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Abstract. Epidemiological studies show that regular exercise sessions are the 
most important pillars in the field of cardiologic rehabilitation. For many 
diseases a correctly implemented strength training therapy can improve physical 
fitness and health. In this work a novel pictorial strength measurement method 
for home-based training is presented. In order to reduce the risk of injury during 
the training session, simple elastic bands can be used as training devices. Such 
systems can make therapeutical processes more effective while simultaneously 
reduce the overall costs of therapy. 
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1 Introduction and Motivation 

Based upon epidemiological studies we know today that structured, regular exercise 
sessions are the most important pillars to the prevention and rehabilitation of society’s 
most widespread disease, the metabolic syndrome [1]. Pedersen and Saltin describe in 
great detail how sport and exercise can be used as therapies and treatments for 
diseases that are associated with the metabolic syndrome [2]. In all of these diseases 
specialized, correctly implemented strength training therapy improved the 
individuals’ psycho-socially and bodily well-being as well as their physical fitness, 
reduced the number of medical complaints and stopped or even reversed the 
advancement of these diseases. Due to these reasons new innovative technologies for 
home-based training need to be developed that not only keep people healthier longer 
but also make the therapeutical processes in treating health problems more effective 
while simultaneously reducing the costs of therapy. 

Especially for the elderly as well as people with coronary heart disease carefully 
monitored weight lifting programs are becoming very important therapeutical 
methods [3]. A precise validation of the progress of the training is currently only 
available in outpatient settings and with expensive strength measurement devices. 
Costs compared to normal stationary stays at therapy centers can be greatly reduced 
on the one hand while on the other hand it is easier for the elderly to participate in 
medically directed health training programs.  
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This work will give a short overview to cardiac rehabilitation and the developed 
home based training system and will then focus on the methods for the pictorial 
strength acquisition. 

2 Strength Training for Cardiac Rehabilitation 

Heart diseases, also known as cardiac diseases, are the major cause of death in 
Austria. Four deaths of ten were due to heart diseases in 2011. The most prevalent 
heart disease is the heart attack, which belongs to the group of coronary diseases, 
caused mainly by the calcification of coronary vessels. 

According to the World Health Organization (WHO) the aim of cardiac 
rehabilitation is the stabilization and prevention of heart diseases [4]. In addition to 
the preservation of life cardiac rehabilitation also provides health economical benefit 
such as decreases in hospital stays and reduction of blood pressure lowering 
medication. 

For many years endurance training was the key aspect in cardiac rehabilitation. But 
recently results of several studies have shown that moderate strength training is 
becoming more and more important. Strength training helps to improve stability and 
coordinative skills, which are essential for elderly to avoid falls. Especially bedridden 
patients after a surgery are understrength and therefore strength training is an 
important step to regain independency and sense of well-being. Furthermore, bone 
density increases due to well-directed strength exercises. For these reasons strength 
training should be an integral part of cardiac rehabilitation [5]. 
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Fig. 1. Three training exercises used for home based training 
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The Thera-Band® is an established training device for cardiac rehabilitation. The 
multitude of possible exercises and the low price make it a popular choice. These 
bands are available with different strength levels, indicated by the color. Patterson et 
al. describe the material properties depending on color and strain in great detail [2]. In 
this work three typically exercises, which are used in cardiac rehabilitation, were used 
to test the proposed method (see Fig. 1). 

Training exercises have a detailed description with exact starting and end positions. 
For each patient a specific trainings profile can be specified with all necessary 
parameters like type of the exercise, duration, set count and the color of the used 
band. Using these parameters the therapist is able to adapt the training program to the 
actual situation of the patient. In the field of home-based training exercise monitoring 
and immediate feedback to the patient is essential for the training success. Especially 
for people who have no training experience the developed measurement system 
guarantees that the spent force is adequate and does not stress the patient.  

3 System Overview: Home-Based Training 

In the framework of the research project “Health@Home” a home-based training 
system is developed. It is designed as a simple user friendly system to be used directly 
in the user’s living room [6]. In Fig. 2 an overview of the home-based training system 
is depicted. A Training-Coach downloads the user-specific training profile and starts 
with the training instructions. For all exercises standard elastic bands are used. The 
measured pulse and the strength exerted on the band are continuously measured and 
transmitted via Bluetooth to the Training-Coach.  The pulse is recorded by means of a 
standard pulse sensor (e.g. Polar). 

 

Fig. 2. System overview of the home-based training system 
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Due to the fact that the strength of the band reduces over time exponentially a force 
reduction factor ܥሺݐሻ is modeled by ܥሺݐሻ ൌ ሺ1 െ ௦ሻ݁ି௧ܥ ఛൗ  ௦ܥ , (3) 

whereby ߬ is the time constant of the relaxation process in minutes and ܥ௦ defines the 
steady state factor at the end of the relaxation process. Several tests on different bands 
using the force sensor have shown to use the values ܥ௦ = 0.93 and ߬= 20. 

5 Results  

The home based training system was tested for all three exercises with several 
patients. In Fig. 6 the user interface of the home based trainings system is depicted. The 
Training-Coach application can be installed on the standard PC and was designed as 
low cost system, thus the components are available for approximately 400 € (excl. TV).  

The patient can see the video together with the actual pulse and the calculated 
strength on the screen. During the training all relevant data are transferred to the 
Trainings Data Repository. So the therapists are able to analyze the training and if 
necessary adapt the training profile of the patient. The progress bar indicates the 
actual progress during the exercises. In addition the Training-Coach permanently 
supports the user with audio feedback about the actual trainings status like the tempo 
or how many exercises are missing.  

 

 

Fig. 6. User interface showing a user during the training. The strength together with the pulse is 
visualized. 
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measurement methods that depend on mounted sensors. Future steps are directed 
towards an infrared setup to be more flexible and robust against varying light 
conditions. In addition the integration of this method into an easy to use training 
application and a field study with over 80 patients is planned in the near future. 
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