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Abstract. In this paper, an innovative measuring platform for the detection of 
movements of legs and hips is presented and tested. The system consists of 
washable pants with built-in acceleration sensors and control and evaluation 
electronics and is powered by detachable, rechargeable batteries. It measures 
acceleration at the hip and legs in three directions in space. The movement de-
tection is based on recognizing, by means of the sensors, the posture and accel-
eration magnitudes usually associated to a specific movement. The raw sensor 
data are saved on the integrated MicroSD card for posterior analyze in a com-
puter. With the help of mathematical functions presented in this paper, the 
timely occurrence of a specific movement can finally be detected. The whole 
system (pants, sensors and electronics) is washable due to component’s encap-
sulation. Thanks to an optimized production process, the system can be afforda-
bly reproduced in low volume productions and can be adjusted for multiple 
purposes. 
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1   Introduction 

Demographic change represents a high burden on the society in Germany and other 
industrialized countries. The associated costs increase for the social health system 
might be diminished by means of newly developed assistance systems that focus 
rather on prevention than on cure.  

An important component of Pervasive Care is to collect and analyze health-related 
data in everyday life. Besides the usual vital parameters, there are also data that per-
mit to get conclusions about the movements of the supervised person. 

Sensors for motion detection are continuously becoming smaller, cheaper and more 
accurate. The evaluation of the data delivered by these sensors is also becoming easier.  

By integrating these sensors in garments and subsequently analyzing the data ob-
tained from them, the movements recorded for the user can be detected and docu-
mented. Collecting these data over a long period of time allows to characterize the 
movement habits of the person. Unexpected changes to these patterns can then be 
used for early detection of potentially disease-related behaviours. As a result, it is 
possible to initiate appropriate therapy measures. 
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2   State of the Art 

Intelligent assistance systems are already used in telemedicine in the tertiary preven-
tion for the monitoring of chronically ill people. The future of such systems lies in a 
better integration into daily life and easier usability, so that they can also be imple-
mented for early detection of diseases and for the reduction of risk factors. In 1990, 
many leading groups in the area of portable integrated sensors predicted the growing 
integrity of wireless communication as well as the sensor system in everyday clothing 
[1]. According to [2], the applications of wearable sensors can be divided into six ar-
eas: military, civilian (home care and sports), aerospace, public safety (fire fighting), 
hazardous applications (mine action) and universal (portable mobile applications). 

Nowadays, accelerometers are among the most used sensors for these applications. 
In [3], accelerometers are used in garments in order to carry out localization as well as 
activity measurement. In [4], acceleration sensors included in garments are used for 
rehabilitation scopes, where the movements of the upper part of the body are registered 
and assigned to a particular movement. The same kind of sensors, also attached to the 
upper part of the body, can be used for respiratory and heart rate measurements [5, 6]. 
Furthermore, different temperatures can be classified by recognizing tremor [7]. The 
position of the sensors on the body is of great importance. In [8], 30 accelerometers 
were distributed all over the body. It became obvious that not only the number of sen-
sors but also their dependence on each other is very important. The challenge of build-
ing sensors in garment is that the electronics can’t disturb the user and, on the other 
hand, to provide the necessary stability, so that the electronics aren’t harmed during 
normal daily life movements. This leads to the conclusion that the integrated sensors 
should not be tight-fitting to the body. In [9], the influence of loose-fitting sensing 
garments is described in terms of measurement accuracy when a movement is being 
detected. A comparison of different systems is portrayed in table 1. 

Most of the presented systems do not integrate sensors in garments [8, 10], applying 
them directly on the body. They either have to be attached each time with hook-and-
loop fasteners at certain spots or are built in specific, tight-fitting vests. The wearing 
comfort isn’t taken into account. 

In order to warrant a long-term recording of data, the measurement garment must 
be washable, making its production more complicated. There is, on one hand, the 
possibility of using washable and conductive sensor textiles [11, 4], which increases  

 
Table 1. Summary of the state of the art 

Ref. Sensor Application Washable 
[1] NM None Yes 
[4] AC Rehabilitation Yes 
[5] AC Heart frequency No 
[6] AC Respiration rate No 
[7] AC Temperature No 
[8] AC Movement No 

[10] AC Movement No 
[11] AC Movement Yes 
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the production costs tremendously. On the other hand, there is the option of an external 
wiring that has to be removed before washing, which complicates the implementation 
of such systems in everyday life. 

3   Task and Approach 

By means of acceleration sensors integrated in a pair of pants, the movements of the 
hip and legs should be detected. The collected data should be stored on a removable 
storage medium and analyzed by the user. The electronics should be encapsulated 
inside a washable unit and the system’s power supply should be provided by re-
chargeable batteries. It is very important that the whole system doesn’t hinder the 
movements of the user while wearing it. The accuracy of such a garment to determine 
movements has to be proven. By building this system, the basis for long-term re-
cording and analysis of transaction data is created.  

4   Dynamic System Concept Description 

The pants (Fig. 1, 1) don’t differ from a normal garment externally. In its interior, 
there are five acceleration sensors (2), which measure the movements of the hip and 
the legs.  

513
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Fig. 1. Description of the system’s parts and interfaces  

The system is powered by a detachable, rechargeable battery box and the electron-
ics installed in the garment are not easily noticeable by the user. The sensors are made 
washable thanks to encapsulation and connected with a shielded cable network with 
the electronics unit, which is built in a washable housing and hidden in a pocket. As a 
result, the measuring pants can be washed whenever necessary without concerns of 
damaging the integrated electronics.  
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The pants are dressed just as any other normal ones. The data recording settings, 
such as time, measurement duration, number of readings per second and software 
version, are entered in form of a text file on the storage medium (MicroSD card) di-
rectly on a computer. The MicroSD card is then inserted into the electronic unit. After 
the power supply has been ensured by fixing the battery box, the electronic unit reads 
the saved settings and accordingly sets the desired configurations. The data recording 
begins then corresponding to the entered settings and the information delivered by the 
sensors is read and stored on the MicroSD card. At the end of the experience, the 
battery box is detached and the storage unit can be removed. The data contained in  
the MicroSD card is subsequently read on a computer, where an algorithm to evaluate 
the activity of the hip and legs in everyday life can be developed and tested. 

The system is characterized by a simple and universal application and a fast and 
economical production. Additionally, the user is not hindered by the measurement 
system in his daily life and has the opportunity to wash the garment when needed. 

5   Evaluation 

5.1   Materials and Methods 

In order to define the location of the sensors on certain parts of the body and to pro-
tect the cable network, a protective bag made of fabric was sewn in by a tailor along 
the seam on the garment’s inner side. The 3-Axis acceleration sensor (SMB380, 
Robert Bosch GmbH) delivers digital values that are read over an SPI-interface. Its 
measuring range can be set to ±2g, ±4g or ±8g. The five sensors are connected to the 
electronics unit through a cable network (cross section: 0.1 mm² with PVC isolation). 

The electronics unit consists of a nanoLOC module (microcontroller and radio 
transceiver, Nanotron Technologies GmbH) (Fig. 2, 1), a RV-8564-C2 real-time clock 
(Micro Crystal AG) (3), a MicroSD-card slot (4), a status LED and the necessary 
components for power management (2). 

The electronics unit is integrated in a washable housing (Polar Electro Oy). The 
original electrical connections of the housing (press-buttons) are used for plugging the 
battery-box. The connection between the cable network and the electronics unit is 
sealed by an encapsulation. 

The electronics in this system requires a voltage between 3.5 and 4.5 V. It is pro-
vided by a rechargeable battery box (5) that consists of an accumulator with a capac-
ity of 350 mAh, a MAX1555 charging chip (Maxim Integrated Products, Inc.), a USB 
socket for charging the battery and a charge-status LED. 

Each set of data is stored in an individual text file with the name DD_HH-MM.txt, 
where DD represents the current day of the month, HH the hour and MM the minutes 
of the measurement recording time. The configuration parameters of the measurement 
are saved in another file with the name config.txt, where the device number, software 
version, time, date and number of recordings per second can be set. For this reason, 
this configuration file has to be updated before valid data recording. 
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Fig. 2. Left side: Pants being used. Right side, above: electronics unit. Right side, below:  
battery. 

For this experiment, the pants with the number "1” were chosen. The configuration 
file was set so that the five acceleration sensors should be read 10 times per second  
with a resolution of ± 4g. In addition, data should be stored every two minutes in a 
newly generated text file. The obtained raw data in text format could be directly im-
ported into a spreadsheet application such as Microsoft Excel.  

Five calculations are then implemented to analyze it. These are: 
 

- Absolute resulting acceleration: 
The resulting magnitude of the three coordinates (x, y and z) is calculated as follows: 

                
2 2 2

x

y x y z

z

a

a a a a a

a  

- Normalization according to Earth’s gravity: 
The value of Earth’s gravitation, g, according to the sensor resolution, is subtracted:  

(±4g = -512 … +512    +g  128) 

X a g  

- Data average: 
The average of the 10 recorded data (recording 10 times per second, T0=100ms) is 
generated as follows:   
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- Average difference: 
For each value the difference to its corresponding average is calculated: 

X k X k X k  

- Noise filtering: 
A noise threshold value is experimentally determined and applied:  

Noise value = 5  0.04 g  

            X             X 5 

    

            0              X 5

X

 

By means of this procedure, it can be calculated if an acceleration value resulting 
from a movement is larger than the noise value. In this case, a movement can be cor-
rectly detected. 

5.2   Experiment 

An experiment is performed in order to confirm the hypothesis that, by means of the 
measuring pants, it is possible to detect the occurrence in time of daily life move-
ments of the hip and legs. To assess the effectiveness and accuracy of the proposed 
method, further experiments with more volunteers are being planned.  

A person (male, 30 years old) carried out the following activity five times, after 
having washed the pants once in a washing machine with a protective laundry bag 
(Wash settings: 30°C (86°F), max spin cycle 900 rpm). First, the person left the pants 
on the table for 10 seconds. Next, he puts them on and sits on the chair for another 10 
seconds. After this, he stands up, walks slowly for 10 seconds and then stands still for 
five seconds. Next, he runs for 10 seconds and then stands still again for five seconds. 
After this, he lies down on the bed for 20 seconds and, finally, sits on the chair for ten 
seconds. 

5.3   Result 

The time progression of the gathered data, after being processed with the 5 mentioned 
calculations, can be seen in fig. 3.  

The noise threshold value has to be chosen in such a way so that daily life move-
ments can still be recognized. If it is too high, the movements of the legs aren’t  
detected. If the noise value is too low, a great amount of disturbing additional informa-
tion is being transferred besides the useful movements.  In all five attempts, an altera-
tion of the movement pattern could be detected with every single sensor. In fig. 4, the 
diagram of sensor SBV (waist in the front) is analyzed as an example.  
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All signal changes could be attributed to the respective activity. A histogram of the 
evaluated data confirms that when choosing the noise value, no crucial information 
that is important for the detection of movements goes astray (fig. 5). 

Applying the Fast Fourier Transformation to the analyzed data, it is claimed addi-
tionally that a recording frequency of 6 times per second would provide all relevant 
information. 

 

Fig. 3. The recorded data are portrayed according to the sensor location. From the top: RUS= 
right lower thigh, ROS=right upper thigh, LOS= left upper thigh, LUS= left upper thigh, SBV= 
waist in the front. The x-axis represents the time in seconds after the beginning of the recording 
and the y-axis is the registered acceleration amplitude (128  1g).  

The hypothesis “With the measuring pants, the time occurrence of daily life 
movements of the hip and legs can be detected” was confirmed in this experiment. 
The recorded data was subject to five analysis calculations and the obtained values 
were portrayed in a diagram over the time. The actions carried out in the experiment 
could be correspondingly assigned in time to the observed data. It was observed that, 
merely for movement detection, one single sensor (SBV) would be sufficient. How-
ever, with five sensors, respective movements of the single body parts can be com-
pared with each other. 
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Fig. 4. Analyzed data of sensor SBV (waist in the front) are portrayed over time 
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Fig. 5. Histogram of the calculated data of SBV sensor. It is obvious that due to the move-
ments, accelerations up to 2 g can occur. With the elimination of all acceleration values lower 
that 0,04 g, no crucial information goes astray. If the movements are very slow, usually accel-
eration sensors from 0,1g up to 0.6 g occur. The x-axis represents the acceleration (128 = g) 
and the y-axis shows the histogram of the acceleration values in the recorded signal. 

As the pants aren’t essentially tight-fitting, the sensors don’t have an absolute posi-
tion in terms of the skin surface. Since accurate detection of an activity, such as sitting 
on a chair, standing or lying, depends largely on the position of sensors, no reliable 
detection can be implemented applying only one single sensor. An intelligently de-
signed spatial distribution of several sensors could then decrease the error rate and lead 
to a feasible detection, broadening the field of application. 

6   Conclusions 

The first prototype of a movement detection system based on measuring pants was 
presented. It differs from other systems as the sensors are unobtrusively built in the 
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pants and is completely washable. Furthermore, data can be saved on a removable 
MicroSD card. Functions have been introduced to detect hip and legs movements with 
a resolution of 0,04g exclusively by means of acceleration sensors. The algorithm was 
validated in concluding experiments, whose satisfactory results revealed that detec-
tion of the timely occurrence of movements is possible with the pants. It was found 
out that, although the pants are loose-fitting, one single sensor would be sufficient for 
the detection of movements. However, combining several distributed sensors, certain 
movements such as e.g. lying, sitting and standing can be detected immediately. Fur-
ther experiments involving a greater number of volunteers are being planned, in order 
to assess the effectiveness and accuracy of the proposed method. 
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