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Introduction 

Upper-Limb hemiparesis is a common persisting problem for stroke survivors. 
Existing research is investigating new interventions to mitigate this, improve 
independence, and reduce costs with care. A relatively new intervention called 
‘movement sonification’ shows promising signs of improving motor learning, 
and  is being investigated as a rehabilitation intervention. Such an intervention 
requires a system to monitor human movement and convert associated data to 
relatable auditory feedback. Currently, such systems are not available off-the-
shelf, so a new real-time movement sonification system utilizing the Azure 
Kinect SDK has been developed by researchers at the University of 
Strathclyde. This study presents the methodology of the system and an initial 
test of agency in healthy adults.  

Method 

The Azure Kinect SDK comprises various input interface technologies, that with 
the use of artificial intelligence, provide capabilities such as full-body motion 
capture. The technology makes use of a convolutional deep neural network 
(DNN) with a ResNet50 backbone trained on depth sensor images of full body 
poses. On operation, the system can identify a participant seated by a table in 
the camera field-of-view, as shown through a visual display in Fig. 1. The 
movement sonification system takes positional co-ordinate data of the ‘hands’ 
from the calculated skeleton, as an input for sonification. Given a known range of movement and a sufficiently 
powerful host PC, a participant can perform various upper-limb movements and obtain real-time (~100ms) 
auditory feedback. A framework has been developed to translate movement kinematic data into a variety of 
auditory dimensions such as pitch. To establish whether users of the system can associate with this system, 
an agency study was conducted with 10 volunteers with normal upper-limb movement. Four sonification 
configurations were setup, one consisted of a sound configuration linking the position of the right hand to the 
pitch of the audio, and the other three consisted of additional pitch modulations of varying amplitude, to create 
a false audio-feedback effect. Each volunteer performed reaching movements to 10 trials of each configuration, 
and on each trial responded on a 7-point Likert scale as to their 
association with the audio.  

Results 

Data from the four conditions were analysed using a one-way 
repeated measures ANOVA. This showed a statistically significant 
difference (F(3,27) = 52.992, p < 0.001, ηp2 = 0.855). Mean data for 
each category is visualised in Fig. 2. 

Conclusion 

This study shows that users of the developed prototype system can 
identify their movements from false movement sonification 
configurations due to the quality of their real-time audio feedback. 
Future work in this area will investigate the viability of this system with 
stroke survivors and the extent to which this system can be used as an 
accessible rehabilitation technology. 
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Fig. 1. Depth sensor data visualised 
to show a participant seated at a 
table, a skeleton is drawn to show 
the predicted anatomical locations 
of the participant. 

Fig. 2. Means and standard deviations for  
participant responses to the four sound 
modulation groups. Pairwise comparisons 
showed statistically significant differences 
between each group (*p<0.05). 
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