
are p ro d uced  in rand o m  f ashio ni.e. the am p litud e o f  
ea ch p ulse is d if f erent f ro m  the o ther  p ulse. W hen these 
c ha o tic p ulses w ith ra nd o m  a m p litud es a re p assed  
thr o ugh  EDFA , these va r y  la rg ely  a f ter their 
am p lif icatio n. If  the o utp ut o f  EDFA  is no t f lattened  it 
w ill take ex tra  b and w id thw hich is the d raw b a c k  o f  
DW DM  c o m m unicatio n m o d el. On the o ther hand , if  
thesim p le d ata  p ulses w hich a re no t cha o tic  in nature 
a re p assed  thro ugh EDFA, theva riatio n in am p litud e o f  
p ulses w ill no t va ry  to  that ex tant as in c ase o f  c ha o tic  
p ulses. So , the resp o nse and  o p tim iz atio n o f  f ilter  w ill 
b e d if f erent in b o th the cases. A ltho ugh, d if f erent 
techniques are b eing used  f o r  the f lattening o f  gain o f  
EDFA, b ut this is the f irst tim e that w e a p p lied  Gain 
f lattening technique using f ilter  o n cha o tic  p ulses in 
DW DM  enviro nm ent w hich is the signif ic ance o f  this 
w o rk.
 The id ea  o f  synchro niz atio n in cha o tic  o p tic al 
secure c o m m unicatio n has gained  huge attentio n in the 
last f ew  yea rs. Op tica l co m m unicatio n em p lo yed  w ith 
synchro niz ed  cha o tic  ca rriers can b e used  f o r  p ro vid ing 
security  in d igita l c o m m unicatio n system s [v]. Chao tic  
o p tic al c o m m unicatio n requires the synchro niz atio n o f  
inp ut and  o utp ut cha o s so  that o riginal m essage can b e 
ex tra cted  f ro m  cha o tic  signal [vi-viii]. Athens and  
Greec e ex p erim ents ha ve f irst d em o nstra ted  the 
ex p erim enta l im p lem entatio n o f  cha o s f o r  security  
p urp o ses. Ho w ever, cha o sis a  sto chastic  p ro cess and  
has very  unp red icta b le b ehavio r  and  sensitive to  initia l 
c o nd itio n. The d isp arity  in transm itter and  receiver  
cha o tic  signals causes p o o r synchro niz atio n and  thus 
increases B ER results [ix -x i].
 Cha o s gener a tio n tec hniques o f f er  lim ited  
b and w id th so  w avelength d ivisio n m ultip lex ing is the 
ultim a te w a y  to  m eet the b a n d w id th d em a nd . 
W a velength d ivisio n  m ultip lex ing  a n d  d ense 
w avelength d ivisio n m ultip lex ing technique have b een 
ex tensively  used  f o r  b o th security  and  b a nd w id th 
enhancem ent p urp o ses [x ii, x iii]. DW DM  gives the 
m ax im um  ex p lo itatio n o f  availa b le b and w id th as the 
channel sp acing b etw een channel is kep t narro w  i.e.1 0 0  
GHz  (0 .8 nm ). Er b ium  d o p ed  f ib er  am p lif ier  has b een 
ex tensively  used  in w avelength d ivisio n m ultip lex ing 
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A bs tr act- In this p ap er  the d esign o f  8-channel Dense 
w avelength d ivisio n m ultip lex ing (DW DM ) cha o tic  
system  is p resented  a t f requencies ranging f ro m  1 93.0  
THz  to  1 93.7 Thz . The cha o tic  signals are generated  b y  
using  sem ic o nd uc to r  la ser  a nd  m a them a tic a lly  
m o d eled  b y  laser  rate equatio n. The Gain f lattening 
f ilter  (GFF) is used  w ith Er b ium  d o p ed  f ib er  am p lif ier 
(EDFA) in DW DM  c o m m unicatio n m o d el f o r  lo ng 
d istanc e tra nsm issio n. The o p tim iz a tio n o f  Ga in 
f lattening f ilter is d o ne in cha o tic  enviro nm ent to  
a c hieve the f la ttened  ga in p ro f ile o f  EDFA. The 
synchro niz atio n o f  c ha o s at transm itter  and  receiver is 
achieved  to  rec o ver  the received  signal. Thus, o ur 
sc hem e c o m b ines tw o  a d va nta ges i.e. ef f ic ient 
b and w id th utiliz atio n and  security  at the sam e tim e in 
DW DM  c o m m unicatio n m o d el.

K e y w o r d s - Cha o s, DW DM , Gain Flattening Filter, 
Cha o s Sy nc hro niz a tio n, Cha o tic  L asers, EDFA , 
Op tisystem  1 4.0

I. INTRODUCTION
 Secure co m m unicatio n has b ec o m e an em erging 
need  o f  the nex t genera tio n telec o m m unic a tio n 
netw o rks. M essage is enc ry p ted  at the p hysica l layer  to  
p ro vid e security. There a re vario us m etho d s to  p ro vid e 
security  in o p tic al co m m unicatio n netw o rks. Chao tic  
o p tic al c o m m unicatio n is o ne o f  the trend ing m etho d s 
to  im p ro ve security  and  p riva c y  o f  c ritic a l inf o rm atio n 
[i-iv]. In o rd er  to  m eet the m o re b and w id th d em and  
cha o tic  signals a re em p lo yed  w ith W DM . EDFA  is used  
to  c o m p ensate f o r  lo sses and  to  o b ta in a m p lif ied  
signals. As the EDFA  gain is w avelength d ep end ent, 
am p lif icatio n o f  w avelengths varies f ro m  o ne ano ther. 
In o ur  w o rk, EDFA  ga in is f la ttened  using  ga in 
f lattening f ilter  so  that these can b e used  to  a chieve 
lo nger d istances w hile using w ith the m ultichannel 
transm issio n system . Fo r this p urp o se, o p tim iz atio n o f  
gain f lattening f ilter  is d o ne to  achieve f lattened  gain. 
The w o rk  is d o ne f o r  the f irst tim e o n DW DM  cha o tic  
ca rriers to  save the b and w id th in secure enviro nm ent.
 One o f  the p ro p erty  o f  c ha o tic  p ulses is that these 

Op tim iz atio n o f  Gain Flattening Filter  to  
A chieve Flat Gain o f  EDFA  f o r  DW DM  Cha o tic  
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techniques to  enhance d ata  transm issio n rates and  to  
im p ro ve B ER [x iv-x vi]. As EDFA  has w avelength 
d ep end ent gain, f ew  o f  the signals a re am p lif ied  m o re 
than o ther, so  to  resto re all the signals at ap p ro x im ately  
the sam e intensity  va rio us techniques ha ve b een 
rep o rted  [x vii-x x ].
 synchro niz atio n w hich is the key  f o r  retrieving 
o riginal signal greatly  d ep end s up o n m etho d s o f  cha o s 
generatio n, cha o s co ntro l, ef f ect o f  f ib er  transm issio n 
and  ef f ect o f  am p lif ier no ise [x x i]. Chao s co ntro l and  
cha o s synchro niz atio n a re rem a rka b le and  im p o rtant 

resea rch f ield s aim ing to  a f f ect the d y nam ics o f  cha o tic  
system s in o rd er  to  use them  f o r  d if f erent kind s o f  
a p p lic a tio ns tha t c a n b e ex a m ined  w ithin m a ny  
d if f erent f ield s. In this p a p er, a  new  hy b rid  a p p ro a ch is 
p ro p o sed  w hich is to  a chieve the f lat gain o f  EDFA  
w hile taking signals in DW DM  cha o tic  enviro nm ent. 
The o p tim iz atio n o f  ga in equa liz atio n is d o ne to  
a chieve the f lattened  gain o f  EDFA, synchro niz atio n o f  
c ha o s a t tr a nsm itter  a nd  r ec eiver  is a c hieved  
successf ully  to  rec o ver the o riginal signals.
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Fig. 1 .  8-Channels DW DM  cha o tic  c o m m unic atio n m o d el using GFF

 This p a p er  is a rra nged  in f o llo w ing sectio ns. 
sectio n-I c o m p rises o f  intro d uc tio n o f  the p a p er, 
sectio n-II c o vers the sim ulatio n setup  w hereas sectio n-
III is b ased  o n M athem atic a l m o d el. Sectio n-IV  c o vers 
results a nd  d isc ussio n a nd  f ina lly  the p a p er  is 
c o nclud ed  in sectio n-V.

II. SIM UL ATION SETUP

 The sim ulatio ns are m a d e o ver  8 cha o tic  channels, 
w hich a re m ultip lex ed  in the w avelength range o f  
1 548nm – 1 553nm  w ith a  channel sp acing o f  0 .1  THz  
(0 .8nm ) as rec o m m end ed  b y  ITU f o r  stand a r d  W DM  
system . Pro p o sed  8-channel cha o tic  DW DM  schem e is 
sho w n in Fig.1  w hereas Ta b le-I sho w s the p a ram eters 
and  their values used  in this sim ulatio n m o d el. In this 
schem e, sinuso id a l d irec t m o d ula tio n m etho d  o f          
8-ind ivid ual laser d io d e is used  to  generate cha o s. The 
inp ut current o f  laser so urce is varied  to  c o ntro l the 
d egree o f  cha o s. Data  so urces are d irectly  m o d ulated  
b y  using cha o tic  lasers so  that the d ata  ap p ea r  as 
rand o m  no ise like signal o n single o utp ut m ultip lex ed  
c ha nnel o f  8× 1  m ultip lex er. Cha o tic  signa ls a re 
m ultip lex ed  and  sent o ver  80  km  o f  Single m o d e f ib er  
(SM F) w hile 1 6 km  Disp ersio n c o m p ensatio n f ib er  
(DCF) is used  in o rd er  to  co m p ensate f o r  d isp ersio n 
lo sses. An Iso lato r  is used  w ith EDFA, it im p ro ved  the 
gain and  no ise f igure o f  the EDFA.  A t the receiving 
sid e, a f ter  1 × 8 d em ultip lex er  retrieved  signa l is 
sub tracted  f ro m  sam e cha o tic  so urce to  get the o riginal 
d ata.

TAB L E I 
SIM UL ATION M ODEL  PARAM ETERS

III. M ATHEM ATICAL  M ODEL

 The m athem atic a l m o d eling o f  sem ic o nd ucto r 
laser  d io d e is illustra ted  b y  f o llo w ing  laser  ra te 
equatio n [x x ii].
      (1 )

      (2 )

      (3)

      (4)

      (5)

      (6)
         W here, ' N(t)'  is the ca rrier  d ensity, ' S(t)'  is the 
p ho to n d ensity, ' I'  is the a p p lied  c urrent, ' τ ' is the 
co nf inem ent f a cto r, ' τ '  is the ca rrier  lif e tim e, ' τ '  is then p

Param eters
L asers p o w er

L asers f requencies
Disp ersio n

Disp ersio n slo p e
Fib er length
Fib er attenuatio n

Val ues
1 0 d B m  each

1 93.0  Thz  –  1 93.7 Thz
1 6.75p s/nm /km

0 .0 75
80 km
0 .2 d B /km

C haotic
S ign al  1

C haotic
S ign al  2

C haotic
S ign al  8

8x l
M UX

SM F D C F

D ual  port
WD M  A n al yzer

E D FA

2

D ual  port
WD M  A n al yzer

1

G ain  Fl atten in g
Fil ter

l x 8
D eM ux

Output
C haotic S ign al s
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 The p um p  light em its the p ho to ns w hen it m eets 
the ex cited  er b ium  ato m s, these ato m s give up  so m e o f  
their energy  b ac k  to  signal and  jum p  to  lo w er energy  
sta te. EDFA ' s a re d esigned  b y  c o nsid ering  the 
num eric a l so lutio ns o f  the ra te a nd  p r o p a ga tio n 
equatio ns und er  statio na ry  c o nd itio ns. A lso , these 
am p lif iers o b serve the am p lif ied  stim ulated  em issio n 
(ASE). In o ur setup , the p o p ulatio n d ensities o f  EDFA  
at the gro und  and  m eta  sta b le states are reaso na b le to  
c a lculate and  a re so lved  num eric a lly  b y  using the 
f o llo w ing rate and  p ro p a gatio n equatio ns [x x iv].

      (7)

      (8)

      (9)

 w here, ' N '  and  ' N '  a re p o p ulatio n d ensity  o f  m eta  a b

sta b le and  gro und  energy  level resp ectively, ‘ t ’ is the 
m eta  sta b le sp o ntaneo us em issio n lif etim e, ' N'  is the 
num b er o f  channels used  f o r  signals and  p um p s, ' ρ '  is 
the active erb ium  io n' s d ensity, ' α '  is the attenuatio n 
c o effi cient, ' A '  f  is the ef f ective d o p ed  a rea  and  ' ∆ V '  is ef f
the f requency  step . EDFA  ex hib its gain w hich changes 
w ith w avelength w ithin the b and w id th so  so m e signals 
a re am p lif ied  m o re than o thers. Dynam ic  gain b ehavio r  
o f  EDFA  a f f ects the system  d esign and  transm issio n 
p er f o rm a nc e. So  tha t the ga in va ria tio n c a n b e 
c o ntro lled  b y  m a king  use o f  o p tic a l f ilters. Gain 
f lattening f ilter  is used  to  resto re all w avelengths to  
ex a ctly  sam e intensity. In o rd er  to  f latten the gain, a  
transf er f unctio n c o m p liant w ith the gain sp ectrum  o f  
EDFA  is used . This strict the gain variatio n o f  EDFA  
w ith w avelength. In Op ti System  1 4.0 , the o p tim iz atio n 
o f  GFF is d o ne b y  targeting a  gain rip p le value o f  
0 .0 7d B . The o p tim iz atio n is d o ne b y  setting  the 
m inim um  transm issio n value to  -40  d B  and  m ax im um  
value to  -0 .1  d B  f ro m  1 50 0  nm  to  1 60 0  nm . The 
transm issio n values o f  the f ilter are o p tim iz ed  against 
the f requencies o f  the 8 cha o tic  signals. The to lerance 
o f  the f ilter is set to  0 .1 d B . Fig. 2  sho w s inp ut cha o tic  
signals w hereas Fig. 3 sho w s the o utp ut in the f o rm  o f  
am p lif ied  cha o tic  signals.

IV. RESUL TS &  DISCUSSION

 Op tim iz atio n o f  gain f lattening f ilter  is d o ne to  
achieve the f lattened  gain p ro f ile f o r  8-DW DM  cha o tic  
signals. Im p ro ved  gain rip p le and  o utp ut p o w er  level is 
achieved  a f ter  o p tim iz atio n. M ax im um  gain o f  9.2 8d B  
and  m inim um  gain o f  8.30 d B  w as o b served  b ef o re 
o p tim iz atio n. The m ax im um  gain o f  1 0 .2 3d B  and  

c a rrier  p ho to n tim e, ' β '  is the sp o ntaneo us em issio n 
f a cto r, ' I '  is the p a ram eter b ias current (I  =  33m A) D C D C

and  ' I '  is the p aram eter m o d ulatio n current (I  =  PK PK
1 0 m A). The values o f  laser  p aram eters required  f o r  
generating cha o s a re given in Ta b le-II. Fig.1 sho w s 8 
cha o tic  signals f ed  into  8× 1  m ultip lex er, ea ch ca rry ing 
d ata  c a p a city  o f 1 0 Gb p s w ith laser p o w er  a d justed  as 
1 0 d B m . The f ib er  link  c o m p rises o f  sta nd a r d  
telec o m m unic atio n single m o d e f ib er  o f  80  km  w ith 
d isp ersio n o f  1 6p s/nm /km . DCF o f  1 6km  w ith 
d isp ersio n value o f  -83.75p s/nm /km  is used  a f ter  SM F 
in o ur c o m m unicatio n m o d el. The signal f ro m  SM F and  
DCF is f ed  into  EDFA  f o r  am p lif icatio n and  then 
p assed  thro ugh GFF. Pa ram eters value set f o r  EDFA  a re 
given in Ta b le III.

TAB L E II
PARAM ETERS OF SEM ICONDUCTOR L ASER

TAB L E III
EDFA  SIM UL ATION PARAM ETERS

 An iso lato r  is used  w ith EDFA  to  im p ro ve the gain 
and  no ise f igure o f  am p lif ier. Iso lato r  acts as the 
d irective-selective f ilter  i.e. the light p ro p a gating in the 
f o rw a r d  d irectio n p asses una f f ected  a nd  the light 
p ro p a gating in the b ac kw a r d  d irectio n is attenuated  
[x x iii]. EDFA  is an am p lif ier  w hich uses er b ium  d o p ed  
f ib er  as gain m ed ium  to  am p lif y  an o p tic al signal. The 
c o re o f  EDFA  is d o p ed  w ith trivalent erb ium  io ns. They  
a re ef f ic iently  p um p ed  at w avelength o f  980 nm  and  
1 480 nm . The b asic  p rincip le o f  EDFA  invo lves the 
m ix ing o f  high p o w er-d riven b eam  o f  light w ith the 
inp ut signal w ith the use o f  w avelength selective 
c o up ler. The m ix ed  light is f urther f ed  into  f ib er  co re 
w here erb ium  io ns ex ist. In the f ib er  co re the high 
p o w ered  o p tic al b eam  ex cites the erb ium  io ns to  higher 
energy  state.
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Param eters
Active la yer  c o effi c ient
Gro up  velo c ity

Gain c o m p ressio n f a c to r
Carrier d ensity  at transp a rency
Fractio n o f  sp o ntaneo us em issio n
M o d e c o nfi nem ent f a c to r
A ctive la yer  vo lum e
Pho to n lif etim e
Electro n lif etim e

L inew id th enhancem ent f a c to r

S ym bol
ao
vg
e
Nt
b
t
V
t p

Val ue
- 1 01 .5 ×  1 0
98.5 ×  1 0

- 1 71  ×  1 0
1 81  ×  1 0
- 78 ×  1 0

0 .4
- 1 01 .5 ×  1 0
1 23 ×  1 0
91  ×  1 0

5

t n

Param eters
Co re ra d ius
Erd o p ing ra d ius

Erm etasta b le lif etim e
Num erica l a p erture
L o ss at 1 550 nm
L ength

Val ues
2 .2 µ m
2 .2  µ m
1 0 m s
0 .2 4
0 .1 d B /m
5m
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m inim um  g a in  o f 1 0 .2 0 d B  is o b ta ined  a f ter 
o p tim iz atio n w ith gain rip p le o f  0 .0 7 and  m ax im um  
no ise f igure o f  2 .45d B . Fig. 4 sho w s the 8-cha o tic  
signals ranging f ro m  1 93.0THz  to  1 93.7THz  w ith 
equa l p o w er  o f  1 0 d B m  and  channel sp acing o f  0 .1 THz  
(0 .8 nm ) a c c o r d ing  to  ITU-T Sta nd a r d  G.692 . 
Perf o rm ance o f  DW DM  channel can b e d eterm ined  
f ro m  the gain and  no ise f igure. Fib er  im p airm ents and  
EDFA  p aram eters are c o ntro lled  in p a ra llel to  achieve 
these results. Ta b le-IV  and  Ta b le-V  sho w s the o utp ut o f  
W DM  ana ly z er  in term s o f  gain and  no ise f igure f o r  
ea ch w avelength ind ivid ua lly.

TAB L E IV  
W DM  A NA L YZER-1  OUTPUT AFTER EDFA  W ITHOUT 

USING GFF

TAB L E V  
W DM  A NA L YZER-2  OUTPUT USING GFF

Fig. 2 . Inp ut chao s

Fig. 3. Outp ut cha o s

 Fig.4 sho w s the sp ectrum  o f  8-inp ut cha o tic  p ulses 
w hich are f ed  into  m ultip lex er. Fig. 5 sho w s no n-f lat 
cha o tic  p ulses a f ter  EDFA  w itho ut o p tim iz atio n. These 
uno p tim iz ed  c ha o tic  signa ls a re f ed  to  GFF f o r 
o p tim iz atio n and  p ro d uces f lattened  a nd  higher  p o w er  
EDFA  gain p ro f ile as sho w n in Fig. 6. Fig. 7 sho w s the 
gain p ro f ile c o m p a riso n b ef o re and  a f ter  o p tim iz atio n.

Fig. 4. 8-Inp ut DW DM  cha o tic  signa ls

Fig. 5. Uno p tim iz ed  8-DW DM  o utp ut cha o tic  signals
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Fig. 8. Co m p a riso n o f  c hao s at 1 93.0  THz  to  1 93.1  THz

Fig.9. Co m p a riso n o f  c hao s at 1 93.2  THz  to  1 93.7 
Thz

 Fig. 1 0  c lea rly  d ep icts that synchro niz atio n p lo t is 
w o rst f o r  f irst tw o  channels b ec ause their  f requencies 
are lo w er am o ng all the channels and  recip ro c a lly  
w avelengths are higher, resulted  f ro m  transf erence o f  
energy  f ro m  the o ther  six  lo w ers w avelengths. This 
ef f ect is d ue to  Ram an c ro sstalk.

Fig.1 0 . Synchro niz atio n d iagram  at 1 93.0 THz  and  
1 93.1 THz

Fig. 6. Op tim iz ed  o utp ut cha o tic  signals (A f ter  gain
f lattening f ilter)

 The co m p a riso n clea rly  d ep icts that o p tim iz ed  
gain p lo t is f lat and  im p ro ved  w hereas uno p tim iz ed  
gain p lo t is no t f lattened . Fig.8 sho w s the c o m p a riso n 
o f  inp ut cha o s to  o utp ut cha o s f o r  f irst tw o  channels. It 
sho w s that inp ut and  o utp ut cha o tic  p ulses are no t 
p er f ectly  synchro niz ed . These tw o  channels a re lo w est 
in f requencies and  highest in w avelengths am o ng the 
c ho sen c ha nnels. W hile Fig. 9 sho w s the c ha o s 
c o m p a riso n f o r  the rem aining six  channels. It sho w s 
ap p ro x im ately  b etter  synchro niz atio n o f  inp ut and  
o utp ut cha o tic  p ulses. The synchro niz atio n p lo ts f o r  all 
the 8-cha o tic  channels a re also  evaluated  to  c la rif y  the 
d evia tio n. Grea ter  d evia tio n in sync hro niz a tio n 
b ec ause o f  f irst tw o  channels having f requencies 1 93.0  
THz  and  1 93.1  THz  is clea r in Fig. 1 0  w hile less 
d eviatio n d ue to  synchro niz atio n o f  rest o f  the six  
channels is sho w n in Fig. 1 1 .

Fig. 7. Co m p a riso n o f  gain p ro f iles o f  EDFA
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Fig. 1 1 . Synchro niz atio n d ia gram  at 1 93.2 THz  to  
1 93.7 THz

V. CONCL USION
 In this p a p er, c ha o tic  c o m m unic a tio n system  
c o nsisting o f  8-cha o tic  channels w ith channel sp acing 
ac c o r d ing to  internatio na l stand a r d  is p ro p o sed . The 
o p tim iz atio n o f  gain f lattening f ilter  is d o ne to  achieve 
the f lat gain o f  EDFA , w hen c ha o tic  signa ls a re 
transm itted  o ver  the o p tic al f ib er  channel. The f ib er  
im p airm ents like f o ur-w ave m ix ing and  d isp ersio n 
ef f ects causes the m ism atch o f  transm itter  and  receiver  
p aram eters. Cro sstalk in DW DM  channels d ue to  these 
no nlinear  ef f ects d isturb ed  the synchro niz atio n o f  inp ut 
a nd  o utp ut c ha o s. The m o st ef f ec ted  DW DM  
w avelengths are d eterm ined  thro ugh synchro niz atio n 
p lo ts. Chao tic  synchro niz atio n is successf ully  a chieved  
in o ur c o m m unicatio n m o d el to  rec o nstruct the signal at 
receiver  sid e. The o p tim iz atio n o f  GFF resulted  in 
b etter  and  f lat gain p ro f ile o f  EDFA  b y  achieving the 
rip p le gain o f  0 .0 7d B . Hence, b and w id th utiliz atio n is 
im p ro ved  b y  f lattening the gain o f  EDFA  and  the 
tra nsm issio n is m a d e sec ured  b y  using  c ha o tic  
sem ico nd ucto r  lasers in DW DM  enviro nm ent.

REFRENCES

[i]  Y. Fu, M . Cheng, X. Jiang, L . Deng, C. Ke, S. Fu, 
M . Ta ng , M . Zha ng , P. Shum , D. L iu. 
“W a velength d ivisio n m ultip lex ing  sec ure 
c o m m unicatio n schem e b ased  o n an o p tic ally  
c o up led  p hase cha o s system  and  PM -to -IM  
c o nversio n m echanism .”  No nlinea r  Dynam ics. 
2 0 1 8 No v 1 ;94(3):1 949-59.

[ii] P. M u, W . Pa n, N. L i. “A na ly sis a n d  
cha ra cteriz atio n o f  cha o s generated  b y  f ree-
running and  o p tic ally  injected  VCSEL s.”  Op tics 
Ex p ress. 2 0 1 8 Jun 1 1 ;2 6(1 2 ):1 5642 -55.

[iii]  B . C. L iu, Y. Y. Xie, Y. Z. L iu, Y. W ang, Y. X. Du, 
W . J. Zheng, Y. L iu. “A  no vel d o ub le m asking 
schem e f o r  enhancing security  o f  o p tical cha o tic  
c o m m unic a tio n b a sed  o n  tw o  g r o up s o f  
m utually  asynchro no us VCSEL s.”  O p tics &  
L aser Techno lo gy. 2 0 1 8 No v 30 ;1 0 7:1 2 2 -30 .

Tech nical J o u rnal,  U niversity  o f E ngineering and T ech no lo gy  ( U E T )  T ax ila,  Pak istan      Vo l. 2 3 No . 4 - 2 0 1 8
I SSN:1 81 3- 1 7 86  ( Print)   2 31 3- 7 7 7 0  ( Online)

Re
ce
iv
ed
 C
ha
os

6

5

4

3

2

1

0

Sync. Diagram  o f  Cha o s a f ter  O p tim iz atio n

0 .2
Transm itted  Chao s -3x  1 0

0 0 .4 0 .6 0 .8 1 1 .2 1 .4 1 .6

-3x  1 0



52

f ib er  am p lif ier  o ver  35 nm  b y  using all-f ib er  
ac o usto  o p tic  tuna b le f ilters.”  IEEE p ho to nics 
techno lo gy  letters. 1 998 Jun;1 0(6):790 -2 .

[x x ] M . Ha rum o to , M . Shigehara , H. Suganum a. 
“Gain-f lattening f ilter  using lo ng-p erio d f ib er  
gra tings.”  Jo urna l o f  lightw ave techno lo gy. 
2 0 0 2  Jun 1 ;2 0(6):1 0 2 7.

[x x i] A . T. A z a r, S. Va id y a na tha n, A . O ua nnas, 
ed ito rs. “Fr a c tio na l o r d er  c o ntr o l a n d  
synchro niz atio n o f  cha o tic  system s.”  Sp ringer; 
2 0 1 7 Feb  2 7.

[x x ii] G. P. A ga rw al. "No nlinea r  f ib er  o p tics."  (2 0 0 1 ): 
31 6.

[x x iii] S. Sem m a lar, S. M ala rkkan. “Outp ut Signal 
Po w er  A na ly sis in  Er b ium -Do p ed  Fib er 
A m p lif ier  w ith Pum p  Po w er  a nd  L ength 
Variatio n Using Vario us Pum p ing Techniques.”  
ISRN Electro nics. 2 0 1 3 No v 2 6;2 0 1 3.

[x x iv] G. Keiser. “O p tic a l f ib er  c o m m unic atio ns.”  
M cGraw -Hill; 2 0 0 8.

 M isran, M . M . Said , H. A. Sulaim an, M . S. 
Zainud in, M . A. M utalib . “EDFA-W DM  o p tic al 
netw o rk d esign system .”  Pro ced ia  Engineering. 
2 0 1 3 Jan 1 ;53:2 94-30 2 .

[x vi] S. Iqb a l. “Per f o rm a nc e a na lysis o f  EDFA  
am p lif ier f o r  DW DM  system .” InCo m p uting f o r  
Sustaina b le Glo b al Develo p m ent (INDIACo m ), 
2 0 1 4 Internatio na l Co nf erence o n 2 0 1 4 M ar  5 
(p p . 840 -843). IEEE.

[x vii] R. H ui R, M . O ' Sulliva n. “Fib er  o p tic  
m easurem ent techniques.”  A c a d em ic  Press; 
2 0 0 9 Jan 2 1 .

[x viii]C. R. Do err, K. W  Chang, L . W .Stulz , R. 
Pa f c hek, Q. Guo , L . B uhl, L . Go m ez , M . 
Ca p p uz z o , G. B o gert. “A rra y ed  w a veguid e 
d ynam ic  gain equa liz atio n f ilter  w ith red uced  
insertio n lo ss and  increased  d ynam ic  range.”  
IEEE Pho to nics Tec hno lo gy  L etters. 2 0 0 1  
A p r;1 3(4):32 9-31 .

[x ix] H. S. Kim , S. H. Yun, H. K. Kim , N. Park, B . Y. 
Kim . “A ctively  ga in-f la ttened  er b ium -d o p ed  

Tech nical J o u rnal,  U niversity  o f E ngineering and T ech no lo gy  ( U E T )  T ax ila,  Pak istan      Vo l. 2 3 No . 4 - 2 0 1 8
I SSN:1 81 3- 1 7 86  ( Print)   2 31 3- 7 7 7 0  ( Online)


