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In the power grid, the dynamics of the system are constantly fluctuating. These fluctuations/changes of the system are referred to as the response 
of the power system. For this project, focus on voltage magnitude and frequency fluctuation was taken. The main objective of this project was to 
develop algorithms for processing and conversion of power grid data into audio signals. Two approaches were taken for this method. A sonification 
approach was taken to convert the data into MIDI notes that are played back through an audio synthesizer.  The voltage of the power system data 
controls the volume of the MIDI note and the frequency controls the pitch. An audification approach was also taken that processed the sinusoidal 
power system voltage data and directly converted the signal into an audible signal. The sonification approach was completed through algorithms 
written in python while the process of audification was written in MATLAB. 

• Generate clear representations of different types of system 
responses 
• Generate easy to use algorithms 
• Determine possible use in power systems introduction and for 
power grid operators 
• Incorporate musical aspect to sonification approach for more 
pleasing playback 

Abstract 

Goals 

Design and 
Implementation 

Audification of ambient power grid data is 
shown in Figure 3. This figure displays 
the AC voltage signal before and after 
conversion into audio. The audification of 
forced oscillation system data revealed 
that small magnitude oscillations are 
detectable through the generated audio 
that are not detectable by MATLAB 
detection algorithms. 

The sonification of transient response 
data in real time is shown in Figures 4 
and 5. In both figures, the mapping of 
MIDI volume/pitch can clearly be seen. 
The MIDI parameter mapping is nearly 
identical to the system parameter plots . 
This mapping allows for clear real time 
musical representation of the system 
response. 

A survey was conducted with 15 Union 
students/faculty to further determine the 
usefulness of the generated audio. The 
participants were asked to detect forced 
oscillations in audified power grid data 
and to comment on grid data sonification. 
For oscillation detection, participants 
listened to four audification samples with 
3 of the samples having forced 
oscillations of different magnitude. The 
detection results of this survey are shown 
in Figure 6. When listening to sonification 
tracks, many participants mentioned how 
sonification/audification allowed for clear 
representation of the different types of 
power system responses. For 
sonification, nearly all participants also 
preferred specified key and random note 
length. 

Results 

Future Work 
1.  Increase the sample size of the survey for better interpretation of 

the use of the audification and sonification algorithms for power 
systems operator use and power system education. 

2.  Determine if minute forced oscillations can be heard using 
audification that are not observable in time domain analysis. 

3.  Use of Power Grid synchronized station data for multi-channel 
sonification playback 
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The block diagram of the audification process can be seen below in 
Figure 1. 

For this process, voltage magnitude and frequency deviation of 
power grid data are low pass filtered, and an interesting period of 
data is chosen for audio conversion. Since the fluctuations are very 
small, the voltage magnitude and frequency are normalized to 
values from 0 to 1 and -1 to 1. The parameters are then amplified 
and used to rebuild the power grid cosine signal with a center 
frequency of 261.6 Hz (middle C). The generated signal is then 
played back in MATLAB and can be exported as a Wav file.  

The block diagram of the sonification process can be seen below in 
Figure 2. 

Figure 1: Audification Block Diagram 

Figure 2:Sonification Block Diagram 

To complete this process, a short period of significant filtered 
frequency and voltage data are imported from MATLAB to python for 
MIDI file generation. The voltage magnitude values are converted 
into corresponding MIDI note volumes of 0 to 127. The frequency 
values are assigned corresponding pitches with a centered pitch of 
middle C. To allow for more pleasing playback, notes can be 
generated within a specific musical key as well as chromatic scale. 
The length of the notes can be randomized or set to values allowing 
real time play-back. After parameter conversion, the MIDI file is 
generated and imported into Ableton Live, for play-back through an 
audio synthesizer. 

Figure 4: Transient Response  
Voltage Magnitude  

MIDI Volume Mapping 

Figure 5: Transient Response  
Frequency 

 MIDI Pitch Mapping 

Figure 3: Power Grid Signal  
Before And 

 After Audification 

Figure 6: Forced Oscillation  
Survey Results 


