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Abstract— In this paper, we investigates the effects of two 

different modulation schemes for image transmission using 

an OFDM (Orthogonal Frequency Division Multiplexing) 

transceiver. The main aim is to evaluate the performance 

between 16PSK (Phase Shift Keying) and 16QAM 

(Quadrature amplitude modulation) in context of BER (Bit 

Error Rate) in AWGN (Additive White Gaussian Noise) 

channel. We evaluate the performance of these modulation 

schemes using MATLAB simulations. The results show that 

QAM is a better modulation scheme than PSK for the image 

transfer using OFDM transceiver. The data modulated by 

PSK modulation technique gets more affected by the channel 

effects and more number of errors occur, as compared to 

QAM. 
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1. Introduction 
Over the past few years, Telecommunication emerged as a 

rapid growing industry. A boom can be seen in the number of 

mobile communications subscribers, and it will continue in the 

future. In fact, if we talk about some countries, the mobile 

subscribers are more than the population. Talking about the 

future, in the upcoming years, the future will be of Fourth 

Generation systems.  
Due to the huge progress in the field of Wireless 

communication, the demand of high capacity wireless networks 

was felt, either by upgrading present technology or by devising 

new methods and techniques.  

The use of Orthogonal Frequency Division Multiplexing 

(OFDM) technology in the newer WLAN technologies 

promises a much improved and higher data rate and with 

further improvements, higher data rates can be achieved. The 

use of OFDM in LTE offers peak data rates of 100 Mbps for the 

cellular purposes [9]. 

The main goal of 3
rd

 and 4
th

 generation wireless technologies is 

to entertain people with higher data rates along with the 

provision of wide range of services, like voice communication, 

video services (e.g. video call) and internet services, over the 

same platform. 

The use of OFDM in LTE has provided a complete 

convergence of cellular technology, multimedia applications 

such as video and high quality audio and high speed internet. 

Thus OFDM has a strong capability of taking over other 

technologies for the enhancements in mobile and wireless 

technology for the 4
th

 generation (4G) systems [9]. 

In this paper we are using the OFDM transceiver for the image 

transfer over an AWGN channel and we will examine the 

performance of two OFDM modulation schemes i.e. 16PSK 

and 16QAM in this context. 

The rest of the paper is organized as follows: OFDM 

modulation schemes are discussed in Section 2. OFDM design 

and simulation is given in Section 3. Lastly conclusion is drawn 

in Section 4. 

 
2.  Modulation schemes of OFDM 

There are many modulation techniques used in OFDM like 

BPSK, QPSK or some form of QAM. In BPSK, each data 

symbol modulates the phase of a higher frequency carrier. 

An example of BPSK modulation of symbol 01011101 is 

shown in the Fig.1 below: 

 

Figure 1 Binary Phase-Shift Key (BPSK) Representation of 

“01011101” [12] 

 

QPSK stands for Quadrature Phase Shift Keying. In QPSK the 

signal shifts among phase states that are separated by 90 

degrees. The signal is divided into even and odd parts and then 

phase shifts are applied. The shifts are from 45° to 135°, -45° 

(315°), or -135° (225°). Data is separated into two channels in 

the modulator i.e. In-phase and Quadrature phase called I and Q 

 

 
 

Fig. 2 QPSK Symbol Mapping [15] 

channels. Two bits are transmitted simultaneously, one per 

channel. Each channel modulates a carrier whose frequency is 

same; however, there is a phase difference of 90 degrees i.e. 
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they are in quadrature. There are four states in QPSK as 2
2
=4. 

The theoretical bandwidth of QPSK is two bits/seconds/Hz. 

Fig.2 and Fig.3 shows the QPSK symbol mapping and signal 

constellation. The QPSK constellation points are shown in 

Table. 1. 

 
Fig. 3 QPSK Signal Constellation [15] 

 

               Table 1 QPSK Constellation Points 

Symbol Transmitted Carrier Phase Carrier 

Amplitude 

 

00 225° 1.0 

01 135° 1.0 

10 315° 1.0 

11 45° 1.0 

 

Another important modulation scheme used in OFDM is QAM. 

QAM stands for Quadrature Amplitude Modulation.16-QAM is 

the modulation scheme used in this paper. 

16-QAM is 16-state Quadrature Amplitude Modulation shown 

in Fig. 4. It has four I values and four Q values that are used, 

yielding four bits per symbol. It has 16 states because 2
4
 = 

16.The theoretical bandwidth efficiency 16-QAM is four 

bits/second/Hz. Data has been is split into two channels, I and 

Q. Each channel can take on two phases same as the QPSK. 

However, two intermediate amplitude values are also 

accommodated by 16QAM. To each channel, two bits are 

routed simultaneously. The two bits to each channel are added 

and applied to the respective channel‟s modulator. 

 
Fig. 4 16-QAM Signal Constellation [15] 

Greater the number of points in the modulation constellation 

diagram, the more they are difficult to be demodulated at the 

receiver. As the IQ vector points become spaced closer 

together, a small amount of noise can cause errors in the 

transmission. This problem can be solved by using efficient 

encoding techniques. 

 

3. OFDM Design and Simulation 

In this section the OFDM design for the image transmission is 

enlightened. How the image is transferred using 16PSK and 

16QAM and a comparison for both the modulation schemes is 

made. 

We create a simulation for the image transfer using OFDM 

including the AWGN channel effects. Firstly we performed it 

using 16PSK modulation scheme but the results are not good 

enough. The image is received but having significant errors. 

Then we change the modulation scheme to 16QAM and the 

results improve a lot. The block diagram of the model is given 

in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 OFDM Image transmission Block Diagram 

 

 

 

 

The table 2 (a) and (b) shows the results of OFDM image code 

from which we can easily see the total number of errors and Bit 

error rate of both the schemes. 
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Table 2(a) Results of OFDM Image Code 

S. 

No. 

Input Data 

Rate 

Number 

of Sub-

carriers 

Number of Errors 

16PSK 16QAM 

1 Test 

Image 1 

65,536 16,384 26,064 6 

2 Test 

Image 2 

65,536 16,384 26,091 13 

3 Test 

Image 3 

65,536 16,384 25,817 10 

4 Test 

Image 4 

65,536 16,384 25,177 12 

5 Test 

Image 5 

65,536 16,384 22,945 12 

6 Test 

Image 6 

65,536 16,384 27,188 6 

7 Test 

Image 7 

65,536 16,384 18,094 12 

 

Table 2(b) Results of OFDM Image Code 

Sr. 

No. 

Input Data 

Rate 

Number 

of Sub-

carriers 

Bit Error Rate 

(BER) 

16PSK 16QAM 

1 Test 

Image 1 

65,536 16,384 0.3977 9.1553e-

005 

2 Test 

Image 2 

65,536 16,384 0.3982 1.9836e-

004 

3 Test 

Image 3 

65,536 16,384 0.3939 1.5259e-

004 

4 Test 

Image 4 

65,536 16,384 0.3842 1.8911e-

004 

5 Test 

Image 5 

65,536 16,384 0.3501 1.8311e-

004 

6 Test 

Image 6 

65,536 16,384 0.4149 9.1553e-

005 

7 Test 

Image 7 

65,536 16,384 0.2761 1.8311e-

004 

 

The simulation results for the „test image 1‟ are given below. 

Firstly the image to be sent using OFDM is shown in the Fig. 6  

given below. 

 

 
Fig.6 Image to be sent 

The constellation diagrams after 16QAM and 16 PSK 

modulation schemes are shown in Fig. 7 and Fig. 8. 

 
Fig.7 Constellation Diagram after 16QAM Modulation 

 
Fig.8 Constellation Diagram after 16PSK Modulation 

 
The constellation of the data to be demodulated using 16QAM 

and 16PSK is shown in Fig. 9 and Fig. 10 respectively. 

 
Fig. 9 Constellation Diagram before Demodulation using     

16QAM 

 



                    International Journal of Scientific Engineering and Technology                                (ISSN : 2277-1581) 

          Volume No.3, Issue No.3, pp : 222-226                                                                   1 march 2014           

 

IJSET@2014 Page 225 
 

 
Fig. 10 Constellation Diagram before Demodulation using 

16PSK 

 

 
Fig. 11 Received Image using 16QAM and 16PSK 

 
Lastly Fig. 12 shows the error in image using 16QAM and 

16PSK. 

We use the digital modulation technique 16PSK for the image 

transfer. The results are very poor and the received signal has 

very distortions. It is very hard to recognize the image as shown 

in Fig. 11. Fig.12 also shows that there are a lot of errors due to 

AWGN channel effects as the error image has majority of non-

zero values. We turn to the other digital modulation scheme i.e. 

16QAM. The results improve a lot. The image is received with 

fidelity as clear from Fig. 11. Fig. 12 shows that there is very 

little number of non-zero values in the 16QAM error image and 

those are almost negligible. The number of errors in QAM is 

 
Fig. 12 Error Image for 16QAM and 16PSK 

 
almost negligible and the original image is received. Thus the 

Bit Error Rate (BER) decreases too. 

 

4. Conclusion 

We evaluated the performance of OFDM transceiver for image 

transmission using OFDM modulation schemes and observed 

that QAM is a better modulation scheme than PSK. The data 

modulated by PSK modulation technique get more affected by 

the channel effects and more number of errors occur, as 

compared to QAM. The simulation results of OFDM image 

show that there is a remarkable difference in performance of 

both the schemes. QAM outperforms against the channel effects 

and noise. 
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Test Image 2 [18] 

 

 
 

Test Image 3 [18] 

 

 

    

                                          
        

Test Image 4 [19] 

 

 

                               
 

Test Image 5 [15] 

 

 

    
Test Image 6 [20] 

 

 

 
 

 

Test Image 7 [21] 


