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Problem Title 
 
Real-time data visualisation for biofeedback rehabilitation: looking into what happens in people’s 
muscles and tendons to create better treatments 
 
 
What is the problem you want to solve?  
 
Osteoarthritis and tendinopathies are painful conditions that affect more than 30% of Australians,             
resulting in poor quality of life. Despite decades of research, conservative treatments for these diseases               
are still limited to drugs to manage pain and no other cure exist. More recently, exercise programs to                  
strengthen muscles have shown promising results in reducing pain, but outcomes vary across people              
and stages of disease, making a generic one-size-fits-all approach ineffective. What is required is a novel                
and personalised approach to promote tissue regeneration within the human body. 
 
Musculoskeletal tissues, such as cartilage, tendons, and bones, are repetitively loaded during activities             
of daily living. Optimal forces acting on tissues help maintaining tissue health. However, when tissues               
are subject to altered forces, then this balance is disrupted, leading to several debilitating and               
degenerative pathologies such as osteoarthritis and tendinopathy. Restoring optimal loading can           
regenerate damaged tissue, but it is impossible to directly measure what happens inside a person’s               
body because placing sensors inside someone’s tendon or knee could be very unpleasant (and              
unethical). That is why we have created digital twins that can predict what happens inside a person only                  
by using external sensors and math. We are now able, via digital twins, to calculate all the biomechanical                  
variables that affect tissue health in an individual, but these need to be visualised in real-time, so they                  
can be instantaneously changed to bring them back to optimal level. 
 
Currently, we would like a way to have real-time visualisations of digital twin data- We have a 
mechanism for creating the data in real time but have no way to visualise it yet. 
 
 
Why do you want to solve this problem? 
 
The process of augmenting an individual awareness by visualising hidden variables (such as the force               
acting in your knees or the strain in a tendon) is called visual biofeedback. To be effective, visual                  
biofeedback needs to be provided with the possible lowest delay. The longer is the delay between a                 
person’s action and the visualisation of biofeedback, the least useful this information is (Imagine              
playing a videogame with a lag of seconds between the controller and the action on the screen- the                  
difficulty is increased exponentially). For visual biofeedback applications it would be optimal to have              
delays lower than 100ms. Considering that about 50-70ms are required to calculate all the              
biomechanical variables in real-time, the delay for the visualisation should be around 25-50ms. 



 

 
Figure 1 - Strain in the Achilles tendon, when applying different level of force. Each point is coloured 

depending on the strain value provided by the digital twin. 
 
Our digital twins are now able to calculate 3D stress and strains in a muscle, tendon, cartilage, or bone                   
in real-time (Figure 1). However, we do not have the capability to visualise these data in real-time. 
 
Allowing us to see this can ensure that during treatment, they can be tested and instantaneously                
changed to bring them back to optimal level. 
 
 
What do you envision as the ideal solution for this problem? 
 
A graphical interface that can present, in real time, movement in the muscle, tendon, cartilage or bone 
to highlight how much specific areas are straining. 
 
The goal is creating a software to visualise in real-time a set of time series in form of 3D scatterplots and                     
line plots, similar to Figure 2.  
 

 
Figure 2 - Example of data visualisation for 3D scatterplot 

https://en.wikipedia.org/wiki/Stress%E2%80%93strain_analysis


The following video (https://www.youtube.com/watch?v=vMbThdbMFrs) shows an example of a         
previous experiment were the forces inside the knee were calculated and visualised in real-time in the                
laboratory. The GUI on the screen shows a time series of a single variable, plotted in real-time while the                   
person walked on a treadmill, similar to the GUI in Figure3. 
 

 
Figure 3 - Example of a simple GUI used to plot time series in real-time developing in C++ using Qt and                     
QCustomPlot library. Time series are grouped in different categories (Activations, EMGs, Joint angles,             
…). Multiple selections enables concurrent display of different time series. 
 
 
 
 
What sort of Open Source solution do you think can be created in 48 hours, by a small team of 
developers, designers and data analysts? 
 
The solution would include complementary client/server software that would communicate via sockets, 
with the server to read the data from the digital twin  and the client-side visualizing data. 
 
Design requirements and constraints 

- The software should be open-source release under Apache Licence v2.0 or a compatible licence.              
Additional library used for the creation of the software should be compatible with Apache v2 if                
possible. 

- The software should be cross-platform.  
- The server will stream data to the client via stream socket 

https://www.youtube.com/watch?v=vMbThdbMFrs


- The real server is already written in C++ 14 and already uses Boost libraries, which contain                
Boost.Asio, a powerful library for network communication. Other networking libraries can be            
used on the server side, as long as they are open-source and cross-platform. The server you are                 
going to create is going to be a very simple software written in C++ that produces semi-random                 
that will be streamed to the client. 

- The client can be written using any programming language. However, python could be a bit slow.                
I would possible look for a mix of Qt and OpenGL for the point cloud, but I’m open to different                    
solution.  

- The data structure and data serialisation for the stream via socket is not defined a-priori, so                
different approaches can be used. In past I have used Boost.Archive, but it may limit the client                 
side and it is pretty low level. Alternative could be Google Protocol Buffers, MessagePack ,               
Apache Thrift and so on. Honestly, there are so many that I don’t know which one is good for the                    
job. 

- Similarly to Figure 3, data should be grouped in different named categories, which are defined on                
the server side (label and number). Each categories will have multiple channels, also defined on               
the server side (label and number). Each channel is associated to a data type, which could be a                  
scalar (Figure 3) or a point cloud (Figure 1 and Figure 2).  

- The point cloud data type contains N point, where every point is defined by X,Y,Z coordinated                
and a weight W, which will be colour mapped. All these data are provided by the server. It is                   
expected to have up to 1000 points for each point cloud. 

- The number of point in the point cloud is defined by the server and does not change during                  
execution. 

- When the data type is a scalar, the visualisation should be similar to Figure 3 
- When the data type is a point cloud, the visualisation should be a 3D scatterplot similar to Figure                  

1. Also, points on the point cloud should be selectable (multiselection). When points are selected,               
a line plot representing values of W is also visualised (Figure 2). 

- The 3D scatterplot can be rotated and zoomed in/out 
- Basic options to change plot line thickness and color should be available. 
- Multiple visualisation modality should be available for the scalar data (line, barcharts, etc..) 
- Data is transmitted from the server at ~200Hz. Data can be undersampled on the client side to                 

60Hz. 
- (Desired) The client should also run on Android 
- (Desired) Multiple clients should be able to connect to the same server (the received data will be                 

the same for all of them) 
- (Desired) The client (and the visualisation) needs to look cool! 

 
 
What are the current solutions for handling this problem? 
 
Currently the data is not being used due to this visualization problem. 
 
  

https://www.boost.org/doc/libs/1_66_0/doc/html/boost_asio.html
https://www.boost.org/doc/libs/1_67_0/libs/serialization/doc/index.html
https://developers.google.com/protocol-buffers/
https://msgpack.org/
http://thrift.apache.org/
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