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Abstract - In this paper the designing of DWDM OADM optical 
ring network for six nodes,8 wavelengths having channel spacing 0.4 
nm on unidirectional non linear single mode fiber of 10 Gbps has 
been reported. The performance optimization of the system by 
comparing different modulation formats such as NRZ, RZ and 
Manchester is also reported on the basis of eye diagram, BER and 
Q²dB.It is observed that NRZ is the optimum modulation format used 
in DWDM OADM ring network. 
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I. INTRODUCTION 
DIGITAL signal is a binary signal that changes from one 
state to another state in discrete steps. A popular form of 
digital modulation is binary, or two levels, digital 

modulation. In binary modulation the optical signal is 
switched from a low-power level (usually off) to a high-power 
level. There are a number of modulation techniques used in 
digital systems. Line coding is the process of arranging 
symbols that represent binary data in a particular pattern for 
transmission. The modulation format plays an important role 
in the design of the system as it can minimize the effect of 
SPM in high speed dispersion managed optical system. The 
lowest power level, which is set by ASE noise, is nearly the 
same for NRZ & RZ. By taking Constant the upper level 
which is set by single channel non linearity is substantially 
higher for NRZ modulation formats. 

NRZ code represents binary 1s and 0s by two different light 
levels that are constant during a bit duration. The presence of a 
high-light level in the bit duration represents a binary 1, while 
a low-light level represents a binary 0. NRZ codes make the 
most efficient use of system bandwidth. However, loss of 
timing may result if long strings of 1s and 0s are present 
causing a lack of level transitions, RZ coding uses only half 
the bit duration for data transmission.  

In RZ encoding, a half period optical pulse present in the 
first half of the bit duration represents a binary 1. While an 
optical pulse is present in the first half of the bit duration, the 
light level returns to zero during the second half. 
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A binary 0 is represented by the absence of an optical pulse 
during the entire bit duration. Because RZ coding uses only 
half the bit duration for data transmission, it requires twice the 
bandwidth of NRZ coding. Loss of timing can occur if long 
strings of 0s are present.  

Biphase, or Manchester, encoding incorporates a transition 
into each bit period to maintain timing information. In 
Manchester encoding, a high-to-low light level transition 
occurring in the middle of the bit duration represents a binary 
1. A low-to-high light level transition occurring in the middle 
of the bit duration represents a binary 0.  

II. SIMULATION SETUP 
This paper investigates an OptSim design for DWDM ring 

with Optical Add-Drop Multiplexers (OADM).  The 
configuration of DWDM ring is shown in Fig.1. The DWDM 
ring consists of six nodes and six fiber spans. Total number of 
wavelengths used is eight, with 3 head-end nodes 
adding/dropping five channels at the time and 3 serial OADM 
nodes adding/dropping two channels. For simplicity we used 
only uni-directional fiber link with signals propagating in 
clock-wise direction, clockwise means from one OADM to 
another and so on in one direction but not only in other 
direction. The project can be easily extended to full fiber pair 
with signals propagating in both directions. 

The schematic consists of six OADM nodes connected by 
fiber spans of specified length and type of the fiber (Corning 
LEAF fiber). For simplicity, we assumed that all nodes are 
equidistant and all six fiber spans are 50-km long. To 
compensate for the fiber attenuation in fiber spans we inserted 
fixed gain amplifiers after each fiber span. The power per 
channel of   

                   

 
  

Fig. 1 DWDM Ring configuration 
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9 dBm was used at transmitters.  We used 8 wavelengths at 
50 GHz (0.4 nm) spacing starting at 1550 nm wavelength. 
After each node we also put a plotter block MultiPlot to 
observe an optical spectrum evolution along the ring. We use 
Time Delay block to connect signal from the last node back to 
the first node. This way we can provide steady-state solution 
for ring simulation. 

OADM block is modeled as a Compound Component (CC) 
or Hierarchy block, i.e. is composed inside from other OptSim 
library blocks[1]. Each OADM node has one input and one 
output for line signal (in- and out-transport interfaces), and 
also 8 inputs/outputs for added/dropped wavelengths (in- and 
out-clients interfaces). Here two single-channel NRZ-
modulated transmitters modulated at 10 Gbps bit rate (OC-192 
rate) are connected to add-ports 3 and 6.  Since the OptSim 
requires that all input ports for CC models to be connected we 
use Null Signal model and connect it to the other 6 ports. At 
the output of CC we can connect only the ports of interest – in 
this case port 3 and 6 as shown in figure 2. Output from these 
ports  are connected to optical receiver blocks and then to 
plotter model MultiPlot which will provide plots for electrical 
signal  output waveform, spectrum, and eye diagram. 

The OADM CC block can specify following parameters: 
crosstalk level, switching configuration, first channel 
wavelength and channel spacing, optical filter bandwidth used 
in demultiplexing [1]. The properties dialog window for 
OADM CC block. The switching configuration is given as an 
N-size array (N is a number of channels in a link) where “1” 
stands for channel to be dropped at that port and “0” for 
channel to go through. For  example, in the case of Node 2 
where we are adding/dropping λ3 and λ6,  the switch array is 
given as {0,0,1,0,0,1,0,0}. 

 

 
Fig. 2 One of the OADM nodes with 2 wavelength   being added 

and dropped 
 
To understand how the OADM works let us look inside as 

shown in Fig.3. The OADM CC block consists of one 1x8 
Demultiplexer, 8x1 Multiplexer, and 8 optical switches. The 
input from transport interface (Input1) is demultiplexed into 8 
wavelengths and each of them goes to a switch with 
corresponding input from client interface (Input2-Input9). The 
switch can be in either bar or cross state (is set by the 
switching array value).  One output from the switch goes back 
to clients interface out ports (Output2-Output9) and the other 
output is being multiplexed with 7 other outputs and then sent 
to transport interface output (Output1).Finally we can run 

simulations and review the results.  Fig.4 and 5 demonstrate 
some of the results for DWDM ring simulation  

 

 
Fig. 3 Inside configuration of CC for OADM 

III. RESULTS 
Fig.4 shows the eye diagrams for lambda 8 for different 

modulation formats. It is observed from the eye diagrams that 
eye opening for NRZ is wide as compared to RZ & 
Manchester.  

 

 
Fig. 4 Eye diagrams for lambda 8 

             
     

Similarly, Fig.5 shows the eye diagrams for lambda 
1.Results shows NRZ again shows the better eye opening. For 
simplicity results of only two wavelengths viz lambda 1 & 
lambda 8 are taken, because first wavelength and last 
wavelength is generally affected by the system. 
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TABLE I 
BER COMPARISON WITH DIFFERENT MODULATION FORMATS 

                 
Table I  shows the BER comparison of different modulation 

formats on the designed ring. Again the result shows NRZ 
format is proved to be the best modulation format for designed 
ring.  

 

 
Fig. 5 Eye diagrams for lambda 1 

 
IV. CONCLUSIONS 

The result shows that for the designed DWDM OADM ring 
BER as high as 1.20e-23 is achieved by using NRZ 
modulation format. Also better eye opening is achieved using 
the same format. Further high BER can be achieved by using 
advance modulation formats. 
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Node 1 Node 5 

Lambda 1 Lambda 8 Lambda 1 
 

Lambda 8 

NRZ 1.20e-23 2.20e-17 4.20e-15 3.20e-17 

RZ 7.20e-15 5.60e-13 7.20e-12 3.44e-14 

Manchester 3.40e-12 4.50e-09 4.40e-10 6.50e-12 
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