Applications 1 – 4 for the TMS320C5416 DSK

The first four in a series of audio applications to show practical applications of Digital Signal Processing (DSP) with the TMS320C5416 DSK. These follow on from Laboratories 1 - 4 for the TMS320C5416 DSK.

	1.
	A template for an audio project. Sets up the audio codec, the 4 user switches to control the program and the 4 LEDs to act as a bargraph display. This project template can be used as the starting point for new projects.

	
	

	2.
	Delays and Echo. Simulates delays in communications networks and reflection of sound heard in a canyon. Introduces circular buffers and the configuration used for a Finite Impulse Response (FIR) filter.

	
	

	3.
	Reverberation, which is often abbreviated to reverb. Simulates single and multiple reflections from the walls of a room. Introduces the configuration used for an Infinite Impulse Response (IIR) filter.

	
	

	4.
	Electronic Crossover. Divides an audio signal into bass and treble and is used to drive different loudspeakers. Uses an FIR filter and the user switches to select 15 different crossover frequencies between 300 Hz and 12800 Hz.


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 1

	Description:
	A template for an audio project using the TMS320C5416 DSK.



	
	

	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 loudspeakers

	
	

	Code Source:
	template.zip

	
	

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

	
	

	Running the Application:
	Connect the CD player / walkman to the line in jack J2 using the connecting cable. Connect the computer loudspeakers.

Run the TMS320C5416 DSK using speech and music from the CD player / walkman. The music fed into the TMS320C5416 DSK should be heard on the headphones / computer loudspeakers.



	
	

	Notes:
	The point in template.c to insert and digital signal processing is marked.


Application 2

	Description:
	Delay and Echo. Adds echo and delay to an audio signal to simulate the effect of a large auditorium or outside arena. 

The amount of delay is adjustable in 15 steps up to nearly one second.



	
	

	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

Microphone

Small flat-bladed screwdriver

	
	

	Code Source:
	delays_and_echo.zip

	
	

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

	
	

	Running the Application:
	Run the TMS320C5416 DSK using an input from the CD player / walkman. Alter the settings of the 4 user switches on the DSK to change the delay times.

Observe that as short delay times are used (about 5 ms to 10 ms) the treble alters rather than there being an audible delay. 

Apply a mono input source to see how echo can be used to enhance the sound, that is, to produce a stereo output.

Plug the microphone into the TMS320C5416 DSK. Adjust the microphone level by adjusting R33 with the small flat-bladed screwdriver. When speaking, note how an echo can make speaking very difficult. This is why communications systems use echo cancellation. 



	
	

	Reference:
	A Digital Signal Processing Primer with Applications to Digital Audio and Computer Music by Ken Steiglitz. Chapter 14. Audio and Musical Applications.


Application 3

	Description:
	Reverberation. Simulates multiple reflections off the walls of a room.

	
	

	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

Microphone

Small flat-bladed screwdriver

	
	

	Code Source:
	reverberation.zip

	
	

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

	
	

	Running the Application:
	Connect the CD player / walkman to the line in jack connector of the TMS320C5416 DSK using the connecting cable. Set the user switches on the DSK to position 0 and adjust the audio level.

Run the DSK using music or speech from the CD player / walkman. Alter the settings of the 4 user switches on the DSK to change the type of reverberation. 

Multiple reverberation uses a series of different delay times and amounts fed back to simulate reflections off several walls of a building.

Connect the microphone to the MIC IN jack socket of the DSK. Adjust the level on R33 using the small flat-bladed screwdriver.

Speak into the microphone and listen to the effect of the different user switch settings.

	
	

	Further Work:
	Compare the effect of reverberation against echo in Application 3.

	
	

	Questions:
	Simple reverberation feeds back a percentage of the output back into the input. What happens if this percentage is too high?

Which settings give the most realistic sound of an auditorium?

	
	

	Reference:
	A Digital Signal Processing Primer with Applications to Digital Audio and Computer Music by Ken Steiglitz. Chapter 14. Audio and Musical Applications.


Application 4

	Description:
	Electronic crossover to divide an audio signal into bass and treble components using a Finite Impulse Response (FIR) filter. 

The frequency at which bass and treble are divided can be selected between 300 Hz and 12.8 kHz using the 4 user switches on the TMS320C5416 DSK.



	
	

	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 between 20 Hz and 50 kHz and a connecting cable between signal generator and the DSK.

	
	

	Code Source:
	electronic_crossover.zip

	
	

	Installing the Application:
	Install the software from the file electronic_crossover.zip using the procedure described in the document Installing the TMS320C5416 DSK Applications. There is a .asm file.

	
	

	Running the Application:
	Run the TMS320C5416 DSK using speech (both male and female) and a range of musical instruments from the CD player / walkman. Alter the settings of the 4 user switches on the DSK to change the crossover point. 

The divisions between bass, middle and treble are very subjective. Use the electronic crossover to decide where bass ends and middle begins, as well as where middle ends and treble begins. They are lower than you might imagine.

The best crossover point depends upon the type of music being played and the type / size of loudspeakers being used.

A suitable crossover point is found when the bass and the treble are clearly separated.

Playback an old mono recording (pre 1950). What setting is required to remove the hiss from the bass loudspeaker, without having an adverse effect on the music?  

If a signal generator is available, apply a sine wave input and use this to sweep across the frequency band to verify the crossover frequencies are those specified. The bargraph is calibrated at 6 dB intervals. 

	
	

	Questions:
	What setting is required to have a male vocal purely on the bass loudspeaker?

Can male and female voices be separated onto different loudspeakers?

What setting of the electronic crossover is required to have the bass guitar purely on the bass loudspeaker?

What setting is required to have guitars purely on the treble loudspeaker?

How can an electronic crossover be used to enhance an old mono recording?

If the frequency response is plotted, it will be seen that at low frequencies the high pass filter provides less attenuation of the bass. For practical purposes, what is the lowest usable frequency for dividing bass / treble? 

	
	

	Associated Document:
	FIR Filters Using Blackman Window.doc

	
	

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

Chapter 6. A framework for digital filter design

Chapter 7. Finite impulse response (FIR) filter design.
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