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Abstract---Owing to the rapidly growing capacity 

requirement for long distance transmission, fiber optic 

telecommunication are advancing into high data rate and 

dense channel schemes enabled by wavelength division 

multiplexing(WDM).It is a technology which combines a 

number of optical carrier signals into a single optical fiber 

by using different wavelength of laser light. The latest 

version of WDM, High Density WDM achieves higher 

capacity by dividing a wavelength-band into even more 

channels. Today’s HDWDM system can combine up to 128 

or more wavelength onto a single fiber. It is the method to 

minimize the channel spacing below 100GHz with high 

speed for data transmission. HDWDM system is still not 

widespread. The minimum channel spacing at high speed for 

data transmission is the main advantage which resembled 

from WDM and DWDM. In this work, the realization of 

mixed HDWDM transmission system using different 

modulation formats at 2.5Gbit/s bit rate and determine the 

channel interval at which successful transmission is 

possible. Simulation is done by using Optisystem ver.12. 

Keywords: WDM, optical fiber networks, optical filtering, 

Non return to zero, Duobinary modulation. 

I. INTRODUCTION 

In recent years, fiber optic communication systems become 

a most desirable communication system because of the 

present and the future demand for combined voice, video 

and data transmission, high-speed Internet access, 

multimedia broadcast systems, high-capacity data 

networking for grid computing and remote storage. The 

tremendous growth in demand for bandwidth has led to 

various technologies to increase the capacity. The first 

WDM [2-3] systems can combine only two signals. Modern 

systems can handle upto 160 signals and can thus expand a 

basic 10Gbps fiber system to a theoretical total capacity of 

over 1.6Tbps over a single fiber pair. WDM transmission 

systems with transmission capacity exceeding a Tera-bit per 

second are becoming commercially available. Two different 

versions of WDM, defined by standards of the International 

Telecommunication Union (ITU), are distinguished: Coarse 

wavelength division multiplexing (CWDM) uses a relatively 

small number of channels (four or eight), and a large 

channel spacing of 20nm. Dense wavelength division 

multiplexing (DWDM) enhanced the total transmission 

capacity by increasing the number of multiplexed channels. 

It uses large number of channels and provides small channel 

spacing. 

In this work proposes a new version of WDM 

known as mixed High Density Wavelength Division 

Multiplexing system is developing in which optical fiber 

networks can potentially provide huge communication 

capacity. High Density WDM (HDWDM) achieves higher 

capacity by dividing a wavelength-band into even more 

channels. HDWDM system is still not widespread. The 

minimum channel spacing at high speed for data 

transmission is the main advantage which resembled from 

WDM and DWDM. 

For a long time, non-return-to-zero (NRZ) has been 

the dominant modulation format in intensity modulation 

direct detection (IMDD) fibre optical communication 

systems. The major reasons for using NRZ in the early days 

of fibre optical communication were a relatively low 

electrical bandwidth for the transmitters and receivers 

compared to return-to-zero (RZ). In general, NRZ 

modulated optical signal has the most compact spectrum 

compared to that with other modulation formats. However, 

this does not mean that NRZ optical signal has superior 

resistance to residual chromatic dispersion in an amplified 

fibre system. In addition, NRZ modulated optical signal has 

found to be less resistive to fibre nonlinearities. 

RZ modulation has become a popular solution for                     

10Gbit/s systems because it has a higher peak power, a 

higher signal-to-noise ratio (SNR), and lower bit error rate 

(BER) than NRZ encoding. Despite these advantages, 

conventional RZ signal is not well suited for the use in 

dense wavelength division multiplexing (DWDM) systems 

due to its broad spectral width. 

By encoding multiple bits per symbol, non-binary 

modulation techniques can accomplish significant spectral 

efficiency. Spectral narrowing alone can also reduce the 

effect of chromatic dispersion. Encoding multiple bits per 

symbol also gives rise to longer symbol duration that can in 

turn increase robustness to fibre propagation impairments. 

Duobinary (Duo) is a three level code which substantially 

reduces the bandwidth occupancy of a signal compared to 

coding with NRZ or RZ. 

In recent years, as optical communication is 

advancing to mixed data rates, NRZ, RZ and Duobinary 

modulation formats must be investigated for the future 

mixed transmission in dense wavelength division 

multiplexing (DWDM) systems, where NRZ modulation 

format may not be the best choice for high capacity optical 

systems. However, due to its simplicity, and its historic 

dominance, NRZ can be used as a good foundation for the 

purpose of mixed data rate and format transmission. 

In fiber optical transmission systems, the 

degradation effects can be categorized by the random noise 

and waveform distortion. For long-span HDWDM systems, 

signal waveform distortion can be generated by linear 

chromatic dispersion, polarization mode dispersion (PMD), 

nonlinear optical effects  in optical fibers, or their 

combination.In multiwavelength WDM optical systems the 

inter-channel crosstalk originated by fiber nonlinearity, such 

as cross-phase modulation (XPM) and four-wave mixing 
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(FWM), is a limiting factor. To maximize the WDM 

network capacity, the system’s design and optimization have 

to take into account all the contributing factors - such as the 

channel data rate, transmission distance, signal optical 

power, fiber linear and nonlinear optical effects and, of 

course, the channel interval. In a HDWDM system the last 

factor is the most important for a high-quality solution 

which depends directly on the optical filters. 

II. SYSTEM ARCHITECTURE  

Currently, many researches are taken in the field of optical 

transmission systems are focused on increasing the total data 

transmission speed of an individual optical fiber. The role 

and realization of an optical transmitter become important 

with increased channel data rates in the system. While the 

optical transmitters at lower channel data rates are less 

complex and easier to realize by direct modulation of a laser 

diode, the realization becomes more complex with the 

increasing channel data rate, thus raising the requirements 

on electrical and optical components of the optical 

transmitter.  

The proposed transmission employs two optical 

channels with external intensity modulation (IM), and non-

return-to-zero (NRZ) pulse shapes. The laser is always 

switched on and its light waves are modulated via the 

electro-optic MZM [9] by output of data pulse sequence of a 

pulse pattern generator (PPG), using the principles of 

interferometer constructive and destructive interference to 

achieve ON and OFF of the light waves. After the MZ 

modulator the signal is sent to a SMF, where optical pulses 

are propagating over a 40 km distance. The utilized fiber has 

a large core effective area of 80 μm
2
, attenuation a = 0.2 

dB/km, nonlinear refractive coefficient    nk = 2.5·10
-20

 

cm/W and dispersion 16ps/nm/km at the reference 

wavelength λ = 1550 nm. For compensation [5] [14] of 

losses in the fiber and in optical components it is necessary 

to use the technique for amplifying optical signals. The 

optical amplifiers represent one of the crucial components in 

an optical transmission system. Despite the minimum 

attenuation at 1550 nm [6] [8], fiber losses significantly 

limit the transmission performance with increased 

transmission distance. 

 
Fig. 1: Basic Block Diagram of HDWM system 

After transmission through the optical fiber [4], a 

multiwavelength optical signal needs to be separated in 

individual channels. This is realized through implementation 

of band-pass filters (BPFs) [12] [15], which transmit optical 

power within a definite wavelength window only, and 

reflect or absorb the rest. In the case of a single-channel 

transmission the function of an optical BPF is to separate the 

channel information from the noise which has been added, 

by optical amplifiers. By applying a BPF to select the 

wavelength channel, the useful information is retained and 

most of the noise is filtered. The role of an optical receiver 

is to detect the transmitted signal by the opto-electrical 

transformation of the signal received by a photodiode (e.g. 

PIN or APD). Furthermore, additional electrical equalization 

is performed together with electrical signal amplification 

enabling further signal-processing and performance 

evaluation using BER analyser. 

To evaluate the system performance several 

measurements have been taken. The bit error ratio (BER) 

evaluation is a straightforward and relatively simple method 

for performance evaluation based on counting the errors in 

the received bit streams. The error counting in a practical 

system with a transmission speed greater than 1Gbit/s can be 

a long process, especially for realistically low BER values   

(< 10
–9

). For investigation of performance of an optical 

transmission system by simulation, several effective 

statistical methods have been developed. In this case the 

BER is the ratio of the occurrence of errors (Nerror) to the 

total number of transmitted bits (Ntotal) 

III. SIMULATION SCHEME 

A large number of publications in the world are devoted to 

modulation formats, starting from the elaboration of novel 

efficient numerical methods and ending with the creation of 

complex multiform WDM systems. The aim of our 

simulation was to compare the various modulation formats 

(NRZ/RZ/Dou) complex transmission at different bit rates 

(2.5Gbit/s) and found the most resilient solution for mixed 

HDWDM network Figure 1. In particular, the optical power 

spectrum and the spectral bandwidth of the different signals 

are investigated at the multiplexer/demultiplexer 

output/input ports. These results together with dispersion 

and nonlinear effects will be compared to the system 

performance of optical network. 

 
Fig. 2: Mixed HDWDM system simulation scheme 

The idea is to compare the different mixed WDM 

system performance when using distinctive modulation 

formats simultaneously. 

IV. RESULTS AND DISCUSSIONS 

The aim of this section is to verify systems simulation with 

the integrated Optsystem package and to numerically 
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evaluate and compare the performance of mixed -NRZ-, - 

RZ- and-Duo- modulation formats in WDM systems with 

typical system parameters. 

The eye pattern is a powerful, yet simple time 

domain tool for assessing the data capability of an optical 

digital transmission system. The eye pattern measurements 

are made in the time domain and in real time showing the 

effects of waveform distortions immediately on an 

oscilloscope. Much system performance information can be 

deduced from the eye-pattern display. Information regarding 

the signal amplitude distortion, timing jitter and system rise 

time can be derived simply by observing certain features of 

the pattern. The eye-pattern obtained during simulations will 

be analyzed to obtain and to compare various system 

performance characteristics. 

To obtain a system with an appropriate BER we 

should reduce the data transmission speed or increase the 

channel interval. At 12.5GHz channel interval eyedigram 

does not reaches the standard value and thus the signal get 

distorted and more errors will be incorporated due to kerr 

effect. As a result we are raising the channel spacing to         

25 GHz which is shown in figure 3 

  NRZ-NRZ-NRZ in 2.5Gbit/s in 25 GHz 

 
Fig. 3: 2.5 Gbit/s mixed HDWDM transmission system 

using 25 Ghz channel spacing 

At this stage a successful transmission is possible 

and the signal pattern doesnot overlap with the mask This is 

the optimal channel interval, which allows multiplexing the 

signals in a HDWDM system .Further increase in the 

channel number would not change the chosen frequency 

interval see Figure 4..Considering the 25 GHz frequency 

interval as the chosen one, it is possible to upgrade the 

existing WDM communication systems with a 2.5 Gbit/s 

transmission speed per channel. 

For the next generation WDM systems the mixed 

signal formats transmission will be necessity. Figure 5 

presents output electrical signal eye patterns for NRZ-RZ-

NRZ mixed formats. 

NRZ-RZ-NRZ in 2.5Gbit/s in 35GHz 

 
Fig. 4:2.5Gbit /s HDWDM transmission system using 35 

GHz channel spacing 

This example shows that optimal channel spacing 

for mixed NRZ-RZ-NRZ 2.5 Gbit/s systems should be more 

than 25 GHz and gets better quality signal  

Figure 5 depicts output optical signal spectrum and 

electrical signal eye patterns for NRZ-Duo-NRZ mixed 

formats where the most perspective Duobinary modulation 

format is    presented.  

NRZ-Duo-NRZ in 2.5Gbit/s in 25GHz 

 
Fig. 5: 2.5Gbit /s HDWDM transmission system using 

25GHz channel spacing 

Non-binary modulation technique can perform significant 

spectral efficiency 

V. CONCLUSION 

In this work done, HDWDM is a powerful technique for 

increasing the capacity of fiber optics transmission systems. 

It has been shown that the BER and eye-diagram technique 

is a good means for evaluating the system performance that 

allows HDWDM system to be optimized for different 

parameters. In contrast to the conventional high speed 

approach of increasing WDM transmission capacity, we 

have demonstrated the minimal allowed channel spacing in 

mixed HDWDM systems, and provide recommendations for 

future HDWDM solutions. For mixed WDM systems with 

25 GHz channel spacing, nonlinear crosstalk originated 

from cross phase modulation and four-wave mixing are the 

major source of system performance degradation. Compared 

together all investigated modulation formats, it can be seen 

that all of them can be used for future mixed traffic 

transmission in WDM networks. 

REFERENCES 

[1] Jurgis Porins, Vjaceslavs Bobrovs and Girts 

Ivanovs,”Realization of HDWDM     Transmission 

System with Minimum Allowable Channel Interval”, 

Latvian Journal of Physics and Technical 

sciences,2012. 

[2] Bergano,N.S. and C.R. Davidson, ”Wavelength 

Divisiom Multiplexing in long haul  transmission 

system”, Journal of Light Technology,Vol.14, 

No.6,2010 

[3] Vjaceslavs Bobrovs and Girts Ivanovs”, Realization of 

Mixed WDM Transmission System”, Latvian Journal of 

Physics and Technical sciences, 2011. 

[4] Gerd keiser,“Optical fiber Communications”, McGraw-

Hill International Editions,2000. 

[5] Ramesh Pawase, R.P.Labade, S.B.Deosarkar, 

Dispersion Post-Compensation  using DCF at 

10GBPS”, Global Journals Inc. (USA), Vol.11,2011. 

[6] Warsha Balani, Manish Saxena,” EDFA Gain 

Performance analysis at 2Gbits/sec in Optical 



Realization of Mixed HDWDM Transmission System with Minimum Available Channel Spacing using Different Modulation Formats 

 (IJSRD/Vol. 2/Issue 01/2014/174) 

 

 All rights reserved by www.ijsrd.com 685 

Transmission System”,International Journal Of 

Multidisciplinary And Current Research,vol 11,pp.22-

28,2013. 

[7] Ahmed Riad Borsali, Hadjira Abri Badaoui, Mohamed 

Aichiand Walid Aichi, “Effect of channel wavelength 

spacing for WDM system on the quality of the 

transmission”, IJCSI International Journal of Computer 

Science Issues. Vol. 9, pp. 441- 443, 2012. 

[8] Ajay K. Sharma, Anu Sheetal, R.S. Kaler,”Simulation 

of high capacity 40 Gb/s long haul DWDM system 

using different modulation formats and dispersion 

compensation schemes in the presence of Kerr’s effect” 

International Journal for Light and Electron Optics,Vol. 

121,pp. 739–749,2010. 

[9] Ed L. Wooten, Karl M. Kissa, Edmond J. Murphy, “A 

Review of Lithium Niobate Modulators for Fiber-Optic 

Communications Systems”, IEEE Journal of selected 

topics in quantum electronics, Vol.6, No.1, 2010. 

[10]  S.Berezins, V.Bobrovs,”EDFA Application Research 

in WDM Communication   Systems”, Electronics and 

Electrical Engineering, Vol.19, No.2, 2013. 

[11] Ivanovs G, Bobrovs V, Ozolins O.and Porins 

J.,”Realization of HDWDM transmission system”, 

International Journal of the Physical Sciences, Vol.5(5), 

pp. 452-458,2010 

[12] O. Ozoliņš, G. Ivanovs.,”Evaluation of Band-Pass 

Filters Influence on NRZ Signal in HDWDM Systems”, 

Electronics and Electrical Engineering. – Kaunas: 

Technologija, Vol. 4(100), pp. 65–68, 2010. 

[13] S. M. Jahangir Alam, M. Rabiul Alam, Guoqing Hu, 

and Md. Zakirul Mehrab, “Bit Error Rate Optimization 

in Fiber Optic Communication”, International Journal 

of Machine Learning and Computing, Vol.1, 

No.5.,2011. 

[14] Bobrovs, V., Ivanovs, G. & Spolitis S.,”Realization of 

Combined Chromatic Dispersion Compensation 

Methods in High Speed WDM Optical Transmission 

Systems”, Electronics and Electrical Engineering. Vol.5 

(111), pp33-38, 2011.  

[15]  Szodenyi, A.,”Optical filter type influence on 

transparent WDM network’s size”, Hiradastechnika, 

Vol.12, pp. 55–58,2009 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0030402608003276
http://www.sciencedirect.com/science/article/pii/S0030402608003276
http://www.sciencedirect.com/science/article/pii/S0030402608003276
http://www.sciencedirect.com/science/journal/00304026

