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Design of a Passive Optical Network and
Comparison Between Linear Encodings
and Data Transfer Rate

Abstract:
Communications technology is increasingly developing day by
day and this requires the need for high-speed and reliable data
transfer rates. Optical networks play a major role in meeting
these demands. Fiber To The “X” (FTTy) refers to a variety of
broadband fiber optic connection topologies that are classified
based on where the fiber is connected and the optical network
needs to be constantly improved for high data transfer rates and
reachability. Over long distances. Optical networks with
passive elements based on wavelength division technology are
widespread in telecommunications architectures.
In this research, we design a passive optical network using
Wavelength Division Multiplexing Passive Optical Network
(WDM-PON). The results obtained are evaluated at different
distances. For different bit rates based on bit error rate
measurement and eye diagram to estimate the performance of
WDM PON networks.
Keywords: Optical Fiber, Passive Optical Network, FTTX,
point to point, point to multipoint, WDM, PON.
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Data Rate Q - Factor BER Eye Diagram
2.5Gpbs 4.3498 5.93987e-006 1.43524e-008
1Gbps 5.95191 1.18799e-008 2.22317e-008
1e+008bps 18.7301 1.18015e-078 3.80041e-008
1e+007bps 60.7404 0 4.28808e-008

RZ dilide 4dad juaji fa aladiuly  WDM PON  A<ui ¢laf Ajjia -7
NRZ 4
& i) Saeill gg Jladinl ae AaL) Al sale) &5 A5E sha) dal (e
RZ 5 Y NRZ Uil
s Jame Jal o o) Guplie Jiss Al duhall 7305 (4) Jsaall masyy
RZ 3ua5 aladialy datide cilibus e (1Gbps) et
Adlise e dilide cy cNVare dal e oY) Ganlie G (5) Jsaad) Cpas —

160 322384
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Distance (km) Q - Factor BER Eye Diagram
20 200.282 0 2.26482e-005
40 121.414 0 8.95397e-006
60 77.5888 0 3.51525e-006
80 57.1392 0 1.36047e-006
100 28.4198 1.746e-196 5.19991e-007
120 21.7297 1.5558e-107 1.87745e-007
140 11.02611 9.64592e-030 6.09635e-008
160 7.45917 2.02429e-015 1.66943e-008

3a3ne Adluse die dilide Cy cVare Jal e o)) Genlie cpn (5) Jsaadl cm -

Data Rate Q - Factor BER Eye Diagram
2.5Gpbs 2.71624 0.00275848 -3.49721e-009
1Gbps 6.00689 8.67751e-012 1.88918e-008
1e+008bps 16.2701 7.06811e-060 3.04665e-008
1e+007bps 46.098 0 3.5088e-008
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Improving the performance of a
brushless DC motor using a fuzzy

immune controller

Abstract

BrushLess DC motors BLDC are one of the most widely used
types of DC motors in both industrial and automotive fields. In this
paper, the BLDC motor was chosen because it has many
advantages compared to other types of electric motors. However
most control systems used in BLDC motors still use traditional
control techniques. The traditional methods is easy and simple to
apply, but it has many weaknesses. In this paper, a speed control
system for BLDC motors using a fuzzy immune PID controller is
designed and simulated through simulation using Matlab/Simulink.
Simulations are performed by introducing a reference speed of
650 rpm for comparison with other methods used in reference
studies. Test results show that the fuzzy immune controller can
provide better and more stable performance than other methods. It
also can reduce speed fluctuation and stabilize torque so that

BLDC motor can work more efficiently and reliably.

Keywords : Brushless DC Motor, Control Technologies, PID

Controller, Fuzzy Immune Controller.
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Dynamic modelling of photovoltaic water
pumping system
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Abstract

Water pumping systems using photovoltaic panels are
promising and important applications, as these systems help protect
the environment and reduce CO2 gas emissions compared to
systems that use diesel generators.

The research studies and analyzes the performance of a
photovoltaic water pumping system. The studied system consists of
a photovoltaic panel matrix - a switch (changer) - a motor group - a
pump. The study was conducted to determine the characteristics
and effectiveness of the pumping system when the intensity of solar
radiation changes, and all components of the system were modeled
in order to perform system simulations in Matlab/Simulink and
study the effect of adding the maximum power point tracker to the
voltage converter.
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maximum power point tracker MPPT, PV module
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Automatic Modulation Recognition

in MIMO-OFDM Channel

Abstract

This research aims to automatically identify the modulation of a
signal received in a MIMO-OFDM system through multipath
wireless channel. To blindly identify the signal modulation, we
establish conditions for channel identifiability and present a blind
channel estimation technique based on a noise subspace approach.
The proposed method generalizes the existing subspace-based
methods for blind channel estimation in single-input single-output
OFDM systems. The proposed identification algorithm is based on
using higher order statistics (HOS) as features. The proposed
classifier is an artificial neural network (ANN) which shows a high
identification performance in acceptable signal-to-noise ratio
(SNR) range.

Keywords: modulation recognition - channel estimation - subspace
noise — higher order statistics — neural networks.
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Jalall i e [—x3 X} ] ¢l Ol £ (MIMO-OFDM 4 b 455
Sl Al sl G o (ol JE) MIMO-OFDMY e i ;o) 235l
2)sall H(k) dighad) b (ij) sl by iy .MIMO-OFDM ) Jsha
cllanall feled Jly aasid @3 o) gadiill Jalall
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BER for Qam modulation with 2Tx, 2Rx(Rayleigh channel)

—%— MIMO-OF DM BER with Alamouti STBC |
—&— MIMO-OF DM BER without Alamouti STBC |1

i
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15 20 25 30
Eb/No, dB

43535 Alamouti 35t ge MIMOZ2 x 2-OFDM 5l ¢ af (4) J<l)

tele Juanisaaly Ldgiias Al 4 (34) 5 (33) oiidlall ey
lvivs v2 y3 |
= [h11 hy; hyy hyy hi; —hj, 3222 —h3, ][X1 Xy |
+ [ning ni nd ](35)
H = [h11 hy; hyy hy, hi; —hy, 3222 —h3, ] (36)
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DAl JhaeoH  Adsiiadl uj sl aaio
(HHH)~'H®  (37)
th WS Jupall Ll S 2y G
[x:x;] = (H"H)7'H [yl v} vi ¥3 | (38)

o Dl & 1aadls i (ga5 AlAMOUti Jaasi we 3Ll olaf (4) J<GEI Jiay
O S sl e B Jusadl JB e @lilsed) 335 0 o3 Diversity 3l
35 pe il Uadll iaie dae & Jaadl Cus L lagale (<8 Uadll Jlaial 4als
Alamouti 3y aladin) s (8 maalall ) 3)lay) duwal LBl 4yl g
el ol aae Jla s 2B Al e 35 g 4l e Loage
MIMO-OFDM 3l e dluyall cildasall clulaall ai€l & aat 236 Lee
Dl BRI 5 Y i) 08 e 3l Guml) Llaid) dme Ay
ol i Bl oda BV (sl o Sales) Casadll dala sl dlanad s
Gl Ag e G035 b o Jiiteadlly Juspall (53l A5 jee Sldans ALl Jlu)
Juyall Ji e aadived) Joaadll 0 () Jlal dagday oK1y (Pilots aul Lede
LS by hall el e Toldie) sl i & ) Gila) L Jiasal) (530 Tag yae

DnEl) 3yl e aaies i) L[7] YL Al ol e g 38 558 Cilaglaa
Ll Lcanl) Alaiad e Y)

Aotumatic modulation Sl gsi o Solagil) Gl .6
recognition
g i< modulation recognition Jyaalil g9 Sl a3l la) lea a8

alS, (T J Qb\.&}” sda (Jaaxd &l Ceay Loy cdlisiill &L}b\.&}” Jhass
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Syt 8 lele Janl) &5 Jaall g5 e el )l el L aluyal) Ly
todic saaa ) calia) leall s3a Ciial .SISO (Single Input Single Output)
DU RE g me e a3 Gl e ) desendl i
ol o Sl ubj\ dcgeanall At Law «decision theoretic approach
wliae al hai s Juad g3 S ,lie) e pattern recognition Ll le
ABpa Joaainy Al Ja decision theoretic approach iz, .ilalal)
Ll o il gl aainy o Jlially LAl LU Alaal) Clayysil
o Al GHLEY) (e el ciles padaial e pattern recognition
Cleall At o3 ol 0 bl e ) LU s Lfeatures
b aliiudl 2Ll @lfed) e ply canall) oiag o(features) dalal
Ajlie 2240 Aggan Ll o (ol xS L(classifier) J3Y) e3al
Ao gene il dla b Ly Gl assts & LS Ll dasl 8 gkl zeily

[7] Casiaill Z2alall Ciaal) (e dlia

features extraction Lalill cpaall gadadiu) .7

g5 e il 8 Ll Culadl aal Qi Aala) el laal) e
(HOS) e il (e agiall &) SISO dakail b 46,Ld) culudyall ety . Jpaadl
Higher Order Cumulants : _cx Lr\S\ 5 el o1 (e adaal) (s,
@ lele slae¥) (Ko A Gl il Gy e el @l (HOC)
p Al X 5L K Ayl (g agdal) el [6] Sl g3 e (il

Mim = E[x*™(x")™] (39)
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Al x 5L K Ayl (e Cumulants 3 cadad

~

Cxm (X) = cum (x, v, X X5 ., X" ) (40)

)
“ (k—-m)times ““m times

7] b WS Cumulants s Wall 25 5al) (e aghall G 2 aas

Cum[x,, ..., x,] = 2(0{ — D1 (=1)* H E Hxi (41)
(0]

VED iev

il Gleganall aal & {1, .., 0} ¥ dcsenal clal pies desens @ Cua
aoyall nad (Kay k Asyall (e Cumulants I pass ) s k4 yall (e agsell

B AL Ade N o dfiee x 5,L8Y K ) (ge

N
_ 1
Fion () = ) XOF D™ (42)

Blil) asime Jlas) hlgie @l x HlaY) G Agl) Gl 8 ey
Cop =1 gl aalgdl ) ol Aaligie deUaind 3 LSl (o WS (55 a0

ol LS Je Aipall (e flany) Gusi (S
~ 1\7[1( (%)
Mym (%) = ﬁ (43)
1\7151()()5
~ Ck (x)
Ckm(X) = 1_<m (44)
CZ, ()
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) Ayl Ga Al @lyidd Cumulants (HOS) iy agiall axiiuis
Lignae 408 ) WA e easiuall Joddll g o Cikalll Alals e
Lalld) Ayl i clilasdU 2000 ) (1)) mlagy . culidall 520k
S ) Jodl) 15 Ao penaS Waoleie) S lly ciiadl Qi) g sl (mnd

ke 3

L degene U (05l dnia 0Ly Adisuanl) AT aded Aoy 52l
deganall U Lcanaalll dglee Jal e LAl Cljaal) degane (pe Adfial
) R Jdas 2 a e 2Ly Cumulantslly agall e 255l
Gljraal)  Gendhy Al & @& .principal component analysis (PCA)
Oy asdme Lalisie 3 L e SEN dlgived) LAY e daliiuall dalal
Oe Q8 Al 53 Alalal) Claeall Jiad e liy PCA 2ia)jlsi agii L aslgll ) (gl
dazida) deY) 5d AN Gy L (o3a Lilla 3 15) Lt Lalall cffiaal alaf
i Ll 0S5 AL Gledl s PCA Ziaj)lia Gada e gl
o i @ clashaall shalaie lijSe it Jha sl PCA e jlsa
Gl axy cdglad) A adae ) gl b 3Kl Sl Cuag saleiall b3S
Ao gana Al 2ae mianl A6yl PCA &ia)lsa o 3 -8V el il <lgd

KL}LA‘BSM (e ‘\.15;.%...“~ Lo )@J:uw c_u;.it'ﬁ . u_il.\jaadd | L}ABJZ:.A
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bt et et = R % Ec

cle|g| = < e I

Lol | =T = ] e = =] —_— (]
C20 1 Q0 0 1 1 0 0
MO 1 1 0 1.64 1.77 -0.67 -0.18
M4 1 1 Q0 0 1.64 1.77 0 0
M2 1 1 1 1.64 1.77 1.32 1.34
C40 -2 1 0 -1.36 -1.24 -0.68 -0.62
C41 -2 0 0 -1.36 -1.24 0 0
Cc42 -2 -1 -1 -1.36 -1.24 -0.68 -0.62
MGO 1 0 0 2.92 3.62 0 0
MG 1 1 -1 0 2.92 3.62 -1.32 0.38
MG3 1 1 1 2.92 3.62 1.96 2.08
Co6 16 Q0 0 5.32 7.19 0 0
Col 16 - 0 5.32 7.19 2.08 1.8
Co2 16 0 0 5.32 7.19 0 0
Co3 16 4 =} 5.32 7.19 2.08 1.8

principal component analysis

Ayl Gl g gl lamad 43,0 i) (1) 9200

lal) O3Sl Jalas Lajjlss .8

(PCA)
adaid L Jaall AN Akl A el e Tuld) QUM ey la i
iy dinh LY @bhad JE B8 Qi Dulll) cbRd)l da s

@l Gllas degana (3o i)l Claglaall #))a5uY Nonparametric dildasYs
Cleall Jidi (el g3 e ikl i) LU 8 L[9] daialy e Y
S ) Gl degene Aldieall CLEY) (e dadiuad features dalall
Clyaal) &) A 3yl & 683 PCA b)) (3Kl £ lsa aladinly Lehlas

dcsena & dkaii JS Awld) A5yl Ga Cumulants dly agill 4 dalal)
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em ) ool sl 22 olad elad Gam e lad e Hle A oda Gl
asti LAl 5LIY) e dajdieadl AalAY el s L) gold M Cua
D ey Lo oMo A ol 53 o5 sladl bl liy PCA d3e))la
S ey 13a (S Lo aliel aaall oLl b cillaeall 513 Tl flly il
i . ildandl) degana Lefiai Sl cilaslaall & mualalls redundancy )<l
Cilaglaal) S oy ildanall aseha o LS gualall o IS T b Led

e lpadlainl (Ko A

@A.ml\ A .9

Go S Yl clbee degene gl B pmitie palal 0% o o
Oo —ieatied)l Gllasad) Jolad 3 Gl g ke Glaglae gl padlaid
il goalall Guld 25 W5 cuadall lhe (ulie 3ag Y lheall degene
SNR malall cpli ) Gllesd) variance (pli das jies .Glhadl )
el 8 e lall 22 Bl Lulia

2

oz,
SNR = Gsz‘g“a‘ (45)

noise

(X Ya) omm i) Glhlae degane o Gl madall 5 oy of ofa
Sl (5) 0S8 b gunlall A ek . (5) IS mlag LS dha iy dhiie
Dekay B el i ADle e aall aid) ball (e Taey cildand) Ll
et Cumy (JK b aaly 0% quanlall iy 0%gn0 HLEY) cals

Lo
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A aie e Clidaead) Ll <oy LIS ST SNR dag culs LIS .SNR g

cSally Sl dgbaal

Ya

~

signal

SLEY) (pli seday L cpamy b Cildanall (0 desane e gualall i (5)JSG
IS b laals 0200 qaatall culiis 0%gnal

redundancy effect )< i .10
Gcla...d\ ¢Ladll sl oy cross correlation sl Lol Al sy Al oda &
Gililara desanal il g5 (6)JSE mias DS cilbhaal desena gsay 53

Lo <ld
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low redundancy high redundancy

& loslaall Jaindl JSA mlngy (1, T72) Opams Slibandd Sy £ (6) IS

AT Giaay Ty, Ty sl Gy Glagleall H)S5 g ¥V 4 (3) g5 8 LDl
&) 5O QL A saen Laginy ill Tl dady cpdaia e Ty, Ty Cmial
053 cand) 2l Gida oKy JEIL Gt 3Dy (plaine (€) ghsll 2 Cmaial
Ll 883 (4S5 Ly cctillanal) de sana Lelond Sl Cilagheal) a8 (e S
e o QI ()50 Gllanal) degene o sslall el o loaill lad ()
SHLEY) e lele duani ) llanall Bl sl & Lleleat ) cilagleal
M sty LS Juil PCA Zapybd pxdias ¢ 14 ) (ool il

7 &) e de sana

123




MIMO-OFDM 5L b Jyaal £ 55 o (Sila 5 5¥) ol

covariance Matrix a3l 48giuas .11
Sl lgied Jxig il iy 5LEY) 8 ilusy o SNR 4ag G Laay
Ll lasbeall & JLSEN lsie yaail . cililanall desana o gonlall i
el cLaill sl covariance Ll cuss 2l sadxie Cillans dcsens
I3 Gllarse degane Wl (K L Gamadl leiany o Glhadl) Ao gana e (golall
O&= B olis A s B ={by,..,bp} s A={ay,...,a5} om

gy P
o4 =< aja; >; (46)
o =< bjb; >;  (47)
tob WS By A G a8 Cadey i ANV il 2l Baligie ) Sy <>p Cas
covariance of Aand B = 0% =< a;b; >; (48)
1) SU B A Gn L o sede maagl
Laaaal & eas cuncorrelated cphiin e By A oIS 13) Lidy 1)) 055 = 0
AV Cilegles JalS Jany

A =B. g3 o = 0}

LS 8lS Lgie Ujie Jla b ol elaaS By A om ilidl) ge Ll oS4

b
a=[a,..,an] (49)
b=[by,...bs]  (50)
0y Yie
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0%, = abT (51)

n—1
tob S m X n bl QX Adghias (V) i

X=[x; i x,] (52)
AN e Al illaaall desene 8 ALEX dddiadl X pled S iy
tol LS el Agiiadd Cagps ) V) dea

1
Sy = ——XXT 53
K= (53)

ol afiaal) X 5 %) e beill o) ¢ 13Sy b ghuadll 3§ jeaiall ey
Sx: Ul ddgias Jon 2000 L SN L ildara) degene

ybhliie M X M Aadpe d85inSy ddsiadl o

Aahaal aliall A Lyfll o8 FSy  ddsioaall Akl sl e
cllaad) A sana ¢ Liail 43341

i) aball il Lyl o8 Sy ddghiadll Akl je jualill e
- llanal) de sana ¢ Liail 334l

13 Cuny libaad) alia gen On il o 2SSy SN Adghias Claa
5)JSall dglie Alla oLl 0585 BS abiall (e zs) sf o i) Aad culs
(AL ((a) 5)JLal Aglia Al sl ()58 Brsa Lad Al Al calS 13 ¢((C)
S Sl & LS gl LSy Adstaadll ol sale) Ll Ll Gl 1)
giiae oLy HlieY) e AT G1 (X 48 50iaally dfiedd) Cilland) de sana Lelent
oSy kS dghas e Jpaall BRI eyl g LM, L

DA LS Ulad Sysat PCA 2035l Jlias Sy 4 siunal
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Y = PX (54)
PCA Laiylsa 5Py, s P} Gt P ddgiiadll saecl Jio Cua
o SV AN bl il G e uny Baal) Cun e Sl

Al Gl Jalas e )lea) dand el Lia ey diaal 5SY

B3N ddsiadl (eigenvectors) 403 4Re1:PCA daaj s Ja .12

OS5 Cumy (54)ADLIL 5P disad) el PCA Lajylsall Ja iy
Gini o Al e Laaly U (sl Alsh 13y shaleie ddsiiad) saecl
SY=ﬁYYT Lifll digias s Cuays .Orthonormal Matrix <l
Glbeal Ao senal Lulul) QUi AP Asiiadl ) J35kd ddhas
X. 38 ghaally il

1
— T
Sy = — YY" (55)

e Juan (55) A8l 3 (54) A8all e
1 T
Sy = —— (PX)(PX)

PXXTPT

n—1

-1 parT 56
=1 (56)
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ISl digiad)l o3 AUS Sy A ybliie dighiae LA dgiadl s
:QE’M
A=EDET (57)

o s US CumA b giaall AN AsY) dighadE 5 AikE disias D Cua

Féun o ) ool Asioanll saaleiall 33000 22Y) 23 . 30 plad s
E. ddgiadl fld laclaie leled (M — 1) Jlias el .1 < m s ddsioad) 43,
Ll &Y ey lsall Sl Jall e 43 228y) L)) diliaddl 223Y) g Y
dasiaall W lelad pj Cha JS 5S) Cum P ddgiuadl (N1 U0 Lo saee i)
tode Janid (56)ADlall b ajes P = ET f XXT

Sy = 1 ETAE
Y7 h-1

1
Sy = —— (ETE)D(ETE
y = ——7 (E'E)D(E"E)
Sy = 1 D (57)
Y7 n-1
Lo (alliSy. )k Lo ddghens P dgieadl Siadl Jhadll Jisadll Lol
t oY) s e lloas ) il L

Bl o X Aadl dbied) Gl degead Bulld) Gl o
P. disiiadl Cisia o XXT 48 5iaall 1500
 Pieniall (38X Adghiaall Loy FiSy Adghiaall ith )kl ieg@l o
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Neural Network Classifier iguasl) el s eyl ciiiatl .13
pattern Ll e (ajed Al Joaddll g0 aaas dllis ae dolaill (K
Artificial Neural Networks ielilall d5isuasll i3l L85 .recognition
e el ey Gl ¢ BlaY) e a3l Jilad Jlal) Juail (e 33a)5 (ANN)
g5 i b Je el e Jpanll Qiguadl @SS it e Glad)

. [6] Waile gl Jaatl

Beerron

Pegtroen PMeuron

Input Hidden Hidden Output
Laver Laver | Layer 2 Laver

e llall L guaall AT 5 Cliguanll cilighal maa g (7) I
Aadyal Alawed) Loluall paliall e degene Ll Tiisuaell A3 b
16] Bla¥l e 38 3% lua dAigly oY 58l cQaall Lpany
ACSN gyl Al o oldieVU ddisan) GIGEN ) e aaell aag
clidll sa3niall Lispanll AN Load . dl) Bayha L) S Lisasl

Calln B8y legd Lsmad) @l % €T o multilayer perceptron
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s o) luall jealinll (e Gegana (ga Colidal aleiall 2 puanll 2N
L0l Gl (e s ddasiza (NEUrONS Ciliguac aul lele (3l

coutput layer z;all 4k _a i dal) 50diall 45 grmnll A5 LI et
Gosthdl leall clleadl gnl hidden layers St ol ddaa dak aag
L=l Ly ciliguac (gl (gsias Y ‘;_“3\} input layer Jas dada ) daleayl
ST G 5 A dial) ) JAN g ek

Z sl Ge ple & Dlalas 4l NEUNON sume e Yo (8)JSEN mlas
AN \giila gy AN o g8 Gy A lsA (385 Ledasa

g j L0

5
i

artificial neuron elia ¢jsuac (8)JSa

el o B() ha Y ol Y Aagl s S ddes Dle oY) mes S
QA i e 58 AKEN 6 o) aig geb @) s LBl sy
ml lede Gl cliegpla Aadinly Lisnaal) ASE) Cyw &y L Aha)

Gllare (3o de sanse lie)lsall o2 2235l supervised training algorithm
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resilient back 2ie) s 45 suanll SN Cuyail aadiis Lz Al 4d g paall J23
o Eigaanll AT il Loy a3 ls3l) o3 456 .propagation rprop
e 30 dal e sesall 2 AN e lend

Gl Al B e lls A IS e N on ) iers il
Gilsall ally x(n),n=1,..,N gladly Jadl cilbed ey .casyl
B ganl) A2 2580 S5 .d(),n =1, 0, N 3030l Jio plat 90 iyl
el Gilsall myal) Tt adpe sS ( JEIL y(n) 3ol x(n) Jaall Gilsall
4Dl e (x(n), d(n)) eyl

en) = = ) —y@IF  (58)
refll e JS o Uadl) Bliia <8
s
Eav = N; em)  (59)

ol Al ey Loy AN ol dasa ) Assan)l A (s gy
s (e Lgiialig o3V A ol Sy il dlee olgii) ay .6, (sl
AT z A e adias pattern recognition Llal) Jle Cajalll Als s Ul

Nedsiia ) ASSH) Jao Lo dlalal) Cljied) 458 ol
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Resilient Backpropagation rprop [21]4w 155 .14

s ¢Adiguasl) @ISl il resilient backpropagation 4 ))sa o

(9) IS sy LS AN iy ALalal) gaill (e e gene

my =1 my =13 my =2 my =3
First Second Third Output
Hidden Hidden Hidden Laver
Layer Layer Layer

@

el 33505l Lipuaanl) ASE sa)) aias (9) IS

Gilsall zally x(n) JAl e Adlsal) Capdil e o8 Y n B i e
d(n). el

il e S5 B85 ) k(as a superscript)  Jid .l e

=0 0S5 Cumy Alipnan)) A0 e Bl o8y ) 1 Q0 30
oA ik Jal el = L5 «Ja3 ik Jaf (o

jonth Lain (ABED 28Tl 8 (puanll W) JAX ) )i QAN i e
el 25kl 5 (o semal ) )
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Gliguasll 2e 4 my, Eusy A & Slissasll de Jmy i e
d;q]\u.\lau_«us;d\ 2e s my 5 zAl Ak

) ysmanlly (1= 1) Bl i oy (osmmal) (o Alasll (35 58 WS @
by e ke DAl Aled k o8y SN 2o ] 2kl b
QY Aad Sl (€ Cumy n J3 IS dal (e oY) dad o
Wled) (Ko 1 &) dadally 4alal oY Awyi(n) G sl
20 (N aaly Alal ) GeSy amy X (14 my_y) sbob dgias
S T olsie b Jas g ) (1= 1) dakl) 3 lisuaal
I. Agkll 8 Gsuac

X(n) Jdaall @alsally ] Akl ) b8 geadd zA A yyi(n) en @
FPVCIFSEU I R ANIING SPNOR I [ ERATION B [ AR IR TR P
toh WS AR J<a e 2 A

y(m) = [y:(0) y,(0) iy, ()] (60)

R Gligsac o Osmac 9 Al a8 desene y(n) gledl) Jiay o

:tb:ﬁd\ Lf\A;\J Al
yi(m) = [1y;(0) y12(0) ¢y () ](61)

Lol & puae I z)al) afdcgane @

Al ohVly JAN a8l waest dleny Gpume S bls iy e
n 3 dal e 1Akl b j Gl Jalis B Jal d o
:A0G) Al

mp—1

vij(n) = z w;,iyi-1,i(n) (62)
i=0
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A 058 duny QA BY b g Blie s Bigeand) AT 3
1) sl

y1;(n) = @y5(v1;(n)) (63)
il 3 oKy cpala JhaY gl ganae JK1 0sSs of (Sadl 0
015() = Cumy Ablie 1haY gls Glisiasll gaal () Ll
?()-
(S Al 538 3 lipaaanl] Cstyall Al o Gl Al Ak Jal e
Akl o3 b syl Al Sajy el Glie ge 4de Joaal
sepall Al W d(n) Leled dapa 5 dj(n) S dpj(n) Sl
Lstall all e lgde VAW G A bl il
A Cligiaal
d Al Gl Gl g Al Gl ma G (sl ke
ARl e

ej(n) = dj;(n) —y;;(n) (64)

G lsl) Lol Bligiay Uadll (oS5 g () el Uadd) 13gd 5a) 258l dada 3
t b WS (63) 5 (62) pidlall i

" mp, " my,
o) = ex(m) =5 ) e} () =5 ) (i () =y (m) )? (64)
j=1 j=1
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N
=Y () (65)

Llee Ciagh N Alisuanll SN 3 oY) amead Al gy, Uadll Lligia ()
G ) Jaed 2y Ll easaa ) Uadll Bligie ded s ) (gl
G 2D s il 50 JA Jal e A8

(k+1] _ _ [K] de(n)

Wii - = Wi TR T
L

(66)

e AL () et ADle sl LBl Jhee Jalak 4Dl 028 b ey
b ad ol o ) ST i shen =1, .0, N s dde JS dad
(i) cldal) slay) ey

0=(m)

(k]

an,j,i

dade ve Al cilEuiall o alay 8 8 CDUA) dag .l Ulee ol
Ak e el Al G el G uld) agey Al ikl diey - Al
et Al ladall gt pall Al (ST eyl Gldans & gk (1) @A)
oA Ak Tas ccliae JS8 oallall (yla e (I iy yas

AN Bk e Al liasal
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Using bee algorithm to identify matching
fingerprints in a standardized database

Dr. Ebrahim Al-Shami, professor in the Computer &
Automation section of Electric & Mechanics Engineering
faculty- AL-Baath University.

Eng. Marah Ali, Computer & Automation Engineer in Electric
& Mechanics Engineering faculty- AL-Baath University.

Abstract

Fingerprint matching and identification is one of the most studied
issues for personal identification in forensic examinations, social
background checks, biosecurity, mass disaster victim identification, and
of course in criminal investigations. Accordingly, many algorithms that
digitally process and match fingerprints have been developed.

In this research, an adaptation and adaptation of the bee algorithm
was carried out to achieve a new algorithm for searching for the
fingerprint in the fingerprint databases, and matching it with the
closest similar fingerprint. The bee algorithm is considered one of the
most important artificial intelligence algorithms.

The goal of most fingerprint matching algorithms is to reach the
highest correct match result among the fingerprints in a database, and
to reduce the false acceptance rate and rejection rate.

The proposed methodology based on the adaptation of the bee
algorithm showed its ability to obtain a good matching ratio compared
to other algorithms, and it is considered a promising algorithm in this
field.

The results in this research proved that the proposed algorithm gave a
matching percentage of the studied fingerprints from a standard
FVC2004 database that reached 97.3%, which is a high percentage
compared to the traditional algorithms and swarm intelligence
algorithms that were used in matching fingerprints.

key words: Fingerprints — matching — basic bees algorithm — artificial

intelligence — swarm intelligence
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