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Abstract–– In recently studies, as one of simpler and better 

solution for measuring human mobility and physical activity, 
Wireless Body Area Networks (WBAN) have been introduced. 
In order to acquire those information and due to the desire of 
future growth in mentioned filed, WBAN consisting of inertial 
and magnetic sensors was developed at our Department. The 
WBAN together with developed desktop application forms a 
unique system for assisted exercising and exercise evaluation. 
In exercising evaluation of patients or sportsmen, a new ap-
proach in qualitative assessment is used. New approach intro-
duces “Exercise Signature” as a reference signal for evaluation 
of exercising. The main concept is that every exercise has some 
characteristic data which are calculated by the developed 
algorithm and then saved in exercise database. The mentioned 
application is not only used for calculating characteristic exer-
cise data, but it also has a role in visualization of the virtual 
trainer which leads the person who is exercising through  his 
personalized training. In this work, we present detailed de-
scription of the whole assisted strength exercising system and 
elaborate its possible applications. Endurance exercising pro-
tocols will be described elsewhere. 

Keywords— WBAN, assisted exercising, real-time feedback, 
virtual trainer, signature. 

I. INTRODUCTION  

Physical activity in daily life can be categorized into oc-
cupational, sports, conditions, household or other activities 
[1]. Because of modern sedentary lifestyle, physical inactiv-
ity is on the rise in many countries, adding to the burden of 
non-communicable diseases and affecting general health 
worldwide. People who are insufficiently active have a 20% 
to 30% increased risk of death compared to people who 
engage in at least 30 minutes of moderate intensity physical 
activity on most days of the week [2]. One of solutions to 
minimize physical inactivity is in controlled effective exer-
cise regimen. Such type of physical activity can be used in a 
gym or at home with guidance of personal trainer. The aim 
of a trainer is to teach users how to design programs to 
reach specific fitness goals and how to perform exercise 
correctly in order to minimize the possibility of injury and 
to maximize positive effects of exercising. Main problem in 
mentioned activity is that personal trainers are not afforda-
ble to all due to the high cost [3, 4]. Rapid developed of 
MEMS (Micro-Electro-Mechanical Systems) in recent dec-
ade provides minimized and low-cost sensors which can be 

use in the detection of body posture and motion, so they 
present a possible solution for development of intelligent 
supporting devices or systems replacing private, human 
trainers on daily basis.  

Some researches use accelerometer as the only sensor 
which is used for motion detection [4-7]. However, for 
better motion detection, using multiple types of sensors as a 
part of Wireless Body Area Network (WBAN) is recom-
mended. Our research team had developed a WBAN for 
continuous personalized monitoring with inertial and mag-
netic sensors, as described in [8]. The mentioned WBAN in 
combination with desktop applications provides real-time 
exercise feedback as result of quantitative and qualitative 
assessment of individual exercising. 

In this paper, we focus on the part of system which is re-
sponsible for determining the special characteristics of  
correct movements as reference values for each exercise, 
evaluation of movements performed by the person who is 
exercising and integration of both into the virtual trainer 
tool that guides the users through each exercise.  

II. METHODS 

A. System Description and Signal Processing 
The WBAN is consisting of several universal integrated 

sensor nodes. Each sensor node has two inertial and one 
magnetic sensor [8]. In order to get a more precise analysis, 
a system based on body segment orientation estimation has 
been developed [9]. An orientation filter was implemented 
to provide a single estimate of orientation through the op-
timal fusion of accelerometer, gyroscope and magnetometer 
measurements. The sensor node microprocessor is used to 
collect sensor data, implement orientation filter algorithm 
and provide a quaternion description of orientation as out-
put. 

The gyroscope is used to measure angular velocity which 
is integrated over time to compute the sensor's orientation. 
However, the integration of gyroscope measurement errors 
leads to an accumulating error in the calculated orientation 
and therefore the gyroscope alone cannot provide an abso-
lute measurement of orientation. An accelerometer and 
magnetometer are used to measure the earth's gravitational 
and magnetic field respectively and to provide an absolute 
reference of orientation. However, they are likely to be 
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