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    Abstract—The light wave communication is useful because 

the ability of the silica optical fibers to carry large amounts of 

information over long repeater less spans. To utilize the 

available bandwidth, we can multiplex numerous channels on 

the same fiber. Dense Wavelength Division Multiplexing 

(DWDM) enables the utilization of a significant portion of the 

available fiber bandwidth by allowing many independent signals 

to be transmitted simultaneously on one fiber, with each signal 

located at a different wavelength. Again DWDM systems are 

popular with telecommunications companies because they allow 

them to expand the capacity of the network without laying more 

fibre. In this paper we analyze the performance of an optical 

transmission system with bi-directional DWDM. Performance 

results are evaluated in terms of SNR and bit error rate (BER) 
with different system parameter. 

Index Terms— Bit Error Rate (BER), Dense Wavelength 

Division Multiplexing (DWDM), Multipath User, Single Mode 

Fiber (SMF), and Signal to Noise Ratio (SNR). 

I. INTRODUCTION 

Fiber-optic communication is a method of transmitting 

information from one place to another by sending pulses of 

light through an optical fiber. In fibre-optic 

communications, wavelength-division multiplexing (WDM) 

is a technology which multiplexes multiple optical carrier 

signals on a single optical fiber by using different 

wavelengths (colours) of laser light to carry different 

signals [1-2]. This allows for a multiplication in capacity, in 

addition to enabling bidirectional communications over one 

strand of fibre [3]. In today's high-end WDM systems 

designed for long-distance communications, each optical 

signal (often referred to as a channel or a wavelength) can 

operate at up to 2.5 Gbps or 10 Gbps. Currently, available 

systems support from 32 to 64 channels and vendors are 

promising up to 160 channel systems in the near future. 

This enables a single fiber to carry more then 1 terabit/s of 

information [4]. WDM has increased the carrying capacity 

of fiber optic cables and also made it possible for data to 

flow both ways in a single strand of fiber [5]. By adjusting 

the data streams into a different part of the light spectrum 

several types of data are able to travel on its own unique 

color band. The origin of optical networks is linked to 

WDM which arose to provide additional capacity on 

existing fibers [6]. The advent of Dense Wavelength 

Division Multiplexing (DWDM) has fundamentally 

changed the economics of core optical networks [7]. 

Consequently, virtually all operators of long distance fiber 

optic networks have implemented or are expected to 

implement DWDM. It offers an attractive, cost-effective 

way for the telecommunications industry to expand network 

bandwidth. This technology allows telecom operators to 

meet ever-growing requirements for new services and have 

greater flexibility in the provisioning of these services [8]. 

Therefore, in this paper we include the Bit Error Rate 

(BER) performance of a DWDM transmission link in the 

presence of multipath users with varying different system 

parameters related to the transmission link.  

 

II. SYSTEM MODEL 

The model of DWDM system is shown in figure 1. The 

transmitted signal is given by  

),()( mmm tWACostS   Where, m = 1, 2… M      (1)   

In the transmitter, the data of 10 Gbps is used to directly 

modulate a laser to generate the signal which is transmitted 

through a single-mode fiber. In Bidirectional DWDM two 

or more waves are transmitted simultaneously over the 

same fiber. Figure 1 is shown in Appendix. It involves 

sending information in one direction at a wavelength λ1and 

simultaneously transmitting data in the opposite direction at 

a wavelength λ2.      

 

III. THEORETICAL ANALYSIS 

The output photo current of optical transmitter is given 

below: 
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Where, 

e= charge of an electron 

h=plank’s constant 

f=frequency of the incident photon 

η=quantum efficiency 

Po =incident optical power in watt 

 

The equation of dark current noise 

                                        
2 2d di eBI                               (3) 

Where, 

Id = dark current  

B = post detection (electrical) bandwidth 

The short noise current is on the photo current Ip is  
2 2s pi eBI                                (4)                          

Combining equation (2) & (3) we get the total shot noise 

 2 2
sT p di eB I I                    (5) 

So, the root mean square (r.m.s) shot noise current is  
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The thermal noise in the load resistor is given by 
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Therefore, the r.m.s thermal noise in the load resistor is 

given by 
1
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The expression for the SNR can be written as follows, 

where Fn is the noise figure 
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Therefore 
1010logSNR in dB SNR It is possible to 

conduct the calculation in dB if we neglect the shot noise 

 2 0
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The Bit Error Rate (BER) is given below  
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Where 

Eb = CTb =Average energy of a received bit. 

C = Average power of received carrier  

N0 = Noise density =Noise power in 1 Hz of RF or IF 

bandwidth                                  

Tb = Unit of bit Duration = 1/fb; fb = Bit rate. 

 

IV. RESULTS AND DISCUSSION 

Following the analytical approach presented in previous 

section, we evaluated the BER performance of bi-

directional DWDM system considering the effect of 

different system parameters.  For the convenience of the 

readers the parameters used for computation in this paper 

are shown in table 1. 
TABLE I.  NOMINAL PARAMETERS OF OPTICAL 

COMMUNICATION LINK 

Parameter Name Value 

Bit Rate, Br 100 Mbps 

Temperature 300 

Fiber attenuation, α 0.24 dB/Km 

Responsivity, R 0.5 A/W 

Load Resistance, Rl 50 ohm 

Channel Spacing Dch 20 GHz 
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Fig 2:  Relation between P0 in dbm and SNR in db 
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Fig 3:  Relation between P0 in dbm and bit error rate 

(BER). 

The plot of Optical Power vs. SNR is shown in Fig. 2. In 

the figure a linearly increasing straight line curve represents 

that the SNR is increased with increasing the incident of 

optical power P0. Fig. 4 shows the plots of BER vs.P0 with 

different channel.  From the figure it is found that the bit 

error rate increase as the band- width increases. 
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Fig. 4:  Plots of BER vs. P0 for Different Channel 

-21 -20.5 -20 -19.5 -19 -18.5 -18 -17.5 -17
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
x 10

10

Sensitivity

R
b

 
Fig 5: Relation between channel sensitivity (Rx) and bit rate 

(Rb) 
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Now by drawing a straight line parallel to the horizontal 

axis from the 10
-5 BER point we get some crossing point of 

the curve. Drawing perpendicular line from each point on to 

the horizontal axis we can find the channel sensitivity. If we 

plot sensitivity (Rx) vs. bit rate (Rb) then we get a 

exponentially increasing curve which is shown in Fig.5. 

Fig. 6 shows the plot of P0 vs. BER at the presence of 

crosstalk. The analysis shows that the BER is increased 

with the addition of crosstalk.  
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Fig. 6:  Plot of P0 vs. BER at the Presence of Crosstalk 

(Noise). 
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Fig 7: Plots of BER vs P0 for no. of channel 
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Fig 8. Relation between Cross-Talk and Power Penalty 

The BER performance for different no. of channel is 

shown in Fig.7 which represents the BER decreases with 

the increase of optical power P0. Fig. 8 shows the plot of 

power-penalty vs crosstalk.  From the figure it is found that 

as the cross-talk increases the power penalty also increases. 

 

V. CONCLUSION 

A detailed analytical approach is presented to evaluate 

the bit error rate performance of optical transmission system 

with bi-directional DWDM. Analysis shows that Bit Error 

Rate increases as the number of user increases and for a 

certain number of users Bit Error Rate increases as the 

message bit rate increases. If we plot power-penalty vs 

crosstalk then we get an exponentially increasing curve, 

which represent that as the cross-talk increases the power 

penalty also increases. Interference power increases as the 

number of user increases and for a certain number of user’s 

interference power decreases as chip length increases. 
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 APPENDIX  

Fig. 1: Bidirectional WDM System 

 


