
Nick's Sound Applications
Two applications to do with audio which 
solve different programming problems in

 different ways.

Sound Studio :
a simple audio file editor.

Prism  (part of Sculptor ):
a real-time audio transmogrifier.



The Sound Studio Package
Sound Studio is a 
simple but flexible 
sound editing 
package written by 
Paul Sharpe as his 
final-year project.  
Here he receives the 
Microsoft award for 
Software Engineering.

Studio is a Unix-only 
package so far, 
written and debugged
 under Linux.

The following year, 
Microsoft withdrew 
their support for this 
prize.  No reason was
 given.



The Sound Studio package:
Specifications

Multiple file-type 
support
Simple cut & past 
editing between files 
even of different 
sample rates
Full control of 
hardware facilities
Makes maximum 
re-use of exisiting 
software
Easily extended
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Positive attibutes
Uses standard sox application 
for file format conversion
Written almost entirely in 
Tcl/Tk for rapid prototyping
Ludicrously easy to install
Fully and formally documented
 (context diagrams, data flow 
diagrams and data dictionaries
 available)
Rapidly becoming standard 
entry-level editor (mentioned in
 sound playing howtos and 
many other sources)
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Negative Attributes
Uses script-based language 
even for manipulating audio 
files, so rather slow
Makes working copies of files 
currently being edited in 
nominated directory, so 
requires large disk space even
 compared with file size
Unfinished!

No VU meters to set input 
levels
Indication of playback or 
recording position rather crude
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Reusable Componets
Studio is written almost entirely in tcl/tk, 
but uses a few small C programs to 
perform the donkey work.

studio_tool  
performs raw audio i/o 
at a given sample rate 
and number of 
channels; 
studio_mixer  
queries and 
manipulates the audio 
card mixer facilities.

Source code is 
bundled with the 
package, and is 
compiled at 
install-time.



Manipulating Samples: Sculptor

Sound Studio and Sox permit the editing of sound in the 
time domain, but to manipulate their nature rather than 
their position, we need to alter sounds in the frequency 
domain.

Sculptor  works on the spectrum of a sound.  It can 
analyse a sample file, then resynthesize the original 
dynamically from the spectral information.

Signal processing and synthesis has progressed to a 
stage where it is essentially understood, but Sculptor  is 
a valuable tool in furthering our understanding of how 
sounds are perceived.



The Analysis Phase:
analyse

The original signal is 
chopped into overlapping 
windows
Each window is multiplied 
by a raised cosine 
function, and Fourier 
transformed
The amplitude and phase 
change per window of 
each Fourier bin is 
recorded.
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Synthesis Phase:
prism

Spectra are read from 
analysis file into shared 
memory block
The synthesiser is forked off
 which performs an inverse 
Fourier transformation, 
overlaps with the previous 
data, and sends results to 
the sound card
Behaviour of the 
synthesiser is set 
asynchronously by the 
parent using a shared 
control block
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Using Shared-Memory IPC:
shmop(2)

#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/shm.h> 
...
  if ((memid = shmget(IPC_PRIVATE, 
                      blocksize, 
                      0660)) == -1) {  /* error */

... process forks, then both parent and child

/* Map the block into our address space */
data = (char *)shmat(memid, (char *)0, 0);

... the parent process exectues the 
following after attaching

/* Make shared memory transient */ 
shmctl(memid, IPC_RMID, NULL);

... both processes detatch before exiting

shmdt(data); 

Necessary includes

Create a shared memory block of 
blocksize bytes and return its handle. 
Give the owner and group read/write 
permission on this new block.

Using the handle returned by shmget, 
map it into the current process space.  Let
 the system choose the address at which 
the block is mapped ((char *)0), and use a
 default binding (read/write) subject to 
permissions.

Immediately mark the block for deletion.  
The block won't disappear until the 
number of attached processes reached 
zero.  Failure to do this causes a memory 
leak, as the block will persist after 
program termination!

Polite to detatch explicitly before exit



The Shared Control Block
The parent process controls the child process by setting values 
in the shared control block.  This is a C structure which is 
accessed by the synthesis routine to get the necessary 
resynthesis parameters.

typedef struct { 
  volatile int numframes;   /* Number of frames stored in this control block */ 
  volatile FFT_T *analdat;  /* Pointer to the beginning of analysis data */ 
  volatile long curframe;   /* Number of current frame for resynthesis */ 
  volatile FixPt curposn;   /* (for interpolation) */ 
  volatile FixPt frameinc;  /* Number of frames to skip every resynth iteration 
                               in fixed-point format */ 
  volatile FixPt pitchbend; /* Frequency multiplier for use at 
                               resynthesise-time */ 
  volatile RunMode autoinc; /* Step through spectra automatically */ 
  volatile int xv_ready;    /* XView is up and running */ 
  volatile pid_t alertpid;  /* The place to send signals to update 
                               display */ 
 
  /* The following are only set at initialisation time: not volatile */ 
 
  int analchans;           /* No of channels in spectral data */ 
        } CtrlBlk_T; 



Sending the parent signals
To cause Prism to resynthsize an approximation of the 
original input signal, it is only necessary to set 
scb->frameinc  to 1. The child will then advance through 
the spectral data at the correct rate synchronously with the 
soundcard.

This is not a problem with the text-mode incarnation of Prism, 
but in the X version, we might want some indication of how 
the synthesiser process is progressing.  Signalling the parent 
direct is potentially dangerous, as the graphic redraw in the 
client program might start in the middle of another X client 
request.

Using xview, it is necessary to register the interrupt source 
with the notifier.  The notifier can then dispatch the interrupt 
when it is certainly safe to do so.



Using the Notifier

In the child process...

    if (RESYNTHESIZER_SENDS_SIGNALS && (parent = cblk->alertpid)) 
      kill(parent, SIGUSR1);  

In the parent process...

   notify_set_signal_func(frame, update_frame_posn, 
                         SIGUSR1, NOTIFY_SYNC);

NOTIFY_SYNC means wait for the current X11 interaction to finish

   Notify_value 
   update_frame_posn(Notify_client client, int sig, 
                     Notify_signal_mode mode) 
   { 
   ...
      return NOTIFY_DONE;
   }


