Applications 9 – 10 for the TMS320C5416 DSK

The final part in a series of applications to show practical applications of Digital Signal Processing (DSP) with the TMS320C5416 DSK. These can also be used as the basis of laboratories.

Application 9 follows on from Laboratories 10 - 11 for the TMS320C5416 DSK.

	9.
	Multirate processing. Combines decimation and interpolation with Finite Impulse Response (FIR) and Infinite Impulse Response (IIR) filters to produce sharper cut-offs that would be obtained otherwise.

	
	

	10.
	Guitar Tuner. Used to tune the strings of an acoustic or electric guitar. Based on an adaptive filter.

	
	


The majority of the code is written in C, except where the C code would be too slow and assembly code is required. 

Feedback to author:  Richard@sikora.demon.co.uk

Application 9

	Description:
	Multi-rate processing.  Reduces the sampling rate using decimation, carries out filtering then restores original sampling rate using interpolation.



	
	

	Equipment Required:
	TMS320C5416 DSK

CD Player or walkman

Connecting cable 1/8 inch jack (3.5mm) to 1/8 inch stereo jack (3.5mm)

Headphones or passive computer speakers or powered computer speakers

Optionally, a signal generator capable of generating a sine wave in the range 20 Hz to 50 kHz and connecting cable from signal generator to DSK.

	
	

	Code Source:
	multirate_processing.zip

	
	

	Installing the Application:
	Install the software from the file multirate_processing.zip using the procedure described in the document Installing the TMS320C5416 DSK Applications. There are several .asm files to be included in the build for this project.

	
	

	Running the Application:
	Connect the CD player / walkman to the TMS320C5416 DSK using the connecting cable. Set the user switches to position 0 and adjust the CD player / walkman output so that 3 LEDs come on.

Play different types of music and listen to how sharp the cut-offs are between bass and treble. 

If a signal generator is available, plot the frequency response curves of the various filters.

	
	

	Questions:
	Is it possible to separate bass guitar from other musical instruments?

Compare the results obtained for an 800 Hz low pass FIR filter with / without multirate processing, for example, those obtained from Application 4, Electronic Crossover. Which gives the sharper cut-off?

With an IIR notch filter, does multirate processing produce a narrower notch than without?

What is the highest amount of decimation / interpolation that can be used for the TMS320C5416 DSK before there is a loss of audio quality?

	
	

	Associated Document:
	Multirate_processing.doc

	
	

	Reference:
	Digital Signal Processing, A Practical Approach, Second Edition by Emmanuel C. Ifeachor and Barrie W. Jervis.

Chapter 9. Multirate digital signal processing.


Application 10

	Description:
	Guitar tuner. Based on an adaptive filter. Generates a sine wave reference frequency for each string and compares the actual frequency generated by the guitar. 

	
	

	Equipment Required:
	TMS320C5416 DSK

Electric guitar and connecting cable 1/4 inch jack (6.3mm) to 1/8 inch stereo jack (3.5mm)

Acoustic guitar and microphone

Small flat-bladed screwdriver

Headphones

	
	

	Code Source:
	guitar_tuner.zip

	
	

	Installing the Application:
	Install the software from the file guitar_tuner.zip using the procedure described in the document Installing the TMS320C5416 DSK Applications



	
	

	Running the Application:
	Connect the electric guitar or microphone to the microphone input of the DSK. With the user switches at position 0, adjust the volume using the small flat-bladed screwdriver.

Set the user switches for each of the six positions required to tune the six guitar strings. Tune each guitar string.

When the guitar approaches being in tune, the LEDs gently undulate. This is the difference (beat) frequency between the guitar string and the reference oscillators.

When tuning is complete, verify that the guitar sounds in tune.

	
	

	Further Work:
	The guitar tuner supports tuning for the guitar in concert pitch, that is A = 55 Hz, 110 Hz, 220 Hz etc. Modify the tuner for the strings being E-flat, A-flat, D-flat, G-flat, B-flat and E-flat.

Modify the tuner for use with a bass guitar. 

	
	

	Questions:
	If setting the user switches to select the first string in standard tuning (E), is it possible to tune all six strings of the guitar? Why is this the case?

Theoretically, when the reference to an adaptive filter and the signal being measured are identical, the output is zero. In practice, is this the case when the guitar is exactly in tune? 

	
	

	Reference:
	Digital Signal Processing, A Practical Approach, Second Edition by Emmanuel C. Ifeachor and Barrie W. Jervis.

Chapter 10. Adaptive filters.
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