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I. Abstract 
 
In the world that we already live people are more and more on the 
run and population ageing significantly raise, new technologies 
are trying to bring best they can to meet humans’ expectations. 
Survey’s results, that was done during technology conference 
with elderly on Blekinge Institute of Technology showed, that no 
one of them has any kind of help in their home but they would 
need it. This Master thesis present human health state monitoring 
to focus on fall detection. Health care systems will not completely 
stop cases when humans are falling down, but further studying 
causes can prevent them.  
 
In this thesis, integration of sensors for vital parameters 
measurements, human position and measured data evaluation are 
presented. This thesis is based on specific technologies 
compatible with Arduino Uno and Arduino Mega 
microcontrollers, measure sensors and data exchange between 
data base, MATLAB/Simulink and web page. Sensors integrated 
in one common system bring possibility to examine the patient 
health state and call aid assistance in case of health decline or 
serious injury risk.  
 
System efficiency was based on many series of measurement. 
First phase a comparison between different filter was carried out 
to choose one with best performance. Kalman filtering and trim 
parameter for accelerometer was used to gain satisfying results 
and the final human fall detection algorithm. Acquired 
measurement and data evaluation showed that Kalmar filtering 
allow to reach high performance and give the most reliable 
results. In the second phase sensor placement was tested. 
Collected data showed that human fall detection is correctly 
recognized by system with high accuracy. Designed system as a 
result allow to measure human health and vital state like: 
temperature, heartbeat, position and activity. Additionally, 
system gives online overview possibility with actual health state, 
historical data and IP camera preview when alarm was raised after 
bad health condition. 

 
 

Keywords: Arduino, Health Care, Kalman Filter, Fall Detection, 
Telemedicine  
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1 Introduction 
 

1.1 Background 
 
Most European countries are known with ageing population statement “…that change is the 
result of significant and lingering mean life expectancy and post war population ascent getting 
in to the retirement age” [1]. Medical care is challenged from the perspective of population 
decline and retirement houses are more and more needed. New technologies can offer a lot of 
different solutions to meet expectation which can support elderly people in their daily 
household duties or taking care about their health state. In last few years we can see significant 
growth in telemedicine. In June 2010 on TED (Technology, Entertainment and Design) 
conference Gary Wolf give a lecture "The quantified self" what show that scientist environment 
is getting more and more involved in telemedicine area.   
 

1.2 Aims/Objectives 
 
Integration of measurement sensor in consistent system which allow to examine human health 
state is main aim presented in this paper. Designed system as a result allow to measure human 
health and vital state like: temperature, heart beat posture and state with online overview and in 
case of emergency call medical care. In this thesis the technology used is Arduino Uno and 
Arduino Mega microcontroller. The Arduino Uno is used to collect measurements, process 
them and pending results thru radio frequency to the second board. Functionality of Arduino 
Mega is analyzing received data, communication with data base and transfer collected data. 
Additionally, it sends alerts about critical vital parameters to medical care via SMTP protocol 

In this thesis we present a framework as a possible solution to solve the incompatibility issue 
with several measurements visualized in one view. Solution presented in this thesis show also 
how many opportunities microcontrollers have in telemedicine area and human health care 
study especially with online - real time monitoring. Different data transfer mediums are 
considered in case of lowest power consumption taking account of that equipment are powered 
on by batteries. 

1.3 Current Solutions 
 
Wide range of products and articles are already available online related to e-health 
measurements and fall detection algorithms. The most interesting and subject related solutions 
were described briefly in chapter 3. Information contained in this chapter are focused on the 
systems supporting elderly and disable people in in daily life and some examples of existing 
systems monitoring health state based on Arduino are included into current solutions overview. 
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1.4 Focus and Boundaries 
 
There are two main focus of this thesis. First one is to find out and collect elderly’s opinions 
about using supporting and diagnostic devices in their casual life and to show their approach to 
the described topic. The second focus is to develop a solution using low cost components with 
the right quality and features. “Low cost” is specified to be less than 2000 SEK. 
 
The main boundary of this thesis is lack of possibilities to test the device on a group of people 
whom the solution applies. For safety reason fall detection algorithm will not be tested on 
elderly. Instead, all test will need to be carried out in real-time simulator and when implemented 
on device – tested on authors of this thesis. 
 

1.5  Approach of the Master’s Thesis 
 
1.5.1 Identification 
At very beginning stage of project, mapping of all project phases was carried out. All project 
assumptions have been defined and work has been planned according to generally accepted 
principles – an action plan has been prepared with specified deadlines for each chapter.  
 

1.5.2 Heuristic Evaluation 
During the design various hardware solutions were considered based on previous engineering 
experience. Limits, which arise with the complex integration of different kind of devices in 
order to achieve the objectives of the project, while maintain productivity and low cost of 
building a prototype to collect measurements, were taken into consideration. As the result of 
comparation of the strengths and weaknesses of the chosen devices, we received a ready design 
product. 
 

1.5.3 Implementation 
When hardware configuration was accepted, there was a time for software implementation. It 
was started with writing simple code examples for sensors to prove their functions. Next task it 
was to connect all sensors together and based on this connection – to develop simple frame for 
communication between two Arduino. At the end, designed station were connected into internet 
and supervisor’s interface with measurements data base were implemented and tested. To 
increase falling down detection algorithm performance, measurements were collected and taken 
into consideration in simulation environment to detect special cases of results. 
 

1.5.4 Data Collection 
During data collection around 150 measurements of patient activity were collected at first stage, 
and around 350 in second stage with improved fall detection algorithm. Also test samples were 
collected for heartbeat and body temperature to confirm proper sensor operations and written 
code functionality. 
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1.5.5 User Testing 
During testing, different places of sensor placement were taken into consideration. For testing 
purposes, all devices listed in project design stage were mounted into a box with a strap 
fastening to patient’s body. 
 

1.5.6 Discussion and Analysis 
The final results were discussed and analysed at the end of the thesis. The attention has been 
paid to device functionality, its advantages and disadvantages has been discussed. Measures 
that must be taken to improve the performance of the device and ideas that will allow to create 
a professional fall detector were determinate and present in “Future work” chapter. 
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2 Method 
 

In this thesis following question will be considered: 
1. If there are any, what are the engineering problems during system integration? 
2. What are requirements for low cost and well fall detection accuracy, useful health 

platform? 
3. Are elderly interested in remote diagnostics solutions which helps them to avoid health 

issues risk? 
4. Can the offered solutions support the elderly in the daily routines?  

 

2.1 Approach 
 
The thesis was divided into three parts, first two chapters are theoretical background about 
related work in subject which cover scope of this paper and theoretical introduction into human 
fall principles, Kalman filtering and comparison of chosen platform against other components 
available on market. Next chapter is practical part where model design and implementation are 
presented and tested. Project started up with phase of studying literature where we used 
database of Google Scholar, IEEE and Blekinge Institute of Technology resources. Afterwards 
survey was prepared during conference "People, Health and Technology" where elderly people 
have been queried about their expectation regard to new technologies in daily life.    

2.1.1 Selecting hardware 
Hardware was selected regard to different requirement. First criteria was microcontroller cost 
that we would be able to provide best performance with lowest costs. Second was power 
consumption because presented solution is designed to partially work battery powered up. The 
third criteria was scalability to be able to extend functionality. 

2.1.2 Literature studies 
Databases of Blekinge Institute of Technology, Google Scholar and IEE and has been used to 
introduce into scope of our thesis. Keywords that we focused on was correlated with human 
health measure and human fall detection. Articles and books that we have found was a basis to 
start with project theory in the advance stage they bring us good knowledge in bringing 
solutions and solving stated issues.    

2.1.3 Implementation 
Implementation has a lot of small stages which allow us to build presented solution. First of all 
we focused on wireless transmission between two microcontroller boards. It allows us to collect 
data remotely. Next step was preparing software to collect raw data from accelerometer and 
gyroscope. Studying collected data bring us possibility to go step further to evaluate data, define 
parameters and threshold. In final stage we have used MATLAB to implement Kalman filter to 
get more precious results. 
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2.1.4 Data collection 
Data was acquired during falling down test. We wearied equipment and tested falling down 
with different scenarios (Figure 6.23) on our self. Many measurement sequences were repeated 
to compare data and calculate right threshold until we get satisfied results.  

2.1.5 Testing 
Final stage was testing where we carried out what is the system output if we put falling down 
sensor on different part of body. Result showed that accuracy and repeatability is basically 
depend on where the sensor is placed on body. 
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3 Related work 
 

3.1 Overview of systems supporting elderly and disable people 
 
3.1.1 Intelligent furniture network 
First example of systems supporting elderly and disable people is intelligent furniture network. 
"Human behaviour relates to different action and reaction in a specified environment 
and usually appears as body motions, voice and facial expressions" [1]. It manifests by the way 
we move or communicate, verbally or non-verbally with our surroundings. Sensors used to 
monitor behaviour may be divided in categories as intrusive, i.e. sensor EEG, pulse sensor, and 
non-intrusive. The latter category consists of sensors integrated into surroundings in a way that 
makes them invisible, as they could be in the floors or built into furniture. Sensors made from 
polypropylene Electro Mechanical film (EMFi) belongs to this group. These are for example 
proximity sensors and Infrared (IR) sensors. Although inclusion of IR sensors in this group 
depends on how they are integrated into surroundings. System of intelligent furniture was built 
based on single-electrode capacitive sensors. Sensor’s electrodes were connected to AD7147 
CapTouch Programmable Controller, which allows for 13 inputs with 16 bits’ resolution each. 
AD7147 Controller is connected to Wireless Sensor Network (WSN) using I2C protocol. 

 

Figure 3.1 AD7147 Controller with Wireless Sensor Network1 

 

                                                 
1 [1] T. Heikkilä, E. Strömmer, S. Kivikunnas, M. Järviluoma, M. Korkalainen, V. Kyllönen, 
E. Sarjanoja, I. Peltomaa, Low Intrusive Ehealth Monitoring: Human Posture And Activity 
Level Detection With An Intelligent Furniture Network, Ieee Wireless Communications 
(Volume: 20, Issue: 4), August 2013, P 57-63 
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Intelligent furniture network monitors human activity in given environment. It monitors 
parameters such as posture and motion activity, which utilize simple nearest neighbor 
classifiers. Algorithm compares vector of measured values with reference vector. 
 

       

   
where  is Euclidian distance  

 is the measured feature vector. 
 is the reference feature vector of the class j and "." denotes the scalar 

product [1]. 
 

 
Figure 3.2 Human Activity Report based on sensor feedbacks located in A – Chair, B – Sofa, C 

– Bed2 

 

                                                 
2 [1] T. Heikkilä, E. Strömmer, S. Kivikunnas, M. Järviluoma, M. Korkalainen, V. Kyllönen, 
E. Sarjanoja, I. Peltomaa, Low Intrusive Ehealth Monitoring: Human Posture And Activity 
Level Detection With An Intelligent Furniture Network, Ieee Wireless Communications 
(Volume: 20, Issue: 4), August 2013, P 57-63 
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Monitoring posture is based on the relationship that the posture of man is interrelated to the 
distance of the body to sensors implemented in furniture. The monitoring activity mainly 
involves examining whether the activity is normal or abnormal, i.e. during an attack of epilepsy. 
The results are shown below, where human activity is shown in the form of a graph in the 
function of time.  
 

3.1.2 iSenior 
Other example of supporting system is “iSenior platform” [2]. It was developed in response to 
a request from large organization, responsible for management of many nursing care facilities 
for the elderly. This system is comprised of a network of wireless sensors (WSN) that is tasked 
with responsibilities such as actively monitoring state of health of the patients, detecting threats 
and supporting medical personnel. It aims to improve the quality of life and ensure the safety 
as well as increase independence of help from third parties. iSenior system helps caregivers to 
locate their patients, to respond to alarm conditions, and to analyze collected health data. 
Another advantage is that the device works indoors and outdoors if the person holding the 
device has constant access to the Internet. Monitored person is equipped with Elderly 
Monitoring Device (EMD), which collects data in real time, i.e. heart rate, movement, ambient 
temperature, and the location, which can be collected and stored in the database, and then 
analyzed. EMD connects to the server using GSM / GPRS or by other WSN (Wireless Sensor 
Network) depending on whether the user is in inside the building or outside.  Example of iSenior 
network configuration is shown on Figure 3.3. 

 

Figure 3.3 Hardware implementation of iSenior3 

iSenior is a platform specifically intended for nursing homes for the elderly and other 
institutions caring for persons requiring constant medical supervision. To improve operations, 
iSenior system was built on a set of static nodes architecture called Rest Home Gateways 
(RHGs). This allows the EMD wearer to freely move around the building, the unit automatically 
switches between access points, through which the device provides stable and reliable 

                                                 
3 [2] Rodrigues A., Silva J., Boavida F Isenior. A Support System For Elderly Citizen, Ieee 
Transactions On Emerging Topics In Computing, online access: 21/01/2018, url: 
http://ieeexplore.ieee.org/document/6685858/ 
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measurements. iSenior system locates the elderly staying on the outside using Google Maps. In 
addition, the supervisors have remote access via the Internet, giving care workers full control 
over the patients at any time of day or night. 

Elderly Monitoring Device called Hermes consists of two modules (Pegasus and Fenix) that 
support GSM / GPRS 868 MHz radio communication, GPS and RFID. It also has a built-in 
sensor module, i.e. Gyroscope, accelerometer, pulse sensor and thermometer. Pegasus - the first 
printed circuit board - acts as a typical WSN node, where the majority of sensors, LEDs, data 
storage and power management is installed and implemented. Fenix - the second PCB - is 
responsible for providing location services inside the building with the use of the receiver type 
wake-up AS3932 and outside through the implementation of GPS_3M and ADXL345 motion 
sensor. Depending on application requirements, the system can use each PCB separately or both 
at once. Communication architecture of iSenior is shown on Figure 3.4. 

 
Figure 3.4 Elderly Monitoring Device architecture 

 

3.1.3 Wireless Diabetic and Cardiac Monitoring System 
“Wireless diabetic and cardiac monitoring system” is an example of telemedicine system. Major 
aims, in this case, are to improve the measurements of heart health and blood sugar levels in 
diabetics [3]. Patient monitoring system consists of wireless medical sensor nodes, a 
smartphone used for communications with the server and other medical instruments that do not 
have built-in communication protocols. The data is sent to the server via the Internet or 3G. The 
person monitoring the health status has a remote access to data via a smartphone or a PC with 
a web browser. The measurement station is built on a master - slave topology to split 
measurement devices from data exchange stations. Slave devices are based on a low power 
consumption microcontroller MSP430F2618E with 16MHz clock frequency, four universal 
serial communication interfaces, and direct memory access (DMA) controller. The DMA 
permits rapid transfer of data between memory cells which can be useful in digital data filtering. 
Measurement data is sent wirelessly to a Master device. The configuration of peripheral devices 
is very similar, the difference being that the master device transceiver has a Bluetooth module, 



13 | P a g e  
 

which is used to communicate with a smartphone. Master device must also be worn by the 
patient, and its job is to listen for slave devices and transfer data through Bluetooth protocol to 
the smartphone. Diagram of communication for described system is shown on Figure 3.5. 
 

 
Figure 3.5 Diagram of communication in described telemedicine system4 

 

3.1.4 Wireless body sensor network platform to measure vital signs in clinical 
monitoring 

Other example of telemedicine system is a “wireless body sensor network platform to measure 
vital signs in clinical monitoring”. Telemedicine and its development may have a significant 
impact on improving people's lives [4]. Early detection of diseases, especially heart diseases, 
can save the lives of many people. Growing computerization along with the development of 
wireless sensors and artificial intelligence influence the development of Ambient Intelligence 
(AmI), a system that helps people in their daily lives, system that can react to new problems or 
unexpected situations. This project focuses on applications of wireless sensor network 
technology (WSN) to various medical conditions including pre-hospitalization treatment, 
hospitalization, rehabilitation or accidents and random events. Wireless Body Sensor Network 
(WBSN) is a battery powered and uses the RF communication protocol 802.15.4 as standard 
and 802.11n for transmission over longer distances. The device uses 13-bit LM92 temperature 
sensor with a thermal window comparator and programmable upper and lower limit values. 
Adoption of electrocardiogram gives this device a lot of possible applications, as the ECG used 
in design is based on ADS1292R and offers all the features commonly required in portable 

                                                 
4 [3] Harvey P., Woodward B., Datta S., Mulvaney D., Data Acquisition In A Wireless Diabetic 
And Cardiac Monitoring System, Published In: Engineering In Medicine And Biology Society, 
Embc, 2011 Annual International Conference Of The Ieee, Isbn: 978-1-4244-4121-1. 
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cardiograms. For these reasons, it may also find applications in sports or clinical medicine or 
fitness activities. The results are presented on a touch panel in audio-visual form in real time. 
Alarms are sent to a Remote Clinical Diagnostic Station (RCDS). Example of communication 
architecture is shown on Figure 3.6. 

 

Figure 3.6 Structural design of the wireless nodes5 

The proposed project shows compelling arguments for that rapid prototyping of the system 
monitoring in real time vital health functions is possible using a minimum number of 
microcontrollers and that it does not require complex architecture [4]. Thanks to it, many 
problems connected to data transfer between devices like slow speed, unstable connections, 
delays or data traffic are minimalized. 
The application of wireless sensor networks offers many benefits including relatively low costs, 
and most importantly, may in many cases save lives or help detect early cardiac disease. 
 

3.2 Overview of systems monitoring health state based on Arduino 
 
3.2.1 Ambulatory ECG system with BT communication 
“Ambulatory ECG system using BT communication” is one of the examples of systems based 
on Arduino. The system is built on Arduino board which is connected to the 
electrocardiographic sensor. Sensor data is stored on the memory card attached to Arduino and 
transmitted wirelessly via Bluetooth to an external device. The system user may at any time 

                                                 
5 [4] Jairo J. Perez, Alvaro J. Saldarriga, J. Bustamante, A Wireless Body Sensor Network 
Platform To Measure Vital Signs In Clinical Monitoring, Published In: Health Care Exchanges 
(Pahce), 2013 Pan American, online access: 23/01/2018, url: 
http://ieeexplore.ieee.org/document/6568301/ 
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submit to the supervisor test results for accurate analysis. This solution saves time thanks to 
control a larger number of patients with heart disease at the same time. Figure 3.7 shows the 
view of an application that enables remote monitoring of the user. The system is described in 
the article [5]. 
  

 
Figure 3.7 Application for ECG control 

 

3.2.2 Pulse Monitoring with Wi-Fi communication 
Next example is a “Pulse Monitoring system based on Wi-Fi communication”. Pulse test system 
provides medical careful a distance. These solutions are used in telemedicine, as an integral part 
of hospitals or intelligent buildings. The system is designed to analyse the measurement signals 
from the pulse sensor and based on an algorithm, to determine the current health of the patient. 
Data is transmitted between two Arduino boards. One of them is connected to the pulse sensor, 
the other is connected via USB cable to the computer where the user has a special software to 
reading pulse. Data transmission between the Arduino boards is wireless, using RN-XV module 
based on 802.11.x protocol. Figure 3.8 shows the application and the hardware configuration 
of the system. The system has been described in article [6]. 
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Figure 3.8 Pulse sensor and Arduino set up operations 

 

3.2.3 Heart Rate and Temperature Monitoring with ZigBee communication 
Other example of systems based on Arduino is “Heart Rate and Temperature Monitoring with 
ZigBee communication”. The idea of the Project is to monitor the status of a human body, using 
a pulse sensor and a temperature sensor. As it is written in [7], “the principle of pulse oximetry 
is based on the characteristics of oxygenated and deoxygenated haemoglobin of red and infrared 
light absorption. Oxygenated haemoglobin absorbs more infrared light and allows more red 
light pass through while deoxygenate haemoglobin behaviour is opposite. The heart rate sensor 
uses an infrared light emitter that shine through a translucent site with good blood flow. It has 
an emitter which emits the IR light. Opposite the emitter is a photo-detector or a phototransistor 
that receives the light that passes through or bounces back from the measuring site”. Detailed 
measurement theory is described in [7]. As a base for project, Arduino microcontroller is used 
together with a shield which enables to connect the X-Bee wireless communication module. On 
the network, there are several devices that exchange data among themselves and transmit them 
to the operator stations where operators, thanks to an appropriate program, read the data sent 
from the measuring device. X-Bee network concept is shown on Figure 3.9. In this case, the 
measuring device is constructed on the pattern of the watch and is mounted on the wrist of the 
user. The measuring device is composed of an LCD display where you can preview the current 
sensor readings. The system is described in the article [7]. 
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Figure 3.9 Conceptual view of the system 
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4 Theoretical work 
 

4.1 Comparison of programmable platforms 
 
Today’s technology market offers many types of ready programmable modules. Choice of 
device type focus on the application that user/programmer wants to have as result of his work. 
Arduino belongs to the most popular modules – built on 8-bit microcontroller AmtelAVR. 
Another well-known ready module is the Raspberry Pi – based on totally different components 
– based on the Broadcom BCM2835 microprocessor with a speed of 700MHz. The others well-
known programmable platforms are i.e. Intel Edison, Intel Galileo (both built on 
microprocessors) and MSP40 LaunhPad, Nanode, Pinguino, STM32 Discovery (built on 
microcontrollers). Three of the above-mentioned platforms were under consideration – 
Arduino, which was used in the project, Raspberry Pi and Intel Galileo. As mentioned at the 
beginning, comparing these platforms is technically difficult because they vary in computing 
power – the Raspberry Pi and Intel Galileo can be called as minicomputers because they support 
Linux environment. Platforms Raspberry Pi and Intel Galileo can be used for complex 
multimedia projects, applications that connect to the internet and Linux-based programs. Basic 
technical data of these platforms are included in Table 4.1. 
 

Technical data Arduino Uno v3 Intel Galileo Raspberry PI Model A 

CPU 
Atmega328 16MHz 

Intel Quark SoC 
X1000 400MHz 

Broadcom BCM2835 
700MHz 

Memory 2KB SRAM, 32KB 
flash NAND, 

256 MB 512 MB RAM, up to 
16 GB flash NAND 

Network none Ethernet 10/100 
Mb/s 

Ethernet 10/100 Mb/s 

Power Supply 6-20 V 5 V 5V, 1.2-2A 

Input Voltage 5 V 5 V 7-12V 

Weight 45g  25g 

Power consumption ~0.23 W ~12.5 W ~3.5 W 

Size 76x64x19mm 123x72mm 86x54x17mm 

Cost ~25 euro ~52 euro ~27 euro 

Table 4.1 Technical data of Arduino Uno V3, Intel Galileo, Raspberry PI 

The advantage of Arduino which in this case was crucial to undertake is very low energy 
consumption (less than 0.5W) during operation when Raspberry Pi consumes around 3.5W of 
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energy on the same time. Arduino is an affordable, easy and used for simple projects. The only 
functionality is what the user will program it to do. 
 

4.2 Overview of Arduino wireless communication protocols 
 
Arduino as a universal platform for programming, available to a wide audience, it uses most of 
the commercially available wireless communication standards. These include, among others, 
standards such as Z-Wave, ZigBee, Wi-Fi, Bluetooth and Radio Frequency (RF). 
 

4.2.1 Z-wave 
Z-wave [8], [9] is a wireless radio protocol used to connect devices in a single, remote-
controlled network, is used in smart building systems. The idea of Z-wave protocol is 
synchronization of home automation devices in the mesh topology. Each device communicates 
with the intelligent management unit while at the same time the relay signal to the other devices. 
This allows you to build wireless building management about four times greater range than the 
range of the connection between two Z-Wave devices. The exceptions are battery powered 
devices, which due to the power saving they have exclusive opportunity to transmit the signal. 
Z-Wave uses for communication bandwidth between 868 MHz (Europe) and 908 MHz (Unite 
States). Z-Wave allows for transmission at the speed 9.6kbps and 40kbps. The method used to 
information transfer is Discrete Frequency-Shift Keying (DFSK) – frequency modulation for 
digitals signals. At constant amplitude, harmonic carrier signal frequency is changed: lower for 
the symbol “logical zero” or higher for “logical ones” binary information or vice versa. The Z-
wave protocol stack is shown on Figure 4.1. 

 
Application layer 

Routing layer 

Transfer layer 
MAC layer 
RF media 

Figure 4.1 The Z-wave protocol stack 

Z-wave protocol stack consists of five main layers: Physical (PHY) and Medium Access 
Control (MAC) layers to control access to RF media, Transport layer responsible for data 
transfer between network nodes, Network Routing layer – responsible for network scanning, 
processing of data and retransmission. The Application layer is responsible for the 
interpretation and execution of commands sent on the Z-wave network. 
 

4.2.2 ZigBee 
ZigBee [8], [9], [10] is a data transmission protocol in wireless networks such as Mesch, Cluser 
tree. Networks based on the ZigBee are characterized by a low-power (Allows for longer work 
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with smaller batteries) and low-cost. The ZigBee protocol stack is composed of four layers: the 
physical layer, the medium access control layer, the network layer, the application layer. It is 
shown on Figure 4.2. It is defined in standard IEEE 802.15.4. The standard ensured wireless 
transmission in the frequency band 868 MHz (Europe). 915 MHz (North America) or 2,4 GHz 
(worldwide). The data transmission rate is 250kbps (2.4GHz), 40kbps (915 MHz) and 20kbps 
(868 MHz). Access to the medium is provided by the method of CSMA/CA and the data transfer 
is provided by modulation Binary Phase Shift Keying (BPSK) (for the band 868-915 MHz) and 
Offset Quadrature Phase Shift Keying (O-QPSK) for 2.4 GHz band.  
 

 Application Framework ZigBee Device Object 
(ZDO) 

Application Object 0  
Application 

object 1 
… 

Application 
object 240 

Security 
Service 
Provider 

Application Support (APS) Sub-Layer  

Network (NWK) Layer  

 Medium Access Layer (MAC) Layer  
 Physical (PHY) Layer  

Figure 4.2 ZigBee protocol stack 

 

4.2.3 Wi-Fi 
Wireless Fidelity (Wi-Fi) is the popular name for the wireless Ethernet 802.11b standard for 
a wireless local area network WLANs. [9] This type of networks is designed based on the IEEE 
802.11 standard, which describes the PSY and MAC layers. For communication by microwaves 
are used the 2.4 GHz band (standard 802.11b and 802.11g) or 5 GHz (802.11a). 2.4 GHz band 
is divided into 14 channels in the band 2.4-2.5 GHz, which are arranged at 5 MHz from 2412 
to 2377 MHz Each channel has a carrier frequency that is modulated by the transmission of 
information. The data transfer rate depends on the used distance between devices and standard 
used.  It is usually 11, 22, 44, 54 or 108 Mbps. Specifications of Wi-Fi standard control way of 
data transferring AT the Physical layer (wireless) and define Media Access Control layer, which 
mediates data exchange between physical layer and the rest of network structure. As a part of 
ISO model, layer of Media Access Control controls the transfer of data in the radio network. 
Using a set of rules, called CSMA/CA (multiple access protocol for link state tracking and 
collision avoidance media), access control layer is responsible for avoiding collisions and 
conflicts during data transfer and supports security functions as defined in 802.11. [10] All the 
actions specified in 802.11 are taking place in physical and access control layers. The higher 
layers are responsible for the control elements such as addressing, routing and consistency, 
syntax and format of the data contained in each packet. For higher layers, it does not matter that 
packets are transmitted by cable, fiber or radio. Therefore, the wireless network can work with 
any LAN network or other network protocols. 
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4.2.4 Bluetooth 
Bluetooth technology is a short-range wireless communication between different electronic 
devices. It is opened standard described in IEEE 802.15.1 [11]. Its specification includes three 
transmission power class: Class 1 (100mW) has the largest range, theoretically up to 100m; 
Class 2 (2.5 mW), which is a most common in use at the footprint of 10m, and Class 3 (1 mW) 
- rarely used with a reach of up to 1m. Bluetooth bandwidth varies with the standard. Initially, 
version 1.0 was only 21 kb/s, then the big difference for version 2.0 - 2.1Mb/s and 40Mb/s 
version 3.1. In version 4.0 and higher energy consumption was significantly reduced at the 
expense of a limited transfer (max 1Mb/s) and increased real operating range up to 100m. The 
basic Bluetooth technology unit is piconet that contains the master node and up to 7 slave nodes. 
Multiple piconets can exist in one room and may even be connected to each other by the bridge 
type of node. Bluetooth protocol architectures is shown on Figure 4.3. 
 

Applications 

 

TCS SDP RFCOMM 

 

L2CAP 
HCI 
LMP 

Baseband 
Radio 

Figure 4.3 Bluetooth protocol stack 

 

4.3 Approach and methods of human fall detection 
 
The need to develop techniques for fall detection is important in the R&D development of 
telemedicine systems and systems allowing autonomy for the elderly. The main reason being 
rapid growth of aging part of the population. Falling is a very dangerous and frequent 
occurrence in the elderly, usually staying alone at home. The fall is a cause of serious injuries 
and fractures, which often lead to prolonged hospitalization. It is also a major cause of death in 
people over 79 years of age [12]. For this reason, it is very important to respond quickly to 
collapse with medical aid to an injured person. 
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Figure 4.4 Overview of fall detection method6 

 

4.3.1 Analytics methods for human fall detection 
The simplest method for detecting the fall is the examination of a state when a person is lying 
down. For this purpose, the horizontal inclination sensor is used, but this method is not 
completely effective in case of elderly people [13] Main problems are irregular hours of sleep 
and adaptation to the environment, which often are a cause of false alarms. The way to improve 
the operation of this system is to use sensitive floor tiles. However, that integration with the 
environment becomes costly and requires covering the entire surface with these tiles. Although 
even 100% floor coverage may not yield an alarm if the person falling does not meet the floor. 
Most of the recorded falls occur while walking, sitting down, turning or reaching for objects, 
hence direction of the fall follows along the direction of movement - forward or backward [14] 
Slipping causes falls backward and sideways. There are also complex of movements where in 
addition to falling there is also a torsion of the body, which requires a gyrocompass for detection 
purposes. Based on the statistical analysis we can determine the quality of the detector 
examining four cases:  

1. True positive (TP): a fall occurs, the device detects it 
 2. False positive (FP): the device announces a fall, but it did not occur 
 3. True negative (TN): a normal (no fall) movement is performed, the device does not 
declare a fall 
 4. False negative (FN): a fall occurs but the device does not detect it 
 

                                                 
6 [12] Xinguo Yu, Approaches And Principles Of Fall Detection For Elderly And Patient, 10th 
Ieee Intl. Conf. On E-Health Networking, Applications And Service (Healthcom 2008), 
Singapore 2008, P. 42-47, online access: 24/01/2018, url: 
http://ieeexplore.ieee.org/document/4600107/ 
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Based on the above four conditions we have three quality criteria: 
The ability to detect the fall – resulting in a ratio between the detected falls and the sum of all 
falls:  
 

Sensitivity =   (4.3.1.1) 

 
The ability to detect only the fall – the ability to detect falls that have occurred: 
 

Specificity =   (4.3.1.2) 

 
 
Accuracy – the ability to detect and distinguish TP from TN of falls: 
 

Accuracy =  (4.3.1.3) 

 
where P and N are: number of falls that happened and number of non-falls that happened, 
respectively. 
 

4.3.2 Using wearable devices 
A more advanced way to measure is the use of an accelerometer or vibration sensor. Use of 
these sensors is because during the fall when contact with an obstacle occurs, the polarization 
vector changes in the direction of the motion trajectory, resulting in a substantial overload. 
Using accelerometers to detect the fall is a very popular solution, thanks to the low cost of 
implementation and high quality to price ratio. Using simple algorithms sensitivity of 97 - 98% 
and accuracy of ~ 100% can be achieved. The optimal place for accelerometer placement, when 
considering fall detection, is a waist belt since around the belt area is the center of mass of the 
human body. Having more sensors can make the measurements more reliable in the sense there 
are more values to compare, but having more sensors can also put load on data transfer system 
and generate inconclusive results which may not be taken into consideration during designing. 
When measurements are also summarized and compared with the accelerometer placed on the 
wrist or knee, which records certain movements that are impossible to read from the sensor 
placed on the belt, we can get virtually obtain measurements that are 100% effective. [15] 
 
The basic parameter in detection of the fall is the vector sum of the accelerations in three axes:  
 

 (4.3.2.1) 

where: 
 - Acceleration vector of x-axis, 
  - Acceleration vector of y-axis, 
 - Acceleration vector of z-axis, 
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From above formula, we calculate static acceleration and change in acceleration – dynamic 
acceleration. This parameter is used to measure the force of impact. Vertical acceleration is 
calculated as shown below: [15] 
 

 (4.3.2.2) 

 
where: 

 – static acceleration, 
 – dynamic acceleration, 

 – gravitational constant, 
 
A Fall Index (FI) is suggested by Yoshida [16]. It can be computed as function of i-th samples 
of acceleration in x, y, z axis. 
 

 (4.3.2.3) 
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Figure 4.5 A - Examples of changing acceleration waveforms in time domain during forward 

fall with stroke around 3rd second, B - waveforms during normal activity – sitting (0-4s), 
walking (4-16s), lying on the bed (16-40s), walking (>49s).7 

 
The above figure shows that the largest increase in acceleration is obtained from measurements 
on the wrist, the parameters from sensors placed on the head and waist are similar, so that the 
optimal combination for system integration is to use the acceleration sensor on the head and the 
wrist, or on the waist and the wrist. 
 

                                                 
7 [15] M. Kangas, A Konttila, P. Lindgren, I. Winblad, T. Jamsa, Comparison Of Low-
Complexity Fall Detection Algorithms For Body Attached Accelerometers, “Gait & Posture” 
2008, No 28, P. 285-291, online access: 24/01/2018, url: 
https://www.sciencedirect.com/science/article/pii/S096663620800026X 
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4.4 Kalman filter 
 
Calculation of a tilting angle from the vertical based on data from the accelerometer only is 
subject to errors associated with noise level form the measurement output and mentioned earlier 
acceleration of the entire measuring apparatus. To obtain precise information about the tilting 
angle this sensory system needs to be equipped with a gyroscope for measuring the angular 
velocity around the active axis of the sensor [17], [18]. This is shown on Figure 4.6 below. 
Unfortunately, the gyro is also not without its faults, and the main problem is a “drift”, which 
is a systematic increase in angular velocity value measured by a sensor that is stationary. This 
concludes that the gyroscope is not suitable for measuring the static angle, but for measuring 
relatively rapid changes in the angle (which exists during collapse) the problem of drift is 
negligible. Further advantage of the gyroscope that linear acceleration has no influence on 
reading angular acceleration output [19], [20]. 

 

Figure 4.6 Orientation of sensors and polarization of directions of the forces 

Estimations of angle of inclination may be made by combining the analysis of the signals from 
the accelerometer and gyroscope. The ideal tool for this purpose is the Kalman filter, so that we 
can get noiseless value of tilting angle from the vertical, and angular velocity value. The Kalman 
filter is a two-phase recursive algorithm (Figure 4.7 [21]), where in the first phase (the so-called 
prediction), time actualization is performed based on the data from previous step of 
calculations, based on which the estimated value of the state and covariance is determined. The 
second phase of the filter is responsible for measurement actualization (Correction). In this 
phase, the estimation of the value of the state and covariance is performed based on measured 
data. Phase correction is a kind of feedback. The Kalman filter is a recursive-type filter, which 
means that it does not store historical data for use in calculations but only uses data from the 
previous step. 
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Figure 4.7 Kalman filter execution process8 

In both phases of prediction and correction, data received from sensors is used. However, 
characteristics of measuring signal i.e. the measuring noise and drift, need to be considered. For 
optimal results, it is best to use a value of angular acceleration with a drift in the prediction 
phase and data from accelerometer burdened with measurement noise in the second phase.   
Such a solution will remove undesirable drift phenomenon and provide noiseless information 
about the tilt [21]. From a mathematical point of view, the system using the measurement of 
the deviation from the perpendicular based accelerometer data and angular velocity obtained 
from the gyroscope can be described by the equation 4.4.1. Description of variables is included 
in Table 4.2. Equation 4.4.2 describes the measurement with noise from an accelerometer and 
description of the variables is presented in Table 4.3. 

  (4.4.1) 

 

 

 

 

 

                                                 
8 [18] Tung-Ching Tsao, Richard Y. Chiang, Gyroless Three-Axis Sun Acquisition Using Sun 
Sensor And Unscented Kalman Filter. 2014, online access: 16/01/2018, url: 
https://www.google.com/patents/US20140231589 
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No Variable Value Description 

1  n/d Angular deviation 

2  n/d Angular velocity 

3  n/d Drift of gyroscope 

4  n/d Noise of gyroscope 

Table 4.2 Description of variables for equation 4.4.1 

 

  (4.4.2) 

   

No Variable Value Description 

1  n/d Measurement with accelerometer noise 

2  n/d Output vector (observation model) 

3  n/d Angular deviation 

4   Accelerometer noise (observation noice) 

Table 4.3 Description of variables for equation 4.4.2 

 
The first phase of the Kalman algorithm is time actualization, involving the calculation of one-
step prediction state (i.e, estimates for a priori ) and its covariance matrix 

.Equation for state prediction (4.4.3) is described in Table 4.4 while equations 4.4.4 to 
4.4.5 include substitution of relevant data in order to obtain the appropriate equation that 
includes all relevant data. Estimated covariance is described in equation 4.4.6, and equations 
4.4.7 to 4.4.9 illustrate the substitution of the data from Table 4.5. Equation 4.4.9 shows the 
estimated values of elements of the covariance matrix. 
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  (4.4.3) 

 

No Variable Value Description 

1  n/d Esimated state value 

2  
 

State matrix (state-transition model) 

3  
 

Control input matrix (control-input model) 

4  
 

State vector (previous state values) 

5   Control vector (signal) from gyroscope 

Table 4.4 Description of variables for equation 4.4.3 

 

 
 (4.4.4) 

 

 
 (4.4.5) 
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  (4.4.6) 

   

No Variable Value Description 

1  n/d Estimated value of covariance 

2  
 

Covariance matrix 

3  
 

Covariance matrix of process 

Table 4.5 Description of variables for equation 4.4.6 
 

 (4.4.7) 

 

 

(4.4.8) 

 (4.4.9) 

 

The second phase of the Kalman algorithm is measurement actualization. The first step is to 
calculate the Kalman gains  which may be represented by the equation 4.4.10 and the 
descriptions of variables in this equation is given in Table 4.6. Next equations 4.4.11 to 4.4.14 
illustrate data substitution process to the main equation that results in a Kalman’s gain matrix 
–4.4.14. 
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  (4.4.10) 

 

No Variable Value Description 

1  
 

Kalman gains matrix 

2   Output vector 

3  n/d Covariance of the observation noise 

Table 4.6 Description of variables for equation 4.4.10 

 

 (4.4.11) 

 

 
 (4.4.12) 

 

 
 (4.4.13) 

 

 
 (4.4.14) 

 

The next step in correction phase is actualization of measurement data .This relationship 
is described by the formula 4.4.15 and Table 4.7. Calculation steps were included in the 
equations 4.4.16-4.4.18. 
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  (4.4.15) 

 

No Variable Value Description 

1  n/d Current measurement data 

2  n/d Measurement of accelerometer (with noise) 

Table 4.7 Description of variables for equation 4.4.15 

 

 
 (4.4.16) 

 

 
 (4.4.17) 

 

 
 (4.4.18) 

 

The final step is to calculate covariance error P(k). After substituting the appropriate data to the 
equation 4.4.19 we obtain as the result dependency matrix described in equation 4.4.23. 

 (k) (4.4.19) 

 

 (4.4.20) 

 

 (4.4.21) 
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 (4.4.22) 

 

 
 (4.4.23) 

 

Using dependencies described in 4.4.1 to 4.4.23 Kalman filter was built in MATLAB 
simulation environment and implemented on Arduino as a Signal Processing part to prove 
dependence between signals considered when detecting position’s changes. 



34 | P a g e  
 

5 Survey on knowledge and interests of elderly about smart 
home solutions 

 

Within the project, the survey was conducted among the elderly. The survey concerned the 
knowledge of intelligent buildings, equipment and sensor used in them, as well as in daily life. 
The survey was done with people, who participated on one of technical opened lectures in 
building of BTH University in Sweden (Karlskrona). Questions of survey, for better 
understanding, were translated into Swedish and given to participants on paper version.Table 
5.1 shows questions included in the survey. The results are shown on Figure 5.1to Figure 5.4. 
The survey consists of 17 closed and two opened questions.  
 
No. Question: 
1 How old are you? 
2 Do you have an email address? 
3 Do you have a mobile phone? 
4 Do you have a smart phone or a tablet? 
5 Do you use Internet in your smart devices? 
6 Do you have any kind of support at home? 
7 What kind of support do you want to have at home? (OPEN) 
8 Would you like to have health monitoring technology at home? 
9 Would you like to have sensor of fall at home? 
10 Would you like to have an IP camera to share the view of your home in threat to 

life situation, i.e. falling, bad health condition? 
11 Would you like to have a pulse sensor at home?  
12 Is it ever happened to you that you fall down at home? 
13 Do you often forget to take medicines, when you need to take them? 
14 Do you have any other things to do, about which you can forget during the day? 
15 Would you like to have any other sensor which will check your vital functions at 

home? (OPEN) 
16 Would you like to have an automatic lights system, which can be able to detect 

you during the night and show you a way to i.e. toilet without manual use of 
switches? 

17 Is it ever happened to you that you forget turn off an iron and go out? 
18 Would you like to live at “smart home”? 
19 Would you like to have possibility to remote control your home when you are 

outside? 
Table 5.1 List of survey questions 
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Figure 5.1Results of the questions 2-6 

 

 
Figure 5.2 Results of the questions 8-12 
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Figure 5.3 Results of the questions 13-14 and 16-19 

 
The study involved 60 people aged from 50 to 85 years, the age range is shown in the diagram 
3.5.4. Unfortunately, only 24 wanted to fill survey correctly. Other participants did not want to 
do it – they were busy or did not have glasses, or answers were unreadable. Response rate of 
surveys were answered in pairs, but answers were not counted twice. The survey was directed 
predominantly to seniors and the elderly, to know the opinion about technology that surrounds 
us, the knowledge of the intelligent buildings and solutions that help people at home. 
 

 
Figure 5.4 Results of the question 1 

14

18

6

2

6

15

10

6

18

22

18

9

0

5

10

15

20

25

Question 13:
Do you often
forget to take

medicines,
when you

need to take
them?

Question 14:
Do you have

any other
things to do,
about which

you can forget
during the

day?

Question 16:
Would you

like to have an
automatic

lights system?

Question 17:
Is it ever

happened to
you that you

forget turn off
an iron and go

out?

Question 18: 
Would you 

like to live at 
“smart home” 

?

Question 19:
Would you
like to have

possibility to
remote

control your
home?

YES

NO

8%
4%

17%

21%

50%

Age of respondents

50-54

55-59

60-64

65-69

70+



37 | P a g e  
 

The survey showed that all respondents have mobile phones, most of them (92%) have a private 
e-mail and 58% of respondents have a smart device. With their help, half of the respondents 
use the Internet, which is equal to 86% of the respondents who can fully exploit the capabilities 
of their devices. During the survey, it was found that none of the respondents have any support 
systems, assistance equipment or additional elements of telemedicine facilities in their houses. 
Question 7 was an opened question and concerned the knowledge of the household support 
systems. The purpose of this question was to find out what systems are known by respondents 
and which once are desirable by them. Unfortunately, only a few people were aware what 
modern technology offers, and many of the respondents, after the presentation of available on 
the market solutions and the idea of this project, were negative attitude to it. Introduction of 
overriding control and monitoring system at home, is associated to surveyed with the loss of 
privacy, all day supervision, loss of independence and recognition as the people “who need 
help”, clumsy and most of all – old, sick and infirm. These negative approach, may result from 
a lack of knowledge about smart buildings and telemedicine, because those systems are 
designed to help, not to limit. One of the respondents, when asked about the cause of this 
negative attitude, stated that “elderlies are afraid of what unknown for them, does not need 
changes”.  
Respondents asked about the desire to have at home current state of health monitoring system, 
expressed their interest in only 37% of survey participants. The same situation was with the use 
of fall sensor and mobile pulse meter – only 33% of respondents felt that they could be useful 
in daily life and save lives in the case of a serious fall or prolonged elevated or reduced heart 
rate and lack of people around who could help in similar situation. Systems like described in 
previous chapters can collect data about the user, send them to hospital and person responsible 
for the user and be analysed by the doctors online. That solution is useful, in particular in the 
case when a patient has to have often clinical tests or is ill. 
Only 35% of respondents wanted to have in house a webcam, which in life-threatening situation 
will send message to appropriate emergency services. More than half of respondents 
additionally asked about the rating of system functionality, answered that such a system can be 
helpful and in case of accident, would allow for faster reaction of third parties. However, the 
fact of having cameras in the house is first of all associated with the loss of freedom and constant 
observation. 
Only 7% of respondents admitted that it sometimes happens to them to fall over in the house 
and they have a problem with raising from the floor. 58% of respondents admitted that they 
forget to take medicines, which assigns to them by a doctor. However, some people added that 
they do not have problems with memory and they only feel better without dose of chemistry 
that they get on prescription. 7% of respondents admitted, that sometimes in a hurry it happens 
to do not turn off the iron when they are leaving the house. Curiosity among the respondents 
raised up a description of the simple system of turning off the power in the sockets when the 
user is outside the home. 75% of respondents admitted that they often forget to turn off the 
television or electric cooker, and they confirm that this system function would not only avoid 
calamity, but also it will save on the power consumption. The respondents, when asked about 
the lighting control system at home, have expressed their interest in 25 percent. The greatest 
popularity has gained by smart light system, which assists to get through to some place when 
the apartment is dark, without having to turn on any lights on the user way. 
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In summary of survey and information about this project, 25% of respondents stated that they 
wanted to live in the new smart home or modernize its own houses by the above described 
systems. Greater interest has gained by possibility of home remote control using the Internet 
via a mobile phone or PC, 63% of respondents recognize this topic as a very interesting. 
Older people often are not aware of the benefits that can bring systems used in smart homes, 
therefore there is a negative attitude to it. They think that they do not need any changes, they 
feel still young and they do not allow to themselves to think that they could find themselves in 
a situation of life or health threatening in their own home. It is worth to realize the elderly, that 
it is prepared for them, not against them and convince them to justness of such solutions. 
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6 Model design and implementation 
 

6.1 E-health model structure 
 
The main units of the e-Health platform are Two Arduino Boards. They are responsible for 
processing of discrete and analog input signals from sensors to get appropriate data and set 
output signals for controlled components. First one, Arduino Uno Board, is called as 
“transmitter”. That module is responsible for collecting data from connected sensors. Sensors 
connected to that Arduino module are intended to analysing user activity. Sensors can be placed 
directly on the Arduino module or can be lead to it by using twisted-pair cable. Second one, 
Arduino Mega Board, is called “receiver”. It is designed to read data from other controller and 
save them into specific variables. Arduino Ethernet Shield is mounted on that board also.   
To get access to Internet, the router was added to the designed system. Thanks to this, it is 
possible to connect to that system remote devices which in this case are IP camera and Arduino 
Ethernet Shield. Remote monitoring in real time requires a permanent Internet connection, 
which provides the router’s WAN interface. Arduino modules are designed to communicate 
each other by using NRF905 transmission.  
Permanent connection to the Internet allows to monitor and collected data in external database 
in real time and view of interesting variables using webpage, which can be explored by 
multimedia devices like smart phones, tablets, PCs Or laptops. The system described above is 
shown on Figure 6.1. 

 
Figure 6.1 Theoretical model of PLC system 
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6.2 Hardware implementation 
 
6.2.1 nRF905 as RF communication module 
Communication between fall sensor and main distribution station is done by using two radio 
modules nRF905, where one of them is a Transmitter and second – Receiver. Antennas used 
same frequency as popular Z-Wave, but are cheap, easy accessible on market and easy in use. 
Both can send messages to each other to prove proper “Hand-shake” between them. Connection 
diagram is shown on Figure 6.3. 

 

Figure 6.2 Radio Modul nRF905 

Unfortunately, usage of them with available Arduino Shields is enforced the need of 
modification the original code libraries supplied by manufacturer. Main technical specification 
data is described in Table 6.1. 

Technical Data 

Frequency band 433/868/915Mhz 

Channel numer 170 

Function transmitter / receiver 

Frequency stabilization method PLL 

Modulation mode FSK / GMSK 

Maximum output power Emergency MSG is sended 

Sensitivity maximum operating rate 

Operating voltage 2.7 – 3.3V 

Table 6.1 Technical specification of nRF905 
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Figure 6.3 Connection diagram between Arduino Uno and nRF905 

. 

6.2.2 Communication between Arduino shields 
As it was mentioned before, communication between device monitoring current patient state 
and main station is done by radio modules nRF905. In this project, Arduino UNO board (Figure 
6.4) is used as device which collect all signals from sensors, and Arduino MEGA 2560 board 
(Figure 6.5) as a monitoring device which is connected to Internet. Technical data of Arduino 
boards is shown in Table 6.2 and Table 6.3. 

 

 

Figure 6.4 Arduino Uno. 
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Technical data 

Microcontroler ATmega328P 

Operating voltage 5V 

Digital I/O pins 14 (of which 6 provide PWM output) 

Analog input pins 6 

DC current per I/O pin 20mA 

DC current for 3.3V pin 50mA 

Flash Memory 32KB (0.5KB used by bootloader) 

SRAM 2KB 

EEPROM 1KB 

Clock Speed 16 Mhz 

Table 6.2 Technical specification of Arduino UNO 

 

 

Figure 6.5 Arduino MEGA 2560 

Technical data 

Microcontroler ATmega2560 

Operating voltage 5V 

Digital I/O pins 54 (of which 15 provide PWM output) 

Analog input pins 16 

DC current per I/O pin 20mA 

DC current for 3.3V pin 50mA 

Flash Memory 256KB (8KB used by bootloader) 

SRAM 8KB 

EEPROM 4KB 

Clock Speed 16 Mhz 

Table 6.3 Technical specification of Arduino MEGA 2560. 
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Figure 6.6 Connection Diagram – RF Network 

6.2.3 Ethernet communication between Arduino and Internet 
Main station of system has two most important functions. First of all, it is collecting all data 
from wireless monitoring station and secondly, in case of receive transaction with proper CRC 
signature, is sending data to data base on external server. To simulate process of storing data, 
software „Xampp” was used. By this software, we create offline data base and we start showing 
that data on website based on local PC (also offline). When tests gave proper and expected 
results, data base and website were uploaded to external, remote server. To connect system with 
Internet, Arduino Ethernet Shield was used (Figure 6.7). Technical specification is shown in 
Table 6.4. 

 

 

Figure 6.7 Arduino Ethernet Shield 
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Technical data 

Operating voltage 5V – supplied from the Arduino Board 

Ethernet controller W5100 with internal 16K buffer, 
:Connection speed 10/100Mb 

Connection with Arduino SPI port 

Table 6.4 Technical specification of Arduino Ethernet Shield 

 

6.2.4 Human fall all-in-one sensor 
Within project framework, a 9-axis IMU module GY-80 contains ADXL345 accelerometer, 
gyroscope L3G4200D, HMC5883L magnetometer and a pressure sensor BMP085 were used. 
The view of the module and its electronic connection to Arduino is shown on Figure 6.9. This 
module may be power by voltages from 3 to 5 V. The sensor was placed in the housing of the 
measuring station. This is shown on Figure 6.8.  

 

Figure 6.8 Place of IMU GY-80 module 

 
The accelerometer is tasked with measuring linear acceleration during its movement. The 
accelerometers are mostly used for testing parts of mobile devices and determine their 
overloads. In addition to determining the value of the linear acceleration it is also possible to 
determine spatial position of an object and execution of specific interactions during its 
movement. ADXL345 module is one of the more popular and affordable systems. 
Communication with the microcontroller is carried out by using I2C or SPI bus. The range of 
acceleration measurements in all three axes is +/- 16G at 13 bits’ resolution. While measuring, 
at a voltage between 2.0 and 3.6V, the maximum current consumption is 23μA. The exact 
description of the specification is contained in [22]. 
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Technical data 

Operating voltage 3V-5V 
DC current (Processing) 25uA  
DC current (sleep mode) 0.1uA 
Axis X, Y, Z 
Communication interfaces I2C(TWI) / SPI 
Resolution 10 to 13 bits / each axis 
Measure range +/- 16g 
Board dimentions 28 x 15 x 11 [mm] 

Table 6.5 Technical specification of ADXL345 

A gyroscope is a device for measuring or maintaining the angular position. It operates on the 
principle of conservation of angular momentum. L3G4200D system is a group of velocity 
gyroscopes that do not maintain a constant direction, but indicate the angular velocity of an 
object on which they are located. The use of a gyroscope itself does not provide effective results. 
However, it is ideally suited to support measurements with other sensors, i.e. accelerometers, 
which apart from indicating acceleration of an object relative to selected axis, make it possible 
to determine its placement along of three axes: tilt (pitch), tilt (roll) and rotation (yaw). 
L3G4200D allows you to choose one of three measurement ranges: +/- 250 ° / sec, +/- 500 
degrees / s or +/- 2000 ° / s. The sensor supports I2C and SPI communication. The system can 
be powered with voltage range from 2.4V to 3.6V. Typical current consumption is only 6 mA. 
The exact specifications are listed in [23]. 

HMC5883L is a digital, 3-axis magnetometer and it allows measurement of a wide range of 
Earth's magnetic field size ranging to +/- 8g. Its 12-bit resolution enables measurement accurate 
to 2mg at only 100μA power consumption. Magnetometer communicates with the 
microcontroller via I2C bus with a maximum measurement frequency of 75 Hz in continuous 
mode. An interesting option of this system is the choice of number of samples (1, 2, 4 or 8), 
which are averaged over final result. The supply voltage is in the range of 2.0V to 3.6V. The 
exact specifications are listed in [24]. 

BMP085 is a barometric pressure sensor. It has capacity to measure pressure in range from 300 
to 1100hPa, which translates to altitude range from 9000 to -500 meters relative to sea level. 
The supply voltage falls between 1.8 and 3.6V. Current consumption during measurement is 
only 5μA. Depending on the selected operating mode it can achieve accuracy within 0.03hPa 
(0.25m) or 0.06hPa (0.5m). The exact specifications are listed in [25]. 
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Figure 6.9 Arduino and IMU GY-80 module – connection 

6.2.5 Heart rate sensor 
Heart rate, also called a pulse is the rhythmic stretching of the walls of blood vessels caused by 
changes in blood pressure. These in turn are the result of contractions and relaxations of 
chambers of the heart. Classical medical heart rate test method is based on its measurement at 
the radial artery around the wrist. At this point, the artery runs shallow under the skin and it is 
very easy to feel the pulse at a touch. A stethoscope can also be used to listen for a pulse. Other 
popular areas for pulse rate measurement are external carotid, brachial artery or femoral artery, 
and popliteal artery or dorsalis pedis artery. It means measure of heart rate is possible in each 
place where the artery is very close under the skin. 

For a project, the sensor was placed on the patient’s ear with a special clip. This is shown on 
Figure 6.10. 

 

Figure 6.10 Place of heart rate sensor 

Translated from medical language it is simply a measurement of the frequency of the heart rate 
expressed as the number of beats per minute. Normal heart rate in adults is approx. 70 / min. 
Rare heart rate is less than 50 / min and accelerated is 100 / min. The values are given at a rest 
state [26]. 

The project utilized an electronic pulse sensor shown in Figure 6.11. Using a special a clip the 
sensor may be attached to a finger or an ear. Routed cables do not restrict person's movements. 
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The sensor consumes only 4mA current at 5V supply, so this is a perfect feature to use with 
mobile devices. Through a signal wire we receive discrete signal from the transmitter whenever 
heartbeat is detected. Considering the objectives of this project, pulse readings are made every 
30 seconds. 

 

Figure 6.11 Heart rate sensor 

 

6.2.6 Temperature sensor 
To show possibilities and functions of prepared device, temperature sensor has been included. 
This information can help to control state of patient in case of getting cold and flu. Adding a 
temperature sensor to the project is a good example of how wide range of functions can be 
implemented based on Arduino module.  

JC Maxwell’s definition specifies that the body temperature is a thermal condition, which is a 
measure of the heat transfer capability to other bodies. Bodies that transfer heat with higher 
intensity have temperatures of higher numerical values [27]. From the definition, we conclude 
that the basis for temperature measurement is the heat transfer phenomenon. It includes 
conduction, radiation and convection. Temperature sensors use first two heat transfer. Heat 
exchange takes place by contact - a direct connection between the molecules of matter. 

Selection of an appropriate sensor for measuring body temperature was carried out based on 
examination of electronic thermometer LM35. Sensor is placed in location on the human body, 
as shown on Figure 6.12. 
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Figure 6.12 Place of temperature sensor 

Analog, electronic sensor LM35 is a special chip, in which the output voltage is directly 
proportional to the temperature expressed in degrees Celsius. Conversion ratio is 10 mV / ° C, 
i.e., for example at a temperature of 25 ° C, the output voltage is 250mV and at 100 ° C it is 
1V. LM35 chip is available in many versions with different types of housing, measured 
temperature range and accuracy. For our purpose, a system LM35DZ with initial accuracy of 
+/- 0.6 °C and measuring range up to 100 ° C was used. This system requires no calibration and 
quickly responds to changes in temperature, it also has a simple structure and is inexpensive to 
buy [28]. LM35DZ sensor is shown on Figure 6.13. 

 

Figure 6.13 LM35 temperature sensor 

6.3 Software and algorithms implementation 
 
This subsection of chapter 6 contains information relating to the software implementation of 
the project. During the project, following software environment were used: 

a) Arduino Software IDE 1.0.6 –code written to integrate communication’s devices and 
measure’s sensors, to implement decision algorithms and to connect external data base 
to store observed results; 

b) MATLAB/Simulink R2012b – RASPlib library used to connect Arduino with 
simulation of fall sensor. The result was testing and research of Kalman filter properties 
over real-time measurements 

c) Xampp – simulation of external server with access from local PC; 
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d) Notepad++ - simple text editor to prepare structure of website in HTML, to form GUI 
content by CSS and to create PHP scripts, which shows real-data from external database;  

 

6.3.1 NRF905 – transmitter/receiver algorithms and telegram data frame 
Data between modules is transferred using data frame based on Z-Wave Stack. There is no 
Routing layer and communication is based on transmission „one to one”. It is shown on Figure 
6.14 and described in Table 6.6.  

 

Home ID 
Source 
Node ID 

Frame 
Control 

Lenght 
Destination 
Node ID 

Data 
Payload 

CRC 

Figure 6.14 Transport frame based on Z-wave 
 

Name Description 

Home ID 4 bytes, the common identification label of all nodes belonging to one 
logical Z-Wave network 

Source Node ID 1 byte, address of device which currently transfer data 

Frame Control 2 bytes, this frame control field contains information defining the frame 
type, addressing fields and other control flags (in project that value is set 
to 0x0000) 

Lenght 1 byte, number of message bytes 

Destination 
Node ID 

-n bytes, 0x00 – uninitialized NodeID, 0x01-0xE8 – NodeID, 0xE9-0xFE- 
Reserved, 0xFF-Broadcast NodeID 

Data Payload N-bytes, data to transfer 

CRC 1 or 2 bytes, Cyclic redundancy Check 

Table 6.6 Transport frame description 
 

Heart Beat Temperature Patient State Battery usage 

Figure 6.15 Data Payload structure 
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Name Description 

Heart Beat 1 byte, refer to Table 6.15 

Temperature 1 byte, refer to Table 6.16 

Patient State 1 byte, refer to Table 6.17 

Batery charge level 1 byte 

Table 6.7 Data Payload content description 

 

6.3.2 Integration Problem 
Arduino Ethernet Module and NRF905 Antennas are devices which both using synchronous 
serial protocol called SPI (Serial Peripheral Interface). In order to obtain the desired 
functionality, which in case of e-Health platform was integration of devices, Arduino Mega 
2560 Board was used as base for Ethernet Modul. Main reason was that it was possible to use 
two SPI interfaces: one standard SPI interface and one USART which can be used in SPI 
compliant mode. It allows using multiple devices. Connection of following modules is shown 
on Figure 6.16. It was needed to define separated CSN Pins to avoid communication collision 
and interlocking. Similar modification was done in standard library of NRF905 – pin CSN was 
constantly defined what caused overwriting existing definition and blockage both 
transmissions. Change of it gave possibility to have communication in the same time. Function 
to define CSN pin called „set_CSN_pin(x)”, where letter x is number of pin. Example of using 
this function is shown on Figure 6.17. 

 

Figure 6.16 Ethernet Shield and Arduino MEGA 2569 – physical connection 
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Figure 6.17 Part of software code for setting of CSN pin implemented to Arduino UNO (A) and 
MEGA 2560 (B) 

 
6.3.3 Human fall detection - Measurement data normalization 
Data from measure sensors, as default, are defined as pure, non-scaled signals. Unfortunately, 
reading and understanding non-scaled signals is difficult. To normalized data, knowledge 
contained in [17] were used. Normalization was needed to implement fall detection algorithm. 

Pure acceleration value from accelerometer should be multiplied by measurement range of 
sensor (equal to 2G) and earth gravity acceleration. Pure velocity value from gyroscope should 
be multiplied by measurement range of sensor (equal to 2000). It is described by equation 
6.3.3.1. Variables used in equation are described in Table 6.8. 

 

 
 (6.3.3.1) 
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No Variable Value Description 

1  n/d Normalized value of angle acceleration 

2  n/d Measurement of accelerometer (with noise) 

3  2G = 0.000061f 

4G = 0.000122f 

8G = 0.000244f 

16G = 0.000488f 

Measurement scale 

4  9,80665 Acceleration of Gravity 

5  n/d Normalized value of angle velocity 

6  n/d Measurement of gyroscope (with noise) 

7  250 DPS = 0.007633 

500 DPS = 0.015267 

1000 DPS = 0.030487 

2000 DPS = 0.060975 

Measurement scale 

Table 6.8 Description of variables used for data normalization 

 

Figure 6.18 Pure/Normalized data from accelerometer – example 
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Figure 6.19 Pure/Normalized data from gyroscope – example 

Scaled data of Accelerometer was illustrated in Figure 6.18, when scaled data of Gyroscope 
was shown in Figure 6.19. Due to data normalization, received charts are easy to read and 
interpret. Next step is to obtain pitch and roll angles of the value of the accelerometer. For this 
purpose, a transformation, considering acceleration components of individual axes, described 
by equation 6.3.3.2 was done. Obtained data were normalized to the required units using the 
equation 6.3.3.3 to transform value in radians to value desired in degrees. Variables used in 
equation are described in Table 6.9Table 6.8.Received values are shown in Figure 6.20. 

 

 (6.3.3.2) 

 

 

 

(6.3.3.3) 
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No Variable Value Description 

1  n/d Pitch  

2  n/d Roll  

3  n/d Measurement of X axis acceleration 

4  n/d Measurement of Y axis acceleration 

5  n/d Measurement of Z axis acceleration 

6   Change from radians to degrees 

Table 6.9 Description of variables used for data normalization – pitch & roll 

 

 

Figure 6.20 Normalized data from accelerometer – Pitch & Roll 

6.3.4 Data Filtering methods – MATLAB research 
To achieve best results of fall detection algorithm, it is necessary to make signals fusion and 
use specific filtration method. As we already know, final algorithm is based on Pitch and Roll 
signals. Within the project, research into various methods of obtaining the required signals and 
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their filtration were conducted in order to examine their impact on the final result and the best 
performance and properties. All filters and signals transformations and fusions were 
implemented in MATLAB. 

In this study, following cases were tested: 

 Accelerometer data only 
 Gyroscope data only 
 Accelerometer & Gyroscope data – Low Pass Filter 
 Accelerometer & Gyroscope data – Complementary Filter 
 Accelerometer & Gyroscope data – Kalman Filter 

 

 

Figure 6.21 Swing around axis - Pitch & Roll 
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Figure 6.22 Angular Velocity around axis - Pitch & Roll 

 

Deviation from vertical in X (pitch) and Y (roll) axes indicated by accelerometer, gyroscope 
and result of normalized data filtration is shown on Figure 6.21. To obtain the swing value using 
accelerometer, the conversion mentioned in section 6.3.3 was used, while the angular velocity 
is measured directly by gyroscope. 

The first titling trend indicates tilt only using an accelerometer. It is shown on equation 6.3.4.1. 
As shown on the graph, the measurement for both axes are very noisy, because it consists 
acceleration in two directions. Each of these measurements itself is burdened by measurement 
error, which after their connection only strengthens it. 

  (6.3.4.1) 

The second trend presents an integrated gyroscope measurement. It is shown on equation 
6.3.4.2 below. This measurement highlights the drawback of this measuring device – drift. In a 
relatively short time the values “drain” from the expected. For this reason, the gyroscope 
measurement cannot be used directly to obtain deviation. 
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 (6.3.4.2) 

Another trend shows the result of low-pass filtering of the swing measured by an accelerometer. 
It is shown on equation 6.3.4.3. By course of the swing, it is easily to notice that the 
measurement noise has been reduced and as the result of it, a relatively stable measured value 
was obtained. This filter is simple to implement and, depending on the selected parameters, 
may be an alternative to more complex methods and by differentiating such a filtered value, an 
estimate of the angular velocity can be obtained thereby completely eliminating the gyroscope. 
Unfortunately, the simplicity of the filter is also its disadvantage – without using the gyroscope 
information, valuable data is lost which can serve to better estimate both - tilting and angular 
velocity.  

 

 (6.3.4.3) 

Complementary filter, described by equation 6.3.4.4, presented on the fourth trend, eliminates 
this problem by combining measurements from both – the accelerometer and gyroscope, 
ultimately obtaining a better estimate of both measured values. This method does not eliminate 
gyroscope drift, but only minimalize it. Unfortunately, after some time the accumulated 
measurement error becomes visible, which disqualifies this solution in long-life devices and 
high reliability.  

 

 

 

(6.3.4.3) 

 
Both of these filters (low-pass and complementary) introduce one sample delay to the original 
measurement, which additionally works on their disadvantage to use them in time critical 
products. The above problems can be eliminated using Kalman filter (described in chapter 4.4), 
which performs a posteriori estimation based on a linear combination of a priori estimate of the 
magnitude and weight difference between the current measurement and prediction of this 
measurement. The measurement model, taking into account measurement noise, is assumed to 
be normal. Depending on the constructed model, it is possible to make so-called „Fusion of 
signals” where the measured values complement each other. The result of this filtration is 
shown in the fifth trend. As it is possible to see, the course of values using the Kalman Filter is 
similar to course of Complementary Filter, because they perform fusion of same measurements.  
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However, in resting states, the result obtained with complementary filter is „reflected” by the 
drift while the Kalman filter remains at a similar level. 

 

6.3.5 Human fall detection – MATLAB Simulation 
Simulation of fall detection system was designed in MATLAB environment. The algorithm 
model is shown in Figure 6.23. The algorithm is based on changes in the condition of examined 
person state, referred to as “transitions”. There are 4 different transitions which can describe 
human behaviours. List of transitions and their mathematical model equivalents are described 
in Table 6.10. Accepted values, which define each transition, were selected behaviourally based 
on actual measurements of the accelerometer and gyroscope. 

 

Figure 6.23 Transitions in human fall detection algorithm 
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No Name Mathematical model 

1 “Standing - Motion”  

2 “Motion - Standing” 

 

3 “Lying – Motion” 
 

4 “Motion – Lying” 
 

Table 6.10 Description of algorithm transitions 

Mathematical model is based on changes in Pitch & Roll values and the speed of these changes. 
In order to determine the appropriate values, a series of test were carried out, which allowed to 
collect real-time measurements for each situation. Fall detection is accomplished by detecting 
a change in patient activity – change from motion to lay. This change activates the time counter 
that measures the fall time. The fall is signalled to the appropriate service only when the fall 
time will be above the predetermined time and no change in state is detected at during this time. 
In addition, a time counter has been implemented that inform the patient that the fall has been 
detected before the rescue personnel is informed. If this is a false alarm, or after the fall, the 
patient has been able to stand up, he/she can reset the alarm with a button, but he simulation 
does not require its implementation. The alarm time for the simulation needs was set to 1 
second. 

Changes of Pitch & Roll angles and their speed, both filtrated by Kalman filter, are shown on 
Figure 6.24. Changes of transitions, from motion to standing (transition 2) and opposite 
(transition 1), and fall down state graphs are shown on Figure 6.25. Based on both graphs, it 
can be stated that the state change was detected correctly. Change of this state is detected often 
because human body is balancing, and algorithm is detecting it as a change. It is not affecting 
algorithm at all. Fall was not detected in this case because it did not appear.  
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Figure 6.24 Transition 1&2, Pitch & Roll 

 

Figure 6.25 Transition 1&2, Algorithm States 
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Another research states are transitions 3 and 4, which describe the change from motion to laying 
and vice versa. Changes of Pitch & Roll angles and their speed, both filtrated by Kalman filter, 
are shown on Figure 6.26. Changes of transitions, from motion to lying (transition 4) and 
opposite (transition 3), and fall down state graphs are shown on Figure 6.27. Based on both 
graphs, it can be stated that the state change was detected correctly. The fall is detected based 
on Transition 3 detection – the change of motion to lying under appropriate conditions set out 
in Table 6.10.  

 

Figure 6.26 Transition 3&4, Pitch & Roll 
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Figure 6.27 Transition 3&4, Algorithm States 

6.3.6 Appropriate choice of place for sensor on human body 
During designing of the system, was founded that it is necessary to check if location of sensor 
on human body has influence on results of fall detection. Three places were chosen and shown 
on Figure 6.28: Belt (A), Chest (B) and wrist (C). 
 

 
Figure 6.28 Places of sensor location on human body 
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Initially test (Test 1) consisted of 10 repetitions for each state detection. The results are 
presented in Table 6.11, Table 6.12 and Table 6.13. Unfortunately, results were not conclusive, 
and it forced us to change the configuration of the sensor, implement control algorithm 
described in subsection 6.3.5 and repeat test again.  
 

State: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
1 STANDING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
2 MOVING ✓ X ✓ ✓ X ✓ ✓ ✓ ✓ ✓ 
3 LYING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
4 FALL DETECT ✓ X X ✓ ✓ ✓ ✓ ✓ X X 

Table 6.11 Test 1 Results for case A (belt) 

 
State: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

1 STANDING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
2 MOVING ✓ X ✓ ✓ ✓ X ✓ X ✓ ✓ 
3 LYING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
4 FALL DETECT ✓ X ✓ ✓ ✓ X X ✓ X X 

Table 6.12 Test 1 results for case B (chest) 
 

State: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
1 STANDING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
2 MOVING ✓ ✓ X X ✓ X ✓ ✓ ✓ X 
3 LYING ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
4 FALL DETECT ✓ X X X X X ✓ X ✓ X 

Table 6.13 Test 1 results for case C (wrist) 

 
New test (Test 2) consisted of 25 repetitions for each state detection. State transitions were 
implemented into algorithm. The results of these tests are shown in charts Figure 6.29, Figure 
6.30, Figure 6.31.The test results disqualified the wrist as the location of sensor, its 
effectiveness was below 80%, and it could be even lower if patient will move his hands around. 
The belt position and chest gave similar results (over 90% of effectiveness), but the patient’s 
comfort was the decisive factor in this case – belt was chosen as a final place for sensor. 
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Figure 6.29 Test 2 Results for case A (belt) 

 

 
Figure 6.30 Test 2 results for case B (chest) 
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Figure 6.31 Test 2 results for case C (wrist) 

6.3.7 E-Health platform – HMI on website 
To prepare supervisor’s panel for oversight of patient’s vital functions based on web browser 
architecture, HTML programming language was used. HTML is supported by PHP and 
JavaScript functions, and to format GUI content CSS language - Cascading Style Sheets – was 
chosen. Main view of the HMI website is shown on Figure 6.33. 

 

The main site consists of: 

a) the data window (1) with variable content depending on the selected menu options. 

b) The menu window (2) for changing displayed content through sub-menu options: Home, IP 
camera, Measurements, Settings and Events. 

c) The summary window, displaying data of monitored user (3), which shows current activity 
and information concerning the date of the last detection of the fall of the person observed. 
Differentiated user activity states are described inTable 6.14, while their graphical 
representation is shown on Figure 6.34. Part of code is shown on Figure 6.32. 
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Figure 6.32 File index.php – display patient state on website 

 

d) Logo (4) located in the upper left corner. 

 

Figure 6.33 Main view of HMI website 

Parameters are displayed on the main page of website. In addition, parameter „Condition of 
patient”, as most important, is shown all time on the left sidebar. The other two parameters, 
temperature and pulse, are displayed on main page as currently measured values. Service user 
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may visit website anytime, and keep an eye on work of the patient heart and his actual activity. 
As a result, for example, Daughter, who strongly worried about her old mother, can sleep 
peacefully. The system will alert her in case something suddenly happened. This solution is 
also suited well in institutions where there is large number of elderly, for example, Nursing 
house. The system is particularly useful when elderly live alone. E-health platform has one 
main purpose – to inform emergency service on time and decrease time of their reaction. 

 

 

Figure 6.34 Different displays for user’s state 
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Lp Color State Description 

1 

#FFFFFF 

1 User is standing 

2 2 User is moving 

3 3 User is lying 

4 #FF0033 4 Unconscious (free) Fall is DETECTED 

5 #FFEE00 5 Conscious Fall is DETECTED 

6 #FF6200 6 Emergency MSG is sended 

7 #2BFF00 7 Reset of Fall Alarm - device 

8 #2BFF00 8 Reset of Fall Alarm - website 

Table 6.14 Description of user states’ images 
 

Figure 6.35 shows defined time intervals which refresh data shown on website. As an example, 
patient state image on website is updated each 200ms with correspondent, current state. 

 

Figure 6.35 File index.php - JavaScript –calling function to patient state check each 200ms 

The following images (Figure 6.36 to Figure 6.40) show the content of the main window, which 
is changed by using the menu keys. Images also show how active menu is highlighted in orange. 
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Figure 6.36 shows Home page presenting current measurements received from the sensors of 
currently selected measuring unit. In this case, these are: 

a) the temperature in degrees Celsius (° C); 
b) pulse expressed in beats for minute (BPM); 
c) battery charge level (%) 

 

Figure 6.36 View of “Home” Subpage 

 
Figure 6.37 shows a preview from attached to the system IP camera placed in the living room 
of the observed person. This allows the supervisor to confirm events detected by the system and 
recognize a false alarm or a breakdown of communication with the user. The camera is supplied 
all the time, but to have access to view of it, it is necessary to visit e-Health platform webpage. 
One of advantages of camera is possibility to change view position by pressing remote buttons. 
That function is not included into the project, because observed room was small. 
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Figure 6.37 View of “IP Camera” Subpage 

Figure 6.38 contains history of last 4 measurements received from temperature sensor and pulse 
sensor. New record of temperature is measured each 5. It means that on website you have 4 last 
states from 20 minutes. That time is reserve to check progress in getting a fever. Different 
situation is with heart rate sensor – the measurements are done each minute but if the state did 
not change – information is not shown in website. Interpretation of temperature sensor’s results 
is described in Table 6.15. Each state recorded outside of set tolerances is highlighted in selected 
color, which is also described in the above table. Table 6.16 contains the same data for the 
sensor pulse. 
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Figure 6.38 View of “Measurements” Subpage 

 

Lp 
Range 

Color Description Min Max 

1 60.0< #FFA500 Bradycardia, slow heart rate 

2 61.0 100.0 #FFFFFF Normal heart rate 

3 >100.1 #FF0000 Tachycardia, high heart rate 

Table 6.15 Interpretation of heart rate measurements 

 

 

 

 

 

 



72 | P a g e  
 

Lp 
Range 

Color Description Min Max 

1 36.0 37.0 #FFFFFF No fever 

2 37.1 38.0 #FFFF00 Continuous Fever 

3 38.1 39.0 #FFA500 Remittent Fever 

4 >39.1 #FF0000 Hectic Fever 

Table 6.16 Interpretation of temperature measurements 
 

Figure 6.39shows a window with available settings. This page shows the current data and allows 
remote input of patient’s information by the supervisor - name, surname and email address. 
These data are used to send notifications on relevant adverse events. This is described in 
subsection 6.3.8. 

 

Figure 6.39 View of “Settings” Subpage 

 
Figure 6.40 contains history of last 8 events detected by the fall sensor and resulting information 
from algorithm developed as a part of project, based on ready, basic algorithms. Besides 
patient’s normal state where he can be standing, walking or lying (and perhaps also seating), 
we can distinguish an event of freefall (without any resistance), and an event of a fall when 
patient attempted to stop the collapse. Additional displayed states when recorded will trigger 
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sending of a message about a life threat or resetting of the alarm by the user – in this case a fall 
is registered but there is no life threat. Interpretation of the results from fall sensor is described 
in Table 6.17. Each state recorded outside of set tolerances is highlight in selected color, which 
is also described in the above table. 

 

Figure 6.40 View of “Events” Subpage 

Lp Color State Description 

1 

#FFFFFF 

1 User is standing 

2 2 User is moving 

3 3 User is lying 

4 #FF0033 4 Unconscious (free) Fall is DETECTED 

5 #FFEE00 5 Conscious Fall is DETECTED 

6 #FF6200 6 Emergency MSG is sended 

7 #2BFF00 7 Reset of Fall Alarm - device 

8 #2BFF00 8 Reset of Fall Alarm - website 

Table 6.17 Interpretation of fall detections’ states 
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6.3.8 Data base of e-Health platform 
The following tables illustrate tables and records that are stored in an external database. By 
using such database, the data collected by the measuring devices is transferred in real time to 
the person responsible for the care of an older person. This allows for rapid response in crisis 
or life-threatening situations and offers an option to analyze recently collected data samples as 
needed. Table 6.19shows measurement categories and their corresponding data records in 
database. Each category contains information about an individual record number or a change in 
the database (ID) and defined time events (EVENT). Readings from the temperature sensor and 
pulse sensor include the value of the currently performed measurement (RESULT_1) and 
individual sensor’s number (SENSOR). The fall sensor also saves above-mentioned records 
and additional measurements (RESULT_2 and RESULT_3), but in this case, two categories 
are assigned to the fall sensor - the first called "Human-fall sensor" collects readings from the 
sensor and the second – called "State" is collecting data on the current state of the patient (based 
on data collected about patient’s posture). Another case is a category, which records changes to 
settings in fall and life functions detection systems. To this category were added the following 
records: NAME, SURNAME, MAIL. Description of individual records is included in Table 
6.20. 

 

Lp Name of record: 

 Name of Category 

Temperature 
Sensor: 

Heart Rate 
Sensor: 

Human 
Fall 

Sensor: 
State Settings: 

1 ID x x x x x 

2 EVENT x x x x x 

3 SENSOR x x x x   

4 STATE x x  x   

5 RESULT_1 x x x    

6 RESULT_2     x    

7 RESULT_3     x    

8 MAIL        x 

9 NAME        x 

10 SURNAME        x 

Table 6.18 Category and its records in database 
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Lp Name of record: Record Type Description: 

1 ID Int(11) Unique ID of measurement 

2 EVENT Timestamp Event data and time 

3 SENSOR Varchar(30) Unique ID of sensor 

4 STATE Varchar(10) State of event 

5 RESULT_1 Varchar(10) Measured value no.1 

6 RESULT_2 Varchar(10) Measured value no.2 

7 RESULT_3 Varchar(10) Measured value no.3 

8 MAIL Varchar(30) Mail address of Guardian 

9 NAME Varchar(20) Name of Guardian 

10 SURNAME Varchar(20) Surname of Guardian 

Table 6.19 Description of records in database 

6.3.9 Communication with external database 
Data is transferred to external database by Arduino Mega 2560. To transfer, method GET was 
used, where variables and their numbers appeared in website address. (www.tm-
stal.pl/arduino/add_human_state.php?state=2,)where „state” is a name of variable and number 
2 is correspondent with description in Table 6.17 – in this case database received information 
that patient is currently moving. „add_human_state.php” is a PHP script written to collect and 
save information to specific database. Detailed information about data base, as address of 
database, name of database, name of table and name of record, are saved in script and user has 
no access to them. The access is possible only from domain/server level. 
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Figure 6.41 Arduino code to transfer data to external data base 

 

 

Figure 6.42 PHP Script – saving new patient state in database 

6.3.10    Alerts and procedure in case of health danger detection 
Figure 6.43 presents the algorithm of inform the person responsible for patient in the event of 
a dangerous situation. Based on the value of the variable “state” responsible for the current state 
of patient, algorithm decides about sending alarm message. That message is sent each 60 second 
till moment, when is received and confirmed by special button included to that message. Alarm 
can be reset by patient (e.g. in case that device was temporary disconnected) and supervisor (by 
a button on website). In both situations, person responsible for patient receives additional 
message with confirmation of correction. Thanks to this function, system will record who has 
reset the state. This function provides the person responsible for the patient ability to check 
what happened at the place of residence of the patient. Description of the variables used in the 
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algorithm is included in Table 6.20. Algorithm implemented on Arduino is shown on Figure 
6.44. 
 

 

Figure 6.43 Algorithm of information message sending 

 

Lp Name of variable Value Description: 

1 
state 

4 or 5 Human Fall detected 

2 7 or 8 Reset of event detected 

3 
confirm 

0 Receive of info message NOT confirmed 

4 1 Receive of info message confirmed 

5 
msg 

0 Send of info message NOT confirmed 

6 1 Send of info message confirmed 

7 time 0 .. 60s Counter of time 

Table 6.20 Description of Algorithm of information message sending 
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Figure 6.44 Algorithm implemented in Arduino 
 

An important aspect of this project is content of message informing person responsible for 
monitoring the patient. Simple message is shown on Figure 6.45. Before sending a message, 
data about patient are collected from database – name, surname and basic measurement data: 
temperature, pulse and the last state in which the patient was. Message includes link to system 
website, which allow operator to confirm knowledge about patient state. This is shown on 
Figure 6.46. 
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Figure 6.45 Content of information/alarm message 

 

 

Figure 6.46 Website view in case of fall detection 
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7 Results 
 
The main aims of this thesis were to illustrate engineering requirements for platform, integrating 
health data and to conduct a study among people who are concerned about the topic of thesis 
(elderly). 

To achieve these goals, it was necessary to design system described in subsection 6.1 – project 
of e-Health platform that explores the vital life and activity of patient with focus on falling 
detection, stores collected data suitable for this purpose and contacts emergency services.  

The project originally covered the integration of two Arduino boards with measure sensors 
included and preparing communication between them using radio waves. Then, after achieving 
good results, the system was extended with external IT system consisting database of current 
and archive patient records, user interface on website for emergency services and remote IP 
camera view to monitor patient in hazardous situation. Thanks to the physical implementation 
of the project, it was possible to collect data needed to simulate fall detection (with informing 
of emergency services) in MATLAB environment. The simulation gave proper results and 
allowed to implement code into Arduino. This implementation gave similar results as it was 
expected.  

The above results gave the answers to the research questions mentioned in subsection 2.3.  

Integration of devices based on different standards, despite its complexity, enabled us to build 
required system. This involves editing the default code libraries, designing code to data 
exchange, simulating different patient states and predicting critical situations and their 
consequences. Combining various types of programmable languages allowed individual 
devices to interact with other system components. Thanks to flexibility of programming 
languages, we found the way how to integrate them into our specifications. It gave us the 
opportunity to build a system at a low cost, while maintaining stability and reliability. The 
solution described in paper also shows how important is positioning of the measuring sensors. 
The study allowed us to identify the best positions not only to get the best results but also to 
provide comfort to patient who would have them on his or her body. 

Human health is influenced by many factors that need to be monitored. Due to the limited 
amount of digital inputs and outputs provided by universal Arduino boards, the designed system 
is limited to monitor and to analyse basic life functions such as fall sensor, temperature sensor 
and pulse sensor. The theoretical study allowed to identify different patient states and to define 
if immediate support or additional observation is needed. 

In order to obtain the opinion of elderly about the built system and similar, it was able to conduct 
a survey during one of the university lectures addressed to the elderly. In the break between 
lectures, many volunteers filled the questionnaire, and thanks to them, we met their opinion 
directly. The survey results are described in Chapter 5. 
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8 Conclusion 
 
The above thesis enabled us to better understand the problems related to the remote monitoring 
of elderly health as well as it brings us closer to the problems met by engineers which design 
such devices.  
The elderly’s opinion about such devices, their unwillingness and negative attitude at first 
glance seemed unreasonable, but with a longer conversation we managed to understand their 
point of view. Despite the advantages of these products’ group, they also bring discomfort, lack 
of independence and helplessness feeling.  We hope that this opinion will change over time as 
well as old people will find out that it does not detract from their dignity and on the contrary – 
it will allow us to increase their safety and in some cases – extend their life time, which can be 
spent with the family in peace and love atmosphere, enjoy their closeness and raising 
grandchildren. 
Integration problems have been appeared in the work since the very beginning of building and 
programming of the device. We learned how important is the design stage and taking into 
account many different factors.  Due to fact, that factors influencing device selection were their 
price and their simplicity, the selected device does not work in the commercial version of the 
device.  But for test purposes it was a great choice of solution. 
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9 Future work 
 
The prototype system is not the final product – it can be classified as an example of product 
which shows problems with integration of devices needed to build advanced control station. 
The project can be developed and improved in several directions. The first is to continue 
studying requirements for similar systems and use other possible solutions described in 
theoretical part of paper work or based on current technological development to compare their 
functionality. Another idea for developing the topic could be the implementation of GPS 
module and distance sensors allowing to build map of the room where patient is located and 
determining safe distance from obstacles and furniture. What is more, thanks to the 
development of technology, this device would not have been any longer used at home only, but 
in every place in the world. The work could be also developed towards miniaturization device 
and extend its functionality with additional sensors by changing universal Arduino boards to 
programmable microprocessor e.g. Atmega. 
As creators, we hope that this paper work becomes an inspiration for anyone to continue 
research and to help people in need. 
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12 Appendices 
 
File name: Description 
Filters_comparation.m Measured data filtering, code in m-file (Matlab R2014) 
Falling_down_detection.m Simulation of transition detection, code in m-file (Matlab 

R2014) 
Data_1.xls Measured data (pure) from Accelerometer and Gyroscope in 

excel file with all conversions (Excel 97-2003) 
Data_2.zip Package of data used with falling down simulation (Excel 

97-2003, zipped) 
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