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Abstract: Optical communication is an effective system to achieve the high-speed data transmission for long distance. The main factor
that affects the optical communication is dispersion. Dispersion leads to reduction of the system performance and Q-factor. Dispersion
can be compensated using various techniques. Major techniques are compensation using Dispersion Compensating Fiber (DCF), Fiber
grating technique, and Delay Line Filter (DLF). Analysis has been performed on the Bit Error Rate (BER) and Quality Factor (Q-Factor)

of various schemes based on Eye Opening Penalty (EOP) with BER analyzer for dispersion compensation. It has been concluded that
Impulse Invariant Response (IIR) based DLF at average results in 50% of better compensation when compared Fiber Bragg Grating

and DCF based compensation techniques. The power of the received signal when transmitted at 0 dBm for 120 kms is =12.325 dBm
which is the optimum power in which the signal can be received without distortion.
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Analiza ucinkouvitosti disperzijskih
kompenzacijskih nacrtov z linyjskim kasnilnim
sitom

Izvlecek: Opti¢ne komunikacije so uc¢inkovit sistem za hiter prenos podatkov na dolge razdalje. Glavni dejavnik, ki vpliva na opti¢ne
komunikacije je razprsitev (disperzija). Razprsitev vodi v zmanjsanje sistemskih zmogljivosti in faktorja Q. Razprsitev je mogoce
kompenzirati z razlicnimi tehnikami. Glavne kompenzacijske tehnike so kompenzacija z uporabo vlaken za kompenzacijo disperzije,
tehnike vlakenske periodi¢ne strukture in linijskim kasnilnim sitom. Opravljena je bila analiza pogostosti bitne napake in faktorja
kvalitete (faktor Q) razli¢nih nac¢rtov kompenzacije disperzije, ki temelji na odprtosti o¢esnega diagrama z analizatorjem pogostosti
bitnih napak. Ugotovljeno je bilo, da linijsko kasnilno sito z neskon¢nim impulznim odzivom v povprecju doseze 50% boljso
kompenzacijo v primerjavi s kompenzacijskima tehnikama vlakenske Braggove periodi¢ne strukture in viakna za kompenzacijo
disperzije. Pri oddajni moci 0 dBm je moc¢ sprejetega signala po 120 kilometrih —=12.325 dBm , kar je optimalna moc¢ pri kateri je
mogoce signal sprejeti brez popacenija.

Klju¢ne besede: linijsko kasnilno sito, BER, factor Q, kompenzacija razprsitve
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1 Introduction

formation passes through the optical fiber experiences

Optical communication is the methodology that al-
lows light through an optical fiber for transmitting in-
formation from one place to another. The three basic
components for optical transmission systems are fiber
medium, light source and light detector. The commu-
nication channel must allow the optical signal to reach
the receiver without any distortion by the channel. In-
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dispersion and attenuation which is the main factor
that affects the communication. Mostly the lightwave
system uses optical fibers as the communication chan-
nel. The reason is that silica fiber can transmit light with
very few losses. Even then, optical power reduces to
only 1% after 100 km. Hence, fiber losses are always
an important design issue. This can be reduced by the
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use of a repeater or amplifier. Fiber dispersion is also an
important issue which should be taken care during the
fiber designing. The transmitted signal will be degrad-
ed if optical pulses spread significantly outside their
allocated bit slot. It becomes difficult to recover the
original signal with high accuracy [1]. The optical sig-
nal in the fiber experiences various non-linear effects
like Raman scattering and Kerr Effect. They both limit
the received signal in fibers. Also, the signal experi-
ences various dispersion like chromatic dispersion and
polarization mode dispersion, which makes fibers not
practical for long distance communication [2]. Recent-
ly, research in dispersion compensation of fibers have
gained momentum with increase in demand for high
bandwidth communication systems. With increase in
need for high capacity and high speed communica-
tion systems for future, dispersion compensation tech-
niques for long distance fiber communication is now
necessary [3]. Fiber-Optic dispersion compensation
on optical transmission systems is studied using vari-
ous techniques. In order to improve the overall system
efficiency and to reduce the dispersion which leads to
transmission degradation, several dispersion compen-
sation techniques were proposed [4]. The techniques
which act as the solution for dispersion compensation
is broadly classified as: Dispersion Compensation Fib-
ers (DCFs), High-Order Mode (HOM) Fiber, Fiber Bragg
Gratings (FBG), and delay line filter. Li. L. et.al discussed
about the use of ring resonators acting as passband
microwave photonic filter in order to perform disper-
sion compensation [5]. Poornachari, P. et.al discussed
about using Side Couple Integrated Space Sequence of
Resonator (SCISSOR) acting as delay line based All Pass
Filter for dispersion compensation [6]. Also, Disper-
sion is compensated at the receiver end using Digital
Signal Processing techniques. K. Zhong et.al discusses
the application of signal processing at receiver end for
dispersion compensation in short Optical communi-
cations [7]. Kakkar, A et.al discusses the application of
digital signal processing at both receiver end and at
transmitter side for dispersion compensation [8]. Dis-
persion is also compensated in electronics means by
pre-processing the signal and compensating it for dis-
persion at the transmitter end by substituting the sig-
nal using 2n bit look up table [9]. Also M. A.llgaz, etal.,
discussed a flexible approach to combating chromatic
dispersion in a centralized 5G network which will be fo-
cused in the future work of this paper [10].

In this paper, we have designed a novel DLF IIR filter
and the performance of IIR based DLF for dispersion
compensation is compared with Dispersion Compen-
sation Fiber and Fiber Bragg grating. The above men-
tioned techniques under goes various disadvantages
like manufacturing cost, complex design, reduced flex-
ibility, mainly length of the fiber. The distance of 120
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kms can be covered using DLF IR filter. Also it increases
the speed of execution. The computational complexity
is greatly reduced by this method and improves the
performance of the interlever. The main advantage of
this method is that it can be used to design the band
pass filter without specifying the transition regions.

2 Dispersion compensation techniques

In an optical medium Dispersion Compensating Fiber
(DCF) provides a large negative value of chromatic dis-
persion at the operating wavelength. Depending on
the placement location of dispersion compensation
fiber it is classified as pre, post and mix compensation.
Dispersion compensation fiber is used to achieve the
perfect compensation. The condition for perfect dis-
persion compensation is [11]:

(M

Dgyye = Lpep Dper
Where Lo the length of the Single Mode Fiber (SMF)
in the link, LDCF-the length of the DCF is used to obtain
dispersion compensation, while D, and DDCF gives
the dispersion values for the single mode fiber and
dispersion compensation fiber respectively. The pulse
spread due to chromatic dispersion is given [11] in the
equation (2).

At =LD(A)AA 2)
Where, t is Pulse Spread (ps); L defines Fiber Length
(km); D(A) denotes Chromatic Dispersion factor (ps/
nm-km); A represents Operating Wavelength (nm); AL
is Spectral Width of the transmitter output (nm)

2.1 Pre-compensation Technique

In pre compensation technique the single mode fiber
is placed after the dispersion compensation fiber. The
dispersion compensation fiber experiences the posi-
tive dispersion and while single mode fiber which al-
ready has negative dispersion when they connect to-
gether the dispersion gets compensated. So that the
data in the receiver experience no distortion [12-15].

2.2 Post-compensation Technique

In post compensation technique the single mode fiber
is placed before the dispersion compensation fiber. The
single mode fiber produces the negative dispersion
whereas dispersion compensation fiber which already
has positive dispersion when connected together gets
compensated and reaches the receiver without any dis-
tortion. The post compensation technique consists of a
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receiver with pin diode and BER analyzer, and transmit-
ter with laser source. The transmission channel has sin-
gle mode fiber followed by DCF. In the post compen-
sation technique the dispersion is compensated at the
receiver end [16-17].

2.3 Mix compensation Technique

Mix compensation is a technique in which dispersion
is compensated in both transmitter and receiver side
where the dispersion compensation fiber is placed be-
fore and after the single mode fiber which results in
increases performance compared with other compen-
sation technique [20-22]. Figure 1 shows the block dia-
gram of Mix Compensation technique as pre and post
compensation can be achieved by modifying mix com-
pensation. By considering the various types of nonlin-
ear effects based on optical transmission, the Erbium
Doped Fiber Amplifier (EDFA) system is utilized. Ac-
cording to the placement of DCF and SMF, dispersion
compensation using compensation fiber is analyzed.

2.4 Fiber Bragg Grating

A FBG is one of the methods of distributed Bragg re-
flector to reflect back the particular wavelength of light
and transmit remaining. This is achieved by creating
periodic variation in the refractive index of the fiber
core [23].

NRZ
SEQUENCE
GENERATOR
LASER . . OPTICAL BER
[ SOURCE MODULATOR DCF SMF DCF REGEIVER ANALYZER J

Figure 1: Block Diagram of Mix Compensation Tech-
nique

At each periodic refraction there is change in a small
amount of reflected light. At a particular wavelength
all the reflected light signals combine uniformly to one
large reflection. This is referred to as the Bragg condi-
tion, and the wavelength at which the reflection oc-
curs is known as the Bragg wavelength. The non-phase
matched wavelengths are transparent fiber Bragg grat-
ing

The grating equation is [24],

A (sinsin6, — sin6,) = ni (3)
Where ©, and 0, are incident and diffracted angles.

The imprinted grating [24] can be represented as
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n(z)z n, +5n[1+cos2—jiz} 4)

where, n_is refractive index of core, §_is photo induced
change in index

The reflection wavelength is given as Morage = 2An . and
the peak reflectivity for the grating length of L and the
coupling coefficient x is given by,
R, =tanh®(xL) (5)
The full bandwidth in which the reflectivity [24] can
have is

2
Bragg

Ad= (L) +7° }5

7n L
2.5 Delay Line Filter

Chromatic dispersion can be compensated using the
optical filter in fiber communication. Optical commu-
nication is a way of transmitting the information by
modulating the light signal with the information signal.
The mathematical operation on a sampled, discrete-
time signal to reduce or enhance certain conditions of
that signal is performed in the digital filter. Two types
of digital filters are recursive filter and non-recursive
filters [25]. Delay line recursive filter is analyzed here.
These filters are realized in the optical domain which
comprises unit delay, weight element and adders.
The input field is splitted into M+1 different elements
in turn will be delayed separately by multiples of unit
delays. Filter order can be determined by the highest
delay. The multiple copies of the input field are recom-
bined in the final stage.

The input field,

E =E, (1)

The output field composite of

E =bE +be’ " E +be’"
Thus, the filter transfer function will be

H(e)= 3 pe

Setting Z = ¢/“%, transform of the filter will be

H(Z)=Y" 07"
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The DLF with the source of 1550nm is proposed in Fig-
ure 2 [26].

PRBS

Data
Source

cw Delay Line
[ Laser Filter Hopuca\ Rece\v%

Figure 2: Optical link for system simulation
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3 Implementation of DCF

Various Dispersion Compensation Modules (DCM) are
implemented using Optisystem. Optisystem is a rapidly
evolving software design tool that enables the user to
design, test, and simulate the optical communication
systems comprised of all optical components and also
helps us to visualize the analysis for the optical link. Im-
plementing realistic modeling of fiber-optic communi-
cation systems is more complex in which optisystem
can offer a system level simulator for the design for the
transmitter, channel, amplifier, and receiver models of
the optical system. Initially compensation with disper-
sion compensation fiber is performed. Fiber-Optic dis-
persion compensation on optical transmission systems
is studied using various techniques. In order to improve
the overall system efficiency and to reduce the disper-
sion which leads to transmission degradation, several
dispersion compensation techniques were proposed.
Depending upon the placement of the dispersion
compensation fiber the dispersion can be compensat-
ed pre, post and mix compensation method. The mix
compensation portion is blocked in the layout. Trans-
mitter system consists of the laser source, Non-Return-
to-Zero (NRZ) waveform and Mach Zehnder modulator.
NRZ waveform is generated from the binary values of
Pseudo Random Binary Sequence (PRBS) at length of
128 bits, is provided to the Mach Zehnder modulator
at a data rate of 10 Gbps. The communication system
can be divided into three parts they are transmitter, re-
ceiver and channel.

=
F e M : = | BER Analyzer
Length = 24 Km Length=120 Km EDFA i
2 @ 84 ()]
<4 <&
EDFA DCF EDFA SMF i
010t Length = 24 Km Length = 120 Kmi
PRBS
7 ]
¥oooEm e

CW Laser Mach-Zehnder. Modulator

Optical Power Meter

Photodetector PIN Low Pass Eessel Filter

Oscilloscope

Figure 3: Simulation Layout of mix-Compensation
Technique
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The channel is the main area for the occurrence of
the dispersion hence the compensation is mainly per-
formed in the communication channel. As like the pre
compensation technique the post compensation per-
forms the same operation where the placement of the
dispersion compensation fiber is after the SMF.

Figure 3 shows the simulation layout of the mix com-
pensation technique. The mix compensation technique
can be used for long distance communication. Since
the dispersion is compensated in both the transmitter
and the receiver side. This technique shows better per-
formance compared to the pre and post compensation
technique. Simulation layout shown in Figure 4 which
clearly gives the arrangement of FBG.

The simulation of the DLF using lIR filter is given in Fig-
ure 5. Transmitter system consist of the laser source,
NRZ waveform is generated from the binary values
of PRBS at length of 128 bits, is provided to the Mach
Zehnder modulator at a data rate of 10 Gbps.

1=

BER Analyzer

PRBS NRZ Pulse

CW Laser  Mach-Zehnder Modulator

Photodetector PIN Low Pass Bessel Filter
Figure 4: Simulation Layout of Fiber Bragg Grating

In which the BER and Q-factor can be analyzed us-
ing a BER analyzer. In this technique the dispersion is
compensated using the delay line filter. The post com-
pensation technique used in the DLF dispersion com-
pensation, where the placement of delay line filters is
followed by the single mode fiber.

The simulation of the DLF using IIR filter is given in Figure
5 from which the BER and Q-factor can be analyzed using
the BER analyzer. In this technique the dispersion is com-
pensated using the DLF. The post compensation tech-
nique used in the DLF dispersion compensation, where
the placement of DLF is followed by the single mode fiber.

ok HW Lo ! BER Analyzer
SMF — :
Lengh=120Km  Opfical IR Fiter ~ °Dr 2
0, i
ek
CWlLaser Mach-Zehnder Modulator ~ Loop Control ~ TnOt0dSFERrPIN. 10 pacs Bessel Filter
Nttt i

Oscilloscope
Optical Power Meter

Figure 5: Simulation Layout of Delay line IIR Filter
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4 Simulation results

The simulations of each technique are shown in this
session. 0 dBm power is used for the transmission link.
The results are analyzed at the receiver part which
consist of a photo detector, electrical filter and BER
analyzer where the eye pattern is analyzed. The inputs
given to the BER analyzer are from PBRS at the length
of 128 bits, NRZ and the output from low pass Bessel
filter. Table 1 gives the BER pattern comparison of pre-
compensation, post-compensation and mix-compen-
sation. The Q-Factor and minimum BER for the com-
pensation techniques are analyzed using BER analyzer.
The Eye pattern for the simulation of pre, post and mix
compensation techniques are given in Table 1.

Table 2 shows the performance comparison of Q-factor
and Minimum BER. BER patterns are also analyzed us-

ing eye opening penalty which is shown in Table 1.

Table 1: Comparison of BER pattern for Pre, Post, Mix
compensation techniques

Parameter Q-factor Minimum BER

Pre
Compensation

Post
Compensation

Mix
Compensation

It is found that mix compensation gives better per-
formance compared to the pre compensation and
post compensation technique [26]. Also, the method
of pre-compensation would not be suitable for sys-
tems that have variable distortion like polarization
mode dispersion. Post compensation would be better
equipped to handle variable sources of dispersion. But,
having compensation at transmitter end and receiver
end would result in better performance as seen above,
but increase in performance also increases the cost of
deployment of the system. Delay line based post com-
pensation gives better performance than mixed form
of compensation without the expense of increasing
the cost of the system. From the comparison Table 2
the Q-factor and Min BER are also analyzed for various
dispersion compensation techniques. It is clear form
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the result that the delay line IIR filter gives better per-
formance.

Table 2: Comparison of Q-Factor and Minimum BER
values

Pre Compensation 489907 |4.71181 x 10A-7
Post Compensation 496922 |3.26974 x 10A-7
Mix Compensation 5.7533  |4.23322 x 10A-9
FBG 6.16313 |3.56x 10/A-10
Delay Line IIR Filter 11.08 6.8 x 10/A-29

Table 3: Comparison of received power with various
dispersion compensation techniques.

Compensation Received Power in dBm

Techniques
DCF - Pre Compensation -13.120
DCF - Post Compensation -12.109
DCF — Mix Compensation -10.125
FBG -17.235
Delay Line IIR Filter -12.253

Table 3. shows the received power when a NRZ signal
is transmitted in a fiber of length 120 kms. Power pen-
alty for Delay line IIR filter is similar to other compensa-
tion techniques. However, delay line IIR filter results in
a much better BER and Q-Factor when compared with
other compensation techniques. Though DCF based
mixed compensation technique produces better re-
sults when related with power, mix compensation re-
quires use of two identical compensation components
at the transmitter and receiver end which increases the
complexity of the system. From the values of BER and
Q-Factor, it can be seen that delay line IIR filter based
dispersion compensation produces better results with

DCF
Wix Comp.
! *
DCF + Power Vales
ey Post Comp. IIR Delay Line
A2 PreComp. + .
*
4
-1 Fiber Bragg
Grating
.
-18
-20
DCF DCF oG =
Pre Co Post C ion Mix C

2 Delay Line
COMPENASATION TECHNIQUES @

Figure 6: Received Power using various dispersion
compensation techniques.
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post compensation, when mixed compensation is used
it can produce better results. But, that has been avoid-
ed as mix compensation technique can increase the
complexity of the system. Figure 6 shows the received
power when different compensation techniques are
used.

Table 4: Comparison of BER pattern for DLF using FBG
and DLF IIR Filter.

Minimum
BER

Dispersion

Compensation Q-factor

Fiber
BraggGrating

Delay Line lIR . ; i |
Filter S !

Table 5: Distance of Transmission vs Eye Height in DLF
IIR Filter

Distance Eye-Height

20 km 0.003785
40 km 0.001431
80 km 0.000205
120 km 2.9576 x 10°
160 km 3.735x10°

The eye pattern for the fiber Bragg grating and delay
line IIR filter is explained in the Table 3. Table 5. Com-
pares the distance of transmission with eye height in
DLF IIR Filter. Performance of DLF IIR filter has been
demonstrated in Figure 7.

102

10—3 L

104

Eye Height

10—5 L

10 ' ' : : ;
20 60 80 100 120 140
Distance (Km)

40 160

Figure 7: Distance of Transmission vs Eye-Height in
DLF IIR Filter
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5 Conclusions

A communication channel with laser source, NRZ
waveform which is generated from the binary values
of PRBS at length of 128 bits, is provided to the Mach
Zehnder modulator with the single-mode fiber at the
data rate of 10 Gbps for 120 km fiber is investigated. Ini-
tially, communication using single-mode fiber without
any compensation schemes are analyzed, which shows
when a signal travels for the longer distance it leads
to the pulse spreading that results in dispersion. Dis-
persion compensation simulation is performed using
various schemes and the performance has been com-
pared. The most commonly used dispersion compen-
sation techniques are pre, post and mix compensation.
The performance comparison of these techniques is
giveninTable 2. Since there is more possibility of occur-
rence of dispersion in the receiver end, post compen-
sation technique offers Q-factor of 4.96922 that gives
better result compared with the pre-compensation
technique. Mix compensation offers Q-factor of 5.7533
which is 13.5% greater than post compensation due
to the compensation of the dispersion on both trans-
mitter and receiver side of the optical link. The BER of
the pre compensation is 4.71181 x 107 which results of
greater dispersion compensation, on comparing with
the other compensation techniques.

Whereas the mix compensation scheme offers less bit
error rate of 4.23322 x 10° compared with the other
two dispersion compensation schemes for the same
optical link. Fiber Bragg grating also shows the effec-
tive result in the dispersion compensation compared
with dispersion compensation using dispersion com-
pensating fiber are next investigated. Ideal dispersion
compensator FBG is used to provide effective Q-factor
of 6.16313 which is 6.65% greater performance than
Mix compensation and also offers a bit error rate of
about 3.56 x 107°. This is because of low insertion loss.
Finally, the delay line filters in dispersion compensa-
tion are also discussed. The IIR filter delay line is used
to achieve better performance than other compensa-
tion techniques. The effective result can be achieved
by the possible utilization of the feedback loops. On
comparing the performance of the delay line filter with
the other techniques, it is found that the Q-factor for
delay line lIR filter of 11.08 which is 47.18% greater than
Fiber Bragg grating and provides a minimum BER of 6.8
x 10A-29. Also, the lIR filter gives 50.7% higher Q-factor
than Mix compensation schemes. So that the perfor-
mance of delay line filters is efficient than other dis-
persion compensation schemes. In this work, a novel
DLF IIR filter is designed, and performance of the filter
is compared with other compensation techniques. The
cost of implementing IIR filters to compensate disper-
sion is minimal compared with pre, post and mix com-
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pensation techniques used in optical systems because 8.
the components used to design the dispersion com-
pensation fibers are expensive.
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