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ABSTRACT: This paper presents the comparison of QAM, DPSK and PSK modulation techniques for coherent
optical communication system to achieve better performance. It is found that the signal can be transmitted with QAM
modulation technique over a long distance without any degradation in the Q factor and BER. The acceptable value is
achieved in terms of Q factor and BER at 60km distance with a bit rate of 10Gbps for different modulation techniques.
By increasing the length of fiber, the signal points going to be closer in the constellation diagram. The power of QAM
is constant, whereas the DPSK and PSK it exhibits fluctuations with time. The spectrum width of QAM is narrower
than other techniques. QAM also provide highest Q factor of 12.11 and lowest BER of 4.66e-034 at 60km distance.
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I. INTRODUCTION

The demand for high capacity and high data rate in the optical transmission field has motivated researchers to try
different modulation techniques such as QAM, DP-QPSK or PSK that can support this demand [1]. The coherent
QAM technique got special attention towards Optical Communication. Quadrature Amplitude Modulation technique
increases the efficiency of transmission by utilizing both phase and amplitude variations. By decreasing or eliminating
inter modulation interference due to a continuous carrier near the modulation sidebands. For a specified existing
bandwidth, quadrature amplitude modulation (QAM) enables data transmission at twice the rate of standard pulse
amplitude modulation (PAM) without any degradation in BER [2]. In this context, QAM constellation is a class of
non-constant modulation scheme that can achieve higher data rates as compared to constant envelope schemes, e.g.,
phase shift keying (PSK). Such a characteristic is very important for numerous of communication systems, where
bandwidth efficiency is more important than power efficiency. Among the various QAM constellations that have been
proposed and studied in the past, rectangular QAM has gained an increased interest as it is proved by the various
contributions that have been reported on this topic. In particular, rectangular QAM is a generic modulation technique
which includes various modulation schemes as special cases, namely square QAM, binary PSK (BPSK) [3]. The QAM
has become common place in bandwidth efficient digital communication systems. It conveys two analog message
signals, or two digital bit streams, by modulating (changing) the amplitudes of two carrier waves, using the amplitude
modulation (AM) for analog modulation scheme or amplitude-shift keying (ASK) for digital modulation scheme [4].
Adopting auto heterodyne detection technology based on DPSK has the probable benefit since it poses relatively
neglectful necessities on laser linewidth and promises high SE in DWDM systems [5]. The performance analysis is
approved for an all-optical frequency converter based on cross-phase modulation (XPM) in two semiconductor optical
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amplifiers set in a Mach—Zehnder interferometer design to determine the effectiveness of conversion [6]. This system
uses coherent detection and it needs a local laser and an optical phase-locked loop in the receiver. Moreover, local
laser is no longer required to complete coherent detection in QAM or DPSK system, which makes the structure of the
system straightforward than homodyne BPSK based system but more complex than OOK based system [7]. A typical
way of increasing data rate is to increase the number of constellation points. We note that the backward compatibility
should be secured though the transmission scheme is modified when achieving these higher data-rates [8]. In optical
fiber communication, to enhance the demand for greater transmission over optical fiber links, research has focused on
spectral efficiency (SE) to allow greater transmission rates [9]. The spectral efficiency (SE) of the M-QAM signals is
M°®® times better than that of the binary phase-shift keying (BPSK) signal [10]. QAM channel using modulated AM-
VSB video carriers has mostly been ignored [11]. It is well known that the DPSK modulation formats using a delay
interferometer (DI) and a balanced receiver have about 3dB better receiver sensitivity than ON-OFF keying (OOK)
modulation formats [12]. In spite of these advantages, PSK systems go through from various troubles, the most
prominent one being imperfect phase estimation at the receiver [13].

Quadrature amplitude modulation (QAM) is widely used for the high-speed data transmission. Compared with other
digital modulation techniques like PSK or PAM, QAM modulation has better anti-noise performance and could make
full use of the bandwidth [14]. To accomplish such objective, many modulation schemes were proposed in the
literature, as is the case of high- order quadrature amplitude modulation (QAM), which uses the available bandwidth in
an efficient manner [15].

Till now, work is done on optical communication system based on various modulation techniques, but less work has
been carried out to simulate this system based on QAM and DP-QPSK modulation technique with lesser transmission
distance up to 50km [9]. In this paper, previous work has been extended by investigating proposed coherent optical
communication system at bit rate of 10Gbps over maximum reachable distance up to 90km. So that optimization can
be done as the increment in length and compare QAM with DPSK and PSK modulation techniques.

This paper is organized into four sections. Section 1 includes the introduction of the different modulation techniques.
In section 2, the transmission performance, block diagrams of internal architecture of transmitter and receiver are
described. The results of the coherent optical communication system with different modulation techniques are reported
in section 3. Section 4 made the conclusion about the coherent optical communication system using different
modulation techniques.

Il. SYSTEM SETUP

Fig. 1 shows the block diagram of the simulation set up of coherent optical communication system i.e. categorized into
three main sections: Transmitter, Optical Fiber Link and Receiver. Firstly, the signal is send out through optical
transmitter and then, the signal goes through a loop control (Number of loops=2). The signal from the loop control
goes through an optical fiber with different length and a flat gain EDFA with a gain of 10dB and a noise figure of 4dB.
After that the output signal is received at the end of the optical receiver.

Fig. 2 shows the internal architecture of optical transmitter. The bit stream is generated by PRBS generator with bit
rate of 10Ghps splits into a sequence generator (QAM, DPSK, PSK) with bit per symbol-2 and Hyperbolic-secant
pulse generator. The two M-ary pulse generators are used. Resulting signals are modulated by two different LiNb
Mach-Zehnder modulators. The laser source has a wavelength of 1550nm, line width of 0.15MHz and launch at
different power for different sequence generator. The signals from the two different LiNb Mach-Zehnder modulators
are combined with the power combiner 2x1 and then, it transmit to the optical fiber link.
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Fig. 3 shows the internal architecture of optical receiver. To recover the transmitted signal using four photodetector
PIN (Responsivity 1A/W & Dark Current 1nA) are used. Electrical amplifiers are used to adjust the signal intensity.
After low pass Bessel filter, M-ary threshold detectors are used, resulting signal is decoded by Sequence decoder
(QAM, DPSK, PSK) with bit per symbol-2 and subsequently the signal is passed to the hyperbolic-secant pulse
generator.

Optical Fiber Flat Gain EDFA
Optic.al Loop Optllcal B?R
Transmitter control Receiver Analyzer

Fig.1. Block Diagram of Optical Communication System
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Fig.2. Internal Architecture of Optical Transmitter
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Fig.3. Internal Architecture of Optical Receiver

The output of the simulation setup is visualized by the Electrical Constellation Visualizer, OSA and OTDV. The
output of the Hyperbolic-secant pulse generator is analyzed by the BER Analyzer.

I11. RESULTS AND DISCUSSION

The results of different aspects of optical communication system based on QAM, DPSK and PSK techniques are
obtained at a bit rate of 10Gbps. Table 1 and Table 2 calculated the results for different modulation techniques. In this
system, we compare the performance of different modulation techniques for coherent optical communication system.
The accepetable results are obtained with a bit rate of 10Gbps at 60km transmission distance for different modulation
techniques. This system uses coherent detection and it needs a local laser and an optical phase-locked loop in the
receiver. Moreover, local laser is no longer required to complete coherent detection in this system, which makes the

structure of the system straightforward. With QAM technique, laser source has less power at long distance as compare
to others.
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Table 1: Results for QAM, DPSK, PSK and PAM.

Sequence Generator QAM DPSK PSK
Bit rate(Gbps) 10 10 10
Length(km) 60 60 60
Q factor 12.11 11.6 12.01
BER 4.66381e-034 1.02094e-031 4.64041e-033
Laser Power (dBm) -12 5 10

Table 1 shows the results for coherent optical transmission system using different modulation techniques. The value of
Q factor and BER for the QAM, DPSK and PSK is accepetable with a bit rate of 10Gbps at 60km transmission
distance. In the case of QAM, more Q factor and least value of BER is achieved than DPSK and PSK at 60km distance.
For QAM laser source has less power as compare to DPSK and PSK. It has only -12dBm power for the successfully
transmission of signal over a 60km distance whereas for DPSK and PSK laser source has 5dBm and 10dBm power.

Table 2: Results for QAM at different fiber length.

Length(km) 70 80 90 100
Bit rate(Gbps) 10 10 10 10
Laser Power (dBm) -8 -5 -1 3
Q factor 12.11 12.11 12.11 12.11
BER 4.66381e-034 4.66381e-034 4.66381e-034 4.66381e-034

Table 2 shows the results for QAM with a bit rate of 10Gbps in terms of Q factor and BER at different transmission
distance. QAM provides better peformance over large transmission distance with the increment in power of laser
source. The results for Q factor (12.11) and BER (4.66381e-034) is same at different length and results changes are
shown by the constellation diagrams and power spectrums. By increasing the length of fiber, the points must be closer
and are thus more susceptible to noise and other corruption. After 60km distance DPSK and PSK not gives the results
with same parameters, but QAM gives the accepetable results up to large distance with only increment in power of
laser source.

The constellation diagram gives a graphical representation of modulated signal. The x-axis represents the in-phase
amplitude value (a.u.) of the signal and the y-axis represents the quadrature amplitude value (a.u.) of the signal of the
constellation diagram. The distance between the signal dots on the constellation diagram relates to how different the
modulation waveforms are, and how well a receiver can differentiate between all possible symbols when random noise
is present. The constellation diagram of the QAM, DPSK and PSK obtained at the output as shown in Fig. 4. The graph
shows the relation between the in-phase amplitude value (a.u.) and quadrature amplitude value (a.u.). The constellation
diagram at 60km distance of (a)QAM, (b)DPSK and (c)PSK.
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Fig.4. Results of the electrical constellation visualizer at 60km distance of (a)QAM (b)DPSK (c)PSK.

QAM provides accepetable results with a bit rate of 10Gbps over large transmission distance in terms of Q factor
(12.11) and BER (4.66381e-034) with the increase in power of laser source. Result changes with the increment in
transmission distance are exposed by the electrical constellation visualizer. Fig. 5 obtained the output of the electrical
constellation visualizer of the QAM at different fiber length (a)70km (b)80km (c)90km (d)100km. With the increment
in transmission distance, irregularity between dots in all quadrant increases and the random noise is present.
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Fig.5. Results of the electrical constellation visualizer of QAM at (a)70km (b)80km (c)90km (d)100km.

The possibility of bit error rate is relative to the distance between the neighboring signal points in the constellation, this
involves that a modulation scheme with a constellation that is densely packed is less energy efficient than a modulation
scheme that has sparse constellation.

Fig. 6 shows the results of Optical Time Domain Visualizer (OTDV). The significant difference of the power for the
different techniques can be observed here. The power variations is shown with respect to time at 60km distance. For the
case of (aA)QAM the power remains constant at a value of -15dBm, but fluctuations in power for the case of (b)DPSK
between -5 dBm to -15dBm and (c)PSK between -5dBm to 5dBm are observed.
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Fig. 7 shows the power spectrum of the different modulation techniques, where the spectrum is obtained at 60km
transmission distance for (Q)QAM between 1.549u and 1.551, (b)DPSK between 1.548u and 1.552u and (c)PSK

between 1.548u and 1.552p. This spectrum is visualized at OSA. Narrow spectrum shows the good transmission with
low interferrence and noise.
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Fig.7. Results of the OSA of (a)QAM (b)DPSK (c)PSK.

More Q factor, less BER and maximum eye opening means good transmission of the signal with poor noise
performance. These results are almost same for different modulation techniques with bit rate of 10Gbps at 60km
transmission distance however large difference in the power of local laser. For QAM power of laser source is very low
over long transmission distance whereas for DPSK and PSK power of laser source is more.

Our results are coincidence with [9], where they compare QAM and DP-QPSK modulation techniques in terms of
constellation diagram and power spectrum with bit rate of 10Gbps at 50km transmission distance. They have been not
discussed about Q factor, BER and the effects of increases distance on the results. All these measures have been taken
in this paper, to have the transmission of signal, as it passes through the optical fiber with bit rate of 10Gbps by
comparing different modulation techniques at 60km transmission distance. QAM provide accepetable results up to
large distance whereas DPSK and PSK at 60km distance under same parameters of the system except power of laser
source. These results are analyzed in terms of Q factor, BER, constellation diagrams and power spectrums.

IV.CONCLUSION

In this paper, we have demonstrated the performance of the coherent optical communication system based on different
modulation techniques operating at a bit rate of 10Gbps. It is observed that maximum transmission distance of 90km is
achieved in case of QAM whereas in DPSK and PSK signal can travel up to 60km with acceptable Q factor and BER.
In the constellation diagram, for QAM it is approximately square shaped and identical in all quadrants, whereas the
DPSK and PSK it is also approximately square shaped but not the same in all quadrants at 60km distance. Many small
dots are combined with each other in all quadrant with the increment in length of fiber up to 90km for QAM. For the
OTDV input, the power of QAM is constant, whereas the DPSK and PSK power exhibits large fluctuations with time
and for the OSA input, the spectrum width of QAM is narrower than the DPSK and PSK at 60km transmission
distance. Narrow spectrum shows the better transmission of the signal with less noise power. QAM also provide
highest Q factor of 12.11 and lowest BER of 4.66e-034 at 60km distance. On the other hand, DPSK provide Q factor of
11.6 and BER of 1.02e-031 and PSK provide Q factor of 12 and BER of 4.64e-033.
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