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Abstract 

This paper investigates the influence of nonlinear phenomena, in particular the Cross-Phase 

Modulation, taking into account the input power. The simulated system models a 110 km 

optical fiber link, consisting of 32 Dense Wavelength Division Multiplexed system, each 

signal is transmitted with a rate of 200 Gbps. Different input powers per channel: 1 mW, 2 

mW, 3 mW, 4 mW, 5 mW and 6 mW are considered. The simulations is carried out with the 

Optisystem, which is an environment essentially designed for the modeling and simulation of 

systems optical transmission. For the considered power range, the simulation results show that 

the system performance increases when the input power increases, in case where the nonlinear 

effects are removed. If the Cross-Phase Modulation is taken into account in the system, the 

distortion it created increases when the input power increases; therefore a decrease of system 

performance. Also, the Maximum of the Q-factor increases with the input power for the 

values of 1 mW, 2 mW, 3 mW and 4 mW, while it decreases with the values of 5 mW and 6 

mW for which the distortion induced by Cross-Phase Modulation becomes very high. 

 

Keywords: DWDM transmission system, XPM phenomenon, Input power, nonlinear 

distortion. 

1. Introduction 

Information traffic is growing 

exponentially every year, due to the rapid 

emergence of new communication services 

such as social networks, videos, data traffic 

from smartphones or tablets, and virtual 

computer services [1–3]. To deal with this 

explosion of information traffic, optical 

fiber remains the backbone of transmission 

systems, because of its enormous 

advantages, including: its low cost, 

enormous bandwidth and its compatibility 

with new multiplexing techniques. Thus 

fiber optic transmissions, with Dense 

Wavelength Division Multiplexing 

(DWDM) technology, would be a 

promising solution to meet the growing 

demand for bandwidth [3–6]. The DWDM 

system allows the transmission of several 

signals in the same optical fiber, with a 

small spacing (less than 50 GHz 

sometimes) [7]; this makes it possible to 

take advantage of the enormous bandwidth 

of the optical fiber. 

 

Physics Department, University of Lomé, BP 1515, Lomé, Togo 
Corresponding Author: djimakassegne@gmail.com, tel: +22893520534 

 

 

http://www.ijerst.com/
mailto:djimakassegne@gmail.com


 

This article can be downloaded from http://www.ijerst.com/currentissue.php 

9 

 

 

Simultaneously transmitting several 

signals in the core of a single optical fiber 

(about 10µm in diameter) is not only a 

difficult operation, but also a technique 

vulnerable to nonlinear effects. Indeed, 

during the transmission of light signals in 

an optical fiber, there may be interactions 

between the signals themselves, or 

interactions between the signals and the 

transmission medium (optical fiber). When 

the signal intensity becomes high, it can 

change the refractive index of the optical 

fiber; this effect, known as the optical 

"Kerr effect", is the source of several non-

linear phenomena such as Self-Phase 

Modulation (SPM), Cross Phase 

Modulation (XPM) and Four-Wave 

Mixing (FWM) [4, 8–11]. Moreover, when 

the intensity of the signal is very high, 

there may be an exchange of energy 

between the signal and the optical fiber; 

this can lead to nonlinear phenomena such 

as stimulated Raman Scarttering (SRS), 

Stimulated Brouillon Scarttering (SBS) 

and Self-Steepening (SS) [12–14]. Several 

previous works have shown that these 

nonlinear effects limit the performance of 

transmission systems; even if they (under 

certain conditions) could offer a variety of 

possibilities for ultra-fast all-optical 

switching, amplification and regeneration 

[4, 8, 15]. Therefore, the study of nonlinear 

effects is becoming a major concern for 

researchers and engineers in the field of 

nonlinear optics and optical fiber 

transmission. 

In this work, we have modeled and 

simulated a DWDM system of 32x200 

Gbps using the Optisystem which is an 

environment essentially designed for the 

modelling and simulation of optical 

transmission systems. The analysis of 

nonlinear effects was made, exploring the 

impact of input power of signals; particular 

emphasis is placed on the XPM as the most 

predominant nonlinear phenomenon in 

optical transmission systems [16–18]. 

Performance parameters such as quality 

factor (Q-factor) and eye diagrams are 

used to evaluate the impact of distortions 

introduced by nonlinearities. The 

manuscript is organized as follows: In 

section 2, a theoretical analysis of 

nonlinear effects is presented, in section 3 

the system setup is presented, and finally 

the results and discussion are presented in 

section 4. 

2. Theoretical analysis of nonlinear 

effects 

Theoretical modelling and analysis of 

nonlinear phenomena in optical fiber 

transmissions is often carried out through 

the study of nonlinear propagation 

equations, and the best known is the 



 

This article can be downloaded from http://www.ijerst.com/currentissue.php 

10 

 

Nonlinear Schrödinger Equation (NLSE). Indeed, the propagation of a signal in an optical 

fiber is perfectly described by the generalized NLSE given by [10, 13, 19]: 

                     (1) 

where variable  designates the 

envelope of the signal. The parameters , 

 and  designate respectively the 

attenuation coefficient, the dispersion 

coefficients of order 2 and 3. These three 

parameters characterize linear phenomena 

such as dispersion and attenuation, while 

the parameter  designates the nonlinearity 

coefficient and characterizes nonlinear 

phenomena. Specifically, the parameter 

  is SS effect coefficient; where  

is the duration of the pulse. The coefficient 

of the SRS effect is defined by  . In 

the Eq. (1), the term  alone can 

model three nonlinear effects (SPM, XPM, 

FWM), depending on the number of 

signals and the power of the signals.  

In a recent work, it is demonstrated that the 

XPM effect is predominant over other 

nonlinear phenomena during optical fiber 

transmissions [16–18]. Indeed, XPM 

results from the intensity dependence of 

the refractive index of the propagation 

medium; it can appear when two or several 

pulses propagate simultaneously in an 

optical fiber. The XPM induces 

fluctuations in the wavelength intensity of 

a particular signal to phase fluctuations in 

the other co-propagating signals. For an N-

channel transmission system, the nonlinear 

phase induced by the phenomenon of XPM 

on the  channel can be written [8, 12]. 

                                (2) 

where  is the input power of the  

signal and the  designate the input 

powers of the other signals;  designates 

the effective length. The expression of  

clearly shows that the nonlinear phase 

induced on a given signal depends not only 

on its own power ( ), but also on those of 

other signals ( ). The XPM is always 

accompanied by the SPM: The nonlinear 

refractive index seen by an optical signal 

not only depends on its own intensity, but 

also depends on the optical intensity of 

other co-propagating signals [8, 12]. In 

practice, XPM creates crosstalk in 

transmissions [17, 20]. 

Analytical or numerical resolution of 

NLSE contributes to the interpretation of 

nonlinear phenomena. However, it is very 
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judicious to model and simulate nonlinear phenomena in a 

transmission system through software 

designed for this purpose. This would have 

the advantage the flexibility to manage the 

components as on a real transmission link.  

3. System and setup 

The designed system consists of 32 

wavelengths at a nominal rate of 200 Gbps 

per channel with the DP-QPSK format. 

Figure 1 presents the schematic diagram of 

the modeled system. The 32 signals are 

multiplexed by a 32:1 multiplexer, which 

is directly connected to a signal processor 

implemented in MATLAB; the data is 

further injected into the transmission link, 

which consists of an SMF and a DCF in 

order to compensate for dispersion. 

For this purpose, the parameters are set 

such that  where  

and   are respectively the length and 

the dispersion coefficient of the SMF fiber; 

 and  

respectively the length and the dispersion coefficient of the DCF fiber [21–23]. 

  

 
 

Fig. 1. Schematic diagram of a 32×200 Gbps optical transmission system 

The table 1 presents the essential parameters of SMF and DCF. 
 

Optical Fibers SMF DCF 

Dispersion (ps/nm/km) 16.75 -167.5 

Dispersion slot (ps/nm2/km) 0.07 -0.7 

Effective area A_eff (µm2) 80 22 

Attenuation (dB/Km) 

Length (km)     

0.2 

100 

0.6 

10 

Table 1. Essential parameters of SMF and DCF. 
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The frequency band is chosen such the 

central wavelength of the system is closer 

1550 nm, since the optical fiber has low 

attenuation and dispersion around this 

wavelength. Thus, the frequency band of 

the designed system extend from 1543.73 

nm to 1556.15 nm, with a spacing of 50 

GHz or 0, 4nm (according to ITU-G652 

standard). Also this model can be applied 

to real transmission systems, since 32-

channel WDM is one of the most 

commercialized systems.  An interface 

between Optisystem and matlab is created 

for digital signal processing, if possible. 

The system environment offers a wide 

possibility to simulate all the nonlinear 

effects likely to appear on an optical 

transmission link. The simulation of the 

system is carried out by considering a total 

propagation distance of 110 km. 

4. Theorem Style 

The evaluation of the system performance 

as well as the impact of the XPM 

phenomena was carried out by considering 

the parameters such as the Q-factor and the 

eye diagram. In order to evaluate the 

influence of the input power on the system, 

the simulation is performed with 6 

different input powers per channel: 1 mW, 

2 mW, 3 mW, 4 mW, 5 mW and 6 mW. 

The analysis is essentially focused on the 

central wavelength (1550.12 nm). Figure 2 

presents graphs of Q-factor and eye 

diagrams, without considering nonlinear 

phenomena. Figure 2(a) shows six Q-factor 

curves plotted simultaneously in a single 

graph; the Fig. 2(b) shows the 

corresponding eye diagrams. Each eye 

diagram and the corresponding Q-factor 

curve are obtained for one of the six input 

powers; the legend associated with Fig. 

2(a) is useful for all the graphs, and makes 

it possible to identify, through the colour, 

the curves and the eye diagram 

corresponding to a given input power. Fig. 

2(d) represents the eye closure curves 

corresponding to the six input powers. The 

Fig. 2(c) shows the evolution of the 

maximum of Q-factor curves (Max Q-

factor) as a function of the input power. 
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Fig. 2. Evaluation of performance, system without nonlinear effects: (a) Q-factor curves; (b) 

Eye Diagrams; (c) Max Q-factor with input power and (d) Eye Closure curves. 
 

 

       From the curves and diagrams of Fig. 

2, it is clearly observed that the 

performance of the system depend on the 

input power: the Max Q-factor curve 

increases with the input power, over all the 

powers considered and varies between Q = 

5.6 and Q = 13.7 (Fig. 2(c)); the Q-factor 

curves are arranged in increasing order of 

power (Fig.  2(a)). Similarly, on Fig. 2(b) 

and Fig. 2 (d), we can observe that the 

amplitude (a.u) of the eye opening varies 

between 2 m and 14.2 m.  From these 

results, it can be noted that the 

transmission quality of the system 

increases with the power, over all of input 

powers considered. Under these 

conditions, it would be possible to increase 

the power or the propagation distance to 

obtain a very high performance. For this 

end, the Fig. 3 shows the evolution of Max 

Q-factor for a propagation distance of 1100 

km for input power range of 5 mW to 30 

mW; we can note higher values of Q than 

those obtained in Fig. 2 (c).  
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Therefore the performance of a WDM 

system strongly depends on the input 

power per channel [24–26]. 

 

 

 

 

 

 

Fig. 3: Variation of the Q-factor with the input power, without the nonlinear effects 
 

Now, the XPM phenomenon has been 

taken into account, as the most dominant 

nonlinear effect of the system [16, 17, 20, 

27]. The Fig. 4 presents: six eye diagrams 

represented simultaneously in a single 

graph Fig. 4(b); the six eye closure curves, 

Fig. 4(d); and the six Q-factor curves 

corresponding, Fig. 4(a). The Fig. 4(c) 

represents the evolution of the maximum 

of the Q-factor curves with the input power 

per channel. Similarly, the legend 

associated with Fig. 4 (a) is useful for the 

four graphs.  
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Fig.4. Evaluation of performance, system with XPM phenomenon: (a) Q-factor curves; (b) 

eye diagrams; (c) Max Q-factor with the power and (d) eye closure curves. 

In Fig. 4(b), we can clearly observe the 

eye diagrams more closed than those of 

Fig. 2(b). We can observe in Fig. 4(a) that 

the values of the Q-factors for each of the 

six curves are smaller than those of Fig. 

2(a). Also, it appears that the Q-factor 

curves of Fig. 4(a) are not arranged in 

increasing order of power, as in the case of 

Fig. 2(a). This is precisely what Fig. 4(c) 

illustrates where the Max Q-factor 

increases with the input power for the 

values of 1 mW, 2 mW, 3 mW and 4 mW; 

while it decreases for the values of 5 mW 

and 6 mW.  

It is very important to note that the 

performance depends on the input power 

of each signal of the DWDM system; 

similarly, the impact of the XPM 

phenomenon depends on the input power. 

Especially, for the input powers used in 

this work, the distortion created by the 

XPM increases when the input power 

increases. Indeed, the change in variation 
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of the Max Q-factor curve (after the input 

power of 4 mW in Fig. 4(c) reflects the 

degradation of the quality of the system. 

This degradation would be due to the XPM 

effect which would introduce very 

significant distortions. This could be 

predicted by the theoretical analysis which 

showed that the nonlinear phase 

introduced by XPM depends on the 

input power of co-propagating signals in 

the DWDM system. Thus, when the input 

power exceeds a threshold, the interference 

between the signals themselves, and the 

interference between the signals and the 

optical fiber will increase; which would 

imply a degradation of the quality of the 

system. So it would be important to 

optimize the input power, in order to 

minimize the nonlinear effects and to have 

a good transmission performance in 

DWDM systems. 

5. Conclusion 

Nonlinear phenomena distort information 

in fiber optic transmissions. Specifically, 

XPM induces the fluctuations in intensity 

from the wavelength of a particular signal 

to the phase fluctuations in the other co-

propagating signals in a DWDM system. 

The analysis of the results shows that the 

nonlinear phase introduced by XPM 

depends on the peak power of the Co-

propagating signals. For the power range 

used in this work, the distortion created by 

the XPM increases when the peak powers 

increase. In particular the change in the 

direction of variation of the curve of Max. 

Q-factor (after the input power of 4 mW) 

reflects a greater degradation of the quality 

of the system. The input power has an 

influence on the XPM effect; therefore the 

impact of nonlinear phenomena in the 

transmission system is strongly related to 

the input power. Then it would be very 

important to optimize the input power, in 

order to minimize the nonlinear effects and 

to have a good transmission performance 

in DWDM systems. However, this 

optimization could be more effective by 

considering simultaneously other 

important parameters such as the channel 

spacing, the frequency band, the number of 

signals in DWDM system. 

References  

[1] Amari, A. et al. (2017). A Survey on Fiber 

Nonlinearity Compensation for 400 Gb/s and 

Beyond Optical Communication Systems. 

IEEE Communications Surveys & Tutorials, 

19(4), 3097–3113. 

[2] Borowiec, A. (2015). High Capacity Transport 

– 100G and Beyond. Proceedings 2015 

Photonics North, Ciena Corporation. 3500 

Carling Avenue Ottawa, ON, Canada. 

[3] Sharan, L.; Agrawal, V. M.; and Chaubey. V. 

K. (2016). Link Optimization and Performance 

Analysis of a 40 Gbps DQPSK Modulated 

Ultra DWDM System with 32 Orthogonally 

Polarized channels. Journal of Microwaves, 

Optoelectronics and Electromagnetic 

Applications, 15(4), 349–364 

[4] Mitra, P.P.; and Stark, B.J. (2001). Nonlinear 

limits to the information capacity of optical 

fibre communications. NATURE | VOL 411 | 

28 JUNE 2001 | www.nature.com, 1027-1030 



 

This article can be downloaded from http://www.ijerst.com/currentissue.php 

20 

 

[5] Reis, D. J. and Teixeira, A. (2012). Design and 

Optimization Next-Generation All-Optical 

Passive Networks. PhD thesis, Department of 

electronics telecommunication and informatics, 

University of Minho, Aveiro. 

[6] Suzuki, H.; Fujiwara, M.; and Iwatsuki, K. 

(2006). Application of super-DWDM 

technologies to terrestrial terabit transmission 

systems. Journal of Lightwave Technology 

24(5), 1998–2005. 

[7] Dong, Z.; Yu, J.; Chien, H.-C.; Chi, N. ; Chen, 

L.; and Chang, G.-K. (2011). Ultra-dense 

WDM-PON delivering carrier-centralized 

Nyquist-WDM uplink with digital coherent 

detection. Optics Express 19 (12), pp. 11100-

11105.  

[8] Singh, S. P.; and Singh, N. (2007). Nonlinear 

effects in optical fibers: origin, management 

and applications. Progress In Electromagnetics 

Research, PIER No.73, 249–275. 

[9] Xie, C. (2011). Impact of nonlinear and 

polarization effects in coherent systems. Optics 

Express, 19(26), B915-B930. 

[10] Reis, D. J.; and Teixeira, A. L. (2011). Cross-

phase modulation impact on coherent optical 

16 QAM-WDM transmission systems. 

Microwave and Optical Technology Letters 

53(3), 633–636. 

[11] Liu, W.; Li, C.; Zhang, Z.; Kärtner, F. X.; and 

Chang, G. (2016). Self-phase modulation 

enabled, wavelength-tunable ultrafast fiber 

laser sources: an energy scalable approach. 

Optics Express, 24(14), 15328-15340. 

[12] Chérif, R. (2009). Étude des Effets Non-

Linéaires dans les Fibres à Cristaux 

Photoniques. PhD thesis, École Supérieure des 

Communications de Tunis Université du 7 

Novembre. 

[13] Sheetal, A.; Sharma, A. K.; and Kaler, R.S. 

(2010). Minimization of self-steepening of 

ultra-short higher-order soliton pulse at 40 

Gb/s by the optimization of initial frequency 

chirp. Optik, 121(5), 471–477. 

[14] Sharma, R.; Nagar, H.; and Singh, G. P. 

(2016). Investigation of Self-Frequency 

variation of Higher order Soliton in Optical 

fiber. 7(3), 997-1000. 

[15] Bonnefois, J-J. (2006). Modélisation d’effets 

non linéaires dans les cristaux photoniques, 

application à la limitation optique. PhD thesis, 

Université Paris X, Nante. 

[16] Kassegne, D.; Simranjit, S.; Ouro-Djobo, S. S.; 

and Mao, M.-B. (2019). Dispersion and 

nonlinear compensation in a 32 × 200 Gb/s 

phase conjugated twin waves dense wavelength 

division multiplexed system. Journal of Optical 

Technology 86(3) 160-165. 

[17] Manisha,G. R. (2016). SRS and XPM 

Impairments on Different Optical Fibers. 

International Journal of Intelligence Science, 

06(02), 11–15. 

[18] Neves, P. S. (1999). SRS and XPM ir, 

Multiamplified Optical Systems with DS 

Fibers in 10 Gb/s. SBMO/EEE MTT-S 

IMOC'99 Proceedings, 355-358. 

[19] Benjamin W. (2012). Etudes expérimentales et 

numériques des instabilités non-linéaires et des 

vagues scélérates optiques. PhD thesis, École 

doctorale sciences pour l'Ingénieur et 

Microtechnique, Université de Franche-Comté. 

[20] Jiang, Z.; and Fan, C. (2003). A comprehensive 

study on XPM- and SRS-induced noise in 

cascaded IM-DD optical fiber transmission 

systems. Journal of Lightwave Technology, 

21(4), 953–960. 

[21] Kassegne, D.; Simranjit, S.; Ouro-Djobo, S. S.; 

and Mao, M.-B. (2019). Influence of nonlinear 

effects on 6.4 Tb/s dual polarization quadrature 

phase shift keying modulated dense 

wavelength division multiplexed system. 

International Journal of Communication 

Systems 32(12), 1-12. 

[22] Senthamizhselvan, V. (2014). Performance 

analysis of DWDM based fiber optic 

communication with different modulation 

schemes and dispersion compensation fiber. 

International Journal of Research in 

Engineering and Technology, 03 (03), 287–

290. 

[23] Simranjit, S.; and Kaler, R.S. (2013). 

Comparison of pre-, post- and symmetrical 

compensation for 96 channel DWDM system 

using PDCF and PSMF. Optik, 124(14), 1808–

1813. 

[24] Sackey, I. et al. (2014). Kerr nonlinearity 

mitigation in 5 × 28-GBd PDM 16-QAM 

signal transmission over a dispersion-

uncompensated link with backward-pumped 

distributed Raman amplification. Optics 

Express, 22(22), 27381-27391. 

[25] Sackey, I. et al. (2015). Kerr Nonlinearity 

Mitigation: Mid-Link Spectral Inversion 

Versus Digital Backpropagation in 5×28-GBd 

PDM 16-QAM Signal Transmission. Journal of 

Lightwave Technology, 33(9), 1821–1827. 

[26] Xu, T. et al. (2015). Equalization enhanced 

phase noise in Nyquist-spaced superchannel 

transmission systems using multi-channel 

digital back-propagation. Scientific Reports, 

No.13990. 

[27] Dewanjee, A.; Islam, Md. S.; Monjur, M. S.; 

and Majumder, S. P. (2009). Impact of cross-

phase and self-phase modulation on the 

performance of a multispan WDM system. 

2009 IEEE 9th Malaysia International 

Conference on Communications (MICC), 

IEEE, 285–289. 

[28]  


