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Abstract

In this manuscript, we proposed a new scheme in communication signal detection which is respect to the
curve shape of received signal and based on the extraction of curve fitting (CF) features. This feature
extraction technique is proposed for signal data classification in receiver. The proposed scheme is based
on curve fitting and approximation of rational fraction coefficients. For each symbol of received signal, a
specific rational function approximation is developed to fit with received signal curve and the
coefficients of the numerator and denominator polynomials of this function are considered as new
extracted features. Then it will be shown that the coefficients of this polynomials have the potential for
using as new features in a statistical classifier and have better performance in competition with other
solutions such as linear and even nonlinear feature extraction methods in classification. The criteria

* Corresponding author Ol Hloouge 34—“-«%95‘

OF 2lo F o)l P JLo g} tanillao £ o5 @ VEVNVYIVA 5 Licl Fu )b @ VEe /N0 i pdy gyl @ VAUV T rallie Jluyl G, @


http://dx.doi.org/10.61186/jsdp.19.4.3
https://jsdp.rcisp.ac.ir/article-1-1182-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.19.4.3 ]

used in performance evaluation are probability of error and signal to noise ratio in FSK and ASK
modulations. For each symbol of received signal, a specific rational function approximation is developed
to fit with received signal curve and the coefficients of the numerator and denominator polynomials of
this function are considered as new extracted features. In the proposed method, there are two phases
train and test, which are described in the following two steps. First, in the train phase, the algorithm
starts by using binary FSK and ASK modulations, so first, a system generate a number of random
symbols then signal is modulated by binary ASK and FSK. The Modulated FSK and ASK signals are
corrupted in the channel with noise. The noise-corrupted signal enters the receiver at the corresponding
transmitted interval. Then, the samples are extracted from the modulated signals based on
predetermined sample rates. Then, we fit a rational fraction curve with degrees of L and M to each set
of N samples. Afterward, we apply all the numerator (L+1) and denominator (M) coefficients to 0 and 1
classes in the binary FSK and ASK modulations. We store all the specific coefficients of the
deterministic symbols at different M and L values to create the corresponding histogram in each class.
In each histogram (i.e., the coefficients of a class), we extract and store specific coefficients that
completely discriminate between the two classes. Therefore, we determine all the histograms where
there is a good approximation of discrimination and create the related table. Note that the data used in
histograms are the training data. Then, in order to analyze and evaluate the performance of the
proposed curve fitting method, we send the testing data through the channel corresponding to the
related modulator. The results of the proposed classification method show that it provides smaller error
rate regarding to the theoretical error rate probability in AWGN channel.

Keywords: detection, feature extraction, curve fitting, classification
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(Figure-5): Histogram of coefficients 0 and 1 with L=1, M =

2, coefficient number 4
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(Figure-6): Histogram of coefficients 0 and 1 with L=3, M =
1, coefficient number 4
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(Figure-7): Histogram of coefficients 0 and 1 with L=4, M =
2, coefficient number 7
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(Figure-9): Histogram of coefficients 0 and 1 with L=3, M =
0, coefficient number 1
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(Table-1): number of accuracy for 500 transmitted symbols
with SNR=-15dB and sampling rate N=12500

oylest

Cowo ' M L @,
500 2 0 3 1
500 4 1 3 2
500 7 2 4 3
500 6 2 4 4
500 9 3 5 5
499 3 1 3 6
499 5 1 3 7
499 5 0 4 8
498 4 2 1 9
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N=12500 5,15 ysaiges & 5 3 SNR=-9dB

(Table-2): number of accuracy for 500 transmitted symbols

with SNR=-9dB and sampling rate 12500
o Loy

Cono M L @,
500 4 3 0 1
500 4 2 1 2
500 3 2 1 3
500 1 0 3 4
500 3 0 3 5
500 2 0 3 6
500 4 1 3 7
500 3 1 3 8
500 5 1 3 9
500 4 0 4 10
500 3 0 4 11
500 5 0 4 12
500 5 3 2 13
500 6 3 2 14
500 6 2 3 15
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(Figure-15): Histogram of coefficients 0 and 1 with L =5, M
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(Figure-16): Histogram of coefficients 0 and 1 with L =5, M
=1, coefficient number 4

al> 1o )0 sdwliawsdy col o SaSa s il o
o Sz ) ogel Al pe 53 e sl (el
@S &5 mlosls J18 (o) 2 090 solebiy 2y, 218
OsYgde b duglin ;o sl onel (F) Jgaz ,o ol
g a4 S M @WHY-Y cwld o FSK
slacd 5lsje @ sl Somlb e
D510 0929 Ly o 00 LSS

b oyl Jonw Bee 51 (8L 50 gloJoow Cono :(F-Jgu)
N=1500 (5,15 s 4igai &, 9 SNR=-25dB

(Table-4): number of accuracy for 500 transmitted symbols
with SNR=-25dB and sampling rate N=1500

Cono %).éa)la..i': M L dua)

500

5

500 4
500 3
3

5

497

1
2
3
4
5

o [k |k |~
o (o o o0 |o

500

N=1500 (5l s aiges &5 9 SNR=-23dB (&
0355 3,50 OF (ulps Lol LS5 L lapl Foiend sloss
o3y wised lsear S50 oz ny JBEI 0 o8

Camlodds

70
60
50
)
G4
=]
g3
w
20
10
0.06 0.08 o .1 R 0.12
Feature
3 Lm0, M=3 b 53 5 o el 15 st 111 JS5)
¥ oo oyl

(Figure-11): Histogram of coefficients 0 and 1 with L =0, M

=3, coefficient number 4
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(Figure-12): Histogram of coefficients 0 and 1 with L=1,M
=2, coefficient number 4
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(Figure-13): Histogram of coefficients 0 and 1 with L =6, M
=1, coefficient number 3
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(Figure-14): Histogram of coefficients 0 and 1 with L =5, M
=1, coefficient number 5
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(Table-5): number of accuracy for 500 transmitted symbols

with SNR=-23dB and sampling rate N=1500
Cono oy o)l M L @,
500 7 6 0 1
500 6 2 4 2
500 5 2 4 3
500 7 2 4 4
500 3 1 5 5
500 5 1 5 6
500 7 1 5 7
500 2 1 5 8
500 4 1 5 9
500 6 1 5 10
500 2 0 6 11
500 4 0 6 12
500 1 0 6 13
500 3 0 6 14
500 3 2 5 15
500 5 2 5 16
500 7 2 5 17
500 7 5 1 18
500 6 5 1 19
500 7 3 3 20
500 4 2 4 21
500 7 6 1 22
500 3 1 6 23
500 2 1 6 24
500 4 1 6 25
500 9 7 1 26
499 8 7 1 27
499 7 6 2 28
499 5 3 5 29
499 4 2 6 30
499 3 2 6 31
499 2 1 7 32
498 2 0 5 33
498 8 6 1 34
498 4 2 5 35
498 6 2 5 36
498 8 2 5 37
498 8 6 2 38
497 6 5 0 39
497 1 0 5 40
497 8 7 0 41
497 5 3 4 42
497 7 3 4 43
497 6 3 4 44
497 8 3 4 45
497 9 6 2 46
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(Figure-17): Histogram of coefficients 0 and 1 withL=5,M
=0, coefficient number 2
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(Figure-18): Histogram of coefficients 0 and 1 with L =6, M
=0, coefficient number 2
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(Figure-19): Histogram of coefficients 0 and 1 withL=5,M
=1, coefficient number 3
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(Figure-23): Computational complexity of the proposed
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(Figure-21): The performance of the proposed scheme and
the theoretical error rate probability scheme in BASK
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