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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

58T ALR e IK5T (UMP yg05T oyl 48,15,
3l Gl o) yee;! LClairvoyance ;L. ,s! GLR
2,5 o,Lil (Rao Test)

JESw conle Bl 51 (5le 58T IS j5boa
5 ks el S o5l 5T IS s 9o 4

b8 sl JUiSew Ly ST Jolaze glaig, |
A Sl e LS ST & e
Jife slal 531 51 5 (GMP)asilannss oaie
a8lpren 551 5Ly lST 5 530 eyl &y ol
2,5 o,Lil

SiSr s eaas i Sy ol
s e [20] T i gl 51 o JUIS 30,8 Jo
b 4] [8] Gilike cglallecin oog ol
orkedne JES! 4 ol glaings SidliSns g ol 50T
5 Bl glas a5 Sl 5 [5] wiS o ol 8 1) o0l
> Sgliie culyd e by Jeow (8050 sloJUiSm
SaSay oS sy o0 HB 4y W gl oo 03 b3l &6
slaps saes; @ plges o Bilp e ol
5 D9 pody dalol j0 0,5 lay Cawd by fros o JLX s
5 Sl slaailels )3 (eoran ten 55,54 LYo
g gm0l UK (g3l

Ji b3l slaie,s8 iy oS3T
55 9 5bl 5o 8 Pl g 4l lls Slple o
S35 ke 52k sladae ln el 5wt Sl
alble G aSST b oiies age g gjlwosls LB

1 Deterministic

doddo -
2 slel 4o b a3l 05 adly )0 (o5le K51 (6,55
Dl ol 1) a4 widl Gl L GiS
1) ilite clowlels 5 gadse ol 0l 58yt
g 53 eBam 3925 pac b 5 S92y aris sl )b,
Sl (b 50 (e (2byon) sed> pais lp
Slp JiS 0 s by o ebie eSS
oS ees able ;o SLSL Dl £48y (antuis
SIS 05 3wt Bl pandis Glp pgal GBil0
o, 5 plo 5 S8 slaglane 090 ¢ 09 (asels sl p
e R09be palas o Jbr S sl Sl (et
olasbesl (s sleonsay 31 Jol> sleosls 3Ll
St 1y by 55 gy Sopndl Slen G 5 S
Syl 0

axlye o Jlg 50 b g5l 50T 45 bgyye fluws 5o
LT s o)ls (o5 o Shas ouds )b Lo KST LT i
ST ol ey S0 o e o]l S5T
@5 1) e Jliol (gagainge pogdle o5 390 ()b
Wil aaS

Shasle oole 4o b (g3l l5T sla i,
(il ST calizes gloylsles ;o (650l 4n0 8 (1505
ML 5l 8T (MAP) oy Jloio| aiaion o 55T
4ot oseil) Wlaiz G Loyl G sl
e ke, 8aT Min-Max Lo, Kol (aloss
O

i slapseil Jyol (s3lo)lSaT (slasis,
5 4bgd Sy andd (90l @ Ul 3 oS e

OF by ¥ 5 Ll 1P JLe


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

S Il SoS &y il e LJUSam (6 )lw LT

sbgby, @S Al e
slaslls )3 % bl Gemes (oianbsn
Ll 4 Seop Joo So @ G pskieds Sl
a8 53 4z gi 0590 Jlwn (Al

S0 o3 83l el gy 4 [15] 0
3 Gledlgls S sal osls olgmds eols (6w
X o Cawlodids o)L..':.v‘ Lca@a...; 9 LQ‘S.JL..A
l;. Ll Gogee J..obs Egors Qé;d.l.:.o.s ‘4.';3;&)3..@
args S0 iln 00 @lee e b Boe 3 50 mlan

el w5l o oilp Wil & [16] o
ol b Sadlax gy 4 ad e Sasls sleesls
Ol (amy b s has cads s calaSly
Slged yigp (ganed, lp Wz slad Sy 4 ) ool
Qo> 6La.9 &S Cewloads = D \.\.»SLSA
b oo, dlass bl g S slal glylo saieuslsSs
b oleiiy edle Hlop gl wa lad o e
Lawloads solaiwl 6...:)5.91 slrools gawes, sl

729990 0diS ganed, S Glgieds o3 55lp
J= 6|).3VUQ."> omc.:.z,a.? T slbas i”"")?ﬂl e
st [17] a5 00, Wz (gumoes, Plew
IXCEL UGS 9 IXVELRNY ) dj‘)l L ;QJBA Cawlodls
andih g Mgl (ganes; b o3 hjln s awlic
Seolyear | o3 iln Gty el (S
! c\); ‘éﬁ)_uo u5l.|a.a 4.:[.: d.a..:d.n.;.b

L o) Sy pols b ol gleosls o
7S o> Ol al 2 S el Gy S [19]
).3‘ ).:5..4.: uSq )‘ J.WS.,.: gL (_g|).3 Cewlodlds 43‘)‘ b;
2 P3ln Gk 3l e LS puS o B o6 So (b
sl Shy olyea &b (pl g5 5 ©)90 Slalerain
WDLA » (_g\)LQ...m.u u"ﬁ) Cewloolds u’_‘!),:.o >
2900 S5 9 aSE (b gl lagie (cwnin
lo soie ol 5o bl Jlgs a5 o)l oS condly oyl

b Sl cldls 1 eadady slae JUKew
o ;o Wlg oo a5 Canl saie Sledbl glls

&

6 binary classifier

7 Error Correcting Output Codes (ECOC)
8 Adaboost classification

® Nearest Mean Classifier

(NMC)

BF ool ¥ 55led 1F4) Lo

[4] cosladas e 5 aJlonl yué (g )kms il Slos
0993y 0pileS g (S pae SlaoniiS Zagl (gonen)
Eanhee  p (e (bl wlle (sgue
S (Sad e (£3b) Joe S 4l (O leld)
gy satde o)l S a Sy Gl wilsie s
Lo cy5gs JTods] e g5 ol gl wilgi oo 505 JUIS 5 055
D9 Al Yo

sabls (b Jeol 5150 (S pee
3l lopmy 5y 2 JESe g e Slple
b S plaS,e a5l alfas Jaie bl
JUES T aie SuaS aule) eaddlgnl g odbeay pa
S e Lzl 1 (b Jolaie (U pass «ypmsY oo
S BBy S5e sloailels 4 oo aidly (pl 4z 51
olyail cadaige hilay slbSel Lol woals (59l
e Ll @ Ll S 2L (e Sl (S
Sy e s JU Ss glular b gl 0gis
5 [6] &z e @) obsS Sob slagob 5 (lee slaJUS
Slbiz ozmen (93 g9z, O JHb sloezr s
by a2 olyea [7] Gse¥ose 5 S
ol Sl lopy bt Swx 0 W Ngd o
@ e [8] pladele Gladls al » leadls.
Shm @ i J e 5o bl Top a4 howws
D580 b O (omses rf 5 Lol

o Olyrear T e gian e oSl I [O] 55 poms
Gy e laail 5 casload ol Sz e,
Sedb So STl oae a8 b eyl S0k
Sy g a5 was eplis 1) e LB [10]
oS seise bl aizmen WS el 1, [12]7 Ll
aupp Sy ilge LSl 3 xS0l slapn,sl
L 4 S (g S8 g Sy 3l S (655
[12] %3)1855% 2 (Lo lgn e Jolae

g oddrjy ekl Loglbtsle p)lex
Ailn sleaxly Hyzmes mex> il slaghlen
slgiily Gl ool gleadly a5 8 S31S
35l Span 5H{13] wits (ATHL (oae laaSis
[14] w)ls,55 2 stz LB S5 g yiaS

Ol e ieel lplalesl bl )l wlels G
P FPR R TRPE UK KBNS PR CE RO
alonds b yilasle!

1 sub-optimal

2 Gain

3 Artificial Neural Networks (ANN)
4 Turing-complete

5 graphic processing units (GPUs)


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

gl ol 5 Jiee IS a0 Yo dsb
LAR) soue oo dunlio Jolis fyge;] Cemlosnlive
el Nastin! maw S

ope (V) doles 51 Reyss sl lgs oo ) 0 ogdle
Sy

- ™)
BB =" Cy P(H{R)
j=0

i=0,1, ..., M-1

el s hie PR None GLAIM T o a8

Bgd ol Glais 50 R cgz o] lade
ekl g e Gl ST
O TS S S

Skl Sl & by Bls ) gl 52
Slado saimolis pxie 5 csnlin polie o ool
Jsere Blo,y (G Al 2l (g5 oo (5 250l
e il edleds sl (3L abaly ool 3L sl
doosls (55lulgen g adss als L ssleglaie @
B 5 Losls (Lbogp g 2bogye s silep]
Lawloslarw!

JFM) b (b 8L s o5l 5l Bos

bl acgozo (gl ailgl ol aseie uw l Aws S
alols as &9 ] {(t,]t)lt = 1,2,,N} ‘A)B L

aaS F (1) 5 Jol> polie g cawlice blas o Jloye
(LS) "Sluye Jolas e 55l sosie sl jlas 040
TalEgs e 55l b (LAR) Thosile slhae aiS
Ly eled) b ns b s (ol plil gl wlsi oo
fral wlaye aneS (B, 50 09, )15 4 (o slaiss
e Sl Sils Sl jlaazeaS Gk 5 (0
] oo Cawdds S e caalice (V) doles jo a5 lo0y5s

~ 2w (F () — 1)? )

2@l sl alss iy (B3l s LAR laig, 5o

Ppglie a5 d9d 0 00y o T (1) 8L sl 1,5 a0l
el Fodez (B9 )3 9

s G Ghlp e slags

Gl 3 3)ls 392 g el (S slalezrain

slhoslaal b (o s S5l 5l 2B Joe S ool

! Least squares
2 |east absolute residuals
3 Bisquare fitting

S Ui SS5 Cz 09h a8 S 5 4 o d8 azm o
Bl il ko 5 ek ol s S
el [20] o Wi wpdice Coanl Pl Shs
ool SeSa LB las JLEw dlis o ) by S
ol ool 13 L o

Car Jae S s hily SeSa [21] 5
Shee slagpSojlal al p e BT (o5 A
iy oSadly e Wil > JUSew oy
Lawlodls

G358l 5l g by, S e ol e
By g Bl e Sl sl LK
3 il polie o casloas &l LS S Culyo
lye el S gas ()l paise £ 5 W & JLKw
0Py ol 2B e gl eodls ()LiS SIS LB
Gl BT g, b aslie jo (gileans =l SSa
byl o glbs Jliml anslio b 5,555 gllas Jlox>|
5 FSK slagygenYgae )0 adgs 4 JUSw 5 JLB 2l 2
B9l ge00ls Lisleds ASK

Gl ) iT 55955y oligS (90 -

> oile s rg, g S,
5 ol sl JUSm (g5l 8T Gilise (slasts,
(&3l 50T bz (sla )Lzl o 29990 4l B (y305]
ML 55T (MAP) oy o] atieg s, S51
it oseil) Wiz s Loyl G sl ST
— e el Min-Maxle,Ksl (alB s
I el p e St 6,58 S5 s

S o s Bt 51 S e sl Jlezs

Sy (63l ST (955 —)-¥
alide glaty; ogas o IS et S 4 [22] 0
2 S ae eyl Wolae S g oa ojlal Sims,
ol 03,5 T S 29990 4 B 03] Al

= O Sy SET L s el 5l S50 o
dpdey Comd a3l SR>, Aty 0905] O
51l S le a8 conl wlis

P
AR) = @D 1 M
PTIHo(RIHo)
H{(R|H
AR) = Prl 1(RIH1) Hgn
r|Ho(R[Ho)

OF 2ls ¥ o, Ve Jlo


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

S Il SoS &y il e LJUSam (6 )lw LT

G T 3 Sapo 5 ol 2 b slbslabazazz |
il Gles gl Glalezaiz oo b awslie o S
> s el Sl S culpe sl e
e 3 i oo 4251 3 B Slolns

s Glools Jas 8 Jos Lol caigds oo

Sloal glp Sow golp cabld -Y-Y
G0,

ok i g gomie hilp dlas (LS slagisy o
S smin o Sole a5 el 1 el eols muses
o Gird @b e 0 Oold cage il
el ol 8 denpn 5 4 oy Ll L bliss
SSE - lp e 2SRy Olpea Wl
LS e (550K 5 calizs sloeslyls 5l ola e
4 b gove atws 3l diged g aslel o Jle sl
ool oaal (WHY) JSE 45 45 e 5 ol slaK,
wlye g abgye olye el Sges Looles
odal () g V) oS [0 (ol By cauS S
ol po AuS oo cdaline K4 j0 aS 4sS les ol
A b lpe (Fn e e 90 50 (e e
RSl el jebar calpe (B po g Wl Sligyes
ol dgguie JS& opl o a5l il S
SSE pUly elsa culye ol 5l pan ol S
&y adgl 05Kl cosdly (pl oo 1) e oolgls g0
e Sy Ol |y (e A5l calps ) eolina
ppld onin S jo (Bl b LS ganes; el o

R

2 class of cures

0 01 02 03 04 05 06 07 08 09 1
(T A diged 9O (@Y S)

(Figure 1-a): Two samples of curved clusters

OF by ¥ 5 Ll 1P JLe

@l yolly Slasd a5 azs )5 158 e ae LS (5 S mlyS
FuS tzy BB e a4 samlie bl olaws 5l
Padé slalozoiz iea,8 3l pledl b oaioly Jow .ol
ewloads olgiiny

sy, @ Oliee S GBln slaghs,
b Sesay bln glibezair ply SeSay 55l
labozair S Bl () 4z laberaiz)
aalal ;o .0,5 o,Lil beS S Slalozdiz o, Nax o
g o0 g yis oS S (glaloaiz B s,

s beS S e 4 slaco,® plad le o
O3 e @b F () polae b S 5 ol slasise
Gl 1) oy oy oy 6y bawg o yee
&b 5 OB &b SlF s &5 slsTa s
Dyl @l ol gl oo Brlaio po 2 00d005 oy
9 WS o0 Joo i e sk gy 5l o)lse (gl yo
Slgi oo dgbige 1Sls jokd gy &5 (Blge o 2>
slayulh o T ol was al)] 95 ol Glixes
O) B @b S Sl 0 LM 20 3 L 20 moes
S &b Sypen (L M) asye 5l oy slaberaiz
139550 iy 2 sbsS
[L/M],(0) 2 f(e) = sy (f)

M . .
1+Z]-=10]t1

ol Gulaie (S cds ol LT (1) 5 ocoy@ ol
S L;‘:U;A.g

Ff®00) = fO0) i=01.,M+L ()

ol £ ol ol gt ) cond Sl FO() ST o a8
O S G Do |y Gioayd g ST S0
Dlaz b gl aer ML i oo (bs
A o el Gdate (1) () Ko oy jo bl
o9 So GRS Gled oy ) o Bl fho M oS
S dalg> T (1) b
ORES 4 lg oo LS S slabezaiz (SLlse
g oolaial 3,50 S 5l g JEas 03l drnidy 2
ojgze Gulidle jois 9 bl plrale b Gl oo LB
4 Cod JBO 51§ Sy 09,5 2 oBGie <Ll
o e hoge @8 ldezas Jos
b aslie )0) yiaS Glugs Cools (dls g o5 5 9o
el il pbogr @8 dbglaberain
sz o)l 4 Jleel cobld cogs oy (oilne

IHenri Padé


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

Numerator coefs. distributions

g.s 3 3.5 4 4.5 5 55 6 6.5
20
. -%.5 -2 -1.5 -1 -0.5 0 0.5 1 15
0 0.5 1 15 2 25 3 35 4
adgi 4y At (oo dwd diges g0 1(&- V- ) 98 5 0 ©)90 cal g pl S gund (- JSB)
(Figure-1-e): The noise-corrupted curve clusters (T AW A god

(Figure 1-b): histograms of numerator coefficients for
l two different clusters of curves

Estimation of the Numerator coefs. distributions

Denominator coefs. distributions

20r
10
0
-1 05 0 05 1 15 2
20
10
0
18 19 2 21 22 23 24 25 26 4 08 06 04 02 0 06 08 1
100(-
0SS SIS | o (- V- JSe)
(Figure-1-f): the discriminating coefficients &l
o : : : : : : : : ;
Reconstruction of the 2 class of cures -8 6 -4 2 0 2 4 6 8 10
. . . o . . E . . B
gl 95 3 (W3l T 50 b oS guwed (- JSKD)

oo dwd
(Figure 1-c): histograms of denominator coefficients for two
different clusters of curves

2 class of cunes

"o 05 1 15 2 25 3 35 s
o g ybw il ‘51.&:63.7&» alwd (- J5h)
(Figure-1-g): The reconstructed curve clusters from the
noise-corrupted curve clusters

o b e ganes, g SIS G Akl
aseVooe b o)l sl Jif s a5 uls
‘ML ‘5«»; cwjméw 4.99: L Alle 1 d.]oy).o
o )‘ )i.s.) 4.'5.4) 9o (u—\) Ji..u B ..\.»‘o..\.....\(sw)).'
) )) G Sl e g Casloaid ooy igled Jiovie (ST Ad digad 98 1(-)- JSb)

(Figure-1-d): Two samples of curved clusters

Calpo g abei 4y aniel gla e s ol 4 (g-)
Oles @ ouligluil slo poredine g ouiiS SIS :

Slodw] B g“jj’

OF 2ls ¥ o, Ve Jlo


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

S Il SoS &y il e LJUSam (6 )lw LT

L .
Yjzo Cj+M+1t

j
145 ¢jt =f@); t=1,..,N (\Y)

M+L+L L e aoleo N 3l ol S o
sl BB ) Sjpen oS il et Jseme

o

Yo Gamer t! = FOTE it/ = f(E);t = (OY)
1,..,N

ANX(M+L+1)C(M+L+1)><1 = Byx1 (%)
:Q] )o as
Anxmer+1) = [at]’] o)

RIOGIGL j=1,.,M
a”"{ () j=M+1,...,M+L+1} a7

B=[f (1), f(2), ... f(\N)]" (V)

slaws U M+L+I<<N oS o) o0 i 4 ks
adgl sladiges olowi b anslas jo 5l slo S5
sasbarils g2y JB el JLw jl cabais
SYolee ows 5 09y waless e A s yilo ol ol
O (g g asbasls LS sl wlgs coi VT o>
GrSoye b ole oo Jb pl basbazily sl el
ol pp e 8l glaigSar 1) C Ll oy lsans
"o se ol 5l Lo allis opl )0 09 aieS AC-B

5 g o0litl 33,

S )BT 5o o3 3l 6554 ) -Y
SdliSes @il )3T gz o emaxr )
5 e il SweSa alide (oraVose b (Slnbe
e 2 Gl Clond sl LsS S o)
Aoz sLeS S oo 8 b S Bl e gae
2 o 5o )l JiSw g 5 5l b )
e 9 0 Sla Sy o0 g abgye Sloj o5l
Sl &b (nl g s Syge il pe el )
walyo ST g alie o ooleitny By, Wsdise
S 0dds, o paiges sladiges I o> ln
o odigbrer abg shls JUS el gl (ypmaigia
Jlezms slapgaVose 5 Caslond a8 Hlaiys (o
bs wlad § )18 aslie 5,50 29990 FSK 4 ASK
odd By wlpd (Fhy aliwsd dnailb b ganed,
bawglio o oolpiinn g, @08 9 o5 5l culs>

S 1) Jgene g @mly slagsy, plo

O

1 Moore_Penrose

BF ool ¥ 55led 1F4) Lo

GOl (5519 &l Pl iy, Y
o, S 5l (G8hye LK se a5 wl o)Ll
ol abgs 5 S5 oaitp JiS 5l S 5 (Sl pbe
Sy anly Solai conle 8Ly S W
8L, JLSw 2 K0 Slo 4 ol Lol pwas
A T e a b g ©jgoa Ol 1)
s )Li,;ﬂ L p () 385 ool ahal, ax S1.cé )5
oS Casloss 5503l Jlgie alais N o sl polia Lol
e Gl e S pailily sl beay Wl o
e by b Olgie 45 ol peslyn oylid i8S S8
e af () ) ol o, das Dl jedieS
T 9 D90, olbaglibezais b LS S &b
o) alps a5 ol salem cols lid e 0 glcanoay
b Fhs Olsrear a5 Wls 1)l bl balalozaia
sl b)) gbl anailb G sl war (el
P Ecals, mlis g W, [ 4 (ol acin
5 sb> S alrl gy, 5 R (Sn b b,
S ol oyl ey g oyl bl el (a2
zoe S L blie F() &b ln @S o)

2O R Oygods 0k S (0 ades a aniel 8Ly JUSw
199 o35l

[L/M] (1) 2 f(£) = Dot "

1+2§”:1cjt1'
Gk 51C= {1 ¢ o emprar} walpo oy ol o a8
ety Oygods s Ol xSl (o5le aeS
Dgd oo
E =330~ @) V)
JUSs 51 o (6,10 paiges blis slaws N (T o a5
4 Comad Vb Bt (31313 a0 ply g deubre ool

IS pely® ol

OE _ .
a—Ci—O, i=1,...M (A
—2t) .
7=1W(Zf:ocj+m+1 t/) x @
(f®-f®)
%:0; i=M+1, ..., M+L+1 ()
_Zti—M—l N
o1 143, cjt) (f(t) - f(t)) =0 ()

SYolee s o sl SIS @5 ppY bys S
S slaigFay il C oy i3l Yl s id


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

S 3w T (golauiiny gy IGT - F
L o5 S o il SCoS

3,10 0975 9031 5 (el Al pe 55 (ol s, 5
wolaws ol jo cwloads o a8 al> e g0 aslol o aS
P S oo ddg Bolal Ojgo |) S g e S
Lol s 02,5 S5 |y S 5 5h0 b aually olas Ly
s 1S oo agke ASKIFSK 5m¥ e dliusges |,
S50 AWGN UL 3,lg sasalgis JUSmes
2 g cdlye Iy adg 4 anadl JuSew 0uipS o
S oo Mgl (Bitinterval) o Jlo )l Sy o3l y»
L LsS S pove S g o N acgors o 0
wlye pled ol Fgiase oS oo Al Mg Loax o
Gilis 03, 95 gl |y B M gy 5 b LHL a5 &0
el ol oS oo ) e bty oy he
S S0 eyn (03) S oy o) boel Soiun
il 5 0,00 1) 00, 95 JolS CSuSis ki g o olaS
S 2l S g anglio b ol pogdle 108 o0 033
S xS el 50 Olgior wylo 1 00, 93 SIS el
Ll o a5 1) alepl S plos W 00,8 (s |,
s boehes wls agzy SSE (09> )l
@ b Jpar g @S patie QLG S prenad
eosls s oo L3 ) Gt sle Mg LSS
35l Sloosls S oo i 1) il ol S o8
Sy @S r s S Caz e e
Slass g yho jl legerme dome (Sln sl
ASKIFSK ,55¥9090 0,1y (yge)] al>ye j0 oo ooy
g 0ud (5)lo paiged 005 50 JUI Sl jgue 5l g 00
LS S b lpo o & e Jleel o> 5l b
Ooygel a8 o aS il sla Mg L (gljlas oo jo3lps
ol dolie b s 10398 oo dumline cidgrodal Cawsdy
99 Ot S 3 oalianddy (g S e 0 b ol o
JESs 00, bl @ o (g0l al> e jo 00,

S eyl p 5 )3 a5 D90 p wsle 15 I e
v ¢ Mgl G g yhe 5l gbaaly Solas allss

ailobus Joo Y-V

g by g Jlo)l wlele SO eolpring Jow o
oS 3 g aals il (J) audS e L Ol ple
3yly Wosls Bolai slallss ol ccaloads ools L

| aels (5.)..\...15 uﬁ.«.uy?d.o JLA.C‘ Lu IS ooy dilelu

JEE 5)lg ool 1o g 0gd e dlge JUSew ulS 5
3550 AWGN

Wb saplol oaiin 3 )5 Joe S w0di S s
apail alewgy oS oul Gl gl JiSew
Jos onl ! ssdpe BBl 5 Agaes oo el
D50 g8 pouS i g (53505 T 5 (g5 loalgaes
Sy o0

05l 5 Ghisel alpe jo Sllee ol 4l
SaSay 1) anes, hisel alpe ;0 058 el jse0
dyo 30 G 5 o Ghisel SBisel slaesls
Uas g Como g3l dail 5l wax glacols b yge;l

load el o Jukew - A S
Jus 7 (L5 -5 o

Ny

ZEI KT
)

k=1

o390l a8 55 ailol Juw (Y- JSi)

(Figure-2): system model in train phase

AWGN Jis  [—>

o e Pais

oo 3 (Al

a) transmitter

3o 2l ye JuSa o walr2 ) (s gl
Jus o7 (15 5 b

Jem 03 5

< KT

B
PG o3
k=1

s Jlaso| alona

}

0wy (@
b) receiver
09031 9 Goigel P 5 ailols Jute :(Y— JSio)
oWy (O ouscw 38 (A
(Figure-3): system model in train and test phases
a) transmitter b) receiver

OF 2ls ¥ o, Ve Jlo


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

S Il SoS &y il e LJUSam (6 )lw LT

%

S g0l Cawdds astie M gL b bjgel al> e jo

b ooges] aloye 50 oddimss culps anlie b
eyas 53 Ghigel Ao e 13 Jolas (6 S meas sloj 5
D pdys0 D30 (S S el B fons (S

P b 90 gileans o] Cansddy s
JEKs 485 @ JUSws (lrae 9 o Juons 5l (5500 paigas
Ailad 518 b5l 050 (Il

‘ iisal dlaya g 55d )

Sy 2> Ol
S g (sl Aige
9 ol o2y JS5
FSK cppmo¥ade
b pl)S gt duslie Jolize ASK
P> il el

\9’0«:)’[5 \1

&

AWGN s
L sM Jgaz oens
slojye 5 calps
sasS &&a)"
o ol S5
23l aiges
Slojojl » Jrows

4 iS50 oaliwssn @l ol 4 gl

Sasi g oo Jod BB omb b slaady

hid o lge pan ;o )lrbay sl ol ol o gl Sgace

0y S SSE ol ol el Jgax 4

dole sl (SsSs sl aig, aslsl o caslons
el ool (F) UK 50 g0yl 9 (og0] calies

25 Sygods LM 5olie saeliasd mls als o

:..\j‘o\.\*i}&)f )Ja.; o
L+M+1=nf;4<nf<10

OF by ¥ 5l 1F4Y JLo

F1=500 lauils,s L FSK o 1, (so5,5 allis
0,5 Jlesl iS5 3 cans algu F2=F1+freqSep,
ol freqSep=500 ,l, il )8 alolé a5

Alis Sy wlie obay 55 ASK ypes¥gae 4o
Sl 3 w0 My Ko 5 el pbaaly Solas
ladials b (wgipw JWSew b G2 41, o g 500
00,5 Jlosl -0 5 0

& JUS o ASK 5 FSK catalsie sl S
oighgaz (gwsS adgi |, JUIS wigd oo arisl adg
w0 2] U kS 5 plad S L 5 AWGN
<él,e (it interval) coo Sloy o3l yo |y ddes
oS S So bdiged (ol Nasgerme jo 4 oS o
plod plS g oS oo 312 Mg L4z o b LS
03, 35 &y |, M z 5 5 b LHL o5 &g ul,o
2 Sl S o) e pobar S g yho cilise
S s (00, S slacy 13) lapl Sgtucn l plas
Slp S0 0p>d g 3o |y ol iy b
M g L 5l Jeox esslcwssa slaco o 4o
Oy &S o o) elely 1) edelcassay calise
Ciye g JeSis WS e ol esy g o |y alold
) Lol pl Sotan a5 slaools a5 oS ax g5 oS oo
D (03g0] slodld (euiS o

5 o Glaaigel culps ol Sotnn jloged o) b
L1, Oglite (S90S a5 0,5 ssalin |, Sy
wlpe b Mg Ll pan o (g aib Sus
il o T caz rizmen tiad S LS psboay
walps SSE e e LM 5 LIS e e
g b Jlexl Jgaz cul o o5 mols JSas 1) (Jooe
)5 metly> Ao (y903] >y y 1) Como

b oS opel aloye (G poo alope o
Sl dgse g ades ;) 50 51000 Jsb 4 glallos
AWGN LS 31 j5ee  olS5T 005 o BASK | BFSK
S 03,5 (5l paiged adyi a4y el (28,0 JUuSew |
S o B Mg L az o L LS S s

Sire s Mg L culyo Jooor @ asxlpe b
P 50 sanliimsd wglhe Colys 0 eab SUSES
Cax 1y ogesl e 5l caslcawsds colps ¢ bjgel
s I & eaiied ol sl i (g5l K51


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

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jsdp.19.4.3 ]

60 -
_ [ class 1
50 || class 0|
>40
2
©
=l 30
o
%20
10
0 =
-0.8 -0.6 -0.4 -0.2
Feature
LoLM=2 b Sy 5 ko gl ol 5 g (8- JS)
F cu o o louis

(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

L (Jloyl Joms Bee 51 (SBL 50 b Joms oo (Y- Jgu)
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
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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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(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

= [ class 1
| [class 0

J ¥\

60

Frequency
w B [¢)]
o o [=]

N
o

10
-500 500
Feature
L=6, M=0 L 5 3 yho <l p pl,5 giunen :(1A- JSC2)
Vo s 05led

(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-21): The performance of the proposed scheme and
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