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ABSTRACT 
In wireless communication, concept of parallel 

transmission of symbol is applied to achieve high 

throughput and better transmission quality. Orthogonal 

Frequency Division Multiplexing (OFDM) is one of the 

method of parallel transmission. The idea of OFDM is 

to split the total transmission bandwidth in to a number 

of orthogonal subcarriers in order to transmit the 

symbols using these subcarriers in parallel. In this 

paper M-ary PSK OFDM system has been simulated in 

MATLAB 7.6 to evaluate the performance of OFDM 

system. For this various modulation scheme  such as 

BPSK,QPSK,16PSK and 256 PSK used in OFDM 

system with appropriate IFFT size, based upon the 

requirement of power and Bit Error Rate(BER) 

analysis. For selected modulation technique with a 

required power and BER, lookup table type 

arrangement has been provided to know the optimum 

size of IFFT.                                                                                                                                      
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I.  INTRODUCTION 
In Wireless communication multipath is propagation 

phenomenon. The effect of multipath including 

constructive and destructive interference and phase shifting 

of signal. Many methods are proposed to fight with 

multipath effect of wireless communication. One of the 

solution of Inter Symbol Interference(ISI) is use 

multicarriers (which is orthogonal to each other) 

modulation for data transmission [1],[3],[11],[13]that is 

Orthogonal Frequency Division multiplexing. The analysis 

of BER suggest that OFDM is better than CDMA which is 

widely comprise in existing 3G system[3],[11]. 

     In 802.11 and 802.16, there are several data modulation 

schemes that are used with OFDM, such as binary phase 

shift keying (BPSK), quaternary phase shift keying 

(QPSK), 16-PSK, and 256- PSK to cover different data 

rates for different needs. The aim of OFDM is to divide the 

wide frequency selectivity of fading channels into multiple 

flat fading channels [1], [11]. The theme of using a 

Discrete Fourier Transform (DFT) for the generation and 

reception of OFDM signals reject the necessity of banks of 

analog subcarrier oscillators [5] [10]. Due to Orthogonality 

property of carriers all multiple information signals to be 

transmitted in parallel over a common channel and 

detected, without interference. If OFDM symbol period is 

Ts than carrier spacing ∆f = 1/Ts [1],[2],[5]. Another 

characteristic of orthogonality is that each carrier has an 

integer number of sine wave cycles in one bit period [8]. 

 

II.   M-ary PSK OFDM Model 
The general analytic expression for M-ary PSK waveform 

is: 

            

 Si(t)=A.cos(wct+ i(t));  i=0,1,2,...,M-1 
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The parameter E is symbol energy, Ts is symbol time 

duration, and 0 ≤ t ≤ Ts. For BPSK modulation, M=2, for 

QPSK modulation, M=4, for 16 PSK modulation 

M=16,and for 256 PSK modulation=256 and the 

modulation data signal shifts he phase of the waveform 

si(t).The BPSK bandwidth efficiency is 1 bit/Hz,  QPSK 

bandwidth efficiency is 2 bit/Hz,16 PSK has bandwidth 

efficiency is 4 bit/Hz, while 256 PSK has bandwidth 

efficiency is 16  bit/Hz.  

 

A.  Transmitter:  

The OFDM transmitter can be implemented by using a 

regular IFFT, but without dividing the outputs by N: 

nk
N

j
e

N

n
dnXk









2
1

0
 ;         1............2,1,0  Nk  

where  dn is the predefined data symbol and   N
knj

e

2

 

,k=0,1,…,N-1,represents the corresponding orthogonal 

frequencies of the  N sub-carriers. Fig. 1 shows simplified 

transmitter architecture.   

 
 

      Fig.1 Architecture of a simplified OFDM transmitter 

 

B.  Receiver:  
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Assuming that the synchronization has completed, the 

received signal of the mP th OFDM symbol in general is: 
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The simplified diagram is shown in Fig 2 

 

 

 

 
 

              Fig.2 Architecture of a simplified OFDM receiver 

 

The length of cycle prefix, N/4,we can find out  the 

immunity  of  OFDM for errors caused by multi-path 

channels. N is chosen so that 0.25T is much larger than the  

maximum delay time of echo components in the received 

multi-path signal, where T =NTs is the OFDM symbol 

period and Ts is the data sample period. 

 

 C. System Configurations and Parameters 

 

The OFDM system is modelled using MATLAB to allow 

various parameters of the system to be varied and tested. 

The following OFDM system parameters are considered 

for the simulation. 

 

1) Input file – an 8-bit grayscale chessboard (256 gray    

    levels) bitmap file (*.bmp);   

2) IFFT size – an integer of a power of  two (128,256,512-   

    ,1024,2048);   

3) Number of carriers – not greater than [(IFFT size)/2 – 2];   

4) Digital modulation method – BPSK, QPSK, 16-PSK, or   

    256-PSK;   

5) Signal peak power clipping  – 0dB 

6) Signal-to-Noise Ratio –It should be varied from 4 dB to   

    28dB in the difference of 4(i.e. 4,8,12,16,20,24 and   

    28(all in dB)) 

 

BPSK: BPSK uses two phases which are separated by 180° 

and so also called as 2-PSK.The position of constellation 

points are shown on the real axis, at 0° and 180°. This 

modulation is the most strong than all the PSKs since it 

takes the highest level of noise or distortion to make 

the demodulator arrive an incorrect decision. 

 

                                                                      
  

                    Fig.3 BPSK Signal Constellation with Gray 

Coding 

QPSK: QPSK uses four points on the constellation 

diagram, equispaced around a circle. With four phases, 

QPSK can encode two bits per symbol, shown in the 

diagram with gray coding to minimize the bit error 

rate (BER). The mathematical analysis shows that QPSK 

can be used either to double the data rate compared with a 

BPSK system while maintaining the same bandwidth of the 

signal. 

   

       

 

 

 

        

               Fig.4 QPSK Signal Constellation with Gray 

Coding 

16PSK:16 PSK   uses 16 points on the constellation 

diagram, equispaced around a circle With 16 phases, QPSK 

can encode four bits per symbol, shown in the diagram 

with gray coding to minimize the bit error rate (BER). 

 

Input, 

decimal 

Input, 

binary 

Gray, 

decimal 

Gray, 

Binary 

0 00 0 00 

1 01 1 01 

2 10 3 11 

3 11 2 10 



Prashant Tavde,Anupam Dubey,Dr.K.D. KULAT
 
/ International Journal of Engineering Research and 

Applications (IJERA)      ISSN: 2248-9622   www.ijera.com 

Vol. 2, Issue 3, May-Jun 2012, pp.2550-2556 

2552 | P a g e  

 

 
   

    Fig.5 16PSK Signal Constellation with Gray Coding 

 

 

256PSK: 256PSK uses 256 points on the constellation 

diagram, equispaced around a circle With 256 phases, 

QPSK can encode 8 bits per symbol, shown in the diagram 

with gray coding to minimize the bit error rate (BER). Fig 

(7) shows a block diagram of a generic OFDM system. 

ADC, DAC, and RF front-ends (Amplification, RF 

upconversion/downconversion, etc.) are not simulated in 

this paper. Firstly source data for this simulation is taken. 

Data will then be converted to the symbol size 

(bits/symbol) determined by the choice of M-PSK from 

four variations provided by this simulation. The converted 

data will then be separated into multiple frames by the 

OFDM transmitter.  The OFDM modulator modulates   the   

the data frame by frame.  Before the exit of the transmitter, 

the modulated  frames of time signal are cascaded together 

                   
Fig.6 256-PSK Signal Constellation with Gray Coding 

   

along with frame guards inserted in between as well as a 

pair of identical headers added to the beginning and end of 

the data stream.  The communication channel is modeled 

by adding Gaussian white noise and amplitude clipping 

effect. The receiver detects the start and end of each frame 

in the received signal by an envelope detector.  Each 

detected frame of time signal is then demodulated into 

useful data. Error calculations are performed at the end of 

the program.  Representative plots are shown throughout 

the execution of this simulation. 

 

 III. EXPERIMENT RESULT 
The performance of a data transmission system is usually 

analyzed and measured in terms of the probability of error 

at given bit rate and SNR. The parameter Eb/No, where Eb 

is bit energy and No is noise energy, is adjusted every time 

by changing noise in the designed channel. 

The proposed scheme is tested on AWGN channel for a 

given channel given channel value of BER = 0.001, for 

256×256 gray-scale chess board image[12]. By analysis of 

different result we observe that BER=0.001 is achieved in 

case(IFFT SIZE =128) ,for BPSK at SNR = 21dB,for 

QPSK at SNR=23dB,for 16 PSK at SNR=27dBand for 256 

PSK SNR=52dB.By varying the IFFT size for different 

techniques(BPSK,QPSK,16PSK,256PSK) we observe that 

where BER=0.001 achieved and at which value of SNR 

BER is zero. Variation of IFFT size is shown below where 

each value of IFFT,BER vs SNR is shown. 

        For particular Eb/No value, system is simulated and 

corresponding probability of error is noted. The proposed 

design is simulated with necessary parameter changes for 

BPSK, QPSK, 16-PSK and 256-PSK. As shown in Figure 

9, if we go on increasing the Eb/No value, BER reduces. In 

comparison of BER performance for M-PSK, it is observed 

that use of a higher M-ary constellation is better for high 

capacity transmission but the drawback is that the points on
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.    

 

 
Fig.7 Block Diagram of an OFDM system 

 

Constellations are closer which makes the transmission less 

robust to errors with same SNR. 

                              
                          Fig.8 chess board(256×256) 

 

For IFFT =128 and SNR=4 what changes occur in image  

with different modulation techniques as shown in figure (9)  

below. 

 

Fig.9 Diagram of chessboard with different technique for 

SNR=4 

For BPSK and SNR=4 what changes occur in image with 

different IFFT size as shown in figure below- 

          

 
Fig.10 Diagram of chessboard with different IFFT size for 

BPSK with SNR=4 

Here by varying the IFFT size, BER vs SNR plot is shown 

in fig for different modulation technique.                           

A)  FOR IFFT SIZE= 128 

           
Fig.11 for IFFT size = 128 
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B)   FOR IFFT SIZE= 256 
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                            Fig.12 for IFFT size = 256 

 

C) FOR IFFT SIZE= 512 
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                     Fig.13 for IFFT size = 512 

 

 

D) FOR IFFT SIZE= 1024 
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Fig.14 IFFT size = 1024 

 

E) FOR IFFT SIZE = 2048 

 

               DIFFERENT  TECHNIQUES WITH 

BER  

SN

R 

BPSK QPSK 16PSK 256 

PSK 

4 0.03698

2 

0.236037 0.760069 0.98481

7 

8 0.00886

0 

0.067940 0.623043 0.97547

9 

12 0.00858

0 

0.026201 0.436234 0.96151

7 

16 0.00851

8 

0.024993 0.230644 0.93968

2 

20 0.00848

3 

0.024917 0.094289 0.90454

1 

24 0.00842

0 

0.024857 0.063343 0.85084

5 

28 0.00000

0 

0.000000 0.000000 0.72236

0 

32 0.00000

0 

0.000000 0.000000 0.59020

9 

36 0.00000

0 

0.000000 0.000000 0.39396

6 

40 0.00000

0 

0.000000 0.000000 0.17872

6 

44 0.00000

0 

0.000000 0.000000 0.03388

9 

48 0.00000

0 

0.000000 0.000000 0.00074

7 

52 0.00000 0.000000 0.000000 0.00000



Prashant Tavde,Anupam Dubey,Dr.K.D. KULAT
 
/ International Journal of Engineering Research and 

Applications (IJERA)      ISSN: 2248-9622   www.ijera.com 

Vol. 2, Issue 3, May-Jun 2012, pp.2550-2556 

2556 | P a g e  

 

0 0 

 

 
 

Fig 15 for IFFT size = 2048 

                             

IV. Conclusion 
OFDM is a powerful modulation technique used for high 

data rate, and is able to eliminate ISI. It is computationally 

efficient due to the use of FFT techniques to implement 

modulation and demodulation functions. The performance 

of OFDM is tested for one digital modulation techniques 

namely M-PSK using MATLAB. It is observed from M-

PSK BER plot that BER is less in case of BPSK for low 

Eb/No as compared to QPSK, 16-PSK and 256-PSK. 

Hence, high value of M-ary increases spectrum efficiency, 

but easily affected by noise. So OFDM system with BPSK, 

QPSK scheme is suitable for low capacity, short distance 

application. While the OFDM with higher M-ary 

modulation scheme is used for large capacity, long distance 

application at the cost of slight increase in Eb/No.  

 

 

 

REFERENCES 
 

 [1]     John A.C Bingham Multicarrier modulation for                    

          data transmission an idea whose time has come IEEE        

          Communication Magazine, May 1990, vol.28, issue        

          5,pp.5-14.  

[2]   Flemming Bjerge Frederiksen and Ramjee Prasad 

An Overview of OFDM and related techniques 

towards development of future wireless multimedia 

communications  Radio and Wireless Conference, 

11-14   Aug 2002, IEEE, pp.19-22.  

[3]   Mehul Jain and M. Mani Roja Comparison of 

OFDM with CDMA System in Wireless 

Telecommunication for multipath delay spread The 

first IEEE and IFIP International Conference in 

Central Asia, 26-29 Sept. 2005, pages 5.  

[4]  H. G. Yeh, Y. K. Chang, and B. Hassibi A scheme 

for canceling intercarrier interference through 

conjugate transmission for multicarrier 

communication systems IEEE Trans. on Wireless  

Comm, vol. 6, no. 1, Jan. 2007, pp. 3- 7 

[5]    William Y. Zou  Yiyan   Wu COFDM: An Overview 

IEEE Transaction on Broadcasting, March 

1995,vol.41,issue1, pp. 1- 8.  

[6]  D. Takahashi An extended split-radix FFT algorithm 

IEEE  Signal Processing Lett. vol. 8, no.  5, May 

2001, pp. 145 – 147.  

[7]  Avtar Singh, S. Srinivasan, Digital Signal 

Processing. Implementa-tions Using DSP 

Microprocessors with Examples from TMS320C5 

Thomson Brooks/Cole.  

[8]  Ta.kashi Wakutsu  and  Mutsumu  Serizawa A 

Novel Carrier    Frequency Offset Estimation 

Scheme for OFDM System Utilizing Correlation 

Symbol without Null Sub Carrier Vehicular 

Technolog Conference IEEE,1999 Volume: 1  

[9]J. A.Sills Maximum–Likelihood Modulation 

Classification for PSK/QAM Military 

Communications Conference Proceedings 

IEEE,Oct.-Nov.1999,vol.1,pp.217-220.                                         

 [10] M. Schiibinger, S.R.Meier DSP-based signal 

processing for OFDM  transmission Acoustics, 

Speech, and Signal Processing Proceedings   

 (ICASSP’01), IEEE, 7-11 May 2001, vol.2, 

pp.1249-1252.  

[11]  Bernard Sklar Digital Communication 

Fundamentals and  Applications Second Edition, 

Pearson Education Asia, 2000.  

[12] Usama S. Mohammed and H.A.Hamda Image 

Transmission over OFDM channel with rate 

allocation scheme and minimum peak-to-average 

power ratio JOURNAL of Telecommunications 

volume2,2May 2000. 
[13]    Kene Jagdish D. and Kulat  Kishor D. Performance      

           Evaluation of IEEE 802.16e WiMax Physical      

           Layer  2ndInternational Conference on Current      

           Trends inTechnology (NUiCONE-2011),    

           Ahmedabad, India, Dec. 8-10, 2011. 

 


