PROPELLER SD PCM WAVE PLAYER CONTROLLER USER MANUAL
                                  Nicholas G. Lordi    April 2011

    The Propeller microcontroller has proven to be an ideal resource for playing WAV files, as demonstrated by software modules written by Rayman and Kye (see OBEX), as well as the AP-6+ Audio Player developed by EFX-TEK.  While the EFX-TEK player can be used as a general purpose wave player, it was principally designed for prop builders.  Its 20 watt amplifiers require a greater power input than needed for a portable system. In my thread on using Arduino shields on the Gadget Gangster Propeller Platform, I described a wave player based on the Adafruit Wave shield with an added control system, eliminating the necessity for connection to a PC or other keyboard/display systems.  However, the wave player shield was not really needed when used in combination with the propeller platform. I have designed a shield specific to the propeller platform which includes controls, converting the propeller platform into a versatile wave player.  The output of the wave player can be connected to external speaker systems or earphones.
Hardware Description

   Figure 1 shows the Wave Player Controller Shield (Version 1.0) attached to a Gadget Gangster SD Propeller Platform.
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   Figure 2 shows the shield schematic (Version 1.1).
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   Figure 3 an EagleLite board layout (Version 1.1).
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    The wave player controller has the following hardware features:

1. Mini SD card socket as installed on the  GG SD Propeller Platform or the GG mini-SD adapter board (not shown) plugged into the shield if other propeller platforms are used.  The SD card uses propeller pins 0..3. 
2. Two DIP  SPST Switches pulled low, active high (propeller pins  26 &  21).
           -   SW1 is not used by the current software version.

                   -   SW2 sets the loop play mode on/off or sets the forward/backward play mode.

3. Two 10-Position Rotary BCD Switches  (propeller pins A- 22..25  & B- 17..20) 
· A selects a predefined index and/or play list.

· B  acts as a volume control , setting volume 0-100 on an audio scale.

· B in combination with A, selects single pieces or user-defined playlists.

4. Five Push Buttons pulled high, active low. (propeller pins: 4..8)
· NEXT/SKIP plays or skips the next selection in the active playlist.

· PAUSE stops play.

· PLAY restarts play after a pause or fast forward.

· FF fast forwards 3-4x the normal play rate.

· RESTART  starts/restarts play after a file or play list finishes.  
5. Serial LCD Port  (optional serial, 2x16 LCD, propeller pin 27)

                    -    Shows current active file name, operation mode, and relative play time.

        6.    Red LED    -   Indicates file error (propeller pin  10).

        7.    Audio Output   -  Two terminals for wired connections to speakers and a 

                                            stereo mini-plug connector (propeller pins 12 & 13).
Note that the switches have multiple uses, depending on the conditions under which they are used.

Software Description
   Kwabena Agyeman’s SD2.0_FatEngine and PCM2_1DACEngine objects serve as the basis for the player controller software.  The PlayWavFile method (see Kye’s SD2.0..demo in  OBEX) was modified to include only elements needed by the controller.  The DACEngine uses the WAV file header to determine the number of channels (1 or 2), sample rate, and bits per sample.  See SDWavePlayer.spin for details.

Player Requirements

    A mini-SD card (2GB, 1 partition) holding wave files in no particular order.  Files may be 8 or 16 bit, 22050 or 44100 bps, and mono or stereo format.  Each file name is limited to 7 bytes (I don’t like long names).  An index of all file names is maintained in an ASCII text file on the card.  The order of files in the index does not have to match the actual listing on the card.  In fact, the software allows for multiple indices.  Each name in the index has the following format: e.g., ‘16_Beatles.wav’  The index name starts with the number of the file as it appears in the list (which is used only for reference) and occupies 16 bytes, including 2 bytes for CR/LF.  If multiple indices are used, each index starts with 0..1…2….etc.   So far, I have defined 3 indices, one containing wave files designed to test sound quality under different playing conditions, one containing only mono, 16 bit, 22050 bps files, and the third containing long playing pieces (15 – 60 minutes each).
    A Data block in the software which includes the following information:
 1.   A list of  maximum number of files in each defined index.

2. A list of ten volume levels (0-100) on an audio scale the output volume level in the DACEngine.  This feature would usually only be used with earphones.

3. User defined playlists of index numbers  assigned to specific files in the order to be played.  The first number in the list (position 0) must be the total number of files in the list.  The user may define up to ten named play lists for each index.  The software allows definition of up to ten indices. 

    Since there is no amplifier on the shield, the player should be connected to powered speakers or a stereo system.  The output is more than adequate for most earphones. 
Operation
1. START

       Set SW2 off and set Switch A to the desired index number (0-9) , before powering the player.  Upon turning on the power, the selected index will be loaded into hub ram and the system will wait for a START command. At this time you may set switch A to select a specific playlist. There are three system defined playlists common to all indices  (0, 1, and 2).  Let us assume switch A is set to 0, i.e., PlayAll.  Then press START (RESTART). The player will load the first file in the index and play it.  If you do nothing, the Player will continue to play all the files listed in the index until finished. The LCD (if connected) will show the name and index number of the current file playing, the operation mode (“PLAYING”), and a number representing the relative time of play.  The reference time unit is expressed in units equivalent to  0.1% of the total count (maximum is 1000). Other operation modes are “PAUSED”, “FAST FORWARD”, and “END OF FILE”. If the “END OF FILE” remains on view, all files in the list have been played and the system waits for a new START command.  At this point, you have the option to change the playlist before restarting. 

       If START is pressed while a file is playing, the exit flag is set to 1.  An “END OF FILE” will result when the current file is finished or NEXT is pressed.  

2. NEXT/SKIP

      If you press NEXT during a play, the player will stop and load the next file in the list.

Pressing NEXT repeatedly skips files in the list.  If switch SW2 is turned on during PlayAll, pressing NEXT will reverse the order of file selection.  Turn SW2 off to continue selecting files in the forward direction.
3. PAUSE

      Pressing the PAUSE button stops playing a file until PLAY is pressed. The file continues to play from the time the file was paused.  During the PAUSE operation, the LCD will display the relative time left for play.  The user has the option to adjust the volume to a value set by switch B (0-9), where 0 will mute the volume and 9 sets the volume to the maximum 100 (default value).  Volume changes can only be made during a PAUSE and you must execute NEXT (during the pause) to effect the change when playing resumes.
4. FF 
Executes the fast forward mode, playing the file 3-4x faster than normal until

PLAY is pressed.  The LCD will show the relative play time remaining on exiting  FF. 
5. PLAY

      Pressing the PLAY button exits the PAUSE and FF modes. It is also used to play a single selection and terminate a shuffle operation.

6. PlayChoice
      If switch A is set to 1 before starting the player, PlayChoice will be the active play list.  This allows the user to play a specific file in the current index.  In order to do this, set switch A to the tens digit and switch B to the ones digit of the desired  index file number, e.g., A = 3 & B= 7 selects file number 37 which is played on pressing PLAY. 

7. PlayShuffle
      Setting switch A to 2 prior to a START will execute the playlist PlayShuffle.

All files in the active index will be shuffled repeatedly until the user presses PLAY.

Then the files will play in the shuffled order.  A shuffle is set to take 0.2 sec. 

8.  Loop Mode

      If SW2 is turned on prior to executing PlayChoice or a user defined playlist, the chosen file or playlist will repeat indefinitely until SW2 is turned off.
       9.    User Defined Playlists

       User defined playlists are associated with specific indices and predefined in the program DAT block.  Switch A selects the specific index (3 - index1, 4 – index2, ….

 9 – index7.  No playlists are associated with index0.   Switch B selects the specific play list (0-9).  The default is PlayAll if no selection is available.
FAQ (or Questions I Asked Myself)
1. What were your objectives in developing this project?

       I wanted a battery operated portable wave player which could be used with ear phones, powered speakers, a small hi-fi system or a Boise radio lacking a CD-player.
A player that would allow me to organize the music according to my interests. 

2. How do you prepare the files (and where do you get them) for use on the player?

I use Express Rip to extract those pieces I am interested in from my CDs and
 Audacity to process the music files, e.g., adjusting amplitude, etc.

3. What is the quality of the players’ output?

I would say excellent. In many cases I can’t distinguish between the same piece 

played from a CD and the wave player using the same speaker setup. There is no static and pops, except when the power is first turned on.

4. Do the R-C values in the DAC circuit affect the results?
I have experimented with 0.1 uf & 0.01 uf (higher frequency response).  In most cases 

can’t tell the difference.  However, there is more chatter when switching from  pause 

to play modes with the 0.01 uf capacitor. 
