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1.  Execut ive  summary

This document introduces the hardware and software specification within the Robot

project regarding the AmI infrastructure

Deliverable D3.1 is the first outcome of Task T3.1

implementation” of WP3 and provides a

infrastructure modules. This work package

Infrastructure) and the corresponding high

awareness capabilities, by the information dynamically collected from the robots and 

devices. 

This document describes step by step the adopted strategy to implement th

from the study of application scenarios a suitable set of sensors has been defined. The 

target was to implement a Wireless Sensors Network (WSN) based on ST devices. A 

modular approach has been adopted (radio board + sensors board) to have 

system.  
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Execut ive  summary 

introduces the hardware and software specification within the Robot

infrastructure. 

Deliverable D3.1 is the first outcome of Task T3.1 “Physical layer design and 

and provides a report on the implementation of the AmI 

. This work package aims to develop an AmI (Ambient Intellige

and the corresponding high-level services, able to provide a context 

awareness capabilities, by the information dynamically collected from the robots and 

This document describes step by step the adopted strategy to implement th

from the study of application scenarios a suitable set of sensors has been defined. The 

target was to implement a Wireless Sensors Network (WSN) based on ST devices. A 

modular approach has been adopted (radio board + sensors board) to have 

Report on the implementation of 

AmI infrastructure modules] 

Page 4 of 

29 

 

introduces the hardware and software specification within the Robot-Era 

Physical layer design and 

eport on the implementation of the AmI 

an AmI (Ambient Intelligence 

level services, able to provide a context 

awareness capabilities, by the information dynamically collected from the robots and 

This document describes step by step the adopted strategy to implement the AmI. Starting 

from the study of application scenarios a suitable set of sensors has been defined. The 

target was to implement a Wireless Sensors Network (WSN) based on ST devices. A 

modular approach has been adopted (radio board + sensors board) to have a more flexible 
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2.  Introduct ion

This Deliverable focuses on the hardware design and installation of the AmI infrastructure in 

the experimental settings: living laboratories, outdoor and public spaces, private houses, 

halls and condominiums. While

with an AmI hardware infrastructure 

the Robot-Era Services; in addition,

design and installation. 

The hardware infrastructure will be designed and developed as a modular solution (different 

types of modules) to allow distribute sensing and actuation in the environment and to 

sustain communication on the wireless and wired networks, integrated 

pervasive infrastructure. This modular solution will simplify the deployment of different, but 

compatible solutions in the different experimental settings used in Robot

software point of view, this solution will be integrate

gateways, as discussed in deliverable D7.1.

The services for satisfying requirements defined by elderly people

application scenarios in real daily life 

that document, robots are

environment realized as a Wireless 

Previous research projects developed robots integrated in Smart Environments as explained 

briefly below, but they are ba

environment. 

The FP7 project KSERA (Knowledgeable 

artificial cognitive system with decision making capabilities, those analysing the real life 

situations happening in the persons’ home and neighbourhood/environment and a Socially 

Assistive Robot, capable to exchanged information with KSERA system. 

improve the quality of life of elderly people

Pulmonary Disease, through the interaction

a commercial robot developed by Aldebaran Robotics.

 

The FP7 project Florence (Multi Purpose Mobile Robot for Ambient Assisted Living

to improve the well-being of elderly 

services and a general-purpose mobile robot platform, supporting lifestyle and AAL services 

in Coaching, Social Interaction and Safety domains. The Florence 

robot is a wheel-based, 1,5 meter heigh
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Introduct ion 

the hardware design and installation of the AmI infrastructure in 

the experimental settings: living laboratories, outdoor and public spaces, private houses, 

halls and condominiums. While living laboratories in Italy and Sweden are already provided 

with an AmI hardware infrastructure they still need minor refinements and adaptations for 

; in addition, the other experimental settings require a complete 

The hardware infrastructure will be designed and developed as a modular solution (different 

types of modules) to allow distribute sensing and actuation in the environment and to 

sustain communication on the wireless and wired networks, integrated 

This modular solution will simplify the deployment of different, but 

compatible solutions in the different experimental settings used in Robot

software point of view, this solution will be integrated with the AmI middleware through 

gateways, as discussed in deliverable D7.1. 

for satisfying requirements defined by elderly people

application scenarios in real daily life came out from D2.2 [1]: in the view emerging from 

are conceived as services suppliers, integrated

Wireless Sensor Network (WSN).  

Previous research projects developed robots integrated in Smart Environments as explained 

, but they are based on integration between only one robot and indoor 

nowledgeable SErvice Robots for Aging) [2]

artificial cognitive system with decision making capabilities, those analysing the real life 

happening in the persons’ home and neighbourhood/environment and a Socially 

Assistive Robot, capable to exchanged information with KSERA system. 

life of elderly people, in particular those with

through the interaction between the elderly with COPD and

developed by Aldebaran Robotics. 

 
Figure 1 - Nao Robot 

Multi Purpose Mobile Robot for Ambient Assisted Living

being of elderly through the integration between 

purpose mobile robot platform, supporting lifestyle and AAL services 

in Coaching, Social Interaction and Safety domains. The Florence platform is 

based, 1,5 meter height, screen-based robot with no arms.
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the hardware design and installation of the AmI infrastructure in 

the experimental settings: living laboratories, outdoor and public spaces, private houses, 

living laboratories in Italy and Sweden are already provided 

need minor refinements and adaptations for 

the other experimental settings require a complete 

The hardware infrastructure will be designed and developed as a modular solution (different 

types of modules) to allow distribute sensing and actuation in the environment and to 

sustain communication on the wireless and wired networks, integrated in an intelligent 

This modular solution will simplify the deployment of different, but 

compatible solutions in the different experimental settings used in Robot-Era. From the 

d with the AmI middleware through 

for satisfying requirements defined by elderly people and the possible 

: in the view emerging from 

integrated in a smart 

Previous research projects developed robots integrated in Smart Environments as explained 

sed on integration between only one robot and indoor 

[2] aims to develop an 

artificial cognitive system with decision making capabilities, those analysing the real life 

happening in the persons’ home and neighbourhood/environment and a Socially 

Assistive Robot, capable to exchanged information with KSERA system. The project wants to 

those with Chronic Obstructive 

between the elderly with COPD and NAO Robot, 

Multi Purpose Mobile Robot for Ambient Assisted Living) [3] aims 

between Assisted Living (AAL) 

purpose mobile robot platform, supporting lifestyle and AAL services 

platform is a low-cost 

based robot with no arms. 
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The SRS project [4] aims to develop a semi

domestic environment to support elderly people, realizing an innovati

efficient system for personalized home care. In this project Care

composed by a mobile platform with a touch screen and a manipulator arm.

The CompanionAble project [

management of the care-recipient 

a smart home environment. 

people chronic cognitive disabilities focusing on 
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Figure 2 - Florence robot 

aims to develop a semi-autonomous and remotely

domestic environment to support elderly people, realizing an innovati

efficient system for personalized home care. In this project Care-O-bot II is used and it is 

composed by a mobile platform with a touch screen and a manipulator arm.

 
Figure 3 - Care-O-bot II 

The CompanionAble project [5] aims to support the cognitive stimulation and therapy 

recipient through the integration between a companion robot and 

a smart home environment. The project wants to improve the quality

chronic cognitive disabilities focusing on Social Interaction and Safety domains.
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autonomous and remotely-controlled robot in a 

domestic environment to support elderly people, realizing an innovative, practical and 

bot II is used and it is 

composed by a mobile platform with a touch screen and a manipulator arm. 

ive stimulation and therapy 

the integration between a companion robot and 

to improve the quality of life of elderly 

l Interaction and Safety domains. 
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The Echord ASTROMOBILE project

robotic mobile platform for indoor 

interface with the world and the 

elderly and non-self-sufficient people.

users in a domestic environment to help them in d

Reminder function for medication taking, Interactive Communication, objects transportation 

and etc. 

The Robot-Era project differs from the others, previously exposed, in the following aspects:

 

• Number of robots. In Robot

a Wireless Sensor Network.  The first is a domestic robot  that interacts with elderly 

people sharing the same domestic environment and supporting them in their daily 

activities as cleaning and objects transportation and manipulation. Th

condominium one that could move inside the indoor common space performing tasks as 

laundry support and food serving. Then the third one is an outdoor robot able to move 

autonomously in an outdoor environments as the historical center pe

support for elderly people or drugs and shopping delivery going from the pharmacy to 

user's home and vice versa. These three robots are able to localize themselves 
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Figure 4 - CompanionAble  Robot 

ASTROMOBILE project [6] aims to develop and demonstrate that a smart 

robotic mobile platform for indoor smart environments with an embodied bi

interface with the world and the users can be conceived to improve services useful for 

sufficient people. The ASTROMOBILE robot-assistant cooperates with 

environment to help them in daily life or working activities through 

ication taking, Interactive Communication, objects transportation 

 
Figure 5 - ASTROMOBILE Robot 

 

Era project differs from the others, previously exposed, in the following aspects:

Number of robots. In Robot-Era project we have three autonomous ro

a Wireless Sensor Network.  The first is a domestic robot  that interacts with elderly 

people sharing the same domestic environment and supporting them in their daily 

activities as cleaning and objects transportation and manipulation. Th

condominium one that could move inside the indoor common space performing tasks as 

laundry support and food serving. Then the third one is an outdoor robot able to move 

autonomously in an outdoor environments as the historical center pe

support for elderly people or drugs and shopping delivery going from the pharmacy to 

user's home and vice versa. These three robots are able to localize themselves 
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aims to develop and demonstrate that a smart 

environments with an embodied bi-directional 

users can be conceived to improve services useful for 

assistant cooperates with 

aily life or working activities through 

ication taking, Interactive Communication, objects transportation 

Era project differs from the others, previously exposed, in the following aspects: 

Era project we have three autonomous robots integrated in 

a Wireless Sensor Network.  The first is a domestic robot  that interacts with elderly 

people sharing the same domestic environment and supporting them in their daily 

activities as cleaning and objects transportation and manipulation. The second robot is a 

condominium one that could move inside the indoor common space performing tasks as 

laundry support and food serving. Then the third one is an outdoor robot able to move 

autonomously in an outdoor environments as the historical center performing walking 

support for elderly people or drugs and shopping delivery going from the pharmacy to 

user's home and vice versa. These three robots are able to localize themselves 
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anywhere, both indoor and outdoor environments, and at any time. Also they 

communicate and interact with each other and they are totally integrated in the WSN.

 

• Number and diversity environments. In Robot

environments, both indoor and outdoor, are involved. Among the indoor environmen

we can find elderly people's homes, the condominium with common space, the market, 

the pharmacy and etc. while among the outdoor environments we can find the historical 

center of the pilot site, the public park and etc. All these environments are covere

WSNs that interact with each other, with the three robot and with senior users.

 

The integration of three different types of

Robot-Era enables the provision

improving their Quality of Life

as the richness of the possible range of cooperation patterns that can be dynamically 

established between them, makes is difficult to employ or adapt 

described above, which were developed for simpler and more homogeneous settings. In 

order to provide Robot-Era with an adequate, flexible, expandable and 

infrastructure, we have decided to design a set of specific AmI w

this document describes the design criteria and the hardware design for these modules.

 

3.  Designing cr i ter ia  of  the AmI for  Robot

3 .1 .  App l i ca t i on  scenar ios

The design and development of the AmI infrastructure was a consequence of

of Robot-Era Project, in which first an exhaustive analysis of end

performed to identify the main needs to 

detailed structure of services related to those needs

a realistic and real experimenta

reflected all criteria to make possible the scenarios identified during the first tasks of WP2.

The main scenarios identified for the experi

agreed by the Robot-Era Consortium were:

� Cleaning (windows, WC, kitchen, dusting)  

� Garbage collection 

� Drugs and shopping delivery

� Walking support 

� Objects transportation and manipulation

� Additional tasks for communi

� Laundry support and food serving (condominium, 8

 

Below the description of these services is reported.

Cleaning: Lots of elderly users have difficulties with their joints making it hard for them to 

perform several domestic housekeeping tasks or they have afraid of doing them

cleaning windows or WC, dusting up the furniture or under the sofa. For t

Domestic Robot should be equipped with 

allow to open cans or to take down objects from the top of a shelf.

made by the Domestic Robot, the domestic accidents decrease, considering the big concern 

of the risk of falls. 
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anywhere, both indoor and outdoor environments, and at any time. Also they 

communicate and interact with each other and they are totally integrated in the WSN.

Number and diversity environments. In Robot-Era project several and diversity 

environments, both indoor and outdoor, are involved. Among the indoor environmen

we can find elderly people's homes, the condominium with common space, the market, 

the pharmacy and etc. while among the outdoor environments we can find the historical 

center of the pilot site, the public park and etc. All these environments are covere

WSNs that interact with each other, with the three robot and with senior users.

different types of robots and of different smart environments

Era enables the provision of a wide range of services to support elderly 

Quality of Life. However, the diversity of robots and environments, as well 

as the richness of the possible range of cooperation patterns that can be dynamically 

established between them, makes is difficult to employ or adapt the previous solutions 

described above, which were developed for simpler and more homogeneous settings. In 

Era with an adequate, flexible, expandable and 

infrastructure, we have decided to design a set of specific AmI wireless modules. The rest of 

this document describes the design criteria and the hardware design for these modules.

Designing cr i ter ia  of  the AmI for  Robot

App l i ca t i on  scenar ios  

The design and development of the AmI infrastructure was a consequence of

Era Project, in which first an exhaustive analysis of end

performed to identify the main needs to deal with during the Project [1 

detailed structure of services related to those needs was conceived to concretely implement 

a realistic and real experimentation. As a matter of fact, the AmI design and development 

reflected all criteria to make possible the scenarios identified during the first tasks of WP2.

The main scenarios identified for the experimental phases during the WP2’s tasks and 

Era Consortium were: 

Cleaning (windows, WC, kitchen, dusting)   

Drugs and shopping delivery 

Objects transportation and manipulation 

Additional tasks for communication and monitoring 

Laundry support and food serving (condominium, 8th floor common area).

Below the description of these services is reported. 

Lots of elderly users have difficulties with their joints making it hard for them to 

l domestic housekeeping tasks or they have afraid of doing them

cleaning windows or WC, dusting up the furniture or under the sofa. For t

obot should be equipped with a mechanical arm that support these tasks or 

take down objects from the top of a shelf. If the housework are 

made by the Domestic Robot, the domestic accidents decrease, considering the big concern 
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anywhere, both indoor and outdoor environments, and at any time. Also they are able to 

communicate and interact with each other and they are totally integrated in the WSN. 

Era project several and diversity 

environments, both indoor and outdoor, are involved. Among the indoor environments 

we can find elderly people's homes, the condominium with common space, the market, 

the pharmacy and etc. while among the outdoor environments we can find the historical 

center of the pilot site, the public park and etc. All these environments are covered by  

WSNs that interact with each other, with the three robot and with senior users. 

smart environments in 

a wide range of services to support elderly people, while 

However, the diversity of robots and environments, as well 

as the richness of the possible range of cooperation patterns that can be dynamically 

the previous solutions 

described above, which were developed for simpler and more homogeneous settings. In 

Era with an adequate, flexible, expandable and effective AmI 

ireless modules. The rest of 

this document describes the design criteria and the hardware design for these modules. 

Designing cr i ter ia  of  the AmI for  Robot-Era 

The design and development of the AmI infrastructure was a consequence of the first phase 

Era Project, in which first an exhaustive analysis of end-users’ needs was 

deal with during the Project [1 D2.1] and then a 

d to concretely implement 

tion. As a matter of fact, the AmI design and development 

reflected all criteria to make possible the scenarios identified during the first tasks of WP2. 

mental phases during the WP2’s tasks and 

floor common area). 

Lots of elderly users have difficulties with their joints making it hard for them to 

l domestic housekeeping tasks or they have afraid of doing them such as 

cleaning windows or WC, dusting up the furniture or under the sofa. For this reason, the 

that support these tasks or 

If the housework are 

made by the Domestic Robot, the domestic accidents decrease, considering the big concern 
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Garbage collection: Often elderly

and throwing it could be a difficult task

garbage bag and he/she places it in the glove of the Domestic Robot. The Domestic Robot 

takes away from house the garbage bag and it gives it t

out the building. Here the Condominium Robot

Robot and the Outdoor Robot carries the garbage until the dustbin. 

 

Drugs and shopping delivery

drugs in the case that the users have a limited mobility.

pharmacy or the market and orders what he/she needs. 

places the pocket in the glove of the Outdoor Robot that 

the user lives. Here the drugs/shopping are taken by the Condominium Robot that moves 

until elderly person's flat where Domestic Robot takes the pocket and it gives it to the user.

In case of an absolute autonomous shopp

buys the right products by a camera. 

difficulty walking, he/she would like to go shopping together with the Outdoor Robot that 

carries the bags during the way.

 

Walking support: It is important that the elderly feel safe bo

home. During the night the user could get out of the bed to go to the bathroom and in such 

circumstance often elderly person falls. The Domestic Robot could sup

switching on/off the lights when he/she is walking to the bathroom. 

Instead in outdoor environment elderly person wears some wearable sensors. One kind of 

sensors monitors physiological signals as ECG, heart rate and breathing rate, and thes

information are sent to a smartphone by Bluetooth and the smartphone to the central 

server by 3G. Another wearable

an accelerometer to control 

and an alert message can be sent

 

Figure 6 – The user monitored by wearable sensors on the move and interconnected with social and 
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elderly people have difficulty walking so taking out the garbage 

be a difficult task. In this scenario elderly person 

garbage bag and he/she places it in the glove of the Domestic Robot. The Domestic Robot 

takes away from house the garbage bag and it gives it to the Condominium Robot that

out the building. Here the Condominium Robot delivers the garbage bag to the Outdoor 

Robot and the Outdoor Robot carries the garbage until the dustbin.  

Drugs and shopping delivery: Sometimes elderly people need home deli

drugs in the case that the users have a limited mobility. In this scenario the user 

pharmacy or the market and orders what he/she needs. The pharmacist/ shop assistant 

places the pocket in the glove of the Outdoor Robot that carries it until 

. Here the drugs/shopping are taken by the Condominium Robot that moves 

where Domestic Robot takes the pocket and it gives it to the user.

In case of an absolute autonomous shopping function the user could control that the robot 

buys the right products by a camera. Instead in case of the elderly person doesn't have 

, he/she would like to go shopping together with the Outdoor Robot that 

way. 

It is important that the elderly feel safe both inside home and outside 

During the night the user could get out of the bed to go to the bathroom and in such 

circumstance often elderly person falls. The Domestic Robot could sup

switching on/off the lights when he/she is walking to the bathroom.  

in outdoor environment elderly person wears some wearable sensors. One kind of 

sensors monitors physiological signals as ECG, heart rate and breathing rate, and thes

information are sent to a smartphone by Bluetooth and the smartphone to the central 

wearable sensor is composed by a GPS module,

 posture and falls. These data are sent to the server

can be sent to the family or clinicians in case of needs.

ser monitored by wearable sensors on the move and interconnected with social and 

medical services. 
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o taking out the garbage 

. In this scenario elderly person prepares the 

garbage bag and he/she places it in the glove of the Domestic Robot. The Domestic Robot 

o the Condominium Robot that goes 

delivers the garbage bag to the Outdoor 

home delivery for shopping or 

In this scenario the user calls the 

The pharmacist/ shop assistant 

carries it until the building where 

. Here the drugs/shopping are taken by the Condominium Robot that moves 

where Domestic Robot takes the pocket and it gives it to the user. 

ing function the user could control that the robot 

Instead in case of the elderly person doesn't have 

, he/she would like to go shopping together with the Outdoor Robot that 

th inside home and outside 

During the night the user could get out of the bed to go to the bathroom and in such 

circumstance often elderly person falls. The Domestic Robot could support the user 

in outdoor environment elderly person wears some wearable sensors. One kind of 

sensors monitors physiological signals as ECG, heart rate and breathing rate, and these 

information are sent to a smartphone by Bluetooth and the smartphone to the central 

GPS module, to locate the user, 

sent to the server via GPRS 

in case of needs. 

 

ser monitored by wearable sensors on the move and interconnected with social and 



 

 

File name: Robot-Era_WP3_D3.1_rev

Leader contractor: ST-I 

Participant contractors: SSSA, OR

Objects transportation and manipulation

TV on the sofa and he is thirsty, so he/she calls the Domestic Rob

go to the kitchen to take a glass of water. 

takes, through the mechanical arm, the bottle of water over the furniture and it goes back 

to the user. 

 

Additional tasks for communication a

don't live near enough one other for

screen, a microphone and internet connection

between the user and his family via video call. 

relationships and to feel less alone, and on the other hand, it allows family members to see 

and control their relative. Also the communication tool could be used by the user to ask help 

in case of need, calling a family member or a doctor. 

Monitoring is an important aspect to 

environmental. Some environmental variables such as external temperature, presence of 

toxic gases, and humidity level

and the presence of a moving 

these data to a home-PC via ZigBee. Also it’s possible to locate the enduser inside the home 

through ZigBee and pressure sensors which 

or lying in bed. Moreover, even

through a wearable sensor and data are sent

collected from the house sensors are

accessible to family members or clinicians.

Figure 8 
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Objects transportation and manipulation: for example in this scenario the user is watching 

TV on the sofa and he is thirsty, so he/she calls the Domestic Robot and he/she asks it to 

go to the kitchen to take a glass of water. The Domestic Robot goes to the kitchen and it 

takes, through the mechanical arm, the bottle of water over the furniture and it goes back 

Additional tasks for communication and monitoring: Often elderly people 

one other for seeing daily, so the Domestic Robot, 

a microphone and internet connection, becomes a useful way for the communication 

is family via video call. This helps elderly person

relationships and to feel less alone, and on the other hand, it allows family members to see 

. Also the communication tool could be used by the user to ask help 

case of need, calling a family member or a doctor.  

n important aspect to develop the AmI infrastructure is t

environmental variables such as external temperature, presence of 

toxic gases, and humidity level, lights status (on/off), doors/windows status (open/close)

the presence of a moving people are monitored through specific sensors

PC via ZigBee. Also it’s possible to locate the enduser inside the home 

sure sensors which detect if the elderly person is sitting

Moreover, even inside home physiological parameters

and data are sent to the home-PC via bluetooth

om the house sensors are sent to a central server via internet and they are 

to family members or clinicians. 

 – Sensor distribution in the home environment.
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for example in this scenario the user is watching 

ot and he/she asks it to 

The Domestic Robot goes to the kitchen and it 

takes, through the mechanical arm, the bottle of water over the furniture and it goes back 

people and their families 

, so the Domestic Robot, equipped with a 

, becomes a useful way for the communication 

person to keep social 

relationships and to feel less alone, and on the other hand, it allows family members to see 

. Also the communication tool could be used by the user to ask help 

develop the AmI infrastructure is the home 

environmental variables such as external temperature, presence of 

doors/windows status (open/close) 

monitored through specific sensors which send 

PC via ZigBee. Also it’s possible to locate the enduser inside the home 

elderly person is sitting on the sofa 

inside home physiological parameters are monitored 

bluetooth. All information 

internet and they are 

 

distribution in the home environment. 
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Figure 9 – Home connected to the social and medical service provider.

 

Laundry support and food serving

activities of daily life as doing the laundry or cooking their meals so AmI infrastructure helps 

to perform this tasks. For example the user selects the clothes and linen for the laundry and 

he/she them in the glove of the Domestic Robot. The Domestic Robot takes away from 

the laundry bag and it gives it to the 

building where the laundry is taken to be washed.

clothes and linen  are placed in the glove of the Condominium Robot that car

the user's flat and it gives laundry to the Domestic Robot. 

catering service brings the meal to the building where the user

to the Condominium Robot that takes 

3 .2 .  Ma in  fea tu res

The design of the AmI infrastructure in the Robot

and innovative, because it was conceived to jo

pervasive robotic technologies

in indoor and outdoor environments

the AmI infrastructure in the experimental settings: living laboratories, outdoor and public 

spaces, private houses, halls and condominiu

Domestic, Condominium and Outdoor robot. 

applications must work in a homogeneous  and efficient way for these reasons the 

infrastructure is characterized by the followin

• Reliability and Robustness

networks: Personal Area Network (

people, Local Area Network (LAN) that manages data inside user's home

pharmacy and condominium and Wide Area Network (WAN) that manages data in 

outdoor environments as the square of the village. These networks must communicate 

between them without losing data, the reliability and 

offering multiple communication routes for any message, rerouting messages if a device 

fails to ensure that all messages are received, and automatically switching to a new 

channel if wireless interference is detected.

for an efficient data transmission. 

• Flexibility and Modularity: 

compatible with the largest number of devices

For example the LAN network must 
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Home connected to the social and medical service provider.

Laundry support and food serving: Aging, elderly people have more difficult to perform the 

y life as doing the laundry or cooking their meals so AmI infrastructure helps 

to perform this tasks. For example the user selects the clothes and linen for the laundry and 

them in the glove of the Domestic Robot. The Domestic Robot takes away from 

the laundry bag and it gives it to the Condominium Robot that goes to 

the laundry is taken to be washed. Once the laundry was done, the washed 

clothes and linen  are placed in the glove of the Condominium Robot that car

the user's flat and it gives laundry to the Domestic Robot. Another example is that the 

catering service brings the meal to the building where the user lives and 

obot that takes it to the user's flat. 

a in  f ea tu res  

The design of the AmI infrastructure in the Robot-Era Project was particularly challenging 

and innovative, because it was conceived to join the gap between pervasive computing 

ogies to support services that were conceived to be provided both 

in indoor and outdoor environments. Robot-Era Project is conceived for the installation of 

the AmI infrastructure in the experimental settings: living laboratories, outdoor and public 

spaces, private houses, halls and condominiums and the cooperation between three robots: 

Domestic, Condominium and Outdoor robot. This heterogeneous set of devices and 

applications must work in a homogeneous  and efficient way for these reasons the 

is characterized by the following requirements: 

Robustness: In Robot-Era Project there are three levels of communication 

Area Network (PAN) that receives and manages data from elderly 

people, Local Area Network (LAN) that manages data inside user's home

pharmacy and condominium and Wide Area Network (WAN) that manages data in 

outdoor environments as the square of the village. These networks must communicate 

between them without losing data, the reliability and robustness must be guarantee

offering multiple communication routes for any message, rerouting messages if a device 

fails to ensure that all messages are received, and automatically switching to a new 

channel if wireless interference is detected. The latency also must be lower as p

for an efficient data transmission.  

Flexibility and Modularity: the various networks must be flexible enough to be able to be 

compatible with the largest number of devices which can be usable in several scenarios

For example the LAN network must be easily adaptable to the user's home and public 
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Home connected to the social and medical service provider. 

Aging, elderly people have more difficult to perform the 

y life as doing the laundry or cooking their meals so AmI infrastructure helps 

to perform this tasks. For example the user selects the clothes and linen for the laundry and 

them in the glove of the Domestic Robot. The Domestic Robot takes away from flat 

Robot that goes to 8th floor of the 

Once the laundry was done, the washed 

clothes and linen  are placed in the glove of the Condominium Robot that carries them to 

Another example is that the 

lives and it delivers the meal 

Era Project was particularly challenging 

in the gap between pervasive computing and 

nceived to be provided both 

Era Project is conceived for the installation of 

the AmI infrastructure in the experimental settings: living laboratories, outdoor and public 

ms and the cooperation between three robots: 

This heterogeneous set of devices and 

applications must work in a homogeneous  and efficient way for these reasons the AmI 

Project there are three levels of communication 

AN) that receives and manages data from elderly 

people, Local Area Network (LAN) that manages data inside user's home, supermarket, 

pharmacy and condominium and Wide Area Network (WAN) that manages data in 

outdoor environments as the square of the village. These networks must communicate 

must be guaranteed by 

offering multiple communication routes for any message, rerouting messages if a device 

fails to ensure that all messages are received, and automatically switching to a new 

The latency also must be lower as possible 

the various networks must be flexible enough to be able to be 

can be usable in several scenarios. 

be easily adaptable to the user's home and public 
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space as supermarket or pharmacy in case new areas must be covered.

technology allows to install devices 

where it is easiest to run control w

modular way in case new devices must be added for new scenarios and needs.

• Scalability: Wireless technology 

controller than wired ones, which makes wireless i

installations. The nature of 

extend the communication coverage of the network. And because devices are wireless, 

they can be placed in areas that were previously

access. 

• Self-properties such as self

networks must have the capabilities identify when a device is added: working out what 

type of device it is, where its neighb

network. These properties

devices with any operational environment

• Interoperability: different communication standards and protocols that operate a

different frequencies must be integrated to be able to communicate with other networks

• Security: Sensible data must be protected against unwanted intrusions whether physical 

or cyber systems. 

• Low Cost and Low Complexity: 

realization of the various networks is high but the diffusion of the wireless technology in 

the society will reduce costs in the future.

elderly people so the devices/applications must be in

 

3 .3 .  Used  t echno logy

The Robot-Era project aims to develop a plurality of complete advanced robotic services, 

integrated in intelligent environments, which actively works in real conditions and cooperate 

with real people and between t

and the efficiency of care for elderly people. In order to achieve this goal the integration of 

cooperative robots, which operate in domestic, condominium and outdoor environments, 

and of the AmI infrastructure, fully integrated in domestic and urban contexts, that 

facilitates the operations of robots, must be ensured. 

The peculiarity of the Robot

indoor and outdoor, and integrate them 

protocols determines  the interoperability between Robot

 

Robot-Era is composed by the following "subsystems":

• Personal area network (PAN)
handheld devices - such as mobile phones, smartphones

human body. It has a coverage range on the order of 10 m and it is characterized by 

Bluetooth and ZigBee standards. In the 

monitor the senior's physiological and movement data in indoor and outdoor 

environment. The physiological parameters

sends the information

information are obtained 
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space as supermarket or pharmacy in case new areas must be covered.

technology allows to install devices where they will provide maximum benefit instead of 

where it is easiest to run control wires. Also the networks must be designed in a 

in case new devices must be added for new scenarios and needs.

technology can support more devices over greater distances per 

controller than wired ones, which makes wireless ideal for multi-

installations. The nature of wireless networks means that simply adding new devices can 

extend the communication coverage of the network. And because devices are wireless, 

they can be placed in areas that were previously difficult, costly, or even impossible to 

such as self-management, self-healing and self

networks must have the capabilities identify when a device is added: working out what 

type of device it is, where its neighbours are, and what the best path is through the 

properties  are necessary to ensure the integration of the intelligent 

devices with any operational environment. 

different communication standards and protocols that operate a

different frequencies must be integrated to be able to communicate with other networks

Sensible data must be protected against unwanted intrusions whether physical 

Low Cost and Low Complexity: Robot-Era is a research project s

realization of the various networks is high but the diffusion of the wireless technology in 

the society will reduce costs in the future. Also it must be kept in mind that endusers are 

the devices/applications must be intuitive and userfriendly.

Used  t echno logy  

Era project aims to develop a plurality of complete advanced robotic services, 

integrated in intelligent environments, which actively works in real conditions and cooperate 

with real people and between them to favour independent living, improve the quality of life 

and the efficiency of care for elderly people. In order to achieve this goal the integration of 

cooperative robots, which operate in domestic, condominium and outdoor environments, 

I infrastructure, fully integrated in domestic and urban contexts, that 

facilitates the operations of robots, must be ensured.  

The peculiarity of the Robot-Era project is to collect data from a several 

indoor and outdoor, and integrate them so the choice of the standard communication 

the interoperability between Robot-Era subsystems.

is composed by the following "subsystems": 

ersonal area network (PAN) that refers to communication from and between small 
such as mobile phones, smartphones or PC, and sensors placed on the 

It has a coverage range on the order of 10 m and it is characterized by 

Bluetooth and ZigBee standards. In the Robot-Era project a PAN is 

senior's physiological and movement data in indoor and outdoor 

The physiological parameters are monitored by a wearable device

sends the information to a PC(indoor) or smartphon (outdoor) via

are obtained through a ZigBee network in indoor and
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space as supermarket or pharmacy in case new areas must be covered. Also wireless 

where they will provide maximum benefit instead of 

Also the networks must be designed in a 

in case new devices must be added for new scenarios and needs. 

can support more devices over greater distances per 

-room and multi-floor 

networks means that simply adding new devices can 

extend the communication coverage of the network. And because devices are wireless, 

difficult, costly, or even impossible to 

healing and self-configuration: the 

networks must have the capabilities identify when a device is added: working out what 

rs are, and what the best path is through the 

are necessary to ensure the integration of the intelligent 

different communication standards and protocols that operate at 

different frequencies must be integrated to be able to communicate with other networks 

Sensible data must be protected against unwanted intrusions whether physical 

Era is a research project so the cost for the 

realization of the various networks is high but the diffusion of the wireless technology in 

t must be kept in mind that endusers are 

tuitive and userfriendly. 

Era project aims to develop a plurality of complete advanced robotic services, 

integrated in intelligent environments, which actively works in real conditions and cooperate 

hem to favour independent living, improve the quality of life 

and the efficiency of care for elderly people. In order to achieve this goal the integration of 

cooperative robots, which operate in domestic, condominium and outdoor environments, 

I infrastructure, fully integrated in domestic and urban contexts, that 

Era project is to collect data from a several "subsystems", 

the choice of the standard communication 

Era subsystems. 

refers to communication from and between small 
, and sensors placed on the 

It has a coverage range on the order of 10 m and it is characterized by 

Era project a PAN is developed to 

senior's physiological and movement data in indoor and outdoor 

a wearable device that 

smartphon (outdoor) via bluetooth. Location 

and a GPS module in 
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outdoor, while the user’s posture is detected by an accelerometer and data are sent 

by ZigBee in indoor and GSM in outdoor.

 

Figure 10 

 

• Local area network (LAN)

It has a coverage range on the order of 100 m and it typically is characterized by 

WiFi standard. In the Robot

home and to help the Indoor and Condominium Robots to move and to int

the surrounding environment; in fact the Domestic Robot has to do some tasks as 

cleaning the house or to interact with the Condominium Robot for the delivery of the 

food or the laundry as described in " Application scenarios" paragraph.

Figure 

 

• Wide area network (WAN)

the order of 15 km and it 

WiMax standards. In the 

networks such as home environment, market shop, pharmacy and the town center 

and it helps the Outdoor to move inside the Peccioli pilot site

drugs and shopping delivery
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outdoor, while the user’s posture is detected by an accelerometer and data are sent 

by ZigBee in indoor and GSM in outdoor. 

10 – Pervasive services from the home to town. 

Local area network (LAN) is typically the network of devices pla

It has a coverage range on the order of 100 m and it typically is characterized by 

In the Robot-Era project a LAN is developed to monitor the status 

home and to help the Indoor and Condominium Robots to move and to int

the surrounding environment; in fact the Domestic Robot has to do some tasks as 

cleaning the house or to interact with the Condominium Robot for the delivery of the 

food or the laundry as described in " Application scenarios" paragraph.

Figure 11 – Home integrated in the condominium. 

ide area network (WAN) connect more networks together. It has a coverage range on 

the order of 15 km and it typically is characterized by GSM, GPRS, UMTS, LTE and 

WiMax standards. In the Robot-Era project a WAN is developed to

ch as home environment, market shop, pharmacy and the town center 

and it helps the Outdoor to move inside the Peccioli pilot site

rugs and shopping delivery scenario. 
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is typically the network of devices placed in small building. 

It has a coverage range on the order of 100 m and it typically is characterized by 

Era project a LAN is developed to monitor the status 

home and to help the Indoor and Condominium Robots to move and to interact with 

the surrounding environment; in fact the Domestic Robot has to do some tasks as 

cleaning the house or to interact with the Condominium Robot for the delivery of the 

food or the laundry as described in " Application scenarios" paragraph. 

 

It has a coverage range on 

is characterized by GSM, GPRS, UMTS, LTE and 

Era project a WAN is developed to connect more 

ch as home environment, market shop, pharmacy and the town center 

and it helps the Outdoor to move inside the Peccioli pilot site as described in the 
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Figure 

 

In Robot-Era project implement

environments is realized through the data flows coming from the different environments:
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Figure 12 – Interconnection with robotic agents. 

 

implementing a fully realistic and real experimental setup in urban and domestic 

is realized through the data flows coming from the different environments:
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real experimental setup in urban and domestic 

is realized through the data flows coming from the different environments: 
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Figure 1

 

The relevant standards and their main features 

 

ZigBee: ZigBee or IEEE 802.15.4 

proprietary standard. The low cost allows the technology to be widely deployed in wireless 

control and monitoring applications. T

smaller batteries because ZigBees 

mode in 15 msec or less and 

industrial, scientific and medical (ISM) radio bands; 868 MHz 

20kbps in Europe, 915 MHz 

and 2.4 GHz with the throughput rate of 250kbps

ZigBee coverage ranges from 10 to 75/100 m, depending on the conditions of the 

environment. 

Zigbee devices can operate in three modes:  

• ZigBee coordinator (ZC): the coordinator forms the root of the network tree and might 

bridge to other networks. There is exactly one ZigBee coordinator in each network since 

it is the device that started the network originall

network.  

• ZigBee Router (ZR): As well as running an application function, a router can act as an 

intermediate router, passing on data from other devices.

• ZigBee End Device (ZED): Contains just enough functionality to talk

(either the coordinator or a router); it cannot relay data from other devices. This 
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13 – Cloud solution for management of services.

and their main features are reported below. 

IEEE 802.15.4 is a low-cost, low-power, wireless mesh networking 

proprietary standard. The low cost allows the technology to be widely deployed in wireless 

ol and monitoring applications. The low power-consuption allows longer life with 

ecause ZigBees can sleep most of the time, going 

and the latency is lower than  Bluetooth. ZigBee operates in the 

industrial, scientific and medical (ISM) radio bands; 868 MHz with the throughput rate of 

 with the throughput rate of 40kbps in the USA and Australia, 

with the throughput rate of 250kbps in most jurisdictions worldwide. 

ZigBee coverage ranges from 10 to 75/100 m, depending on the conditions of the 

can operate in three modes:   

ZigBee coordinator (ZC): the coordinator forms the root of the network tree and might 

bridge to other networks. There is exactly one ZigBee coordinator in each network since 

it is the device that started the network originally. It stores information about the 

ZigBee Router (ZR): As well as running an application function, a router can act as an 

intermediate router, passing on data from other devices. 

ZigBee End Device (ZED): Contains just enough functionality to talk

(either the coordinator or a router); it cannot relay data from other devices. This 
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power, wireless mesh networking 

proprietary standard. The low cost allows the technology to be widely deployed in wireless 

allows longer life with 

 from sleep to active 

ZigBee operates in the 

with the throughput rate of 

in the USA and Australia, 

in most jurisdictions worldwide. The 

ZigBee coverage ranges from 10 to 75/100 m, depending on the conditions of the 

ZigBee coordinator (ZC): the coordinator forms the root of the network tree and might 

bridge to other networks. There is exactly one ZigBee coordinator in each network since 

y. It stores information about the 

ZigBee Router (ZR): As well as running an application function, a router can act as an 

ZigBee End Device (ZED): Contains just enough functionality to talk to the parent node 

(either the coordinator or a router); it cannot relay data from other devices. This 
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relationship allows the node to be asleep a significant amount of the time thereby giving 

long battery life. A ZED requires the least amount of memory, 

expensive to manufacture than a ZR or ZC.

In the Robot-Era project 

• Condominium building control as security, illumination control etc

• Home environment control

detection, electronic of consumption etc

• People monitoring as 

 

Wi-Fi : Wi-Fi is a trademark of the Wi

network (WLAN) devices based on the IEEE 802.11 stan

wired connection between sender and receiver

100mW as permitted maximum transmission power

30 m for indoor environments and 100m for outdoor enviro

are the reducing of the costs of network deployment and expansion

of outdoor areas and historical buildings

applications and devices support Wi

approved as "Wi-Fi Certified" (a registered trademark) by the 

interoperable with each other, even if they are from different manufacturers.

drawbacks are the high power consumption

In the Robot-Era project Wi

Orebro pilot site and  the Peccioli pilot site as the main square of the town.

WiMax: Worldwide Interoperability for Microwave Access (WiMAX) is a 

technology that allows Broadband Wireless Acc

works at 2.3–2.5 GHz and 3.4

advantage is the bigger coverage radius (up

realization of a new specific network

interest for WiMax, the implementation of new infrastructure was stopped, because  OF 

several factors, among whic

territory is limited. 

Bluetooth: Bluetooth or IEEE 802.15.1

primarily designed for low power consumption, with a short range based on low

transceiver microchips in each device. Bluetooth makes it possible for these devices to 

communicate with each other when they are in

called frequency-hopping spread spectrum, which chops up the data being sent and 

transmits chunks of it on up to 79 frequencies. Bluetooth provides a way to connect and 

exchange information between devices such as mobile phones, telephones, laptops, 

personal computers, printers, Global Positioning System (GPS) receivers, digital cameras, 

and etc through a secure, globally unlicensed Industrial, Scientific and Medical (ISM) 2.4 

GHz short-range radio frequency bandwidth.

power class of the device: up to 100 

at 1mW. The Bluetooth specifications are developed and licensed by the Bluetooth Special 

Interest Group (SIG). The Bluetooth SIG consists of companies in the areas of 

telecommunication, computing, networking, and consumer electronics. Bluetooth exists in 

many products, such as telephones, modems and headsets. The technology is useful when 

transferring information between two or more devices that are near each other in low

bandwidth situations. Two connectivity topologies are defined in

scatternet. A piconet is a wireless personal area network 

serving as a master in the piconet and on

frequency-hopping channel based on the address of the master

devices participating in communications in a given piconet are synchronized using the
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relationship allows the node to be asleep a significant amount of the time thereby giving 

long battery life. A ZED requires the least amount of memory, and therefore can be less 

expensive to manufacture than a ZR or ZC. 

Era project ZigBee standard is used for:  

Condominium building control as security, illumination control etc

Home environment control and monitoring as security, illumination 

, electronic of consumption etc 

People monitoring as localization inside home 

Fi is a trademark of the Wi-Fi Alliance that belong to a class of wireless local area 

network (WLAN) devices based on the IEEE 802.11 standards. It works

wired connection between sender and receiver at 2.4GHz with 108 Mbps

maximum transmission power. The Wi-Fi coverage ranges from 10 to 

for indoor environments and 100m for outdoor environments. The 

the costs of network deployment and expansion and the Wi

of outdoor areas and historical buildings where typically cables cannot be run

support Wi-Fi standard and Any products that are tested and 

Fi Certified" (a registered trademark) by the Wi-Fi Alliance

with each other, even if they are from different manufacturers.

the high power consumption and coverage limits. 

Era project Wi-Fi standard could be used to cover senior's

Orebro pilot site and  the Peccioli pilot site as the main square of the town.

Interoperability for Microwave Access (WiMAX) is a 

that allows Broadband Wireless Access, based on IEEE 802.16 standard

3.4–3.5 GHz with 70 Mbit/s maximum data rate. The main 

advantage is the bigger coverage radius (up to 15 km) than Wi-Fi, but the 

realization of a new specific network infrastructure. In Italy, after a period of 

, the implementation of new infrastructure was stopped, because  OF 

which the economic crisis, so now the coverage on the national 

or IEEE 802.15.1 is a standard and a communications protocol 

primarily designed for low power consumption, with a short range based on low

r microchips in each device. Bluetooth makes it possible for these devices to 

communicate with each other when they are in range. Bluetooth uses a radio technology 

hopping spread spectrum, which chops up the data being sent and 

hunks of it on up to 79 frequencies. Bluetooth provides a way to connect and 

exchange information between devices such as mobile phones, telephones, laptops, 

personal computers, printers, Global Positioning System (GPS) receivers, digital cameras, 

through a secure, globally unlicensed Industrial, Scientific and Medical (ISM) 2.4 

range radio frequency bandwidth. The radius coverage ranges depending on the 

: up to 100 m at 100mW, up to 10 m at 2.5mW and up to 10 

The Bluetooth specifications are developed and licensed by the Bluetooth Special 

Interest Group (SIG). The Bluetooth SIG consists of companies in the areas of 

telecommunication, computing, networking, and consumer electronics. Bluetooth exists in 

ny products, such as telephones, modems and headsets. The technology is useful when 

transferring information between two or more devices that are near each other in low

Two connectivity topologies are defined in Bluetooth: the piconet

wireless personal area network formed by a Bluetooth device 

piconet and one or more Bluetooth devices serving as slaves. A

hopping channel based on the address of the master defines each 

communications in a given piconet are synchronized using the
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relationship allows the node to be asleep a significant amount of the time thereby giving 

and therefore can be less 

Condominium building control as security, illumination control etc 

security, illumination control, toxic gas 

Fi Alliance that belong to a class of wireless local area 

dards. It works with no physical 

at 2.4GHz with 108 Mbps bandwidth and 

coverage ranges from 10 to 

. The advantages of Wi-Fi 
and the Wi-Fi coverage 

where typically cables cannot be run. many 

Fi standard and Any products that are tested and 

Fi Alliance are certified as 

with each other, even if they are from different manufacturers. While the main 

senior's user home, the 

Orebro pilot site and  the Peccioli pilot site as the main square of the town. 

Interoperability for Microwave Access (WiMAX) is a transmission 

ess, based on IEEE 802.16 standard. It 

maximum data rate. The main WiMax 

Fi, but the drawback is the 

In Italy, after a period of really strong 

, the implementation of new infrastructure was stopped, because  OF 

the coverage on the national 

is a standard and a communications protocol 

primarily designed for low power consumption, with a short range based on low-cost 

r microchips in each device. Bluetooth makes it possible for these devices to 

. Bluetooth uses a radio technology 

hopping spread spectrum, which chops up the data being sent and 

hunks of it on up to 79 frequencies. Bluetooth provides a way to connect and 

exchange information between devices such as mobile phones, telephones, laptops, 

personal computers, printers, Global Positioning System (GPS) receivers, digital cameras, 

through a secure, globally unlicensed Industrial, Scientific and Medical (ISM) 2.4 

The radius coverage ranges depending on the 

at 2.5mW and up to 10 cm 

The Bluetooth specifications are developed and licensed by the Bluetooth Special 

Interest Group (SIG). The Bluetooth SIG consists of companies in the areas of 

telecommunication, computing, networking, and consumer electronics. Bluetooth exists in 

ny products, such as telephones, modems and headsets. The technology is useful when 

transferring information between two or more devices that are near each other in low-

Bluetooth: the piconet and 

formed by a Bluetooth device 

Bluetooth devices serving as slaves. A 

defines each piconet. All 

communications in a given piconet are synchronized using the clock 
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of the master. Slaves communicate only with their master

the control of the master. The

to multipoint. Also, besides in an active mode, a slave device can

standby modes so as to reduce power

operational Bluetooth piconets overlapping in time and 

connected to form a scatternet. A Bluetooth

the same time, thus allowing for the possibility that information could flow

coverage area of the single piconet. A device in a
piconets, but master in only one of them.

Standard Zigbee

IEEE spec. 802.15.4

Frequency band 868/915 MHz; 2.4 

GHz

Max signal rate 250 Kb/s

Nominal range 10 - 100 m

Channel bandwidth 0.3/0.6 MHz; 2 MHz

Power Consumption Very low

 

GSM: GSM is an abbreviation of Global S

known as Group Special Mobile. It is mobile telephony system that sets the standards on 

how mobile telecommunications work. It encompasses everything in reference to mobile 

communications. The digital standa

1G, first generation), for its

quality transmission and new services with enhanced features including security. Finally, 

since GSM is purely digital, it can easily interface with existing networks like Integrated 

Services Digital Network (ISDN).

it operates in the 1800-Mhz and is known as GSM DCS 1800.

key features of the GSM are:

• International roaming – This feature lets the user to use the mobile phone and

in countries who operates a GSM network worldwide.

• Sound Quality – With digital, sound quality is much better than the existing

cellular technology. The sound quality is

• High security level – Everything that is send through the digital network is safe

secure. 

• Great convenience – With a digital technology, there is also a better battery life,this 

means that the talk time is doubled for each

technology. Also, the digital service handles more calls at any one time.

• New services, such as call holding, call forwarding, Short Message Service (SMS),Fax 

Service. 

A GSM network can be divided into three parts. 

• Mobile Station (MS) 

• Base Station Subsystem (BSS) 

• Network Subsystem 

 

GPRS: GPRS is an enhancement to the GSM mobile communications system that supports

data packets. GPRS is a packet

the user spends most of the t

necessary. GPRS enables a continuous flow of IP data packets

applications as Web browsing and file transfer. GPRS is also

overlay network provides packet data transport at rates from 9.6 to 171kbps. Additionally, 
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master. Slaves communicate only with their master in a point-to

the control of the master. The master’s transmissions may be either point

Also, besides in an active mode, a slave device can 

standby modes so as to reduce power consumptions. A scatternet is a collection of 

Bluetooth piconets overlapping in time and space. Two

connected to form a scatternet. A Bluetooth device may participate in several piconets at 

thus allowing for the possibility that information could flow

coverage area of the single piconet. A device in a scatternet could be a slave in several 
only one of them. 

Zigbee Wi-FI Bluetooth

802.15.4 802.11a/b/g 802.15.1 

868/915 MHz; 2.4 

GHz 

2.4 GHz; 5 GHz 2.4 GHz 

250 Kb/s 54 Mb/s 721Kbit/s-10Mbit/s

100 m 100 m 10 m 

0.3/0.6 MHz; 2 MHz 22 MHz 1 MHz 

Very low High Medium 

GSM is an abbreviation of Global System for Mobile communication, originally it is 

known as Group Special Mobile. It is mobile telephony system that sets the standards on 

how mobile telecommunications work. It encompasses everything in reference to mobile 

he digital standard was be chosen over the analog standard (known as 

1G, first generation), for its several advantages like, improved spectrum efficiency, better 

and new services with enhanced features including security. Finally, 

igital, it can easily interface with existing networks like Integrated 

Digital Network (ISDN). GSM operates in the frequency 900-Mhz and a var

Mhz and is known as GSM DCS 1800.   

: 

This feature lets the user to use the mobile phone and

in countries who operates a GSM network worldwide. 

With digital, sound quality is much better than the existing

cellular technology. The sound quality is sharp and clear. 

Everything that is send through the digital network is safe

With a digital technology, there is also a better battery life,this 

means that the talk time is doubled for each battery charge compared to an

technology. Also, the digital service handles more calls at any one time.

New services, such as call holding, call forwarding, Short Message Service (SMS),Fax 

A GSM network can be divided into three parts.  

Base Station Subsystem (BSS)  

GPRS is an enhancement to the GSM mobile communications system that supports

data packets. GPRS is a packet-switched protocol for applications such as the Web,

the user spends most of the time reading information and data is transferred only when 

necessary. GPRS enables a continuous flow of IP data packets over the system for such 

applications as Web browsing and file transfer. GPRS is also referred to as 2.5G.This data 

des packet data transport at rates from 9.6 to 171kbps. Additionally, 
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to-point fashion under 

either point-to-point or point-

 be in the parked or 

consumptions. A scatternet is a collection of 

space. Two piconets can be 

device may participate in several piconets at 

thus allowing for the possibility that information could flow  beyond the 

scatternet could be a slave in several 

Bluetooth WiMax 

 802.16 

 2.3–2.5 GHz;  

3.4–3.5 GHz 

10Mbit/s 108 Mb/s 

15 km 

1.75MHz-20MHz 

 High 

ystem for Mobile communication, originally it is 

known as Group Special Mobile. It is mobile telephony system that sets the standards on 

how mobile telecommunications work. It encompasses everything in reference to mobile 

be chosen over the analog standard (known as 

several advantages like, improved spectrum efficiency, better 

and new services with enhanced features including security. Finally, 

igital, it can easily interface with existing networks like Integrated 

Mhz and a variation of 

This feature lets the user to use the mobile phone and number 

With digital, sound quality is much better than the existing analog 

Everything that is send through the digital network is safe and 

With a digital technology, there is also a better battery life,this 

rge compared to analog 

technology. Also, the digital service handles more calls at any one time. 

New services, such as call holding, call forwarding, Short Message Service (SMS),Fax 

GPRS is an enhancement to the GSM mobile communications system that supports 

switched protocol for applications such as the Web, in which 

transferred only when 

over the system for such 

referred to as 2.5G.This data 

des packet data transport at rates from 9.6 to 171kbps. Additionally, 
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multiple users can share the same air

existing GSM network elements as much as possible, but

packet-based mobile cellular network, some new

protocols that handle packet traffic are required.

significantly by providing end

efficient in Internet/intranet traffic.

established, setting up a GPRS

online. This means that a given amount of radio bandwidth can be shared efficiently 

simultaneously among many users. Users have the additional benefit of paying for the 

actual data transmitted, rather than for connection times.

 

UMTS: UMTS, also known as 3G, is the third generation of access technology for cellular

network, promising advanced features such as high data rates and improved quality

service. UMTS will give GSM operators the potential for a whole range of mobile

services. Electronic postcards, Web surfing, access to corporate LANs,

mobile terminal, are just a few of the things people will be able to

also promises to revolutionize networks with better

costs by utilizing asynchronous transfer

is currently very popular worldwide, and the coming technology will need to

technologies currently deployed. The UMTS network architecture provides

existing technologies that is, for GSM and GPRS. The combination

technologies, and the addition of a few more software and hardware

very robust and effective architecture.

1980 and 2110-2170 MHz. The GPRS support nodes and GSM network

under UMTS. The new architecture includes an added node:

radio access network), which is an enhancement of GSM's existing BSS.

onboard the high-speed switching capabilities of ATM and the evolvable

CDMA and TDMA, and also delivers standard open interface

UMTS mobile station can operate in one of three modes of operation. The different

mobile station operation modes are defined as follows:

• PS (Packet Switched) mode: The MS is attached to the PS domain only and may only 

operate services on the PS domain. However, this does not prevent the offering of 

CS-like services over PS (e.g., voice over IP).

• CS (Connection Switched) mode: The MS is attached to the 

only operate services of the CS domain. However, this does not prevent the offering 

of PS-like services over CS.

• PS/CS mode: The MS is attached to both the PS and CS domains, and the MS is 

capable of simultaneously operating both PS 

different operation modes as described for GSM and UMTS MSs will be allowed for 

GSM and UMTS multisystem terminals

 

LTE: Developed by the 3GPP

new standard for wireless communication

method for mobile communications systems, theoretically 

Mb/s in uplink. LTE is an evolut

radio coverage, realizing a new

be used with 800, 900, 1800, 2600 MHz frequency bands

Italy starts to launch a LTE network at the end of 2

Roma, Napoli and Torino. 30% of Italian territory will be covered by LTE network in the 

coming three years, 75% in five years and 100% in seven years.

Sweden was one of the first count

than 60% of Sweden was covered by a LTE network  and the next goal is to cover the whole 

country by the end of 2012[1,2].
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multiple users can share the same air-interface resources. GPRS attempts to reuse the 

existing GSM network elements as much as possible, but in order to effectively build a 

mobile cellular network, some new network elements, interfaces, and 

protocols that handle packet traffic are required. GPRS enhances GSM data services 

significantly by providing end-to-end packet switching data connections. This is particularly 

n Internet/intranet traffic. Because there is no real end-to-end connection to be 

established, setting up a GPRS call is almost instantaneous and users can be continuously 

given amount of radio bandwidth can be shared efficiently 

many users. Users have the additional benefit of paying for the 

transmitted, rather than for connection times. 

UMTS, also known as 3G, is the third generation of access technology for cellular

advanced features such as high data rates and improved quality

service. UMTS will give GSM operators the potential for a whole range of mobile

services. Electronic postcards, Web surfing, access to corporate LANs,

minal, are just a few of the things people will be able to do from a handset. UMTS 

also promises to revolutionize networks with better frequency efficiency and lower transport 

costs by utilizing asynchronous transfer mode (ATM) for both voice and data serv

is currently very popular worldwide, and the coming technology will need to

technologies currently deployed. The UMTS network architecture provides

that is, for GSM and GPRS. The combination

technologies, and the addition of a few more software and hardware pieces, makes UMTS a 

very robust and effective architecture. UMTS will operate in the frequency ranges 1920

2170 MHz. The GPRS support nodes and GSM network

under UMTS. The new architecture includes an added node: UTRAN (universal terrestrial 

radio access network), which is an enhancement of GSM's existing BSS.

speed switching capabilities of ATM and the evolvable

CDMA and TDMA, and also delivers standard open interface switch in the radio network.

UMTS mobile station can operate in one of three modes of operation. The different

mobile station operation modes are defined as follows: 

witched) mode: The MS is attached to the PS domain only and may only 

operate services on the PS domain. However, this does not prevent the offering of 

like services over PS (e.g., voice over IP). 

CS (Connection Switched) mode: The MS is attached to the CS domain only and may 

only operate services of the CS domain. However, this does not prevent the offering 

like services over CS. 

PS/CS mode: The MS is attached to both the PS and CS domains, and the MS is 

capable of simultaneously operating both PS and CS services. All combinations of 

different operation modes as described for GSM and UMTS MSs will be allowed for 

GSM and UMTS multisystem terminals  

3GPP (3rd Generation Partnership Project), Long Term Evolution

dard for wireless communication in order to ensure a new high

mobile communications systems, theoretically 326,4 Mb/s in downlink and 86,4 

Mb/s in uplink. LTE is an evolution of the GSM/UMTS standards but it 

a new additional network to the UMTS. In Europe LTE standard can 

be used with 800, 900, 1800, 2600 MHz frequency bands. 

Italy starts to launch a LTE network at the end of 2012, covering the main cities as Milano, 

30% of Italian territory will be covered by LTE network in the 

coming three years, 75% in five years and 100% in seven years. 

Sweden was one of the first countries in the world to get LTE in 2009.

than 60% of Sweden was covered by a LTE network  and the next goal is to cover the whole 

[1,2]. 
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GPRS attempts to reuse the 

in order to effectively build a 

network elements, interfaces, and 

GPRS enhances GSM data services 

switching data connections. This is particularly 

end connection to be 

call is almost instantaneous and users can be continuously 

given amount of radio bandwidth can be shared efficiently and 

many users. Users have the additional benefit of paying for the 

UMTS, also known as 3G, is the third generation of access technology for cellular 

advanced features such as high data rates and improved quality of 

service. UMTS will give GSM operators the potential for a whole range of mobile multimedia 

services. Electronic postcards, Web surfing, access to corporate LANs, and e-mail from a 

do from a handset. UMTS 

frequency efficiency and lower transport 

mode (ATM) for both voice and data services. GSM 

is currently very popular worldwide, and the coming technology will need to support 

technologies currently deployed. The UMTS network architecture provides full support for 

that is, for GSM and GPRS. The combination of both of these 

pieces, makes UMTS a 

UMTS will operate in the frequency ranges 1920-

2170 MHz. The GPRS support nodes and GSM network nodes still function 

UTRAN (universal terrestrial 

radio access network), which is an enhancement of GSM's existing BSS. UTRAN takes 

speed switching capabilities of ATM and the evolvable support for both W-

in the radio network. A 

UMTS mobile station can operate in one of three modes of operation. The different UMTS 

witched) mode: The MS is attached to the PS domain only and may only 

operate services on the PS domain. However, this does not prevent the offering of 

CS domain only and may 

only operate services of the CS domain. However, this does not prevent the offering 

PS/CS mode: The MS is attached to both the PS and CS domains, and the MS is 

and CS services. All combinations of 

different operation modes as described for GSM and UMTS MSs will be allowed for 

Long Term Evolution is a  

in order to ensure a new high-speed radio access 

326,4 Mb/s in downlink and 86,4 

 requires a dedicated 

. In Europe LTE standard can 

012, covering the main cities as Milano, 

30% of Italian territory will be covered by LTE network in the 

. In April 2012, more 

than 60% of Sweden was covered by a LTE network  and the next goal is to cover the whole 
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Standard GSM

Frequency band 900 MHz, 1800 

MHz, 1900 MHz

Max signal rate 9.6 kbps

 

HSDPA: HSDPA stands for high

UMTS in that it allows for faster download speeds. Current implementations of HSDPA can 

achieve speeds as fast as 3.6Mbps, but future versions are expected to reach 14Mbps. Not 

to be confused with HSUPA, whic

uplink connection for faster uploads.

 

TCP/IP: Standard networking

to send and receive any type of 

for Unix-based computers, 

intranets, extranets, etc. It is a set of two 

program in which:  

• TCP is the higher layer which (on the transmitting, uploading, or 

breaks a data stream 

downloading, or client

stream. It rectifies the 

sent or received.  

• IP is the lower layer which 

data packet sent so t

individual packet, all arrive at the intended destination. 
where to data is sent.

ADSL: Short for asymmetric digital subscriber line, ADSL is a type of 

communications technology used for connecting to the Internet. ADSL allows more data to 

be sent over existing copper telephone lines (

lines. A special filter, called a 

both ADSL and regular voice (telephone) 

requires a special ADSL modem and subscribers must be in close geographical locations to 

the provider's central office to receive ADSL service. Typically this distance is within a radius 

of 2 to 2.5 miles. ADSL supports data rates of from 1.5 to 9 Mbps when receiving data 

(known as the downstream 
the upstream rate). 

CAN bus: The CAN bus was developed by BOSCH

system that specifies a maximum signaling rate of 1 megabit per second (bps). Unlike a 

traditional network such as USB or Ethernet, CAN does not s

to-point from node A to node B under the supervision of a central bus master. In a CAN 

network, many short messages like temperature or RPM are broadcast to the entire 

network, which provides for data consistency in every nod

such as message format, message identifiers, and bit, wise arbitration, a major benefit of 

the CAN signaling scheme are explained, a CAN bus implementation is examined, typical 

waveforms presented, and transceiver features 
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GSM GPRS UMTS 

900 MHz, 1800 

MHz, 1900 MHz 

900 MHz, 1800 

MHz, 1900 MHz 

1920-1980 and 2110

2170 MHz 

9.6 kbps 9.6 kbps to 171.2 

kbps 

144 kbps at mobile 

speeds, 384 kbps at

pedestrian speeds, 

and 2 Mbps in a

stationary 

environment

HSDPA: HSDPA stands for high-speed downlink packet access. It is an upgraded form of 

UMTS in that it allows for faster download speeds. Current implementations of HSDPA can 

achieve speeds as fast as 3.6Mbps, but future versions are expected to reach 14Mbps. Not 

to be confused with HSUPA, which is a UMTS upgrade that provides a greatly increased 

uplink connection for faster uploads. 

networking rules that every computer connected to 

any type of data. Developed in 1970s by the US Department

, TCP/IP is now employed by all types of 

It is a set of two protocols and is described as a two

TCP is the higher layer which (on the transmitting, uploading, or 

 into sequentially numbered data packets and (on the 

client computer) reassembles the data packets back

It rectifies the errors that may occur and concerned mainly with how data is 

IP is the lower layer which assigns the address of the receiving computer to each 

data packet sent so that, irrespective of the route or circuit

packet, all arrive at the intended destination. It is concerned mainly with 
where to data is sent. 

Short for asymmetric digital subscriber line, ADSL is a type of 

communications technology used for connecting to the Internet. ADSL allows more data to 

be sent over existing copper telephone lines (POTS), when compared to traditional modem 

lines. A special filter, called a microfilter, is installed on a subscriber's telephone line to allow 

both ADSL and regular voice (telephone) services to be used at the same time. ADSL 

requires a special ADSL modem and subscribers must be in close geographical locations to 

the provider's central office to receive ADSL service. Typically this distance is within a radius 

pports data rates of from 1.5 to 9 Mbps when receiving data 

 rate) and from 16 to 640 Kbps when sending data (known as 

The CAN bus was developed by BOSCH as a multi-master, message broadcast 

system that specifies a maximum signaling rate of 1 megabit per second (bps). Unlike a 

traditional network such as USB or Ethernet, CAN does not send large blocks of data point

point from node A to node B under the supervision of a central bus master. In a CAN 

network, many short messages like temperature or RPM are broadcast to the entire 

network, which provides for data consistency in every node of the system. Once CAN basics 

such as message format, message identifiers, and bit, wise arbitration, a major benefit of 

the CAN signaling scheme are explained, a CAN bus implementation is examined, typical 

waveforms presented, and transceiver features examined. CAN is an International 

Report on the implementation of 

AmI infrastructure modules] 

Page 19 of 

29 

 

LTE 

80 and 2110-

 

800, 900, 1800, 

2600 MHz 

144 kbps at mobile 

speeds, 384 kbps at 

pedestrian speeds, 

and 2 Mbps in a 

environment 

86,4 Mb/s to 

326,4 Mb/s  

wnlink packet access. It is an upgraded form of 

UMTS in that it allows for faster download speeds. Current implementations of HSDPA can 

achieve speeds as fast as 3.6Mbps, but future versions are expected to reach 14Mbps. Not 

h is a UMTS upgrade that provides a greatly increased 

that every computer connected to internet must follow 

Department Of Defense 

of computer platforms, 

and is described as a two-layered 

TCP is the higher layer which (on the transmitting, uploading, or host computer) 

and (on the receiving, 

computer) reassembles the data packets back into the original 

that may occur and concerned mainly with how data is 

of the receiving computer to each 

circuit followed by each 

It is concerned mainly with 

Short for asymmetric digital subscriber line, ADSL is a type of DSL broadband 

communications technology used for connecting to the Internet. ADSL allows more data to 

), when compared to traditional modem 

, is installed on a subscriber's telephone line to allow 

services to be used at the same time. ADSL 

requires a special ADSL modem and subscribers must be in close geographical locations to 

the provider's central office to receive ADSL service. Typically this distance is within a radius 

pports data rates of from 1.5 to 9 Mbps when receiving data 

rate) and from 16 to 640 Kbps when sending data (known as 

master, message broadcast 

system that specifies a maximum signaling rate of 1 megabit per second (bps). Unlike a 

end large blocks of data point-

point from node A to node B under the supervision of a central bus master. In a CAN 

network, many short messages like temperature or RPM are broadcast to the entire 

e of the system. Once CAN basics 

such as message format, message identifiers, and bit, wise arbitration, a major benefit of 

the CAN signaling scheme are explained, a CAN bus implementation is examined, typical 

CAN is an International 
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Standardization Organization (ISO) defined serial communications bus originally developed 

for the automotive industry to replace the complex wiring harness with a two

specification calls for high immunity to 

and repair data errors. These features have led to CAN’s popularity in a variety of industries 

including building automation, medical, and manufacturing. The CAN communications 

protocol, ISO-11898: 2003, describes how information is passed between devices on a 

network and conforms to the Open Systems Interconnection (OSI) model that is defined in 

terms of layers. Actual communication between devices connected by the physical medium 

is defined by the physical layer of the model. The ISO 11898 architecture defines the lowest 

two layers of the seven layer OSI/ISO model as the data

CAN communication protocol is a carrier

detection and arbitration on message priority (CSMA/CD+AMP). CSMA means that each 

node on a bus must wait for a prescribed period of inactivity before attempting to send a 

message. CD+AMP means that collisions are resolved through a bit

on a preprogrammed priority of each message in the identifier field of a message. The 

higher priority identifier always wins bus access. That is, the last logic

keeps on transmitting because it is the highest priority. Since every n

part in writing every bit "as it is being written," an arbitrating node knows if it placed the 
logic-high bit on the bus. 

CONNEX: KNX is a standardized

communications protocol for 

of, three previous standards: the 

European Installation Bus (EIB or 

/ IEC 14543. KNX is designed to be independent of any particular hardware platform in 

order to ensure interoperability and interworking. 

The KNX Advantages are: 

• Software: one software for the configuration, integration and activa

certified products 

• Interoperability: It ensures that products of different manufactures used in different 

applications will operate and communicate with each other. This permits a high 

degree of flexibility in the extension and in the modif

• Product quality: Konnex Association requires a high level of quality control during all 

stages of the product life.

• Manufacturer independent functionalities

profiles for many common applicati

Board’s supervision several application specification workgroups make proposals for 

standardization of functionality (inputs, outputs, diagnostic data and parameters) in 

their specific application domain. 

 

3 .4 .  Sensor  de f in i t i on

The development of the AmI intelligence was based on integrations of several sensors

sensor network to have information about  the 

environment and the interactions of elderly people with environm

The sensor network is based on two kind of sensors: environmental and wearable sensors.

3 .4 . 1 .  Env i ronmenta l

The home environmental monitoring is an important aspect to 

infrastructure.  The use of ambient sensors allows to

safer environment for senior adults avoiding dangerous situations.
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Standardization Organization (ISO) defined serial communications bus originally developed 

for the automotive industry to replace the complex wiring harness with a two

specification calls for high immunity to electrical interference and the ability to self

and repair data errors. These features have led to CAN’s popularity in a variety of industries 

including building automation, medical, and manufacturing. The CAN communications 

003, describes how information is passed between devices on a 

network and conforms to the Open Systems Interconnection (OSI) model that is defined in 

terms of layers. Actual communication between devices connected by the physical medium 

hysical layer of the model. The ISO 11898 architecture defines the lowest 

two layers of the seven layer OSI/ISO model as the data-link layer and physical layer.

CAN communication protocol is a carrier-sense, multiple-access protocol with collision 

ction and arbitration on message priority (CSMA/CD+AMP). CSMA means that each 

node on a bus must wait for a prescribed period of inactivity before attempting to send a 

message. CD+AMP means that collisions are resolved through a bit-wise arbitration, based

on a preprogrammed priority of each message in the identifier field of a message. The 

higher priority identifier always wins bus access. That is, the last logic

keeps on transmitting because it is the highest priority. Since every n

part in writing every bit "as it is being written," an arbitrating node knows if it placed the 

standardized, OSI (Open Systems Interconnection)

for intelligent buildings. KNX is the successor to, and convergence 

of, three previous standards: the European Home Systems Protocol (EHS), 

(EIB or Instabus). KNX is certified according to EN50090 and ISO 

KNX is designed to be independent of any particular hardware platform in 

order to ensure interoperability and interworking.  

Software: one software for the configuration, integration and activa

: It ensures that products of different manufactures used in different 

applications will operate and communicate with each other. This permits a high 

degree of flexibility in the extension and in the modification of installations.

Konnex Association requires a high level of quality control during all 

stages of the product life. 

Manufacturer independent functionalities: The KNX standard contains application 

profiles for many common applications in Home and Buildings. Under the Technical 

Board’s supervision several application specification workgroups make proposals for 

standardization of functionality (inputs, outputs, diagnostic data and parameters) in 

their specific application domain.  

nsor  de f in i t i on  

The development of the AmI intelligence was based on integrations of several sensors

to have information about  the enduser's health conditions,

interactions of elderly people with environment around them

The sensor network is based on two kind of sensors: environmental and wearable sensors.

Env i ronmenta l  sensors  

The home environmental monitoring is an important aspect to 

The use of ambient sensors allows to monitor the user’s home, developing a 

safer environment for senior adults avoiding dangerous situations.  
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Standardization Organization (ISO) defined serial communications bus originally developed 

for the automotive industry to replace the complex wiring harness with a two-wire bus. The 

electrical interference and the ability to self-diagnose 

and repair data errors. These features have led to CAN’s popularity in a variety of industries 

including building automation, medical, and manufacturing. The CAN communications 

003, describes how information is passed between devices on a 

network and conforms to the Open Systems Interconnection (OSI) model that is defined in 

terms of layers. Actual communication between devices connected by the physical medium 

hysical layer of the model. The ISO 11898 architecture defines the lowest 

link layer and physical layer. The 

access protocol with collision 

ction and arbitration on message priority (CSMA/CD+AMP). CSMA means that each 

node on a bus must wait for a prescribed period of inactivity before attempting to send a 

wise arbitration, based 

on a preprogrammed priority of each message in the identifier field of a message. The 

higher priority identifier always wins bus access. That is, the last logic-high in the identifier 

keeps on transmitting because it is the highest priority. Since every node on a bus takes 

part in writing every bit "as it is being written," an arbitrating node knows if it placed the 

(Open Systems Interconnection)-based network 

. KNX is the successor to, and convergence 

(EHS), BatiBUS, and the 

ording to EN50090 and ISO 

KNX is designed to be independent of any particular hardware platform in 

Software: one software for the configuration, integration and activation of all KNX 

: It ensures that products of different manufactures used in different 

applications will operate and communicate with each other. This permits a high 

ication of installations. 

Konnex Association requires a high level of quality control during all 

: The KNX standard contains application 

ons in Home and Buildings. Under the Technical 

Board’s supervision several application specification workgroups make proposals for 

standardization of functionality (inputs, outputs, diagnostic data and parameters) in 

The development of the AmI intelligence was based on integrations of several sensors into a 

enduser's health conditions, his home 

ent around them. 

The sensor network is based on two kind of sensors: environmental and wearable sensors. 

The home environmental monitoring is an important aspect to develop the AmI 

monitor the user’s home, developing a 
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In order to increase senior adults' safety in their home:

• Temperature and humidity sensors monitor these variables in order that they are always 

in an optimum range values for senior people. 

• Gas sensors can detect the presence of toxic gas as ethanol, carbon monoxide (CO), 

hydrocarbons (HC), and volatile organic compounds (VOC) so it’s possible to send an 

alert message in case of needs. 

• Magnetic sensors placed on doors and windows can be used to detect if they are open or 

closed. 

• Pir sensor can detect motion by measuring changes in the infrared (heat) levels emitted 

by surrounding objects or people.

• Light Sensor should be able to measure light intensi

senior aduldts forgot to turn off the lights before going to sleep or leaving the home.

• Power control sensors can be 

door/windows opening/closing or lights turning on/off

Also placing pressure sensors under the mattress it' possible to detect the user’s presence 

in the bed. This is useful during the night because if senior adult gets up to go to the 

bathroom and a too long absence from the bed is detected , an alert mess

sent. Also pressure sensors can be place under the sofa cushions and data from sensors 

allows to understand if the old person leads a too sedentary life.

A set of environmental sensors and their main features are shown in Table

 

 SENSOR 

1 TEMPERATURE 

SENSOR 

RANGE 

2 HUMIDITY SENSOR RANGE:

is a high

sensor is

shower)

3 PRESSURE SENSOR 

(Flexiforce 

piezoresistive force 

sensor) 

Can detect force from 0 to about 150 N 

(weight from 0 to about 15 Kg).  If

under the

detect a

4 PRESSURE SENSOR 

Bed/Chair 

Occupancy 

Sensors 

For sma

presence detection

been designed for smaller area applications 

which require stand

detection.

Sensitivity 

Kg 

Lead Wires 

AWG 4-

5 PRESSURE SENSOR 

Bed/Chair 

Occupancy 

Sensors 

For small area applications in stand

presence detection

been designed for smaller area applications 

which require stand

detection.
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In order to increase senior adults' safety in their home: 

umidity sensors monitor these variables in order that they are always 

n optimum range values for senior people.  

as sensors can detect the presence of toxic gas as ethanol, carbon monoxide (CO), 

hydrocarbons (HC), and volatile organic compounds (VOC) so it’s possible to send an 

alert message in case of needs.  

ors placed on doors and windows can be used to detect if they are open or 

Pir sensor can detect motion by measuring changes in the infrared (heat) levels emitted 

by surrounding objects or people. 

Light Sensor should be able to measure light intensity so it’s possible to know if the 

senior aduldts forgot to turn off the lights before going to sleep or leaving the home.

Power control sensors can be used for the management of home automation such as 

door/windows opening/closing or lights turning on/off.  

Also placing pressure sensors under the mattress it' possible to detect the user’s presence 

in the bed. This is useful during the night because if senior adult gets up to go to the 

bathroom and a too long absence from the bed is detected , an alert mess

sent. Also pressure sensors can be place under the sofa cushions and data from sensors 

allows to understand if the old person leads a too sedentary life. 

sensors and their main features are shown in Table

FEATURES MODEL

 0-70 °C ST sensors (STCN75

STLM75, STTS75

RANGE: should be able to detect when there 

high increase of humidity (e.g. when the 

is close to a boiling pot or to a 

er) 

e.g. HIH-5030

catalog) 

Can detect force from 0 to about 150 N 

(weight from 0 to about 15 Kg).  If placed 

the leg of a chair, it should allow to 

a person sitting on it. 

http://www.sparkfun.com/pro

ducts/8685, or 

http://www.phidgets.com/pro

ducts.php?category=3&produc

t_id=3102_0 

For small area applications in stand-alone 

presence detection Recora BOS Switch has 

been designed for smaller area applications 

which require stand-alone presence 

detection. 

Sensitivity - Standard sensitivity is 1.36-2.27 

Lead Wires - BOS Switch leads are single 22 

-conductor wire. 

Recora Bed Occupancy Sensor 

(BOS) With Baseplate

http://recoraco.thomasnet.co

m/viewitems/bed

occupancy-sensors/recora

bed-occupancy

with-baseplate?forward=1

For small area applications in stand-alone 

presence detection Recora BOS Switch has 

been designed for smaller area applications 

which require stand-alone presence 

detection. 

Recora Bed Occupancy Sensor 

(BOS) 

http://recoraco.thomasnet.co

m/viewitems/bed

occupancy-sensors/recora
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umidity sensors monitor these variables in order that they are always 

as sensors can detect the presence of toxic gas as ethanol, carbon monoxide (CO), 

hydrocarbons (HC), and volatile organic compounds (VOC) so it’s possible to send an 

ors placed on doors and windows can be used to detect if they are open or 

Pir sensor can detect motion by measuring changes in the infrared (heat) levels emitted 

ty so it’s possible to know if the 

senior aduldts forgot to turn off the lights before going to sleep or leaving the home. 

used for the management of home automation such as 

Also placing pressure sensors under the mattress it' possible to detect the user’s presence 

in the bed. This is useful during the night because if senior adult gets up to go to the 

bathroom and a too long absence from the bed is detected , an alert message could be 

sent. Also pressure sensors can be place under the sofa cushions and data from sensors 

sensors and their main features are shown in Table 

MODEL PRIORITY 

STCN75, STDS75, 

STTS75) 

High 

5030-001 (Digikey High 

http://www.sparkfun.com/pro

ducts/8685, or 

http://www.phidgets.com/pro

ducts.php?category=3&produc

 

High 

Recora Bed Occupancy Sensor 

(BOS) With Baseplate 

http://recoraco.thomasnet.co

m/viewitems/bed-chair-

sensors/recora-

occupancy-sensor-bos-

baseplate?forward=1 

High 

Recora Bed Occupancy Sensor 

http://recoraco.thomasnet.co

m/viewitems/bed-chair-

sensors/recora-

High 
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Sensitivity 

Kg 

Lead Wires 

AWG 4-

6 PRESSURE 

SENSOR 
Bed Occupancy 

Sensors 

Recora Bed Occupancy 

which is soft to the touch and is made of anti 

microbial vinyl. It has a size of 

76.2 cm

of the patient. Please see 

7 GAS SENSOR 

(ethanol) 

It should

8 GAS SENSOR 

(organic 

compounds) 

It should

concentration (

9 RFID Tag Reader RFID tag

possible,

possibility

10 PIR SENSOR Passive 

possibly

person 

11 Magnetic sensor (eg, 

REED) 

Used to

drawer 

12 Power Control 1 It should

loads (max

mode. 

13 Power Control 2 It should

(12V – 1

door open

14 Power Control 3 It should

15 Light Sensor Should 

within the

3 .4 . 2 .  Wearab le  senso rs

Wearable sensors are used to monitor enduser's physiological and movement data. 

Biological signals as ECG, he

real time so in case of needs an alert message could be sent to family members or 

caregiver. 

Also falls are the main cause of injuries among elderly people so a fall detection device 

based on accelerometers and gyroscopes is useful

The user's localization is provided by "Zigbee network" in indoor environment and by a GPS 

module in outdoor. 
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nsitivity - Standard sensitivity is 1.36-2.27 

Lead Wires - BOS Switch leads are single 22 

-conductor wire. 

bed-occupancy

?forward=1 

Recora Bed Occupancy is a  mattress sensor, 

which is soft to the touch and is made of anti 

microbial vinyl. It has a size of 27.9cm  by 

76.2 cm and should be placed under the hip 

of the patient. Please see photo attached. 

BOS 1130 

should be able to detect Ethanol http://www.e2v.com/e2v/asset

s/File/sensors_datasheets/met

al_oxide/MICS

should be able to detect an increase of gas 

concentration (CO/VOC) close to a  trash bin 

http://www.e2v.com/e2v/asset

s/File/sensors_datasheets/met

al_oxide/MICS

tag reader. It should be as small as 

possible, with an internal antenna and the 

possibility to connect an external one. 

http://www.skyetek.com/Prod

uctsServices/EmbeddedRFIDRe

aders/SkyeModuleM1mini/tabi

d/338/Default.aspx

 infrared motion sensor. It should 

possibly detect the presence of a moving 

 or object within a range of max 7m 

http://www.parallax.com/Stor

e/Sensors/ObjectDetection/tab

id/176/CategoryID/51/List/0/S

ortField/0/Level/a/ProductID/8

3/Default.aspx

to detect when a door, window or 

 is open or closed. 

e.g. MK23 Series (Digikey 

catalog) 

should be able to control a lamp or similar 

(max 200 W) in on-off or in dimmer 

 

ST switches  

should be able to drive servos (5V – 2A) or 

1 A) in PWM, eg, pan-tilt units, or 

open mechanisms. 

ST switches 

should switch a relay with load 220V/6A ST switches 

 be able to measure light intensity 

the environment  

e.g. ISL29023IROZ

catalog) 

Wearab le  senso rs  

Wearable sensors are used to monitor enduser's physiological and movement data. 

eart rate, respiratory rate and skin temperature are recorded in 

real time so in case of needs an alert message could be sent to family members or 

alls are the main cause of injuries among elderly people so a fall detection device 

based on accelerometers and gyroscopes is useful to monitor user's posture.

The user's localization is provided by "Zigbee network" in indoor environment and by a GPS 
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occupancy-sensor-bos-

High 

http://www.e2v.com/e2v/asset

s/File/sensors_datasheets/met

al_oxide/MICS-5521.pdf 

Low 

http://www.e2v.com/e2v/asset

s/File/sensors_datasheets/met

al_oxide/MICS-5121.pdf 

Mid 

http://www.skyetek.com/Prod

rvices/EmbeddedRFIDRe

aders/SkyeModuleM1mini/tabi

d/338/Default.aspx 

High 

http://www.parallax.com/Stor

e/Sensors/ObjectDetection/tab

id/176/CategoryID/51/List/0/S

ortField/0/Level/a/ProductID/8

3/Default.aspx 

High 

MK23 Series (Digikey High 

Mid 

Mid 

Low 

ISL29023IROZ-T7 (Digikey Mid 

Wearable sensors are used to monitor enduser's physiological and movement data.  

perature are recorded in 

real time so in case of needs an alert message could be sent to family members or 

alls are the main cause of injuries among elderly people so a fall detection device 

to monitor user's posture. 

The user's localization is provided by "Zigbee network" in indoor environment and by a GPS 
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 SENSOR 

1 Wearable device 1 Includes

compass + GSM/GPRS + G

2 Wearable device 2 Include

typical biological

respiration,

3 Wearable device 3 The BioHarness™ 3 incorporates class one 

BlueTooth techno

factor, and provides a medical

well as heart rate, breathing rate, and

accelerometery.

4.  Hardware  design

The design of the above mentioned hardware devic

and flexible components, that could be installed in all scenarios according to the technical 

requirements (D2.4). The concept of these hardware devices will be based on the schema 

Sensor – Microcontroller – Machine To 

microcontroller, that has acquisition and computational capabilities, and a M2M module to 

communicate with the Middleware infrastructure (D7.1). In addition it will include a flexible 

sensor module appropriately design with the sensors required for the scenarios (Figure 

XXX). 

Figure 14 – Design concept for wearable and environmental sensor networks.

 

The hardware design will be scheduled in two parallel phases: during the first phase, the 

experience of Robot-Era partners experts in Wireless Sensor Networks, gained in previous 

Projects, will be exploited to produce an early AmI infrastructure that allows to quickly 

implement the PEIS middleware, as it was introduced during the PEIS Workshop in Orebro, 

Sweden, in May 2012 (Month 5); during the second phase the same AmI infrastructure will 

be designed and implemented with the achieved results and lessons learned in the first 

phase and with the use of the most recent processor, sensor and wireless technolo

available on the market. Considering the previous experience 

Scuola Superiore Sant’Anna and 

in the first phase it was decided to

project and then use STM32W 

point of view. 

4 .1 .  Phase  1  fo r  Ha rdware  des ign  

The previous experience of Scuola Superiore Sant’anna focused on the development of 

smart environments for “ageing we

by means of the ZAXM-201-1

 

[D3.1 – Report on the implementation of 

AmI infrastructure modules

1_rev3.0_20121207.docx  

, ORU 

FEATURES MODEL

Includes accelerometer, gyro and possibly 

compass + GSM/GPRS + GPS 

ST mems 

Include bio-medical sensors on to measure 

biological signal, e.g.: cardio, 

respiration, body temperature, ... 

ST HM301D (cardio)

The BioHarness™ 3 incorporates class one 

BlueTooth technology, has a smaller form 

factor, and provides a medical-grade ECG, as 

well as heart rate, breathing rate, and 
accelerometery.  

BioHarness™ 3

http://www.zephyranywherest

ore.com/bioharness

Hardware  design 

The design of the above mentioned hardware devices will be devoted to produce modular 

and flexible components, that could be installed in all scenarios according to the technical 

requirements (D2.4). The concept of these hardware devices will be based on the schema 

Machine To Machine (M2M). Each device will basically consist of a 

microcontroller, that has acquisition and computational capabilities, and a M2M module to 

communicate with the Middleware infrastructure (D7.1). In addition it will include a flexible 

ropriately design with the sensors required for the scenarios (Figure 

 

Design concept for wearable and environmental sensor networks.

The hardware design will be scheduled in two parallel phases: during the first phase, the 

Era partners experts in Wireless Sensor Networks, gained in previous 

Projects, will be exploited to produce an early AmI infrastructure that allows to quickly 

implement the PEIS middleware, as it was introduced during the PEIS Workshop in Orebro, 

Sweden, in May 2012 (Month 5); during the second phase the same AmI infrastructure will 

be designed and implemented with the achieved results and lessons learned in the first 

phase and with the use of the most recent processor, sensor and wireless technolo

Considering the previous experience acquired

Scuola Superiore Sant’Anna and ST Microelectronics about the use of 

it was decided to use SN250 module to speed up the

project and then use STM32W module. The two modules are compatible from the firmware 

Phase  1  fo r  Ha rdware  des ign   

The previous experience of Scuola Superiore Sant’anna focused on the development of 

smart environments for “ageing well” applications, using the ZigBee technology exploitable 

1 (CEL, US) and SPZB250 (STMicroelectronics, Italy) modules.
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MODEL PRIORITY 

High 

ST HM301D (cardio) Low 

BioHarness™ 3 

http://www.zephyranywherest

ore.com/bioharness-3/ 

 

es will be devoted to produce modular 

and flexible components, that could be installed in all scenarios according to the technical 

requirements (D2.4). The concept of these hardware devices will be based on the schema 

Machine (M2M). Each device will basically consist of a 

microcontroller, that has acquisition and computational capabilities, and a M2M module to 

communicate with the Middleware infrastructure (D7.1). In addition it will include a flexible 

ropriately design with the sensors required for the scenarios (Figure 

Design concept for wearable and environmental sensor networks. 

The hardware design will be scheduled in two parallel phases: during the first phase, the 

Era partners experts in Wireless Sensor Networks, gained in previous 

Projects, will be exploited to produce an early AmI infrastructure that allows to quickly 

implement the PEIS middleware, as it was introduced during the PEIS Workshop in Orebro, 

Sweden, in May 2012 (Month 5); during the second phase the same AmI infrastructure will 

be designed and implemented with the achieved results and lessons learned in the first 

phase and with the use of the most recent processor, sensor and wireless technologies 

acquired by the partners 

about the use of ZigBee technologies, 

speed up the progress of the 

. The two modules are compatible from the firmware 

The previous experience of Scuola Superiore Sant’anna focused on the development of 

ll” applications, using the ZigBee technology exploitable 

(CEL, US) and SPZB250 (STMicroelectronics, Italy) modules. 
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The smart environment was conceived as a ZigBee wireless sensor network and consisted of 

three types of modules. Some modules were nodes placed on objects, furniture and 

appliances in order to monitor the status of the environment (doors, windows, beds, etc.). 

These sensors were used not only to identify critical situations in the environments but also 

to measure the activity daily living of end

positions in the environment and were used as referenced anchors to localize the mobile 

nodes, the last type of modules, which were placed on the robot and worn by end

Customized boards for environmental and wearable nodes and dongles were

host the ZigBee modules. Both 

processor, a power amplifier to enhance radio transmitting power and an external MMCX  

antenna connector for external antennas connection. The board

supply, an Insight port connection for firmware upload, a UART/USB communication 

interface and a pin-expansion port.

and up to 0.8 [A] power supply to ZigBee module and peripherals.

A ten pin connector allowed 

a 20 pin socket make I/O ports (all 17 I/O ports of EM250 module) while a 8 pin socket 

allowed to connect a second board, on which is located the bq24030 chip. A small size

USB Mini–B and a UART/USB interface chip allow

UART interface chip was independently powered from USB port when plugged. Power 

independence was for energy saving when communication 

 

Figure 

 

4 .2 .  Phase  2  fo r  Ha rdware  des ign  

The second phase foresees the development of a modular solution with a pervasiveness 

over different environments (indoor and outdoor), a wide set of different s

use of a wireless chip solution based on the STM32W

compliant transceiver. The STM32W108xx family 

microprocessor and works with a super

implementation of a ZigBee Pro wireless sensor network. I addition it includes 

range of enhanced I/Os and peripherals connected to two APB buses

three general purpose 16-bit timers plus one PWM timer, as

communication interfaces: up to two I

 

The developmental concept in this phase is similar to that in phase 1, but it is customized 

according to the new set of sensors defined for the Robot

board, including the STM32W microcontroller and a wireless communication module, will be 

developed with a connector to plug some appropriate daughter boards, which includes the 
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The smart environment was conceived as a ZigBee wireless sensor network and consisted of 

Some modules were nodes placed on objects, furniture and 

appliances in order to monitor the status of the environment (doors, windows, beds, etc.). 

These sensors were used not only to identify critical situations in the environments but also 

e activity daily living of end-users. Other modules were nodes placed in fixed 

positions in the environment and were used as referenced anchors to localize the mobile 

nodes, the last type of modules, which were placed on the robot and worn by end

s for environmental and wearable nodes and dongles were

Both ZAXM-201-1 and SPZB250 modules 

, a power amplifier to enhance radio transmitting power and an external MMCX  

connector for external antennas connection. The boards provide

supply, an Insight port connection for firmware upload, a UART/USB communication 

expansion port. A Low Dropout Linear Regulator provide

up to 0.8 [A] power supply to ZigBee module and peripherals. 

 for firmware upload using EMBER Insight adaptors for updates, 

a 20 pin socket make I/O ports (all 17 I/O ports of EM250 module) while a 8 pin socket 

a second board, on which is located the bq24030 chip. A small size

B and a UART/USB interface chip allowed for module/PC data exchange. The 

independently powered from USB port when plugged. Power 

energy saving when communication was not required.

Figure 15 – Sensor board first release. 

Phase  2  fo r  Ha rdware  des ign   

The second phase foresees the development of a modular solution with a pervasiveness 

over different environments (indoor and outdoor), a wide set of different s

use of a wireless chip solution based on the STM32W and the 2.4GHz IEEE 802.15.4

compliant transceiver. The STM32W108xx family integrates an ARM® Cortex

and works with a super-heterodyne receiver which

e Pro wireless sensor network. I addition it includes 

range of enhanced I/Os and peripherals connected to two APB buses

bit timers plus one PWM timer, as well as standard and advanced 

ommunication interfaces: up to two I2Cs and SPIs, three USARTs, an USB and a CAN

The developmental concept in this phase is similar to that in phase 1, but it is customized 

according to the new set of sensors defined for the Robot-Era scenarios. A basic

board, including the STM32W microcontroller and a wireless communication module, will be 

developed with a connector to plug some appropriate daughter boards, which includes the 
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The smart environment was conceived as a ZigBee wireless sensor network and consisted of 

Some modules were nodes placed on objects, furniture and 

appliances in order to monitor the status of the environment (doors, windows, beds, etc.). 

These sensors were used not only to identify critical situations in the environments but also 

users. Other modules were nodes placed in fixed 

positions in the environment and were used as referenced anchors to localize the mobile 

nodes, the last type of modules, which were placed on the robot and worn by end-users. 

s for environmental and wearable nodes and dongles were designed to 

 integrated a SN250 

, a power amplifier to enhance radio transmitting power and an external MMCX  

provided a stable power 

supply, an Insight port connection for firmware upload, a UART/USB communication 

A Low Dropout Linear Regulator provided stable 3,3 [V] 

for firmware upload using EMBER Insight adaptors for updates, 

a 20 pin socket make I/O ports (all 17 I/O ports of EM250 module) while a 8 pin socket 

a second board, on which is located the bq24030 chip. A small size-form 

for module/PC data exchange. The 

independently powered from USB port when plugged. Power 

not required. 

 

The second phase foresees the development of a modular solution with a pervasiveness 

over different environments (indoor and outdoor), a wide set of different sensors and the 

and the 2.4GHz IEEE 802.15.4-

integrates an ARM® Cortex-M3 

heterodyne receiver which allows the 

e Pro wireless sensor network. I addition it includes an extensive 

range of enhanced I/Os and peripherals connected to two APB buses (two 12-bit ADCs, 

well as standard and advanced 

USARTs, an USB and a CAN). 

The developmental concept in this phase is similar to that in phase 1, but it is customized 

Era scenarios. A basic mother 

board, including the STM32W microcontroller and a wireless communication module, will be 

developed with a connector to plug some appropriate daughter boards, which includes the 
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set of sensors. Since the set of sensors defined in paragraph 3.4 are v

heterogeneous, then an appropriate classification of those is proposed in order to optimize 

the hardware design. 

Hence, two different boards are proposed to produce a

network that meets the needs of modular

entire system to the different 

 

Figure 16

 

According to the similarity of sensors

installation, it is proposed to classify the entire 

 

1. Motherboard: this board is conceived as the core of each sensor module and will include 

the microcontroller STM32 and the Wireless Module for ZigBee communication; in 

addition this board will be provided with an e

STM32W peripherals and allows to plug daughter boards with sensors on the top and 

with some connectors that allow to plug those sensors that have a digital I/O as output,

such as presence, pressure, magnetic sens

 

 

2. Daughter board 1: this board includes the sensors that in an indoor environments are 

likely to be located in the same place; in particular it will include temperature, humidity, 

gas and light sensors. 
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set of sensors. Since the set of sensors defined in paragraph 3.4 are v

heterogeneous, then an appropriate classification of those is proposed in order to optimize 

Hence, two different boards are proposed to produce a base hardware 

the needs of modularity, interchangeability and adaptabil

different scenarios. 

igure 16 – Robot-Era sensor board concept 

According to the similarity of sensors, i.e. type of electrical signals, and their location 

installation, it is proposed to classify the entire set of sensors in the following sub

Motherboard: this board is conceived as the core of each sensor module and will include 

the microcontroller STM32 and the Wireless Module for ZigBee communication; in 

addition this board will be provided with an external connector that makes accessible the 

STM32W peripherals and allows to plug daughter boards with sensors on the top and 

with some connectors that allow to plug those sensors that have a digital I/O as output,

such as presence, pressure, magnetic sensors, and the RFID reader module.

Figure 17 - Schematics 

Daughter board 1: this board includes the sensors that in an indoor environments are 

likely to be located in the same place; in particular it will include temperature, humidity, 
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set of sensors. Since the set of sensors defined in paragraph 3.4 are very different and 

heterogeneous, then an appropriate classification of those is proposed in order to optimize 

base hardware for the Robot-Era 

ity, interchangeability and adaptability of the 

 

and their location for 

set of sensors in the following sub-sets: 

Motherboard: this board is conceived as the core of each sensor module and will include 

the microcontroller STM32 and the Wireless Module for ZigBee communication; in 

xternal connector that makes accessible the 

STM32W peripherals and allows to plug daughter boards with sensors on the top and 

with some connectors that allow to plug those sensors that have a digital I/O as output, 

ors, and the RFID reader module. 

 

Daughter board 1: this board includes the sensors that in an indoor environments are 

likely to be located in the same place; in particular it will include temperature, humidity, 
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Each board will be designed to be powered from the grid using an appropriate transformer 

and from battery for standalone applications.

 

An home automation system is also provided to

manage the opening and closing of window

For this purpose, to control a generic load,  it will be 

demonstration board which is a smart

ON/OFF and dimming mode; it's based on the SPZB32W1A2.1 module which integr

STM32W108 microcontroller with IEEE

core. It includes also the STPM10 energy metering IC for energy measurement 

control the AC load can be controlled by a 16 A relay supporting soft

TRIAC. 

4 .2 . 1 .  Sensors  schemat i c s

The sensors listed above will be integrated on the mother and daughter board through 

adequate conditioning circuits as explained in the following figures:

 

• STCN75 /STDS75/ STLM75/ STTS75

range from –55 °C to+125 °C, low operating current of 125 

compatible serial interface, power supply range from 2.7 V to 5.5 V, conversion time 

form  45 ms to 150 ms depending on the different model.
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be designed to be powered from the grid using an appropriate transformer 

and from battery for standalone applications. 

 
Figure 18 - Schematics 

An home automation system is also provided to control a lamp or similar load and

manage the opening and closing of windows and doors.  

to control a generic load,  it will be used the ST STEVAL

demonstration board which is a smart plug system for measuring and control

ON/OFF and dimming mode; it's based on the SPZB32W1A2.1 module which integr

STM32W108 microcontroller with IEEE-802.15.4 integrated radio and 32

he STPM10 energy metering IC for energy measurement 

the AC load can be controlled by a 16 A relay supporting soft-switch

 

Figure 19 – Smart Plug 

Sensors  schemat i c s  

will be integrated on the mother and daughter board through 

adequate conditioning circuits as explained in the following figures: 

STDS75/ STLM75/ STTS75:  temperature sensors with measures temperatures 

55 °C to+125 °C, low operating current of 125 µA, 2

compatible serial interface, power supply range from 2.7 V to 5.5 V, conversion time 

form  45 ms to 150 ms depending on the different model. 

 
Figure 20 - Schematics 
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be designed to be powered from the grid using an appropriate transformer 

control a lamp or similar load and to 

the ST STEVAL-IHP004V1 

and controlling AC loads in  

ON/OFF and dimming mode; it's based on the SPZB32W1A2.1 module which integrates the 

802.15.4 integrated radio and 32-bit ARM Cortex-M3 

he STPM10 energy metering IC for energy measurement and can 

switch by the T2035H 

will be integrated on the mother and daughter board through 

measures temperatures 

A, 2-wire I2C/SMBus-

compatible serial interface, power supply range from 2.7 V to 5.5 V, conversion time 
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• HIH-5031: humidity sensor with accuracy from 11%RH to 89%RH, current supply of 200 

µA, ADC protocol communication, power supply range from 2.7 V to 5.5 V, conversion 

time of 5 sec. 

• MiCS-5521/ MiCS-5121 : CO/VOC sensors with  maximum supply voltage of 5V, 

maximum heater power dissipation of 88mW, ADC protocol communication.

 

• ISL29023: integrated ambient and infrared light to digital converter with 2

I2C/SMBus-compatible serial interface, 16

(range1 = 0.015 to 1,00

Lux, range4 = 0.96 to 64,000 Lux), maximum supply current of 85 

supply from 1.7V to 3.63V, sensor power supply from 2.25V to 3.63V. 

 

 

• Parallax PIR 555-28027: Passive infrared motion sensor with person detection  up to 

~30 ft. away, or up to 15 ft. away in reduced sensitivity mode, supply voltage range 

from 3V to 6 V ,source current up to 12 mA @ 3 V, 23 mA @ 5 V, communication based 

on single bit high/low output.
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: humidity sensor with accuracy from 11%RH to 89%RH, current supply of 200 

A, ADC protocol communication, power supply range from 2.7 V to 5.5 V, conversion 

 
Figure 21 - Schematics 

 

5121 : CO/VOC sensors with  maximum supply voltage of 5V, 

m heater power dissipation of 88mW, ADC protocol communication.

 
Figure 22 - Schematics 

 

ISL29023: integrated ambient and infrared light to digital converter with 2

compatible serial interface, 16-bit ADC resolution, four ranges selection 

(range1 = 0.015 to 1,000 Lux, range2 = 0.06 to 4,000 Lux, range3 = 0.24 to 16,000 

Lux, range4 = 0.96 to 64,000 Lux), maximum supply current of 85 

supply from 1.7V to 3.63V, sensor power supply from 2.25V to 3.63V. 

 
Figure 23 - Schematics 

28027: Passive infrared motion sensor with person detection  up to 

~30 ft. away, or up to 15 ft. away in reduced sensitivity mode, supply voltage range 

from 3V to 6 V ,source current up to 12 mA @ 3 V, 23 mA @ 5 V, communication based 

on single bit high/low output. 
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: humidity sensor with accuracy from 11%RH to 89%RH, current supply of 200 

A, ADC protocol communication, power supply range from 2.7 V to 5.5 V, conversion 

5121 : CO/VOC sensors with  maximum supply voltage of 5V, 

m heater power dissipation of 88mW, ADC protocol communication. 

ISL29023: integrated ambient and infrared light to digital converter with 2-wire 

bit ADC resolution, four ranges selection 

0 Lux, range2 = 0.06 to 4,000 Lux, range3 = 0.24 to 16,000 

Lux, range4 = 0.96 to 64,000 Lux), maximum supply current of 85 µA, I2C power 

supply from 1.7V to 3.63V, sensor power supply from 2.25V to 3.63V.  

28027: Passive infrared motion sensor with person detection  up to 

~30 ft. away, or up to 15 ft. away in reduced sensitivity mode, supply voltage range 

from 3V to 6 V ,source current up to 12 mA @ 3 V, 23 mA @ 5 V, communication based 
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• Skye Module M1-Mini: RFID reader technology with frequency of 13.56MHz, supply 

voltage from 3.2V to 6V, scan mode current of 60mA, UART 4

400kHz, SPI up to 3MHz host communication interfaces.

 

 

• MK23 series: magnetic sensors with five different switch models, four operate 

sensitivities available, no external power required for sensors operation.

 

 

• BOS 227SSS/ BOS 227SSSBP/ BOS 1130: bed/chair  occupancy switching  sensor with 

standard sensitivity of 3-

227SSSBP is BOS 227SSS model 

mattress gifted(size of 27.9cm 
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Figure 24 - Schematics 

  

Mini: RFID reader technology with frequency of 13.56MHz, supply 

voltage from 3.2V to 6V, scan mode current of 60mA, UART 4800-57600 bps, I2C up to 

400kHz, SPI up to 3MHz host communication interfaces. 

 
Figure 25 - Schematics 

MK23 series: magnetic sensors with five different switch models, four operate 

sensitivities available, no external power required for sensors operation.

 
Figure 26 - Schematics 

227SSSBP/ BOS 1130: bed/chair  occupancy switching  sensor with 

-5 lbs(1.36-2.27 Kg), maximum operating current of 3mA; BOS 

BOS 227SSS model  with base plate, BOS 1130 is 

mattress gifted(size of 27.9cm by 76.2 cm). 

 
Figure 27 - Schematics 
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Mini: RFID reader technology with frequency of 13.56MHz, supply 

57600 bps, I2C up to 

MK23 series: magnetic sensors with five different switch models, four operate 

sensitivities available, no external power required for sensors operation. 

227SSSBP/ BOS 1130: bed/chair  occupancy switching  sensor with 

2.27 Kg), maximum operating current of 3mA; BOS 

with base plate, BOS 1130 is BOS 227SSS model 



 

 

File name: Robot-Era_WP3_D3.1_rev

Leader contractor: ST-I 

Participant contractors: SSSA, OR

 

5.  Conclus ions

This work introduced the hardware design and installation of the AmI infrastructure in the 

experimental settings: public and private spaces, living labs and residential sites

In D2.2 the service for satisfying 

in real daily life were defined so the 

integrated in a Wireless Sensor Network (WSN).

projects aimed to assist elderly was m

in a domestic smart environment. Instead Robot

of robots, Domestic, Condominium and Outdoor robot, and environments, both indoor and 

outdoor, as elderly people's home, common spaces, public space, pharmacy and etc. 

All environments must be covered by a sensors network designed by scope and all these 

networks must be able to exchange information 

platforms must be able to lo

environments, and at any time. 

work in a homogeneous  and efficient way for these reasons the AmI infrastructure must 

have specific features as modu

obtain a totally integration between all smart environments and all robots to implement 

scenarios identified during the first tasks of WP2

In Robot-Era project the interoperability is an

overview about relevant communication standards was made in order to choose the 

appropriate standards. 

The WSNs must monitor environmental 

movement data both indoor and outdoor so 

of sensors, both environmental and wearable, to 

safer environment for senior adults avoiding dangerous situations

After the sensors choice, the Robot

mainly based on the 32-bit ARM® Cortex™

802.15.4-compliant transceiver
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Conclus ions 

This work introduced the hardware design and installation of the AmI infrastructure in the 

experimental settings: public and private spaces, living labs and residential sites

service for satisfying elderly requirements and the possible application scenarios 

in real daily life were defined so the robot must be conceived as a services supplier, 

Sensor Network (WSN). For this reason an overview about robot 

projects aimed to assist elderly was made, showing that most use only one robot integrated 

in a domestic smart environment. Instead Robot-Era project distinguishes itself by number 

of robots, Domestic, Condominium and Outdoor robot, and environments, both indoor and 

s home, common spaces, public space, pharmacy and etc. 

All environments must be covered by a sensors network designed by scope and all these 

networks must be able to exchange information with each other. Also the three robotic 

able to localize themselves anywhere, both indoor and outdoo

environments, and at any time. This heterogeneous set of devices and applications must 

work in a homogeneous  and efficient way for these reasons the AmI infrastructure must 

have specific features as modularity, robustness, interoperability and f

obtain a totally integration between all smart environments and all robots to implement 

scenarios identified during the first tasks of WP2. 

Era project the interoperability is an important aspect and in this document an 

overview about relevant communication standards was made in order to choose the 

environmental variables and elderly people's

both indoor and outdoor so the Robot-Era consortium discussed the 

of sensors, both environmental and wearable, to realize an AmI infrastructure

safer environment for senior adults avoiding dangerous situations.  

the Robot-Era partners discussed about the hardware design, 

bit ARM® Cortex™–M3 microprocessor and the 2.4GHz IEEE 

compliant transceiver as communication standard, and sensor board design.
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This work introduced the hardware design and installation of the AmI infrastructure in the 

experimental settings: public and private spaces, living labs and residential sites. 

and the possible application scenarios 

conceived as a services supplier, 

For this reason an overview about robot 

ade, showing that most use only one robot integrated 

Era project distinguishes itself by number 

of robots, Domestic, Condominium and Outdoor robot, and environments, both indoor and 

s home, common spaces, public space, pharmacy and etc.  

All environments must be covered by a sensors network designed by scope and all these 

. Also the three robotic 

calize themselves anywhere, both indoor and outdoor 

This heterogeneous set of devices and applications must 

work in a homogeneous  and efficient way for these reasons the AmI infrastructure must 

and flexibility in order to 

obtain a totally integration between all smart environments and all robots to implement the 

important aspect and in this document an 

overview about relevant communication standards was made in order to choose the 

variables and elderly people's physiological and 

consortium discussed the choice 

AmI infrastructure in order to a 

partners discussed about the hardware design, 

M3 microprocessor and the 2.4GHz IEEE 

as communication standard, and sensor board design. 


