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Abstract— 4-QAM and DP-QPSK modes of modulation for 

coherent optical communication are analyzed and compared 

using power spectrum and constellation diagrams, to 

determine the modulation technique which will provide 

higher rates of data transmission, with lower power loss and 

bit error rate. 
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I. INTRODUCTION 

A range of newly developed fundamental communications 

technologies must be employed in order to reliably transmit 

signals with high data rates in the near future using 

telecommunication networks. One of these technologies 

involves the use of higher level modulation methods on the 

optical side, similar to those which have been used for many 

years successfully on the electrical side. Until now, just one 

modulation method was used for transmission rates of upto 

10 Gbps, namely on/off keying. 

OOK amplitude modulation can only be used in a 

very restricted sense for high data rates. Higher level phase 

modulation methods represent the next category. DPSK 

improves the system balance by means of a much reduced 

OSNR limit value, but have significant drawbacks in other 

areas. Systems using dual polarization state DP-QPSK 

modulation methods have been tried out recently. This 

opens the way towards a coherent system of transmission 

and detection. Although this is by far the most complex 

method, the advantages are significant. 

II. QAM 

The QAM (quadrature amplitude modulation)modulation is 

typically used in CATV system for cable modem 

transmission. QAM is being used in optical fiber systems as 

bit rates increase. Arbitrarily high spectral efficiencies can 

be achieved with QAM by setting a suitable constellation 

size, limited only by the noise level and linearity of the 

communications channel.
[1]

 QAM is susceptible to phase 

noise also.QAM conveys two digital streams by the 

modulation of two carrier waves using ASK  modulation for 

each component. The Mach-Zehnder modulator is a device 

which simply divides a beam into two parts which involves 

the shifting of the phase of one with respect to the other and 

the recombination of the two components. For using in 

QAM, the linear part of the transfer function curve is to be 

used. It is known that required OSNR becomes larger with 

increased spectral density
 [2]

. QAM is known to be better 

than BASK in terms of information capacity
 [3]

.Fig. 1 shows 

the block diagram of 4-QAM. 

 
Fig. 1: QAM Block Diagram 

III. DP-QPSK 

The DP-QPSK (Dual Polarization Quadrature Phase Shift 

Keying) is a fiber optic digital modulation technique which 

uses two orthogonal polarization of a laser beam, with 

QPSK digital modulation on each polarization. 2 bits of data 

per symbol rate can be transmitted by QPSK, the capacity is 

doubled by DP-QPSK, hence 4 bits of data per symbol rate 

can be transmitted. The 4 level version of DPSK is called 

DP-QPSK. DQPSK transmits two bits for every symbol (bit 

combinations being 00, 01, 11 and 10) and has an additional 

advantage over conventional binary DPSK. DQPSK has a 

narrower optical spectrum
 [4]

, which tolerates more 

dispersion (both chromatic and polarization-mode), allows 

for stronger optical filtering, and enables closer channel 

spacing. As a result, DQPSK allows processing of 40 Giga 

Bits data-rate in a 50 GHz channel spacing system.
 [5]  

 A 

demodulator for optical DQPSK signals can be constructed 

using two matched DPSK demodulators with phase off-set 

at +pi/4 or -pi/4. 

 
Fig. 2: DP-QPSK Block Diagram 

IV. SIMULATIONS AND RESULTS 

A pseudo random generator with bit rate=10 G bits/sec is 

taken as the input for the QAM set up. Optical DP-QPSK 

transmitter is taken as input for the second setup as in fig.2 

such that the operating wavelength is 1550nm. 

The constellation diagram DP-QPSK observed at 

the output side is as shown in the fig.3.The constellation 

diagram of 4-QAM has 16 separate dots in each quadrant as 
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shown in fig.4 that is in the shape of square whereas the 

other constellation diagram has many small dots 

accumulated in each quadrant. 

The fig.6 shows the power spectrum of the 4-QAM 

and it is observed that that it is more compressed in the case 

of DP-QPSK as shown in the fig.5 

 
Fig. 3: Constellation Diagram Of DP-QPSK 

 
Fig. 4: Constellation Diagram Of 4-QAM 

 
Fig. 5: Power Spectrum Diagram Of DP-QPSK 

 
Fig. 6: Power Spectrum Diagram of 4- QAM 

V. CONCLUSION 

The QAM shows better results when compared to DP-

QPSK. We can clearly see that the constellation diagram of 

QAM is in the shape of a square, whereas in DP-QPSK , it 

has an arbitrary shape. We can see compression more in the 

case of QAM and power is constant when compared to the 

DP-QPSK, which displays greater fluctuations. 

REFERENCES 

[1] Anjali gupta,kamalajit singh bhatia, Harsimrat 

Kaur,”comparison of QAM and DP-QPSK in a 

coherent optical communication system”,in: Optik 

- International Journal for Light and Electron 

Optics,may 2014 

[2] J. Anisha Nul Josephine,J. Sunil Gavaskar, “Signal 

Shaping in Single and Multi Carrier Transmission 

for Optical Wireless Communication”, in: 

International Journal of Emerging Technology and 

Advanced Engineering, Volume 3, Issue 2, 

February 2013. 

[3] Millar, D.S,Digital signal processing for coherent 

optical fibre communications, Doctoral 

thesis(2011), UCL (University College London) 

[4] Sumant ku.Mohapatra,Ramya Ranjan 

Choudhury,Rabindra Bhojraj and Pravanjan Das, 

“Performance analysis and monitoring of various 

advanced digital modulation and multiplexing 

techniques of F.O.C within and beyond 

400Gb/s”,in:International Journal of Computer 

Networks 

&Communications(IJNC),Vol.6,No.2,march 2014. 

[5] Jay (Y.C.) Hsieh, Chiayu Ai , Vincent Chien , 

Xiang Liu , Alan H. Gnauck , and Xing Wei 

,“Athermal Demodulator for 42.7-Gb/s DPSK 

Signals”  


