
 

 

Abstract: Biofeedback systems and applications 
in sports have great potential in accelerated motor 
learning and injury prevention. Traditional 
methods with terminal feedback are now being 
complemented by concurrent feedback methods. 
In sports, wireless communication systems are 
preferred. Acquiring and processing sensor data in 
challenging wireless channel conditions may 
prove demanding. To address such issues, we 
have designed and implemented a reliable 
communication protocol for cyclically interrupted 
radio channel. By using this protocol in 
biofeedback systems, we achieve fast and reliable 
transmission of sensor data and signals to the 
processing device and back to the biofeedback 
device. The final goal of our work is the 
development of real-time feedback systems and 
user-friendly applications for athletes and coaches 
that will help accelerate motor learning and 
improve their performance. 

 
Index Terms: biofeedback system, block 

selective repeat protocol, cyclically interrupted 
channel, real-time communication 

1. INTRODUCTION 

HE idea of our work is to create an 
evolutionary innovation to generate a new 

solution for a real-time biofeedback in sport, 
which can work in challenging environments 
where the radio communication channel is 
cyclically interrupted, what leads to loss or 
corruption of the transmitted data. 

This paper is structured following the 
guidelines described in [1]. Section 2 presents 
the problem statement and the reasons for the 
implementation of this protocol. Section 3 
describes the essence of the proposed solution, 
the specific conditions of our work, and the 
reasons for choosing certain technologies. In 
Section 4, we detail the methodology and the 
protocol functionality modifications. In section 5,  
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we conclude with the discussion of results and 
future tasks. 

2. PROBLEM STATEMENT 

Many papers based on real-time biofeedback 
in sports, such as skiing, golf, volleyball, etc. 
have been published to date [2]-[4]. 

Two of the important steps of a biofeedback 
system development are an adequate acquisition 
of motion parameters and signals by sensors and 
their real-time transmission from the acquisition 
systems to the processing device. While for the 
abovementioned sports, the most technically 
challenging stage is the sensing part, for some 
other sports the most challenging may be the 
communication part. One example of the latter is 
the development of a real-time biofeedback 
system for swimming. For such systems, we 
must study and consider the specific 
environment, as the athlete is cyclically 
completely underwater. As it was already 
mentioned, in swimming the demanding task 
becomes the transmission of the acquired motion 
parameters and signals through a lossy and 
cyclically interrupted channel, which means that 
we are facing cyclical channel interruptions at 
random times and of random length [5]-[8]. We 
face the problem of the cyclically interrupted 
channel because, in water environments, the 
radio signal penetration is not good and is 
significantly degraded, especially at high 
frequencies ranges where most of the 
commercially available radio technologies 
operate [3]-[4], [9]-[11]. 

We decided to implement a real-time system 
for coaches in swimming to provide them with 
reliable and concurrent information about the 
athlete’s performance and swimming parameters.  

After a study of the reliable data transmission 
protocols, we realized that no protocols exist that 
would adequately address this problem. To the 
best of our knowledge, the majority of the 
previously published papers tackle underwater 
communication by implementing either wireless 
systems using very low frequency or optical or 
acoustic systems. None of them is seriously 
considering real-time data transmission. Such 

Reliable Communication Protocol  
for Wireless Biofeedback Systems in Sport  

Hernández Casillas, Andrea; Tomažič, Sašo; and Kos, Anton 

T



 

solutions are valid for terminal feedback, where 
time is not critical and the data sending speed is 
not crucial because of post-processing. However, 
as we are working with real-time biofeedback 
systems in sports, high sampling frequencies 
together with high data transmission rates are a 
necessity and become even more significant, if 
we consider that the radio channel is not only 
noisy but is also cyclically unavailable. This 
means that we should develop a system that is 
able to acquire and send sensor data and signals 
as fast as possible. 

When joining these two requirements, we 
decided to design and implement a new protocol 
suitable for reliable radio communication over the 
cyclically interrupted channel. According to [12], 
we are creating a new idea based on 
implantation and specialization, as we are 
designing a new idea based on specific 
technology for a specific domain, applying 
commercially available technologies to improve 
existing feedback systems operation. 

3. PROPOSED SOLUTION 

To provide coaches in the swimming pool with 
real-time information about swimming parameters 
and performance, wireless technologies with high 
bit rates and an appropriate range seem to be the 
best, if not the only option. 

Firstly, wireless communication is necessary 
because, for sports that involve movement, wires 
will become an obstacle for the athlete’s 
performance. In addition, because time is one of 
the main restrictions in our system, we need to 
use high bit rates to be able to (re)send data as 
fast as possible. Lastly, we need technologies 
with an appropriate range to be able to send the 
recorded data to the processing device in real 
time, so we can take advantage of possible 
concurrent feedback [3]-[4], [9]-[11]. 

By using commercially available wireless 
communication technologies, such as Bluetooth, 
or Wi-Fi, we are bound to high-frequency radio 
communication [9]. Consequently, we are faced 
with a problem of the cyclically interrupted 
channel (swimmer is underwater); as high 
frequencies are significantly degraded when 
penetrating the water and they do not reach 
significant depths.  

Evaluating the available bit rate and range of 
various commercially available wireless 
technologies, and the flexibility of our real-time 
biofeedback applications, we decided to choose 
the Wi-Fi technology.  

We implemented our protocol in the application 
layer of the internet protocol stack. On the 
network and the transport layer, we use IP and 
UDP protocols, respectively, which are both 
connectionless and unreliable protocols. We are 

faced with the challenge of developing an 
application layer communication protocol, which 
can ensure a reliable and efficient transfer of data 
over the cyclically interrupted radio channel. The 
proposed protocol is based on Selective Repeat 
ARQ protocol, but introduces several 
modifications to make it more efficient, faster, 
and suitable for real-time applications. 

The advantages of the proposed protocol are 
especially noticeable in the case of heavy, bursty, 
and mid- to long-time losses in the channel, i.e. in 
swimming [13]. 

The operation of the protocol will need to 
ensure the transmission of sensor data as fast as 
possible in the periods when the channel is 
available, and the recovery of the lost data in the 
periods of channel unavailability. It is crucial to 
consider that only the lost or corrupted packets 
are retransmitted in order to increase efficiency 
and to ensure that information at the receiver is 
not duplicated. 

4. METHODOLOGY 

The proposed name for our protocol is Block 
Selective Repeat protocol. We implemented 
several modifications and added a number of 
functionalities to be able to transmit the sensor 
data over the interrupted channel fast and 
efficiently using the underlying Wi-Fi, IP, and 
UDP protocols. 

The first enhanced system feature is the ability 
to dynamically create packets in the sender. This 
characteristic improves efficiency and speed, as 
it makes it possible to send a variable number of 
sensor readings together in the same packet.  

Moreover, sending an acknowledgement for 
each received packet will not accomplish the 
real-time requirements in terms of efficiency and 
data rate.  It will also lead to an unnecessary 
waste of channel time, as processing time in the 
sender will be wasted, if concurrent response 
needs to be handled. Therefore, we decided to 
modify the response pattern by generating a 
response packet, which contains the combination 
of negative and positive acknowledgements, and 
sending it periodically back to the receiver. 

While testing our system by using different 
values for the ACK (acknowledgement) period, 
we found out that this parameter is directly 
related to the sending window and buffer size of 
the sender. This means that the larger the ACK 
period is in the receiver, the larger the window 
and buffer size should become in the sender. As 
we are working with real-time systems, time is 
critical, and we cannot deal with large delays, so 
the ACK period should also not be too long. We 
should carefully choose the most suitable value 
for the sending window length and ACK period. 



 

5. CONCLUSION 

Our protocol has good performance in terms of 
efficiency and restoration after channel losses. Its 
main benefits are fast and reliable transmission 
of sensor data and signals to the processing 
device and back to the biofeedback device and 
the capability of working in challenging 
environments, especially in such with cyclically 
interrupted radio channel. Moreover, as we use 
wireless communication and high transmission 
rates, we will resourcefully solve the problem of 
using a real-time system for certain sports 
activity.  

We have proved the protocol’s operations 
performing multiple tests, both in experimental 
and real conditions. In Figures 1 and 2, the 
results for gyroscope and accelerometer 
measurements recorded during 20s freestyle 
swimming test performed in the swimming pool, 
can be observed. 

 

 
 

Figure 1. Freestyle gyroscope data recorded during 20s of the 
swimming performance. 

 

 
 

Figure 2. Freestyle accelerometer data recorded during 20s of 
the swimming performance. 

 

Our protocol has proved to obtain good results 
for all swimming styles, but is especially reliable 
for freestyle and backstroke, the two swimming 
styles with the lower level of losses, which means 
that the time periods when the swimmer is 
underwater are shorter.  

Block Selective Repeat protocol is expected to 
be useful both for athletes and coaches to track 
swimmer performance in real time, as we can 
easily distinguish the pattern for all the swimming 
styles. It will make it possible to obtain promising 
conclusions about the swimmer’s execution and 
technique. 

Development of a fully working system may 
lead to future manufacturing of real-time sports, 
rehabilitation, and health-care devices used not 

only for the augmentation of the professional 
athlete’s performances but also for amateurs who 
might find it as a powerful tool to boost the 
performance of their daily sports activities.  

One of the ideas we conceive is developing a 
mobile app for coaches (trainers) and athletes to 
receive relevant information about the performed 
activities and interact with it in a friendly way. For 
example, they would only need to set up 
parameters and configuration values in an easy 
and straightforward way to get a transcript of the 
athlete’s current performance and possible 
historical records. 
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