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Summary


For this design project, a digital audio mixer was modeled using Simulink and controlled using the Graphical User Interface (GUI), both of which were found in Matlab.  The main function of the audio mixer was to allow fading-in and fading-out (mixing) of two audio tracks simultaneously.  Basic functions such as play, stop, pause, and volume gave the user overall control of the mixer.  Special features such as a ten-band equalizer, selectable playlists, an input from an external microphone, and individual track pausing capability make this audio mixer rise above the norm.  


The two major components are the GUI and the Simulink model.  The GUI contains all necessary buttons, sliders, etc. that are needed to operate the audio mixer.  A corresponding m-file is used to call the GUI figure as well as receive inputs from the user’s interaction.  The Simulink model contains multiple subsystems, each containing specific blocks which may filter, enable, or alter an incoming signal.  This model receives inputs from the m-file and is updated while it is executing.  Additional wave files must be entered into the model before they can be mixed.

Graphic User Interface (GUI)
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The GUI model for this project, shown above, was designed and created using the toolbar that was provided in the Matlab GUI software.  The toolbar consisted of various buttons, sliders, text box, etc., that could be easily placed onto the model.  The essential layout of the model was based on an actual disc jockey audio mixer. The play and stop functions were designed with a push button. The audio volume, microphone volume, fader, and equalizer controls were designed with a slider.  The various audio files in the audio mixer were displayed with the playlist button.  The selection of the tracks to be played and the usage of a microphone were entered via a radio button.  The visual appearances of the project model were manipulated with property menu(s) associated with each object (buttons, sliders, background, etc).  

Matlab generated a M-file and a Figure file from the designed GUI model which was used to interface the GUI model to the custom designed Simulink model.   Each object was assigned as an individual variable to the Matlab workspace so that their values could be used or checked at any time.  These variables were initialized before starting the system.  In order to change the variables in the Simulink model based on changes to the GUI, the set_param command was utilized.  Finally, the GUI model and the Simulink model were successfully interfaced and the project was functional.

Simulink Model
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The Simulink model, shown above, was used to incorporate all the attributes that were on the GUI.  The set_param command was used to update the variables in the model coming from the GUI while it was running.  All the various slide bars, push buttons, toggle buttons, and playlists had constants that were sent to the workspace.  Initially, we wanted to get all the major features of a normal DJ mixer to work before we added additional features to the project.  The equalizer is the first thing we worked on since it was the most involved and most essential.  The filters were designed first.  We used ten one hundred first order FIR bandpass filters for our equalizer with a zero set equalizer in front.  The zero set equalizer moves the zero point on the rest of the equalizers.  The next feature that was designed was the play and stop buttons.  These were designed using the set_param function in Matlab.  The necessary arguments that were needed in the function itself provided us with all we needed.  Third, we designed the microphone feature.  We originally had the microphone in with the main part of the Simulink model, but complications occurred and we found it easier and better to have it be its own subsystem.  Fourth, we designed the cross fader feature, which is one of the more important features.  This was done in its own subsystem block in the model and consists of two inputs corresponding to the two inputs, the left and right song bays.  With these inputs there are gain blocks that either subtract or add the maximum number of the slide bar depending on which bay you want to play.  This is then summed and sent out to the rest of the model.  The fifth feature that was needed was the two volume controls.  These were fairly simple since all that was needed is a gain block, which is defined from the slide bar with a variable.  The sixth feature was the push button features, such as the Microphone enable button, the Track 1 enable button, and the Track 2 enable button.  Since the button outputs either a zero or a one, we could use enable subsystem blocks for the corresponding things we wanted to turn on and off.  Finally, we finished the playlist feature on the system.  We initially wanted to have the user be able to get their own songs and implement them in our system, but we found that this would make the system too slow.  Also since wav files are so big, there was a lack of space on the computers provided in the labs.  With this setback, we found three wav files and used those three to run our simulation.  Other features could have also been added, but the time constraint and other courses held us back from being able to complete everything we intended to implement.

Problems Encountered


While developing our Simulink model and modifying the code in the GUI m-file, we came across various difficulties.  Early on, there were problems with getting the code from the m-file to interact with the GUI (change values in real-time).  Also, as each new feature was added to the audio mixer, a new design had to be implemented and then debugged.  When testing final designs, problems with other sound sources arose and caused some delays.  When changing a song in the playlist, the Simulation must stop (reset) and start again.  Finally, fast-forward and rewind buttons could not be implemented.


At first, we began passing variables to the workspace, assuming that our Simulink model would “see” the workspace and update the model in real-time.  After consulting the program’s documentation, we subsequently used the set_param command to accomplish this important job any time it needed to be done.  We also found this command useful in starting, stopping, and pausing our simulation; three very useful tasks for this specific project.


Designing and debugging any new additions to our existing project continuously caused problems.  Developing a design in Simulink which correctly used the parameters passed to it through the GUI was challenging.  Many test models were made in order to decide which blocks would accomplish these tasks and optimize our design.


When testing some of our final designs, we had a problem getting the microphone to work with the rest of the model.  For a long time, dimensional errors appeared regardless of what was added or changed.  Therefore, we created another block diagram, completely separate from the main system, but still part of the same simulation.  


After selecting a different song from the playlist, the simulation stopped, paused, and started again.  If another track was playing, it also was stopped, and then restarted from the beginning.  Ideally, nothing but the new track on the playlist would be affected.  This problem is not easily fixed.  Our code checks for the selection that has been made in either playlist.  If a new file has been selected, the only way to allow it to start playing was to stop the entire simulation and then restart it.

Conclusion


Our design project displayed only some of the many powerful functions that Matlab can execute.  The project is a success because the GUI works in harmony with the Simulink model to make a decent wav-file player.  Some additions to the design project include, but are not limited to: a picture at each bay which depicts the song that is played, a slide bar that tracks the position of the played wav-file, and a Dr. Ohley signature, on a conspicuous part of the DJ Mixer, to promote our special edition model – The “Dr. Ohley” DJ Mixer.  Given the strenuous and hectic schedule of URI EE seniors, we were unable to add these desired features, but hope to revise the project in the near future.
