and equalization using higher order cumulants for
MC-CDMA systems. Another approach was introduced
in [5]. This approach was based on neural networks, and
this paper proposes a training scheme using the Cuckoo
Search Algorithm (CSA) for Functional Link Artificial
NN (FLANN) based channel equalizers. In [6], the au-
thors have proposed an approach based on Recursive
Least Square (RLS) and Least Mean Squares (LMS) al-
gorithms for the supervised and blind identification of
channel parameters. In [7 - 9], the authors have discussed
the techniques that allows eliminating the effect of inter-
symbol interference (ISI) in multipath wireless channels,
such as the MMA algorithm. Consequently, the design of
a channel equalizer has become more and more demand-
ing. For severe nonlinear distortions, the authors in [10]
and [11] conclude that neural network (NN) based on
nonlinear channel equalizers provide superior perfor-
mance than the linear equalizers based on an adaptive fil-
ter. Unsupervised adaptive attenuation of inter-symbol
interference in an additive impulse noise environment,
modeled as a generalized Gaussian, has been discussed
in [12].

This work introduces a new technique, based on
very robust mathematical models, to solve the problem
of identification and equalization of a transmission chan-
nel. Indeed, there are many other methods already used
in other works. Our method proposes an additional alter-
native with encouraging and satisfactory parameters
identified in terms of accuracy, which can be combined
with others to obtain a perfect transmission. The tech-

nique proposed can be used across various domains, par-
ticularly in the efficient handling of spatial and temporal
random signals in multi-channel radar systems deployed
on mobile aerospace platforms [13]; this technique can
also be used to address communication protocol issues in
the context of the Internet of Things [14].

3. Objective

The main objective of this work is to apply algo-
rithms based on RKHS properties to channel identifica-
tion and equalization. In this respect, the paper presents
an equalizer proceeding in two steps: identification of the
channel parameters using RKHS methods and computa-
tion of the equalizer parameters given by ZF or MMSE
criteria.

4. Mathematical formulations

A positive definite kernel on a set y is a function K
that associates two objects to a real number [15].

kixxx - R.

Symmetry and positivity are required. For any finite
sequence, X4,X,,...,X, the matrix K of elements
K(x;,x;) (called matrix of Gram in the following sec-
tions) is positive definite if:

Va € R :a"Ka > 0.

Examples of positive kernels defined for x = RY.
- Linear kernel K(x,y) = xTy;
- Polynomial kernel K(x,y) = (1 + xTy)%;

Ix—yll
].

- Gaussian kernel K(x,y) = exp[——=

Kernels can also be viewed from the functional
analysis view point, since to each kernel K on y is asso-
ciated a Hilbert space Hy of real-valued functions on y.

Definition 1:

A real-valued function k : x X x = R is areproduc-
ing kernel of a Hilbert space Hi, of real-valued functions
on y if and only if:

- Vxeyxk(x.) € Hy;

- Vx ey Vfe H,<fk(x,.)>=f(x).

We restrict ourselves to the case of a time invariant
linear channel of communication, and we suppose a finite
impulse response. It can be described as a convolution
filter h(k) of the transmitted signal x(k) [2, 16].

We assume that we observe the output signal y(k)
as a discrete-time signal, which is described by the fol-
lowing equations:


https://www.sciencedirect.com/topics/computer-science/cuckoo-search-algorithm
https://www.sciencedirect.com/topics/computer-science/cuckoo-search-algorithm
https://www.sciencedirect.com/topics/engineering/artificial-neural-network
https://www.sciencedirect.com/topics/engineering/artificial-neural-network

Methods and means of image processing 103
q 1 n
y(k) = h(k) * x(k) = Z h(Dx(k—1) (1) Ru(F) = HZ(Yi —F(x))? (6)

and
s(k) = y(k) + n(k), )

where x(Kk) is the input sequence;

h(k) is the channel parameters;

y(k) represents the system output in the noiseless
case and s(k) is the observed system output corrupted by
additive Gaussian noise n(k);

n(k) is an additive white Gaussian noise.

The following conditions are assumed to be satis-
fied:

—the model order q is supposed to be known;

—the input sequence x(n) is independent and
identically distributed (i.i.d) zero mean, the variance
iso2 = 1, and non-Gaussian;

—the system is causal and h(0) = 1;

—we assume that the measured noise n(k) is zero
mean;

—Gaussian, i.i.d, with unknown variance o2.

The problem addressed is to identify the channel pa-
rameters h using the positive definite kernels, so, if we
set:

F (k) = h(k) * x(k). (3)
Equation (2) becomes:
s(k) = F(k) + n(k). 4

Historically, kernels approaches were mentioned
sixty years ago. The essential idea is to use the learning
examples ((x;, yi))i=1,m t0 make parameter identification
of the input space y by measuring the outputs associated
with inputs(x;)i=1 m-

Most often, the form of kernel functions generally
used is of the form:

Kex,x) = g (12)), ©)
where d(x,x") is a distance defined on a set y ;
g(.) is a decreasing function and o is the covariance.

The use of this type of kernel function leads to esti-
mate § as measured average of (y;);=1 ., With a stronger
measure to examples where the distance d(x, x') is small,
the notion of being determined by the small value of c.

Using the inductive principle of minimization of
empirical risk, the estimated parameters are obtained by
minimizing the following function [17]:

where:

n

FGu) = ) oy k(x,%,) ™

j=0

In our case, we try solving this non-linear regression
problem in x, we may be tempted to use this function of
re-description ¢ of x in a new space H, so that the prob-
lem becomes a linear regression problem in the new
space. Our approach is to estimate the parameters of the
vector F, which amounts to estimate the parameters a.
Since it is supervised identification, the output of the
channel is known, we can consider the simplified matrix
form:

F =K q, (8)

where K is the matrix of kernel and F is the output signal,
this equation will be verified by experiments.

According to the principle of least squares, the vec-
tor of the coefficients a is obtained as follows:

a = (KT.K)"!KT.F. 9)

Since F is defined by the parameters a and h is function
of F, if we identify a we can find h by applying Laplace
transform as follows:

L(F) = L(h).L(x), (10)

L(h) = L(F) /L(x). (11)
Then, we can apply the equalization of the defied
parameters h by the ZF and MMSE equalizer.

5. The proposed approach

5.1. Definitions

The symmetric Gram matrix (or kernel matrix) con-
tains all the information used by the kernel methods on
the input data. The exclusive use of the information con-
tained in this matrix on the training data results in the loss
of part of the information on these data. For example, this
matrix corresponds to rotationally invariant points in the
input space y.

Lets x be anon-empty set and H a Hilbert space. We
define a kernel k from: x X x — R by the following
function:

k(x,y) = exp(=Ilx = y|I*). (12
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The vector x is the input signal, and y is the output
signal.

In the following sections, we will apply the defined
kernel in equation (12) to different channels.

5.2. Radio channel

There are many obstacles between a Mobile Station
(MS) and a base station. Neighboring buildings cause a
great loss of information during transmission between a
fixed base and mobile station, especially near the MS.
For this, the channel can be viewed as a time-varying lin-
ear filter of impulse response with h(t) observed at the
time t, which can be expressed as Safi et al [2, 18].

L-1
h(v) = Z i d(t— 1), (13)
i=0
where §(n) is Dirac function, y; is the magnitude of the
target i, L = 18 is the number of target and T is the time
delay (from the origin) of target i.

We investigated two types of radio channels: (1)
Mobile Channel Model (BRAN A) which is described in
Table 1 and (2) Mobile Channel Model (BRAN E) which
is considered the case of a channel in the interior of an
office has been treated, it is imperative to handle the case
in an outdoor environment (Table 2).

Table 1
Delays and magnitudes
of the 18 trips BRAND A radio channel
Delays magnitudes Delays magni-
T(ns) hy(dB) 7(ns) l:fj(?f;)
1
0 0 90 -7.8
10 -0.9 110 -4.7
20 -1.7 140 -7.3
30 -2.6 170 -9.9
40 -3.5 200 -12.5
50 -4.3 240 -13.7
60 -5.2 290 -18
70 -6.1 340 -22.4
80 -6.9 390 -26.7

5.3. MC-CDMA System

In MC-CDMA systems, the codes are transmitted in
the frequency domain on different subcarriers. Conse-
quently, the subcarriers are sensitive to problems of syn-
chronization, such as timing errors, the frequency offset
of the carrier, and the amplitude and phase additive noise.
In this section, we describe an equalization based on a
new concept using positive definite kernels. It is a tech-

nology considered as candidates for wireless communi-
cation systems of the fourth generation [19].

Table 2
Delays and magnitudes
of the 18 trips BRAND E radio channel
Delays magnitudes | Delays | magnitudes
Ti(ns) h;(dB) Ti(ns) h;(dB)
0 -4.9 320 0.0
10 -5.1 560 -2.8
20 -5.2 710 -5.4
40 -0.8 400 -11.7
70 -1.3 880 -7.3
100 -1.9 1070 -10.6
140 -0.3 1280 -13.4
190 -1.2 1510 -17.4
240 -2.1 1760 -20.9

The MC-CDMA signal is derived from the concat-
enation of the operation spread spectrum by direct se-
guence modulation and multi-carrier [19, 20]. The MC-
CDMA modulator spreads the data a; for each user i in
the frequency domain. The spreading is done by multi-
plying data ai by each element of ci code associated
sprawl. Here, the MC-CDMA emulation system is given

by:

Ny—1Np-—-1
a;
x(t) = —

Ci exp?fit (14)

where fi, = f, + Ti Nu the number of users and Np the

number of subcarriers. The impulse response h of the
channel can be written as in equation 15. This expression
takes fixed paths when the transmitter and receiver are
moving.

P-1
h(n9 = ) B, (0 »
p=0

. eXpl(Zﬂvpt+9p(t))8 (T — (Tp))' (15)

The issued signal s and received signal r are linked by:

r(®) = (h*s)(® +n(H) =

+00 p—1

f Z B, exp®8(t—1,) *

-0 p=0

*xX(t—1)dt + n(t) =

(16)

P-1

B, exp'®Px(t — 1) + n(v).
p=0
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To overcome disturbances introduced by the trans-
mission channel, it is necessary to implement an equali-
zation device. Two classes of detectors exist [21, 22],
single-user detectors, and multi-user detectors. In the first
case, only the sequence of the user is assumed to be
known, and related interference to other users is then con-
sidered jammer. On the other hand, since the sequences
for all users are known, multiple access interference is
then considered a deterministic signal and not random.
Therefore, where Nu users are active, the received signal
can be expressed using the relationship in equation 15 of
the impulse response h of the channel:

Np-1
Ny-1 P

P-1
1 i0
r(t) = — real( B exp'“ra; *

(17)

K
2in(f +—) t-t
* cyjexpie” \° Te ( p)).

To facilitate the presentation of different detection
techniques, we assume an adequate dimensionality of the
system studied. Therefore, the duration of the guard in-
terval Tg is sufficient, ensuring no interference between
symbols and subcarriers. Furthermore, the duration of the
MC-CDMA symbol is sufficient to consider the channel
as invariant during this symbol, as well as the absence of
frequency selectivity on each subcarrier. Then, the tem-
poral and frequency interleaving will guarantee the inde-
pendence of random processes affecting each subcarrier.
Finally, and to facilitate the introduction of different de-
tection techniques [23, 24], we will take Lc = Np. We
can represent our matrix system:

r = HCa + n, (18)
where r is a vector containing the values received on each
subcarrier:

r= [ro ...er_l]. (19)
The matrix H is the matrix of size parameters of the
channel Np x Np. The hypotheses previously assumed on
the proper sizing of the system allow us to consider this

matrix as a diagonal matrix H:
w. (20)

h, 0 - 0
0 h, - 0
hy,-1

The matrix C represents the spreading codes. The
spreading operation can therefore be represented as the
multiplication of the matrix C by the vector a, constituted

105
of the data of each user. We can therefore write:
C= [CO' e CNn—l] =
(21)
Co,0 Co,1 Co,2 Co,N,-1
_ C1,0 C11 C1,2 C1Np-1
CNp-1,0 ONp-11 CNp-12  CNp-1Nj-1
— T.
where ¢; = [Coj i) CNp-14] s

a = [a,, 31""'3Np—1]T-

The vector n presents the Np components of the
noise affecting each subcarrier, it can be modeled as a
Gaussian additive process: n = [ng,n,, ---,an_l]T

In reception, the structure of the study detectors
based on the use of an equalization stage followed by
dispreading operations according to the user’s sequence

considered; see figure 1.
@—> Equalizer spreading

Figure 1. Principle of single-user detection

h 4

Single-user detectors consider only the active user
signal; other users are treated as jammers. Single-user de-
tectors typically use a linear equalization struc-
ture [3, 25], consisting of an equalizer into an outlet. Us-
ing the above matrix notation, it is possible to express G,
a diagonal matrix composed of coefficients equaliza-
tion G:

g, 0 .. 0
R @2)
0 0 8Np-1

After equalization and dispreading in the sequence
of the user C; considered, the estimated transmitted sym-

bol 3; can be expressed as:

N —
a,=¢; TGr =
= ¢ TGHCa+ ¢, 'n=
Np-1 Ny—1Np-1 (23)
_ 2
= Z Cix” 8ikhka; + Z Z Cik Cqk8kaq T
k=0 g=0 k=0
Np-1

2
+ Z Cix” 8xNk-
k=0
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6. Equalization

6.1. The detector combination and orthogonally
restoration COR (Zero Forcing (ZF))

This technique Orthogonally Restoring Combining
(COR) cancels completely the dispersion introduced by
the channel. The use factor applied to each subcarrier is
given by:

gk = h—lkavechk # 0. (24)

Here, the expression of the estimate d; becomes:

Np—l Nu_1Np—1
N 2
a; = Cix”aj + Cik Cqkdq T
k=0 q=0 k=0
(25)
Np-1
1
+ C; n
l,k h k
k=0

The use of orthogonal spreading codes to the levels
of the transmitter guaranties:

Np-1

Z Ci,k Cq,k =0 Vi # q.
k=0

(26)

This CESMM technical or MMSE [2, 18], for Min-
imum Mean Square Error, offers a compromise between
minimizing the term multipath interference and maxim-
izing the signal-to-noise ratio. It comes from the applica-
tion of the Wiener filter [23, 24]. The calculation of the
equalization coefficients must minimize the mean square
error for each subcarrier between the transmitted signal
and the equalized signal [7, 11]. This resolution leads to
the expression of the coefficients g,

hi
T

T
+_
k Yk

@7)

Where the channel normalization hypothesis in
power: E[|h|?] = 1. The coefficient y, is calculated
from the estimated signal to noise ratio per subcarrier, in-
ducing additional complexity. Here, the expression of the
estimate 4; becomes:

Np-1

N, I
a, = CL 1

k
= h|2 + —
k=0 llk Yx

a; +

Ny-1Np-1

[h|3
+ Ci’qu‘k —1 aq +
q=0 k=0 +—

Yk
(28)

It is also assumed that the spreading codes are or-
thogonal, so we can deduce that:

Np—l
Z Ci,kcq,k =0Vvi # q. (29)
k=0
So, equation (28) becomes:
Np—l
h 2
ay = anz‘_l_EL_T‘ai+
- hy|? + =—
k=0 |hy| e
Np-1 (30)
h *
+ 2 Ci‘kz | kl 1 nNy.
=0 [y |? + ==
Yk

7. Results and Discussion

In this section, we present the results of computer
simulations for various SNR and assume that the input
channel is driven by a non-Gaussian signal x(k). Gauss-
ian noise N(k) corrupts the output channel y(k). The
equalization performance of MC-CDMA systems was
evaluated using an algorithm previously studied. This as-
sessment is made by calculating the Binary Error Rate
(BER) for both ZF and MMSE equalizers, using the
measured and estimated parameters of both channels.

7.1. BRAN A Identification
using the Reproducing
Kernal Hilbert Space algorithm (RKHS)

Figures 2 and 3 show that the estimated parameters
of the channel impulse response approach the actual
model parameters. These results were performed for
SNR = 32 db and a number of samples N = 4096.

We represent the estimation of the BRAN A param-
eters using the RKHS algorithm, for an SNR = 16db the
data length is 2048 and for 100 iterations, we observe an
insignificant variation due to the noise on the estimation
of channel parameters.
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Figure 2. Parameter estimation of the impulse response
of BRAN A channel using the RKHS algorithm
for SNR=16 db
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Figure 3. Parameter estimation of the impulse
response of BRAN A channel using the RKHS
algorithm for SNR=32 db

In our investigation of the BRAN E channel model,
we used the reproducing kernel Hilbert space (RKHS) al-
gorithm to estimate the impulse response. Figure 4 illus-
trates the results of this estimation at a signal-to-noise ra-
tio (SNR) of 16 dB. It can be observed that the presence
of noise has a slight impact on the accuracy of the esti-
mated impulse response. However, when the SNR is in-
creased to 32 dB, as shown in Figure 5, the effect of noise
is significantly reduced, resulting in a more precise im-
pulse response estimate. Overall, these results demon-
strate the robustness of the RKHS algorithm in the pres-
ence of noise.

7.2. MC-CDMA system performance

To evaluate the performance (or performances?) of
the MC-CDMA system using the Reproducing Kernel
Hilbert Space methods, several channels are used. These
performances are evaluated by the calculation of the Bit
Error Rate (BER) for ZF and MMSE equalizers, using
the measured and estimated BRAN A and BRAN E chan-
nel impulse responses. These studies were evaluated for
different SNR values.

18

—< Measusred (BRAN E)
—fe— RICH S

OS-Z\C;P o A
I A

£

04 r

0271

o] 100 200 300
Times in (ns)

400
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Figure 4. Parameter estimation of the impulse response
of BRAN E channel using the RKHS algorithm
for SNR=16 db
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Figure 5. Parameter estimation of the impulse response
of BRAN E channel using the RKHS algorithm
for SNR=32 db

7.3. ZF and MMSE equalizers:
the case of BRAN A channel

The results of our simulation, which can be seen in
Figure 6, demonstrate the effectiveness of using the re-
producing kernel Hilbert space method to estimate pa-
rameters for the BRANA channel. These estimated pa-
rameters were then used in conjunction with the meas-
ured parameters to implement an equalization process us-
ing the Zero-Forcing equalizer. The resulting equaliza-
tion yielded satisfactory results.

Figures 6 and 7 show that for different SNR, the re-
sults obtained by RKHS follow the same form compared
with those obtained using measured data. From the same
figures, we conclude that the equalization results ob-
tained using the MMSE equalizer are better than those
obtained by the ZF equalizer, especially where the
SNR > 20db, we have only a BER of 107,
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BER FOR MC-CDMA (DOWNLINK): BRAN A - ZF we can see that the bit error rate is low even if a large
\\\2\ number of carriers are used, and if the number of bit/sym-
bol (SNR) is increased, the performance will be weak.
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Figure 6. BER of the estimated and measured
BRAN A channel, using the ZF equalizer
107

o BERFORMC-CDMA (DOWNLINK):BRAN A-MMSE

10

—o—MMSE: True channel
- & -MMSE: RKHS channel Estimation

iZ '1; 1‘6 1I8 20
SNR (dB)
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4 6 8 10

7.4. ZE and MMSE equalizer:
the case of BRAN E channel

In Figures 8 and 9, we present the results of our sim-
ulation of the bit error rate (BER) estimation using the
measured and estimated impulse response of the BRAN
E channel. The equalization process was carried out us-
ing both Zero-Forcing (ZF) and Minimum Mean Squared
Error (MMSE) equalizers. The results demonstrate the
effectiveness of these equalizers in improving the BER
performance of the communication system. Overall,
these results provide valuable insights into the behavior
of the BRAN E channel and the performance of different
equalization techniques.

7.5. Discussion

The Figures 6, 7, 8, and 9 present the bit error rate
(BER) as a function of the number of carriers and the
number of bits/symbol of each carrier (SNR). From the
results obtained by the equalizers (ZF and MMSE),

4 6 8 10 12 14 16 18 20
SNR (dB)

Figure 8. BER of the estimated and measured BRAN
E channel, using the ZF equalizer

BER FOR MC-CDMA (DOWNLINK): BRAN E - MMSE
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- *» -MMSE: RKHS channel Estimation

4 6 8 10 12 14 16 18 20
SNR (dB)

Figure 9. BER of the estimated and measured BRAN E
channel, using the MMSE equalizer

We can conclude from the simulation results, that our
method gives a good estimation of the channel compared
to those obtained using the measured values of BRAN E
and BRAN A channels, by both ZF and MMSE equaliz-
ers, except that the MMSE equalizer shows more preci-
sion compared to the ZF. Based on our analysis, it is
clear that the signal-to-noise ratio (SNR) has a significant
impact on the bit error rate (BER) of the communication
system. When the SNR was above 20 dB, we observed
that the BER was significantly reduced, with only one er-
ror occurring for every 10* bits received. This is in con-
trast to when the SNR was below 20 dB, where we en-
countered one error for every 102 bits received. These re-
sults underscore the importance of maintaining a high
SNR to achieve reliable communication. Overall, our ob-
servations demonstrate a strong relationship between
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SNR and BER, and highlight the importance of optimiz-
ing SNR values to improve the performance of the com-
munication system.

8. Conclusions and perspectives

The development of kernel methods, especially for
the identification and equalization of the channel param-
eters, marks the point of convergence of several essential
concepts: passing the nonlinear, thanks to the astuteness
kernels, a large family of linear algorithms relying only
on scalar products in the space of inputs .

In this paper, the method of positive definite kernels
has been applied for the parameter identification of a
wireless transmission channel, for a single user of a finite
impulse response signal, and for a stationary system and
time-invariant. We applied this approach to different
channels and it was observed, from the results of the sim-
ulation parameters in phase and amplitude, that they fol-
low the shape of the measured response. The RKHS al-
gorithm shows its efficiency in the impulse response
channel (BRAN (A and E) normalized for the MC-
CDMA system) identification with high precision.
MMSE has demonstrated its effectiveness compared to
ZF, knowing that both of them give very satisfactory re-
sults.

As a part of future research, a model that imple-
ments the blind identification and equalization of the
channel based on RKHS will be very interesting and
practical because we should reconstruct the signal with-
out any information about the emitted signal.
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KOHTPOJIbOBAHA IJEHTH®IKALIA TA EKBAJIIZAIISA KAHAJIY IEPEJTAYI
3 BUKOPUCTAHHSM BIATBOPIOIOYOI'O AAPA I'VIBBEPTOBOI'O ITPOCTOPY

Imao Baoi, Xacan Baoi, A3i3 Xamorcane,
Kapim Ene Mymayakin, A6oenvxanex baxpi

[IpenqmeromM cTaTTi € BU3HAYCHHS Ta BUPIBHIOBAHHS MapaMeTpiB TEIEKOMYHIKAIIHUX KaHaIiB. MeToro € po3-
pOoOIIEeHHSI HOBOT'O MaTEMaTUYHOTO TiIXOY, 3aCHOBAHOTO HAa TO3UTHUBHO BU3HAUEHUX siApax y ['inmpbepToBomMy mpoc-
TOpi. 3aBIaHHA, SIKi BUPIIIYIOTHCS: TO-TIepIe, HeoOXiaHO chopMyTIOBATH MATEMAaTHIHY IPOLEAYPY Ha OCHOBI saep.
Anpo — ne ¢pyHKIis, AKa BiqoOpakae Mapy TOUOK JaHUX Y CKaJSIpHE 3HAYCHHS, a TIO3UTHBHO BU3HAYCHI S/Ipa IIHPOKO
BHUKOPHUCTOBYIOTHCS B IIPOTpaMax MAIIMHHOT'O HaBYaHHA Ta 00poOKku curHaiiB. HacTymHIM 3aBOaHHAM € imeHTH}i-
Kallig mapaMeTpiB KaHaly 3a JOMOMOIOI0 3alpOIlOHOBAaHOrO MeTtomy. OCTaHHIM 3aBIaHHAM € 3aCTOCYBAaHHS Zero
Forcing i exBamaitzepa MMSE 11t BuMiproBaHHS IPOYKTHBHOCTI 3alIPONIOHOBAHOI CHCTEMH. Y IIiif CTaTTi IpeacTa-
BIICHO HOBHUI METO[ IJIsl BUPIMIEHHS MPpo0IeMr KOHTPOIBOBAHOI 1IeHTH(IKaLlli TapaMeTpiB KaHAITy repeaadi Ha Oc-
HOBI ITO3UTHUBHO BU3HAYEHOTO A11pa B [ imsOepToBOMY mpocTopi, sSKuit peanizye sapa [ayca. [TpumyckaeTses, mo BXi-
JTHA TIOCITiTOBHICTb, STKa BUKOPHCTOBYETHCS K BXifHA iH(OpMAIis i cucteMu abo Tporecy, € He3aleKHO, Ma€e
HYJBOBE CEpPEIHE, HErayciB PO3IOiT i OMHaKOBO posnoniieHa. i mpurymierHs 3po0ieHi Il CIPOIIeHHS aHATI3y
Ta MOJEIIOBAaHH:. 3alpOITOHOBAHUN METOJI OIIHKH TapaMeTPiB IMITYTCHOI XapaKTePUCTHKH KaHATy Aae 6araTtoooi-
ISI0Y1 pe3yIbTaTH, IO CBITYUTH TPO Te, IO OLiHEH] MapaMeTpu OMM3bKi 10 BUMIPSIHUX MapaMeTpiB MOAeNi s pi3-
HUX KaHamiB. 301KHICTh OIIHEHMX MapaMeTpiB 0 BUMIpPSHHUX IapaMeTpiB MOJENi OCOONMBO IOMITHA ISl KaHAIB
BRAN A (aytpimmHiit) i BRAN E (30BHimmHIiT). MeTon nepeBipeHo Ha pi3HUX MOAEISIX KaHAIIB, 1 pe3yIbTaTH 3aJIH-
IIAOTHCS HE3MIHHUMH. 3arajioM, 3alpOIOHOBAHUN METOJ € HAMIIHNM Ta e(peKTHBHUM ITiIXO0M JUIS OI[iHKH Hapa-
METpIB IMITyJTbCHOI XapaKTEpUCTHKH KaHaTy. TOYHICTH OI[iHEHNX MapaMeTpiB 3aciyroBye 0COOIMBOI yBaru B CBIiTIi


https://www.sciencedirect.com/journal/expert-systems-with-applications

Methods and means of image processing 111

po0OJieM, OB’ SI3aHMX 13 MOZAENIOBaHHAM O€37pOTOBMX KaHAJiB, HA SKi MOXXYTh BIUIMBATH pi3HOMaHITHI (akTopwu,
Taxi K IEPEIIKO/I Ta BTpy4aHHs. Li BUCHOBKM MaroTh Ba)XKJIMBE 3HAUEHHS JUISl IPOEKTYBAHHS Ta ONTHUMI3allii cHCTeM
6e31poTOBOTO 3B’ 13Ky. TOYHI OIHKY MapaMeTpiB IMIYIbCHOT XapaKTEPUCTHKY KaHATY € BAYKJIIMBUMU JUIS TIPOTHO3Y-
BaHHS Ta MOM SKIIEHHS BIUIMBY CIIOTBOPEHb KaHAJY Ta MEPEIIKO, 1 3aIPONOHOBAaHMI METO]] € TIEPCIEKTUBHUM iH-
CTPYMEHTOM TSI OCATHEHHS i€l MeTu. [1oTpiOHI momabIi JOCiPKEeHHS Ta TECTYBaHHsI 1100 TIEpEBIPUTH Ta BJIOC-
KOHAJIUTH METO]I, & TAKOXK BUBYUTH HOTO MMOTSHIIIHHI 3aCTOCYBaHHS B PI3HUX YMOBax i crieHapisx. Mu oLiHWIM 1po-
JYKTHBHICT CUCTEMH 32 JIONIOMOr'Ol0 BU3HAYCHUX MapaMeTpiB, OTPUMaHMX Ha MiJCTaBi 3allPONIOHOBAHOTO METOJY.
Byno Bukopucrano asa exBanaiizepu, MMSE Ta ZF, i pe3ynbratu nokasyioTs, mo MMSE nepeBepuiye ZF. O6unsa
eKBaJIai3epy TAJTK JIOBOJI 3aJIOBUTBHI pe3yabTaTH.

Karouosi cioBa: FIR kanan; MC-CDMA,; exBamizaist; ineHTH(]IKAIlisA;, KaHAT Tiepenadi; BiaTBopeHHS simpa
I'e6eptoBoro npocropy; BRAN; ZE ekpanaitzep; MMSE ekBanaiizep.
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