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Definition 

Polyrhythms, combinations of contrasting but mathematically 
related rhythms, are challenging to play, even for skilled 
musicians. This project entails the development of an 
augmented reality metronome application with an auditorily 
spatialized, polyphonic soundscape. 

Audio objects within the scene are metronomes set at 
polyrhythmic tempos. Audio output of the scene is modulated in 
real-time with head tracking data, spatialized using the Google 
Resonance SDK. Options for reverb, rhythmic animation of the 
sound sources, and visualization of the tempo are also featured. 

This project utilizes Bose Frames, AR sunglasses with built in 
personal speakers and gyroscope, as a Bluetooth-connected 
audio output and a controller for a Unity scene running on an 
Android device. 

General Background

Fig. 3. Unity scene displayed on Android device

Motivation
Motivations including extending AR applications into that of 
practicing musicians and to develop a more effective 
approach to polyrhythmic practice, relative to a standard 
metronome.

Potential benefits include improving a musician’s 
internalization of a polyrhythm, spatializing the metronome’s 
audio with simulated room reverberation, and the providing 
of visual cues that help the user feel a polyrhythm.

Approach

Current development has included the utilization of the following 
software tools: Unity, Bose Frames SDK for Unity, and Google 
Resonance SDK for Unity. Android smartphones/tablets, and 
Bose Frames have been used as hardware.   

As the project progresses, HMDs such as HTC VIVE, Oculus Go, 
and Oculus Quest could be used to expand the project into a VR 
application. 

Currently, upon launch of the application, the device first 
connects to the Bose Frames via Bluetooth, then displays a 
scene where the virtual listener and 2 metronome audio objects 
are visible on the screen of the Android device. The audio is 
output through the Bose Frames’ internal speakers. The listener 
is represented by a pair of sunglasses, and metronome audio 
objects are represented with cubes. Within the scene, orientation 
of the virtual listener is controlled with Bose Frames’ head 
tracking, and virtual location is controlled with a directional pad 
on the Android device’s touch screen, both of which affect the 
visual and audio expression of the scene in real-time.

The metronome audio objects can be animated to circulate about 
the listener. This results in rhythmic immersion and a strong 
spatial effect. Alternatively, the metronome objects can mimic the 
motions of a conductor in time. With the integration of Google 
Resonance SDK, spatial audio techniques such as audio source 
directivity, source width, and different types of room reverb are 
also achieved. 

Currently, the metronome’s audio is being synthesized in the C++ 
code of the Unity scene. Successful implementation of MIDI is an 
immediate goal. 

Ideas regarding future work include inclusion of haptic feedback, 
head gestures, groupware compatibility, and a head-up display. 
Bose Frames also includes an internal mic that could be used for 
voice control of the application’s tempo or volume.

To test the success of the polyrhythmic metronome, a survey will 
be conducted, where subjective feedback and comparisons of 
performances of musicians using this metronome vs. a normal 
metronome will be collected and analyzed.

Fig. 1. Bose Frames 

Fig. 2. Architecture Data-flow
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