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1 Introduction 
The AAL (Ambient Assisted Living) Framework is the link to an (already installed or HOBBIT 
supplied) intelligent home environment (“smart environment” or any pre-installed automation, 
health or security system) which interacts with the user and HOBBIT. It supports context 
awareness for the robot, allows HOBBIT to establish a shared context by information from 
the environment, to identify smart objects and control devices in the environment. The 
Deliverable D4.1 documented the concepts for the first phase of the AAL Framework 
development, the “Basic AAL Framework”. An advanced version is documented in this D4.2. 
The integration task for the HOBBIT prototype 2 (PT2) will care for drawing maximum benefit 
from an existing AAL environment, if necessary provision of add-on AAL services, but will 
also handle AAL-less settings. 

In the DoW the following descriptions related to WP4 can be found: 
“HOBBIT interacts with an intelligent AAL environment (Ambient Assistive Living 
environment) in order to control such functions which are necessary for the robot to 
move in a house (e.g. door openers, lights, elevator, stair-lift) using a WiFi based 
communication with home automation. 

For other functions available in an AAL environment or for various remote control 
operations HOBBIT can act as an easy to understand and easy to handle interface 
between the user (primary and secondary) and the home environment (e.g. 
controlling the TV via the touch-screen interface of the robot). 

Provisions for interacting with smart objects (objects bearing an RFID- or NFC-tag) 
will be made for by furnishing the “Fetch & Carry” manipulator with an RFID-reader, 
e.g. to reliably identify an object like a pill box  
WP 4: Robot-Environment (AAL) Interaction “Sense & Act”: HOBBIT interacts 
with the intelligent environment (AAL) in order to execute commands for basic 
functions, e.g. door openers, lights, elevator etc. And, HOBBIT can entertain with 
different activities like exercises or games, but it can also support the older user with 
health related issues, e.g. reminding to drink or take medicine (in an intelligent 
connection with “Fetch & Carry” – e.g. not only reminding but also bringing the pills 
and the glass of water) and thus improve the older user's quality of life.” 

The tasks of WP4 are:  

T4.1: Framework for Robot-AAL-Interaction (HELLA, TUW) 
“Implement non-intrusive (e.g. PIR sensors, no cameras) basic AAL interfaces to 
provide information about the user’s location and activities and offering the user the 
possibility of calling the robot. Implementation of door opening facilities and switching 
of lights.“ 

The focus of this task for PT1 was to provide a basic AAL (Ambient Assisted Living) 
framework, including non-intrusive (no cameras) sensors to provide information about 
the user location and to offer the user the possibility of calling the robot. Of course, the 
basic AAL system should also provide information about the environment like 
temperature, humidity, illumination, oven switched on/off, window open/closed etc., 
therefore especially wireless sensors have been investigated. Note that these functions 
have been just partially implemented in PT1 with the wireless call buttons, more will be 
implemented in PT2. In the basic framework for Robot-AAL-Interaction set up in 
laboratory different types of wireless AAL sensors and actuators were already 
implemented. 

T4.2: Advanced Sensor and Actuator Interaction (HELLA, TUW) 
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“Add further interfaces for e.g. detection of ringing at the main entrance, use of 
household devices, ADL recognition and links with home automation in place.” 

Based on the AAL framework from T4.1 the interfaces are generalised such that 
existing home automation installations, personal alarm systems and health related 
services can be seamlessly integrated. Further sensors are now made available in 
case HOBBIT supplies the AAL system. Actuator services for HOBBIT are established 
allowing control of the environment. The AAL sensor information is integrated into a 
shared context.  

T4.3 Interaction with Smart Objects (HELLA, TUW) 
“Implement identification and handling of smart objects. Equip the gripper with 
magnetic actuator and an RFID/NFC device: This should allow localizing of tagged 
objects, reading information from such objects (medicine) as well as moving small 
magnetic objects (chess pieces, tokens)” 

The purpose of this task is to identify special objects, e.g. medicine. Notice that this 
task has been taken over by WP6 (Object learning & detection). 

T4.4 Integration of “Sense&Act” (HELLA, TUW) 
“This targets all the mechanisms developed in WP4 tasks to provide the functionality 
for the “Sense & Act” operations. The integration will result in a general awareness of 
the system of the activities of the user and the possibility to interact with the home 
environment and especially equipped objects” 

This task integrates the results from T4.1-4.3 in PT2. 

In the following chapters we will elaborate our approach to solve these tasks. In chapter 2 the 
use cases are reviewed regarding AAL requirements and in chapter 3 technical requirements 
for it are derived. The chapter “Smart Home Environment” shows components, concepts and 
solutions to fulfil these requirements. The Chapter “AAL Services provided for PT2” shows 
the basic setup used for PT2. In the following chapters the functions which were 
implemented in PT1 and the updates for PT2 are described.  

While the complete concept is flexible to also fit the future and a variety of pre-installed 
systems, in the PT2 user trials only those AAL functionalities will be used that can be 
implemented with reasonable (and for the user acceptable) installation effort (during the 
trials) in most users’ homes: 

• Call buttons 

• PIR movement sensors (combined type with light and temperature) 

• Night light switch (works in combination with PIR) 
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2 Use Cases 
Within the proposed use cases HOBBIT has to fulfil a number of tasks, which benefit 
from an AAL System in place. The following list is derived from table 6.1 of the 
deliverable D1.4: Report on the Results of the PT1 User Trials: 
 

ID Requirement Req. 
priority 
from 
users 

PT 
1 

Technical 
Feasibility 
and 
improvement 
over PT 1 

PT 2 Why not Future 
Target 
PT 

INT 3 Operate with 
remote 
control 

HIGH  Yes Yes: Call 
Button 

 

Yes, 
stationary 
Call 
buttons 

- Yes 

CARE 
2 
(HOU 
6) 

Generic 
reminder 
function 

HIGH No Yes: 
medication, 
drink, 
appointments, 
fitness, diet, 
safety checks 
(see HOU 5), 
water flowers 
HOU 6  

Yes - Yes 

CARE 
6 

Operate also 
at night 

MEDIUM No Yes. (See 
HOU 5, call 
button next to 
bed, AAL to 
switch on 
light) 

Restricted 
functionality 
(e.g. for face 
detection light 
source 
needed) 

Yes - Yes 

CARE 
8 

Check and 
monitor user 
health 

MEDIUM No Yes, demo at 
ISTU   

No 

Not in 
trials 

Cost 
factor, 

individual 

Yes. 
Future 
tools 

HOU 
5 (11) 

Use AAL 
components 

(e.g., switch 
light, oven, 
open door…) 

(Learn 
environment 
and map) 

MEDIUM Yes Yes: Call 
button (see 
INT 3), night 
light in room 
or on robot, 
entrance door 
open/close 
sensor,  

Optional: 
activity 
sensor 
(kitchen, 
bathroom, …) 

Yes: Call 
button,  
entrance 
door 
sensor, 
night 
light, 
activity 
sensor  

Costs 
and 
install 
effort 

Yes 

Tab. 1: AAL related requirements from D1.4 “Prioritized results of the PT1 User Trials” 
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3 User to technical Requirements 
Based on the user requirements a list of technical requirements was generated. The table 
below shows again the user requirements, but to each of these requirements a set of 
technical requirements are listed. 

Tab. 2: Technical Requirements 

User 
Requirements 

Technical Requirements Technical Feasibility of the 
user Requirement 

TF in 
PT2 

Use remote 
control 

With Beckhoff user localization 
method  
no remote control is necessary; 
user has to shout out loud when 
HOBBIT is not in the same room; 

Not with the standard Beckhoff 
system, because it is based on 
ultrasound sensors 

No 

Call Button (several) 
each call button needs a unique ID 
and a known location 

Yes, battery-less possible Yes 

Use AAL 
components 

AAL components have to be added 
in private homes if they are not 
available (mostly wireless 
components) 

Yes. Installation effort and costs must 
be kept reasonable 

Yes, but 
only 

selection 

Different communication systems 
should be provided, e.g.: 
EnOcean, ZigBee, KNX/EIB, 
Ethernet, LON, DALI… 

Yes, most automation systems come 
with some sort of TCP/IP interface. 
Link via LAN/WLAN. 

Yes, 
EnOcean, 
HM and 
generic 
interface 

Generic reminder 
function 

AAL sensors are needed (e.g. 
door/window switch, IR sensors...) 
to trigger reminders 

Yes. Several solutions exist Yes, but 
only 

selection 

Household devices can be 
switched on/off with wall socket 
device. 

Remark: There are restrictions to 
the max. power of the device which 
is plugged in (up to 1000 VA 
typically) 

Yes. Plug (in between) into wall 
socket, not for high power electric 
cooker/stove which has (3-phase) 
fixed wiring 

Yes 

Operate also at 
night 

Implementation of wireless light 
actors to switch on lights 

Yes, only add-on lamps except in-wall 
wiring is modified 

Yes 

Each actuator has a special ID. So 
each actuator has to be taught in 
at the HOBBIT system with a place 
assigned 

Yes Yes 

Check user 
health 

Integration of an e-Health service 
for periodic measurement of vital 
data possible.  

Yes, most systems come with some 
sort of TCP/IP interface. Link via 
LAN/WLAN. 

Yes, 
generic 
interface 

Measurements taken with the e-
Health system are transparently 
reported to HOBBIT 

Yes Yes 

HOBBIT reminds the user to 
perform measurements 

Yes Yes 
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The point “Use remote control” to be solved by the Beckhoff user localization method has a 
high priority according to D1.4 but will not be implemented because the reliability of this 
implementation could not be verified. Other reasons why this system is not used are shown 
in Chapter 4.9. Alternatives to this solution are provided by Call buttons.  
Another high priority requirement is “Generic reminder function”. This function provides 
basically a calendar where appointments can be taught in, which is described in D2.1 and 
will be extended in WP2, but there is also the need of implementing sensors in the 
environment to be able to remind the user e.g. to close the door or window, reminding 
him/her that the oven or the light is switched on, etc. This is an overlap of user requirements: 

- Use AAL components 
- Generic reminder function 

“Operate also at night” is also a requirement listed for the robot which however, is not 
expected to directly rely on e.g. switched on lights except for visually locating the user, while 
switching on lights during night time is beneficial for the user to avoid falls. 

For ”Checking user health”, which is a very individual requirement, an interface to a specific 
commercial system (e.g. i-Residence/Vivid from Spantec/LC) was tested in lab and a generic 
link where HOBBIT can receive environmental and health related sensor information from 
services in place is foreseen to maximise also future interoperability. It is not planned by the 
user partners to equip all trial users with health sensors. 

The deliverable D1.6 “PT2 System Specifications” describes the scenarios for PT2 and 
includes the following main AAL functions needed for the user trials: 

• Scenario “Call Hobbit”: AAL Call button 

• Scenario “Call Hobbit”: AAL switches night light 

• Scenario “Emergency”: AAL Call button in bathroom 

 A further focus for PT2 will be the monitoring of activity by AAL sensors. 

 

Summary of technical requirements: 

• Provide means to call robot and provide information on user location 
-> Sensors and actors need to be tied to locations 

• Provide AAL sensors and actuators by HOBBIT or connect to existing system 
-> Be flexible to make use of existing installations or provide basic set 

• Offer reminders based on AAL information (additional to e.g. appointments) 
-> Monitor states and possible hazards and inform user 

• Option to integrate health monitoring and personal alarm systems (reminders, alarm) 
-> Be flexible to make use of existing devices (individual situation) 

• Provide means to switch on a light in a room (night light) 
-> simple add-on lights or existing automation 

• Improve the feeling of safety and peace of mind (windows, doors, oven) 
-> check status closed/open and on/off 

3.1 Areas with possible AAL contribution 
The below listed requirement related scenarios are heavily depending on the actually 
installed AAL devices which depends also on acceptance for some sensors. Additionally, 
installation of an AAL system temporarily only during short trials limits the number and type 
of applicable devices to those that can be easily placed and removed. 
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Sensors: door contacts, light level, temperature, PIR movement, contact mats, power, 
pressure, (vibration, IR temperature), door bell 

Actuators: switching light, stove, TV, (anything mains powered), door/window opener 

3.1.1 Presence and activity 

AAL sensors allow the HOBBIT system to know if the user is at home and if she is currently 
awake, active or sleeping (in bedroom) and in which room. For HOBBIT this is important 
background knowledge for many procedures and enriches the “shared context”. 

3.1.2 Safety at night 

AAL sensors can detect that the user is getting up from bed when the light is switched off 
and automatically switch on the light to prevent falls. 

3.1.3 Safety in restroom 

When the user goes to bathroom or restroom HOBBIT will recognize this and can check if 
the user stays there for unusual long time. The user can then be prompted by TTS even 
through a closed door (ASR however might not work) and if she doesn’t react within some 
time (come out) an SOS call can be started. 

3.1.4 Faster search in emergency case 

The last known user location allows HOBBIT to begin its search for the user at that place and 
thus increases the chances to find the user within shorter time instead of always searching 
the whole flat. 

3.1.5 Reminders for stove or iron 

HOBBIT can remind the user to switch off heat sources or close windows after unusual long 
time or when leaving the flat or do it for the user. Smoke detectors can additionally cause 
HOBBIT to alert the user. 

3.1.6 Reminders for medication or activities 

If no kitchen activity, taking medicine, performing health self-checks etc. is detected within 
defined time spans the user can be prompted to perform such actions. Note that objects like 
pill boxes can be “smart objects” which are tagged and such can be identified by the HOBBIT 
arm. 

3.1.7 Opening doors 

HOBBIT can control door openers to open doors on demand for the user and itself. This can 
both, help HOBBIT to enter rooms and prevent situations where the user needs to deal with 
a walking stick and the door 

3.1.8 Call buttons 

Wireless buttons in fixed places can be used to call HOBBIT to a certain place or small 
mobile call buttons worn by the user can be used to call HOBBIT to the user by searching 
her beginning in the last room she is known to have been in 
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3.1.9 Link with personal alarms 

HOBBIT can be linked with a personal alarm device (optionally including fall detector) and 
can go to the user in need of help for a first check and remote assistance from a service 
centre 

3.1.10 Robot localisation 

The AAL environment can optionally assist the robot to know in which place it is or help in 
fine orientation towards a specific point (sensors or landmarks) 

3.1.11 Comfort functions 

Besides a general integration of remote control for whatever actuators in the UI HOBBIT can 
make use of actuators to enrich the scenarios by e.g. controlling light level appropriately 
when the user wants to be played a video or music or the TV to be switched on, or in the 
opposite case. 

3.1.12 Identification of smart objects 

Tagged objects can be identified by the gripper which allows to distinguish objects that 
otherwise would be too similar. 

3.1.13 Monitoring of health measurements 

HOBBIT can be linked with devices for self-assessment of health like blood pressure meters, 
glucose meters or weight scales etc., and monitor their use and remind the user to use them 
regularly. 
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4 Smart Home Environment 
A Smart Home environment makes use of a set of stationary sensors (as opposed to the 
mobile robot) which are used to detect:  

• The current position and presence of the user (livingroom, bed, restroom …)  

• A call for the robot to come to some place (typically to the user) 

• Environmental conditions (temperature, light conditions, air quality …) 

• The status of home appliances (oven, lights, door …) 

• (smart) objects 

• (use of) health related equipment 

• potential hazards, falls and alarms 

• Movement and opening of doors, windows or drawers 

On the other side actuators are used to control e.g. home appliances, doors, lights etc. from 
the HOBBIT system, for the user but also the robot (door, light). 

Based on these sets of sensors and actuators the AAL framework is able to provide the 
following services (depending on actual system in place): 

• Localize user (last known position or absence with timestamp) and robot 

• Detect possibly hazardous events in the environment 

• Collect and identify events/activities in the environment (Activities of Daily Living, 
ADL) 

• Detect ringing at the entrance 

• Derive contextual information (habits) for the system via the Environment Profile 

• Control of devices, lights or windows/doors 

Other information that can be integrated is health-related data or personal alarms. 

The AAL system on the other hand can benefit from the information collected by the robot as 
“mobile sensor”. Both systems together draw advantages from the mutually enriched shared 
context. 

The AAL framework in HOBBIT is designed to interface existing (not HOBBIT supplied) 
systems in a generic way but also to provide AAL services on its own by a selection of 
optionally to be installed AAL components. 

4.1 Privacy and Security 
AAL and even more health sensor information carries the potential to reveal sensitive data 
about a person’s status. As soon as such information is collected, care must be taken to limit 
access to only the authorised receivers and to only gather, store and transport data as 
needed and agreed (Directive 95/46/EC, Directive 2002/58/EC and national implementations 
thereof). 

As a result the general principle applied must be to limit collection, storage and 
transmission of such personal data to the required minimum and keep it transparent for 
the user. Access to data must be authorised and logged. 
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4.1.1 Problem area wireless transmissions 

Wireless data transmissions which play a crucial role in most such systems and also in 
HOBBIT are potentially spreading the data over some area outside the user’s apartment in 
an uncontrolled way. It is therefore important to use secured wireless transmission whenever 
possible, WPA2 in case of WLAN, and to limit access from outside to the internal HOBBIT 
network. 

For those sensor systems which are already in place independent from HOBBIT, HOBBIT is 
only responsible for the extended handling of data (transmission to and within HOBBIT, 
storage and access). 

For sensors added by HOBBIT the wireless transmission is to be made preferably via a 
secured channel (EnOcean secure, HomeMatic AES). This should block third-parties from 
spying on transmitted data and also prevent data manipulation (at sensors and actuators). 

Seemingly, for actuators it should be made difficult for unauthorised third parties to control 
devices by requiring an access key or explicit pairing (only authorised senders allowed). 

Still a potential intruder might be able to gain some insight into user activities by mere 
observation of the timing of even encoded transmissions and such learn about the meaning 
of data (e.g. presence, as also possible by observing light through the windows). 

As full encryption and securing of wireless transmissions on the low-power sensors currently 
is neither supported in satisfactory way nor affordable to be activated for power consumption 
reasons (same as adding extra fake transmissions to obscure timing and use of 
acknowledged transfers) at present a compromise will still be necessary meaning that most 
communication will be not encrypted. 

 
Figure 1: EnOcean(source) secure telegrams, protection and power consumption 

Wireless transmission also may be temporarily blocked or disturbed by other RF 
transmissions or interference from electric equipment (motors, microwave). In part this is 
covered by repetitions and handshake in the wireless protocols but for the same power 
restrictions as with security some (a usually small number of) data may be get lost at any 
time. This has to be considered in the higher data layers to avoid algorithms getting stuck 
etc. 
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4.1.2 Data storage 

HOBBIT will maintain a full log of all sensor data events and Profile information (context) as 
part of the shared context and abnormalities detection. The database and Profile are internal 
to HOBBIT and only accessible locally via internal ROS protocols. Direct file access is 
protected by required user authentication for log in. 

4.1.3 Remote access and transmission 

HOBBIT only actively connects to the outer world in case of a clearly defined emergency by 
use of VOIP calls to pre-defined numbers (or activation of a linked personal alarm service). 
No data is stored or transmitted outside HOBBIT. 

HOBBIT also foresees remote control from an external Service Centre. Access to the remote 
services is protected by required user authentication and limited to a clearly defined group of 
persons. 

4.1.4 Informed consent procedure 

Data that will be collected on a strict need to know basis will relate to health measurements 
performed by the user (just the time or also values depending on activated function) and 
behaviour (current location, activity level, ADL habits). 

Trial users will be fully instructed about the collected data and their handling in the informed 
consent document: 

1. methods used for handling personal data  
2. justification for requesting/obtaining their data 
3. duration of data use and storage 
4. guarantees concerning the rightful use of data  

After the individual trial data will be kept in pseudonymised form as long as direct evaluation 
(processing of all trials) is required and then stored only anonymised for further research. 

Trial users will be also informed that the HOBBIT prototype (and the AAL part) is not qualified 
for use as life-saving or personal alarm equipment and may fail, so may enhance but does 
not guarantee personal safety. 

4.2 Standards and regulations 
The AALIANCE2 Project is a Coordination Action funded in the European Union’s 7th 
Framework Programme, focussing on Ambient Assisted Living (AAL) solutions based on 
advanced ICT technologies for ageing and wellbeing of elderly people in Europe. One of the 
project’s main objectives is to build consensus upon upcoming research priorities, 
standardization and certification needs in the AAL sector, to be published in the AALIANCE² 
AAL Roadmap and Strategic Research Agenda. As a first step AALIANCE2 collected 
relevant European and international standards and regulations in the field of AAL. 

A huge list (requiring simple request for access credentials) of relevant standards, 
regulations and proposals as well as initiatives and software is provided at 

http://nero.offis.de/projects/aaliance2/start 

This underpins the complex and heterogeneous current situation in the AAL sector. 
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4.3 Typical AAL setups, challenges and approaches 
In the last decade there were plenty of research projects dealing with the monitoring and 
recognition of activities and detection of outliers in data from smart environments. Most 
publications are based on trials in impressive laboratory setups with rich sensor equipment. 

During the last years a lot of effort has been put in research into open architectures for AAL 
environments (EU projects SOPRANO, UNIVERSAAL), concentrating on the middleware for 
integration of manifold services. This is a still ongoing process where currently complete 
functional systems are hard to implement because of lacking support for basic elements. 
Recently, e.g. within the RoboEarth project, a new approach for collaboration of robots and 
offloading their heavy computation to secure computing environments in the cloud was 
proposed. 

Processing of information from AAL environments is based on the concept of a probabilistic 
state transition system with spatio-temporal reasoning on the (usually pre-processed) time-
series data from sensors. Much of the work reported in scientific literature consists of training 
activity models based on a subset of collected data and assessment of the performance 
when applied to the untrained data. 

It normally is assumed that user activities can be observed in great detail (rich sensor set) 
while in reality it is not frequently possible to use an ideal number of sensors. Hidden Markov 
Models (HMM) are typically used to cater for the partially observable states. 

When cameras are not used (because of privacy concerns), PIR movement detectors are the 
most important sensors. Limitations in the response characteristics (time, area) of real PIRs 
require using many of them for acquiring fine grained position data, see below example. 
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Figure 2: Typical example of sensor rich smart apartment used for data collection: (motion (M), 

temperature (T), water (W), burner(B), telephone (P), and item (I) sensors). [Chao 2011]. There are 
~50 PIRs installed, triangles denote a sparse sensor set for comparison. 

As can be seen from above figure the number of sensors considered in the laboratory 
settings is usually much higher than what can be expected to be deployed in a real home 
apartment of an older user. There exist only few results from real-life tests with older users 
and those are partially achieved with intrusive, disliked camera sensors even if they don’t 
take “real” pictures [CARE 2012], in lab settings or over short periods. 
Own research into monitoring based on sparse sensor sets [eHome], [Obernosterer 2013] 
demonstrated that fewer sensors can still be useful to assess the status of a user for purpose 
of emergency detection and sharing context with another, e.g. robotic, system. This 
approach was based on a generalized sensor layout and rules from domain experts which 
avoided the need for initial training of the system. 
Van Kasteren [van Kasteren 2008] reports about successful activity recognition by trained 
Hidden Markov Model and Conditional Random Field models where mostly the locations of 
expected ADLs are equipped with sensors. Often objects related to ADLs are equipped with 
sensors or tags (RFID) to generate richer data about performed activities. 
However, often the most important task of an AAL system is the detection of anomalies in or 
lack of ADLs, not the perfect classification of detailed data. For this [Floeck 2009] invented 
the concept of inactivities for generation of alarms. As can be seen from that, the raw sensor 
data can be interpreted in different ways leading to better utilisation of the information 
contained. 
A promising general concept is that of pre-processing the raw data events (sensorID, time, 
duration) into so called Episodes (sequences of frequent events). All Episodes that were not 
commonly observed before can thus be classified as outliers and indicators of potential 
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problems of the user. It has also been shown that slot based activity processing with 
resolutions from 30-60 minutes allows to compare current activities with typical rhythms. 
Most research ignores the limited quality and resolution of positional sensors in real life 
(mostly PIRs) by assuming even continuous video monitoring. If AAL is to be used as an 
upgrade of an existing living environment to assist independent living, severe restrictions 
apply: 

• Acceptable costs (typically 20-50€ / month i.e. the range of a personal alarm system) 
limit the number of sensors. Installation effort (no wiring or change to electric 
installation) must be kept as low as possible.  

• Unobtrusive (best invisible) mounting, not always possible to place sensors in 
optimum location 

• Limited power supply (batteries should last for > 1 year between necessary 
replacement) reducing sensor intelligence and back channel capabilities 

• Lack of “perfect” off-the-shelf movement sensors as most are specialised on building 
automation or security applications (long detection interval problem) 

As a long initial training phase to learn typical patterns shall be avoided (both, because in the 
intentionally simple generalized setup there is not much new to learn, and because of time 
for getting online with the system), another feedback loop must be implemented if adaptation 
shall be achieved. This can be done by pre-installed expert rules and a simple rewarding 
mechanism for adaptation (cf WP3).  
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4.4 Home Environment Interface 
As was depicted in D4.1 the AAL framework provides interfaces to the Internet, which is also 
made available to the rest of the HOBBIT system via LAN and WLAN, and to the sensor and 
actuator devices via wireless or bus-oriented gateways.  

The integrative HW part of the AAL framework typically is a dedicated embedded PC 
(“Beckhoff CX”) with modular interface components that is also used to control the robot’s 
arm. As the AAL concept is very modular it is also possible to have the AAL framework 
drivers on any system in the HOBBIT network. 

 
Figure 3: Home Environment Interface as for PT1 

The AAL-Server-App is the central SW control unit for the AAL framework and first and 
foremost provides the generic AAL sensor interface. The application can run on an own 
Server-PC or on the Beckhoff PLC (CX) itself. Each CX can communicate with other bus 
systems like EIB/KNX, EnOcean, ZigBee, which are often used in building automations. So 
the CX takes over the communication and also control and measurement tasks for a broad 
range of automation systems. 
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4.5 Institutional environment Interface 
The AAL service is running on this CX node. In larger environments several CX nodes can 
be linked to extend the range to e.g. several floors. Another advantage is that each floor is 
still controllable after a possible breakdown of one CX. 

 
Figure 4: Institutional Environment Interface (optional) 

www.HOBBIT-project.eu  20/55 

http://www.hobbit-project.eu/


HOBBIT Deliverable D4.2 Advanced AAL Framework  

4.6 Generic AAL Interface 
In D4.1 an overview about frequently used AAL sensor technologies was given. As HOBBIT 
shall be prepared to interact with systems already in place, a simple generalized SW 
interface based on TCP/IP is provided to be prepared to make use of existing sensor 
information. While some standards are emerging for AAL and health related systems and 
services are being specified (UniversAAL, ISO/IEEE 11073-10471 - Independent living 
activity hub), there are only few systems actually installed and they do not implement 
common interfaces, none of them e.g. uses ROS. Other currently sold proprietary home 
automation systems often provide web-based (or cloud based) access with a variety of 
protocols. Essentially all commercial systems are either closed systems or provide only some 
proprietary interface. 

Some examples of such systems: 

  
Figure 5: Telefunken Smart Building System 

 
Figure 6: Somfy/Tahoma Home Motion System 

There also exists open controller SW e.g. OpenRemote (http://www.openremote.org), 
openHAB (http://www.openhab.org) – see also chapter below - or FHEM (http://fhem.de) 
able to access several wireless and wired automation device families with a more or less 
nice user interface and providing access by mobile devices (tablets, smartphones). 
Nevertheless, a special driver for interfacing to HOBBIT would be needed if HOBBIT shall 
get access to data from such frameworks. 

Because of this situation the simplest possible AAL interface based on widespread TCP/IP – 
HTTP/REST (spanning all OS) was chosen for HOBBIT. It bridges the gap from the AAL 
device interface to ROS in HOBBIT. For security reasons this interface can only be accessed 
from the internal HOBBIT network. 
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Because of its generic nature the AAL framework interface can easily be extended by 
independent SW modules for integration of sensors or actuators with other protocols by just 
providing a dedicated SW module. The future expansion towards established middleware 
protocols like e.g. UniversAAL is planned and equally easy to achieve. 

Examples: 

command?busID=1&sensorID=0A313467&value=1 

sensors? 

actuators? 

protocols?busID=NEW&sensorID=dummy&value=ROSMODULE    For adding SW 
module as actuator? Or just addressed by numeric busID?…. 

The AAL framework communicates to HOBBIT all detections of environmental information 
(especially for alarms and reminders) and stores it in a database. Besides that, it collects 
context and status information (e.g. in which room is the user) in the Environment Profile 
from which HOBBIT can read at any time the latest (most important context) information. 

In the other direction, HOBBIT can send activation commands to AAL actuators via an AAL 
service. 

The AAL interface to HOBBIT is based on ROS services so that the whole AAL framework is 
encapsulated in ROS.  

4.6.1 OpenHAB framework 

In order to open HOBBIT to third party automation equipment for future and larger settings, 
openHAB was found to be the most promising framework. It is Open Source under 
GPLv3 license and written in Java so it runs on many platforms. Bindings to 
specific HW are made by OSGi bundles in a very modular way and lots of such 

bindings already exist, amongst others also for HomeMatic and Enocean. Currently 
the following bindings are provided and it is relatively easy to develop a new one: 

• Asterisk Binding 
• Bluetooth Binding 
• CUPS Binding 
• DMX512 Binding 
• EnOcean Binding 
• Exec Binding 
• Fritz!Box Binding 
• Homematic Binding 
• HTTP Binding 
• IHC / ELKO Binding 
• KNX Binding 
• Koubachi Binding 
• Modbus TCP Binding 
• MPD Binding 
• Network Health Binding 
• Novelan Heatpump Binding 
• NTP Binding 
• One-Wire Binding 
• OSGi Configuration Admin Binding 
• Philips Hue Binding 
• Plugwise Binding 
• PLCBus Binding 
• Pulseaudio Binding 
• RFXCOM Binding 
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• Samsung TV Binding 
• Serial Binding 
• Snmp Binding 
• Somfy URTSI II Binding 
• Sonos Binding 
• TCP/UDP Binding 
• VDR Binding 
• Wake-on-LAN Binding 
• Google Calendar Support 

 
The lab installation of sensors used in HOBBIT was tested successfully also with openHAB. 
The interfacing to HOBBIT is easy because REST/HTTP is supported just in the way chosen 
for the generic AAL interface.  
The openHAB runtime is a set of OSGi bundles deployed on an OSGi framework (Equinox). 
It is therefore a pure Java solution and needs a JVM to run. Being based on OSGi, it 
provides a highly modular architecture, which even allows adding and removing functionality 
during runtime without stopping the service. Here is an overview over the main bundles and 
how they depend on each other: 

 
Figure 7: openHAB Architecture Overview 

openHAB has two different internal communication channels: 

• an asynchronous event bus 

• a stateful repository, which can be queried 

openHAB also includes a powerful rule engine, for example a rule looks like: 
// import the decimal type as we refer to it in a rule 
import org.openhab.core.library.types.DecimalType 
 
var Number counter 
 
// setting the counter to some initial value 
// we could have done this in the variable declaration already 
rule Startup 
when  
        System started 
then 
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        counter = 0 
end 
 
// increase the counter at midnight 
rule "Increase counter" 
when 
        Time cron "0 0 0 * * ?" 
then 
        counter = counter + 1 
end 
 
// tell the number of days either at noon or if a button is pressed 
rule "Announce number of days up" 
when 
        Time is noon or  
        Item AnnounceButton received command ON 
then 
        say("The system is up since " + counter + " days") 
end 
 
// sets the counter to the value of a received command 
rule "Set the counter" 
when 
        Item SetCounterItem received command 
then 
        counter = receivedCommand as DecimalType 
end 

A rule can have any number of trigger conditions, but must at least have one. The 
EXECUTION_BLOCK contains the code that should be executed, when a trigger condition is 
met. The content of the EXECUTION_BLOCK is in fact a script. 

 

There are different categories of rule triggers: 
• Item(-Event)-based triggers: They react on events on the openHAB event bus, i.e. 

commands and status updates for items 
Item <item> received command [<command>] 
Item <item> received update [<state>] 
Item <item> changed [from <state>] [to <state>] 

• Time-based triggers: They react at special times, e.g. at midnight, every hour, etc. 
Time is midnight 
Time is noon 
Time cron "<cron expression>" 

• System-based triggers: They react on certain system statuses. 
System started 
System shuts down 

 
Scripts allow to prepare code blocks that can be defined by the user and which can be called 
and thus reused from different places. Actions are predefined Java methods that are 
automatically statically imported and can be used within scripts and rules to execute 
openHAB specific operations. 
User interfaces are directly supported by an embedded server in a general classic flavour 
and special iOS and Android native versions: 
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Figure 8: openHAB mobile UI 

 
Security is provided via HTTPS and basic authentication and local network mask. (all 
information taken from https://code.google.com/p/openhab/ in September 2013). Currently 
the project is also proposed under the Eclipse Technology Project. 

 
Figure 9: openHAB status overview 
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4.7 Smart Objects 
In order to identify special objects like medicine, it was planned to integrate an RFID/NFC 
reader to recognise tagged objects. Therefore, this solution was deeply investigated. Due to 
this investigation following problem scenarios could occur: 

- In real life no object is standardly tagged, which means: 

- Failures can occur, due to the fact that the user has to tag the objects he/she wants to 
be recognized, when e.g. the medicine box is empty and the new medicine box has to 
be tagged with a new RFID/NFC tag, if a medicine was incorrectly tagged and 
HOBBIT brings the wrong medicine this causes insurance and safety problems. 

- Users’ acceptance of having to tag personal objects generally is low 

- Hygiene and durability issues are expected with e.g. tagged cups 

- Additional costs (RFID/NFC reader, Tags) 

Therefore, recognizing smart object using RFID/NFC tags is not used in PT2. Instead WP6 
already provides a function where objects can be learned (e.g. pills box) and brought to the 
user (see Task 6.4 “Object detection” and D6.2). 

4.8 AAL Components directly provided by HOBBIT 
In case that HOBBIT also should provide the AAL services on its own and not just link to an 
existing system via the generic interface, low energy wireless devices with EnOcean 
technology (on basis of  ISO/IEC 14543-3-10 standard) were selected as best solution in 
D4.1 (see full device list there). Similar but cheaper installations are available with the 
HomeMatic technology which does not make use of energy harvesting but is also very low 
power. Both solutions have been investigated and tested. 

The goal for battery powered sensors is set at an uninterrupted working period of at least one 
year without need to replace the battery. The battery status of devices should be readable by 
the system to allow for timely warning. 

Within HOBBIT it is not planned to develop another complete AAL system, it is even required 
to cope without such a system at all. Therefore a selection of commercially available 
components was made for optional installations. Aside from that, for the specific user 
localisation task, given the lack of well suited products, a self-made specialised PIR sensor 
was studied. 

Below the devices that were selected as candidates for the trials are listed. Only such 
devices were chosen which allow for easy installation without requiring of licensed craftsmen 
and modifications to the user’s flat. Mounting in general can be made by removable adhesive 
tape or by plugging into a socket. 

4.8.1 Switchable plug and meter 

 

Usage: Can be used to switch on/off any connected device 
and for metering the energy consumption. As it fits 
into every Schuko power plug, it adds no extra 
cabling. Currently only one device is known to be 
available. 

Power source: Mains 

Manufacturers: Telefunken 

Communication: Transmitter and Receiver 
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4.8.2 Door/Window contact 

 

Usage: This solar powered sensor detects the opening and 
closing of a door or window by distance from a 
magnet. It is attached by adhesive tape at a 
convenient place. 

Power source: Solar cell 

Manufacturers: Thermokon, Telefunken 

Communication: Transmitter 

4.8.3 Wireless Switch (Call Button) 

 

Usage: A wireless signal is produced when pressing and 
releasing a button. A blind or light control can be 
realized 

Power source: Battery free, energy harvested from activation 

Manufacturers: Thermokon, Telefunken 

Communication: Transmitter 

 

4.8.4 PIR Movement detector 

 

Usage: Detects movement of persons (and moving heat 
sources) via passive IR sensor element. The re-
trigger delay can usually be set no shorter than 1 
minute. 

Power source: Solar cell, backup battery 

Manufacturers: Telefunken (Thermokon, OMNIO) 

Communication: Transmitter 

4.8.5 Custom-made sensor 

 

Usage: Based on a core module from EnOcean including 
the solar cell and all required processing, a custom 
made PIR solution can be developed. This would 
allow to fine-tune the fire rate and other parameters 
to the specific needs of HOBBIT. Note that because 
of widespread use of such EnOcean core modules 
in commercial devices it is not unlikely that some 
commercial devices could be simply re-programmed 
as required. Also possible would be to read out 
temperatures from distance by IR (oven). 

This was also used as interface to a personal alarm 
device (see Fehler! Verweisquelle konnte nicht 
gefunden werden..) 

Power source: Solar cell, backup battery 

Manufacturers: EnOcean  

Communication: Transmitter 
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4.8.6 Door opener 

 

Usage: An add-on device for opening of doors by remote 
control (initiated by slightly moving the door or a 
remote command from user or HOBBIT) can be 
added. The door opener’s remote control uses the 
widespread FS20 protocol. 

Power source: Accumulator, mains 

Manufacturers: Abotic 

Communication: Through remote control (FS20), bridge to EnOcean 

4.9 Remote Control 
Remote Control of HOBBIT in WP4 deals with all forms of directing or calling HOBBIT to a 
certain location which is a combination of an AAL sensor system (call button) and the 
navigation module of WP6. 

Another type of remote control currently not implemented by WP4 is for controlling media 
equipment (TV, radio…) by HOBBIT. This can e.g. be implemented by the MMUI in WP2 
which has drivers for remote control via IR or by specialized devices linked to the AAL 
interface. 

A third type of remote control not implemented by WP4 is that of controlling HOBBIT from a 
remote service centre via Internet which might be a platform feature (WP7). 

4.9.1 Call Buttons 

This is a very simple approach of localizing the user and gives him/her the ability to call the 
robot. It uses wireless switches (see 3.6.5) which are optionally located in each room. Each 
button has a unique ID and a location known by HOBBIT. So the user has to press the button 
in order to call HOBBIT which knows which button was pushed and will drive to the room 
configured for this button. Now from here on the human detection module (see D5.x) will 
search for the user and finally approach him/her and HOBBIT will ask for commands. 

 

Advantages Disadvantages 

Very Simple implementation of wireless 
switches 

User has to push the button to call HOBBIT, 
even if the button is far away 

Reliable: the buttons are always at the same 
location 

 

 

Multiple call buttons are foreseen in places like living room, bedroom and especially in the 
restroom. As HOBBIT knows the location of every button, special procedures can be e.g. 
linked to a Call button in the restroom (emergency call). 

Another option is the use of a small user wearable call button which operates on the same 
principle except, as its location is not known, it requires a higher search effort by HOBBIT. 
Information from the Environmental Profile about the last known position of the user can be 
used as a starting point followed by the same search and approach procedures as for the 
fixed call button. 
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 Figure 10: Wearable EnOcean remote call button 

These devices offer up to four different definable call functions. The call function can also be 
triggered by a personal alarm button (see Fehler! Verweisquelle konnte nicht gefunden 
werden.). Although technically practical, mobile wearable buttons often have low user 
acceptance rates. 

4.9.1.1 Installation 
No specific installation is needed except the sensor information must be entered into the 
Profile (id, room, type). 

4.9.2 Beckhoff User Localization 

The microphones to localise the user will no longer be part of AAL environment/WP4. 
Originally the intention was to localise a user (also in another room than Hobbit) in 
emergency case. Reasons for this change:  

• The installation makes a lot of effort at the user’s home 
• As the Beckhoff system is still highly experimental it is not guaranteed that the result 

will be worth the effort 
• Beckhoff system is based on ultrasound sensors not microphones 
• High costs: PLC + equipment above 1800€ 
• For the user partners it is sufficient if users in need of help (after fall) are found within 

1 hour.  
• The users might not accept microphones due to privacy concerns in particular if 

installed stationary in each room 
• The safety function also can be realised by the robot patrolling each hour in the flat. It 

starts a dialogue when approaching a user in need.  
• AAL will (optionally) contribute with other sensors a best guess of the last/current 

location of a user so the search can be shortened 
• A solution for calling Hobbit will be implemented using call buttons 

However, because of the missing user localisation and distress sound detection there might 
be some information missing (to optimize interaction) for WP2 and WP3. 
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4.10 Check user health and personal alarms 
When developing a system that is making use of AAL information from a sensor network it is 
clearly obvious to allow also to include health monitoring equipment (vital data) and personal 
(senior) alarm systems. As with AAL monitoring nowadays there exists a wide range of such 
systems with an abundance of features and protocols which need to be integrated into a 
common interface. D4.1 therefore described related products and projects. 

An expansion of the HOBBIT UI includes also “fitness”/physical training scenarios. Training 
instructions can be shown and the Kinect sensor can be used to monitor movement of the 
user’s body movements. 

4.10.1 Integration of health-related devices and personal alarm systems into HOBBIT 

In D4.1 the components of the i-Residence system (now superseded with new Vivid product) 
which makes use of wireless links with the ANT protocol were identified as potentially useful 
to be linked with HOBBIT. i-Residence is a self-installing, intelligent environment for old 
people. Only two easy installation steps are needed: Plug the Relay-Stations into a mains 
plug and connect the GSM or LAN Bridge with the power. ANT relays can be added as 
required and provide a self-managing mesh network. 

  
Figure 11: supported e-Health devices (smartLAB) 

 

As soon as power is available, Relay-Stations and GSM-Bridge show their connectivity via 
green LEDs. This way an easy optical check on the functionality of the system can be done.  

i-Residence includes the following (optional) devices: 
• Blood pressure meter  
• Blood glucose meter  
• Pulse meter  
• ECG (under development) 
• Bed sensor (under development) 
• Weight scale 
• Fall detector belt 

Prices for a basic i–Residence set with fall detection are around 1000€, weight scale, blood 
pressure and glucose meter add appr. 100€ each. 

The receiver for the ANT messages is an USB-stick connected to HOBBIT or the HOBBIT 
(W)LAN interface. 

The specific i-Residence ANT module in HOBBIT translates incoming (wireless) ANT 
messages into the HOBBIT event mechanism (H_xx event together with data value) 
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providing dialogue scripting for the health-related use cases which is sent to the generic AAL 
framework interface. 

Another device selected to be exemplarily integrated is a (wide-spread) senior alarm with 
wrist-worn fall detector that can be linked via the AAL sensor interface. 

  
Figure 12: supported personal alarm device with fall detector (Bosch) 

 

Examples of integration into Hobbit: 

• Together with the HOBBIT reminder service, a user can be reminded to perform 
blood pressure measurement regularly. HOBBIT detects when the data is available 
by receipt of the specific H_xx event (no data necessary).  

• An incoming H_FALL event can be used to trigger emergency dialogues similar to the 
manual HELP button. 

• The HOBBIT GUI also can provide intuitive access to e.g. web based health data 
results (or the local history) visualizing the data trends for self-assessment. Note that 
Hobbit will NOT attempt to make health-related decisions!  

4.10.2 Installation 

The interfaces were tested in laboratory settings. 

The specific ANT health device driver is located on the UI Tablet PC and installed as part of 
the MMUI package. The ANT USB transceiver must be connected to a USB port of the UI 
Tablet PC. The default configuration is sufficient for this driver to work and health related 
events to be received by HOBBIT. 

The interface to the personal alarm device is implemented via a HW box containing an 
EnOcean module which forwards the alarm from the personal alarm button to HOBBIT or 
simulates an external alarm contact that can be operated by HOBBIT which can be used to 
raise an alarm via the telephone line to a service centre. 
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4.11 Localisation of user and robot 
It would be helpful if an AAL system could deliver information on the current position of user 
and robot, the latter especially to assist the navigation and self-localisation task of HOBBIT 
(WP6). Several indoor localisation systems have been developed, operating either on the 
basis of tracking of RF or (ultra)sound tags or via cameras, which are disliked for privacy 
reasons. These systems have in common that every room has to be equipped with several 
transceivers or cameras to cover the whole room (often they need also considerable cabling 
of receivers), the more accurate the localisation should work the more the complexity. For 
user tracking it is also a problem if the user has to wear a specific gadget all the time in order 
to be localised because this is not liked by users and often forgotten to put on in the morning. 

An example would be iLoc+ [Knauth 2013], an ultrasound ranging based indoor localization 
system of the iHomeLab Living Lab Luzern. The user (also visitors) gets an electronic name 
badge comprising an ultrasound transmitter. This badge can be localized with an average 
accuracy of less than 30 cm deviation in its spatial position, by means of reference nodes 
distributed in the rooms. 

Another possibility would be to project an invisible IR orientation pattern onto the ceiling of 
every room as used in the NorthStar® Navigation System for robots. 

The Beckhoff Localisation system described in D4.1 operates by ultrasound TDOA analysis 
and can be installed either in every room or on the robot. 

As the installation of cabling for the 3 to 4 stationary receivers in every room seems too 
intrusive and costly, only the robot-based version needing no extra installation in the rooms 
seems acceptable. 

As the Beckhoff localisation system was found to be not applicable within HOBBIT, another 
solution for indoor localisation of the robot based on a mapping of the ambient Wi-Fi 
fingerprints was considered (http://indoo.rs/) but found to be too experimental for use in the 
trials. 

Other small wireless AAL sensors that are used to track activity (mostly PIR) will also deliver 
information about the position of user (and robot because it emits IR due to its power 
consumption) at least in the moment of detection, and by careful placing of these sensors 
(and the better the more sensors), it will be possible to deduct the place the user or robot are 
at nearly all the time (with at least room resolution). 

For robot self-localisation (in the “lost robot” case) it is usually sufficient to get small, coarse 
hints about e.g. the location or orientation to assist the robot in recovering, then the robot is 
able to proceed as part of its navigation task (WP6). These hints can be given by either the 
PIR localisation events (place and time are known) or by putting extra visual landmarks the 
robot can see with its camera in the environment. 
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5 AAL Services Provided in PT2 

5.1 EnOcean and HomeMatic Sensor Interface 
As part of the AAL laboratory testing a simple binding to EnOcean and HomeMatic devices 
was developed to be able to interact with suitable HW without restrictions by proprietary 
setups and without requiring many (expensive) components. 

 
Figure 13: HomeMatic configuration utility 

 
Figure 14: USB transceivers for HomeMatic (left) and EnOcean 

The simplest interfacing can be achieved with USB transceiver sticks. 

With this simple setup both EnOcean and HomeMatic devices provide events when new 
sensor information is available and actuators can be controlled. 

A Windows driver package was written for both types of device families which on the 
HOBBIT side is compatible to the generic sensor interface described below. 
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Complementing this, the openHAB framework has been also successfully tested with the 
transceivers. 

5.1.1 Installation 

The drivers are provided in form of Windows console applications on the UI Tablet PC as 
part of the default MMUI installation. They need be activated in the MMUI startup script. No 
other settings are required, they register themselves in the generic HOBBIT AAL interface. 

Note that all sensors and actuators to be linked to HOBBIT must be entered into the Profile 
information otherwise they would not be accepted by HOBBIT. 

5.2 Generic Sensor Interface 
The Generic Interface is the extension of the interface already used for PT1. 

It is a simple TCP/IP service provided at http://XPC:8108 via the ROS module “AALservice” 
by HTTP GET or PUT to: 

/sensors?busID=1&sensorID=0A313467&value=1 

busID and sensorID are the identifiers also used in the Profile information about a sensor. 
The type of sensor and its further properties like associated room have to be set in the 
Profile. 

This sensor interface is able to consume AAL, Health and Alarm related sensor events. The 
flexible Beckhoff CX HW which was used for PT1 and described under 4.4 also connects to 
this interface. 

One of the basic services of this interface is to convert AAL “CALL” type events to 
E_CALLHOBBIT events with place argument and “ACTIVITY” type events to an update of 
the user location in the Profile. Every sensor event is also stored to a database and the 
related sensor status is updated in the Profile. 

Note that any existing AAL/Health/Alarm system can connect to this generic interface to 
interoperate with HOBBIT and this interface is also used by the HOBBIT add-on AAL 
implementations. 

5.2.1 Typical sensor installation 

It is not possible to install very complex sensor systems just during the 4 weeks trial phase in 
the homes of users especially when heavy wiring or modifications to the electric in-wall wiring 
are required. The HOBBIT system anyway is designed to deal with as much as is available 
but the trials are also supposed to assess AAL benefits. A careful selection based on 
experience in earlier long term trials resulted in a typical setup which is believed to be 
applicable to most homes with moderate installation effort and high acceptance: 

• Door contact on entrance door to detect entering or leaving of home. Required. 

• PIR movement detector for important rooms and places. Examples are bedroom, 
kitchen, living room but also bathroom and toilet. Note that the actual sensor 
positioning can be in the room or outside on the path leading to the room depending 
on the concrete situation. Required 1-n. 

• Temperature and light level (may be part of a PIR device). Required. 

• Contacts on fridge door and e.g. kitchen cupboard door or drawers. Optional. 

• Current sensor as part of switchable power plug for e.g. iron. Optional. 

• Stationary and optional mobile call button. Required 1-n (stationary). 

www.HOBBIT-project.eu  34/55 

http://www.hobbit-project.eu/
http://xpc:8108/


HOBBIT Deliverable D4.2 Advanced AAL Framework  

• Optional health devices with wireless link (Blood pressure meter, weight scale) 

• Optional alarm button with fall detection for wrist (connected via gateway) 

• Optional IR stove temperature sensor (to be developed) 

• Optional IR presence sensor (to be developed) 

• Optional improved “faster” PIR (to be developed) 

• Optional non-invasive current detector (to be developed) 

 

All the listed devices are either mountable with removable adhesive tape or plugged into 
existing power sockets, worn by the user or just put somewhere in a convenient place. 

Other automation components as far as they are already in place can be integrated 
provided they have an external interface based on TCP/IP. Components which require 
installation by an authorised electrician are not considered for the trials. 

The HOBBIT AAL service hides the details about the concrete type of automation devices 
included so that the rest of the HOBBIT system doesn’t need to care about. 

After a sensor is positioned (or when an already installed one shall be integrated) the related 
driver (e.g. generic interface or EnOcean) must be activated if not running and specific 
Profile information must be added (id, room, type). It is mandatory to verify correct working 
by simulation of sensor activation and checking received data. 

After completed setup of sensors it is also mandatory to verify proper working of the 
localisation by a full pass through all equipped rooms. 

5.2.2 Installation 

The generic AAL interface is part of the default XPC installation. It is provided as Python 
ROS service and running by default.  

Note that all sensors and actuators to be linked to HOBBIT must be entered into the Profile 
information otherwise they would not be accepted by HOBBIT. 

5.3 Environment Profile and Status 
The setup information for and the status information coming from the AAL Framework is held 
in the Environmental Profile (accessed via ROS). 

This part of the HOBBIT Profiles contains: 

• ID, function and location of sensors and actuators 

• Last data or status of sensors and actuators 

• The supposedly current (last known) location of the user (time, room, close-by 
sensor) 

• The current activity level of the user (number of user related events) 

• The current health measurements of the user (data and time) 

It can be accessed by the UI scripts, the reminder functions and the task control logic. 
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Figure 15: AAL Status in Environment Profile 

 

The global Environment Profile variables are accessed as string values e.g. with the 
DecisionTool ROS services GetGlobalProfileStringAttribute and SetGlobalStringConditional 
or ROS Parameter services. 

Not existing values are returned as empty strings. 
Tab. 3: Environment Profile Variables related to AAL 

Environmental Profile Description 

Sensors and Actuators  
SensorList Contains as string value a list of names of sensors separated by the 

string „+++“. The names can be used to look up details for a specific 
sensor in the format: Sensor.Name.Attribute. This is specific to the AAL 
HW side and defined at setup time. 

ActuatorList Contains as string value a list of names of actuators separated by the 
string „+++“. The names can be used to look up details for a specific 
actuator in the format: Actuator.Name.Attribute. This is specific to the 
AAL HW side and defined at setup time. 

HealthSensorList Contains as string value a list of names of health check sensors 
separated by the string „+++“. The names can be used to look up 
details for a specific sensor in the format: Sensor.Name.Attribute. This 
is specific to the AAL HW side and defined at setup time. 

Actuator.Name.NodeID, 
Sensor.Name.NodeID 

Holds the unique node ID of the sensor or actuator on its bus. This is 
specific to the AAL HW side and defined at setup time. 

Actuator.Name.BusID, 
Sensor.Name.BusID 

Holds the ID of the bus the sensor or actuator is on. This is specific to 
the AAL HW side and defined at setup time. 

Actuator.Name.Type, 
Sensor.Name.Type 

Holds the description of the type of the sensor or actuator. This is 
specific to the AAL HW side and defined at setup time. 

Actuator.Name.Room, 
Sensor.Name.Room 

Sensor.Name.ToRoom 

Holds the name of the room the sensor or actuator is located in. This is 
specific to the AAL HW side and defined at setup time. Room names 
and room attributes can be found via the RoomList and 
Room.Name.Attribute variables. 

ToRoom is additional information required to describe the topological 
structure 
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Actuator.Name.Pos.*, 
Sensor.Name.Pos.* 

.X, .Y, .Z, .W variables hold the relative coordinates of the sensor or 
actuator in the room (relative to centre of room or absolute?). This is 
specific to the AAL HW side and defined at setup time. 

Actuator.Name.Value, 
Sensor.Name.Value 

Holds the last known value of sensor data or actuator state. 

Actuator.Name.Time, 
Sensor.Name.Time 

Holds the last update time of sensor data or actuator state in 64-bit 
representation of system time in milliseconds (POSIX format). 

User / Behaviour Data  
UserLocation.Room Holds the last know room name where user activity was detected. 

Room names and room attributes can be found via the RoomList and 
Room.Name.Attribute variables. 

UserLocation.Sensor 

 

Holds the last known sensor name where user activity was detected 
(health sensors do not update this as their location is unknown). 

UserLocation.Time 

 

Holds the last update time of UserLocation.* in 64-bit representation of 
system time in milliseconds (POSIX format). 

UserActivity.Value 

 

Holds the current value of detected average user activity. The value is 
calculated as number of events per time as positive number >= 0. 

 
USER.Action.Event 

USER.Action.Place 

USER.Action.Time 

Holds the summarized last info on user activity in the system. 

USER.State Absent – Resting – Detected etc. as calculated 

USER.DayStart, DayEnd Typical activity time 

USER.AwayStart, AwayEnd Announced absence 

By the Profile variables listed in Table 3 other HOBBIT functions can e.g. check the most 
current position information for the user on room/place level (Absence is handled as a virtual 
place/room “Absence”). It is not necessary for HOBBIT functions to deal with sensors 
individually as the location will always be kept updated by AAL according to latest sensor 
data. Of course the current state of every sensor is also available via the Profile. The robot 
and MMUI is also seen as virtual sensor and their information is included in the activity 
status. 

Internally, the home environment as described by the Profile data (list of sensors and rooms) 
can be thought of being represented as a topological map: 

 
Figure 16: Topological representation of AAL home environment as virtually kept in Profile. Rooms are 

connected by doors D, sensors (circles) are related to rooms. 
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5.4 Actuators 
Every actuator of the AAL environment can be accessed (by the information in the Profile 
depicting its room relation and type) via a ROS command to the HOBBIT AAL topic 
specifying the bus/node/value information or alternatively room and type of actuator (door, 
light): 
 rostopic pub /AAL HobbitMsgs/Command '{command: C_ACTUATOR, busID: “x”actuatorID: “y”, value:”z”}' 

where actuatorID is a driver dependent identifier, value id one of ON, OFF, OPEN, CLOSE, a 
% value (0-100) or a special driver command. 
 rostopic pub /AAL HobbitMsgs/Command '{command: C_ACTUATOR, roomID: "x", type: “y”, value:”z”}' 

With the latter command it is therefore e.g. easy to switch on the light in a room (provided 
there is an actuator). 

States and types etc. of actors are accessible via the Profile. 

The actuator drivers for the different technologies (e.g. EnOcean, HomeMatic) register 
themselves for their busID upon startup via the generic interface. 

5.4.1 Typical actuator setup 

As with the sensors only a selection of actuators will be actually used in the trials: 

• Switchable power plug plus floor lamp (also to be supplied if necessary). Required for 
safety at night scenario 

• Optional further switchable power plug (TV, radio, light, iron…) 

Further options include: 

• Optional door openers. Note: for the trials the assumption is that most doors are left 
open by the user all the time so that the robot can easily pass. Exceptions are 
entrance door, maybe bathroom and toilet. 

• Optional IR remote control for TV 

After an actuator is positioned (or when an already installed one shall be integrated) the 
related driver (e.g. generic interface or Enocean) must be activated if not running and 
specific Profile information must be added (id, room, type). It is mandatory to verify correct 
working by sending a test activation command. 

5.5 Events and Algorithms 
Every sensor or actuator event first is stored in a database. This allows event triggered 
algorithms or periodically started algorithms as well as safety rules to include some history 
from the AAL environment into their assessment of the status. By such algorithms the 
following can be provided (hourly and daily values as well as alerts are also stored in the 
database): 

• User location update – time, location, sensor type 

• Activity level (or inactivity detection) – averaged summary 

• Hazardous temperature (stove) or other condition (CO2 level) detection 

• Detection of habits and spatio-temporal context (per day or week rhythms)  

• History overview for change assessment by authorised staff 

Some algorithms make use of information provided by the user e.g. typical bed time or 
planned absence and time of day so events are handled differently depending on conditions. 
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5.6 Integration and Use of the AAL framework 
The HOBBIT AAL service and the generic AAL interface are started up by the default 
HOBBIT roslaunch scripts and are therefore always active. (The ActionSequencer for AAL is 
located in hobbit/AALService). 

5.6.1 Summary of AAL interfaces 

The AAL interface in HOBBIT comprises of three parts: sensor input, actuator output and the 
Profile data holding the information about installed AAL components. 

Sensor data received on http://XPC:8108 by HTTP GET or PUT in the form: 
/sensors?busID=1&sensorID=0A313467&value=1&time=d 

is processed based on (and only if available) information about the sensor in the Profile: 
Sensor.Name.NodeID 

Sensor.Name.BusID 

Sensor.Name.Type  

= CALL | ACTIVITY | HEALTH | ALARM | LOCATION | LIGHT | TEMP | EEPXYZ 

Sensor.Name.Room 

Sensor.Name.ToRoom 

“CALL” type events are converted into E_CALLHOBBIT events with place argument and 
“ACTIVITY” type events to an update of the user location in the Profile. Every sensor event is 
also stored to a database and the related sensor status is updated in the Profile. 

Note: for sensors the interface foresees the option to add a timestamp for when the data was 
exactly collected (if supported by the source). If missing, the current system time will be 
used. The expected time format is milliseconds since the epoch (64bit time). 

It has to be specifically stated that the AAL module does NOT act in any way on its own (e.g. 
making the robot move etc.). The only “output” are up-to-date information in the Profile, 
events that have to be handled by the system (e.g. E_CALLHOBBIT) and logged data which 
can be accessed for an assessment by experts. 

 

Actuators can be controlled via the AAL topic: 
rostopic pub /AAL HobbitMsgs/Command '{Type: C_ACTUATOR, actuatorID: “y”, value:”z”}' 

  rostopic pub /AAL HobbitMsgs/Command '{Type: C_ACTUATOR, roomID: "x", type: “y”, value:”z”}' 

The actuators and their types per room can be found via the Profile so it is possible to 
request actuating the light or door for a room. 

 

The database with AAL events is in the SQLITE file hobbit.db in hobbit/sqlitedb. The 
database ActionSequencer is started by default. Entries have the following format: 

1365424395947L, 'AAL', 1.0, 'E_AAL;EHOME;3.1805;value=1', 0 
timestamp INTEGER ms since 1.1.1970,  
typCode TEXT, ‘AAL’ 
confidence FLOAT, 0…1 
event TEXT, type;busId;sensorId;value 
ref INTEGER 

 

The Profile holds the AAL results with the latest user data: 
UserLocation.Room 

UserLocation.Sensor 
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UserLocation.Time 

UserActivity.Value 

and for every sensor and actuator the latest state and time 
Actuator.Name.Value, Sensor.Name.Value 

Actuator.Name.Time, Sensor.Name.Time 

with 
SensorList 

ActuatorList 

HealthSensorList 

containing the names of installed sensors and actuators. 

5.6.2 AAL Hardware and modules 

In case that AAL HW shall be provided by HOBBIT, several solutions are possible but all 
work with the generic AAL interface.  

The first option is to use a Beckhoff CX with specific i/o modules to receive almost any form 
of sensor input in home or institutional settings (consult specific Beckhoff documentation for 
details) e.g. EnOcean sensors as used in PT1. This solution directly communicates with the 
generic AAL interface. 

Other options are to provide specific transceiver HW (e.g. USB dongles) for some protocol 
together with a specific SW module which connects with the generic AAL interface. This 
option will be used for PT2. 

Such modules that have been tested for PT2 are the ANT Health receiver for blood pressure 
meter and weight scale (ANTRestHobbit.exe), HomeMatic and EnOcean, and a BOSCH fall 
detector. 

A third option is to use an AAL framework like openHAB which takes over all HW related 
interaction and is linked to the generic AAL interface. 

In any case the internal handling of the AAL framework will be the same. 
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5.7 Contributions to HOBBIT 
The main contribution of an AAL environment is with the enhanced context information and 
the safety improvements. Based on the actually available sensor input and actuators the 
following features are implemented: 

• More detailed user localisation (last known position) leading to faster emergency 
response shortening the search user time 

• Detection of unusual long stay in bathroom or restroom where accidents can easily 
happen 

• Detection of potentially hazardous situations like forgotten stove or iron or fire 

• Detection of leaving bed at night without switching on the light 

• Detection of untypical (in)activity in general 

• Context of use from absence to current or typical activity  

• Assistance in HOBBIT self-localisation 

• Reminders based on potential hazard, medicine use, health self-check or activity 

• Comfort and safety by actuation of light, appliances or doors 

5.8 Tests in AAL Lab 
A typical AAL environment was set up in the TUW AAL laboratory which is a small scale 
home environment with a central room comprising a kitchen zone, a bed and a living room 
corner. An adjacent room can serve as observation room for user studies. This room and the 
hallway can also act as further rooms the user can go to or come from. 

In this AAL environment also other automation systems are installed so linking to them can 
be tested. 
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Figure 17: 3-room AAL laboratory home environment map and topological representation 

Curtains can be used to simulate night time for sensors and actuators are installed for light 
and appliances. One of the doors is equipped with an automatic controllable door opener. A 
TV set in the livingroom area can be remote controlled. 

The AAL lab such can be used to simulate a small scale trial site situation with the most 
important rooms. 

 

What can be simulated in this environment: 

• Leaving or entering the central room through one of the doors 

• Activity in the zones kitchen(K), bed(B) or living(V) 

• Nightly getting up from bed and going to kitchen or restroom 

• Heat alarms from stove 

• Window or door open warnings and recommendations 

• Temperature or light recommendations 
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5.9 Long term experience in AAL Lab and earlier tests 
Some of the wireless energy harvesting EnOcean sensors are installed since several years 
and are continuously monitored. Although most of the sensors give a supply voltage reading, 
some do not so care must be taken to detect longer lasting low illumination conditions. Some 
older sensors also suffer from ageing of the rechargeable battery. 

5.9.1 Detection of Activities 

 
Figure 18: AAL home data for nightly visit of restroom 

From the experiments in AAL lab and also by processing of collected data from real-life trials 
in real flats with other sensor systems it was found that information about characteristic 
activities can be extracted. 

A Master Thesis analysed typical data sets and also proved that activities can be derived. 

5.9.2 PIR sensor and door contact: 

Experience: light level sometimes too low for battery-less sensors especially when cloudy for 
several days, it is not guaranteed that sensor will work all the time. Activity report (sent in 
time distance depending on charge level) periodically to be monitored to assess battery level. 
Therefore battery backup and/or interval monitoring is needed. 

   
Figure 19: EnOcean energy harvesting AAL sensor varying send interval due to power level. Right: 

Sensor stops sending because of low power until sunrise 

www.HOBBIT-project.eu  43/55 

http://www.hobbit-project.eu/


HOBBIT Deliverable D4.2 Advanced AAL Framework  

5.9.3 EnOcean Transceiver addresses 

The USB transceiver has a fixed chip id as sender id (as any EnOcean device). Furthermore, 
to allow it to mimic virtual switch devices for simple actuators, it can be instructed to use one 
of 128 addresses starting with its programmable (only 10 times!) id base address. If an 
actuator id is between 0…127 then it means it is to be operated by such a virtual switch. 

The id base address and chip id address are shown at startup of the enocean driver. 

5.9.4 Telefunken/EnOcean measuring switchable power plug 

Uses the UTE teach-in method and can be set to report power autonomously. Very nice 
monitoring and switching device. 
GET /actuators?busid=1&actuatorid=x&teach  

toggles learn mode by UTE teach-in. In this mode the driver will auto-respond to a new 
teach-in device and request auto-monitoring messages. 

5.9.5 UP5A/EnOcean in-wall/flush-mounted power switch 

Needs to be learned with switch command from base ID of EnOcean transceiver (virtual 
switch, max 128) because it can only receive messages and react to messages. The 
activation command such must be different for every UP5A and thus the sender id must be 
different which means the idbase address with offset must be used. 
GET /actuators?busid=1&actuatorid=offset&learn  

sends a switch command with „offset“ from idbase address. The UP5A should be set to learn 
mode before and remembers the sender address. 
GET /actuators?busid=1&actuatorid=offset&learnstore 

Remembers the virtual switch used (offset = 0…127). 

Later, if the offset of virtual switch is given as actuatorid in a command, the assigned virtual 
switch will be used to operate the UP5A. 
GET /actuators?busid=1&actuatorid=offset&learndelete 

Deletes a virtual switch. 

5.9.6 Simple EnOcean and HomeMatic USB Transceivers 

Although both device types are primarily intended to be used together with dedicated central 
units they can also be controlled via simple and cheap USB transceivers which also contain 
the antennas. In order to make use of them in HOBBIT simple drivers have been coded to 
feed data into the generic AAL interface. As documentation is rare and some basic drivers 
are only available for Windows it was decided to code the drivers under Windows. The two 
USB devices can be simply connected via extender cables to the MMUI Tablet PC which can 
run the driver software. 

Teach in/pairing for EnOcean: 
Most sensor devices require no special teach-in because they broadcast their data. The 
exact EEP type (“EEP” plus EEP ID in hex) must be set as part of the Sensor.Type 
specification in profile to know the sensor range (e.g. PIR/LUX can have 0-510, 1020 or 1500 
lx range with or w/o temperature) and activation commands. 

The Telefunken switchable plug needs one-time teach-in at the start before it will work. This 
can be done with the driver. It will be both a sensor (periodically sending the power 
measurements) and an actuator.  
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Type UP5A (RCM250 based) or similar basic actuators need a learn command form a virtual 
switch to be sent to them after their learn button has been pressed. 

An alternative way of teach in at least for the simple UP5A types is via an EnOcean central 
unit (e.g. Telefunken) and then setting the id base of the USB transceiver to the same 
address as the central unit. 

Teach-in/pairing for HomeMatic: 
The standard HomeMatic teach-in procedure (Configure HomeMatic SW) can be used. The 
teach-in is required for all components and they can be tested via this application. Afterwards 
the driver can be started which makes use of the teach-in information and can address all 
devices by their unique id address. 

Testing of actuators from XPC when AALservice is running: 
rostopic pub /AAL HobbitMsgs/Command '{header: auto, sessionID: 4abc, params: [[Type, 
"C_ACTUATOR"],[actuatorID, "0x123456"],[busid, "1"], [Value, "OFF"]]}' -1 

and similar. 

5.9.7 EnOcean and HomeMatic range 

The operating range of both brands in general is very similar to that of the WLAN connection 
used for the robot. In practise ranges between 10 to 30m can be expected (through walls) if 
no heavy shielding by metal structures occurs. Care has to be taken if heavy metal doors are 
blocking the direct RF path or sensors are mounted very close to metal structures (e.g. on 
metal door frame). Operation has to be verified during installation in any case and temporary 
interference from misbehaving nearby RF equipment or household devices has to be 
considered. Optionally repeaters can be installed to extend the operating range. 

www.HOBBIT-project.eu  45/55 

http://www.hobbit-project.eu/


HOBBIT Deliverable D4.2 Advanced AAL Framework  

6 UniversAAL 
As already mentioned one of the emerging concepts to overcome the proprietary 
fragmentation of the current AAL scenery is the universAAL middleware (Universal open 
platform and reference Specification for AAL) being currently proposed as result of several 
FP7 projects. 

Here, without going into unnecessary detail the background 
of a possible link from HOBBIT to the universAAL 
middleware will be described as a future enhancement to 
HOBBIT. Hands-on experience about universAAL was 

acquired during a universAAL workshop in Vienna.  

For details about universAAL see http://www.universaal.org.  

universAAL  uses ontologies in RDF/OWL form to represent knowledge, e.g.: 

• http://ontology.universaal.org/Lighting.owl#LightSource 

• http://ontology.universaal.org/Lighting.owl#BeamingSource 

• http://ontology.universaal.org/Lighting.owl#BlinkableLightSource 

 
<rdf:RDF xmlns=http://ontology.universaal.org/Lighting.owl# 
xmlns:rdfs=http://www.w3.org/2000/01/rdf-schema# 
xmlns:ns=http://ontology.universAAL.org/PhysicalWorld.owl# 
xmlns:owl=http://www.w3.org/2002/07/owl# 
xmlns:xsd=http://www.w3.org/2001/XMLSchema# 
xmlns:rdf=http://www.w3.org/1999/02/22-rdf-syntax-ns# 
xml:base="http://ontology.universaal.org/Lighting.owl"> 
<owl:Ontology rdf:about="http://ontology.universaal.org/Lighting.owl"> 
<rdfs:label 
rdf:datatype="http://www.w3.org/2001/XMLSchema#string">Lighting</rdfs:label> 
<owl:imports 
rdf:resource="http://ontology.universAAL.org/DataRepresentation.owl"/> 
<owl:imports 
rdf:resource="http://ontology.universAAL.org/PhysicalWorld.owl"/> 
<owl:imports rdf:resource="http://ontology.universAAL.org/ServiceBus.owl"/> 
</owl:Ontology> 
<!-- 
 http://ontology.universaal.org/Lighting.owl#ambientCoverage  
--> 
<owl:ObjectProperty 
rdf:about="http://ontology.universaal.org/Lighting.owl#ambientCoverage"> 
<rdfs:domain 
rdf:resource="http://ontology.universaal.org/Lighting.owl#LightSource"/> 
</owl:ObjectProperty> 
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<!-- 
 http://ontology.universaal.org/Lighting.owl#beamingDirection  
--> 
<owl:ObjectProperty 
rdf:about="http://ontology.universaal.org/Lighting.owl#beamingDirection"> 
<rdfs:domain 
rdf:resource="http://ontology.universaal.org/Lighting.owl#BeamingSource"/> 
</owl:ObjectProperty> 
…---… and so on … 

Figure 20: Example: The Lighting Ontology 
from Developer Handbook: http://universaal.org/images/stories/deliverables/d2.4-c.pdf 

Within the code these ontologies are closely modelled by Java classes. 

 

Three buses form the heart of the universAAL platform: 

• The first is the so-called Context Bus, this is an "event-based" communication 
channel, where an application forwards information without taking interest in the 
existence of actual recipients. This is mostly interesting for HOBBIT for sending 
sensor information. 

• The so-called Service Bus, on the other hand, is "call-based" meaning the provision 
of a functionality of someone for somebody else. 

• There is one more bus, the so-called UI Bus (UI for user interaction). The purpose of 
the UI Bus is to deliver messages that are somehow related to explicit user 
interaction. For example, an application that wants the user to be notified about a 
certain event would use the UI Bus. If the user reacts to this notification by issuing an 
explicit command to the system, then this information would also go over the UI Bus. 

6.1 The universAAL Context Bus 
The Context Bus is an "event-based" communication channel with messages that do not 
require the receiver to send a reply. The sender just passes (publishes) the information. The 
Context Bus as a Broker makes sure that Context Subscribers which register themselves to 
the Context Bus for the various types of contextual information that they would like to receive 
get matching information from the Publishers. 

A typical Context Provider is an application that connects to a sensor (such as a movement 
sensor), and which sends the measured values of this sensor to the Context Bus in periodic 
intervals. Examples for the receiving type of applications, the Context Subscribers, include 
the context database CHE (which subscribes for all contextual information that comes along 
the Context Bus), and reasoner applications that wait for specific pieces of contextual 
information in order to derive new information from it. Context Subscribers can also be used 
to trigger actions upon the occurrence of specific events. The Context Bus works much like a 
ROS topic in HOBBIT. 

Context Providers send contextual information as so-called "Context Events" to the Context 
Bus, Context Subscribers use so-called "Context Event Patterns" for specifying, what types 
of Context Events they are interested in Context Providers use the same kind of Context 
Event Patterns to specify the Context Events that they intend to publish. 
 

 import org.universAAL.middleware.container.ModuleContext; 
 import org.universAAL.middleware.context.ContextEvent; 
 import org.universAAL.middleware.context.ContextEventPattern; 
 import org.universAAL.middleware.context.ContextPublisher; 
 import org.universAAL.middleware.context.DefaultContextPublisher; 
 import org.universAAL.middleware.context.owl.ContextProvider; 
 import org.universAAL.middleware.context.owl.ContextProviderType; 
 import org.universaal.ontology.lightingontology.owl.LightSource; 
 
 public class LampStatePublisher { 
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 private ContextPublisher myContextPublisher; 
 
 protected LampStatePublisher(ModuleContext context) {  
 ContextProvider myContextProvider = new ContextProvider(  
 "http://ontology.universAAL.org/LightingServer.owl#LightingContextProv
ider"); 
 ContextEventPattern myContextEventPattern = new ContextEventPattern(); 
 
myContextEventPattern.addRestriction(MergedRestriction.getAllValuesRestrictio
n 

(ContextEvent.PROP_RDF_SUBJECT, LightSource.MY_URI)); 
 myContextProvider.setType(ContextProviderType.controller); 
 myContextProvider.setProvidedEvents(myContextEventPattern); 
 myContextPublisher = new DefaultContextPublisher(context, 
myContextProvider); 
 } 
 
 public void publishContextEvent(LightSource myLightSource) { 
 ContextEvent myContextEvent = new ContextEvent(myLightSource, 
 LightSource.PROP_BRIGHTNESS); 
 myContextPublisher.publish(myContextEvent); 
 } 
 
 } 

Figure 21: Example of UniversAAL Publisher with Context Event Pattern for light source 
from Developer Handbook: http://universaal.org/images/stories/deliverables/d2.4-c.pdf 

UniversAAL does currently not yet provide many useful sensor context providers but it is 
expected that more and more bindings will show up when the universAAL concept gets 
actively supported in future by AAL players.  

6.2 The universAAL Service Bus 
Similar to Context providers described above Service Callees register their offered services 
via Service Profiles.  

SCalleeProvidedService getControlledLamps = new 
SCalleeProvidedService(SERVICE_GET_CONTROLLED_LAMPS); 
getControlledLamps.addOutput(OUTPUT_CONTROLLED_LAMPS, LightSource.MY_URI, 0, 
0, ppControls); 
profiles[0] = getControlledLamps.myProfile; 
SCalleeProvidedService turnOff = new 
SCalleeProvidedService(SERVICE_TURN_OFF); 
turnOff.addFilteringInput(INPUT_LAMP_URI, LightSource.MY_URI, 1, 1, 
ppControls); 
turnOff.myProfile.addChangeEffect(ppBrightness, new Integer(0)); 
profiles[1] = turnOff.myProfile; 
SCalleeProvidedService turnOn = new SCalleeProvidedService(SERVICE_TURN_ON); 
turnOn.addFilteringInput(INPUT_LAMP_URI, LightSource.MY_URI, 1, 1, 
ppControls); 
turnOn.myProfile.addChangeEffect(ppBrightness, new Integer(100)); 
profiles[2] = turnOn.myProfile; 

Figure 22: Example of UniversAAL Service Callee for controlling light source 
from Developer Handbook: http://universaal.org/images/stories/deliverables/d2.4-c.pdf 

Service Callers use Service Requests to find and make use of offered services e.g. functions 
to control lights. Different to the Context bus, the callers receive a Service Response with a 
result (information or status). This is very similar to ROS Services used in HOBBIT. 
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6.3 The universAAL UI Bus 
The main components of the universAAL UI framework are: 

• UI-Handler: the UI-Handler is responsible of presenting the dialog to the user and capturing 
the users input. It gets the abstract dialog description from and puts the result to the UI bus. 

• UI Bus: a middleware bus that works similar to the Service bus; the application sends the 
dialog, that is to be presented, to the UI Bus which performs a brokerage to find the best way 
to present the dialog. When the dialog is finished, the result is send to the UI Bus so that it can 
be retrieved by the application. 

• Dialog Manager: the Dialog Manager has mainly two tasks: (1) when a dialog is sent by an 
application the UI Bus, it adds adaptation parameters (e.g. the user's location and 
impairments) and (2) it provides a global menu to search for and invoke services of the 
system. 

The four dialogue types are currently implemented: 

• System Menu: the main menu provided by the Dialog Manager. Applications are not allowed 
to provide a system menu.· 

• Standard Dialog: a normal dialog to be shown when the application wants to wait for input 
from the user.· 

• Message: a dialog to be shown when the application does not need to wait for input from the 
user. However, it is ensured that this message is shown. 

• ·Subdialog: can be used for hierarchies of running dialogs. When the subdialog finishes, the 
parent dialog is shown again. 

 
Figure 23: UniversAAL UI dialogue types 

from Developer Handbook: http://universaal.org/images/stories/deliverables/d2.4-c.pdf 

Not surprisingly there are similarities to the dialogue forms used in HOBBIT MMUI. 
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6.4 Possible HOBBIT – universAAL links 
HOBBIT uses Python for most of the central code. Furthermore, it heavily depends on ROS 
for communication interfaces. universAAL is strictly Java based and uses the OSGi 
component model. Otherwise, as can be seen from above the interface mechanisms are 
rather similar. 

The goal therefore would be to bridge from HOBBIT Python code, maybe via a C layer of the 
JNI, to Java code. Another possibility would be to link via ROS with the ROSJava 
implementation under development or again make use of generic TCP/IP interfaces which 
are easy to implement. Additionally, openHAB might also be a very synergetic framework 
which, together with universAAL, forms a very powerful and open AAL solution. 
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7 Conclusions 
Deliverable 4.2 describes the AAL framework for HOBBIT. We started from the collected 
user requirements and analysed what is feasible to realise in the first prototype PT1 (see 
D1.2 for details). This delivered a set of user requirements that the AAL framework needs to 
provide and was updated after the PT1 trials. Based on the user requirements, we presented 
the technical requirements to the AAL framework which are: 

• Use remote control 

• Use AAL components 

• Generic reminder function 

• Check user health 

According to the requirements, a conceptual approach was created. The proposed 
implementation includes services which have to be provided by HOBBIT’s AAL framework 
and a lot of existing products (sensors, actuators and whole systems) which can such be 
linked to HOBBIT. Furthermore a general concept for the communication between HOBBIT 
and AAL environments was described. Tests with selected technologies have been 
performed. 

The study into these concepts led to services which partially were provided in PT1 and 
services which will be implemented in PT2 and many more that are available for the time 
beyond PT2.  

The AAL services for PT2 described in this deliverable, which will be used during the trials, 
are (cf. D1.6): 

• Remote Call by User (Call Buttons located in each room) 

• Detect events in the environment (using Window/Door contact and PIR) 

• Switch a light 

• Collect contextual information for the system via the Environment Profile 

Some early ideas like RFID tags and sound localisation have been abolished during concept 
development and replaced by new concepts. Overall the effort into AAL installations during 
PT2 trials has been lowered leading also to a reduced consumption of resources in WP4. 
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7.1 Contributions to HOBBIT impact 
HOBBIT 

Functionality 
Improved Quality of 

Life Independent Living Efficiency of care 

Ask & Learn Mutual care (teaching, 
nurturing) 

Adapting to real-life 
situations 

Being near the user 
without disturbing 

Guide & Follow 
Mutual care Improved mobility 

when desired 

Finding the user 
and evaluating the 
emergency status 

Chat & alert Conversation with 
HOBBIT and friends and 
relatives 

Alarm raising 
Reminding function 
and communication 
with health-care 
providers 

Sense & Act 
Easy use of tools in the 
house (like light 
switch) 

Security (no door 
or window left 
open) 

Analysis of user 
data  

Fetch & Carry No more heavy lifting 

Not another person 
needed for heavy 
lifting or moving 
things around 

Less likely to have 
falls or other injuries 

Rise & Walk Easy walking around 
Not another person 
needed for improved 
mobility 

Less likely to have 
falls 

Table from DoW; Impact and contributions of the HOBBIT functionality in the three dimensions of ICT 
for ageing and wellbeing 

In the AAL framework contributions have been described to above indicated areas. 
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