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An autoassociator network was trained using inputs 

consisting of all harmonics lower than 10,000 Hz produced 

by a variety of musical instruments (Sandell, 1998). 

Harmonics for each of the A notes from A2 to A6 were used 

for training. Each input corresponded to the sound pressure 

intensity of one harmonic. In addition, each input received 

feedback from one corresponding output node, which was 

added to the input for the second cycle of training. Weights 

were adjusted according to the delta rule,  

( )
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 where ε is the learning rate (set to 0.05). One epoch of 

training consisted of inputting harmonics of each A note of 

each instrument in the database, one note at a time (total of 

101 notes). Weights were adjusted after each note. Training 

continued until the sum of squared errors (�(outputi – 

inputi)
2
) was less than 1.0 for the last note in the epoch 

(violin ensemble playing A6). Other instruments showed 

similar levels of error.  

After training, the network was tested on the same 

set of data, except that input for the fundamental frequency 

of each note was set to zero. Output at the fundamental 

frequency node was on average an order of magnitude higher 

than the outputs of other harmonics with zero input. In 

addition, the median correlation between outputs for the 

missing fundamental and those for the complete sound was 

0.94 (compared with only 0.71 between inputs, and .41 with 

the octave above). 

In a second experiment, the trained network was 

given missing-fundamental inputs with only even-numbered 

harmonics and with only odd-numbered harmonics. This 

resulted in activation of the fundamental output for the odd-

numbered harmonics, but not for the even-numbered 

harmonics. The result is consistent with findings that 

combinations of odd-numbered harmonics without the 

fundamental are perceived an octave lower than combinations of even-numbered harmonics (McBeath & 

Wayand, 1998; Raatgever & Bilson, 1992). 

The model demonstrates that the harmonics of musical instruments form recognizable patterns that 

can be learned by association. The network provides a simple example of a mechanism that can identify a 

missing fundamental by completing the pattern of a degraded input. 
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Figure 1. The autoassociator network. Each input 

represents one harmonic of an A2 note. In addition, 

each input receives feedback from a corresponding 

output node, which is added to the input. A total of 

90 input nodes were used. Shown on the line labeled 

Amplitude are the first eight harmonics in a typical 

input, for a B-flat clarinet playing A3 (concert 

pitch). Input is pressure amplitude, with 1 

representing the pressure level of the most intense 

harmonic present for that note. Because the note is 

an octave above A2, alternating nodes receive zero 

input. 


