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Abstract—The aim of this paper is to present the
implementation of an activity recognition system based on a data
acquisition system with inertial sensors. One of the requirement
of data acquisition systems used in human activity recognition is
their level of acceptability or their level of obstruction [2, 4].
Starting from this important requirement, we designed a few
wearable data acquisition systems using inertial sensors. The idea
from which we started, takes into account the need to obtain
more complete information about the studied human subject, in
complex activities recognition systems. In our experiment we
used inertial sensor built into so called “9DOF inertial module”.
Our systems contain, on the wearable side, a maximum of three
inertial sensors, a microcontroller module, and a communication
module which can be one of the three solutions. For data
reception, on the fixed part of the system, we have a
communication module corresponding to the one on wearable
parts and a microcontroller module connected to a PC through a
serial port. For activity recognition, data files are transferred to
a PC, and data is processed in Matlab using artificial neural
networks as classifier. The networks have been configured
according to the number of sensors that acquired data and the
number of activities that we want to recognize.

Keywords: inertial sensors, data acquisition, neural network,
activity recognition.

I.INTRODUCTION

In our research, taking into account the references studied,
the requirements of such system and hardware resources that
we had, we designed and implemented several data acquisition
systems. In designing these systems, we considered the
following issues:

- The number of sensors used

- Possibilities of placing sensors on the body

- The minimum required level of usability

- Wearable system power consumption

- Further processing possibilities of the data

- Interfacing with the user

A data acquisition system should include the following
components:

- Sensors comprising transducers which convert
physical phenomena into an electrical signal that can
be measured,;

- Adapting circuits for signal isolation, conversion and /
or amplification of the signal from the transducer;
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- Data acquisition subsystem (which may include
multiplexers and analogue — digital converters);

- Computing system;

- Software for data acquisition.

In modern systems, sensors include adaptive and signal
conditioning circuits and analog-digital conversion, providing
the output information in digital form. In data acquisition
systems, two categories of sensors are being used for activity
recognition: environmental sensors and wearable sensors. In
real-world scenarios using a single sensor type normally cannot
provide enough information for detecting activities, especially
for some complex ones, thus multiple sensors are needed to
provide more accurate information related to activity
monitoring.

As environmental sensors, simple binary sensors, including
state-change sensors, motion sensors, contact switches and
pressure sensors, may be deployed on a range of objects in
smart home environments for monitoring users’ movements
and locations [1]. A variety of other sensors such as
temperature sensors, light sensors, humidity sensors or power
sensors have been also used in smart home environments to
help in the detection of activities. Radio-Frequency
Identification (RFID) works as a combination of environmental
sensor and wearable sensor technologies. It consists of a reader
worn by the user and an electronic tag attached to an object.

Wearable sensors can be divided into inertial sensors and
vital sign sensors (or biosensors), and refer to sensors that are
attached to human body either directly or indirectly, and which
usually provide a continuous flow of information. Their small
size allows to be embedded into belts, clothes, glasses,
wristwatches, shoes and mobile devices to make them easier to
wear. Accelerometers are the most frequently used sensors for
ambulatory activity monitoring [2-11]. Data collected from
accelerometers has four attributes: time, acceleration from x-
axis, acceleration from y-axis and acceleration from z-axis.
Gyroscopes use a small vibrating mass inserted into the sensor
to measure angular velocity and maintain orientation. The
change in angle compared to the initial known value can be
detected over a period of time. In the field of ambulatory
activities monitoring, most researches are focusing on the use
of accelerometer sensors or the combination of accelerometer
and gyroscope sensors. In terms of activity monitoring, the
system benefits from some features of inertial sensors
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including their compact size, low power requirements, low
cost, non-intrusiveness and the capacity to provide data directly
related to the motion of the user.

Monitoring activities through vital signs provided by
biosensors or wearable sensors is recently gaining research
interest. In health monitoring vital signs such as
Electrocardiogram (ECG), heart rate, blood pressure, blood
glucose, oxygen saturation and respiratory rate are related to
healthcare services [1].

In terms of information processing, specialized platforms
have been developed which, in addition to processing facilities,
ensure the delivery mode to the user.

Il. DATA ACQUISITION SYSTEMS

Our main goal was to design and implement an activity
recognition systems capable of acquiring different types of data
from inertial sensors, to process the results and to be able to
extract a set of behavioral patterns.

To design reliable data acquisition systems we tested
various configurations using one, two or three inertial sensors.
As we presented in a previous research [12], an important
aspect is sensors placement on the human body, the number of
sensors should be as small as possible. Thus we create a
possible optimal configuration in this case, using two inertial
sensor placed on right thigh and left wrist, as we present in
figure 1. Our system has two main parts: a wearable system
and a receiving system. The wearable system contains two
inertial sensors, a microcontroller for data processing, a micro
SD card for data storage, and an XBee module for wireless
connectivity. Receiving part, which is the fixed part of our data
acquisition system, contains an XBee module for connectivity
and a microcontroller connected through a serial connection to
a PC. Data collected through 12C interface from two inertial
sensors is transmitted wirelessly, after a minimal processing, to
the receiving system where it can be stored in text files, or can
be processed in real time, depending on the type of recognition

system used.
A. Hardware description
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Fig.1. Data acquisition system using two inertial sensors

In our experiment, after studying a large part of the
published works addressing this issue [2-11], we placed the
two sensors on the right thigh and on the left wrist. Data
acquired from the two sensors is transmitted to a PC or
portable intelligent devices for processing. This system is a part
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of our complex assistive assembly consisting of a smart and
assistive environment, an assistive and telepresence robot,
together with the related components and cloud services [1, 2,
3, 4, 10, 11]. One of our experimental platforms of data
acquisition system is presented in figure 2.
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Fig. 2. Experimental platform of data acquisition system using inertial
Sensors

B. Software description

The software component of this work consists of two main
parts: the data acquisition and processing software, and the data
analysis software. The first part handles data acquisition from
the wearable system and its transmission to a PC through a
serial port or to an SD card for storing. Data acquisition is
achieved through a MPIDE software platform. In figure 3 we
present a piece of software cod for data acquisition from two
inertial sensors.
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@ Orha_2_senzori_wasp | Mpide 0023-windows-20140316 [l ==
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#define

#define MAG_ADDRESS 0x0C
#define GYRO_FULL_SCALE_250_DPS 000
#define GYRO_FULL_SCALE_S500_DPS 008
#define GYRO_FULL_SCALE_1000_DPS  Oxl0
#define GYRO_FULL_SCALE_Z000_DP3  OxlS
#define ACC_FULL_SCALE_Z_G 000
#define ACC_FULL_SCALE_4_G 008
#define ACC_FULL_SCALE_S_G 010
#define ACC_FULL_SCALE_16_G oxlE

char filename[S50]=""log.t=xt™";
uinti_t sd_answer;
char buffer[200]:

4 | m +

Fig.3. MPIDE software interface for data acquisition

The structure of the data acquired from our wearable system
can include, a number of maximum 18 data vectors in case of
two inertial sensors. Due to the size of this matrix, we present
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the structure of a matrix only for one sensor, it having the
shape
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where a is the acceleration, 6 is the angle of rotation, m is the
magnetization, and n is the number of samples acquired. An
example of data acquired in our experiments is presented in
figure 4.
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Fig.4. Data acquired with our experimental platform

In the second part, data was imported into Matlab software
environment and after processing and analysis, we can draw
conclusions on how the data from two inertial sensors can be
used in the activity recognition. The recognition system is
implemented on a PC, on which the Matlab software is
running.

IV. ACTIVITY RECOGNITION SYSTEM

The same as in our system presented in [12], in our study
we have proposed to recognize seventeen activities or postures
as follows: standing, sitting, supine, prone, left lateral
recumbent, right lateral recumbent, walking, running, left
bending, right bending, squats, settlements and lifting the
chair, falls, turns left and right, upstairs, down stairs. In figure
5, the recognition system structure using System Generator is
presented.
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Block Block Block
N Features
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Fig. 5. Recognition system structure using System Generator [13]
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The recognition system includes the following functional
blocks: Two’s complement, described by Matlab script
twos_compl; new features, described by Matlab script
new_features; the neural network described by Matlab scripts
training_data_set and ffbpnn; FFT described by Matlab script
transFourier. The most important block of our system is the
neural network block, and its configuration is one of the
challenges for a better recognition with low hardware costs.
One of the possible structures of the neural network, if we use
all data vectors from two inertial sensors (a total of 18
vectors), is presented in figure 6.
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Fig.6. A possible structure of neural network

For performance evaluation of the neural network several
performance functions can be used, the most used being MSE
function. It is also possible to calculate the total number of
errors of recognition for each activity, which is a relevant
parameter on the performance of neural network recognition.
In figure 7, recognition errors for the seventeen activities in a
studied case are presented.
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Fig. 7. Recognition errors for the seventeen activities

V. CONCLUSIONS

In this paper we present a data acquisition system using
inertial sensors, for acquiring data related to body position and
some simple movements.

The presented system allows recording sensors data from a
wearable system containing two inertial sensors, in files for
storage and further processing or real-time tracking of the
parameters provided by sensors.

This type of system allowed us to create a local area
network for activity recognition.
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