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ABSTRACT: The objective of this paper to study the analytical propagation of fundamental Soliton and higher order 
Soliton pulse propagation in O-IDMA (Optical-interleave Division Multiple Access) channel. The formation of Soliton 
occurs due to balance between Group Velocity Dispersion (GVD) and Self Phase Modulation. It is analysed the single 
Soliton and higher Soliton propagation with optical parameter in Optical-interleave Division Multiple Access channel. 
Matlab is used for simulation. Simulated matlab output result shows the of Soliton propagation in O-IDMA channel 
with various parameter. 
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I. INTRODUCTION 
 
In the present world of wired communication, the optical fiber is generally used for attaining high spectral efficiency. 
These days, CDMA scheme is generally used in optical fiber based communication system. With the help of CDMA 
scheme, it can use proper bandwidth.  
 The CDMA scheme has been the popular for achieving better bandwidth efficiency than Frequency-Division Multiple-
Access (FDMA) and Time-Division Multiple-Access (TDMA) schemes. The performance of Optical-CDMA (O-
CDMA) scheme also has some drawbacks i.e. multiple access interference (MAI) and inter-symbol interference (ISI). 
CDMA solution can be explained by another mechanism known as Interleave-Division Multiple-Access (IDMA). In 
IDMA we used different type of interleavers for user separation as per requirement. 
The optical communication has advantage of the higher spectral efficiency but this performance is be limited by the 
non linear effect when we used Gaussian pulse for communication. The Group Velocity Dispersion (GVD) is another 
phenomenon which gives effect on the communication when it is used Gaussian pulse for communication. The GVD 
causes the pulse broadening in the transmitted pulse. It is used a Soliton pulse which gives the advantage using GVD 
and SMP over Gaussian pulse. Self Phase Modulation (SMP) deducing by the Kerr nonlinearity. 
Basically, a Soliton is very narrow pulse. It has high peak power. In O-IDMA channel which is fiber, Soliton pulse is 
formed by the counter cancellation of the dispersion effect by the self-phase modulation. The Solitons can maintain its 
shape and velocity during transmitting in O-IDMA channel because it is very stable.In this paper, Solitons put in place 
of Gaussian pulse in the O-IDMA channel communication. Gaussian pulse transmission is not a very good idea because 
its broaden with distance and with increasing the bit error rate (BER) the system becomes derogate. 
 

II. MATHEMATICAL MODELING AND PROPAGATION OF THE SOLITARY WAVE IN OPTICAL 
INTERLEAVE MULTIPLE ACCESS CHANNEL 

 
Soliton wave equation is described by Nonlinear Schrodinger Equation (NLSE) in term of the partial differential 
equation of hyperbolic equation as given by [1] 
                                     i ப୅

ப୞
= βమ
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By using parameter = ஺
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 that will formalize equation (1) to be                             
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By describing the dispersion length, ܮ஽ = ఛబమ

|ఉమ|
 and nonlinear length ܮே௅	 = 	 ଵ
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 and putting ܮ஽ and ܮே௅  into equation 

(2), it will yield, 
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Where N is the order of the Soliton, So 
 

                                           ܰଶ =
ఊ௣బഓబమ
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                                                        (4) 

 

By solution of profile (ߦ, ߬) = sech	(߬)݁
೟಴ഓమ

మ  , where C is the chirp parameter. 
 
 This parameter induced by SPM and GVD.  Both SPM and GVD balanced each other for maintaining the shape of 
Soliton pulse in fiber propagate and order of the Soliton determined by ܰଶ = ௅ವ

௅ಿಽ
 [1], this equation explained that the 

order of Soliton  N is proportional the square root of dispersion length and inversely with the nonlinear length. If the 
Soliton order is increases then the dispersion length of the fiber is also increases when nonlinear length remain 
constant. The very big change of the dispersion length will caused pulse broaden and pulse will lose its power and it 
can be described by P=|A|2. By using the Split-step method we can do numerical calculation of Soliton pulse. 
  
                                    III.NONLINEAR EFFECTS ON SOLITON IN O-IDMA CHANNEL 
 
In optical fiber based communication network system, the non-linear distortion is important parameter in the dispersion 
mechanism for a long distance communication. It causes the optical signal pulse boarding as they move along a fiber. If 
these pulses propagate for a long distance then they get overlapped with the neighbouring pulses. This causes errors in 
the receiver output. signal distortion limiting the information carrying capacity of a fiber. In optical network distances 
are measured  in the range of 100 km to 5000 km for better performance of the O-IDMA system. It is essential that 
optical channel should not gives any reduction in the transmitted signal. 
 The signal propagates through the optical fiber, the signal peak powers reduce and the pulse goes disperse. For 
Gaussian pulse, these losses compensated by the Erbium Doped Fiber Amplifiers (EDFA) but for the Soliton pulse the 
Raman Amplifiers used. These amplifiers are capable of amplifying the loss of the signal power of the propagating 
signals. Erbium Doped Fiber Amplifiers are responsible for the Amplified Spontaneous Noise (ASN) which increases 
the overall BER. 
 
 For the better performance of the O-IDMA system Solitons are used in place of Gaussian pulse. It is because 
Soliton does not disperse due to non-linear effects. 
 
 In the optical fiber communication, the signal pulse is affected by the Group Velocity Dispersion (GVD) and 
the Kerr Non-linearity. If the pulse propagates in a medium, the optical Kerr effect produces a refractive index change 
with intensity [1]   

(ܫ)݊  = 	 ݊଴ + ݊ଶ(5)                                                                         ܫ 
 
Where ݊଴ is the linear refractive index and ݊ଶ is the second order non-linear refractive index of the medium. 
 

 It generates the phase fluctuations in the propagation wave, this introduce the chirping effect shown in the figure (1) 
At the time of occurrence of the frequency chirping, the advancing edge of pulse gives a red shift in the direction of 
higher frequencies, while the falling edge of the pulse gives a blue shift in the direction of lower frequencies. So it 
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observed that the degree of chirping which is C, it depends on the transmitted power. Effects of the SPM assert for 
higher intensity pulse more [1]. 
 

                                       
                                                Figure(1)  Spectral boarding of the pulse due to self-phase modulation  
 
When the high intensity pulse propagate in a medium with a positive Group Velocity Dispersion parameter for the 
primary frequencies, the advancing part of the pulse is moves towards the lower frequency band. It observed that only 
in particular region, the data transmission speed increases and for the lagging half, only in particular region, the speed 
of data transmission decreases which causes an additional delay in the lagging edge. Hence, the energy of the pulse 
goes dispersed when it moves either side from the centre of the pulse and the pulse undergoes to the shape of a 
rectangular wave. [2] 
During the transmission of the higher narrow Soliton pulse, GVD produces the negative chirp in anomalous region and 
SPM produces always the positive chirp. So it observed that GVD effect is balanced by the SPM effect for Soliton 
pulse. In other words because of Group Velocity Dispersion the lower frequencies of the pulse slow down at the front 
end and at the back end the higher frequencies advancing because of this the shape of the Soliton pulse does not 
change.                                                                                                                       
Considering a standardized optical fiber, then around 1320 nm wavelength, there is no dispersion. The chirp of the 
GVD is positive below 1320 nm and the chirp of the GVD is negative above 1320 nm. So the suitable region for the 
transmission of the Soliton is above region because the chirp of the GVD is negative. 
 
The Nonlinear Schrodinger (NLS) equation for Soliton transmission is shown as[1] 

             −݅ డ௨
డ௭

= ଵ
ଶ
	డ

మ௨
డ௧మ

+ ܰଶ|ݑ|ଶݑ − ݅ ቀఈ
ଶ
ቁ(6)     ݑ 

 
Where u(z,t) is the pulse envelope, N order of the Solitons, z is the fiber length and ߙ is loss of the energy in optical 
fiber. 
 

IV. RESULT AND DISCUSSION 
 

The transmission of the signal in the form of the Gaussian pulse and Soliton pulse for shown in figure (2) and figure(3) 
Dashed pulse is input of the pulse. With the help of the figure it observed that at Z= 4km the Gaussian pulse dispersed 
but Soliton has its original shape and power. 
To investigate propagation of Soliton in optical IDMA channel, it numerically solved the Nonlinear Schrodinger 
Equation using Spilt-Step Fourier method. Let the initial envelop ξ=0 the equation become  

               U (0,τ)= sech(τ) for N=1,2 and 3 order  (7) 
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Figure (2 ) Nonlinearity effect on Gaussian Pulse at z=4km                       Figure(3) Nonlinearity effect on Soliton at z=4km 
 

 (a)Fundamental Soliton pulse propagation (N=1)  
Figure (4) shows the evolution of the fundamental Soliton pulse over one Soliton time period z0=

గ
ଶ
 ஽. By varying theܮ

parameters and it found the optimum values for pulse broadening ratio close to one which are g=0.004, p=0.00081, 
number of steps=20 
The Soliton pulse propagation is explained by considering the effects of SPM and GVD. At the time of pulse evolution, 
the effects\ of the SPM is produced positive chirp where in the anomalous region, GVD produces the negative chirp. So 
the positive chirp of the SPM is completely cancelled out by negative chirp of the GVD. Pulse has a zero chirp with 
over entire width. Under this condition, the pulse propagates without broadening or compression for long distance. 
  

      
                     Figure (4) Pulse broadening ratio for N=1                                   Figure(5) Soliton pulse evolution , N=1      
                                   
In figure (5) it observed that the amplitude of the output pulse is nearly equal to the input pulse with parameter 
g=0.004, p=0.00081, number of steps=20         
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                Figure(6) Input Soliton Pulse, N=1                                          Figure(7) Phase change of fundamental Soliton 
 
Power of Soliton increases gradually with the order of the Soliton N. It can be described by 
  
                                N2 = γ*p0*Ld                    (8) 
 
 The input pulse of the NLSE for higher order Soliton is U(0,τ)=Nsech(τ/T0). So increasing the value of N gives affect 
on the amplitude of the Soliton pulse. Figure (6) shows the pulse amplitude for Soliton order N=1 
 
In Nonlinear process, the phase shift of Soliton is described as[10], 
 
݀߶௡௢௡௟௜௡ = ݖଶ݀|(ݐ)ݑ| =  (9)   ݖ݀(ݐ)ℎଶܿ݁ݏ
 
Dispersion effect on phase Shift is described as, 
 ݀߶ௗ௜௦௣ = ቀଵ

ଶ
డమ௨
డ௧మ
ቁ݀ݖ = ቂଵ

ଶ
−  (10)   ݖቃ݀(ݐ)ℎଶܿ݁ݏ

 
 Phase change of the Soliton is shown in Figure (7) with respect to time. With the help of figure It clearly says that the 
Soliton phase does not change because of the balance behaviour of the SPM and GVD. For fundamental Soliton, the 
phase shift due to nonlinear effect maintained by the phase shift due to dispersion effect. With the help of figure it 
observed that for 20 steps, there is no phase change of the fundamental Soliton. 
 
(b) Second order Soliton Pulse propagation  , N=2 
If N is an integer is greater than 1 then pulse evolution is totally different from the fundamental Soliton. For higher 
order, positive chirp of SPM dominates over the negative chirp of the GVD. Because of higher intensity, the positive 
chirp of the SPM is greater than the negative chirp of the GVD. It does not cancelled out completely. So pulse acquired 
positive chirp. Compression occurs in the higher order Soliton. 
The second order Soliton gives a periodic output. By the figure (8), it observed that after a certain period of distance the 
initial pulse re-acquired. The length of propagation distance at which pulse re-shaped is called Soliton period. 
In figure (9) it can determined that pulse of with oscillated at regular time interval which is called Soliton time period z0  
with parameter  g=0.004,p=0.00081, number of steps=20 
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                                                   Figure(8) Soliton Pulse Evolution , N=2                                                                 Figure(9) pulse broading , N=2 
 
As shown in figure (10) with increasing the order of Soliton form 1 to 2, amplitude of the Soliton is also increases. So 
we can say that with increasing order on Soliton, Energy of the Soliton is also increases. From equation(9) and equation 
(10), when increases the order of the Soliton N then nonlinear effect gives more affect than dispersion effect, then 
phase change occurs in the Soliton. Nonlinear effect plays major role than dispersion effect. Due to this the vast change 
in the phase of the Soliton occurs.   
                                                   

                                Figure(10) Input Soliton Pulse , N=2                              Figure(11) Phase change of Second order of Soliton, N=2 
 
As shown in figure Soliton phase changes several time with respect to distance. 
 
                                                                         V. CONCLUSION 
 
Based on the matlab simulation of Gaussian pulse and Soliton, it observed that Soliton has advantage over Gaussian 
pulse because Soliton does not change its shape and power for a long distance fiber comuunication.The result shown 
that for lower order of the Soliton is more stable than higher order Soliton, where the power conceded by the pulse keep 
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maintains as the pulse travel. The shape of Soliton pulse also preserved as the sensible GVD and SMP effects in 
anomalous region with the propagation. For higher order Soliton the numerical calculation become more complex. By 
the pulse Broadening curve and evolution pattern for higher order, it demonstrate that when Soliton order increases 
N=2 the pulse width varies periodically and after the Soliton period z0, so by the observation it conclude that the 
selection of the Soliton order is important to make pulse propagation without loss of power in long distance 
transmission . 
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