Signals and Spectral Analysis

[bookmark: _GoBack]Learning Goal: At the end of this exercise you should be comfortable with using MATLAB to look at different signal representations and do some spectral analysis.

Introduction: For this exercise we will use MATLAB’s SPTool to analyze Dual-tone multi-frequency (DTMF) signals. DTMF signals are used in digital communications to distinguish between different numbers on a telephone keypad. The frequencies for the different numbers are given by in the chart below. For example, when the digit 3 is pressed, a tone containing 697 Hz and 1477 Hz is sent through the telephone line. 
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Loading the signals into MATLAB
1. In the MATLAB command window, type ‘sptool’ and hit enter. A new window should open.
2. Download DTMF1.wav. Click and drag the wav file into the MATLAB command window. You should see the “Import Wizard” open. Click Finish.
3. In SPTool, choose File -> Import. You should see the “Import to SPTool” window open. 
4. Click on data and then click the --> button next to Data. 
5. Click on fs and then click the --> button next to Sampling Frequency.
6. In the Name box, type DTMF1, and click OK.
7. Repeat steps 3 to 6 for DTMF2.wav. In the Name box, type DTMF2.
8. Once you complete these steps, your window should look like:
[image: ]
9. In the following exercise, we will view the imported signals using two different representations: time domain and frequency domain. 

Time Domain Representation
10. Select DTMF1 and click on the View button. A “Signal Browser” window will open. You should see: 
[image: ]
11. Selecting DTMF2 in the SPTool window should change the waveform displayed in the “Signal Browser”. You can also listen to the DTMF signals by hitting the speaker button.  
12. As you can see, the two signals are quite different. Describe how the two signals are different? Can you figure out what digits are represented by the DTMF signals? 
	DTMF1:
	





	DTMF2:
	







 


Frequency Domain Representation
13. In SPTool, select DTMF1, and hit the “Create” button under Spectra.
14. In the “Spectrum Viewer”, hit Apply. You should see a window that looks like this:

[image: ]

15. The large peaks in the “Spectrum Viewer” show the frequency content of the signal. You can see what frequencies are in the signal by bringing the mouse over the pink solid line and dragging them to the peaks. The frequency of the peak is shown by the x value for Marker 1. 
16. Do the same for the dashed line and use it find the frequency of the second peak. Note down the frequencies in the table below. What digits are DTMF1 and DTMF2?
	
	Frequency 1
	Frequency 2
	Digit

	DTMF1
	
	
	

	DTMF2
	
	
	



17. We have used two different representations to view the same signal. List the pros and cons for using each representation when looking at a signal. 
	
	Time Domain
	Frequency Domain

	Pros
	


	

	Cons
	


	



Filtering
18. We are going to use a filter to extract the higher of the two frequencies from DTMF1 and make a new signal. Select DTMF1 in the signals box. Click on “new” under Filters.
19. Under “Response Type”, select “Highpass”. Why is a high-pass filter an appropriate filter to use in this scenario? What other filter response type would be appropriate?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________

20. In the “Frequency Specifications” box, enter 500 Hz for Fstop, and 1000 Hz for Fpass. 
21. Hit “Design Filter”. 
22. Click on the “Zoom In” tool (magnifying glass with + symbol inside) and select the area around 1 kHz in the “Magnitude Response” window. (Hint: If you select the wrong area, you can reset the view by right clicking inside the “Magnitude Response” window and selecting “Reset to Original View”.) After these steps, you should see something like:

[image: ]
23. Study the magnitude response of the created filter. What do the variables Fstop and Fpass correspond to in the magnitude response? How does changing the Fstop and Fpass values change the magnitude response? (Hint: Make sure you hit “Design Filter” after changing these values.) 
24. Select appropriate values for Fstop and Fpass to extract the higher of the two frequencies from DTMF1.
Fstop: ___________________________   Fpass: ___________________________  
25. Once you have selected appropriate Fstop and Fpass values and created the filter, hit “Apply” in SPTool, hit “Apply”. Give an appropriate name to your output signal.

26. Check that you have extracted the higher tone properly by looking at the frequency domain representation of the new signal. You should see a spectrum that looks like this:

[image: ]


Application Exercise

27. Design an appropriate filter to extract the lower frequency of DTMF2. What Fstop and Fpass frequencies did you choose? Print out the spectrum of the extracted signal and submit with this worksheet.
 Fstop: ___________________________   Fpass: ___________________________  
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