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Abstract — An increasing needs of a high bit rate transmission systems encourage the communication engineers to design a 
better system. In practical, a 40  Gbps rate of transmission can only be achieved in a fiber optic system. Although this performance 
can be achieved through this media, the disturbances such as dispersion and non linearity which can be manifested into a pulse 
broadening may occur during the transmission system. Since this phenomenonis caused by the Group Velocity Dispersion (GVD) 
in a high bit rate fiber optic, a careful consideration on the effectiveness of the systems is needed. A numerical approach in this 
paper used a novel analysis method of high order NLSE with a Split Step Fourier Method. The aims of this proposed model is to 
find a suitable value of the dispersion constants in terms of  and which are assumed to be a part of second and third order 
dispersion respectively. To reduce the effect of pulse broadening, this paper proposed an novel approach through the value of pulse 
broadening ratio and intensity. Consequently, it is found that a negative pre-chirping in the averaged value of 1.8944 and C=-2 
have the best result among others in a Gaussian signal simulation. 
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I. INTRODUCTION  

The rapid development on a high speed 
telecommunication technology  has been reached its peak of 
demand. The user needs a super speed, real time, and a long 
distance transmission to full fill their needs of social media 
and daily needs. Internet, cable TV, and telecommunication 
network nowadays need at least 10 to 40Gbps to reach its 
stated requirements [1]. 

Several research on transmission and light wave  
waveguide has been done in laboratories worldwide and 
consequently only fiber optic which are compatible and 
reliable with the requirements since the total internal 
reflection system can ensure the stability of its speed [4]-[8]. 
The speeds are depend on the speed of light and its medium 
index. As it dependencies to the light speed and medium 
index, the non linear and high dispersion effects may occur. 
These effects can be manifested in several disturbance in the 
transmission signal. One of its significant effects is the pulse 
broadening. Further discussion and its characteristics will be 
discussed in the next sessions. This effect may occur in a 
long-haul and high speed fiber optics [27].Several research 
within the mathematical approach of Maxwell equation has 
been done to increase the efficiency of the transmitted  
signal.  

Due to its complicated vector dimensions, the Non Linear 
Schrodinger Equation (NLSE) were attributed to simplify its 
forms into a sequence of equation [5],[7],[28]. The NLSE 

are represent the facts that the two main effects which are 
dispersion and non-linearity are occur through the 
transmission system and distort the input pulse signal [3]. 
As our concentration is the pulse broadening which is a part 
of the linear term of NLSE, so its sequence has to be 
classified and separated with respect to its non linear term. 
A numerical approach such as Split Step Fourier and 
Symmetrized Split Step Fourier Method were applied to the 
equation to have a better performance in terms of high 
orders accuracy. These methods may reach second and third 
order of accuracy to provide an easier  way to analyze the 
effects within the numerical approach. 

 

II. PULSE BROADENING AND GROUP VELOCITY 

DISPERSION (GVD)  

Since the telecommunication has been developed, the 
users demands on bandwidth in all network areas from long-
haul to network are growing continuously. Consequently, 
the more bandwidth needed for the required system, the 
more cost needed to develop the system. In this case, the 
telecommunication carriers may prefer to increase the 
capacity of their existing fiber transmission links within the 
dense wavelength division multiplexing (DWDM) system 
application or using a high bit rates system. 

Nowadays, the highest bit rate of fiber optic links areup 
to 40 Gbps [27]. In this specification, the power input 
needed to transmit the signal were also high so that the 
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system needs to be employed carefully due to several effects 
arise from this performance.  

In  fiber optic transmission system, quality of service for 
the user is one of the most critical issue over decades. One 
of its major obstacle to transmit a better quality of data 
transmission is chromatic dispersion. The chromatic 
dispersion is generated when an electromagnetic waves 
react with electrons which surround the sides of a dielectric 
boundaries, then it will lead to the dependence of the optical 
response of the medium to the frequency (ω) which is 
known as chromatic dispersion. The primary cause of the 
chromatic dispersion is the fact that different spectral 
components of light impulse propagate in the optical fiber at 
different speeds. That phenomenon leads to the different 
time of arrival to the end of the fiber, impulse width 
increases and inter-bit spaces narrowing. Consequently , the 
receiver may hard to recognize the logical value of the 
binary and the distortion of transmitted information will 
increase the BER. 

The existence of chromatic dispersion differ into two 
common dispersion which are material dispersion and 
waveguide dispersion. The material dispersion cause 
changes in the medium index which are depend on the 
change in frequency. That is the basis for the formation of 
non-linear effects in optical fiber transmission systems. 
Basically, the chromatic dispersion is derived from the 
reaction which are generated when it absorbs the 
electromagnetic radiation while the resonant frequencies 
occured. The dispersion effects in a fiber has an important 
role in a short optical pulse propagation due to the 
differences in the spectral components associated with the 
different velocity of pulse propagation. 

 
        																																																																									 1  

 
It is clearly described by the equation (1) the velocity of 

its pulse propagation is directly proportional with speed of 
light  and depends on the medium index . 

Furthermore, the waveguide dispersion is caused by the 
boundary condition at the fiber surface which are influenced 
by geometrical parameters along the fiber. The fiber 
geometrical parameters are the transversal profile of the 
refractive index and the fiber core radius with respect to the 
signal wavelength ratio [1]. Consequently, it leads to the 
decresing speed of light within the fiber optic. 

Before modelling the chromatic dispersion into the 
simulation, the expansion of the mode propagation constant 
or  can modeled by describing the propagation constant (β) 
in a Taylor series as follows: 

 

																       ...                                (2) 

 

Where  is the angular frequency and the  is the 
frequency dependent refractive index. For each row 
constants (βm) is expressed by the following equation: 

 

																						 	 0,1,2,3, … 															(3) 

 
The parameter β0 is involved in the phase velocity	 	of 

the optical carrier defined as : 
 

																																				 																																 4  

 
β1 and β2 parameters are related to the refractive index n 

and its derivatives within the following equation: 
 

																	 																																		(5) 

 

																									 2 																																					(6) 

 
From the equation (4)-(5) show the group index (ng) and 

the group velocity (vg). The β1 determines the group 
velocity which is related to the mode propagation constant 
β. In addition, physically when the pulse envelope moves 
with the speed of group velocity, β2constant represents the 
dispersion of the group velocity and responsible for the 
formation of the pulse shape widening (pulse broadening) 
[2]. This phenomenon is known as the group velocity 
dispersion (GVD) and β2is the parameter of GVD. 

In Fig.1, we see that the value of β2 will be zero when the 
wavelength reaches 1.27 µm and has a negative value. This 
wavelength is known as the zero-dispersion wavelength and 
denoted by λD. Although β are negligible when it reaches 
λ=λD, the dispersion effects are still remain in the system. 

The pulse propagation wavelength which approach this 
condition requires the additional cubic term of the Taylor 
series dispersion constants (β3)[3]. 

The Coefficient of β3 which will be added in the equation 
is called the third order dispersion (TOD). The higher the 
order of dispersion equation, the higher the likelihood where 
an interference will occur on a short optical pulse in terms 
of linear and non-linear respectively. However, the presence 
of TOD (β3) affects only when λ approaching λD within a 
few nanometers. The magnitude of the effect D depends on 
the constant of dispersion and described by the following 
equation: 

 

                            																						(7) 
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Fig.1.Wavelength value within the increasing value of [2] 

 
Pulse broadening effects may vary qualitatively and 

depend on the GVD value whether it is either negative or 
positive. That phenomenon are due to the nature of the 
magnetic field  wave propagation Hin a normal dispersion 
range. When the value of frequency is getting bigger (blue-
shifted), it will propagates slower. In an opposite way, when 
the value of frequency is getting smaller (red-shifted), it will 
propagates faster. The nature of these waves are related to 
the optical propagation when the value of λ <λD, the fiber 
will show a normal dispersion effect due to the value of β2> 
0. However, for the value of λ> λD, the fiber will show 
anomalous dispersion effects due to the value of β2 <0. The 
anomalous dispersion  is the most important part of this 
study as the soliton may propagate with the balance between 
the dispersion and non-linear effect. 

 
 

III. LENGTH OF DISPERSION 

One of the most critical parameter that govern the effects 
of chromatic dispersion imposing on the transmission length 
of an optical system is known as the dispersion length LD. 
Conventionally, the dispersion length LD corresponds to the 
distance after which a pulse has broadened by one bit 
interval. The chromatic dispersion coefficient  is a 
primary parameter. It determines the size of the chromatic 
dispersion and described by the following equation :  

 

																																											 																																			 8  

 
Within the transmission system, chromatic dispersion 

which is one of the most critical factor which affected the 
quality of service through the maximum length of 
transmission Lmax. For a fiber assumed that it has no 
chromatic dispersion can be defined using the following 
equation : 

 

																														
104.000
.

																																									 9  

 
 

TABLE I. MAXIMUM REACHABLE DISTANCE FOR VARIOUS 
NRZ PULSE SPECTRAL WIDTHS AND FIBER. 

Bit Rate [Gbps] D[ps/nm.km] Lmax 
10 1000 63 
40 60 4 
100 16.75 0.6 

 

IV. PROPOSED MODEL 

 

A. Non Linear Schrodinger Equation 

As mentioned in the previous part, the dispersion and 
non-linear effects that occur during the process of light 
propagation in the optical transmission system. To maintain 
the length of propagation and its 40 Gbps high bit rate, the 
performance dependencies with respect to those effects are 
not able and continuously depicted within the NLSE model . 
This study uses a reference of Silica Glass Fiber as a 
reference of research because this type of fiber is widely 
used in several optical communication systems[5].  

To simplify the modelling of dispersion and non linearity 
effects in NLSE, we assume that the input signals are in the 
form of Gaussian and it is necessary to analyze each of the 
dispersion and non linearity parameters before we combine 
them into a complex high order non linear schrodinger  
equation with Gaussian input. There are some effects 
parameters such as attenuation ( ), dispersion , and non 
linearity ( ) . Those effects were then combined into a form 
of slowly-varying envelope amplitude A(z,t) [3], then 
transferred into a frequency domain by a  Fourier transform 
and finally simplified into a form of differential function [7] 
is as follows : 

 
 
,

2
,

2
,

 

 

																					 , | , | , 																						(10) 

 
 
One of the factors that limit the performance of  

transmission capacity of the fiber optics communication 
channel is the chromatic dispersion[4]. The rate at which the 
data can be transported on a single fiber is limited by a pulse 
broadening due to chromatic dispersion. In this paper, we 
present a mathematical approach that can be applied for 
analyzing higher-order chromatic dispersion in single mode 
Silica fibers. In this regard, at first a closed formula is 
presented for finding the exact values of the derivatives of 
the refractive index with respect to wavelength, then the 
Taylor expansion of the propagation constant were used at 
through the zero dispersion wavelength [3]. Our limitation 
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to the high order dispersion are within the order of cubic 
terms as follows : 

 

 

												
1
2

 

											                                                  (11) 

 
TABLE II. EXPERIMENT CHARACTERISTICS OF HIGH 

DISPERSION SYSTEM. 

Variables Value [unit] 
	 	  0.00064 W 
	 	  1e-13 s 

2 	 	  -10;-20;-30;-40;-50 
ps2/km 

3 	 	 0.1 ps3/km 
	 	 0.003 W/m 

	  0.0019;0.03;0.09; 

0.1  
	 	 	  -3;-2 ; 0; 2;3 

 
The parameters in (2) are the group velocity Vg 

parameter (β1), GVD (Group Velocity Dispersion) 
parameter (β2), and third order dispersion parameter (β3). 
The other approach to reveal the effect due to the 
parameters are a chirping (when the C constants value are 
either positive or negative) from -3 to 3. 

Furthermore, the Split Step Fourier Method (SSFM) were 
applied to the system within this equation : 

 

																															 12  

 

B. Split Step Fourier Method (SSFM) 

SSF method is an efficient numerical technique to model 
the NLSE [10]. In the assumption of SSF method, the effect 
of linear and non linear are divided into two parts 
respectively with respect to the length of propagation inside 
the transmission system. Within the mathematical approach 
and several Fourier transformation in the SSF method pre-
formulation, the following equation were obtained : 

 

2 6 2
																										 13  
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1
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In fact, both dispersion and non linear effects  are 

actually occur simultaneously in the fiber optic transmission 
system. However, those effects are considered over a step 
size distance of signal propagation length which are 
described as h and z. The step size h in the implementation 

are defined as the divided total length of fiber propagation 
length. For each segment, the computations of the system 
are initialized within the process of each segment of the 
following equation : 
 

, , 										 15  
 

The first step is done when the  operator assumed to be 
dominant upon the propagation signal and the  is assumed 
to be zero. The second step were done in the opposite way 
as in equation (16). 

In this method the analysis will be performed in the 
maximum of the second order term of accuracy only. It is 
possible due to the number of Fourier integration parts 
which is equals to two step. Consequently, the numerical 
approach has a maximum of second order sequence. 

 
, 	 , 								 16  

 

C. Symmetrized SSFM 

To improve the accuracy of the modelled system, then in 
the next method, each of the segment is further divided into 
two halves each of length h/2 and the  non linearity is 
lumped at the middle of each segment. This method is called 
symmetrized SSFM due to the half part of length 
propagation z are defined as the dispersion part and the 
middle one is assumed as the non linearity segment.  

 

, ,

																										 , , ⋯ ,                (17)   

   

, ,

																											 , , ⋯ ,               (18)   

       
This paper used this terms of SSF method to determine 

the propagation terms inside the fiber optic communication 
for maximum third order accuracy as in equation (17) . The 
high accuracy is possible due to the existence of three fast 
Fourier transform operator in the modelled equation. In the 
symmetrized SSFM, the NLSE were also divided into two 
terms which are : 

 

,
2

 

 

2
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Figure 2. (a) Soliton pulse with chirping C=2. (b) Soliton pulse with 
chirping C=3 (c) Soliton pulse with chirping C=-2. (d) Soliton pulse with 

chirping C=-4 

 
In that equation, several mathematical approach were 
applied to the equation and the result show that the most 
likely form of trapezoidal rules of numerical approach were 

applied to the system due to its form of h/2 part of 
symmetrical propagation length of z in the small scale of 
propagation length unit h. 
 

,

	 	

,                                                                                                                        (20) 

 
In the symmetrized SSFM, computations are started with 
the slowly varying envelope A(z,t) propagate along the 
distance of h/2 and for the first assumption the dispersion 
and fiber loss are considered to be first calculation. 
Furthermore, the output field at the mid plane (z+ h/2) is 
multiplied by the non linear terms (11) in the whole 
segments over z. Through these processes, the performance 
degradation can be revealed. 
 

V. RESULTS AND ANALYSIS 

This research aims are to determine how the influence of 
high order dispersion effects and non-linear occur in an 
optical fiber transmission system with the bit rate of 40 
Gbps and long distances (long-haul and high bit rate 
transmission). The need for specification is certainly a 
challenge ones because to maintain signal quality at high 
speed and far distances require special attention to prevent 
loss in the transmitted signal. It is intended for users who 
use fiber optics for a variety of applications able to enjoy a 
good quality of service. To that end, various methods 
performed to determine the interference process that occurs 
in the transmission line. 
 

A. Second Order Analysis Method (SSFM 

Based on the simulation results obtained with respect 
to the second order dispersion and non-linear effects, it was 
found that in Table 3 which is a simulation of Pulse 
Brodening Ratio (PBR) calculation. As the value of each 
PBR are obtained, the mean value can be determined using 
the simple mean statistics formula which is the ratio 
between the summation of all PBR values over the number 
of PBR value obtained. The best PBR mean were obtained 
when the chirping value is negative C=-2 and the value of 
non-linear value remain constant at 0.003W/m. 

 
	 	 	

	 	 	
															 21  
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Where the average value of PBR at the time of the negative 
Chirpie C=-2 and non-linear constant value which remains 
shows the average PBR with a value of Area2.The average 
value is the lowest of the overall results of the simulation. 
So it can be said that the negative chirping operation on the 
input pulses in optical fiber transmission with a constant 
non linearity value remains constant is the best solution to 
reduce the effects of pulse broadening and non linear 
oscillations. 

 
TABLE III. PBR VALUE FOR CONSTANT NON LINEAR VARIABLE 

 
POSITIVE 

CHIRP 
(C=2) 

( . ) 

POSITIVE 
CHIRP 

(C=3) (
. ) 

NEGATIVE 
CHIRP 
(C=-2) 

( . ) 

NEGATIVE 
CHIRP 

(C=-3) (
. ) 

 PBR  PBR PBR  PBR 
-10 3.2924 -10 5.11

71 
-10 2.0861 -10 3.5849 

-20 3.9731 -20 5.59
75 

-20 2.4513 -20 3.8814 

-30 4.1566 -30 5.73
94 

-30 2.5742 -30 3.9763 

-40 4.2429 -40 5.80
32 

-40 2.6339 -40 4.0219 

-50 4.2927 -50 5.84
38 

-50 2.6710 -50 4.0518 

 
For the next simulation, when the simulation systems has 
some modifications where the non linearity constants 
became inconstant variable and the were being the 
constant variable so that simulation results are listed in the 
following table : 

 
TABLE IV. PBR VALUE WITH CONSTANT  VARIABLE 

POSITIVE 
CHIRP(C=2) 

) 

POSITIVE 
CHIRP (C=3) 

) 

NEGATIVE 
CHIRP  
(C=-2) 

) 

NEGATIVE 
CHIRP 
(C=-3) 

) 
      

0.01 1.9306 0.01 4.2429 0.01 1.5487 0.01 3.1288 
0.00975 2.0251 0.00975 4.3089 0.00975 1.5876 0.00975 3.1600 
0.009 2.3116 0.009 4.4983 0.009 1.6779 0.009 3.2554 
0.005 2.6782 0.005 5.2879 0.005 2.2063 0.005 3.6838 
0.003 3.9731 0.003 5.5975 0.003 2.4513 0.003 3.8814 
 
From the results of the simulation which are illustrated in 
Figure2 (a)-(d),Table 3and Table 4. It can be seen that along 
with some variation of Chirp parameter, β2, and γ, the 
negligible Chirp value (C =0) then a pulse does not apply 
the chirping process. This causes the dispersion induced 
broadening does not depend on the sign GVD parameter (β2) 
for both negative and positive value. However, the opposite 
occurs when pulse chirping process were applied to the 
system, for the value C=2 (where C>0) shows that the 
instantaneous frequency linearly increases from its leading 
edge to trailing edge. The opposite occurs when C=-2(where 

C<0) which shows that the instantaneous frequency 
decreases linearly from the leading edge to trailing edge. It 
can be concluded that when a pulse does not applied a 
chirping process the spectral width will be limited and 
satisfy the equation ∆ 1 and with the following 
equation: 
 

1 																															 23  

 
It is indicated that the pulse broadening depends on the sign 
of the GVD parameter (β2) and the parameter Chirp (C). 
Where in a Gaussian pulse widen monotonically with 
respect to zifβ2C>0 and the opposite way may occur that the 
Gaussian pulses narrows monotonically when the value 
β2C<0. 

 
Figure 3. TOD implementation to Gaussian Results 

 
It can be seen from Table 4 that the best value of the 

average PBR is in the simulation within the Chirp value of 
C=-2. All of these values is being the smallest values when 
compared with the other average PBR-chirping simulation 
results. This proves that the value of the positive and 
negative chirping can affect the state of the signal in the 
transmission line. The negative chirping method was 
implemented in the signal where a higher wavelength are 
delayed ("Red shifted") and has the benefit of lowering the 
pulse broadening effect and oscillation. This is because the 
"delay" of a higher wavelength may inhibit the effect of 
GVD. At a normal incidence, part of the pulse which has a 
higher wavelength has a higher value of GVD. When the 
value of GVD is getting lower due to the existence of delay, 
the pulse broadening effects will be minimized. 
 

B. Third Order Analisys Method 9Symmetrized SSFM) 

Chriping method is one of the substantial factor  that 
affect the pulse broadening effect. In this case, the chirping  
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Figure 4. Pulse shape evolution with certain values of : (a)  = 0.019. 

(b)  = 0.03. (c)  = 0.09. (d)  = 0.1 . 

 

constant take a role in the output result of the system as in 
Figure2 (a)-(d),described how variation of parameters in 
NLSE affect the pulse shape due to the significance of 
chirping method.  

 
 

 
 

 
 

 
Figure 5. Pulse spectrum for various dispersion slopes: 

(a)  = 0.019  (b)  = 0.03. (c)  = 0.09. (d)  = 0.1 

 
The accuracy of Symmtrized SSFM can reach as high as 

third order. This accuracy may facilitate the simplicity of 
analyzing the influence of  presence in NLSE modelling. 
The existence of  is being significant when the value of 

 became much smaller or negligible with respect to the 
value of  . For a positive  constant value as shown in 
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the previous simulation in figure 3 , the oscillations were 
occur in the trailling edge. Within the Symmetrized SSFM, 
the same phenomenon were occur with a detail shape of 
solitons in figure 4 (a)-(d). In the figure stated, the 
oscillation were always occur except when the value of LD 
slope  is equal to 0.019 s2/m in figure 5 (a).   

The simulation was also carried between the variations of 
 which are equal to 0.019 s2/m, 0.03 

s2/m, 0.09 s2/ m, and 0.1 s2/m. The variations of were 
done due to the directly proportional values of variabels  
and the value  so that the numerical approach can fit the 
computation needs. In Table 5it can be seen that the largest 
intensity value is belong to the biggest value of  is 
directly proportional to β_3 that numerical approximation 
can be done. Can be seen in Table 3 that the largest intensity 
value falls to the value of  which  is 0.1 s2/m. 

It also can be analyzed that the  value is directly 
proportional to  and the  value determinationwere 
indeed have a good value of intensity along the long haul 
fiber within thestandard value of 0.019 to avoid the high-
intensity oscillations that can interfere the information 
signal quality which are transmitted through the fiber optic 
long-haul and high bit rate transmission system. 

 The SSFM method and Symmetrized SSFM in this case 
clearly described the function of β2 and the existence of 
gamma in the NLSE. It is found that certain chirping value 
and constant value of gamma affected the ratio of pulse 
broadening and resulting in the average value of 1.8944 
when the β2are constant and the value of chirping C=-
2.When the chirp value is set to be zero valued, then it 
means that the input pulse does not applya chirping method 
on.As the chirping method is not applied to the input pulse 
(C = 0), this leads to the dispersion induced broadening does 
not depend on the sign of GVD parameter (β2) neither 
negative or positive. However, the opposite ways occurs 
when a chirping method is applied to the input pulse. For 
the value of  C = 2 (where C> 0) it was found that the 
instantaneous frequency increases linearly from the leading 
edge to the trailing edge. 

 
TABLE 5. THE SIMULATION RESULTS FOR THE VARIATION 

OF  

 
POSITIVE CHIRP 

.  
 

 
Intensitas 

(a.u) 

0.019 3.2924 

0.03 3.9731 

0.09 4.1566 

0.1 4.2429 

 

 

VI. CONCLUSIONS 

As we obtained the simulation results, it can be concluded 
that the order of the dispersion parameter variation takes 
effect where chirping method was done in the input pulse of 
propagation process. If the process of chirping was not 
done, then the effect within propagation channel due to the 
second-order dispersion. Furthermore, it was found that the 
negative chirping has the best value among all result in the 
terms of PBR ratio which is in the average of 1.8944 when 
the chirping value C= -2 and the value of β2were constant 
and the value of 0.003 were on its standard form. To 
that end, not only the chriping approach are proposed, but 
also the dispersion parameters, non linearity, and power 
inputs should be determined due to the shape, quantity, 
speed, and amplitude of the input pulse were affected by 
those factor respectively 
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