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Objectives

· Introduction to the M-LEVEL ENCODER and M-LEVEL DECODER modules

· Signal constellations of m-QAM and m-PSK
Introduction: The Quadrature Modulator
Two multi-level analog signals will be generated. The data stream is segmented into frames (or binary words) of L bits each, in a serial-to-parallel converter. For a particular choice of L there will be m = 2L unique words. From each of these words is generated a unique pair of analog voltages, one of which goes to the I-path, and the other to the Q-path, of the quadrature modulator. A typical arrangement is illustrated in block diagram form in Figure 1 below.
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Figure 1: An m-QAM modulator.
A quadrature demodulator is illustrated in Figure 2.  It is the purpose of the demodulator to recover the individual messages, which are presented to the two inputs of the decoder. Each arm of the decoder is presented with a (potentially bandlimited) analog waveform. The decoder has a bit clock input (stolen in the experiment, else derived from the incoming signal in practice) and knows beforehand the number of bit periods (L) in a frame. Each waveform is sampled once per frame, and a decision made as to which of the possible levels it represents. This will give a unique pair of levels, which represents a binary word of L bits. This decoded word is output as a serial binary data stream.
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Figure 2: An m-QAM demodulator.

Associated with these signals are phasor diagrams, and signal constellation diagrams. The phasor diagram is one of the many ways in which some of the properties of these bandpass signals can be illustrated.

Each phasor represents the output signal during each of the frames. The signal constellation diagram shows the location of the tips of these phasors on the complex plane. It is displayed when the two baseband multi-level signals I and Q are connected to the X and Y inputs of an oscilloscope (in X-Y mode).

An example of two signal constellations corresponding to 3-bit words is displayed in Figure 3.
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Figure 3: Signal constellation examples.

We will study multi-level signals using the M-Level Encoder and M-Level Decoder modules

Q1. Read the data sheets of these two modules. 

Q2. Ensure that the on-board jumper J3 of the M-Level Encoder is in the ‘normal’ position. 

Q3. Patch up the circuit of Figure 4. Set the sequence generator to a short sequence (both toggles of SW2 should be UP) and select 4-QAM from the Encoder. 
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Figure 4
Q4. What signal constellation do you expect?

Q5. We will look at the signal constellation on both the picoscope and the hardware oscilloscope. 

For the picoscope, connect the I and Q outputs to channels A and B. Select View, then New XY Scope. Set the time sweep to 20 msec.

For the hardware scope, connect channels A and B to channels 1 and 2 of the scope. Hit “Autoset” on the oscilloscope. Set the scope to X-Y mode by pressing the “display” button and then choose X-Y format. 
Q6. Set up both scopes for signal constellation view. Paste the picoscope plot, and describe the plot you see on the hardware scope. Does it match the theoretical constellation?
We will now try to deduce the coding scheme of the 4-QAM signal. This can be done by examining simultaneously the input data and each one of the I and Q output signals in turn. The encoder will have arbitrarily selected the frame start point in the incoming serial binary data stream.

Q7 Display the I and Q output signals. Record the two output streams. What is the symbol period? How does that compare to the bit period? Does that make sense?
Q8 Now, observe the message signal and the I output. Note that the I output is delayed with respect to the message. Try to estimate that delay by comparing the original message, as well as the I and Q channels. Remember that you know that the message bits are first grouped into blocks of 2, then mapped to I and Q signals. Calculate the delay in seconds. Carefully explain your procedure. 
Q9. After you’ve estimated the delay, complete Table 1:
Table 1: Mapping rule for 4-QAM.

	Data Stream
	I Symbol
	Q Symbol

	
	
	

	
	
	

	
	
	

	
	
	


Q10. Repeat Q6, Q7, Q8 and Q9 for 4-PSK. Complete Table 2:

Table 2: Mapping rule for 4-PSK.

	Data Stream
	I Symbol
	Q Symbol

	
	
	

	
	
	

	
	
	

	
	
	


Q11. View the signal constellation of 8-QAM. Paste plot.  How many different voltage levels do you see for the I and Q outputs? 
Q12. Repeat Q11 for 8-PSK.
Q13. Obtain an M-LEVEL DECODER module. Before plugging it in, ensure that the onboard RANGE jumper is in the ‘HI’ position.

Connect the circuit of Figure 5:
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Figure 5: Decoder - switched for 4-QAM
Q14. Set both filters to maximum bandwidth. View the original and reconstructed message. Do they match? What is the delay between them?

Q15. Decrease the I-channel filter bandwidth and view the display. At which bandwidth do you start seeing errors?

Q16. Optional: View the eye pattern of either the Q or I outputs after the LPF. Discuss the shape of the pattern, and how it is affected by the LPF bandwidth. Also view the eye patterns of the other schemes (8-PSK, 16-QAM, etc) and explain how the eye pattern reflects the signal constellation. 
