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Abstract: This study focuses on improving the performance of a coherent optical communication system using 16-QAM
modulation with a data rate of 10 Gb/s, when increasing the transmission distance by compensating chromatic dispersion
affecting the propagated signal in single-mode optical fibres, using dispersion compensators. A dispersion compensation
model consists of a linear chirped apodized fibre Bragg grating CFBG followed by an identical four stages cascaded of a
Uniform fibre Bragg Gratings UFBGs. This comparative study includes cases based on Grating length for CFBG at a fixed
value of the effective refractive index to determine the appropriate grating length. Results using Optisystem.19 showed an
improvement in system performance, in addition to the possibility of increasing the optical fibre length up to 180 km, with
the BER under 10°.

Keywords: coherent optical communication system, chromatic dispersion, fiber Bragg grating, Optisystem.

"Il 0081 e / 598l * AT 55 azme uy / Auontifd!
ol Zasls |

Los

10 Sl Jas Juaxes 16-QAM Jyaadll st aylie Jiges Jhadl allas elol cpues (e Zabull sia 355 1 gadseiud |
Lol 2palsl Agguall LI 3 5,adl) 8,LaY) e S35y ! Gisdl) cdladl) Jassai M5 (e cJlugd) Adlus 8oL wie Gb/s
sl 485501 3§l zhail A e 09Sn cdadll pagad) Biges duls @ dus cdadl Glssae alakily SMF
Uniform Fiber Bragg su>sll $1yy 71l 8864 (o 2l &alhte d>lpe aoyf Lyl Chirped Fiber Bragg Grating CFBG
Al Aeud e zhai¥l a5 Job s Jl> G U3y ol s Juss ol M5 (g0 alladll ¢l5f @uuds @3 .Grating UFBG
wlin I oo BBl ciy W8y Gsall calll Job 8ol wiey cewlll aSGall Job wpumdd Jlaall HLasSY) 4,4l
o 180 km G Gigeall il Jobs 5ol 4slSh] J| 45Ls) FBG wlsgas alusiul wic alladl ¢lol § (yums Optisystem.19
107 &y 394> (pass BER slay

Optisystem o1y z Ll A «iglll ciadl daylie gus Jbas! allas sgsliall ol


https://journals.ajsrp.com/index.php/jesit
https://portal.issn.org/resource/issn/2522-3321
https://portal.issn.org/resource/issn/2522-3321
mailto:raghad.alalfi@gmail.com
https://doi.org/10.26389/AJSRP.L240323
https://doi.org/10.26389/AJSRP.L240323
https://creativecommons.org/licenses/by/4.0/

Journal of Engineering Sciences and Information Technology (JESIT) * Vol 7, Issue 2 (2023)

douda -1

Aoyl Al Adgall Jlas¥l dadail sl 288101 Gl eal cadll Joboy Ll c¥uas JIsY
Loyl Jle sl Jlophl el 2alas¥ll (o Aggenll Loyl Aalasl 3 M-QAM Jyaanll JISaT aaiy
AST Al sda maar Jlad! @3l 5Ly Jsadll &gy 8oLy ae oSy AL dadall 8elaSOl iy
S L ALAIST of Ldluy) o 8,La¥1 alss ae 3815 (@) Adasedl ey Aozl JU¥ly il ladle) Bl
5Ll alis dasg gl allaidl elal e 355 1 HLADY) 5948 (o Aigundl BLIY e 5,40l 5,Layl) ilas
Jeadl ol ) Jsuosll Gigsall Jlas¥l allas § Luasgad cazmy 1 HLADYN 3548 @al oo sl il

ByLay) welas S J> @3 EDFA asudlly Lsdd) LIV qian Jio cGraddl piiall jshs ae
Lty ]l Apaadl ol claal) pumy JWIb Sl d8lue 8ol 8L J8T calset) Jguosll OSWHL mualy
oot LayLatsl Ll dail) auss cuuy Giolll Al Giumy [7] Aggiadl BLIYI ¥ Lasl allss ¢1oT cpue
Jadl c¥aae bums § Lewls Shole ciadl) juay Aldnadl 5,LaY! § cudl as Juas oo i Les caglll
plagiul (Faruy lae Aggall BLIY ¥ lasl dadail § (ull) dsasrall Agsall BLIYI Jobg dgad
(Sl Bugay Ao pdl Adle dols Jgiall Jlas¥l Aealai¥ Awlilly Ll cdidll slsgas

el i -2
16- Jie Aoyl 2ggall c¥lasyl § adladl calll @l Jodadll oilaas of e @)l e
Lo CD Giglll ciadlly S S S35 Sgwadl ol cass 8Lyl HLams) £LsT (ST cdaudl 5oL 1855 QAM
& il passar) LS Jlell § clads 529 e mi)ll Gleg Jlug) Lolus 305 26lSa] (o iz
Sy Sbldl Balazals LAY e 3 Lilo) Lrms caud a8 Ll Y1 2oyl Agguall uas¥l Judis
das A Gigendl Jidtad) @ 8,La¥) Jldtal Jib ol caglll 3 Gislll it augai oo a¥ A crimio

el Silusn,d -3

16 Josaddl oo (399 4d 8L Lol on S Ll Gguo Jladl z3ges (e dlyudl o
Clidl jassatly SSMFs duwlall laaidl 2uolsl Aggiall BLIYI § 8Lyl SLADl (o1A8) @1y 4489 .QAM
J>lre gl Leasds Chrip FBG § 1y zliadl 380k o0 0sS 1o zhail 38 oo ziged pluszal en gl
Jlas¥l 33 way sl il (asgatd euasadll lda gubs @iy gl @iially UFBG (e dline 4aylaie
Loy Gigeall Jidnadl e 8,LaY1 Jsimg Jidy ol

el dua -4
oo Jlodl Wslus 8ol wie 16-QAM Lyl Gsall Jhas¥l allas olol grums J] cmdl uge
gl SlSd clsgas plasiul I o Jaaidl golal cand § Gislll il (asgad I

i d| Lcal -5
Baby e Joall e Lple AN (o ¥ (1 Aol) aialoll (o il CBadll Gaugad pounge atay
e zhadl A0d aluskiwl gy G301 4ol ey Al Aggall c¥Lasyl bl 3 Jlapl Aélus
sl 3 cdadl (assad upts @ Sle¥l 3 Lele 2SI e @) ALl Ll oo sl cdidld slsgasS



Enhancing Coherent Optical Communication Performance ... Alalfi " Alsalem

el s oIl A (asgais IaglAll aladdl (e S Joe JolSt Sz cf 1

st | slulyudl -6

o Azildl eISCAL ae doladdl da e bl Jaldl (o apaadl e Ayl byl ciiagas
48Ls) Fibre Bragg gratings FBG § 1y zlyail wlSd alasiwl Jie cdadl lia (assady (LY § cisdl
Dispersion compensation Fiber DCF —ilidl asgal LT el G A8l LAY Axdlas PNES P
BLIY § caadl 3548 ae zlxiy FBG 3uas Jalaws [6] cdad)l il (assad) Blasxiwl yoliall 48T FBG)
19] 2wl Leals ) 28l Tus Laasie s pe Sl s9mgn el s Agall

Lol E;;l;-i G o aluziuly oo Jlasl allss [11] 2wlyd) § 4l s Subash Rokka aus
Q oDy AF. Sayed audy alladdl 3 ol clddl (asgai) ma yuaiaS FBG jLas! @is 10 Gb/s dcyun
i) Aalizs Jlsbl Jal 0 WOM Jligy) pllas § Gigsall Jluodl cpaet) Wlite FBG asas [2] duslyudl
Syzma oo Jeadl @l Jaad Adline FBG Slasg ayl o Awlydl cisg (FBG Jsby Jsll dcllatuly gl
il jassad e [5] pawlys  s9dhag Fathy M. Mustafa ;S LS .FBG (ye &35 of cidl of uslg aluseiul
055 (33503 Igeady SSMFs Awliall daaill Zpal>i Agguall BLIYI 8 5, aml) 5Lyl de ,350 ol sl
ool s Aaclae 28T ey CFBGs Alline duas 48385 <13 FBG (pe ddlite Aaslhate U>lpe al o0
LT G Gl caadll jasgad Mlo=s [8] duwlydl (3 o839 Isidore Nsengiyumva audy .MTDM (gsaill
Ads plasiw! Adlad sl @lwlydl sda .Gaussian apodized fibre Bragg grating plasiuly Lol Lol
Non Return To  cbaadl Wae duyll 3 pusind @ Juar¥l delasl § oSy cdiddld (osaeS 1 71l
cisil (o928 FBG plasiw! [10] 4wyl § @5 iy 16-QAM - huadll aluseial 4618|839 Zero
ol @) Ayl sda @ Jlad! Wlus S5 16-QAM Jlas! allaig 4-QAM Jyaad 93 ises Jlasl allad
.80km

iy Seedl dlge -7

16-QAM allas 3 (FBG §ly zleail aSs) sl ciddll cilssas alasiul duhull sia des
445 CFBG (50 oS § 1y zhadl ISl zAaL z3gail) plasiuly allasl olol duls Led @iy dayl ALl gl
Optisystem.19 3SLell mabiyy alasiwls JUFBG (o Adlie >y t’JT

:Fibre Bragg grating &y 7 |yail a4 7-1

Ly gl Zsgle BLIYI Doy § ¢1o¥) 95 s Logee Jlapdl callus (o gl cldd)] umy
e J3lanll Ty andl candd oo 1iSay Azsll Jsb ae HLaDY) Aoy § MY (e sl cuiadll
Ash BLIY o) Ayl wlaai) gus] old cUid ByLaY) Boga sgaus J| 605 Les Biyglell wlall
@ B e Bylie 29 DCF cladll sgall BLIYI ga Egrd ASYI Jodl o "cdadl jangal” 2 gall
oA e DOF Jeid oSy sl caglll § sl loles 2uSlas diegd oSl Lpd sl il quasas
JSLadl e e izl My Ges FBG § 1y z1yail 2850t cuaad Loy adasMUI 5ol

Uniform FBG (s «($sa-adl) 4uSadl s2lsx)l auiont Ladg FBG ¢ 1y zhail il oo Olegs dzgn
sia 055 CFBG 3 Lo (Law Lesd uadl Bglude 280l j2ls)l (058G Uniform FBG 3 .Chirped FBGy



Journal of Engineering Sciences and Information Technology (JESIT) * Vol 7, Issue 2 (2023)

OSas LS Bu> e g93 IS cadll frass Gl cdadl e pasgaill pukiug O oSy Aglude a2 32l
pllas olol cpums (de 8508 2l FBG ao)l plasiwl aasg o FBG J adlall daLll oo aludus alusiu
[5].ple Ui JLas¥)

:Uniform FBG delatil| &1y 7 |yail &l€ed 7-1-1

FBG Jaads .ighll culadll e (omsarll deliieiul Sy 28| (aasieg Unpuy Laiiye FBG pzad
JIsb¥l Jased Ggeall caglll e phus pladie (e Lariiad g Lasoud Aadlsll 2z sl JIskdl oy (1Ko e
4] Bgas Luzge Jlsbl cummd s mdimeS FBG plasiul oSy Ui Lg )Ll 2l

055 Co Bl zhadl As o gwladl g9ull (2 Uniform FBG delamill § 1y zlyail lSd puad
Axge Job Oty A8l Jaady (1) USAS) 3 misge 92 LS ol soll Jobs (e Bugluds 8adl 5219l
[5] :(1) Walall M5 (0 A Al 5o09 Ay § 1

Ag = 2neprl (1)

Alaadl oI SLuSS) 4,8 Ny Jies Es

A
n n 4
2 3 mnsmitted, L
\
Core |
Reflected 2 i i
n, Bragg gratings Cladiding

1] Aadaill § 1y 7yl Sedd Bludll 2l 2(1) U1
[5]:(2) Wolall M5 (0 dalanidl § 15 AS5d Jobo (de HLusO¥! 40,8 Lad @y <Uniform FBG (3
n(z) = Negr + Ang.ny(2) (2)

3 Sl Cadall gty Ayall s gl g ng(z) g HlasOY) A8 i) (ad¥l uxll o Ang &>
apodized index alasiwl o AL sda Uy Lpd ige e ae Al jogiad e @lamdl Jiaadll 93 FBG
ol yema Jobo e HLuSOYI 40,8 pad IS4 Jiey 4l modulation

:Chirped FBG and apodization &13 § 1y 71,2l aS& 7-1-2

Uz el el Jsb de dalatic a2 )94y Chirped FBG 3 (52ls=ll) @oaidl aosw
of Lasdly ¢ (Sasg «CFBG J pualud) 240l (2) S zugu9 AS0ad) Jobo e Sl 20,8 Lyuiad calis,
[5].3aliss s Jlgbl SKad a8 sl

A1 As Ao Cladding
~HFHIEEF
Aa A - Asa

[5].CFBG J &l 2l :(2) Jsad!

4



Enhancing Coherent Optical Communication Performance ... Alalfi " Alsalem

D e Agld) §lo Bzge Jsb Jand ol oSy Blsall Jsbo e $ly Azga Jobo sany CFBG §
[8] :(3) Walall

Ag(z) = 2n(2)A(2) (3)

Uslall M5 e n(2) Utall JLus¥) 20y5 Jaaly SLETY] jeme Jobo e 2S0al 595 90 Alz) o
[8] :(4)
n(z) = neggr + Ang(z)cos(ZALOZ (1+x2)) (4)

a3l Jlxll 385 8§l zhadl aSs dxge Jsb Ay «2u=ll apodization abose g (2) Cum
551 pate Jies x5 25550

&l apodization ailgs (e cuaall Sliag OLusST¥) 4,8 i JuSCAT 8ole] ox capodized CFBG @

daladdl @Il (e Apodization May sl clddl) (aseas) Jlapl cldee elol cpuxt) Lalasiwl oy

(1) Joazdl g «BLIYN 3 cdadl e Jased) assanll adlie (asbas 18559 Aegazll 430 caun o1

pll oSay Eus (gmsle Apodization b alusiwl dwlull sis § pis lesed apodization alss AST

Ly ald e blaxdl Jdby dedand) SICald HLasoy 20,8 § Lol (2 lall abadl Jdas (e gelal|

(5] LSSl dy8
[5]-apodization alss :(1) Juzll
Type . | Apodization function
Gaussian ' o=l 2
d (z) = exp(—logs, (7:) )
Hamming d (z) = 0.54 — 0.4cos (27z/1)
Tanh d (z) = tanh (4z/1) tanh (4(z — 1) /1)
Raised Sine d (z) = (sin(z f!f; ]
Sine d (z) = sine (2mw(z — lﬁ
Raised Cosine d (z) = (cos 24.,”” -1)

slhc] @y dus Axsll Jshat a5 sa9 da3 43l Jso] e Gigd cldd (o908 CFBG aluskiul deisy
8] :(5) Walakl M5 (e CFBG Lislll iadll Jalas

__2MNefr
Dg Aachlrpc l (5)

Lol sk o Gyall M (e Jamss 485850 Jlme Al 9 o5 guadl HLAGI Aoy Jia3 €
8] :(B)slall IM5 (o dishally & puasll

AAchirp = Zneff(Along — Ashort) = ZneffAA (6)



Journal of Engineering Sciences and Information Technology (JESIT) * Vol 7, Issue 2 (2023)

BELell 73945 7-2

(3) Sl Crws Optisystem. 19 zabiyy plasiwly alal Ldzsg byl sie G ¥lasl allas 581 @
10 Lreyw c¥aas Jly pusiun bulie Joo c¥lasl allas Jiey @dlly pegyidl pllasld aladl ozl
16-QAM Lyuia3 alusials (Gb/s

w
i Optical Fibe EDFA n | o
. ptical Fiber Gaussizn Ootical Filter
] K Coupier_1  Length=200 km  Length=20 m + Braga Grating P T
ncy = 1331 THz Bandwidth = 50 GHz
: ~| Coherent Recever
16-QAM Transmutter =
Subsystam_1
Subsystem Cptical Amplifier A
Gsin =20 dB : =

agg Grating

CW Laser_1

CW Laser

0AM
413
e

T =— ‘QAM Segquence D
DSP for 16-QAM Decision Bits per gll;rntﬁl {l

: ::[ ] EVM (%} =0
"""" Number of Symbal Erors =0
Electrical Constellation Visualizer —
per- 2]
a8

BER Test Set

w93l Gigadl JLas¥l allsad aladl Lalasl! (3) S|

Gl eziall Aauly Lassiaty ol gl Gigws i pe 5La Jlay] @iy BEL=Ll z3003 &
uniform fibre 4ayl (pe Aadee Ansalgy Loegdys I3 uay @il chirped fibre gratings ) Juas oo Ji3 EDFA
2 FBG 75 Jueys oin Jlaiwdl Byl 3 5)Ladl a8 hd cdadl jasgad (rwe=d] Bragg gratings
U3 a2 cadSI Jid Aazad) 5L euiad) 4 dB mems Joles 20 dB 5,08 ) 95 Lisud e
Jiae lusd BER Test set puaseiudg «duadyll 8,LaY| dxllas s> 99 Loyl Jeazall M5 (0 8yLaY) ais
Ayl el e Wl ST 2adlol) aliaudl 3yLaY1 § Uasdl

@ ol @ Co Bl z3gas 3 Lelazinl @ @I Shielld) eal 2 Jolazdl § (o aiuds
Jaorll Slalyl eaf (2) Jpasd

bl slialyls :(2) Jgamd!

Aol | susel|

10 Gb/s Jau! ey
16-QAM Jaoadd! g
1550 nm Jalsedl dxga Job

10 dBm oAl el S5l 231k
0.1 MHz ol peiall Lzl oye

5570 ite s zoadl A sy (3) Joaell sims
.Chriped FBG &f7alyls :(3) Jouzl!

W | Y
Gaussian Apodization als

Linear 4838301 s

1.46 laall jLusSY!| 4uyd



Enhancing Coherent Optical Communication Performance ... Alalfi " Alsalem

Gyall Calll 3 Lensiad] Lalidl elo¥1 ol eal (4) il @ cans
Jlas¥l 3Ld Sliall :(4) Joazd!

el | Y
e il Jolo
20 mm EDFA length
16.75 ps/nm/Km Gl CLAT Jalae
0.075 ps/an/Km Slas¥l Jolaa
0.2 dB/Km ol cols

raasldly mld! -8

A plasiwl ao 16-QAM - Jiadll auseiug balie Goio Jlasl pllas 38Lea cumdl i § o3
posill lalazag BER coll Uas Jure s (o pllaidl elsl &ulysg Chirped FBG a0l 8yiie § 15 71yl
3 s 9yall maall ol (e (3) JSadl § ond!l allasll z3g0d 3SRl slue] @ dus Alazad) 3L (#5411
il iie Job b e clldg Sl zhail olSes alugiwl Osuy alladdl elol duls @ epaill gl
a2y Chirped FBG 33,01 3pdte §ly g loail Acs 4ls| @3 2l &>yl § (75-200 Km) o 71954 sl
Jsbo sLae¥l cnay d3Y1 as Grating length § 1,y 440 daliss Jlsbl dal cpe allasl elol dlyog Gigwall caglll
el cal

d>T e L abLlall BER @ dslg 10mm J glus 3855d Jobo Ul e allaidl cloT jlas) 3l @5 Co
Jslall alall BER 48 Juzudy (Grating length = 20 mm jlas | @3 sl Wl 39 . Jseall all ane Jsbo
oy Wl sda Jai e BER pid Juzmads Grating length = 40 mm jlasl @3 Tasly Jigeadl cadl paall
gyl ¥l sda ol e BER 2ayd (4) JSidly (5) Jouz!

B8l (e &mslidl BER o (5) Joul)
‘ BER ‘ sl calll Jobo
Grating length=40 Grating length=20 Grating length=10

Chirped FBG (9.4 Km
mm mm mm

9%10”° 3*10° 3*10° 15%10” 75
1.3*10™ 1.5%10” 1.5%10” 1.8*10" 100
91*10” 1.3*10” 3*10” 45%10" 125
4*10™ 1.8%10 2.7%10" 4.1%10° 150
5.5%10" 4.7%10” 5.4%10” 4.5%10” 175
5.2%10” 5%107 0.14 0.5 200



Journal of Engineering Sciences and Information Technology (JESIT) * Vol 7, Issue 2 (2023)

10°
10
102
o
W 403k
o 10
10°*
: —+— wib FBG
1070 F —— Grating length=10mm | 7
Grating length=20mm
# —— Grating length=40mm
‘ID_E 1 1 1 1 1 1
60 BO 100 120 140 160 180 200

Fiber Link Length [Km]

Bl a8es Jolat Aalises ¥l wie alll Jobo pind alilall BER uf :(4) JSad!

@ 8Ly allaadl ol 3 s e Jssamdl @3 FBG plazial M oo 4 (4) JSA) e Lasdly
Blus Jol oo il Co> FBG alusiwl Oguy )l Al an @55lae (Jluyyl) 28lus) Asgiall Aiosll Adluns
o WLall o FBG alusiwl oy 4l (> § 107 Adpe 39> (e BER ol s Juas o6 180 km
ossad AL FBG aSadl z3gad alusiwl M5 (oo Sl @3 JWl 130 km 39lzis¥ BER duipe (is U
oo Lo o oSy Ll 16-QAM Lyl gl Jlas¥l allss 3 Lol 2olus B3L5 oo lid] sl
A Jobo ae 5lis Uslaze 21o1 Led 10 mm 5 20mm J sludl Grating length aSadl Job oof (4) JSCadl
osead @ Jlad elol pudiw 20mm J Aglun Aady §ly zhadl 3h Jsb slasl of 6 40mm 3 gludl
Sl Jaye e il 4 aSiadl dsb o) s Lolaseiwl oL FBG 38adl dsbs 3oL J) ALl 9o cdiad)!
509 5Ly Cadat Al ogiadll 553 (o duiy pa¥l 1da o8 ASeadl Jobs 5153l LelSy FBG duwlSaily o,
Agd igtya gt yal

Loluziwd Jl> @9 <Chirped FBG alasiwl Ggay 5)Ladl (£,all ausgdll lalazes (5) JSadl s
1=75km gl ol Jﬁl@ 20 mm J sLuws Grating length J:-l oo elldg

2
}

Ampiitude - Q {a.u.}
a
Amplitude - Q (a.u.)

-2
I

. .I . : '

(i g
Fre o . T
- L .
LD LAl

- - il
Am plilude - 1{a.u.) . Amplitude -1 (a.u.)




Enhancing Coherent Optical Communication Performance ... Alalfi " Alsalem

ST g plasiul Ogas (b Chirped FBG aluiiul (a
1275 Kim aiogall abaiea (5) JSAJI
Lslaseiwl Jl> 39 Chirped FBG alusiwl Gody 5La (£1,all asgall balass (6) JSAII Crws
1=150km Sigeadl calll Jobog <20 mm J gl Grating length (a1 e Ul

Amplitude - Q (a.u.)
a
Amplitude - Q {a.u.)

I -3 -1 1 3 -5 -3 -1 1 3 3
Amplitude -1 {a.u.) . Amplitude - | (a.u.)
sl agae aludiwl Ogd (b Chirped FBG aluziuls (a

=150 K o gil] Lalaiee :(6) JS2!
Lslaseiwl Jl> 39 Chirped FBG alaseiwl Ogy 8,Ladl (£1all ausgdll Llases (7) A1 s

12200 km gl ca ) Jebs <20 mm J sluw Grating length (a1 ¢pe cll3g

3 I
g s
¥ <
. ;
g 3
g £
2 _ 5
E™ E
L4 -

I -4 -3 -1 1 3 a -G -3 0 3 ]
Amplitude - | (a.u.) Amplitude - | (a.u.)
i) (ogae alidmiw Oo (b Chirped FBG alusiuly (a

=200 Km a5l Jalases :(7) JSCEI
2385 05y Eu> FBG sluziwl sue Al 3 5Ladl de cdadl G (7) 5 (6) calSadl oo Lasdls
53l I 352 Lee 16-QAM 3,LaY Buam Ul @udll Js> 35S0t péy Taie (£1,all aungrll Lalass (§ Lolaull
FBG plusiwl ey 5)Ladl a5l lalazeay 355lae obiloll dmmall Solazad) 3 2801 aueg Uasdl Juas
33L5 o will e Ll Gisual 16-QAM allaid (Ll aa5ald Lasllans 156855 ST Lolasdl o5 of
485 SiSTy e S Sbild! Bolaial (o oSy Law o Jluodl d8lus




Journal of Engineering Sciences and Information Technology (JESIT) * Vol 7, Issue 2 (2023)

4ol o plladdl elol 3 s (e Jgsamdl @3 a5l Jasdb [10] Zwlyud) an gyl omdl &55laas
AL Sllyll il e Alyd| gl 2yLae 1(6) Jouz!

80km | Jsai Fiber Bragg Grating 16QAM 10 Gb/s [10]
175km J| Juas CFBG+UFBG 16QAM 10 Gb/s Cjﬁ“ S|

sl Ll -9
ghall s plasial P o cdalie Jgan Jlas! pllas G ¥ s Al Smdl 1da @ @
16-QAM Lulie oo Jlasl allas 3 Giglll cdddl (asgasd Uniform FBG (e #lulws Chirped FBG 1y
Lylas ely>| @3 Eu> OptiSystem 19 moliyy plaseiwls 3EL=ll diais @39 10 Gb/s sylade <bly Jas Juaa
Woyd ol e elldg $ 1y aSaT dalizs Jlgbol alasiwly Uniform FBG Auduy Chirped FBGJ puasadll ¢l5¥

1.46 Lglun Wlad HLusl

Jsht Zaline @il cllig siaie Al Aiog Jsb dal (o pllaild BER codl oz Juas sy o
Geba s (e 4l Loy Sy FBG cdddll clsgas plazivl aue Jl> § alladl ao daiylaey §1y A5
Agiadl Aiosdl Jsb 058G Lonie mualy Sy pllaidl elol s <10 Gb/s de oy dlios) FBG 3Sid muasatl]
cadll Jsb ol o0 107 2iye 390> e ol tas Juae iy s 180 km Jsbs 59 125 km (e ST
Loais BER @lu (ol e Jgsamdl @39 20mm il § 1y 3t Job 05 Lodie cll3g (180km J glus gl
& sl B (£l aosall lakaxe IS oo pllaidl olol (s LoDy LS 40mm § 1,y aScs Job 058G
Llise § bladl piss o FBG plusiwl 4l g @ cdadll 156 AST muas s,La¥1 of o> . (6) Sl
Laasie el las Juaae 06K Jllls 15,5 48T aunsall

ol LM -10

53L3g «Juadl y50m @a0All Jlell ope JMaza¥ Jprmsl Llia Mo a5l 2l 2alai¥ll s
Lalus 3axy Lyl il Cadstl o3 Jssall Jlas¥l o clldy cdaiadl dpulus cnuxsy Jlasy! 28lus
(D sl caadlly pS ISy 8yLa) 3l Jlup) 23lus 5oL ae oS0y Aulle duanbs 5elaS ao Jas ¥uaag
$lyr il ASad z3gas B8Lmay (oliaiwl @ dizmllae s gy pllall JSI o1o¥1 ssaus ) o3 e
plagzial of @l cduy daylis Gsd 16-QAM allas 3 Jludl 2dlus 8ol wie sl cdadll (asgad
Jalas Jlly Jluosd! 2dlue 3L die gl st 51 Jelas ) ol ugyall pllasl § FBG iadll clisgan
Ao Bgeay Sliledl Solazuly sllaidl oloT cnws o BER dayd

1Sl gidl-11

16- Lolie g Jhail allas § § 1 zlhail Gld cdadl Glssas plasiwl e 2wl oS,
e 3 Jales ae (Jladl Wl 8ol e Jsuadl calll @ gl cdadl 31 cagass Jal (e 23y QAM
Wlsal LSI O oS Bl (Jlall e @ cmdl go wsll J] aladl ajliag Idag EEPN iall sl
Gl cladll (assad Jlupdl wlides olal (s dulyud CFBG (e y>-Tapodization alss ol

10



Enhancing Coherent Optical Communication Performance ... Alalfi " Alsalem

E’-bl‘ -12
[1] A.A.Shabaneh, 2020," Investigative Modeling of Symmetric Fiber Bragg Grating as Dispersion Compensation for Optical
Transmission System", Researchgate, Citation information: DOI: 10.7149/0PA.53.4.51052.
[2] AF. Sayed, F.M. Mustafa, AAM. Khalaf, M.H. Aly, 2020," An Enhanced WDM Optical Communication System Using a
Cascaded Fiber Bragg Grating", Optical and Quantum Electronics volume 52, Article number: 181.
[3] AF. Sayed, F.M. Mustafa, AAM. Khalaf, M.H. Aly, 2021," Spectral Width Reduction Using Apodized Cascaded Fiber
Bragg Grating For Post-Dispersion Compensation In WDM Optical Networks", Photonic Network Communications volume
41, page5231—241.
[4] Abdikarim A. Dahir, Zhihua Yu, 2020," Dispersion Compensation by Using FBG and Low Pass Gaussian Filter",
Researchgate, Citation information: DOI: 10.1109/1CCCS49078.2020.9118555.
[5] Fathy M. Mustafa, Asmaa Mohamed, Ashraf A. M. Khalaf, Ahmed F. Sayed, Moustafa H. Aly,2022," Dispersion
Compensation Using Cascaded Apodized CFBGS Under MTDM Transmission Technique: Enhanced System Performance”,
Optical and Quantum Electronics, citation information: doi.org/10.1007/511082-022-04132-6.
[6] H.M. Gheni, M. Abdullah, R. Talib, K.A. Omar, AA. Qasim, A. Malik, A. Dawood, 2019," Simulation Of Undersea Optical
Communication System Using DCF And SSF", International Conference on Information Science and Communication
Technology (ICISCT). citation information: DOI: 10.1109/CISCT.2019.8777416,.
[7] Ibarra-Villalon, H.E,, Pottiez, O, Gémez-Vieyra, A, Lauterio-Cruz, ).P., Bracamontes-Rodriguez, Y.E., 2021 ," Numerical
Study Of The Fiber Dispersion Contribution In The Pulse Propagation Problem”, European Journal of Physics, vol. 42, no. 2,
Article 025303, citation information: DOI 10.1088/1361-6404/abcc81.
[8] Isidore Nsengiyumva, Elijah Mwangi, George Kamucha, 2022,"A Comparative Study Of Chromatic Dispersion
Compensation In 10 Gbps SMF And 40 Gbps OTDM Systems Using A Cascaded Gaussian Linear Apodized Chirped Fibre
Bragg Grating Design" Elsevier Ltd, citation information: doi.org/10.1016/j.heliyon. 2022.e09308.
[9] R. Gupta, M.L. Meena, 2020," Long-Distance Optical Communication Network With Linear Chirped Fiber Bragg Grating",
Springer, pp 185—-192, citation information: DOI: 10.1007/978-981-33-4893-6_17.
[10] Shaik Abdul Hai Basha, D Ghosh and P K Sahu,2017, " 4-QAM and 16-QAM Modulation Employing Single Dual Drive
Mach-Zehnder Modulator and FBG for OFDM-Radio-Over-Fiber System", International Conference on Communication and
Signal Processing, p.p:1010-1012.
[11] Subash Rokka, Utsav Phuyal,2020," Simulation Based Performance Analysis of Fiber Bragg Grating as Dispersion
Compensator in Optical Transmission System”, International Research Journal of Engineering and Technology (IRJET),

Volume: 07 Issue: 08.

11



