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Abstract. This paper presents the study and the development of a tele-
monitoring system with the aim to support elderly people living alone. The  
intent of our new system is to permanently connect the elderly with their  
relative and caregivers. The tele-monitoring system allows to continuously 
monitoring the subjects as they were in a hospital and, in case of anomalies in 
the health state, automatically share and alarm to caregivers and relatives. The 
continuous monitoring is done using two different sub-systems: wearable sen-
sors for biomedical data collection and infrared video cameras for fall detection.  
The main goal of this study is to develop and test the system prototype not  
only from a functional point of view, but also from the user acceptability and 
usability point of view. For this reason this studies was based on a parallel de-
velopment of acceptability and technical issues; this allows to create an ad-hoc 
tele-monitoring system for elderly,  
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1 Introduction 

Data from Eurostat estimations [1] shows that European population is constantly and 
progressively aging; in 2012 there are four people in working age for every over 65s; 
and the prediction shows that they become two in 2060; in 260 the overs-65s is pre-
dicted to reach more than 42% of population [2]. These aspects cause an increase in 
the cost the National Sanitary System has to face; in the last 15 years, the health 
spending has grown more than twice the Gross Domestic Product (GDP), with an 
average hospitalization cost for one day which amount to 674€ [3]. With this trend  
in aging population and costs rising, it is easy to expect a collapse of the National 
Sanitary System. For these reason many countries are trying to find alternatives and 
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strategies based on early de-hospitalization and tele-medicine with the aim to reduce 
costs. Thus many applied research projects focused on home care services based on 
Information Communication Technology (ICT) systems have been carried out 
[4][5][6]. Contrarily to other studies, this work targets to develop and test few proto-
types not starting from the technology point of view, but from the users. 

This kind of systems have the goal of monitoring people, for this reason the human 
component is fundamental and can not be forgotten during the design of the project; 
moreover accessibility and acceptability issues of technological system in healthcare 
are mandatory for success. As Norman [7] said we are now in a mature phase of tech-
nology where product has to shift from a technology centered to a user perspective.  

Design can offer several tools to develop technological systems which can be handle 
by users with special needs; furthermore, if the systems include house interactive envi-
ronment for non-invasive support, an ergonomic approach to design domestic context 
integrated by technology can solve several problems related to the use of that kind of 
system by people for whom technology could be a big barrier (social inclusion). 

Therefore, the MAMMA (Multimodal Ageing Monitoring and Assistance) project, 
co-founded by Lombardy Region (Italy) and involving companies, university and 
health care provider, develops a tele-monitoring system for elderly people to support 
autonomously living at their homes with a top-down approach starting from accepta-
bility and usability evaluation of the system, the products and the interfaces between 
humans and devices. 

We can summarize the project objective with the following points: 
 

• Low invasively; the measurement has to be efficient and reliable, but it has to be 
invisible in order to be easily used during daily activity; 

• High accuracy in order to read all the possible anomalies (cardiac problem and fall 
event); 

• Plasticity; the system can be adapted to different environment configuration (space 
flat, two-rooms flat…) and different users; 

• Easy to use and learn; 
• Connected; the system has to be connectable with different communication system 

in order to send alarm to caregivers and relatives. 
• Low cost. 

2 The Monitoring System 

The project starts with the aim of monitoring elderly people in their home environ-
ment. Many studies show that elderly are subjected to many risk [8][9], from fall to 
heart complication. In order to record all this different situation, the system needs to 
be a multi-parametric filter. Our system is so composed by two main parts:  

• Videocameras for fall detection; 
• Wearable garment or patch for biomedical data recording. 

The first subsystem was developed by Flextronics Design srl and it is composed by a 
patch which collects biomedical data (ECG, body movement, respiration) with the 
aim to detect heart complications. 
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The biomedical wearable device, as shown in fig. 1, is composed by four parts: 

• ECG Patch 
• Bluetooth Sensor Node 
• Gateway receiver 
• Server 
 

 

Fig. 1. Diagram of the entire system 

The first part consists in the sensitive part: it is composed by the wearable conduc-
tive adesive patch and the ECG amplifier. The patch has two electrodes and an  
adesive part and can be easily attached to the skin as a normal plaster. The amplifier is 
made by flexible circuit in order to have high wearability and comfort, and it is  
connected to the patch with four snap button which allow for securely fit the  
device avoiding noise and interference during ECG signal recording due to device 
unintended movements. 

The acquired ECG signal is transmitted to the second part which consist of the  
Device Node. The Device Node, because of the dimension, has a bigger battery than 
the ECG smart patch so that can be used to transmit the entire acquired signal to the 
gateway via bluetooth. As shown in figure 1, the ECG smart patch communicate with 
de Device Node via RF connection that is low power in order to save battery con-
sumption; the Device Node instead communicate with the gateway with standard 
BluetoothTM 2.0. The node has to be dressed trough a band or has to be placed at a 
maximum distance of two meters from the Smart Patch. The gateway, depending on 
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whether the elder is in the house or outside, can be a computer or a bluetooth enabled 
smartphone. The Gateway process signals in order to extract features that can be used 
by the local intelligence to generate alarms that will be sent to the remote assistant & 
health management. 

The gateway provides also access to data and sanitary services through an ad hoc 
console with different interaction levels according to the different users: elderly 
people, relatives, caregivers… 

The second subsystem consists of the video monitoring system for fall detection. It 
consists in a variable number of cameras (that can be webcams or IP-cameras) con-
nected to ethernet (or power over ethernet adapter if ethernet or wifi is not present) to 
a gateway which in this case is a dedicated PC. The intelligence work locally on this 
gateway and, analyzing the picture recorded in the house, is able to extract informa-
tion on the presence of a subject in the room, and communicate an alarm to the assis-
tant & health management over internet. Figure 2 shows in three pictures the capabili-
ty of the video subsystem to recognize the presence of a body in the room and verify 
if the subject has fallen. 

Both the subsystem are invasive because the wearable subsystem has to be directly 
in contact with the skin, dressed everyday all the day, while the video subsystem 
record every instance in the room. 

Fo this reason, we conduct a parallel development of acceptability and technical is-
sues in order to allow to tune tele monitoring system on elderly physiological and 
social needs according to User Centered Design principles. 
 

 

Fig. 2. A. Input image of the camera, B. Processed image, C. Processed image in case of fall 
detection and generated alarm. 

3 Methodology 

As described in the previous chapter, the parallel development has been conducted 
with the aim of a user centered design. In our hypothesis, if it is possible to provide 
technologies to elderly people and if they accept them, then it will be easy to use it for 
environment and social improvements. For this reason we focus the first part of the 
research on usability [10] and acceptability [11] evaluation.  

The first study has been conducted on elderly people in small protected apartments 
in the Oasi San Gerardo, located in Monza (Italy).  

The study goal is to collect information about the real user needs and at the same 
time, check acceptability. Since this study as been conducted in the first stage of the 
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optimize the performances and the reliability of the wearable platform, improving RF 
communication, power consumption and the usability of the relevant sensors (smart 
patch and device node). A dedicated activity has been performed on ID/User Interface 
with the aim of choosing the most comfortable material and the best technology to be 
used for better wearability and end user usability. 

During the hardware and software development, algorithms for signals and video 
analysis have been design; these algorithms extract some features from signals and 
video which can be used to generate alarms. The alarms are generated by the gateway 
locally (both on personal computer if the aged subject is in the home, and on android 
based smartphone if the subject is outside). The generated alarms are than sent to the 
Server that is part of the remote assistant & health management service. 

After this development phase, the project has been carried out through three  
different functional tests. 

The first one has been conducted by technicians in the Oasi San Gerardo on two 
subject to test the wearable system. 

This test has been realized using a Smart Patch, a Device Node, an android  
smartphone as gateway, The test has been attended by two elderly, a 92 years old 
healthy male who lives with his younger wife take care of him; a 82 years old widow 
with some ambulation problem due to the femur rupture six month earlier. Before the 
test technicians has explained to the elderly subject how to dress up the monitoring 
system. Figure 4 shows the quality of the signal acquired during the test with the 
smart patch.  

After checking the system work properly, the second test has been carried out on 
the gateway software. The software has been developed following the user require-
ments collected during the focus groups. For this reason there is a different user inter-
face depending on the user who uses the gateway. For this test we have used a  
PC-Gateway to collect signals and generate alarm. We also use a PC-based server and 
an other smartphone which simulate the relative smartphone for alarm receiving. The 
gateway allowed also to generate a false alarm in order to test the server and to verify 
the operation of the connection between the server and the relative mobile phone. 

Figure 4 shows the signal acquired during the test of the wearable monitoring sys-
tem in the PC-Gateway user interface for care givers.  

The last test has been conducted on the video monitoring system. This test has 
been divided in two parts:  

• a technical test in the STMicroelectronics laboratory; 
• a test in the Oasi San Gerardo with real user. 

The first test had the aim to verify the capability of the system, algorithm and intel-
ligence to generate alarm in case of fall detection. The test has been done using 34 
video files at a resolution of 1024x768 px and with a frame rate of 15 fps of fall oc-
curred in controlled environment. The files come from the Hannover Database [14]  

The algorithm and local intelligence in the PC-gateway has an accuracy of 93%. 
Table 1 reports the results of this test. 
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Fig. 4. PC-Gateway user interface 

Table 1. Test results on fall detection algorithm 

Numbers of falls in the used video 15 

True positive fall detected 14 

False positive fall detected 2 

False negative fall not detected 1 

Precision of the fall detection algorithm 93.3% 

 
The test on real users has been carried out in three rooms of the Oasi San Gerardo. 

The three room are respectively a studio flat, a two-room flat and a big common 
room. Testing the system in this three different room allow us to try different type  
of cameras (Webcam Logitech C905, Network STMicroelectronics Camera and  
Axis M1011 Network camera) with different configuration. In the studio flat we use a 
single two Logitech Webcam cameras (because forniture hide a part of the room). 
Figure 5 shows the image from the image camera configuration. 

4 Results 

As shown in previous chapter in this studies two different kind of research have been 
carried on: an ergonomic study and a technological studies.  

The results after the ergonomic study show a reluctance on the part of elderly to 
adopt a system that can help them to prevent accident and call for help. If the subject 
have no cardiac problem, he/she refuses to use wearable monitoring system; the same  
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thing happens for fall monitoring, it the aged subject never had falling episode, they 
don’t want to install such system in their apartment. 

For example, after the final focus group, only two over 20 elderly accept the entire 
system, 7 of the could accept the system only if personalized (wearable device weara-
ble in a different way, different monitoring eg. temperature…). 

The subject prefer normal videocamera because the adoption of special forniture 
could be very difficult because of house’s different configurations. 

Contrarily to what was expected, all the subject show no problems using video sur-
veillance devices that record images of their daily life. 

Regarding the wearable system, the answer reported during the focus group high-
light a small preference for the smart patch respect to the smart t-shirt/bra; the  
subjects prefer something easy to dress and which do not affect everyday life (the 
subjects do not need to change their garment). 

The technological studies show a good performance an reliability of the wearable 
monitoring system; the quality of the single led ECG signal is good enough to extract 
HR easily. The subjects who tested the wearable device had no difficulty wearing  
the patch. However the test lasted only few days was and the wearability should be 
verified also on a longer time period. 

Regarding the tele-monitoring system we verified that one camera per room is gen-
erally enough, through more cameras it is possible to reach higher precision since the 
algorithm has detection difficulties when the subject falls in front of the camera. 

An accelerometer integrated in the wearable device and connected with the camera 
could be applied to improve the accuracy of the system and could be used to detect 
falling accidents also outside the home. 

5 Conclusion 

The technical goal regarding the capability of the camera system to detect falling 
accidents and the capability of the patch to collect and send biomedical data has been 
reached and verified in real environment, although the caparison and integration of 
the two different data sets is much more difficult. 

We also verified that elderly people preferences cannot be given for granted and it 
is very important to apply specific user research techniques in each project involving 
this user group. 

The integration of early acceptability tests and subsequent technical development 
allowed to chose adequate solutions and tune the tele-monitoring system on elderly 
physiological and social needs according to User Centered Design principles realizing 
prototypes fully accepted by users. 

Further researches will be needed to scale the system in modular parts according to 
users specific need and to face practical problem as the integration of ICT in existing 
home. 
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