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ABSTRACT: In the era of telecommunication industry, fiber optic communication plays an important role and we also 

say that the fiber optics communication is the backbone of telecommunication industry. With the development of 

optical networks and the use of Wavelength Division Multiplexing (WDM) technology, a new and a very crucial 

milestone is being reached in network evolution. To upgrade the system to handle voice and data traffic is very 

expensive and hence the need for the development of an intelligent all-optical network. Such a network will bring 

intelligence and scalability to the optical domain. DWDM (Dense Wavelength Division Multiplexing) is a technology 

in fiber optic communication which carries the multiple wavelengths into a single fiber to communicate to the end users 

with specific wavelength. When multiple wavelength transmitting over a single optical fiber these wavelength suffer 

cross talk due to low frequency spacing and the cross talk of wavelength affects the BER(Bit error Rate) at the receiver 

which determines the performance of the system. Quality factor is also a key component in the optical fiber to analyze 

the system performance of the of the DWDM system. As it is known fact that as the number of user increases system 

performance decreases. So there are three windows at which attenuation is minimum but here the author has done the 

research on two wavelengths, 1310nm and 1550nm.The effect of increasing length of the fiber and increasing data rates 

has been analyzed in the research and according to that the concept of Soliton pulses has been clubbed together so as to 

make the new effective system which can support higher data rate.  The author has simulated and analysed different 

scenario, which includes the data rates at 320Gbps, 400 Gbps, 560 Gbps at different lengths of 40 km, 50km, and 

80km. So the system has been designed and simulated on the optical software which is supporting 640 Gbps for 70km 

length. 

KEYWORDS: DWDM, Soliton pulses, Quality Factor, BER. 

I.    INTRODUCTION 

WDM assigns incoming optical signals to specific frequencies of light (wavelengths) within a certain frequency band. 

This multiplexing closely resembles the way radio stations broadcast on different wavelengths without interfering with 

each other. Because each channel is transmitted at a different frequency, we can select from them using a tuner. 

Another way to think about WDM is that each channel is a different colour of light; several channels then make up a 

rainbow. 
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Figure 1: Wavelength Division Multiplexing 

 

Dense Wavelength Division Multiplexing   (DWDM) is that multiple wavelengths carry different optical signals on a 

single optical fiber.  

       
(a)          (b) 

 

Figure 2: (a) DWDM functional schematic (b) Basic model of proposed work 

 

In optical fiber communication different type of non linearities occurs like dispersion, attenuation, ISI, four waves 

mixing and many more phenomenons comes into picture when the number of users is increased. Second problem 

comes into account when the length of the optical fiber is increased, when the length of the fiber is increased, then also 

different types of non linearity came into existence and reduces the performance of the system.To reduce different type 

of non linearity (dispersion, scattering, attenuation) which occurs in the optical networks, we should find out the optical 

pulses whose shape will be constant for long distance. Soliton pulses can be the solution for this problem. Soliton 

pulses are the narrow width pulses.  

Soliton pulses can be modelled as: u (z, t) = sech(t) exp( iz/ 2), where sech(t) is hyperbolic secant function. Since the 

phase term exp (iz/2) has no influence on the shape of the pulse, the soliton is independent of z and hence is non 

dispersive in time domain. This property of a fundamental soliton that makes it an ideal candidate for optical 

communications. 

 

II.   PARAMETERS STUDIED 

The following parameters were studied to compare the results obtained to study DWDM system: 

1).Quality Factor: Quality factor, which is dimensionless parameter, is the ratio of the energy stored in the oscillating 

resonator to the energy dissipated per cycle by damping processes. The Q-factor represents the optical signal-to-noise 

ratio for a binary optical communication system.  

2).Bit Error Rate:  The bit error rate (also BER) is the number of bit errors per unit time. BER is a unit less 

performance measure. 

III.    SIMULATION SCENARIO 

In our work, we have done the analysis in two different scenarios to study DWDM.  
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1) DWDM System at 1310nm and 1550nm wavelength at 40Gbps, 50Gbps, 70Gbps for different lengths 40km, 50km, 

80km for different number of users without soliton pulses. 

2)   DWDM System at 1310nm and 1550nm wavelength at 40Gbps, 50Gbps, 70Gbps for different lengths 40km, 50km, 

80km for different number of users along with soliton pulses. 

For the above two cases, graphs has been plotted between Q factor vs number of users, BER vs number of users. The 

spacing between two channels has been taken as 1nm. The concept of soliton pulses has been utilized as it has been 

analyzed that soliton pulses provide good response at higher data rates.  

 

SCENARIO 1: a) DWDM sytem at 1310nm at 40Gbps, 50Gbps, 70Gbps for different lengths 40km,50km,80km for 

different number of users without soliton pulses. 

                
  (a)     (b)    (c) 

Figure 3: No. of user vs quality factor at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

      
(a)             (b) 

 
(c) 

Figure 4: No. of user vs BER at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

b)  DWDM sytem at 1550nm at 40Gbps, 50Gbps, 70Gbps for different lengths 40km, 50km, 80km for different 

number of users without soliton pulses. 

           
(a)                       (b)               (c) 

Figure 5: No. of user vs quality factor at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 
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(a)       (b) 

 
(c) 

Figure 6: No. of user vs BER at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

SCENARIO 2: a) DWDM sytem at 1310nm at 40Gbps, 50Gbps, 70Gbps for different lengths 40km,50km,80km for 

different number of users along with soliton pulses. 

        
(a)        (b) 

 
(c) 

Figure 7: No. of user vs quality factor at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

 

      
(a)      (b) 
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(c) 

Figure 8: No. of user vs BER at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

 

b)  DWDM sytem at 1550nm at 40Gbps, 50Gbps, 70Gbps for different lengths 40km, 50km, 80km for different 

number of users along with soliton pulses. 

          
(a)       (b) 

 
(c) 

Figure 9: No. of user vs quality factor at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

 

             
       (a)                (b) 



            

     

        
                  ISSN(Online)  : 2319-8753 

                      ISSN (Print)   : 2347-6710                                                                                                                                 

                                                                                                               

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 8, August 2015 

Copyright to IJIRSET                                                   DOI:10.15680/IJIRSET.2015.0408063                                                      7171 

 
(c) 

Figure 10: No. of user vs BER at (a) 40km; (b) 50km; (c) 80km for 40Gbps, 50Gbps and 70Gbps. 

 

ANALYSIS: 

 

(a). From the graphs of number of users vs quality factor, we concluded that when the length  of the optical fiber is least 

and the total data transmission capacity is least then the value of quality factor will be maximum and when the data 

transmission rate is increased or length is increased the value of Q factor will be diminished. Also when the number of 

user increases, value of quality factor decreases. 

(b). Similarly, from the graphs of number of users vs BER, we analysed that when the length of fiber is least and the 

total data transmission capacity is least then the value of BER will be minimum but as we increase length of fiber and 

data transmission capacity, the value of  BER will increase. 

(c). We also analysed that at 1550nm, attenuation is minimum as value of quality factor and BER improves as 

compared to 1310nm. 

 

IV.   PERFORMANCE EVALUATION 

 

(A). Comparison between simulation of DWDM system with/without soliton pulses: 

(a) Comparison at 1310nm:  

             
(a)       (b) 

Figure 11: (a) Channel number vs Quality factor at 70km; (b) Channel number vs BER at 70km. 

 

ANALYSIS: 

The total capacity of the system is 640Gbps (80Gbps×8). From figure 11(a), as it can be clearly analyzed that Q factor 

is better at each channel for the case of soliton pulses. Whereas the value of Q factor for the other case is lower as 

corresponding to soliton pulse system. From figure 11(b), as it is clear from the graph that the value of BER in case of 

without considering the soliton pulse system is ranging from 2.52E
-3

 to 1.68E
-3 .

Whereas when the second case is being 

considered then the BER  is very less which is desired.  
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(b) Comparison at 1550nm: 

     
(a)      (b) 

Figure 12: (a) Channel number vs Quality factor at 70km; (b) Channel number vs BER at 70km 

 

ANALYSIS: 

 
From the Figure 12(a), while considering the case without the soliton system the value of Q factor ranges from 2.65 

to3.76. In second case the value of Quality factor is improved, the value in second case ranging from 5.7 to 6.24.  From 

figure 12(b), it can be analyzed that the BER value for system without having effect of soliton pulses is having higher 

value i.e. more bits are being corrupted. The value of the BER lies in range of E
-5

.Whereas in the second case the value 

of BER is far better means less number of bits are corrupted and the value of BER  lies in the range of E
-9

. 

(B). Comparison between simulation of DWDM system at 1310nm and 1550nm with soliton pulses: 

 

Both wavelength 1310nm and 1550nm are the minimum attenuation wavelength. But the main issue is that at which 

wavelength the soliton pulses will perform; hence comparison has been performed by the help of calculation of Q 

factor and BER.  

 

     
(a)                                   (b) 

Figure 13: (a) Channel number vs Quality factor at 70km; (b) Channel number vs BER at 70km 

 

ANALYSIS: 

 
From the graph it can be clearly seen that the graph of 1550nm is having more effective value. Whereas the value of Q 

factor in case of 1310nm is lesser. Hence we can conclude from the graph that 1550nm is a better wavelength for 

simulation and designing of any system along with soliton pulses. At 1550nm we are getting good quality factor and 

lower BER which is our desired requirement. 

(C). Comparative study between existing system and proposed system:  

In the Existing system the author has worked up to 400Gbps having optical fiber length of  40 km and the range of BER 

obtained is given by 2.0E
-5

.The paper has been simulated at 1310nm for eight users and from the figure it can be seen 

that the value of BER are obtained in the range of E
-7

.When we simulate the system at 1310 nm along with soliton 

pulses then the value of BER is obtained in the range of E
-8

.When the system is simulated at 1550nm along with 
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consideration of soliton pulses then the BER is obtained in the range of E
-9

.From this all discussion we can conclude 

that the soliton pulses can be the good solution for the high data rate transmission up to the range of Tbps.  

 

 
 

Figure 14: Channel vs BER at 1310nm,1550nm at 40 km 

 
V.  CONCLUSION 

When multiple wavelength transmitting over a single optical fiber these wavelength suffer cross talk due to low 

frequency spacing and the cross talk of wavelength affects the BER(Bit error Rate) at the receiver which determines the 

performance of the system. Quality factor is also a key component in the optical fiber to analyze the system 

performance of the of the DWDM system.As it is known fact that as the number of user increases system performance 

decreases. So there are three windows at which attenuation is minimum but here in thesis work has been done on two 

wavelengths, 1310nm and 1550nm.The effect of increasing length of the fiber and increasing data rates has been 

analyzed in the thesis and according to that the concept of Soliton pulses has been clubbed together so as to make the 

new effective system which can support higher data rate. The advantage of soliton pulse is that these pulses do not 

disperse.  

The aim of the research was to simulate and analyze an improved DWDM system. Different scenario has been 

analyzed, which includes the data rates at 320Gbps, 400 Gbps, 560 Gbps at different lengths of 40 km, 50km, 80km. So 

the system has been designed and simulated on the optical software which is supporting 640 Gbps for 70km length. The 

simulated system is having some characteristics. Firstly it is equipped with soliton pulses that play an important role, 

because soliton pulses keep their shapes remain unchanged for long time. Then the amplifier used is SOA 

(Semiconductor Optical Amplifier).This amplifier is having characteristics that it can work effectively at both the 

wavelengths at 1310nm and at 1550nm.This amplifier works in the saturation mode. In this mode the gain does not 

vary. The flat band gain or we can say amplification is obtained in a better manner. This system is having is less 

complex because it does not contain loops; no dispersion compensation is used in this system.Data rate can increase to 

further higher rate but the main problem is of   the degradation of system performance. The system performance is 

directly related to value of BER and value of Q factor. If the value of BER is below acceptance range that is (E
-9

) then 

system is not viable or it can be called system is of no use. So as we increase the data rate at very high manner the value 

of Q factor degrades and BER value increases. DWDM system is working on increasing the capacity and distance of 

future DWDM products. DWDM can be supported for the data rate of higher of Tbps, so now the data traffic is 

growing exponentially in the world of computer network. DWDM technology is also most important in the 

telecommunication industry. Finally as the aim is to find out the new techniques so that more and more number of users 

can be supported along with higher security.  
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