
EE442/EE592 Real-Time Digital Signal Processing Lecture 15

Project 2: Wave-Table Synthesizer

Synthesizing Music
A musical note is specified by three parameters: frequency, duration, and loudness.  We will assume the middle A 
note is 440Hz (usual calibration for piano).  Notes in the scale of C begin with middle C, D, E, F, G, A, B, and C 
where the final C is one octave higher than the middle-C are scaled with a doubling, halving in frequency for each 
octave increase (next scale), decrease (previous scale) respectively.  Notations for scale and octave are shown below 
and frequency data for each note is also given below.

Memory Layout
Parameter definitions and a memory layout is provided in the wavesyn.dat file.  This file is listed in the texbook and 
the latest version may be downloaded from the EE592 website.

Algorithm
We will generate notes using the following steps.

1) The desired frequency will dictate ∆ (offset) used in sinusoid synthesis

2) We will assume a duration of one second for all notes (in real music this is obviously not true)

3) An additional scale factor, loudness, will be used to further scale the synthesized tone for periods of low or 
high intensity

© 2009 Phillip De Leon 1 March 25, 2026



EE442/EE592 Real-Time Digital Signal Processing Lecture 15

INITIALIZE
Set NEW_NOTE_FLAG, A_FLAG; Clear DS_FLAG, R_FLAG
Set ADSR_COUNTER = A_DURATION

MAIN (once per sample period)
If NEW_NOTE_FLAG

GET_NOTE_DATA
Clear NEW_NOTE_FLAG

End
SYNTHESIZE_NOTE
CHECK_ADSR_COUNTER
CHECK_NOTE_COUNTER
Goto MAIN

GET_NOTE_DATA
get NOTE_DELTA (integer and fractional portions)
get NOTE_DURATION
get NOTE_LOUDNESS
set NOTE_COUNTER = NOTE_DURATION

SYNTHESIZE_NOTE
Based on DELTA, GET_SINUSOID_VALUE
COMPUTE_ADSR_WEIGHT
TMP = (SINUSOID_VALUE)(ADSR_WEIGHT)
OUTPUT = (TMP)(NOTE_LOUDNESS)

CHECK_ADSR_COUNTER
Decrement ADSR_COUNTER (tracks progress through portions of envelope)
If ADSR_DURATION_COUNTER = 0 (new ADSR portion)

If A_FLAG
Clear A_FLAG, set DS_FLAG, ADSR_COUNTER = DS_DURATION

Elseif DS_FLAG
Clear DS_FLAG, set R_FLAG, ADSR_COUNTER = R_DURATION

Else (must be R_FLAG)
Clear R_FLAG, set A_FLAG, ADSR_COUNTER = A_DURATION

End
End

CHECK_NOTE_COUNTER
Decrement NOTE_DURATION_COUNTER (tracks progress through note)
If NOTE_COUNTER = 0

Set NEW_NOTE_FLAG
End

GET_SINUSOID_VALUE (EE442)
Generate sinusoid value using the linear interpolation method

COMPUTE_ADSR_WEIGHT
If A_FLAG (in the attack portion of the ADSR envelope)

Get filter parameters, A_HAT and G for attack phase
Elseif DS_FLAG (in the decay/sustain portion of the ADSR envelope)

Get filter parameters, A_HAT and G for decay/sustain phase
Else (in the release portion of the ADSR envelope)

Get filter parameters, A_HAT and G for release phase
End;
ADSR_WEIGHT = (A_HAT)(G)+(1-G)(ADSR_WEIGHT)
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