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[bookmark: _Toc384739166]ABSTRACT
ROBOHOME2.0 develops, integrates and field tests an innovative robot based system to assist and monitor the elder at home actively promoting healthy lifestyle. The system consists of three hierarchical levels: 1) Core of the system is an intelligent virtual caregiver embodied into a service robot that guides the elder in personalized activities to improve lifestyle adherence through state-of-the art Artificial Intelligence. It also helps the elder in critical everyday tasks and in therapy adherence. 2) The virtual caregiver collaborates with a service layer including a distributed pervasive monitoring system that is transparent to the elder that provides quantitative information on early physical / cognitive decline and social attitude. It is also interfaced with an activity center that guides the elder in activities, tailored to elder idiosyncrasies and needs and implemented through gamification to stimulate the maximum adherence and motivation. 3) The highest level is constituted of a users community that receives from the virtual caregiver relevant information for their specific role.
The main idea is to assemble off-the-shelf components in a robust and reliable way to get a low-cost system that can be deployed massively at home. A fully modular approach will be followed so that the entire platform can be tailored on single user needs. Most wide-spread software and hardware standards will be chosen, to assure maximum interoperability and make the system adaptable to the utmost novel sensors and components. Configurability, personalization and automatic adaptation to elder needs and behavior applies also to interfacing modalities, with the aim of maximizing elder compliance, even when computer illiterate. A pilot evaluates effectiveness and suitability of Robohome2.0 and studies the most appropriate model to seamlessly connect home assistance to supervision by the public health network system and an adequate business model. 
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[bookmark: _Toc384739170]1. Excellence
[bookmark: _Toc384739171][bookmark: _Toc384739172]1.1 Robohome2.0 General Objective
In Europe, the share of people aged 65 years or over in the total population is projected to increase from 17.1% to 30.0% and the number is projected to rise from 84.6 million in 2008 to 151.5 million in 2060. Similarly the number of people aged 80 years or over is projected to almost triple from 21.8 million in 2008 to 61.4 million in 2060[footnoteRef:1] and the availability of nurses is already becoming an issue in the US[footnoteRef:2].  [1:  Giannakouris k., Aging characterizes the demographic perspective in the European Societies, Eurostat, Statistics in focus, 2008, 72. http://eppeurostat.ec.europa.eu]  [2:  P. Buerhaus, BCurrent and future state of the US nursing workforce, J. Amer. Med. Assoc., vol. 300, no. 20, pp. 2422–2424, 2008. Nursing Shortage Fact Sheet, American Association of Colleges of Nursing, 2010. Online at http://www.aacn.nche.edu/media/FactSheets/NursingShortage.htm...] 

Physical activity, cognitive stimulation, social inclusion, balanced diet, therapy adherence and regular clinical screening promote a lifestyle that slows down the progression of decline, thus enabling the elder to live at his home healthy for a longer time. This is becoming a priority in Europe as recognized by the EC community: managing frailty and functional decline through targeted interventions, enhancing participation and independence, and promoting systematic-routine screening for pre-frailty are among the specific objectives of the Action Plan on “Prevention and early diagnosis of frailty and functional decline, both physical and cognitive, in older people” of the European Innovation Partnership on Active and Healthy Ageing (Bruxelles, November 6, 2012). Several approaches have been proposed to address some of these aspects but their impact comes short as they are not able to address these needs in a comprehensive way. Moreover, a high emphasis is often put on wearable devices for monitoring that limits the compliance of elder people that would maintain their habitudes and attitudes unchanged [PSYCHO ISSUE – PCL]. 

Robohome2.0 is an intelligent system, integrating an existing robotic platform with environmental sensors, and smart objects, advanced user interfaces, a virtual community and an activity center, to provide assistance, transparent monitoring and continuous clinical evaluation of the elder at home through a comprehensive, modular, personalized, compliant approach.

Indeed, ongoing robotics, smart objects and smart homes and Human Robotic Interfaces (HRI) research plays a key role in this panorama for matching increased life expectancy with the enhancement of the quality of life as people grow old. Robohome2.0 builds on most recent results in these areas to realize a prototype with the ambition to find its way to the market. To this aim

Robohome2.0 will assemble off-the-shelf components in a robust and reliable way to get a low-cost hierarchical system that can be deployed massively at elders’ home. 

Such platform will provide several key aspects of clinical monitoring: a) early cognitive and physical decline will be monitored by the robot observing and analyzing common everyday tasks (e.g. combing hair, preparing coffee), in cooperation with adequate sensorized objects, thus making the elder not aware of being monitored (transparent monitoring). b) We will explore the profiling of phone conversation in identifying meaningful changes in the emotional content associated to some degenerative deseases. c) Physiological samples (e.g. glucose level, pressure, oxygen saturation) will be provided by an adequate network. d) it will provide a smart drug dispenser that will provide to the elder the right pills at the right time thus largely increasing therapy adherence. e) Activities of Daily life (ADL) will also be monitored (e.g. number of hours of sleep that are related to ipnotic medicaments; home temperature that is associated to quantity of liquids to be taken, and so forth). 
The robot will be able also to assist the elder in finding lost objects inside the house and will give the elder feed-backs, recommendations and suggestion through a virtual caregiver avatar. 
Robohome2.0 will support an active lifestyle of the elder recommending and guiding the elder through a personalized mix of physical, cognitive and social activities that are tailored to the adequate challenging level. We will fully explore gamification to maximize motivation and we will explore automatic narration to provide long life engagement. These same concepts will be explored in educational games on the elder deseases and lifestyle.
Gamification will be explored also through the virtual community that will not only support competition / cooperation in physical and cognitive games but also provide support for social games like cards games such that the elder is incentivized to avoid isolation. The community will connect all people involved: caregivers, GPs, geriatrists and elders that will be able exchange information and increase knowledge. Community self-organization will be explored to suggest to each elders suitable contacts.
Activities, assistance, recommendations, monitoring tuning will be managed by the robot through an embodied virtual caregiver that will use the huge amount of etherogenous data coming from monitorings, community and activity center to refine its recommendation, evaluate elder’s status and the elder profile.
To guarantee platform use, maximum compliance with the elder is required. Particular care will be put in the design of interfacing modalities with the robot not only from the technological point of view, but also from the psychological one to foster the development of stable and positive bonds. A distributed voice command system will be explored to enable voice commands.
Giraff robot[footnoteRef:3] has been identified as the most suitable robot for Robohome2.0. Giraff is the result of progressive work in the domain of assisted living and its development was partly financed by the AAL “ExCITE” and FP7 “GiraffPlus” projects. It is basically a robotics base carrying a control PC and an adjustable touch-screen monitor, whose target price for massive production is below 1K Euros. Because of Giraff’s commercial potential Giraff was awarded “Most Promising Innovation” of 2011 by the AAL organization. It has an open software architecture that allows to easily add functionalities as we will fully exploit in Robohome2.0.  [3:  http://www.giraff.org/] 


[bookmark: _Toc383725189][bookmark: _Toc384739173]Specific Objectives

In particular, here are the specific Objectives of Robohome2.0:
1. To improve Giraff robot capabilities of interaction with the elder
2. To design and implement interfacing modality that promote a good emotional relationship between the elder and Giraff robot.
3. To monitor and prevent frailty, age-related cognitive and physical decline and social exclusion based on a transparent monitoring system of the home and a transparent evaluation of activities of daily living and behavior, transparent to the user.
4. To design and develop a single user intelligent virtual caregiver able to profile the elder interests and condition, suggesting motivated exercises and context driven activities as well as to provide the different caregivers with adequate information
5. To develop assistance in everyday task by the Giraff robot.
6. To design and implement a personalized activity service system.
7. To promote elders education to healthy lifestyle, self-empowerment, and increase their perceived usefulness in the society aiming at improving quality of life of the elders and their formal and informal caregivers.
8. To field test a complete ecosystem, involving all users, to gather evidence of Robohome2.0 benefits.
9. To demonstrate the cost-effectiveness of technology and develop a proper business models for the technology transfer to massively deploy Robohome2.0 within a sustainable healthcare system.

To address these challenges Robohome2.0 will develop the following set of devoted technologies and methodologies aimed at creating an ecosystem to support prolonged life at home:

1. To improve Giraff robot capabilities. Giraff will be transformed from a teleoperated robotics platform into a robotic platform endowed with autonomy fully exploiting vision capabilities offered by adding a 3D camera, like Kinect. Such approach will make Giraff an active companion for the elder that can assist in finding objects, give him/her advice, feed-backs and recommendations, provides clinical assessment monitoring everyday tasks and carries around the activity center to allow the elder exercising in the best time and place (WP3).

2. To design and implement interfacing modality that promote a good emotional relationship between the elder and the Giraff robot. A good relationship between Giraff and the elder is a very powerful mean to guarantee motivation in the interaction, easiness and even pleasure and increase the compliance in the use of the system. This is based on a constellation of activities and functions that will be carefully evaluated from the psychological point of view. Gamification, interaction modalities, unified GUIs and assistance in everyday life tasks will be part of this. We will exploit also several social intricacies in the interface with Giraff, like empathy, humour, references to mutual knowledge, continuity behaviors, politeness and trust[footnoteRef:4]. The information provided by the caregivers and by the environment will be used by the virtual caregiver to create meaningful suggestions to the elder (WP2).  [4:  T.Bickmore, R.Picard, Establishing and maintaining long-term human-computer relationships, ACM Trans. CHI, Volume 12:2, 2005, pp 293 – 327.] 


Scenario: Mike is wandering around at home, while Giraff, instructed by the virtual caregiver that no phone call was sent to his son phone number, comes to him and says: “Today is the birthday of Matthew, your nephew, why don’t you call him?” Mike illuminates, and with a smile looks for his mobile phone to call Matthew. Unfortunately, he could not remember where he put it. He calls again Giraff and asks “where is my phone?”. Giraff activates the automatic location system, and after a while he moves towards the kitchen and takes a picture with his Kinect camera to the phone, partially showing under a box. Giraff sends a voice message to the elder who can get the phone and called Matthew. Mike wanted to kiss Giraff for this help.

3. Monitoring the elder. Monitoring will be carried out while the elder executes the actions of everyday living. Instead of instrumenting the elder, we will instrument some of everyday life objects, like a cup, a comb or other everyday use instruments. Instrumentation will provide wireless, in real-time, synchronous data on motion and on pressure in handling areas. We will combine vision provided by Giraff with information provided by the object to derive a “signature” of the movement. We will sensorize also objects like a walking stick or a trolley, that are used to deamblute also outdoor, to evaluate stability of gait. From these data we will define and validate indexes that can be used by clinicians for elder evaluation. Transparent tests of clinical assessment of cognitive decline will be administered as spot questions or spot activities intermingled in the everyday tasks. Additional data for monitoring will be provided by environmental and lifestyle monitoring, as well as by the activity center and the smart assistance (WP5). 

4. To design and develop a single user intelligent virtual caregiver which realizes a closed-loop assistance system that cooperates with caregivers and clinicians. The virtual caregiver will analyze the huge amount of heterogenous data provided by the monitoring systems and the activity center and a) suggests structured and unstructured physical, cognitive and social activities to the user, adapting their the level of difficulty to the current elder status. b) tune the elder status according to monitoring data and update his/her profile. c) provide the specific caregivers or the GPs the relevant information on the elder status (WP3). 

5. To develop assistance in everyday task by the Giraff robot. A key element to promote a solid bond between the robot and the elder is trust. One element that can help creating this bond is solving problems, even small, in everyday life. Loosing objects like keys, eye-glasses or mobile phone is common and enabling Giraff to locate them for the elder can promote trustiness in the relationship. A novel system based on distributed microphones pairs with DSP processing capabilities will be explored to allow the elder to call Giraff, also when in a different room, realizing a distributed command system. Giraff will also guide the elder in taking the physiological measurements required through video/animation instructions with voice explanation. A smart drug dispenser, built on miniaturized mechanics and electronics, will made available the right pills at the right time (WP3).

6. To design and implement a personalized activity service system, based on the gamification paradigm and fully integrated with the robot and with the community of users. The center will provide cognitive and physical exer-games that can be played preferable with other pairs through the virtual community. These games will be designed upon a set of exercises defined by the clinicians to exercise declining functions. Social activities, like playing cards through the virtual community, will also be supported to promote socialization and avoid isolation that is often the first step towards depression [POLICLINICO quotation](WP4). 

7. To promote elders education to healthy lifestyle, self-empowerment, and increase their perceived usefulness in the society aiming at improving quality of life of the elders and their formal and informal caregivers. The activity center will provide also exer-games to support elders education on healthy lifestyle, promoting knowledge and self-empowerment. The approach will be based on ontology automatic narration[footnoteRef:5] to define mini-games that can be casted into episodes, matched to pieces of knowledge on the elder deseases or lifestyle. We will explore how combine this with stochastic models, like stochastic finite state machines[footnoteRef:6] to chain episodes into stories. Reinforcement learning will be explored to steer the story development towards themes most liked by the elder. Popular containers like fairytales, for which a clear structure has been proposed already at the beginning of last century[footnoteRef:7], or sports competitions will be used. We will also implement a repository of real life stories recorded to Giraff from the elders themselves on a particular theme provided at regular intervals by the community manager (WP4).  [5:  Fayzullin et al., 2007]  [6:  Cattinelli et al.]  [7:  Propp] 


8. To field test a complete ecosystem, involving all users, to gather evidence of Robohome2.0 benefits. The satisfaction of the end users is the “north star” in guiding the development of Robohome2.0. An end user advisory board will be set early in the project to help keeping the project on track representing the different users: geriatrists, GPs, caregivers, elders, municipalities and service providers. The components and the system will be developed in successive stages early testing them inside the living labs provided by ORU and SAS (WP8).

9. To demonstrate the cost-effectiveness of the technology and develop a proper business models for the technology transfer to massively deploy Robohome2.0 within a sustainable healthcare system. We envisage a business model based on service providing by a service company, like KORIAN. This will be supported by an ICT service provider that provides the cloud that hosts the community and the data. Such system will integrate the components developed by GIRAFF, SG and by SXT into a flexible, scalable and modular system that can be offered to the elders at home. Such model will be tested through experimentation. In particular, we will evaluate the actual market and available services and test how the different actors involved: from public to commercial entities, non-profit, philanthropic and other forms of social organization, can be involved. Costs and benefits will be made explicit, analyzing also hidden costs in the actual model. This will regard the whole system as well as its constituent and will be carried out throughout the project development (WP9). 
[bookmark: _Toc384739174]1.2 Relation to the workprogramme

	Robohome2.0 Contribution
	Milestone
	PHC19 target outocomes

	We address these three risks with a holistic approach that is based on three main pillars: monitoring, assistance and evaluation that are not carried out in isolation, but mix the three aspects at the point of need. Data are gathered mainly in a transparent why, while the elder carries out the activities of everyday life.
	5
	Specific challenge: Citizens in an ageing European population are at greater risk of cognitive impairment, frailty and social exclusion.

	Cognitive impairment will be addressed in a pro-active way, by proposing activities and exer-games that are negotiated with him/her and are adapted to the actual elder competences, status and psycho-physical condition. Cognitive tests of clinical validity will be administered in a transparent way to the elder through the activity center. Early detection of cognitive degenerative deseases through audio analysis of phone conversation will be explored.
	3
	How Robohome2.0 will reduce the risk of cognitive impairment.

	Robohome2.0 will stimulate the elder to an active lifestyle in which a personalized mix of cognitive, physical and social activities is suggested. Data from the activity center and the monitoring systems are used to evaluate the current psycho-physical status. This allows Robohome2.0 identifying possible physical and cognitive decline. Specific validation of these decline indexes will be included into the project activities; they will be functional to a) adapting the system and the activities mix to the changing conditions of the user; b) follow up the user status keeping the carers informed and eventually favoring appropriate and timely interventions. Robohome2.0 helps the elder in therapy adherence in several ways: it provides home measurement of physiological parameters, it increases elder’s awareness on lifestyle importance through game based education and it provides a smart drug dispenser. 
	3
	How Robohome2.0 will reduce the risk of frailty.

	Robohome2.0 will set-up a community of users that will self-organize to propose connection with elders with similar profiles. The community will support multiplayer gaming and activities to promote socialization. It will also be the place inside which to exchange experiences and knowledge. Robohome2.0 intelligence will make simple suggestions to the users including solicitation to stay in touch with relatives, friends, etc., following the specific setting of the single user. A profiling of social activity through log book and phone conversation analysis will be carried out.
	3
	How Robohome2.0 will reduce the risk of social exclusion.

	Robohome2.0 will push the elder keeping active with an everyday cognitive and physical training, properly calibrated on the single user’s requirements, assuring rewarding experience and confidence of the subject in her/his capability. In addition, Robohome2.0 will help the elder in some simple but basic tasks related to independent living such as finding the keys, the glasses and the mobile phone, remembering the time for having meals, the drugs to assure prescription adherence and assists him/her with the diet. Specific supervision of physiological parameters (e.g. blood pressure, heart beat, glucose level, oxygen saturation) will be included into the Robohome2.0 system so to alert critical situations, thus allowing anticipated discharge from the hospital and limiting the risks of relapses. Robohome2.0 will communicate the alarm directly to the adequate type of caregiver. 
	3
	with considerable negative consequences for their independence,

	The carers will be helped in the care practice by day-by-day monitoring information. An increased participation of the life of the elder through the community that allows providing information, recommendation and audio-video connection will help in keeping a strong bond also when being physically present is not possible. 
	4
	quality of life, that of those who care for them…

	The progress of the physical decline of elderly people sometimes is abrupt, such as in case of dramatic events (stroke, falls, psychological traumas) but sometimes it is a slow progress which might be even neglected by the relatives. The lack of recognition of worsening could provoke delayed interventions which amplify the decline itself, inducing a negative loop which impact on the requests to the health and care system. Transaprent monitoring inside Robohome2.0 allows to objectively assess cognitive and physical decline continuously over time. It will communicate a periodic reports to the GP, so to allow prompt and tuned intervention in case of worsening conditions, slowing down the progression. Robohome2.0 will allow private partners, like KORIAN, to provide an effective continuity of care and assistance with public bodies. A business plan will be elaborated on this substantiated by project results. 
	4
	and for the sustainability of health and care systems.

	Hereafter, an analysis of the crucial ingredients of the aim of the call with respect to the Robohome2.0 proposal is detailed. 
Service robotics: The Robohome2.0 project is based on a commercial off-the shelf service robot (Giraff), which will be enriched with adequate features.
Transparent Monitoring system: we will monitor the elder through the usage of everyday objects without requiring that he/she wears any device or does any particular action.
Activity center: it is based on gamification and it provides a customized mix of activities with the adequate level of challenge that involve the community of users.
Assisted living environment: proper environmental sensors will be integrated into the Robohome2.0 to monitor the home and elder’s behavior.
	5
	The challenge is to develop new breakthroughs for active and assisted living based on advanced ICT solutions.

	Core of the system is Giraff robot that embodies an intelligent virtual caregiver. It monitors him/her through a monitoring network embedded in the house and in cooperation with sensorized objects of everyday use, thus achieving a monitoring completely transparent to him/her. It advices him/her and suggests tailored activities and looks for lost objects.
	3
	Proposals should focus on service robotics in assisted living environments which can help an ageing population to remain active and independent for longer.

	- behavioural disciplines: to develop emotional bonds with a new body in the house, like a service robot, is fundamental for acceptance and a good interaction. Therefore interfacing functionalities and interface design will be inspired by this. UOP and PCL have complementary expertise. UOP has a strong background on Human Robot Interaction and PCL has a strong background in elder psychology [Carlo Abbate should be added on staff]. They will contribute to functional design and testing of the components and the whole system to maximize user acceptance. 
- social disciplines: social scientists from MUN and PCL will assure both in the design of the virtual community and in the evaluation phases that the project has a positive impact both on the social inclusion of the user and on the caregivers (including  the family, the carers, the family doctor, the clinicians involved in the care as well as the society, in more extended sense) [PCL, SAS review please].
- health disciplines: regular physiological sampling and clinical assessment and smart drug dispenser provide clinical monitoring and compliance. This will be complemented with providing structured knowledge and education through gamification. 
Two teams of clinicians (PCL and SAS) with complementary specializations (GP and geriatrist) and a group of bioengineers (POLIMI) will collaborate in the project to design, develop and validate tests, of clinical validity, based on the analysis of ordinary life actions to assess the physical and cognitive status of the elder. 
	4
	The project should combine multi-disciplinary research involving behavioural, sociological, health and other relevant disciplines.

[SAS, KORIAN, MUNICIP and POLICLINO] Specify here additional competences related to this.

	Indeed, Robohome2.0 will be built with modularity and flexibility in mind both at the hardware and software level. Environment monitoring will be built upon scalable protocols, like z-wave, already diffused in the domotic field. Sensorized objects will be built integrating a transmission module based on most diffused wireless transmission protocols. The activity center will allow providing a mix of exer-games specifically tailored to the user and to adapt automatically the level of difficulty to the user present ability. The system will be managed by the virtual caregiver that will implement deductive reasoning on the data received from the monitoring systems, the activity center and the community and the inputs from the caregivers and the GPS all organized inside the frame of an ontology. The use of off-the-shelf components and standardization, and the integration of already developed sensors and physiological measuring devices, allows to realize a cost-effective system and meet the widest range of functional requirements.
	4
	Characteristics of the solutions developed should be their modularity, cost-effectiveness, reliability, flexibility in being able to meet a range of needs and societal expectations, 

	Robohome2.0 will be tested from early on in specific living labs identified in ORU and SAS. This will be fundamental to develop a system that can be really acceptable and compliant with the end users and the elders in particular. The pilot test in WP8 allows evaluating the compliance and suitability of Robohome2.0 also in real apartments inside which elder lives, as well as the safety of the technology. An end users advisory board will be set in the first months of the project with the aim of having an external highly qualified feed-back on project development, from the representatives of all the types of Robohome2.0 users.  
	4
	applicability to realistic settings, safety and acceptability to end-users. 

	The activities proposed will be designed having gender in mind, realizing games episodes inspired to at least two themes, one most suitable to female and one to male attitude. [PCL::ABBATE, You may want to rephrase this]. Similarly, the avatar of the virtual therapist and all the elements that are gender sensitive, will be designed such that a configuration in the male and female version would be possible.
	2
	Gender and ethical issues should be paid due attention.



[bookmark: _Toc384739175]1.3 Concept and approach

[bookmark: _Toc384739176]1.3.1 Overall concept

The Robohome2.0 system has a hierarchical structure that is aimed at supporting the elder, for a prolonged time, at his home, monitoring him/her and guiding him/her to a healthy lifestyle. The Robohome2.0 platform will consist of three hierarchical levels (Figure 1): 1) core layer - an intelligent virtual caregiver embodied into a service robot that guides the elder in personalized activities to improve lifestyle adherence through state-of-the art Artificial Intelligence. It also helps the elder in critical everyday tasks and in therapy adherence. 2) service layer - it includes a distributed pervasive monitoring system that is transparent to the elder that provides quantitative information on early physical/cognitive decline and social attitude. It is also interfaced with an activity center that guides the elder in activities, tailored to elder idiosyncrasies and needs and implemented through gamification to stimulate the maximum adherence and motivation. 3) community of users - receives from the virtual caregiver relevant information for their specific role.
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