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1. Introduction 

 

In recent years, optical modulation techniques with a high spectral efficiency are 

investigating with a great interest. An improvement of the spectral efficiency is very 

important for increasing a transmission capacity of optical transmission systems utilizing the 

wavelength-division multiplexing technology. For these systems, multilevel optical 

modulation formats are suitable candidates. In this case, an interesting modulation technique 

is the QAM modulation. Recently, a qaud–parallel MZM modulator has been proposed to 

generate the 16-QAM optical signal. In this modulator, four binary data streams are mapped 

over a carrier light where two QPSK signals are superposed by a optical coupler. 

 

 Each optical fiber represents a transmission system, which is frequency dependent. 

A pulse propagation inside this transmission system can be described by the nonlinear 

Schrödinger equation (NLSE), which is derivate from Maxwell equations. From the NLSE 

equation we can expresses effects in optical fibers that can be classified as: 

a) linear effects, which are wavelength depended, 

b) nonlinear effects, which are intensity (power) depended. 

More detailed analysis of linear effects are published in [3], [4], [5]. 

 

1. Principles of the 16-QAM Modulation 

 

The Quadrature Amplitude Modulation QAM is a modulation technique that combines two 

modulation schemes (amplitude shift keying and phase shift keying). The QAM is 

a multilevel modulation thatis able to transmit n bits by m symbols. A main advantage of this 

modulation is saving the transmission bandwidth and/or increasing transmission bit rates. In 

this paper, wecan focus on the 16-QAM modulation because higher level QAM modulations 

have high performance requirements. 

 

 

Figure 1 shows principles of the 16-QAM modulator using the QPMZM. This modulator 

consists of two QPSK modulators (QPSK1, QPSK2). Each QPSK modulator consists of the 

dual parallel Mach–Zehnder modulator that is driven by two binary data sequences. The 

QPSK2 is attenuated by 3dB to achieve a rectangular 16-QAM constellation. The QPSK2 

signal must be attenuated before coupling. The QPSK1 sets a quadrant where the QPSK2 

symbols (with smaller amplitude) are mapped [8]. 
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Fig.1:  Principles of the 16-QAM modulation. 

 

 

2. Principles of the 16-QAM Demodulation 

 

The 16-QAM demodulation is divided in two steps. First step is a determination of the 

quadrant wherein bits are detected. First two bits from the 4-bit codewords are assigned by 

a phase of the received signal,second two bits are assigned by their position on imaginary and 

real axis. On Fig. 2, we can see decoding rules and decision levels for the 16-QAM 

demodulation process [8]. 

 

 

 

Fig.2:Decision levels for the 16-QAM demodulation. 

 

 



311 

 

3. The simulation environment for the 16 QAM modulation 

 

Simulation experiments are realized in the program Matlab R2014a Simulink. Figure 3 

showsa complete transmission path with the 16-QAM modulation technique. The block CW 

includes a block of the creating constructive and high frequency wave that is used as a carrier 

wave. It is assumed that the fiber length is 80 [km], the total attenuation is atotal = 16,8 [dB] 

(i.e. αspecific = 0,21 [dB/km]), values of the PMD 10 [ps/(nm.√km)] and the CD 10 [ps/km]. 

More detailed description of the created block representing the environment of optical fibers 

are published in [1], [2], [3],[6],[7]. 

 

Fig.3:The optical transmission path utilizing the 16-QAM modulation. 

 

In Fig. 4, we can seethe block Data signal for creating a pilot binary data stream that controls 

the QPMZM modulators. Four Bernoulli generators are used because of the simulation 

acceleration. Four data streams are coupled in a buffer and then are sending to the MZM 

modulator. Figure 5 shows a complete scheme of the quad parallel Mach-Zender modulator.  

 

Fig.4:The Data signal block scheme . 

 

 

 

 Fig.5:The block scheme of the quad parallel MZ modulator. 
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4. Simulation results 

Fig.6:The BER vs. Eb/N0 forOOK NRZ, Duobinary and16-QAM modulations. 

 

On Fig.6, waterfall curves for the OOK NRZ (blue), Duobinary (green) and 16-QAM 

(red)modulations are shown. The 16-QAM has the worst BER from comparing these three 

modulations. However, because it represents a multilevel modulation format, it can lead to 

saving 4x more bandwidth than the OOK NRZ modulation. More detailed comparison of the 

Duobinary and OOK modulations is published in [9].
 

 

 
Fig.7:The spectrum comparison forOOK NRZ, Duobinary and16-QAM modulations. 

 

Figure 7 shows the spectrum utilized by each modulation. The OOK NRZ modulation has the 

widest spectrum Wb= 97,66 GHz. The Duobinary has a twice narrower spectrum than the 

OOK NRZ Wb= 48,83 GHz. The narrowest spectrum with Wb= 24,41 GHz is representing the 

16-QAM modulation. 
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5. Conclusion 

 

We demonstrated the analysis of the 16-QAM modulation using a created Simulink optical 

transmission path. The general block scheme of the optical transmission system consists of 

the Mach-Zendermodulator,the Mach-Zender demodulator, the environment of optical 

transmission medium and scopes.The model introduces a functional scheme for the 16-QAM 

optical transmission system. From simulation results we can see that the 16-QAM modulation 

is not applicable in long distance optical systems because it has a bad resistance to distorting 

effects. Because this modulation format has the narrowest spectrum, it will be practically 

applicable in optical systems utilizing the wavelength division multiplexing technology.  
 

 

Acknowledgement 

This work is a part of research activities conducted at Slovak University of Technology 

Bratislava, Faculty of Electrical Engineering and Information Technology, Institute of 

Telecommunications, within the scope of the project KEGA No. 039STU-4/2013 “Utilization 

of Web-based Training and Learning Systems at the Development of New Educational 

Programs in the Area of Optical Transmission Media”. 

 

References: 

[1] R. Róka, F. Čertík, "Modeling of Environmental Influences at the signal transmission in 

the optical transmission medium," International Journal of Communication Networks and 

Information Security, vol. 4, No. 3. S146- 162. ISSN 2073-607X. 

[2] R. Róka, F. Čertík,"The Nonlinear FWM Effect and its Influence on Optical Signals 

Utilized Different Modulation Techniques in the WDM Transmission Systems,"OK 2012 

– 24th Conference, Praha (Czech), ISBN 978-80-86742-36-6, 25.-26. 10. 2012 

[3] F. Čertík, "Nonlinear SPM and XPM Effects and their Influence on Optical Signals 

Utilized Different Modulation Techniques in WDM Transmission Systems," OK 2014 – 

26th Conference, Praha (Czech), 23.-24. 10. 2014 

[4] E. Iannone, F. Matera, A. Mecozzi, M. Settembre, "Nonlinear Optical Communication 

Networks," Johnwiley and sons, pp. 20 50, TK5103.59.N66, 1998 

[5] K.-P. Ho, "Phase-Modulated Optical Communication Systems," 2005 Springer 

Science+Business Media, Inc, pp. 111 - 180, ISBN 0-387-24392-5, ISBN 978-0387-

24392-4 

[6] R. Róka, F. Čertík,Simulation Tools for Broadband Passive Optical Networks. In: 

Simulation Technologies in Networking and Communications: Selecting the Best Tool 

for the Test, CRC Press in Taylor&Francis Group, Boca Raton (USA), November 2014, 

ISBN 978-1-4822-2549-5 

[7] R. Róka, The Simulation of Negative Influences in the Environment of Fixed 

Transmission Media, In: APSAC 2015 – International Conference on Applied Physics, 

Simulation and Computers, Vienna (Austria), 15. - 17. 3. 2015, pp. 58-68, ISBN 978-1-

61804-286-6, ISSN 1790-5109 

[8] A. Tokunaga, N. Hashimoto A. Maruta "All-Optical Modulation Format Conversion from 

4 Channels NRZ-OOK to RZ-16 QAM Based on Cross Phase Modulation in Optical 

Fibers"Opto-Electronics and Communications Conference (OECC 2012) Technical 

Digest July 2012, Busan, Korea ISBN 565-0871 Japan July 2012, Busan, Korea 

[9] P. Šalík , F. Čertík, R. Róka “Duobinary Modulation Format in Optical Communication 

Systems“ Advances in Signal Processing 3(1): 1-7, 2015 http://www.hrpub.org 

DOI:10.13189/asp.2015.010101 


