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Preface

This document forms part of the Research Project “Ambient Light Guiding System fort he
Mobility Support of Elderly People (Guiding Light)” funded by the Ambient Assisted Living Joint
Programme (AAL-JP) as project number AAL 2011-4-033. The Guiding Light project will
produce the following Deliverables:

D1.1 Medical, psychological, and technological framework
D2.1 Applicable hardware components

D2.2 Applicable software components

D3.1 Solution package description

D3.2 Implementation report

D4.1 Communication strategy

D4.2 Stakeholder management report

D5.1 Field test report

D6.1  Report on market analysis

D6.2 Dissemination plan

D6.3 Final business plan

D7.1 Consortium Agreement

D7.2 Periodic activity and project management report

D7.3 Final report

The Guiding Light project and its objectives are documented at the project website
www.guiding-light.labs.fhv.at. More information on Guiding Light and its results can also be
obtained from the project consortium:

Prof. Dr. Guido Kempter (project manager), University of Applied Sciences Vorarlberg
Vorarlberg (FHV), Phone: + 43 5572 792 7300, Email: guido.kempter@fhv.at

Hermann Atz, Institute for Social Research and Opinion Polling OHG (APOLLIS), Phone: +39
0471 970115, Email: hermann.atz@apollis.it

Dr. Christoph Nedopil, YOUSE GmbH (YOUSE), Phone: +49-89-21556347, Email:
christoph.nedopil@youse.de

Mag. Wilfried Pohl, Bartenbach Light Laboratory GmbH (BLL), Phone: +43-512-3338-66,
Email: wilfried.pohl@bartenbach.com

Dr. Heinz Seyringer, Tridonic GmbH & Co GK (TKG), Phone: +43-5572-390-26508, Email:
heinz.seyringer@zumtobel.com

Mag. Tom Ulmer, myVitali AG (MVA), Phone: +43-5574-90609-0, Email:
tom.ulmer@myVitali.com
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1. Introduction

The main aim of this document is to provide an overview of the medical, psychological, and
technological framework of Guiding Light. The Deliverable D1.1 is the first outcome of work
package (WP) 1, focusing on the consolidation and integration of research findings.

Since the design of the Guiding Light service model depends both on user needs and technical
possibilities, this document presents fundamentals of age-specific user conditions and
technological developments that have been collected, discussed, and refined within the project
consortium. The results will determine the design of Guiding Light and the use cases of field
trials planned for the next year (2013). A detailed specification of the target group and the most
important stakeholders will be addressed in the upcoming stakeholder management report
(D4.2).

This document is structured as followed: After presenting basic statistical facts and models
about demographic changes (chapter 1.1), chapter 1.2 presents typical age-related changes of
elderly people in order to understand their needs and challenges and to customize the
supporting value of Guiding Light accordingly. Chapter 1.3 focuses on typical activities of daily
living of seniors, thus providing a basis for assistant use cases. Possible pitfalls and rejections
of the elderly towards AAL technology will be considered in chapter 1.4.

The second chapter deals with lighting conditions and requirements in people’s homes, and
lists standards and concept of the lighting industry. It is followed by an overview of current
technological developments of software and sensor components that can be employed for our
lighting wayguidance system (chapter 3).

Based on the cited secondary literature, experiences from previous projects (e.g. ALADIN) and
expert interviews conducted in Germany, chapter 4 describes the basic aim of Guiding Light
(chapter 4.1), and the next steps to be taken (chapter 4.2).

A bibliography has been added to the annex at the end of the document.

2. The lives of elderly people

The project “Guiding Light” aims at the development of a lighting system that enhances the
mobility and orientation of elderly people, and to prepare it for market launch. Market success
and a high usability of the Guiding Light system will be achieved by taking into account the
needs, daily hazzles, and potential objections of the target users in this early project phase
already. To this end, study results and statistical facts describing the lives of elderly people
have been gathered by the consortium and will be presented in the following chapters. This
information forms the basis for the specification of the Guiding Light system, as described in
the last chapter of this deliverable.
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2.1. Ageing: Statistics and models

Europe becomes older - this is the main trend described by the most recent Demography
Report from 2010 by the European Commission and Eurostat'. Figure 1 reflects the actualized
population pyramid from 1990 and 2010: The “baby boomers” are shifting toward the
retirement age, and the oldest age group is composed mostly of females. The population age
structure by major age groups from 1990 until 2060 is demonstrated in Figure 2.

Europe has a slight increase in fertility from 1.3 children per woman to approximately 1.7
children per woman with adjustments in postponed births. This is still not the needed rate of
2.1 to keep the demographic structure stable without migration. Due to the “baby boomers” of
the 1960s, we will have a large portion of the population in their sixties from now until 2020.

Figure 1: The graph reflects the actualized population pyramid 1990 (blank) and 2010 (solid). The
‘baby boomers” are shifting toward the retirement age, and the oldest age group is composed mostly
of females (EU Demography report 2010).

This is especially true for EU-Member States, such as Germany and ltaly, with high-aged
populations. According to estimates in 2003, the number of people in Germany who are older
than 70 will increase from 10% at present to 18% by the year 2040. About 1.5 million Germans
currently spend their life in elderly care homes. This number will double by 2020. ltaly
presently has the largest proportion of individuals over 65, representing 18% of the population,
with the average age of the total population being 40 (Nehmer et al., 2006). Populations of
other European states (most of the eastern EU states) will experience this steep ageing
increase in approximately 20 years.

1 Demography report 2010 - Older, more numerous and diverse Europeans - European Commission,
http://ec.europa.eu/social/
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Figure 2: Average EU age structure by major age groups from 1990 until 2060. The younger
proportion stabilizes, the working proportion shrinks, the “baby boomers” are in retirement with
improving health and increasing lifespan (EU Demography report 2010).

This means a higher need for financial transfer from the younger taxpayers to the retired. If the
baby boomers grow older in the 2040’s, our society will face a severe cost increase in caring
for this ageing population. If we managed to equip the elderly population with technology or
services that allow them to stay at home independently for a longer time, it would help to spare
costs and manage the challenges of demographic change a lot better.

On the other hand, “being old” is not a homogeneous state that automatically involves losses
and a need for help. According to classical geronotogical theories (e.g. Lalive d’Epinay et al,
1983), the life of an elderly individuum ranges from pre-retirement to pronounced physical and
mental dependency and can be classified into four phases (see Table 1):

= Phase 1: The last working-phase is characterized by high independence and a lack of
impairments regarding daily activities.

= Phase 2: During the autonomous retirement age, people can still accomplish basic and
complex demands, in spite of first health problems and age-related limitations. It is
usually characterized by high personal autonomy.

= Phase 3: Due to the increased fragility of this period, doing things and daily activities
are still possible but come with many complications. Seniors in this phase tend to
dependent on others in doing (complex) everyday tasks.

= Phase 4: Elderly people in this phase are often care-dependent, even for basic
actitivites due to progressive cognitive and physical limitations.
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Table 1: Four stages of old age (Lalive d’Epinay et al., 1983; adapted from Abu-Assab, 2012). Age
indications are average means and may differ from person to person.

Phase Age Description Characteristics
1 60-65 Last work phase/ approaching Economically active
retirement

Delineation to after-working phase

2 65-75 Autonomous retirement age Free from work
Good economic/social situation
High social and personal autonomy

Little health problems and limitations

3 75-80 Increased fragility Hindrances and limitations in functions
Complex daily activities pose problems
Frequently dependent on others

Mentally healthier than physically

4 80+ Dependent retirement age (Care-)dependent
Cognitive limitations (partially dementia)

Dependent in even basic daily activities

Especially elderly individuals aged 75 or older often suffer from difficulties regarding basic
activities of daily living (ADL) (e.g. shopping, personal hygiene) or instrumental activities of
daily living (IADL) (e.g. washing laundry or do communication by telephone). This indicates the
need for adaptive living environments for elderly people in order to allow them to live
independently at home some time longer. The wayfinding lighting system “Guiding Light” aims
at enhancing the autonomy and mobility, and quality of life of elderly people, specifically in
phase 3.

2.2. Typical impairments of the elderly

It is a widely held opinion that old age automatically comes with frailness, illness, and care-
dependence. This is not necessarily the case: ageing is a normal physiological process, not an
illness. However, getting older comes with physiological changes, sometimes starting as early
as the mid-thirties (e.g. impairments of sight or cognitive flexibility, see sections below).

In the following sections, typical age-dependent changes or diseases will be presented, as well
as studies investigating positive effects of light interventions.

2.2.1. Visual system

The visual system plays a major role in psychomotor and cognitive functions. There are
different vision-related physiologic changes occur in the eye during the process of ageing.

Visual acuity. To be able to see details in the central vision (visualizing objects directly in front
of the observer with about two degrees visual angle) is the most valid indicator of proper
macula function. The macula is the spot of sharpest vision and consists entirely of cones. The
macula is responsible for detailed vision (in photopic light situations) and colour vision during
the day. Through the cornea and the lens the incoming light focuses on the macula. Visual

8
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acuity is therefore also related to refraction of the components of the optical axis, where the
light passes. Low light causes the iris to open, and the sharpness of the image decreases.
More light leads to a pupil constriction and improves depth of field. On the other hand, in
individuals who had cataract surgery light of high intensity can also reduce visual acuity
(Berler, 1983).

Visual field. The definition of the visual field is the horizontal and vertical diameter of the
space seen binocularly in straight-ahead gaze. The function of the central two degree portion
of the visual field is the basic identification of visible objects. In turn, the function of the
peripheral part of the retina is motion detection, overview of bigger objects and the vision in
dim light. The peripheral visual field has warning functions and functions for spatial orientation.
Cones are mainly involved for clear and detailed vision during the day. The peripheral part of
the retina contains rods and ipRGCs. As we age the visual field decreases by approx. one to
three degrees per decade of life (Johnson, 1983).

Accommodation. Accommodation means the ability to focus on a point in the visual field
independent of distance. While the refraction of the cornea is fixed, the lens can adjust viewing
distance with the contraction of the ciliar muscle. Then the lens changes its “relaxed” shape
from more convex to more flat, to visualize further objects. From around the age of 50, a
normal sighted individual has a decrease in the range of accommodation that leads to
problems focusing visual acuity. This so-called presbyopia has to be corrected by glasses with
positive dioptric values. The lens becomes less clear and begins to scatter more light, resulting
in a reduced contrast and more glaring (Glasser, 1998). Due to a progressive yellowing of the
lens the older eye has a reduced ability to discriminate blue colors and loses most of its
sensitivity to short wavelengths (“blue light”) (van de Kraaz, 2007).

Colour. Colour perception is a function of cones with different opsins. Opsins are receptor
proteins which are embedded in special segments of the photoreceptors. The different opsins
lead to specific wavelength absorption with the maximum of 430 nm for blue photoreceptive
cones, 530 nm for green photoreceptive cones, and 560 nm for red photoreceptive cones. The
contribution of the three cone types in combination with “switching cells” transfers the colour
signal from the retina to the visual areas of the brain. Macular cone function remains relatively
stable throughout life span. With more and more yellowing of the ageing lens, this can lead to
a change in colour perception; such as blue appears to become more faded or “washed out”
(Stuen, 2003)

Adaptation to light. Adaptation to light and dark is a function of the rods and cones. In
healthy individuals adaptation of the rods in the peripheral retina to dark is completed in about
20 min. Adaptation of the cones to bright daylight takes only a few seconds. Older adults have
sometimes problems seeing under low illumination. Optical changes like pupillary miosis,
increased lens density and neural changes play a role in this age-related impairment.
Especially age-related changes in rod-mediated dark adaptation may contribute to problems in
night vision (Jackson, 1990).

Contrast sensitivity. Contrast sensitivity is created by a complex retinal process involving
signal processing of many cell layers of the retina before transferring the visual signal to
further brain regions. The retina extracts differences of shading and colour between objects
and backgrounds. Spatial contrast sensivity to photopic levels is reduced in older adults, optic
and neural changes in the eye and retina contribute to this impairment (Owsley, 1993).
However, the neural changes have a lesser contribution (Burton 1993). It is necessary to pay
attention to contrasts in the design of lighting spheres for elder people. Colour and light play an
important role for good contrast perception for elder people.

Ocular motility and depth perception. The outer eye muscles move the eyes vertically and
horizontally to be able to track and follow visual stimuli. The brain combines the two images

9
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from the separate eyes into one image (Faye, 2003). The two images creates a stereoscopic
effect by binocular correlation, we call it depth perception or 3D-Vision. Normal ageing leads to
a deficit in binocular correlation (Laframboise, 2006). To foster the depth perception, light can
be used effectively. How light gets reflected by an object, and how the shadows create a
contrast at the edges of an object, can be used to provide an effective cue for the brain. This
information can determine the shape of objects and their position in space (Lipton, 1982)

Pathologic illnesses. A pathologic condition of the lens is a cataract. The previously clear
lens becomes yellowish, darker and cloudy (opaque) which can lead to almost blindness in
advanced state. Another common disease is Glaucoma, often called the “silent thief of sight”.
Glaucoma has the origin in too much production of aqueous fluid in the anterior chamber of the
eye, or from decreased ability to drain the fluid in the “Schlemm’s canal’. This leads to an
increase in intraocular pressure and compression of the retina and especially of the outlet of
the optic fibers (blind spot). The age related macular degeneration is a situation where the
central view deteriorates due to a lesion around and in the fovea (area of the highest visual
resolution). A metabolic retinal disorder is diabetic retinopathy. High blood sugar levels leads
to damage in the microvcascular and macrovascular system of the whole body, but also in the
retina. In a final state diabetic retinopathy can lead to retinal detachment. Here the sensory
retinal layer separates from the underlying vascular layer. This leads to partial blindness in the
detached regions (Francois et al. 1991).

In the normal case the eye interacts smoothly with the brain to transmit a clear image. Vision is
primarily dependent on the photosensitive cells in the retina. These photoreceptors are named
after their appearance in the microscopic view: rods, cones and specialized non-
photosensitive switching cells or ganglion cells. In 2001, a new photoreceptor in the eye was
discovered, an intrinsically photosensitive Retinal Ganglion Cell (ipRGC) (Brainard 2001,
Thapan 2001). These ganglion cells have functions in modulation biological rhythms, spacial
vision, and sustained pupil constriction. The pupil size decreases with age and so less light
can reach the retina, which decreases other non-visual effects of light (Winn 1994).

Physiological and pathological age related changes of the eye will lead to impaired vision in
elder people over time. This can be mitigated i.a. by increasing light in the surrounding of elder
people. Given the above mentioned studies, the following recommendations for Guiding Light
can be drawn:

* Increase light levels. Because less light reaches the retina of the older eye, the light
levels in living environments used by older adults should generally be increased by at
least two or three times over those values comfortable for younger people.

= Minimize glare. Although more light is required for the older eye to see better, glare
should be avoided for example by using shades which are put over the light sources.

* Increase contrast. As contrast sensitivity decreases with age, the visibility of
important objects, such as edges of stairs, ramps, and doorways, should be greatly
improved by increasing their contrast with appropriate illumination, paint or similar
techniques.

= Balance light levels. Because elderly people’s visual system cannot completely adapt
to dim conditions, light levels in transitional spaces such as hallways and entrance
foyers should be balanced with those of the neighboring spaces.

= Improve color perception. As color discrimination is poorer in older adults, high light
levels and high-quality LEDs will help older adults to see colors well.

10
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2.2.2. Sleep

Seniors often suffer from chronic sleep disturbances. The overall prevalence lies between 20-
70%, as shown in Figure 3 (van Someren, 2000, in Figueiro, 2003). “In general, older adults
tend to go to bed earlier and wake up at an earlier time of day than younger adults. Frequent
nocturnal awakenings, difficulty falling asleep and increased number of naps taken during the
day are also more common in older adults. Sleep disturbances are associated with decreased
physical health, including increased -cardiovascular problems, disruption of endocrine
functions, and decline of immune functions” (Jensen et al., 1998 and van Cauter et al., 1998,
in Figueiro, 2003).

The main types of sleeping disorders are sleep onset disorders and sleep maintenance
disorders. In addition, there are sleeping disorders that are related to advanced or delayed
phase sleeping patterns. In elder people, the former kind is generally predominant, leading to
early awakenings. This might not cause any problems as long as the sleep duration is
sufficient and the person’s lifestyle can be adapted according to his/her daily routine (Boyce,
2003).

Figure 3: Percentage of individuals with sleeping problems by age group and gender (Becker, 2007)

There is a connection between light and the human rhythms. Early experiments have shown
that several bodily functions are oscillating on a daily basis (Pittendrigh, 1960). Among other
rhythms, sleep, body temperature, cortisol levels, melatonin and alertness fluctuate throughout
the day. Scientific research in this area was boosted since the discovery of the ipRGC in 2001
(Brainard, 2001, Thapan, 2001).

The sequence of sleep and wake phases is steered by inner clocks that have a circadian
rhythm which are entrained by external “Zeitgebers”. Bright daylight is the strongest
entrainment factor that synchronizes the internal oscillation. The master clock of the system is
located in the suprachiasmatic nucleus (SCN) that receives its input from specialized ganglion
cells (ipRGC) of the retina. From the retina the light-dark information is transported via the
retinohypothalamic tract to the central SCN. Just like the natural pacemaker of the heart, the

11
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SCN has its own rhythm that is overridden by external stimuli (light, social interaction and
meals) (Schmidt, 2004).

There are several physiological changes in chronobiology that are commonly seen in ageing
people. The overall time of sleep is reduced and the proportion of sws-sleep (deep or slow-
wave sleep) is reduced remarkably leading to a reduced ratio of REM- to NREM sleep
(Schmidt, 2004).

In general, with increasing age these cycles become more and more desynchronized leading
to commonly prevalent sleeping disorders that in turn deteriorate vigilance at daytime. This can
be a major predisposing factor for falls (see section 1.2.4).

2.2.3. Mood

Depression is one of the most diagnosed psychiatric disorders in patients visiting general
practices. The prevalence of this disorder is about 17 percent, and is the most frequent cause
of emotional suffering in later life. Depression significantly decreases quality of life in older
adults (Blazer, 1991).

The seasonal affective disorder (SAD) is a seasonal kind of depression that has a regular
association between the onset of depression and the time of the year. Although there is also a
summer form, the winter form of this disease is much more common. The symptoms of SAD
are increased feelings of depression, reduced interest in activities, increased sleep and
appetite with consecutive weight gain (Boyce, 2003).

Light treatment. Several causes of SAD have been postulated: disturbance of the circadian
system, melatonin concentration, and serotonin regulation. Although none of them have yet
been proven, the exposure with bright light (2500 to 10000 lux) has proven to be an effective
treatment (Boyce et al, 2003).

2.2.4. Mobility — Falls

Mobility refers to the ability to move in one's environment with ease and without restriction. In
the course of ageing, people tend to move less as depicted in Figure 4. Impairments of
mobility can occur with normal ageing due to different factors. Physical limitations, for instance,
can be caused by neuromuscular or musculoskeletal impairments, as well as fear of
discomfort, anxiety or depression. Furthermore, an enforced rest for therapeutic reasons can
also lead to mobility impairments, e.g. in the case of immobilization of a fractured bone.

= Impaired bed mobility is defined as the limitation of independent movement from one
bed position to another.

= Impaired physical mobility is defined as the state in which an individual has a limitation
in independent, purposeful physical movement of the body or of one or more
extremities.

Webber (2010) describes the key determinants of mobility in a broader sense as “cognitive,
psychosocial, physical, environmental, and financial topics. Cognitive determinants are factors
such as mental status, memory, speed of processing, and executive functions. Psychosocial
determinants include self-efficacy, coping behaviors, depression, fear, and relationships with
others that affect interest and/or motivation to be mobile. Speed of information processing and
visual attention are important for safe driving. However, an individual with low self-efficacy
beliefs may not even attempt to be mobile beyond the home, despite his or her actual driving
or walking capabilities. Older individuals also sometimes self-restrict mobility due to
depression or in response to opinions voiced by friends, family, and physicians. Older adults

12
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who have had a previous fall, as well as those who have never fallen, may demonstrate fear of
falling to the degree that it may interfere with mobility choices. Diagnoses such as mild
cognitive impairment and dementia also have the potential to seriously challenge mobility
outside the home. Problems related to driving safety, wandering, and getting lost (in vehicle
and on foot) are common.”

%
BN
o

209
Men

109

Women

0 - - - - - - - - - - - - -

15-19 25-29 35-39 45-49 55-59 65-69 75-79 85+
20-24 30-34 40-44 50-54 60-64 70-74 80-84

Figure 4: Percentage of participants in sports and physical training activities in Switzerland (1988), by
age group and gender (adapted from Lalive d’Epinay et al., 2001)

One of the most important risk factors among elder people for impaired mobility are falls. In
general, balance and gait disorders are important risk factors for (injurious) falls in elderly
cohorts (Vellas, 1997). Furthermore, vision impairments, symptoms of depression, slower
comfortable walking speed, poorer score on the “Timed Up & Go”-test, multimorbidity, poor
cognition and hypertension have also been proven to be independent risk factors for indoor
falls (Berglang, 2003).

There are several reasons why sleep problems can also contribute to an increased rate of falls
among older persons. People with sleep disorders tend to have more opportunities to get out
of bed during the day-night cycle because they are more active at night. This is mainly caused
by a higher frequency of going to the restroom as the sleep is less deep. What adds to this is
that due to sleep problems elder people tend to be more sleepy and less alert during the
daytime. This can result in lower cognition, memory disorders, lower concentration and
prolonged reaction time, all of which are predisposing factors to cause falls.

These effects can even be aggravated by physicians prescribing hypnotics to elder people
suffering from insomnia. Due to the side effects (somnolence, ataxia, slowing of walking speed
and diminished stride) this can contribute to a considerable amount of falls with an iatrogenic
etiology (Kawamoto, 2002).

Among the worst of the consequences of a fall is the fracture of the neck of the femur, which
results in the patient to become bedridden for an extended period of time. This is often
associated with serious comorbidities like pneumonia, pulmonary embolism and stroke and
can seriously deteriorate the condition of the patient. The incident of this kind of fracture
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amounts to a number of more than 250.000 per year in the USA. In comparison to that an
overall number of 95.000 deaths a year are attributed to falling (Goggin, 1999, in Figueiro,
2006).

Falls have a large socioeconomic impact. This is due to the enormous medical care costs and
the need for more extensive care in the wake of such an event. Approximately 10-20 percent
of people between 65 and 79 years and 30-40 percent of people over 80 years have at least
one fall in a year (Yasumura, 1992, in Kawamoto, 2002).

With assistive systems, e.g. for bright light therapy, sleep disorders especially for demented
nursing home patients can be diminished (Fetveit, 2003) and mobility during the day can be
improved.

2.2.5. Mental functions — Memory

Ageing is a condition that is inevitable, and the brain starts shrinking already at the age of 25
(Rushton, 2009). But still, there is a chance to keep functions stable, and shrinking does not
mean that all functions are necessarily declining. However, at the age of 75, 11-17% of the
elderly people suffer from moderate to severe memory impairments (see Figure 5).

If we look at the process of memory decline in more detail, cognition can be divided into two
components: a fluid mechanic component and a crystallized pragmatic component (see Catell,
1971; Baltes, 1998). The lifespan trajectories of these components are quite different (see
Figure 6):

= The mechanic component represents “fluid intelligence” in terms of basic information
processing ability. According to this model, this ability begins to decline at the age of
25.

= However, the pragmatic or “crystallized intelligence” remains the same, or even
increases with age. It represents the “cultural knowledge” or “life experience” in an
occupational context.

Percent with moderate to severe memory impairment 31
31
27
17 17
15
1] 1] 11
2
b
3

65+ 63-69 7074 75-79 80-34 85+
Age in years B Men (2002) Women (2002)

Figure 5: Memory impairment in the age group 65+. Even with the age of 85+, two-thirds of the people
suffer from only mild or no memory impairment
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Brain jogging and mental activity in general are good preventive agents to slow the decline in
“fluidic” brain functions while ageing, and also keeps the “crystalline” information active.
Training of cognitive functions has proven to counteract the degree of long-term cognitive
decline among older healthy people. The results of a large scale study (2,802 participants
aged 65 and older) showed significant improvements in memory, reasoning and information-
processing speed after brain-training over five weeks for about 2% hours per week (Ball,
2002).

Basic Information Processing

comtent - poor
universal biological
peacucally predisposed

Acquired Knowledpe

content-rich
culture-dependent A
expenience-based T

”

Figure 6: lllustration of the postulated components of cognition. One component is named “Mechanics
which is “fluid” and represents basic information processing, and decreases with age. The other
component is named “Pragmatics”, which is “crystallized”, and represents one’s experience, and stays
unchanged or even increases while ageing (Picture from Baltes et al., 1999).

The plasticity of the brain also helps to preserve cognitive functions in older adults. They use
much more areas of the brain than younger adults. Thus, an ageing brain can compensate for
a possible loss in neuronal function (Dolcos et al., 2002).

Light effects. There has been a lot of research to illuminate the relationship between different
lighting conditions on the one hand, and cognitive performance or alertness on the other.
Killer and Wetterberg (1996, in: van Bommel, 2003) for example examined the brain-wave
patterns (EEG) of people working in office environments with high (1700 lux) and low lighting
levels (450 lux). As a result, ECG patterns significantly differed: There were fewer delta waves
in higher lighting level environments, indicating less sleepiness of the subjects (van Bommel,
2003).

2.2.6. Dementia and Alzheimer’s disease

In healthy elder adults, losing mental functions is not that big of a problem until the age of 85
or above. In contrast, dementia before very old age is a degenerative disease, and Alzheimer’s
disease is the most common cause of dementia. Other pathologic forms of dementia (e.qg.
Morbus Pick or frontal lobe dementia) can start even before a person has reached their 40s
(Heston, 1982). In the beginning, the patients become more and more oblivious of recent
events or familiar tasks. As the disease progresses, the memory loss reaches a more
comprehensive extent, associated with changes in personality and deterioration in
communication.

Through both, the visual system and the circadian system, lighting can influence the
constraints of people with Alzheimer’s disease. Due to a cell loss at both retinal and cortical
levels, Alzheimer patients show reduced contrast sensitivity. Like in a vicious circle the

15



AAL 2011-4-033 Guiding Light

cognitive losses can then be aggravated by reduced visual capabilities in the long run (Boyce
et al., 2003).

Regarding the circadian cycles, patients with Alzheimer’s disease have often a very
deregulated day-night rhythm. This often poses substantial difficulties to caretakers and will
lead to earlier institutionalization. The anatomic evidence of this is to be seen in a
degeneration of the suprachiasmatic nucleus (SCN) of such patients. Moreover, they are rarely
exposed to bright light outdoors as they often need constant supervision.

Light effects. Research conducted by the Lighting Research Center (LRC) in New York, USA,
examined the effect of blue light treatment in persons with Alzheimer’s disease in a senior
healthcare facility. The question was whether this is feasible to improve sleep efficiency and
consolidate sleep at night. The residents were treated with blue light from light emitting diodes
(LEDs) with a maximum wavelength of 470nm. The exposition took place in sessions lasting
two hours (6-8 pm) before the residents went to their bedrooms. The result of the study
showed that the exposure to blue light significantly increased the efficiency of nighttime sleep
— a result, that can also be transferred to older adults without Alzheimer’s disease (Figueiro,
2005).

It is therefor recommended to expose Alzheimer’s patients to bright light during the day and as
little light as possible at night. By increasing entrainment with light rest-activity patterns
become more stable (Boyce et al, 2003). This is especially relevant to caregivers who have to
cope with the burden of Alzheimer patients with very fragmented sleep patterns.

2.3. Daily routines

The idea of Guiding Light is to support elderly people with their everyday activities by an
intelligent light system. So, what do seniors typically do during their days — and when do they
experience difficulties that could probably be reduced by lighting interventions?

One fundamental factor structuring the day of humans is our biological rhythm orchestrating
sleep, activity levels, or body temperature. It is controlled by the suprachiasmatic nucleus
(SCN), located in the hypothalamus of the brain and acting as an internal pacemaker. While
this biological rhythm follows an approximately 25 hours interval, it is influenced by external
“Zeitgeber” like light, social interactions, bodily activity, pharmacological manipulation — and
alarm clocks (Aschoff, 1965).

Apart from biological regularities, there are two types of data that give an insight into elderly
people’s everyday lives: lists with activities of daily living (ADL’s) on the one hand, and time
use surveys on the other. Findings from these two sources will be presented in the following
sections.

2.3.1. Activites of Daily Living

Activities of daily living (ADL’s) origin from holistic care models from the 1960s and are based
on Maslow’s motivation theory (1943). They describe repeating human activities aiming at the
fulfilment of a wide range of basic physiological and psychological needs, which might cause
difficulties at older age or illness. ADL’s are usually acquired as lists of activities (e.g. eating,
drinking, dressing/undressing) with grades of autonomy levels for each. ADL lists can be used
for diagnosis of care dependency, or for the planning or evaluation of care measures. The
Barthel index, as a common example of an ADL-list, is depicted in Table 2. It was originally
developed to assess the severity of disability regarding personal care and mobility of stroke
patients (Mahoney & Barthel, 1965). Scores are obtained using direct observation, self-report,
or responses from family/friends.
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Table 2: Criteria list from the Barthel index (Mahoney & Barthel, 1965). Total scores are calculated by
summing the individual item scores and range from 0 (dependence) to 100 (independence).

Item Scoring
Bathing O=dependent
Grooming 5=independent
Feeding
Dressing O=dependent
Toilet use 5=needs help
Ascend/descend stairs 10=independent
Bowel management O=dependent
Bladder management 5=0ccasional accident

10=independent

Bed/wheelchair transfer O=unable
5=major help needed
10= minor help
15=independent

Mobility (level surface) O=unable
5=wheelchair >50yards
10=walks >50 yards
15=independent

Other screening instruments focus on different types of activities that are necessary for
indipendent functioning in the community referred to as instrumental acitivites of daily living
(IADL’s). They include tasks like meal preparation, cleaning, doing the laundry, shopping, or
using the telephone. IADL’s can be assessed by the Lawton-Brody scale (Lawton & Brody,
1969), presented in Figure 7. The exact score given for each functioning stage can vary from
version to version.
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ABILITY TO USE TELEPHONE

3 Operates telephone on own initiative; looks up and dials numbers, etc.
2  Dials a few well known numbers

1 Answers telephone but does not dial

0 Does not use telephone at all

SHOPPING

3 Takes care of all shopping needs independently

2 Shops independently for small purchases
Needs to be accompanied on any shopping trip

0 Needs to have meals prepared and served

1

FOOD PREPARATION

3 Plans, prepares and serves adequate meals independently

2  Prepares adequate meals i supphed with ingredients

1 Heats and serves prepared meals, or prepares meals but does not
mantain adequate diet
Needs to have meals prepared and served

0

HOUSEKEEPING

4  Mantains house alone or with occasional assistance (e.g., heavy-work
domestic help)

3 Performs Iight daily tasks such as dish-washing and bed-making

2  Performs hight daily tasks but cannot mantain acceptable level of deanliness

1 Needs help with all home maintenance tasks

0 Does not participate in any housekeseping tasks

LAUNDRY
Does personal laundry completely
Launders small tems; rnnses socks, stockings, etc.
All Iaundry must be done by others

2
1
0
MODE OF TRANSPORTATION

4  Travels ndependently on public transportation or drives own car

3 Amanges own travel via taxi, but does not otherwise use public transportation
2 Travels on public transportation when assisted or accompanied by another

1 Travel limited to taxi or automobile, with assistance of another

0 Does not travel at all

RESPONSIBILITY FOR OWN MEDICATION

2 s responsible for taking medication in comrect dosages at comrect time

1 Takes responsibility if medication is prepared in advance in separate dosages
0 Is not capable of dispensing own medication

ABILITY TO HANDLE FINANCES

2 Manages financial matters independently (budgets, write checks, pays rent and bills, goes to
Bank) collects and keeps track of income

1 Manages day-to-day purchases, but needs help with banking. major purchases, etc.

0 Incapable of handling money

Figure 7: Lawton-Brody Instrumental Activities of Daily Living (IADL) Scale. The patient receives a score

for each item. The total score may range from 0 — 23. A lower score indicates a higher level of
dependence.

Not only individuals suffering from dementia, but also healthy elderly people usually
experience difficulties in coping with these activities, as can be seen in Table 3.
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Table 3: Difficulties with IADL’s of healthy controls versus patients suffering from different stages of
dementia (Study “Mdglichkeiten und Grenzen selbststdndiger Lebensfihrung in privaten Haushalten -
MUG IlI, 2005)°.

IADL difficulties (%) No dementia Mild Medium Severe
dementia dementia dementia
Shopping
With difficulties 31,0 12,1 5,9 -
impossible 50,3 87,9 94,1 100,0

Housekeeping

With difficulties 25,3 15,2 2,0 -
impossible 53,2 83,3 98,0 100,0
Finances

With difficulties 22,1 18,2 - -
impossible 30,5 77,3 100,0 100,0
Medication

With difficulties 11,8 9,1 2,0 -
impossible 33,3 74,2 94,1 100,0
Telephone

With difficulties 10,3 28,8 27,5 15,2
impossible 9,7 21,1 58,8 81,8

2.3.2. Time use surveys

Time Use Surveys are another interesting source to learn about people’s common
occupations. They gather the amount of time people spend doing various activities, such as
paid work, childcare, volunteering, and socializing. As the complete 24-hour day is covered,
time use surveys also provide information on a wide variety of other subjects. These may be
topics as different as the time use of elderly people, the use of means of transport etc. and
mobility or working time arrangements.

For instance, the American Time Use Survey (ATUS) provides nationally representative
estimates of how, where, and with whom Americans spend their time. Data files include
information collected from over 124,000 interviews conducted from 2003 to 2011. Focussing
on elderly people aged 55 or above, it can be seen that there is a constant increase in leisure
and sleeping time as people get older (see Figure 8). Interestingly, seniors aged 65 or more
living without a spouse usually spent 10 hours per day alone (Figure 9).

2 http://www.bmfsfj.de/doku/Publikationen/mug/abschnitt-1-einfuehrung.html
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Figure 8: Hours per day that individuals age 55 and over spent doing selected activities (SOURCE:
Bureau of Labor Statistics, American Time Use Survey)

12.0
10.0 u Spouse or unmarried partner present in household
10.0
5‘ u No spouse or unmarried partner present in household
5 8.0 -
Q.
2
3 60
=
o
(=]
©
] 4.0 -
2
2.0
20 - 14
05 08 05 09 07 0.8
. = T
0.0 -
Alone With spouse or  With family ~ With friends With other non-  Data not
unmarried  except spouse relatives available
partner

Figure 9: Hours per day of waking, non-work time that individuals age 65 and over spent with others
(SOURCE: Bureau of Labor Statistics, American Time Use Survey)

Regarding European data, the German research project ,Sentha“ (standing for “Everyday
Technology for Senior Households”) can be drawn, funded by the German Research Society
(DFG). Its goal was to develop products and services for a continuously ageing society so that
older people can maintain their independence in everyday life for as long as possible. The
project published studies about selected aspects of old age. Among these are also studies
concerning the popularity of everyday activities (see Figure 10 and Figure 11). It can be seen
that the popularity of activities like computer usage, visiting senior centers, or doing sports
considerably differs within the subgroups of seniors.
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Figure 10: Average popularity values of everyday activities from German seniors aged 55 and more
(Sentha study, 2007)
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bathing 2
having a shower
healthy diet
doing sports/gymnastics o
blow-drying one’s hair ®
washing one’s hair -y »— 55-64 years
medical gymnastics ¥ V 65-74 years
manicure : ? 75 years and older
pedicure s
sauna/solarium o
dressing up
shaving "
going for a walk >
visiting the doctor o
visiting the hairdresser

1 2 3 8

very reluctantly Average values very gladly

Figure 11: Popularity of health and hygiene related activities from German seniors aged 55 and more
(Sentha study, 2007)

All of these activities were taken as a basis to figure out which of them typically lead to
difficulties for elderly people regarding their mobility and autonomy at home, and as a starting
point for the interventions of the Guiding Light system (see chapter 4.1).

2.4. Attitude towards AAL technology

Ambient assistant living (AAL) systems support handicapped and elderly people to stay
independently in their homes, at work, or ,on the road” for longer. Developing AAL technology
is a corner stone of EU and national funding in order to cope with the demographic changes.
However, market success of such system highly depends on the attitude of the users towards
AAL systems and should thus be taken into account.

Generally speaking, attitudes towards AAL or technology in general depend on beliefs and
values that older people have achieved during their lifetime (Pancer et al., 1992; Gardner et
al., 1993). It is often assumed that seniors are rather reluctant to use modern technology — but
this is only half the truth. Although elderly users accept new technology less than their younger
counterparts (Hertzog & Bleckley, 2001), they are motivated to use it once they are sure that
the benefits clearly outweigh the effort of learning or accepting something new (Melenhorst et
al., 2006). Furthermore, it has been found that elderly people often lack trust in their own
technological capabilities, leading to a rejection of new technology (Lines & Hone, 2004; cited
from Holzinger et al, 2007).
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Results oft he Garnmarkt study (Fredersdorf & Feuerstein, 2011), based on a survey of 3,606
seniors aged 55 or above, revealed the following preferences regarding living in the old age
and technology support:

67% prefer to stay in their flat/house and to recieve help from relatives or professional
care services.

17,6% actually need support with housekeeping by relatives, domestic aid, neigbours,
or friends

27,3% would use latest technology aids in order to compensate for mobility
impariments in older age. Support by relatives ore care service is rated higher, moving
to a retirement home rated worse than technical facilities.

Senior-focused technology aids range at the sixth place of reasons for moving to a
board and care home.

58% of the respondents would use a system switching the light on when leaving the
bed.

Attitudes towards different types of AAL interventions (Figure 12) and sensor usage (Figure
13) are shown below. It can be seen that almost half oft he interviewed seniors agree to have
their biodata recorded continuously.

Regular recording of biodata (e.g. blood

pressure, blood sugar, pedometer) give hints at 45,90% 54,10%

Light brightness automatically adapts for you

your bodily fitness.

0,
to better concentrate and relax. S 63,20%
A sensory system warns you about health
risks in case that you drink or move too little, 24,30% 75,70%

Sensors monitor your sleep quality in order to

or eat disadvantagously.

16,50% 83,50%

prevent health damages.

Figure 12: Percentage of Austrian individuals aged 50 and more agreeing (green) and disagreeing (red)
with statements regarding the usage of AAL interventions (Fredersdorf & Feuerstein, 2011)
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| would use sensors at home, capturing vital
data (blood pressure, blood sugar, weight) from 41,90% 58,10%
me electronically.

| would wear small, light sensors in terms of
bracelets, adhesive tape or similar in order to 36,10% 63,90%
measure vital data from me.

I would agree to the electronical data storage of
my bodily condition in order to check my health
continuously.

34,20% 65,80%

| would have unobtrusive sensors installed at my
room or furnishings, offering technichal support.

30,60% 69,40%

Figure 13: Percentage of Austrian individuals aged 50 and more agreeing (green) and disagreeing (red)
with statements regarding the usage of AAL sensor systems (Fredersdorf & Feuerstein, 2011)

In the Guiding Light project, possible fears or objections of senior users will be treated with
great care during the development process. In addition, the usability of the system as well as
the light interventions will be developed in close cooperation with test persons and important
stakeholders.

3. Lighting Requirements

Lighting conditions in private homes

Whether seniors continue living in their own homes, or move to an apartment or retirement
community, lighting is going to become an ever more important part of everyday life. It will add
to comfort and enjoyment and it will help keep seniors safe and more mobile.

Currently private homes of elderly people...

. are mainly lit by daylight during the day with unevenly distributed light levels indoors (e.g.
high light levels near the windows and low light levels in the back).

. are illuminated with artificial lighting systems in areas and rooms with a lack of daylight or
for task lighting which often are not used during day- and nighttimes or provide an
illumination which doesn’t fulfill basic physiological lighting requirement of elderly people
(e.g. glare-free higher illuminance levels).

Several studies (Aarts, 2005; Higgins, 2010; Sinoo, 2011) could reveal that illuminance
levels within working areas in private homes (e.g. bathroom, bedroom and kitchen) are far
below 500 lux, which is recommended for younger person at work places. In the course of the
EU-funded project “Aladin - ambient lighting assistance for an ageing population” mean
horizontal illuminance levels of 113 lux in the working areas were measured (Becker, 2007).
These light levels are representative for private homes in general.

In addition, Aarts et al. (2005) assessed light conditions in Dutch care homes and homes for
older people. They found that conditions are too poor for proper vision. Similar results have
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been found and reported in the literature, for instance, in the United States by Hegde et al.
(2010) and Bakker et al. (2004), and in Belgium by De Lepeleire et al. (2007).

On the other hand, transit areas of private homes of elderly people are illuminated poorly, too.
For instance Aarts et al. (2005) reported that mean illuminance levels in transit areas nearby
the windows, in the middle of the rooms and in the back did not exceed 28 lux (see Figure 14).

mT—
10+
ze =
s+
04
20 4
0 + + .
window midgde back

Room area

Figure 14: Mean illuminance levels in transit areas (Aarts, 2005)

Again, this light level is far below the recommendations formulated in European lighting
standards for the working younger population.

As mention before, during the day daylight is the main light source in private homes.
Normally, artificial light is used in rooms with a lack of daylight during the day (e.g. toilet,
storage room), for task lighting purposes and generally during the night. Due to economic
reasons and an increased glare sensitivity, artificial light isn"t used in many cases (e.g. for
navigation to the toilet during the night — see Aarts, 2005) although it is needed for proper
visual perception and a safe indoor navigation.

As a consequence, great differences in illuminance levels, i.e. brightness inhomogeneity,
can often be found when travelling through different rooms. Due to impaired lightness
adaptation capabilities of elderly people, visual perception while passing through this
inhomogeneous lit areas is heavily disturbed. High brightness uniformity (i.e. minor differences
in maxima and minima levels of illuminance and luminance) over all indoor areas is necessary
to create a safe environment and helps to prevent falling.

The dominant lamp color temperature in private homes is warm white with a color
temperature between 2700 Kelvin and 3000 Kelvin. Other white light colors (e.g. light sources
with a higher amount of short wavelengths) are used seldom. Up to now traditional light
sources (incandescent and halogen lamps) and new energy-efficient light technology (compact
fluorescent lamps) are widely applied, although the acceptance of compact fluorescent lamps
is low due to limited light quality and a noticeable reduced light output when switched on.
Measurement of the lighting condition during the day (Sinoo et al. 2011) revealed a color
temperature between 3300K and 4500K in seven Dutch nursing homes. These recorded color
temperatures (see Figure 15) are a mixture of the prevailing daylight and artificial light and
were measured at eye level in areas with different distances to the windows.
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Figure 15: Median of light colors measured in seven nursing homes (Sinoo et al., 2011)

LED technology has not yet entered the private homes in a wider range. But it is foreseeable
that this new and highly efficient light technology will strongly enter the market for private
lighting within the next years, because of law restrictions® and the increasing efforts of the LED
lighting industry to reduce prices and offer retrofitting technology.

In private homes, only very simple lighting control systems (i.e. dimming light intensity) can
be found in rare cases. The main light control devices are on/off switches.

For task lighting purposes (see Fig.3), a lot of elderly people are working under luminaries
applied to the ceiling (85%) or under hanging luminaries (49%).

Aarts et al. (2005) reported that hanging lamps or luminaries applied to the ceiling with narrow
beam light emission are preferably used for task lighting. However, in average only 60-70% of
elderly people living in private homes had one of these luminaries in their household. As a
consequence, tasks with higher visual requirements spread over the whole household (e.g.
area for meal preparation, for shaving or washing the face or for dressing) are illuminated
inadequately.

3 The restrictions of the EU (The European Union's Ecodesign Directive (Directive 2005/32/EG), totally
ban of incandescent bulbs by 2016) will push the LEDs also into a wider range of application in
private homes.
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Figure 16: Light sources present in private homes (Aarts, 2005)
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It is very astonishing that elderly all over Europe do not recognize their illumination at home as
a great problem (Becker, 2007). For instance, noise from outside, pollution or high indoor
temperature in summer are commonly named as more imported problems experienced at

home (Figure 17).
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Figure 17: Problems with housing, named by interviewed senior citizens (Becker, 2007)

In addition, within the before mentioned project “Aladin”, more than half of the 196 subjects
evaluated in the course of a first investigation were convinced that they had enough artificial
light, while only seven percent disapproved of their lamps (Becker, 2007).

Finally, field studies clearly demonstrate that exposure to bright light is limited although bright
light is needed to synchronize circadian wake-sleep rhythms, improve mood, cognition and
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sleep quality in the aged. Aarts et al. (2005) reported 19 minutes of light exposure of 1000 lux
or more at eye level within a Dutch elderly population living in their private homes.

Figure 18: Average daily duration of light exposure of 1000 lux or more (Aarts, 2005)

Field studies in the sunniest part of America reported similar bright light exposure durations.
Espiritu et al. (1994) and Savides et al. (1986) measured 59 minutes and 29 minutes of daily
light exposure duration over 2000 lux of elderly people between 55 to 81 years and of people
with Alzheimer’s dementia living in old people’s home. Campell et al. (1988) recorded daily
light exposure duration of 1000 lux or more in old people’s homes of 9 minutes of elderly with
beginning Alzheimer’s dementia and of only 1 minute of adult people with severe Alzheimer’s
dementia.

Higgins et al. (2010) reported very low levels of light in the home environment of elderly (with
light exposure smaller than 20 lux nearly all over the day) considerably less than reported in a
study of Martin et al. (2008) with daytime bright light exposure (>1000 lux at eye level) of 48
minutes and 30 minutes, respectively. Finally Mishima et al. (2001) found out that in ten
nursing homes, residents received an average of daily 15 minutes of bright light under
standard lighting conditions. These low light levels are not able to induce non-visual light
impacts.

Summarizing the current lighting condition in private homes, one can state that in general the
lighting levels measured in the residences of independently-living elderly people are not
adjusted to their reduced retinal levels. Although the daylight conditions are acceptable near
the window, it is not enough once you enter further into the room. The artificial light necessary
to perform visual tasks is not adjusted to the older eye, either. The fact that most of the
interviewed participants did not turn on the light when getting out of bed during the night, in
combination with the badly illuminated circulation area in the home, can lead to dangerous
situations and shows how unaware elderly people are of the benefit from better illuminance.

The following chapter will try to define what “better immulimance” might mean in concrete
terms. To this end, recommendations from standards (2.2) and common procedures (2.3) of
the lighting industry will be presented.
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3.1. Lighting Standards

Since the 1990, efforts have been carried out to accomplish a joint European illumination
standard for functional lighting at work places. With the first release of the EN 12464-1 “Light
and Lighting — Lighting of work places” a framework for illumination engineers and light
planners was given on an European level but depending on the special application and
nationality also different national standards have to be taken into account.

Generally spoken, depending on indoor areas, tasks and activities (e.g. general areas inside
buildings, industrial activities, educational or health care premises) minimum lighting
requirements are given within this lighting standard in the following form:

= minimum level of the average illuminance within the work place,

= minimum level of brightness uniformity (given by the value g which is the ratio
between minimum to average illuminance levels within working areas)

= maximum level of discomfort glare (specified with the unified glare rating method) and

= minimum level of color rendering (specified with the color rendering index).

Additionally, other lighting aspects like maintenance factor or a minimum indoor daylight level
are described for all work places.

Another lighting pre-standard which will become relevant in the near future is DIN 5031-100
“Optical radiation physics and illuminating engineering - Part 100: Photobiologically
effective radiation, quantities, symbols and actions”. Within this pre-standard so-called
melanopic (non-visual, biological or circadian) light effects are described and a calculation
procedure of these effects is introduced for the first time.

The IESNA RP-28-98: Lighting and the Visual Environment for Senior Living was first
developed in 1998 by the Lighting for Ageing and Partially Sighted Committee of the IESNA -
the llluminating Engineering Society of North America. IESNA is the recognized authority to set
light levels in the United States, Canada and Mexico. The document was adopted in 2001 by
the American National Standards Institute (ANSI) making it a national building standard for
buildings for older adults. The name was changed to ANSI/IESNA RP-28-2001 and it is
included in the American Institute of Architects Guidelines for Design and Construction of
Healthcare Facilities 2006. The recently updated ANSI/IESNA RP-28-2007 edition is ANSI
approved. It has gained broad acceptance and is now the recommended lighting design
practice for older adults.

The available illumination guidelines for older people generally do not distinguish between
horizontal and vertical illuminances due to visual and biological light effects. Nor do they care
about maximal luminance levels within the field of view to avoid discomfort and disability glare.
Dutch research teams (Sinoo et al., 2011) recommend that the colour temperature of the light
sources should be between 2700K and 3000K in accordance with personal preferences and
characterize horizontal illuminance levels (see Table 4).

Table 4: llluminance Recommendations from Dutch research work (Sinoo et al., 2011)

Location Ep [lux] Comments

Living Room 200-300 (ambient lighting) Van Hoof et al. (2010)
1000-2500 (task lighting)
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Dining Room 500-1000 (task lighting) Van Hoof et al. (2010) and

De Lepeleire et al. (2007)

Hobby Space 500-1000 (task lighting) Van Hoof et al. (2010) and

De Lepeleire et al. (2007)

Corridors 200-300 (day) De Lepeleire et al. (2007)

50-80 (night)

In the following, two recommendations of the llluminating Engineering Society of North
America and the Lighting Research Center in Troy (LRC) and the VDI Directive 6008 are
described in more detail.

3.1.1. llluminating Engineering Society (IES): Lighting your way to better vision

(2009)*

This brochure describes some of the changes that can be made to a home’s existing lighting to
make it more comfortable and secure. The following recommendations are given:

Ambient lighting that is uniform within a room and from one room to another.

Higher levels of light, because normal age related changes within the eye restrict the
light coming in and absorb the light — so more light is needed to compensate.

Glare-Free light, because light scatters within the eye causing an increased sensitivity
to glare and the loss of the ability to see subtle details at lower light levels.

Light that helps you distinguish colors. The lens of the eye yellows with age, so proper
lighting can help compensate.

Ambient lighting: Look for fixtures that are designed to conceal the light bulb/tube from
view or have a diffuser to diminish the brightness of the bulb/tube to control glare.

Lighting that is directed to the ceiling and walls will provide ambient light. Options
include fluorescent fixtures installed out of sight, a light valance, wall wash fixtures, or a
torchiere.

Task Lighting: Installed fixtures or portable table/floor lamps with adjustable lighting
levels to provide higher light levels in a specific area.

Always use electronic ballasts in fluorescent fixtures. These ballasts do not hum or
flicker like the older and less efficient magnetic ballasts. Fluorescent sources are
available in a range of color temperatures from warm to cool. A warm color similar to
an incandescent bulb is described as 3000Kelvin, whereas, a cool color similar to
daylight is 5000 Kelvin. 3500 Kelvin offers a good blend between warm and cool. The
color rendering index should be 80, or above.

Windows and skylights: Daylight within a space should be balanced, either by providing
it from more than one direction (from opposing walls or skylights) or by increasing the
electric lighting. Windows must have woven shades or sheer draperies to filter the

4 http://www.ies.org/PDF/Education/LightingForAgeingEye.pdf
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daylight and control glare. Skylights without direct sun exposure and/or with adequate
shading may be clear glass or plastic. All others should have diffused glass or plastic to
prevent glare and strong shadows in the space.

3.1.2. Lighting Research Center: Lighting the way: a Key to Independence
(2001)°

The Lighting Research Center (LRC) at Rensselaer Polytechnic Institute developed principles
for lighting for older adults and tested those principles in two assisted living facilities. The test
results demonstrated that lighting helps older adults maintain their independence and
improves their quality of life. The AARP Andrus Foundation awarded the LRC a Dissemination
Grant to develop these guidelines for designing lighting for older adults. In addition to this
publication, the LRC developed two other guidelines that address the needs of 1) the general
public, including older adults and their families and 2) health care professionals.

This publication answers frequently asked questions about how to use lighting to minimize
some of the negative changes that occur with age. It also offers practical solutions for the
residences of older people:

= Increase ambient light levels — Less light reaches the retina of the older eye. The light
levels in living environments used by older adults should be increased by at least 50%
over those comfortable for younger people. In general, ambient light levels should be at
least 300 lux.

» Increase task area light levels - At least three times more light will be required in task
areas to see fine details (e.g. reading prescriptions) or low contrast objects (e.g. black
thread on blue cloth). Light levels on the task should be at least 1000 lux.

= Minimize glare — Although more light is required for the older eye to see well, care
should be taken to avoid glare. Glare is experienced when light sources or bright
reflections in the field of view impair vision, or are simply uncomfortable.

» Increase contrast — Because contrast sensitivity is reduced with age, the visibility of
important objects, such as stair edges, curbs, ramps, or doorways, can be greatly
improved by increasing their contrast with paint or similar techniques.

» Balance illuminance levels — Because the older visual system cannot completely adapt
to dim conditions, illuminance levels in transitional spaces, such as hallways and
entrance foyers, should be balanced with those of the adjacent spaces.

= Improve color perception — Color discrimination is poorer for older adults. High
illuminance levels and high-quality fluorescent lamps, rather than conventional
incandescent lamps, will help older adults to see colors well.

Apply these principles:

= Use light-color finishes on walls, ceilings, and floors to increase diffuse, inter-reflected
light in the living environment. This will increase uniformity and reduce glare. Use dark
baseboards to help define walls and floors.

5 http://www.Irc.rpi.edu/programs/lightHealth/AARP/pdf/AARPbook2.pdf
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= Keep room finishes simple, and avoid complex decorative patterns to minimize
confusion with objects on floors and furnishings.

» |dentify where visual tasks will be performed, and put extra light at those places. More
light is needed to see details, such as reading or sewing. Use adjustable light fixtures
(luminaires) to increase light levels in these areas.

= Use switches and dimmers to help people adjust the light level for their task needs.

= Shield direct views of light bulbs (lamps) by using architectural features, such as
valances, soffits, and coves, or by choosing luminaires that use baffles, lenses, or
louvers.

= Avoid clear-glass luminaries.

= Avoid reflections of light sources from shiny surfaces, such as floors and countertops,
by changing the position of the light source relative to the usual line of sight or by using
matte finishes.

= Daylight through windows and skylights will increase light levels in the space and
improve color discrimination. Use blinds, shades, or curtains to minimize glare from
windows.

= Create intermediate illuminance levels in transitional spaces that lead from bright,
outdoor areas, to dim, indoor spaces. At night, transition spaces between the relatively
bright indoor spaces to the dark night enable older adults to adapt more completely as
they move around the different spaces.

Figure 19: Intermediate illuminance levels in transitional spaces

3.1.3. VDI Directive 6008: Barrier Free Buildings for Living — Recommended
Practice for Lighting and the Visual Environment for Senior Living®

This VDI standard gives recommendations regarding illumination level, light colour, and types
of light and light effects for different rooms (see

6 http://www.derungslicht.com/derungs/file/katalogbestellung/seniorenpflege_en_2.pdf
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Table 5). Foir instance, night light should be indirect, warm-white and 50-100 lux, while reading
light should be direct, warm-white or neutral-white with up to 1000 lux.
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Table 5: VDI Directive 6008

Area Light effect lllumination level E[Ix] Color of light Type of lighting
day lighting
close to floor (10 cm above floor) 200-300 lux warm-white/neutral-white direct / indirect

. eye level (140-160 cm above floor) 300-500 lux {cylindrical) warm-white/neutral-white direct / indirect

Corridors
night lighting, close to floor 50-100 lux warm-white/neutral-white direct / indirect

Recreation areas day lighting, close to floor 200-500 lux warm-white/neutral-white direct / indirect
care light 300-500 lux warm-white/neutral-white direct / indirect, twin-component
bed level (85 cm above floor) lighting, depending on type of care
reading light, work light 300-1000 lux warm-white/neutral-white direct / twin-component lighting

bed level / eye lavel
(separate auxiliary lighting, if

Restrooms

needed)

Residents’ rooms
living room light, close to floor 100-500 lux warm-white direct / indirect
night light, close to floor 50-100 lux warm-white indirect
monitoring lights for staff at night,
close to flocor approx. 5 lux warm-white indirect
For patients: basic lighting close to 200-500 lux warm-white/neutral-white direct / indirect

the floor; accent lighting at face level

3.2.

Lighting concepts of the leading European lighting industry

Main components of lighting concepts for the aged population:

ambient lighting: general lighting in a room for walking around, conversation and
identifying objects.

task lighting: provides higher light levels in a specific area for performing visual tasks,
such as reading sewing, and cutting.

accent light: is used to highlight artwork or special architectural features.

daylight from windows and skylights: provide ambient lighting and due to the high
light levels, some people also use daylight or direct sunlight for visual tasks such as
mending or working on puzzles.

interior surfaces: contribute to good lighting in the sense that lighter colours on ceiling
and walls will reflect more light within a space. Dark colours absorb the light and should
only be used on moldings or small areas. To better control glare, ceilings and walls
should also have flat finish paint or general areas and a matte finish for kitchens and
bathrooms.

What constitutes a good illumination for supporting visual perception of the elderly?
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Ambient lighting that is uniform within a room and from one room to another
because older eyes take longer to adjust to changes in light levels.

Higher levels of light because normal age-related changes within the eye restrict the
light coming in and absorb the light. Thus more light is needed to compensate this
process.

Glare-free light because light scatters within the eye causing an increased sensitivity
to glare and the loss of the ability to see subtle details at lower light levels.

What constitutes a good illumination for supporting non-visual lighting effects?

Varying light colours and intensities during the day constitute a clear visual signal of
the time of the day.

Higher vertical illuminances at eye level, especially in the early morning or early
evening hours according to the subjective biological needs (e.g. to phase advance or
phase delay circadian rhythms, to enhance mood, to shorten sleep latency, to increase
sleep duration, etc.)

Maximal outdoor daylight exposure facilitates exposure to UV-radiation and
significantly increases the daily light dose.

In the following sections, lighting concepts of Zumtobel, Derungs Medical Lighting, Osram and
Trilux are introduced. All descriptions literally reproduce the concepts of these companies.

3.2.1. ZUMTOBEL: Light for care (2009)

Zumtobel compares lighting standards for the working population with their recommendations
for elderly people (see Fig. 7). An example of day room’s illumination according to these
recommendations is given in Figure 21.

Lighting recommendations for resident’'s room are as follows:

Lighting scenes that are as varied as possible for different activities such as needle-
work, reading and watching TV deliver an agreeable living concept

Diffuse luminaires or luminaires that have a relatively large indirect component, and
light colors that are as warm as possible from 2700 to 3500 K accentuate a feel-good
atmosphere

A minimum lighting level ensures night-time orientation; slow dimming and sensors
built into beds have proved to be especially useful

Provide a dedicated reading light near the bed or elsewhere for reading

Ease of operation is paramount for the elderly

7 http://www.zumtobel.com/PDB/teaser/CS/AWB_Care.pdf
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EN 12464 Zumtobel's recommendations

Reception/entrance 300 Ix - 300 Ix

Corridor areas — In the daytime 200 Ix — During the day: at least 60% of the llluminance level prevalling In
At nlght-time 50 Ix the lounge area
— At night: 50 Ix, adjustable up to 100 Ix

|

Communal space, - 200 Ix - In the morning: 300 to 500 Ix with a colour temperature from
recreation room 4500 to 6500 K
— In the day time: up to 1500 Ix throughout the day with a colour
temperature from 4500 to 6500 K
- In the evening: 300 to 500 Ix with a colour temperature from
2700 to 3500 K

Resident’s room and - 100 Ix for bedrooms - Resldents' rooms: at least 300 Ix, colour temperature from
bathroom 200 Ix for bathrooms 2700 to 3500 K. Additlonal reading llght with luminance of
1000 Ix In reading area and/or addltional bedslde reading and
examination light. Night-time orlentatlon light.
— Bathroom: 300 Ix, 2700 to 3500 K; separate mirror lighting

Administrative and — 500 Ix for offlces — 500 Ix wlith varlable lighting sltuatlons, especlally for night-time
task areas working

— Another recommendation: adequate transitional zones between
brighter and darker areas and between outdoor and Indoor areas
alve older eyes sufflclent time to adapt to dlfferent lighting
condltions.

Figure 20: Recommendations of Zumtobel regarding different living areas

Figure 21: Lighting Concepts of day rooms according to Zumtobel’s recommendations, realized in a
care retirement home

3.2.2. Derungs Medical Lighting: Senior care — good lighting enriches senior
living®

Patients with dementia have difficulties with spatiotemporal orientation. This leads to

implications of inactivity, confusion and depression. “Visual Timing Light”, the innovative light

management system from DerungsLicht AG uses artificial light to simulate the twenty-four hour
cycle, from sunrise to sundown and night-time.

A twenty-four hour cycle of light to organize daily course of activity...

8 http://www.derungslicht.com/derungs/file/katalogbestellung/seniorenpflege_en_2.pdf

36



AAL 2011-4-033 Guiding Light

= positively affects the day / night cycle

= helps balance hormone production

= regular sleeping and eating habits

» positively affects mood and sense of well-being; invigorates the senses
» compensates for mood fluctuations and depressions

= enhances overall performance

= significantly improves articulation of patients with dementia

Forencon

Afterncon Evening 600 9,00 12000 15,00 18.00 21400 - 6,0¢

Figure 22: Visual Timing Light (Derungs Licht AG)

A sophisticated light control system is used to define the different light effects from morning
until night. As the time of the day progresses, this lighting system features a different
illumination level and light temperature (see Figure 23).

Glare, reflections and shadows should be controlled and light should be evenly distributed
within the rooms in the following way:

Glare control. The eyes of the elderly are more sensitive to glare than the eyes of younger
adults. Light is diffused differently in older eyes. Derungs Licht AG products come equipped
with diffusers with each clear glass incandescent or halogen lamp to help control glare.

Light distribution. By using light to brighten walls, corridors appear wider. Indirect ceiling light
fixtures make rooms seem more inviting and open. Derungs Licht AG can precisely define the
emitted light by using specially designed, light directing elements. The light is directed into the
room in an optimal fashion. The room is illuminated uniformly. This creates illumination that is
comfortable and low in glare, reflections and shadows.

Reflection control. Derungs light solutions keep reflections to a minimum by using diffusers
with both direct or indirect lighting. Derungs’ luminaires control the light through sophisticated
light directing prisms. In this way, shiny surfaces are not spot-lit and reflections are minimized.

Shadow control. The interplay of light and shadow is indispensable in safely finding one’s
way around a room and in recognizing objects. Concentrated light sources and bundled light
create lighting that promotes the formation of sharp and deep shadows. This produces sharp
contrasts that may conceal objects or obstacles with dark shadows. Using light sources that
cover an extensive area and radially diffuse the light, as is done, for instance, with ceilings
illuminated by indirect lighting, creates illumination that casts few shadows. Shadows
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necessary for orientation, however, are missing. The shapes are no longer recognized and
obstacles may not be perceived as such. The objective consequently has to be to provide
illumination that produces an average degree of shadiness. Derungs Licht AG customizes
lighting systems to meet the unique needs of the customer and to produce just the right degree
of shadiness by utilizing the benefits of top-quality indirect/ direct lighting and twin-component
lighting systems.

Features of poor light diffusion

Direct lighting Indirect lighting
+ very good to average energy efficiency + excellent glare control
- discomforting glare for patients + minimum reflections
confined to bedrest + room appears to be bright
=y * et kohtng - reflective glare on e»quu)mem + hardly any shadows .
T e | — - dark shadow on facial features - average to poor energy efficiency
and objects - ceilings are too bright for patients
- faces not bright enough for confined to bedrest
visual communication - diffuse lighting atmosphere
- reflections on the floor (hardly any contrasts)
- room appears to be dark
Direct] Indirectighting!  Taan-oompanent
lighting

Features of good light diffusion

Direct / Indirect lighting Twin-component lighting Derungs Licht AG understands the signifi-
+ good energy efficiency + like direct / indirect lighting cance of direct/indirect lighting and twin
+ hardly any shadows + partial amplification of lighting component lighting. The light fixture product
+ hardly any reflections due to task / reading lights range focuses on providing lighting solu-
+ good glare control tions in these areas. Qur priority is to pro-
+ room appears to be bright vide excellent lighting solutions that use a
+ homogeneous, soft transitions basic principle: provide indirect lighting while

due to multiple reflectance diffusing direct light to properly balance the

atmosphere safely and effectively.

Figure 23: Lighting concepts for the aged (Derungs Licht AG)

3.2.3. Osram: Improved quality of life for dementia patients — St. Katharina
research project in Vienna (2012)°

In cooperation with the Lighting Competence Centre and other partners, Osram conducted a
trial intended to examine precisely this question in the dementia care ward of the St. Katharina
residential care home in Vienna over a period of 15 months.

In various old-age homes where experiments have been carried out with “luminous ceilings”
(for instance “Haus im Park” in Bremerhaven, “Haus Ruhrgarten” in Mulheim), positive effects
on the well-being and social behaviour of residents were observed. In spite of the initial
scarcity of available data, there was sufficient evidence to suggest that a positive development
might be initiated by using adequate lighting: increasing social activities during the day result in
greater fatigue in the evening, providing in turn for more restorative sleep at night and
accordingly favourable effects on the residents’ mental and emotional state.

9 http://www.zumtobel.com/PDB/teaser/EN/Study Health_and_Care_StKatharina.pdf
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In a residential ward for dementia patients in the St. Katharina old age home in Vienna,
controllable lighting was installed in the course of refurbishment, allowing for different lighting
intensity levels and light colors to be implemented and their effects on the well-being of
residents to be examined systematically.

The biological effect of bright light on people causes an increase of their activity during the day
and stabilization of the circadian rhythm. In order to guarantee the biological effects of light
also indoors, it is necessary for artificial lighting to be similar to daylight. At present, this is not
possible using conventional lighting. In the case of warm or intermediate light sources — which
are usually used indoors — biological efficacy could only be achieved at dramatically increased
levels of illuminance and thus considerably higher energy costs.

The biological effects of the SKYWHITE fluorescent lamp with a color temperature of 8000K,
an increased blue component, and a light color that is more similar to daylight at comparable
illuminance and comparable energy efficiency, are 2 to 2.5 times higher than those of
conventional fluorescent lamps.

It must be taken into account that the perception of light and colors by the geriatric resident is
different from that of the nursing staff or generally younger persons. This is due to the age-
related cataract of the eye. The yellowish discoloration of the lens leads to a wavelength-
related reduction of transmission, the short-wave blue components are thus reduced more
strongly.

Apart from the light color, also illuminance influences the biological effect of light. To achieve
an illuminance level of 1000 Ix, a wide-area source of light emanating diffuse light is required.
This corresponds to the bright sky outdoors. The illuminance of this source of lightshould be
able to produce some 3000 Ix on a horizontal surface. The corresponding lighting system
allowing for adjustment of the color temperature between 3000 K and 8000 K and of
illuminance up to approx. 3000 Ix was provided for the St. Katharina old-age home.

Spekdrale Strahlungsverfefung: Lichifarbe 880

Figure 24: St. Katharina research project: light system and lamp emission spectrum (Osram)
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3.2.4. TRILUX: New Light (2012)"

If rooms have low quantities of daylight or even none at all, patients and residents often lose
their sense of time. TRILUX lighting solutions specifically support the biological rhythm of
patients and care personnel. Acuro Active simulates the course of natural light during the day:
the specially developed controller mixes the light of warm white (3000 K) and daylight white
(6500 K) LEDs according to the time of day. With their finely structured, opal diffuser and
homogeneous light emission surface without dark spots, both luminaires ensure harmonious,
glare-free light in sanitary areas, corridors and traffic zones. Safety is of course of prime
importance in the health sector, and the optional emergency switching enables immediate, full
illuminance at night as well.

TRILUX offers a variety of lighting solutions that enhance the well-being of seniors.

Figure 25: Lamp emission spectra during the day and night (Trilux)

4. Technical Framework

The implementation of the Guiding Light system implies the usage of different components,
regulating the lighting conditions in the homes of elderly people according to given sitations, or
rather accumulated empirical values over a period of time. Thus, a flexible software
aggregating and analysing the input from various sensors has to be chosen for the system. In
the following chapters, available software (chapter 3.1) and sensors (3.2) will be presented.

4.1. Software

4.1.1. System Requirements

The focus of the project is to develop a lighting solution with product character which combines
hardware and software in a manner that can be easily be finalized from prototype into a
market-ready solution. Therefore some major requirements are defined for software
development in general:

Integration of existing technologies where possible. We expect to use and integrate
available and proofed hardware as far as possible and useful. If standard solutions which fulfill

10
http://www.trilux.com/fileadmin/redaktion/pdf/DE/Kompetenz/Anwendungsbereiche/Gesundheit/Neu
es-Licht-in-der-Pflege-TRILUX-2012.pdf
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the requirements cannot be found or are not suitabe a customized solution has then to be
developed. The emphasis of the project should be to create an intelligent solution on basis of
available technologies, standards, hardware and software, rather than to develop hardware
from the scratch.

Create a system that fits the requirements of the user with little or no manual
configuration. It is intended to develop a solution which doesn‘t have to be tailor-made for
every single user. The solution has to fit the requirements of the users defined in the definition
of target groups. However has to be considered to equip the system with functionality for
configuring the system within defined parameters and/or develop algorithms which make the
system automatically adapt to user specific situations. The lighting algorithm itself is planned
to have a self-learning behaviour which is based upon parameters that are measured within
the user residence or directly from the vital signs of the user.

4.1.2. Initial situation

To meet the requirements mentioned above, we will use an existing software (,myVitali“) as
basis for collecting and visualizing sensor data as well as for connecting users with expert.

The health management system myVitali (http:/www.myvitali.com, MVA) brings in the
possibility of starting with an easily extendable and scalable modular system in terms of home
automation, health monitoring and shared distribution of sensor data to different user groups.
The philosophy, architecture and features of that system are described in the following:

Main goals and purpose. myVitali has its focus in improving the health and quality of life of its
main users. This can be achieved by analysing the situation of the main user via sensor data,
that is being collected automatically by myVitali or manually by the user. Based on that
analysis and interpretation of the collected data the system gives feedback to the health
situation of the user and also gives suggestions how to improve that situation. The system is
objectifying the situation to have the basis for support and advice.

User groups. Different user groups are working together using myVitali. The systems allows
the main user to connect to other user groups in terms of sharing his data to get assistance,
support or therapy from the others. Other user groups are typically experts like doctors,
coaches and similar as well as contact persons like relatives, neighbours, friends who will
support the main user in critical situations or who are in any other way interested in his health
status.

Figure 26: myVitali user groups
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Architecture. myVitali is a webbased software with service oriented architecture (SOA). The
backend provides a set of services which can be used by a variety of clients. Clients are user
devices (tablets, smartphones, PCs, TVs with webacces touchscreen-terminals), which are
visualizing collected data in a manner that fits the needs and requirements of the specific user
group. Business logic is based on the backend and delivered to the clients by services.

The system is designed to be easily scalable and configurable to fit different user needs and
match the requirements of a wide variety of target groups. This is provided by a system based
on easily combineable modules within specific user groups and above (see Figure 27).

Figure 27: myVitali technical overview

Visualiziation. One of the main goals of myVitali is to transpose user‘s sensor data to an
easily understandable message, and to let the user know what to do to improve his or her
health situation. The sensor data are therefore analysed and interpreted based upon a
complex policy framework and thereafter merged into a combination of charts, colored codes
and messages delivered to the user by the virtual coach of the system, named ,Vitali“. The
visualization of the variety of sensor data in a comprehensible and well designed form is one of
the major strengths of that system. The complexity of the visualization is based on the type of
the user: i.e. a patient will get a far more simplified view of his data than the doctor will.
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Figure 28: Sample of myVitali visualization (weight management)
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Figure 29: Sample of myVitali visualization (activity management)

Business model. myVitali with its core module (health management) is targetting the
consumer mass market. To reach a big share of the market, the business model is based on
monthly fees of micro payments (e.g. 1,99 EUR for one module per month and user). This
approach has already been partly transferred to a fitting model for Guiding Light during a
workshop with initiative from the AAL Association. The transnational AAL2Business Workshop
(1st of June, 2012 in Vienna) was a platform to present the business plan of myVitali as a
working example. The feedback from the moderators about the business model was very
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positive and promising. They predicted a high chance of success for the project in general and
the business model in special. The details about the Guiding Light business model will be
described in Deliverable 6.3 at a future time.

4.1.3. Development

An extension of the given functionalities and features of myVitali will be done by adding new
modules to the framework. It has not been defined yet where exactly the components of the
lighting software (including light spectrum curves, genetic algorithm for light adaption,
evaluation components etc.) will be placed. Since the approach of myVitali is a webbased one,
it may be necessary to have one or more appliances running within the user residence as well.

To keep the installation cost as low as possible, it is recommended to use the backend
resources for as many computing tasks as possible. Especially for the outlook to the market it
will be an advantage if not a requirement to follow the principle of myVitali, to keep the house
installation lightweight and easy to install and maintain and shift all possible intelligence to the
backend system. Nevertheless should the system within the residence keep its main
functionality in case of a internet failure which means that the controlling of the lighting has to
keep its functionality independently of internet access.

4.2. Sensors

4.2.1. Requirements

In order to obtain detailed information about the influence and effects of the lighting system,
we need to measure several parameters from the main user. It has not been defined yet which
parameters are absolutely necessary and which ones are optional. Below are some examples
of potentially useful aspects:

= Lighting exposure

= position inside the residence

= position inside every single room

= position outside the residence (route, distance traveled)

» body position

= current activity of user (is moving or not)

= level of activity (quantity, intensity, frequency, continuity, duration)

=  mood

= stimulus/impulse

» sleep (duration, quality, sleep cycles, interruptions, start-/ending time)
» vital parameters (heart rate, blood pressure, weight, body fat, blood glucose etc.)

= food and fluid intake

In addition, we also need to analyse some parameters from the environment of the user, e.g.
= lighting situation (brightness, light color, intensity, etc.)

= temperature
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* humidity
= carbon dioxid saturation
» energy and sources consumption (water, gas, heating, power etc.)

» weather situation (cloudiness, sunshine)

In some areas of measuring data, we might expect difficulties of different nature, like
technological challanges, challanges in complexity or effort of the recommended solution
(since the installations has to be made in residences where people are already living), or
ethical aspects which prevent to use certain approaches or just limitations of budget. All those
aspects have to be considered, together with the benefit and results of the demanded feature.
The project consortium then has to decide whether the approach has to be followed, or
whether it is implemented in a reduced variant or eventually even canceled.

The following section gives an overview about possible approaches to acquire specific
parameters for the Guiding Light system in more detail.

Position tracking

Since we need to know if the lighting solution is inducing a different behaviour of the user, we
have to track certain aspects which will point out the activities of daily living and the movement
patterns of the person within his residence and outside. Especially the tracking of the location
over time can help to determine the direct and indirect influence Guiding Light actually has on
the user.

Tracking of activity through PIR sensors (passive infrared). This approach is not tracking
the exact position but given activities at a certain time within a specific area of the residence. It
includes sensors (see Figure 30) covering different zones with one single device (normally 4
quadrants). By combining several of these devices, it is possible to create a grid of zones
inside a room and to have an accurate enough tracking of the position. It can then be
differentiated for example whether the resident is standing or moving in the kitchen unit, sitting
at the table or on the sofa, and so forth.

Figure 30: Example for PIR sensor (here: EnOcean model)

Visual tracking. Based on some kind of camera system, the room is recorded and some
image recognition algorithm detects the position of one or more persons within the observed
area. For an exact position, the camera system would use a stereoscopic technology (like the
Kinect system oft he XBox, see Figure 31). The problem with this approach is the acceptance
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of the user to have cameras installed in his home, even though the image recognition is just for
parameter extraction and the images are then deleted.

for @
Figure 31: Example of stereoscopic camera (here: Microsoft Kinect)

GPS Tracking. Normally, GPS tracking inside of rooms are made for big buildings and not
appropriate nor affordable for private households. Still, we found some companies that are
offering specific indoor and outdoor solutions (e.g. GeoCare, see Figure 32). However, most of
these systems require the user to wear technical badges or markers (besides the equipment
for the rooms), which is a disqualifier since that would surely pose acceptance and complience
problems especially for our target group.

Figure 32: Example of GPS-tracking device (here: Geocare)

Other approaches. We were in touch with several experts with experience regarding other
technical approaches, for instance transit time based approaches via ultrasonic, approaches
with RIFD and tagging, or bearing approaches using radio frequency. All of them were either
far too expensive, too complex and time-consuming in installation, or not accurate enough.

Some examples for companies which are offering solutions for location tracking and which we
have been in contact with:
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= Fidelak GmbH, http://www.fidelak.com
= Beckhoff Automation GmbH, http://www.beckhoff.at

» Geodog GmbH, http://www.geo-care.de

= automationNEXT GmbH, http://www.automationnext.com

= |ntenta GmbH, http://www.intenta.com

Tracking of vital signs

If we want to measure the system’s influence on vital parameters of the user, we have to
measure vital data either selectively (i.e. the user has to do a measurement with a device) or
permanently (the user is wearing a device or a sensor can measure vital signs from the
distance or by indirect parameters, e.g. carbon dioxide saturation in the air). Wearing sensors
is eventually involved with problems of compliance or difficulties in handling (e.g. when
dressing). Doing specific measurements once or more often a day can be also a stress factor.
On the other hand, most of the older people are used to measure their vital signs since they
have to due to some chronical diseases (e.g. high blood pressure, diabetes, obesity etc.).

The core system of myVitali includes measurement devices and clients for visualization of vital
data. Those parameters can support the feedback of the main systems and eventually proof
some positive effects of Guiding Light on those parameters as well.

In the following lists, we marked values which we can measure using a device for a single
measurement with 1) and the need to wear a sensor for accurate measurement with 2). If a
sensor is to be worn somewhere at the body, a convenient position should be preferred if
possible. Activity sensors for example can be found with different recommended or possible
body positions (wrist - mostly preferred position, ankle, chest via necklace, hip/belt, trouser
pocket, handbag).

Available devices and parameters (transmitting data wireless to the system):

= activity (number of steps in time, freuquency of steps, estimated calories burnt by
activity, estimated distance walked) 2)

= blood pressure and pulse 1)
» blood glucose level 1)

= body weight, body fat, body water, muscle mass, BMI 1)

J

D‘isp/set
smartLAB,
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Figure 33: Example for a wireless tracking device (here: smartLAB walk+ wireless activity sensor)

Additional parameters, that could be taken into consideration:
» heart rate 1) for punctual measurement, 2) for a long term measurement
* heart rate variability 2)
= ECG?2)
* body position 2)
= breathing 2)

= altitude difference 2)

Examples for vendors of devices which we were or are in contact with:

» ActiGraph Inc., http://www.actigraph.com

= Fitbit Inc., http://www.fitbit.com

=  Movisens GmbH, http://www.movisens.com
= HMM GmbH, http://www.hmm.info

= Zephyr Technology ltd., http://www.zephyr-technology.com

= Polar Electro Oy, http://www.polar.com

= Affectiva Inc., http://www.affectiva.com

= Mitac Europe Ltd., http://eu.mio.com

Light exposure measurement

The amount of light that a person is exposed to (specifically the face) is an important factor in
order to analyse possible correlations with vital data, activity parameters, or other aspects of
the resident’s behaviour. One example of such a sensor is ,Dimesimeter”, an optical sensor
combined with an accelerometer (see Figure 34). However, the measurement of the exposed
light to the face remains a challenge, since it is difficult to place sensors around the face which
are small enough and easy in handling to be accepted and convenient.

~ optical

: Sl rarra
accelerometer NSOr axvay

Figure 34: The Dimesimeter (developed by the Lighting Research Center - LRC) has approximately 2
centimeters in diameter and is battery-powered. Due tot he pin, it can be attached to a shirt collar, lapel,
or hat.
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4.2.2. Starting situation

myVitali is providing a framework which can easily integrate various sensors. Those sensors
can monitor the vital signs of the user itself, as well as the environment the user is living in by
means of different technologies.

Examples of wireless technologies:

= EnOcean (energy harvesting wireless sensor technology;
http://www.enocean.com/en/home/)

= Wifi

= ANT+

= Zigbee (IEEE 802.15.4)

=  Bluetooth

The advantage of EnOcean is its wireless approach and the reduction of maintenance due to
energy harvesting. However, since the energy used for sending wireless telegrams is created
by either piezo-electric mechanisms or by solar panels, the sensor itself must not exceed a
certain limit of power consumption. For specific situations (e.g. sending data with high
frequency) it may be necessary to use wired sensors alternatively.

The myVitali framework is providing a number of different interfaces and APIs to let the
devices and gateways communicate (REST, SOAP, XML-RPC, HTTP-Request, AMF, Java
RPC). The devices send data through different kinds of gateways or interfaces. Depending on
the use case, one or more of those gateways will be used.

Mobile Gateways

The gateway will collect data based on one or more wireless technologies (e.g. ANT+) and will
then forward the data to the backend over a mobile network (GPRS). The gateway uses an
M2M-card (SIM) which means that the ongoing transmission is based on some contract with a
cellphone company. Example: HMM hFon Collect.

Software Gateway

Using a USB-dongle (e.g. a Garmin ANT2USB dongle) and a software gateway running on a
PC, Plug-PC or embedded PC, this solution does not need some kind of a mobile contract.
The PC although has to be running as long as data should be transmitted.

Figure 35: Mobile gateway HMM hFon Collect (left) and software gateway ANT+ dongle (right)
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Controller/home gateway

A controller unit implemented in the electric cabinet connected to a bus terminal or a
bidirectional gateway which receives data via external antenna. The controller will
communicate with the backend via defined APl (e.g. XML-RPC or TCP/IP). Example:
Thermokon STC-Ethernet.

Figure 36: Thermokon EnOcean gateway

Smartphone or tablet as gateway

A smartphone can communicate with devices based on built-in chips or connected dongles
with wireless protocol (e.g. Bluetooth 4.0). The communication with the backend over services
is done by a native application running on the smartphone.

—
Blutdruck

17. Mai 2011, 12:52

Figure 37: Results of vital data analysis of the myVitali system on an Apple iPhone 4

Based on the framework myVitali is providing, it is easily possible to extend the system by
sensors, actuators, gateways, protocols and technologies as needed. The modular approach
makes it easy to attach new modules loosely and integrate date to already existing services
and visualizations.
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5. Conclusions for Guiding Light

In the previous chapters, we have shown that the percentage of elderly people within our
societies will increase over the next decades. We have also illustrated age-related limitations
(or even diseases) that endanger an independent, mobile life in higher age.

On the other hand, several studies have been cited, proving the benefit of light interventions
on many of these age-related challenges: Light is not only crucial for perception and spatial
orientation, it can also improve temporal orientation and circadian rhythm, guide attention, and
— taken together — enhance the mobility and indepence of the elderly.

The basic idea of Guiding Light is to specify when, how much and for how long light can be
applied for a positive effect on the lives of elderly people, as demanded by Figuero (2003).

5.1. Light interventions of Guiding Light

Within this project, we aim at influencing mobility parameters quantified by selected activities
of daily living and fundamental circadian activity rhythms (e.g. sleep parameters, room zone
usage duration) by the aid of improved spatiotemporal orientation. This goal will be reached
primarily by applying individually specified ambient lighting interventions at private homes. As
a consequence, we intend to vary ambient and task light intensities and light colours over time
to support spatial orientation, visual performance and to improve sleep-wake rhythms.

In the past, interventions focused on light signals generated by bright, highly saturated light
colours (e.g. green backlight of a drug locker to remember medication intake or self-luminous
amber door frame to increase postural control and stability after leaving bed during the night -
Brooke-Wavell, 2002). As mentioned before, we intend to improve spatial and temporal
orientation by means of ambient lighting. In the following, these interventions will be described
in more detail.

5.1.1. Ambient lighting intervention for spatial orientation purposes

Field studies (Tranah, 2011) with elderly living at home or in care facilities have already shown
that disorders of spatiotemporal orientation are increasing with age and can be considered as
an early symptom of Dementia. It is a matter of fact that visuospatial deficits often precede
typical memory losses in early stages of Alzheimer’s Dementia.

Elderly people, who live in a home that features a high proportion of open spaces such as
circulation areas and interconnected rooms, and fewer enclosed rooms with a clearly legible
meaning and function, are more dependent on others with regard to their activities of daily
living such as eating, dressing, or using the bathroom (Marquardt, 2010). It can be
hypothesized that homes, consisting of mainly enclosed rooms with a clearly legible meaning
and function, form a spatial system that can better be memorized, resulting in more successful
navigation of the place. Also, rooms associated with distinct purposes may support individuals
with their activities of daily living. Adapting the home to the needs of people with dementia
would then encompass decreasing the home’s convexity, for example by concentrating spaces
and giving them an assigned meaning.

Conventional environmental interventions, which intend to support spatial orientation, mainly
consist of colour coding measures (e.g. changing wall or floor colours) or the presentation of
familiar symbols to improve room identification.

The use of colour and colour contrasts specifically, was found to be effective (see Fig.1) not
only for improving vision and clarity of the environment, but also in promoting better
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orientation, preventing sensory deprivation, enhancing memory, and creating a sense of safety
and independence (Gohar, 2008).

Improvement of
visbondsight/clarity
12%

Combination 23%

Independency 20%

Menmory
enhancemeant 9%

Mood
enhancement 18%

Improvemnent of
spatial onentation
18%

Figure 38: Reported effects of colour and colour contrasts (Gohar, 2008)

Furthermore, the application of bright colours is associated with positive emotions and often
applied (Hemphill, 1996; Hupka et al., 1997; Valdez & Mehrabian, 1994). Astonishingly,
brightness is usually generated by painting walls in specified colours instead of using light
interventions.

Recently, Figueiro and colleagues (2009, 2011) reported significant effects of a self-luminous
door frame and self-luminous navigation lines (integrated in the floor), on essential gait
parameters of elderly people during night-time navigation tasks in a poorly lit environment.
These lighting interventions have nothing in common with ambient lighting interventions
because they are applied for signalling purposes and do not suffice for room illumination.

Generally speaking, different room zones can be related to specific tasks at a specific time of
day: cooking, sleeping, reading, eating, and personal hygiene all take place at different places
at different times. It is the genuine idea of this project to direct attention of the elderly to certain
room zones to maintain or encourage time-of-day related activities by means of ambient
lighting interventions which should enhance spatial orientation and capture attention to specific
room zones and tasks.

To our knowledge, we are the first to implement such a spotlight concept, which clearly
differentiates the central task area from the peripheral room environment by the usage of
different luminance levels and light colours.

In general, a spotlight is able to visually differentiate activity-related areas from their
surroundings and thus supports maintenance of attention and reduction of distraction.
Furthermore, it allows energy-efficient optimal illumination while performing daily activities. It
has to be mentioned that zonal lighting concepts are based on balanced ambient and task
lighting components which recognize age-related visual impairments (e.g. limits environmental
brightness level to reduce discomfort and disability glare, increases illuminance level to
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improve contrast sensitivity and spatial orientation and visual search). The spotlighting can
either be triggered automatically after recognition of an activity in a specified room zone by
means of motion sensors. Thus, the distinct activity or the movement of an elderly person at a
special moment determines the start of the zonal lighting. On the other hand, spotlighting can
be triggered automatically by a pre-programmed lighting control system, which has been
defined in advance on the basis of individual daily routines. On the basis of such a prototypical
activity rhythm, an elderly person could be softly reminded to start a certain activity at a certain
time of the day (if necessary) by zonal lighting interventions prior to the actual start of the
activity.

Furthermore, data from motion sensors can be utilized to quantify an individual’s typical rhythm
of daily activities over a certain observational period (e.g. several days or weeks). This
includes the influence of light to mobility parameters quantified by selected activities of daily
living (e.g. room zone usage duration), fundamental circadian activity rhythms (e.g. sleep
parameters) as well as overall motility of person (e.g. complexity of body movement). The
results from analysing motion sensor data might be used for programming the lighting control
prior to automatic lighting, to detect deviations from prototypical activity rhythm, subsequently,
for re-programming automatic lighting control after a specific time period as well as, finally, for
evaluation purposes within an effect study.

To sum up, our spotlight concept aims at
* improving visual perception (e.g. visual acuity, contrast sensitivity, colour perception)
» reducing visual fatigue
= facilitating spatial exploration
= supporting visual search and spatial attention

= supporting room zone semantics and thus creating a distinction between spatial
information and object information in terms of “where” and “what”

= providing environmental cues and identity (i.e. distinctiveness)

5.1.2. Ambient lighting intervention for temporal orientation purposes

Circadian rhythms are critically involved in control of sleep-wake cycles and numerous
physiological processes. In addition, they may also play an important role in rhythms
associated with cognitive processing including alertness, learning, and memory.

Ageing is associated with altered circadian activity rhythms including decreased amplitude
(peak activity), fragmentation or loss of rhythms, alterations in entrainment, and decreased
sensitivity to phase resetting signals (Kripke, 2005; Buysee, 2005; Czeisler, 1992; Duffy, 2002;
Weitzmann, 1982; Yonn, 2003; Sakurai, 1998). The timing of activity also advances with age,
resulting in an earlier onset of sleepiness in the evening, and an earlier morning waking time.
These age-related changes may be the result of degeneration or decreased neuronal activity
of suprachiasmatic nucleus neurons, decreased responsiveness of the circadian clock to
entraining agents such as light, and decreased exposure to bright light and structured social
and physical activity during the day.

Disturbances of the sleep-wake cycle, which are reflected in poor activity rhythms, are
particularly pronounced in Alzheimer’s disease, and are hypothesized to be one of the primary
causes of institutionalization. Furthermore, it was reported previously that older community-
dwelling women and men with weak circadian activity rhythms have a higher mortality risk
(Paudel, 2010).
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Studies have demonstrated that normal aging is accompanied by a 40% decrease in
endogenous circadian amplitude and a 50% reduction in amplitude in the Alzheimer’s disease
group, compared with normal young subjects (Weldemichael, 2010).

Possible interventions to strengthen circadian rhythms in elderly people may include physical
activity and light exposure, which have both been demonstrated to influence cognitive
functioning and affective state (Ancoli-lsrael, 1997; Campell, 1995), to strengthen circadian
activity rhythms, to increase circadian amplitude, shift circadian phase, and to improve sleep
synchronization in older adults (Ancoli-Israel, 2002; Ancoli-Israel, 2003; Baehr, 2003; Reid,
2010).

A chronobiological and non-pharmacological treatment of irregular sleep-wake rhythms is to
consolidate sleep during the night and wakefulness during the day. Thus elderly should be
exposed to bright light during the day, and bright light should be avoided in the evening and at
night. Daytime physical and social activities also should be strongly encouraged (Naylor, 2000;
Benloucif, 2004; Niggemyer, 2004; Vitiello, 1994).

For instance, several illumination related studies focused on the positive effects of artificial
bright light, as well as of outdoor natural light on people with dementia, both increasing sleep
duration and causing less aggressive and agitated behaviour (Calkins, Szmerekovsky, &
Biddle, 2007; Riemersma-van der Lek et al., 2008; Sloane et al., 2005; Sloane et al., 2007).

To sum up research reports on positive lighting effects on elderly, the following lighting
parameters will be utilized as Guiding Light interventions:

= time-of-day dependent variation of light colour and light intensity

= bright light in the morning shortly after awakening or during evening hours when it is
dark outside (applied by means of a conventional bright white light therapy device)

= increased ambient light / light dose during the day (artificial light inside or daylight
outside) which causes an increase in circadian amplitude of hormonal and
cardiovascular circadian rhythms

5.2. Next steps

“A new generation of lighting specifiers will have to come to grips with the timing of light and its
duration as well as its quantity, spectrum and spatial distribution spectrum and spatial
distribution to ensure a high quality luminous environment for older adults” (Figueiro, June
2003). The goal of this project is to generate positive impact to the mobility of older people by
means of room lighting. Generally, mobility refers to the ability to move to a particular place at
a certain time with ease and without restriction. This ability is necessary to perform activities of
daily living independently. Loss in mobility is either caused by reduced psycho-motoric ability
or relevant cognitive deficits or both together. We will focus on improvements of cognitive
abilities such as spatio-temporal orientation, which can be influenced by room lighting. We will
implement a new zonal lighting concept for living rooms of older people, which is based on
balanced ambient and task lighting components.

The next step concerns to the operationalization of mobility by means of real-time data
collection with sensor technologies as well as ex-post data collection with questionnaire tools
and to prepare these data collecting instruments. Another task is to develop a setup for the
room lighting installation in order to pursue considered zonal lighting concept. Furthermore, we
have to define the interfaces and ways of interaction between mobility monitoring and lighting
control, i.e., we will determine how to use monitoring data for (re-) programming automatic light
control for ambient and task lighting components.
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