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Signal detection Using Rational Function Curve Fitting
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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
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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 1-a): Two samples of curved clusters
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(Figure 1-b): histograms of numerator coefficients for
l two different clusters of curves

Estimation of the Numerator coefs. distributions
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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-8): Histogram of coefficients 0 and 1 with L=3, M =
0, coefficient number 2

ol 5l mlre adlsl o culp sasd 4 azg b

oS (R sy 0

‘ ‘ Osa ) Alajag gpd ’
9y o5 il
Ca g la diges
y
gLl Jpaz a azl e
oty lan a5 NN
Siysel dpe s ol sFSK g ¥go
iz ASK
Sl b ogal calps duslia I
sl §S pamas
AWGN s
Jgoz S
g > Jlaxs
Cove Pl Gy dgel
H uala) A)'lg » J.«w
A Jaid)ge Jraw
End

G093 30 39031 g GRigel cilise Jolpo sloduigy :(F- JSb)
okt

(Figure-4): block diagram of train and test phases in
proposed method

&.9°9°
Tr s A 4 JiSw il polie b giluans mls
S| o..\.a] ‘_g)‘b)azbj.o.s
N=12500 (5,15  digei ¢ 55 9 SNR=-150B (il
Lrial 50 45 0392 8,90 4 Ll (50 b pl ) giuncsd JS Slaas
awloads 0318 v los LT 319590 sl

OF 2l Fo,lel 1P Jlo



T

D OB SaF &y Flnlie SlaJUSaw iw)

0, Loy
oo M L @9,

e
500 5 2 4 16
500 7 2 4 17
500 8 4 3 18
500 7 4 3 19
500 10 5 4 20
499 2 1 2 21
499 4 1 2 22
499 4 2 4 23
499 6 2 4 24
499 6 3 5 25
499 8 3 5 26
499 7 3 5 27
499 9 3 5 28
498 5 1 5 29
498 7 1 5 30
498 6 1 5 31

lpo 290 ¥V 5l diged oz ol S gans aslol )
(Mdgaz ;0 &5 Sy 5 a5l (LM) g% 5 &)90
el S5 ]y slaplFd ol o e o]

ABMGA o lie
70
] [class 1
60 n —{class 0
50
2y
GCJ 40
=
g 30
w
20
0
0.8 1 12 1.4 1.6
Feature
L3, M0 U S0 5 s b ol gt (8- JS)
‘ L.Ag)é G)Loa::l

(Figure-9): Histogram of coefficients 0 and 1 with L=3, M =
0, coefficient number 1

70 =
[ class 1
60 — ] [class 0
50 i
oy
$ 40
=
330
I
20
* —L
0 e
-10 -5 0 5 10 15
Feature
9L=3, M=0 b S0 g o <ol b ol 55 gt :(Ve— )
Y o o o lo

(Figure-10): Histogram of coefficients 0 and 1 with L =3, M
=0, coefficient number 3

OF =lo F o)l 1P JLo

(el Al e o saslcwsns ol SeSa

G myn a1 gl o se 50 e aily
2 0l @l &5 ool )13 (o) 2 9,50 (soleiiay (b,
ooy &S glacas sl .l sssl (V) Jgoo
30 Gl KT @08 e S ole wileas (o3le ]
> Plr e T g Sjge e sl Sl
b oo SESE )0 S5 3550 oo QLN g LS S

N=12500 !y 5,15 pdiges &y 9 SNR=-9dB (o
s g aS Il S daily 31 auaily slacas olows
Lo oeoliy by bl wibas il sl
o b dslio b pyylo jUasl a8 438 ylas .ams coylis
slasy adgs a4y JUSw iol58l L aS” 00l o oanlive all

CawlaiBl yiol58] 0uiS SIS ol o

lg 6JL~.9| J.».M Qoo )| Gdb)é QSL“J'."“’“‘ o :(\—J,«A:g)
N=12500 (5,15 pdiges & 5 9 SNR=-15dB

(Table-1): number of accuracy for 500 transmitted symbols
with SNR=-15dB and sampling rate N=12500

oo °’ LM M L iy,
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 5,1 pdigoi & 5 g SNR=-9dB

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

with SNR=-9dB and sampling rate 12500
o les
oo M L @0,
w8
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
=0, coefficient number 3
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(Figure-16): Histogram of coefficients 0 and 1 with L =5, M
=1, coefficient number 4
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(Table-4): number of accuracy for 500 transmitted symbols
with SNR=-25dB and sampling rate N=1500
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(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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N=1500 (5,15 ;345303 & 5 9 SNR=-23dB

(Table-5): number of accuracy for 500 transmitted symbols

with SNR=-23dB and sampling rate N=1500
Cowo u po 0 ke M L &9,
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

OF =lo F o)l 1P JLo

70 T
[ class 1

60 F class 0
50 B B

)

5 40

=]

8 30

o
20
10

-300 -200 -100 0 100 200 300
Feature
L5, M=0 b Sy 5 i gl ol i (V- JS)
¥V pdo)lod

(Figure-17): Histogram of coefficients 0 and 1 with L =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 with L =5, M
=1, coefficient number 3
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=1, coefficient number 3
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(Figure-21): The performance of the proposed scheme and
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10" : : : -
i +CF Scheme With The Pipe Line Classifier -
Theoretical Emor Rate Probability
10°
r
w
m
10-10 L
107 ; . . . : ,
-20 -19 -18 A7 -16 -15 14

Eb/NO(dB)
20 89 509y b sl (P95 (2151 A Lo (YY- JS0)
BFSK ygu 9o

(Figure-22): The performance of the proposed scheme and
the theoretical error rate probability scheme in BFSK
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