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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
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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.

1. 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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subject to high levels of noise; for example, accelerations
due to motion corrupt measured direction of gravity. The
task of the implemented orientation filter is to compute a
single estimate of orientation through the optimal fusion of
accelerometer, gyroscope and magnetometer measurements.
Accelerometers, gyroscopes and magnetometers provide a
digital output value proportional to the measured physical
quantity. The use of orientation filter requires that this value
is converted to a suitable engineering unit; rad/s, m/s2 and
Gauss, a typical unit of gyroscopes, accelerometers, and
magnetometers respectively. These units are obtained by
accounting for a calibrated bias and gain in the sensor output.
Due to the mechanical properties of a MEMS device, the
characteristics of an individual sensor cannot be guaranteed
during manufacturing and may be altered later during assem-
bly of the nodes by soldering. Consequently, no two sensors
may be guaranteed to be the same and each must be uniquely
calibrated so an automated procedure for gyroscope and
magnetometer gain and bias calculation has been developed.

B. Algorithm for Qualitative and Quantitative Assessment

The quality of exercise can be descriptively defined as
exercise performing in accordance with the instructions of
the personal trainer. One of the features that the system for
assisted exercising must include is also tolerance on mis-
takes and improper execution of the exercise. At the begin-
ning of using the system for assisted exercising, it is very
important to allow users to adjust on it, therefore the toler-
ances to mismatch of individual movements are set wide,
e.g. 30%. After the user adjusts to regular exercising, toler-
ances can be narrowed so requirements for movement accu-
racy during exercising will become more stringent and the
user is expected to become more motivated and encouraged
to progress. Before the implementation of the algorithm it is
necessary to find good quality indicators of exercise in
output signals from sensor nodes. It is important to mention
that remaining signal processing is done with Euler angles,
expressed through three axes which are results of conver-
sion of Quaternion output obtained from sensor nodes [10].

In the obtained Euler angles waveforms, points that reflect
the physical image of the body motion can be found. Start of
motion is detected as a sudden increase/decrease of the first
derivation of signal and the local minimum and maximum
can be attributed to describe angles during exercise. An algo-
rithm for detecting the start or end of repetition movement is
determined on dominant axis, axis which has the largest am-
plitude in the signal (Fig. 1). Amplitudes of signals and edges
(rising and drop downed) are the basic properties that are
used for real-time exercise quality assessment.
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Fig. 1 Raw Euler angles waveform

In the process of calibration, for each exercise, the start
and end derivation of one repetition with corresponding
Euler angles in that two points are taken. Besides them also
is taken the corresponding band of signal i.e. all values of
signal between start and end point. At the time when the
start and end is specified on the dominant axis, band of
signal from other two axes is also taken. Based on these
parameters, all repetitions in signals are taken (for each axis
separately), they are aligned on the start trigger edge and
then overlapped one over the other. The result of the cali-
bration is displayed graphically in Fig. 2. Repetitions in
Fig.2. are formed so that after start edge detection N of
previous samples, all samples between start and end edge
detection and N samples after end detection are stored (N is
number of samples which is defined by user). The total
duration of repetition is the time between the trigger edges
plus 2N samples. From the first to the last sample, between
selected repetitions, the maximum and the minimum value
of the signal is looked for. As a result, two signals are ob-
tained and they define the limit values of one exercise repe-
tition (blue color in Fig. 2). Those two values define the
“Exercise Signature”, the reference value for each exercise.
Increasing tolerance has a twofold effect on the functioning
of the system.

Signature - good

Signature - wrong

Fig. 2 Signature for dominant axis
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Primarily, it allows repetition detection and motivation
for work for user with poorly trained knowledge but also
too much tolerance can lead to an incorrect signature (Fig.
2). Then, each waveform that falls into limits will be as-
sessed as correct, regardless of its actual quality.

It is preferred that the Exercise signature is calculated
from exercising of an expert athlete so the further exercise
evaluation has higher quality.

C. Exercise Evaluation

Assessment of the quality of exercising is consisting of
calculation the deviation from the thresholds and detection
of crossings through the thresholds. The absolute amount of
deviation is a good indicator of how much exercise wave-
form is corresponding to the reference waveform and does
user follow up given pace of execution. Detection of cross-
ing through the thresholds provides good information of
smoothness in motion. Training level of a user is taken in
consideration for quality assessment and it is stated in three
levels: low, medium and high. Depending on the selected
level, the user gets a protocol for strength exercising. The
protocol is defined by an expert person and within a speci-
fied duration of a training T (e.g. 20 min for a low level
user, 40 min for a high level user), the training consists of n
repetitions in m sets of k exercises, where each single repeti-
tion of an exercise lasts t,., seconds. In a training duration
(T) it is also included pause between sets (tpger) and pause
between exercises (tpey). T is defined in equations (1 and 2)
and all parameters for one exercise are explained in Fig. 3.
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Fig. 3 Total exercise duration for one exercise
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II. DESKTOP APPLICATIONS

The algorithm for the qualitative and quantitative as-
sessment and exercise evaluation are two demanding and
separated units. In order to achieve their uniqueness, con-
nectivity and automation, certain desktop applications are
implemented.

A. Application for Generation of Individual Exercise
Signatures

In the application, there is a window that displays ob-
tained Euler angles from all three axes (Fig. 1). With a sim-
ple mouse clicking characteristics data of signal (start and
end threshold edge and a local minimum or maximum) are
selected. In order that application independently calculates
the Exercise Signature, also the number of N (explained in
section 0) is needed to be defined as variable Pretrigger
(Fig. 1). Calculated Exercise Signature for all three axes is
shown in Fig. 4. Such obtained Signatures are stored in
database and they are available to all users who have the
right to it.

B. Application for Exercise Evaluation

During the exercising the user is guided by a virtual
trainer that shows the proper execution and tempo of the
exercise. Tempo can also be followed by moving ball (Fig.
5). Except virtual trainer user sees his movements and real-
time quality assessment. Each repetition can be defined in
one of three colors: green — good repetition, red — bad repe-
tition and yellow — undefined repetition. Detailed descrip-
tion and functioning of virtual trainer is in paper Zulj S. [9].

IV. CONCLUSION AND FUTURE WORK

System for assisted exercising and qualitative assessment
is developed. The main part of the system is developed
algorithm for qualitative and quantitative assessment, which
is called Exercise Signature. Algorithm as input uses Euler
angles which are obtained by combining the processed sig-
nals from accelerometer, gyroscope and magnetometer.
With the visual interface i.e. desktop applications the sys-
tem has become a complete whole and it allows the users to
track their own movement and real-time evaluation. At
every second of exercising the user knows where he is and
does his body movement satisfies the necessary criteria
which provides him a self-control and own monitoring. All
the results of exercising are stored in database and they are
always available for user.

Realized system is planned to be tested on a specific pop-
ulation of athletes and non-athletes with goal of determining
the best possible characteristics signal data, such as start and
end edges of repetition. Besides signal processing, partici-
pants will have to assess how does this system motivates




System for Assisted Exercising and Qualitative Exercise Assessment

them to exercise because of its feedback and is there any
necessary improvements in desktop applications’ design.
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Fig. 4 Application for generation of individual Exercise signature

Fig. 5 Application for exercise evaluation
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