
I see something you can only hear  
Visualising musical performance with SInES tools and sonic cam 

Christoph Reuter1, Carolin Schmid1, Xincan Yang2, Jian Yang3  
1 SInES, Musicological Department, University of Vienna, 1090 Vienna, E-Mail: christoph.reuter@univie.ac.at 

2 Fritz Kreisler Department, University of Music and Performing Arts Vienna, Austria 
3 Department of Music Engineering, Shanghai Conservatory of Music, China 

 

SInES Tools 

The current rapid development in the field of audio signal 
analysis and artificial intelligence as well as the possibilities 
of the sonic camera expand the possibilities for the visualisa-
tion of audio features. 

Since 2023, the Space for Interdisciplinary Experiments on 
Sound (SInES) of the Vienna Systematic Musicology offers a 
range of free online tools at https://sinestools.univie.ac.at/ 
with enables researchers, students and the interested public to 
gather a variety of music- and movement-related data from 
audio (wav, mp3) and video (mp4) files [1][2]. Data on pitch, 
timbre, harmony, tempo, rhythm, dynamics and much more 
can be extracted from audio files, while body, hand and facial 
movements (including emotions) and arbitrary points can be 
tracked in video files. Furthermore, skin conductance and fin-
ger temperature can be recorded while listening to music us-
ing eSense sensors from Mindfield [3], as well as states of 
consciousness via a four-channel EEG Muse S headband [4]. 

Combined with videos recorded by a normal or sonic camera, 
a range of insightful information about musical instruments 
and their players can be discovered. Some examples are pre-
sented below: 

 

Where on the E string …   

Due to the high temporal resolution of the acoustic camera, it 
is possible, for example, to follow the path of the impulse (or 
the location of the strongest sound radiation) in the first mil-
liseconds from the plucked string via the bridge to the radia-
tion at the corpus. With the help of a sonic cam (Gfai Mikado, 
96 microphones), the radiation locations for all reachable 
pitches on a guitar has be visualised and linked to the corre-
sponding audio features via signal analysis, so that the char-
acteristics of the timbres can be described depending on their 
point of origin. Due to the increasingly shorter wavelengths 
with rising pitch, this works particularly well for the notes on 
the high E string (see fig. 1). 

Using audio signal analysis, it is also possible to classify the 
strings of a guitar based on their sound characteristics. The 
audio features spectral centroid of the percussive part, fluctu-
ations and spectral contrast in the range between 0-200 Hz can 
be used to classify the strings of the guitar according to their 
timbral characteristics (see fig. 2). 

 

Figure 1: Sound radiation of the A5 on a guitar's high E-
string played by Carolin Schmid at 10, 20, 30 and 40 milli-
seconds from the beginning of the sound. The radiation peak 
travels from the plucked string via the bridge to the body.  
All pitches can be played interactively at [5] 
https://muwiserver.univie.ac.at/sumu2024/gitarre.htm 



 

Figure 2: Classification of guitar strings according to the 
timbral characteristics of their notes  
(at https://muwiserver.univie.ac.at/sumu2024/gitarre.htm 
[5], at the bottom of the page). 

 
SHAPED and HandBoX 

SHAPED (Sound Radiation, Hand, Anatomy, Pitch & 
Expression Display): The SHAPED visualiser allows the 
merging of data obtained with the SInES tools for body, pitch, 
hand and expression tracking based on sonic camera and 
normal camera recordings. Thanks to the pitch tracking model 
used in SInES Tools [6], even fast-played notes can be 
determined with a high degree of accuracy. Arrow keys can 
be used to jump from note to note in order to intuitively 
visualise information about the body and hand position, sound 
radiation, intonation, and even players expression (shown by 
color in the face) as well as a range of other timbral 
parameters for each segment of the piece. 

 

Figure 3: SHAPED: Sound Radiation, Hand, Anatomy, 
Pitch & Expression Display: Combination of data from 
SInES tools and acoustic camera with display options in the 
menu at the bottom right as well as additional displays for 
amplitudes, expression/emotion of the player and recognised 
selectable pitches underneath. (Violin played by Xinxan 
Yang https://muwiserver.univie.ac.at/sumu2024/violin_data 
[7] 

HandBoX (Hand Body eXpression Visualizer): The 
HandBoX visualiser has a similar structure to SHAPED and 
can be used to display a combination of body and hand 
movement (including movement trails), players’ emotion and 
audio data collected with the SInES tools taken from any 
music videos (e.g. YouTube or other video collections). 

 

Figure 4: HandBoX (Hand Body eXpression Visualizer): 
displaying body, hand, expression and audio data of musical 
instruments and their players (Guitar played by Marie Krajci, 
in https://muwiserver.univie.ac.at/sumu2024/handbox) [8]. 

3D Hand and Pose Tracking Visualiser 

With the 3D Hand Tracking Visualiser, the hand movements 
of musicians, speakers, conductors etc. recorded with the 
SInES tools from normal two-dimensional videos can be 
visualised as three-dimensional models. 

 

Figure 5: Hand movements of a guitarist as 3D models with 
adjustable movement trails, motion trajectories, motion and 
audio feature plots and automatic correlation calculation 
(free stock video from https://youtu.be/w1u9CuPyaEE, in 
https://sinestools.univie.ac.at/handtracking_visualiser.htm) 
[9]. 

 

The same applies to the 3D Pose Tracking Visualiser, in 
which the movements of dancers, musicians, actors, speakers 
etc. can be displayed both frame by frame and summarised via 
movement trails: 



 

Figure 6: Visualisation of the 3D pose tracking data of the 
dance movements of rapper Ricky Coleman during the same 
song before and after a coaching session. The performance 
before coaching (left) shows more horizontal movements of 
the arms and legs, while the number and intensity of vertical 
arm and leg movements increase after coaching (right)  
(https://muwiserver.univie.ac.at/hiphop-gesten/RC.htm  
Video: Nikita Kudakov) [10] [11]. 

Conclusion 

The data collected with the SInES tools can be visualised in a 
lot of different ways, with or without a sonic camera. The 
combination of the sonic camera and the SInES tools opens 
up new possibilities for finding connections between sound 
radiation, audio features and musician movements. Combined 
visualisers such as SHAPED and HandBoX offer the 
possibility of evaluating large quantities of videos from video 
collections such as YouTube in an easily accessible and user-
friendly way, while the 3D hand and pose tracking visualisers 
can be used for teaching and coaching musicians, dancers, 
conductors, actors, speakers, etc.   
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