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Introduction 
 

The goal of this project is to design a Quadrature Amplitude Modulation (QAM) 
communication system using the MATLAB/Simulink simulation environment. The systems are 
then implemented using the TI DSP processor. 

 
QAM uses sine and cosine carriers to place information into the four quadrants of an x-y 

plane in which the y-axis is sine and the x-axis is cosine. If a simple binary bit stream is input into 
the receiver, the QAM modulation will place the data into one of the four quadrants of the graph 
in Figure(1). 

 
 

  
 Figure (1) – 4-QAM Data Location Plot 

 
 
Description 
  
 Figure (2) shows the overall system block diagram for the transmitter and 
receiver. 
 



 
 
 

 
 

Figure (2) – High level block diagram 
 

  
In transmitter mode, the input is either digital data or analog data, such as a 

sampled sound file or a person’s voice through a microphone. The data is then modulated 
utilizing the developed transmitter system and output as an analog QAM signal. In 
receiver mode, the input is the transmitted analog QAM signal.  The output of the 
receiver is a reconstructed data signal, either digital or analog. 
 

Both systems are developed in Simulink and implemented on the DSP processor 
using Code Composer Studio (CCS). Debugging of the system in development is 
achieved through the simulation environment. 
 

The transmission system block diagram is shown in figure (3). The analog to 
digital converter (ADC) converts the input data to serial digital data. The data is then 
broken to two streams of serial signals X (t) and Y (t). Each of the two streams is passed 
through a raised-cosine roll-off filter to eliminate the high frequency harmonics and thus 
decrease the bandwidth. 

 
Then, the signals are multiplied by the carrier frequency, Wc, sine and cosine for 

two purposes:  to place the data in the proper quadrant of the sin-cos plane and to move 
the data higher up in the frequency domain.  Finally the two signals are summed and 
output as a QAM analog signal through a digital to analog converter (DAC). 
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Figure (3) - Transmitter Block diagram 



 

 
Figure (4) - Receiver Block diagram 

 
Demodulating a QAM signal is done by the system in Figure (4).  The signal is 

split into two streams, both containing the same data.  One stream is multiplied by a 
cosine and the other by sine with the intention of removing the carrier signal and placing 
the data back into the baseband. 

 
Next the streams are filtered in order to remove the higher frequency content 

leaving only the data. Because the transmitter and receiver have different clocks, they are 
out of sync. This results in loss of information and incorrect data at the receiver side. The 
Phase detector ensures that the transmitter and receiver are in sync; this is most likely 
implemented using a Phase Lock Loop (PLL).  

 
The integrator detects whether the signal received is positive or negative as that of 

figure (1). One signal represents the cosine axis signal, while the other represents the sine 
axis signal. Both signals are combined using a parallel-to-serial converter to reconstruct 
the original signal.  

   


