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Abstract. The paper presents the ALADIN prototype for adaptive lighting con-
trol designed to assist elderly in achieving a state of well-being, developed as a 
FP6 EU funded project. It uses psycho-physiological features extracted from 
Electro-Dermal Activity (EDA) and Pulse signals to determine the subject’s 
mental state and adapts the lighting parameters in order to achieve a certain de-
sired state. One of the controller implementations was done using Simulated 
Annealing. Field test evaluations of this implementation are discussed. 
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1   Introduction 

In this paper we will present the ALADIN system, built in order to enhance the well-
being status of elderly by controlling light through mood dependent psycho-
physiological parameters. 

Due to the socio-demographic change in most developed western countries, elderly 
populations have been continuously increasing. Therefore, developing preventive ar-
rangements and assistive systems that allow elderly people to live in their own homes 
independently as long as possible have become an economical and ethical necessity. 
Within the EU-funded project Ambient Lighting Assistance for an Ageing Population 
(ALADIN) a new adaptive lighting device that is capable to adapt to the psycho-
physiological needs of an elderly person has been developed and pilot-tested. The 
long-term aim is to create an adaptive system capable of improving the residential 
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lighting conditions of single living elderly person, so that it may support elderly indi-
viduals in the preservation of their independence. Main outcome criteria comprise 
wellbeing, life quality, mental and physical fitness as well as sleep quality. The system 
was evaluated for three months in field-tests with twelve subjects who were supported 
concerning technical matters by coaches during the test period. Results show a signifi-
cant increase of wellbeing, life quality and mental fitness.   

The project was realized by an interdisciplinary consortium of six partners, coordi-
nated by the User Centered Technologies Research Center in the Vorarlberg Univer-
sity from Dornbirn, Austria. The involved partners are: APOLLIS, Institute of Social 
Research and Opinion Polling, Bolzano, Italy; BME- Budapest University, Depart-
ment of Ergonomics and Psychologies; BLL, Bartenbach LichtLabor Innsbruck, Aus-
tria; Becker Meditec, Karlsruhe, Germany; GRP- Generation Research Program at the 
Ludwig Maximilian University Munich, Germany; UPB- University “Politehnica” 
Bucharest, Department of Applied Electronics and Information Engineering.   

1.1   The ALADIN Prototype 

The ALADIN prototype provides the following functions: 

• An adaptive control circuit and biofeedback system which can adapt various light 
parameters such as intensity, light distribution or color in response to the psycho-
physiological data. The system therefore continuously registers physiological indi-
cators of psychological processes on the surface of the body by wireless, smart 
sensors and transfers them to the adaptive feedback system. For this adaptive algo-
rithms are used to compute the lighting conditions best suited to the individual or 
to a particular situation. 

• A manual control system that can be adjusted via graphical user interfaces (GUI). 
This system does not only permit to override the computationally derived lighting 
parameters by the algorithms, but also allows the resetting of all light parameters to 
their default values. Moreover, supervisors may also change the individual con-
figuration of the adaptive algorithms by defining individually suitable values of the 
light parameters. These adjustments can in turn be used by the system for further 
refining and optimizing the adaptive algorithms. 

• An advice and support application based on the most recent findings on the factors 
that influence people’s sense of well-being, their mental alertness and physical fit-
ness to assist older people in becoming aware of their own affective-cognitive 
states including their circadian rhythms. This is achieved by visualizing the psy-
cho-physiological data received from the individual in a clear and accessible way. 

The structure of the system is represented in Fig. 1. The system user activates in an 
enlightened environment and has sensors that measure the interesting psycho-
physiological parameters. If they do not correspond to the desired person’s status, 
they could be changed by the adaptive light control circuit; it will modify the lighting 
conditions (intensity and spectral competence of the light) in order to bring the psy-
cho-physiological parameters to the desired situation’s target values. The change of 
the light parameters can be done also manually by the user. The system can advise the 
user regarding the mental state enhancement. 
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Users can control the ALADIN system by a standard remote control. The chosen 
parameters and settings are displayed on a standard TV screen. From the main menu 
they can select individual applications of the ALADIN system, like for example adap-
tive lighting or exercises. During adaptive lighting and biofeedback exercises psycho-
physiological data of the user are monitored and are either used to calculate and apply 
new lighting situations (adaptive lighting), or visualized on the TV screen (biofeed-
back) for giving the user feedback of his current state. In both cases a feedback loop is 
created. In addition to adaptive lighting, users can also switch to a manual lighting 
mode at any time. Furthermore, activation exercises are supplied to help users get 
mentally activated. After finishing the exercises their results are then visualized in an 
accessible manner, where users can see how they improved over time. Based on these 
results also well-being advices are provided by the system to support the users. 

 

Fig. 1. Structure of the ALADIN system 

1.2   Realization Steps of the System 

The system was realized, tested and refined in less than two years, in a collaborative 
work between partners.  

The prototype of the ALADIN system was developed in the first year of the project 
based on the results of the requirements analysis. However, elderly people were in-
volved in the development of the software as well as invited to provide feedback used 
in the prototype at all stages. The system was tested from January until August 2008 
and evaluated in twelve households in Germany (Bad Tolz), Austria (Innsbruck, 
Dornbirn) and Italy (Bolzano) under field conditions. 

Essential to build the prototype was to establish the light sensible psycho-
physiological parameters of users. This was the major responsibility for the team of 
Budapest, Prof. Lajos Izsó with his Ph.D. students Lazsló Laufer and Ádám Horváth. 
They established by experiments done on elder people that especially the skin con-
ductance and the heart rate could be light controlled and that they have variation 
trends which can be associated with a state of relaxation or activation. 

Also very important was to have adequate sensors to measure these parameters and 
transmit the results wireless to the processing part of the prototype. Each user has to 
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keep on him these sensors during the experiment, and put them easy up and down. 
That was the task of Becker Meditec, directed by Klaus Becker. 
In order to use this signals, a signal processing chain was devised, with contribution 
of all partners, after long discussions, in order to fulfill best possible the requirements 
for the developed algorithms. 

Two teams were responsible to develop algorithms: the team Andreas Künz, 
Philipp von Hellberg and Karl-Heinz Emich directed by prof. Guido Kempter from 
the Applied Sciences University of Vorarlberg (FHV) and the team prof. Inge Gavat, 
prof. Ovidiu Grigore and Marius Cotescu from the University “Politehnica” Bucharest 
(UPB). FHV developed the manual control, the advice program and a genetic algo-
rithm to automatic light control. The basic soft installation and the supervision of the 
platform programs was also their responsibility. UPB developed three light control 
algorithms in form of stochastic optimization algorithms: the global random search, 
the local random search and the simulated annealing. 
The controllable lighting system was realized by Bartenbach LichtLabor (BLL) team, 
Markus Canazei, and Siegfried Mayr directed by Wilfried Pohl. They also provided 
an interesting evaluation of the light controlling algorithms, the genetic one and the 
simulated annealing. 

The field tests, during from January 2008 until august 2008 were conducted in 12 
households: in Italy by the Apollis team, Ulrich Becker and Elena Vanzo directed by 
Hermann Atz, in Germany by the GRP team, Astrid Schuelke, Astrid Plankensteiner, 
and Guido Haase directed by Herbert Plischke and in Austria by the FHV team Edith 
Maier and Guido Kempter. The tests were very laborious but successful and proved 
for the test subjects’ enhancements in mental fitness and quality of life.  

The results determined long discussions in the project team continued during the 
congress “Light and the Ageing   Society” held in October 2008 in Bad Tolz. At the 
end of the congress we could conclude that the ALADIN project is a first, but impor-
tant step on the way to help elderly to live independently in their own homes as long 
as possible with light based assistive technology. 

2   Signals and Control Algorithm 

The Adaptive Lighting System is composed of two main modules: the Signal Process-
ing Module, and the Light Control Module. The Signal Processing Module records 
and analyses the data collected from the subject in order to extract three features, 
while the Light Control Module uses the information provided by the features to de-
termine the new lighting parameters. 

2.1   The Signal Processing Module 

The information of the subject’s psycho-physiological state is extracted from two 
sources: Electro-Dermal Activity (EDA) and Pulse signals [1]. The EDA signal is 
collected using two electrodes placed on the subject’s hand and The Pulse signal is 
measured using a pulse-oximeter. From these two signals, three features are extracted: 
Skin Conductance Level (SCL), Skin Conductance Response (SCR), and Inter Beat  
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Interval (IBI). The SCL and SCR features are extracted from the EDA signal and 
offer important information of the subject’s psycho-physiological state, while IBI is 
extracted from the Pulse signal, offering complementary information on the subject’s 
activation or relaxation state. 

 

 

Fig. 2. EDA processing for extracting SCL (top) and SCR (bottom) features 
 

SCL and SCR are the continuous and, respectively, alternative components of 
EDA. The SCL is computed as the moving average of the skin conductance calculated 
using a certain time window, while the SCR feature is obtained by subtracting the 
SCL feature from the raw EDA data. In our measurements the time window was 2 
seconds long, but slightly shorter or longer windows are also applicable. It is worth 
trying to experiment with different window sizes in order to maximize the algorithms’ 
light adaptation capability. 

Both features show a strong response to the light stimulus. The subject reacts to a 
light stimulus by a sudden rise of the EDA signal, followed by a slow decrease of the 
signal’s value. Tests performed by our partners from the University of Budapest [2], 
show that a relaxed subject should have small values both for the SCL, and SCR fea-
tures. But because of the EDA’s reaction to light, the SCL feature might not fall quick 
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enough after the reaction to the light stimulus, thus building up in value even though 
the SCR feature shows that the subject is relaxed.  

The Electro-Dermal Activity (EDA) is measured in micro-Siemens; the value of an 
average adult is between 10 – 20 micro-Siemens. According to our and BLL’s ex-
periments elderly sometimes does not have almost any skin conductance, sometimes 
have only up to 4 micro-Siemens. This means that if we are developing algorithms for 
elderly, in the software development period we have to use elderly as test person, 
otherwise the algorithms might not be applicable for them. 

IBI (Inter-Beat Interval) is the time interval elapsed between two heart beats. It is 
measured as the distance in time between two maximums of the pulse signal. As we 
said earlier, the Pulse signal is measured using an oximeter. This technique is fre-
quently subject to artefacts caused by the patient’s movements that are propagated 
into the IBI signal as high frequency spikes. These can be easily removed from the 
signal through integration.  

 

Fig. 3. Pulse signal processing 

After each change in the lighting conditions, the SCR, SCL and IBI features are 
monitored for 20 seconds in order to extract the mean SCL, the standard deviation of 
the SCR feature and the mean IBI over the analysis window. Further on, by SCL, 
SCR and IBI we will be referring to the values computed from the 20 second analysis 
window. The three features are integrated in an objective function through the follow-
ing equation: 

IBISCLSCRE ⋅+⋅+⋅= 1.02.07.0  (3) 

2.2   Simulated Annealing 

Simulated annealing is a generalization of a Monte Carlo method for examining the 
equations of state and frozen states of n-body systems [3]. The concept is based on the 
manner in which liquids freeze or metals re-crystallize in the process of annealing. In 
an annealing process a melt, initially at high temperature and disordered, is slowly 
cooled so that the system at any time is approximately in thermodynamic equilibrium. 
As cooling proceeds, the system becomes more ordered and approaches a "frozen" 
ground state at T=0. Hence the process can be thought of as an adiabatic approach to 
the lowest energy state. If the initial temperature of the system is too low or cooling is 
done insufficiently slowly the system may become quenched forming defects or freez-
ing out in meta-stable states (i.e. trapped in a local minimum energy state).  
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The original Metropolis scheme was that an initial state of a thermodynamic sys-
tem was chosen at energy E and temperature T, holding T constant the initial configu-
ration is perturbed and the change in energy dE is computed. If the change in energy 
is negative the new configuration is accepted. If the change in energy is positive it is 
accepted with a probability given by the Boltzmann distribution ( )TdE−exp . This 
processes is then repeated sufficient times to give good sampling statistics for the 
current temperature, and then the temperature is decremented and the entire process 
repeated until a frozen state is achieved at T=0.  

The most commonly used annealing schedule is the exponential cooling. Exponen-
tial cooling begins at some initial temperature T0, and decreases the temperature in 
steps according to Tk+1=α Tk where 0<α<1. Typically, a fixed number of moves must 
be accepted at each temperature before proceeding to the next. The algorithm termi-
nates either when the temperature reaches some final value Tf, or when some other 
stopping criterion has been met. 

The choice of suitable values for α, T0 and Tf is highly problem-dependent. How-
ever, empirical evidence suggests that a good value for α is 0.95 and that T0 should be 
chosen so that the initial acceptance probability is 0.8. The search is terminated typi-
cally after some fixed, total number of solutions has been considered. A more detailed 
description of the algorithm and parameter optimization can be found in [2] and [4]. 

3   Algorithm Evaluation in Field Tests 

The field tests were performed at three locations: one in Austria at Innsbruck, one in 
Germany at Bad Tolz, and one in Italy at Bolzano. At each location, four volunteers 
were chosen, age 65 or older, who received an Adaptive Lighting System for their 
personal use. The tests lasted for four weeks. During this period they were asked to do 
at least one test lasting 30-60 minutes every day. The data was recorded and later 
analyzed at Bartenbach LichtLabor.  

The lighting system is shown in Fig. 4, and it consists of four ambient and one lo-
cal light systems. Each light system has two independent light sources, one with a 
Colour Temperature of 2700K, and one with 8000K. Each light source is dimmable, 
covering a spectrum from 2700K to 8000K. The ratio between local and ambient light 
is adjustable. 

 

Fig. 4. Lighting system components 
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The main goal of the analysis was to determine whether the system functioned cor-
rectly and succeeded in inducing the subject a state of relaxation. We have analyzed 
the variation of lighting parameters and psycho-physiological features during the 
tests. The mean and standard deviation was computed for the psycho-physiological 
and lighting parameters at the beginning and end of every test. The biological fea-
tures’ evolution is shown in Fig. 5. The SCR feature clearly shows a descending 
trend, indicating that the system succeeds in relaxing the subjects. The SCL shows a 
small variation towards lower values, but it is too small to be considered significant. 
The IBI feature remains relatively constant. These results are in accordance with the 
study performed by our partners at the University of Budapest. 
 

 
  a) 

 
  b) 

 
  c) 

Fig. 5. Psycho-physiological features variation: a) SCR, b) SCL, c) IBI 

 
a) 

 
b) 

Fig. 6. Lighting parameters variation during tests. a) Intensity, b) Color Temperature. 

Fig. 6 shows the variation of the lighting parameters during the tests. The light’s 
Intensity clearly moves toward lower values, which seem to induce the relaxation 
state. The light’s Color Temperature, on the other hand doesn’t show the same kind of 
variation, indicating that its influence on the subject’s state is much lower.  

Fig. 7 depicts the SCR map over the Lighting Parameters space for one of the sub-
jects. The surface is similar with the one that we have obtained during laboratory 
tests, and shows a global optimum towards lower Intensity and Color Temperature, 
but also the same local optimum in the middle of the map. 
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Fig. 7. SCR feature map for one of the volunteers 

4   Conclusion 

We have developed and adaptive lighting system intended to enhance the elderly 
population’s state of well-being by assisting them in achieving the desired mental 
state – either relaxed or activated. The system relies on 10 independent channels of 
light – half providing a 2700 K white light, and half 8000 K – to deliver a large pal-
ette of light intensity and color temperature. The lighting parameters can be controlled 
either by manual input, or by automatic control provided by the Adaptive Lighting 
Controller which was implemented using the Simulated Annealing algorithm. 
The system was tested on 12 volunteers, older than 65 years, in three different Euro-
pean locations. The field tests showed that the SCR feature was more dependent of 
the lighting situations than the other two psycho-physiological features. It also 
showed that the light intensity played a more dominant role in determining the sub-
jects’ psycho-physiological state over the color temperature. 
We consider the system to be an important step towards commonly using adaptive 
lighting in households to improve the inhabitants’ well-being by providing assistance 
in achieving a desired mental state. 
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