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Dr. Florin POP, Professor

The first paper by Ciugudeanu and Bertoldi refers
to the European GreenLight programme, after five
years of operation. Lighting electricity use in the
European non-residential sector represents more
than 160 TWh/year (estimates vary depending on
source). Major energy savings can be achieved.
Examples from the field have shown that between
30-50% of electricity used for lighting could
be saved investing in energy-efficient lighting
technologies. In most cases, such investments
are not only profitable but they also maintain or
improve lighting quality. By the end of 2004, a total
of 195 Partners signed the GreenLight partnership,
thereby committing to adopting energy-efficient
lighting practices in their premises. The lack
of capital and the inability to get financing for
projects are well-known key barriers to energy
efficiency investments. GreenLight investments use
proven technology, products and services which
can reduce lighting energy use by 30% to 50%,
earning Internal Rates of Return (IRR) above 20%.
GreenLight upgrades have covered the range of
energy-efficiency measures, as replacing general
lighting service incandescent bulbs or high pressure
mercury lamps, installing occupancy linking control
systems or light flux regulators. Energy savings are

TRENDS AND COSTS IN LIGHTING

specific to each lighting installation, depending on
the installed technologies, the operating hours, the
occupancy pattern and other factors. GreenLight is
one of many new initiatives trying to create effective
public private partnership to achieve societal and
environmental benefits. GreenLight is changing the
way organisations make decisions about energy-
efficiency, elevating decision-making to senior
corporate officials.

The paper of two young researchers Grif and
Gligor describes the behavior of three automatic
lighting control systems of interior lighting
depending on daylight contribution, a fuzzy, a fuzzy-
neural and a neural controller. The automatic system
attempts to maintain constant the illuminance at the
desired level on working plane even if the daylight
contribution is variable; therefore, the daylight
will represent the perturbation signal. The fuzzy
controller has a better behavior versus the fuzzy-
neural and neural, even if the fuzzy-neural and
neural networks has the potential to learn from past
interaction with environment. The performance of
automatic control systems based on fuzzy-neural
and neural controllers will be influenced by the
accuracy of inverse model of process.

The HUT Lighting Laboratory is presented by
Orreveteldinen, Eloholma and Halonen, with a
study concerning the peripheral vision at low light
levels. Contrast threshold was examined with the
method of limits to determine the visual performance
of'the human eye in peripheral vision at low photopic
and high mesopic light levels. The results revealed
that while the blue stimuli caused only moderate
changes in the contrast threshold according to target
eccentricity and light level, the changes for the red
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stimuli were much larger. It was found that the V(L)
function did not describe the visual performance
sufficiently well in the peripheral vision at low
photopic light levels. An attempt was made to
determine a new luminous efficiency function for
the peripheral vision at low photopic light levels,
with best accuracy at 10 cd/m>.

Two doctorate thesis are presented by their
authors. Dobre finalised an interesting study on
the calculation and design of the interior lighting
systems by light pipes. It is proposed an experimental
study of the prismatic light pipes, to determine the
flows provided to space surrounding all along light
pipes diffusing, according to the type of source of
light used, the technology of the light pipe and the
type of extractor of light employed. The luminous
efficiency is rather modest, approximately 30%,
compared with the optics of fluorescent lighting
standard. There are proposed models to simulate
the optical behaviour of a prismatic light pipe, lit
either by HQI and LEDs, and an optic approach
based on two softwares. The purpose of the Husch
thesis is to realize a study concerning technical and
qualitative aspects of light and electrical lighting
use in interdependence with the architectural space.
The main interest is devoted to the modern solutions
of indirect systems for interior/exterior lighting with
projectors and reflector surfaces, with an original
computation method for indirect lighting systems
with projectors and secondary surfaces of reflector
panels. It is developed an original computer program
that allows obtaining the point lighting values on the
representative surfaces of an interior space.

Suvagau continues his very interesting and
exhaustive column The Lighting in The New World,
with a present interest theme related to the lighting
and circadian rhythm. Researchers have found some
of the light factors that determine the adjustment of
the circadian cycle in humans: /ight intensity and

duration, timing, wavelength, pattern and contrast,
and light history. The CIE committee report on
“Ocular Lighting Effects on Human Physiology,
Mood, and Behaviour” (TC 6-11) chaired by Jennifer
Veitch of the National Research Council Canada set
the right principles of healthy lighting design: * light
for biological action should be rich in the regions
of the spectrum to which the nonvisual system is
most sensitive (blue); * the important consideration
in determining light dose is the light received at the
eye, light both directly from the light source and
reflected off surrounding surfaces; * the timing of
light exposure influences the effects of the dose.
Following these principles of healthy lighting,
design practice transformation should also balance
all other principles of lighting quality for daytime
and nighttime applications.

Tetri underlines a new international research
project called Energy Efficient Electric Lighting for
Buildings, established by the Executive Committee
of the Energy Conservation in Buildings and
Community Systems (ECBCS) in June 2004.
Professor Halonen from Lighting Laboratory of
Helsinki University of Technology was elected for
the Operating Agent of the Annex 45. The objectives
are to identify and accelerate the use of energy
efficient high-quality lighting technologies and
their integration with other building system, assess
and document the technical performance of existing
and future lighting technologies and to assess and
document barriers preventing the adoption of energy
efficient technologies and propose means to resolve
these barriers.

Efficiency of daylighting systems using light-
pipes is the subject of the Ticleanu presentation. A
shorthistorical evolution and the main characteristics
of the pipe light system are completed with the
efficiency of several light-pipe systems, found to be
between 0.43 and 0.75.

4 INGINERIA ILUMINATULUI 14-2004



FIVE-YEAR ASSESSMENT OF THE EUROPEAN
GreenLight PROGRAMME

Cilin CTUGUDEANU, Paolo BERTOLDI
European Commission DG JRC

The European Commission launched in 2000 the European GreenLight programme to convince

end-users to adopt efficient lighting technologies and systems and achieve a long lasting market

transformation. It is an on-going voluntary programme whereby private and public organisations

(referred to as Partners) commit to adopting energy-efficient lighting measures when (1) the cost

of these measures is repaid by the associated savings (GreenLight applies to 50% of the eligible

upgrades; eligible upgrades are those yielding an Internal Rate of Return above 20%) and (2) lighting

quality is maintained or improved. GreenLight Partners report annually on their achievements within

the programme. In return for their commitment, not only do they benefit from large savings, but they

also receive broad public recognition for their effort in protecting the environment. So far, GreenLight

has gathered more than 195 public and private organisations, including major players.

Introduction

Lighting electricity use in the European non-
residential sector represents more than 160 TWh/
year (estimates vary depending on source). Major
energy savings can be achieved. Examples from the
field have shown that between 30-50% of electricity
used for lighting could be saved investing in energy-
efficient lighting technologies. In most cases, such
investments are not only profitable but they also
maintain or improve lighting quality.

In 2001, after nearly one year of operation, the
EC reported that 18 organisations had joined the
programme as Partners and that 28 companies in
the lighting business had committed to acting as
GreenLight Endorsers. Endorsers support Partners
in their efforts to reduce lighting consumption.
GreenLight was also said to have gained public
support from national energy agencies and similar
organisations (referred to as Promoters) in 26
European countries. A number of suggestions were
also given to keep GreenLight growing [Berrutto
and Bertoldi 2001].

At the time of this writing, at the end of 2004,
more than three years have elapsed since the
first GreenLight progress report. More Partners
and Endorsers have joined GreenLight. First
savings estimations have been possible and public
recognition has taken shape. These results are
detailed in the present paper.

Results

By the end of 2004, a total of 195 Partners signed
the GreenLight partnership, thereby committing to
adopting energy-efficient lighting practices in their
premises.
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Figure 1 New GreenLight Signers / year

This represents more than a 10-fold increase
(Figure 1) compared to the first progress report
[Berrutto and Bertoldi 2001]. It confirms the
observation made in the last report that the rate of
registration was steadily increasing. The objective
then mentioned of getting 200 signatures by the end
0f 2004 is almost reached.

Partners’ size varies to a large extent. Some
like Johnson & Johnson, McDonald’s, IKEA or
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Carrefour, are multi-national groups with more than
amillion square meters. Others represent large cities
such as Helsinki, Turin, Lyon, Hamburg. Other like
Luvinate or Berchidda are small towns with a few
kilometers of illuminated roads and less than 10
communal buildings (e.g. city hall, schools, sport
halls). Others like Beerse Metaalwerken (industry)
or Terres & Eaux (retail) have one building only,
representing less than 5000 m?.

McDonald’s joined GreenLight for their 5500 restaurants in
Europe (average size: 350 m?). Five hundred restaurants were
expected to be remodelled in 2002 while the same number should
be newly built. On average, in each restaurant, lighting installed
power will pass from 9 kW to 8 kW, representing savings of 6667
kWh/year.

The total area covered by all Partners taken
together is subject to caution. Despite all the measures
taken to lighten GreenLight reporting requirements,
not all foreseen Partners’ reports have been received
yet. The rate of response is currently about 67%, which
prompted the EC to send reminders to late Partners.

Considering all received GreenLight reporting
forms, the total reported savings are approximately
100 GWh/year (Figure 2), which corresponds to
an abatement (CO, reduction is given only on an
indicative basis and was calculated using common
carbon intensity across all countries — 500 g CO,/
kWh) of approximately 50,000 t CO,. Around 85%
of these savings were achieved within buildings. The
rest arose from street lighting upgrades (installation
of flux dimmers).

Various business fields were covered:
commercial, educational, healthcare, hotel, industry,
leisure/sport, transport. In the hotel sector, barriers
to introduce energy-efficient lighting were found to
be particularly severe due to strong habits of using
halogen lamps. In general most upgrades concerned
office spaces.

In Norway, Statoil joined GreenLight in January 2001. As part
of their commitment, they installed occupancy controls in their
research centre. These controls turn off the lights once they have
failed to detect occupancy for a set time. When occupancy is
detected, they switch the lighting on again. Previously, the lights
remained on the whole day in all offices and laboratories with
a common switching system. This was a waste of energy given
that occupancy patterns were intermittent and unpredictable.
Lighting electricity savings amount 219,000 kWh/year (Internal
Rate of Return of the investment: 40%.)

There are currently more GreenLight Partners
in the private sector than in the public or semi-
public sector (about 37% in the pubic sector).
While in Sweden, public organisations were said
to be more incline to sign up for GreenLight than
private companies, Austria, Greece, and Italy
reported difficulties with public institutions. This
has recently changed in Italy where many small
town have signed up for street lighting projects. In
Austria, public institutions said they could run into
legal uncertainties if they would join a voluntary
programme. In Greece, public organisations were
said to have scarce funding and almost no possibility
for Third Party Financing.

Generally speaking, the lack of capital and the
inability to get financing for projects are well-known
key barriers to energy efficiency investments. While
in GreenLight most upgrades were self-financed by
the Partners, seven projects were also funded through
Third Party Financing (TPF).

In Italy, the city of Sassari installed a centralised dimming
system to reduce its street lighting levels and thus its energy
consumption and light pollution during periods of the night
where traffic is lower. The city signed a “paid from savings”
contract with the power control manufacturer and the installer.
These financed up-front capital improvements in exchange
for a portion of the savings generated. Besides providing tele-
control capabilities, and thus easier maintenance, their system
is claimed to have provided 1,855,385 kWh/year lighting
electricity savings. The reduction of electricity use in the areas
covered is ca. 30%. An estimated 172,551 Euro/year are saved
and the investment has a payback time of 3 years and an Internal
Rate of Return of 33%.

GreenLight investments use proven technology,
products and services which can reduce lighting
energy use by 30% to 50%, earning Internal Rates of
Return (IRR) above 20%. GreenLight upgrades have
covered the range of energy-efficiency measures
described on the GreenLight web site (http:/www.eu-
greenlight.org/What-to-do/what1.htm), e.g. replacing
general lighting service incandescent bulbs or
high pressure mercury lamps; installing occupancy
linking control systems or light flux regulators; etc..
In one case, the substitution of magnetic ballasts
with electronic ballasts on an existing installation,
also proved to be profitable.
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In Portugal, GreenLight Partner Sonae Imobilidria upgraded
the Centro Colombo covered car park, one of the largest in
Europe, by substituting the magnetic ballasts with electronic
ones. These operate fluorescent lamps at higher frequencies and
offer significant advantages compared to magnetic ballasts, inter
alia lower power losses. After measurements, they claimed to
have saved 400,838 kWh/year which corresponds to a 11.5%
reduction of electricity use in the areas covered. Energy cost
savings amount 23,814 Euro/year. The Internal Rate of Return of
the investment is 20%.

This example is now followed by many other
partners such as multi-storey car parks, airports,
football clubs. Several upgrades were also
undertaken which implied to change the complete
lighting installation, including luminaires, albeit the
fact that such a measure often earned rates of return
below 20%. Some Partners somehow surpassed
their GreenLight commitment.

In their Madrid headquarters, GreenLight Partner Gas Natural
replaced the incandescent fixtures with modern luminaires for
compact fluorescent lamps. Lighting electricity savings amounted
20,217 kWh/year which corresponded to 1033 Euro/year savings in
running costs (payback time of the investment: 3.5 years). But Gas
Natural’s commitment to energy efficiency surpassed GreenLight
requirements. They undertook a major energy-efficient renovation of
their office lighting, although the associated payback time would be
ca. 8 years. The old egg crate louver luminaires were replaced with
modern parabolic troffers, doubling the luminaire efficiency, and
improving glare and reflections control. The original halophosphate
T8 lamps powered by high-loss magnetic ballasts were replaced
with tri-phosphore T8 and electronic ballasts, thus improving colour
rendering, suppressing flicker, facilitating the maintenance, and
increasing further the lighting system efficiency. As for the general
manual switch, it was replaced by localised switches offering better
control to users. All together, these upgrades reduced lighting power
density (W/m?100 Ix) by a factor of 4, while doubling illuminance
levels, up to current recommendations.

A number of partners also installed the newer T5
technology resulting in large energy savings.

In Greece GreenLight partner TIM Refurbishment of 4

administrative buildings. In the building in Kifissias Ave the

treated area is 12,760 m? offices + 25,600 m? underground

garages. The following actions have been implemented:

Offices

e Change all (1684) 4x18W (T8) conventional ballast fixtures
to 4x14W (TS)

e Introduce local light sensors around T5 fixtures and perform
dimming in the windows zone.

e Change conventional ballasts of (1612) 2x18W PL fixtures
to electronic
Underground Garages

e Change ballasts from conventional to electronic on (358)
2x58W fixtures

e Introduce timers
Estimated cost 195,000 € and savings 492,000 kWh/yr and

83,636 €/yr

At the Operations centre (Athinon Ave) treated area is 9400 m?

offices + 8000 m? underground garages. The following actions

have been implemented:
Offices

e Change all (1340) 4x18W (T8) conventional ballast fixtures
to 4x14W (TS)

e Introduce local light sensors around TS fixtures and perform
dimming in the windows zone.

e Change conventional ballasts of (112) 2x18W PL fixtures to
electronic
Underground Garages

e Change ballasts from conventional to electronic on (170)
2x58W fixtures

e Introduce timers

Estimated cost 96,000 € and savings

and 27,341 €/yr
Results of the Entire project

e Estimated cost 292,000 €

e  Treated area 55,760 m2

e Savings 806,250 kWh/yr and 110,977 €/yr

e  Energy savings for lighting 40%

314,250 kWh/yr

e Payback time 2.7 yrs

Energy savings are specific to each lighting

installation, depending on the installed technologies,
the operating hours, the occupancy pattern and
other factors. Sometimes GreenLight upgrades can
be very simple, as simple as commissioning one
control system.
While joining the GreenLight programme, SAS Norway
undertook a survey of their building and exterior spaces. They
hired a consultant to propose actions and calculate the energy
savings. They realised that, by simply tuning up the existing
bus system, they would save 30% of their lighting electricity
use. They managed to do it themselves and since the building
has separate measurements on each of the electrical distribution
systems’ main risers, it was easy for them to measure the
electricity consumption before and after the bus system was
optimised. Savings amounted 813,280 kWh/year. The investment
was reimbursed in a few-month time.
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By joining GreenLight, the companies have made
good business sense. They found opportunities that
resulted in environmental improvements and increase
profits (by reducing costs) at the same time. GreenLight
Partners have had direct benefits by saving money and
in most cases improving working conditions. In the
Figure 2, can be observed the total GreenLight electricity
savings per country.

In Belgium, GreenLight Partner Beerse Metaalwerken nv
replaced the standard high pressure mercury lamps of their
workshop with 26-mm diameter fluorescent lamps. They also
installed a control system to dim the lamps’ output in response
to daylight availability. In their offices, they replaced the 38-mm
diameter fluorescent lamps with 26-mm diameter lamps. All
new lamps are geared with electronic ballasts. Not only did they
saved 24,919 kWh/year but they also significantly improved
visual conditions. They estimated that total running cost savings

1} 2,000,000 4,000,000 5,000,000

8,000,000

10,000,000 12,000,000 14,000,000

Energy savings [kvhivear]

Figure 2 GreenLight in Europe — Electricity savings / country

30 40 50

Mumber of GL Parthers

Figure 3 GreenLight in Europe — Number of Partners / country
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exceeded 7000 Euro/year, taking into account the gains in
productivity, (as estimated by the company itself).

GreenLight Partners have also had indirect
benefits resulting from the growing attention of
consumers and investors, which will increase their
opportunities on the markets. Their ability to deal
successfully with environmental issues may be
considered as a credible measure of management
quality. This supposes however that ad-hoc
recognition and advertisement is given to their
achievements; a point on which the EC and the
national Promoters put emphasis during the second
year of the programme

Partners’ rewards

During the last year, GreenLight public recognition
has taken shape and the programme has gained public
image. More and more partners have joined this
initiative (Figure 3). National Promoters had several
articles published in the business press and technical
magazines. The programme was presented in various
fairs and conferences across Europe e.g. Pollutec
in France, Valo 2001 in Finland, Light+Building in
Germany, IEECB’04, etc. Publicity was also carried
out through direct mail, local information meetings
and the internet.

A plaque was designed to allow Partners to show
their responsible entrepreneurship to their clients. A
new brochure was distributed to potential Partners
with several GreenLight success stories inside,
presented in a clear, simple, and vivid way. Indeed case
studies have been found to be very useful to convince
peer companies to join. The brochure is available in
English, French, German and Italian and translations
are foreseen in other languages. It was also distributed
to various media and to the national Promoters for
distribution within their respective country.

The Commission introduced a European award
for particularly active and successful Partners
and Endorsers. In the first year that the award was
established, the GreenLight partner award went to
Johnson & Johnson.

The healthcare company, Johnson & Johnson, was the first
organisation to join the European GreenLight programme in
2000. In their Janssen Pharmaceutica facility in Belgium they
have performed a relighting study for 75% of their 410,000 m?
workspace. The actual relighted surface amounts 62,000 m2 All

new facilities are equipped with daylight- and occupancy-sensors,
26mm diameter fluorescent tubes with high efficiency ballasts and
reflectors. In addition to less cooling needs, lower maintenance
costs and better working conditions for employees, they reported
1,240,000 kWh/year savings; a reduction of electricity use in the
areas covered of 40%; and energy cost savings of 62,000 Euro/
year. Payback times for their investments varied from1.5 to 6 years
depending on the project.

In the 2004 the Winners were:
1. Athens International Airport (Greece), Airport
2. Carrefour Italia (Italy), Retail sector
3. City of Hamburg (Germany), Public administration
4. City of Helsinki Educational Department (Finland), Schools
5. City of Zurich (Switzerland), Public administration and
office buildings
6. Dolce & Gabbana (Italy and Germany), Retail sector and
office building
7. Futebol Clube do Porto (Portugal), Football stadium
8. Gemeente Sittard-Geleen (The Netherlands), Public
administration and office building
9. Groupe Casino (France), Retail sector
10. DnBNOR ASA v/Vital Eiendom AS (Norway), Office building

Technical support to Partners has continued. The
GreenLight web site has been continuously updated
by the EC Joint Research Centre, with contributions
from the Promoters. The number of GreenLight
Endorsers has grown to 153. Endorsers are committed
to offering technical support to registered Partners.

Lessons learned

Several lessons have been learned at all stages of the
GreenLight process. At the marketing stage: often
energy savings alone do not constitute a sufficient reason
for companies to join GreenLight. Public recognition
benefits have proven to be effective additional
arguments to convince them, including the fact to be
seen as environmental ‘champions”. Arguments related
to indirect productivity increase would also be decisive
if they could be scientifically demonstrated.

In the upgrading process, GreenLight Partners
need a user-friendly lighting audit procedure which
they can easily follow to quickly identify which
spaces can be upgraded and which cost effective
measures can be applied. Complex material does not
get used. Information gathered within GreenLight
show that there is a need to develop further rules of
thumb, simple lighting quality assessment procedures,
and lighting energy benchmarks for other spaces than
offices (including average and best practice figures
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in W/m2 or kWh/m2). The final decisions are often
take at high levels and the information presented to
the senior management as to be simpler and based on
economic terms.

Finally, in the GreenLight progress monitoring, the
main issue was to provide Partners with an extremely
simple form to report on their achievements. This
form currently consists of one page per facility. It
contains a short description of the baseline and the
post-installation lighting conditions.

The Commission has been assisted in the
implementation of GreenLight by the energy
agencies (or similar organisations) of 26 European
Countries, who had a fundamental role in promoting
the GreenLight at national and regional level.

Conclusion

GreenLight is one of many new initiatives trying to
create effective public private partnership to achieve
societal and environmental benefits. GreenLight has
proved to help its Partners save money and reduce
pollution by increasing the energy efficiency of their
lighting. GreenLightis changing the way organisations
make decisions about energy-efficiency, elevating
decision-making to senior corporate officials.

An increasing number of companies and public
entities have experienced GreenLight ‘win-win’
opportunities and begun to view energy efficiency
upgrades not as cost centres, but as profit centres. The
number of Partners was multiplied by more than ten
fold between 2001 and end of 2004. Major players have
joined the GreenLight movement. These positive results
prompted most national energy agencies to catalyse
and spread further the programme implementation.

The objectives shared by the EC together with
the energy agencies for 2005 are to closely follow-up
and assist current Partners, to provide Partners with
suitable recognition, and to use GreenLight success
stories to convince peer companies to join. The main
focus will in the New Members States and Candidate
Countries, where there are currently no Partners,
except one in Slovenia. In tangible terms, by end of
2005, the objectives are to increase and maintain a
reporting rate of at least 80%, to pass the bar of four
hundred registered Partners, and to double the current
annual energy savings.

Given the success of the GreenLight programme
the EC is now using same concept (i.e. cost effective
efficiency improvements in buildings) to other
building equipment and services (e.g. HVAC,
office equipment, appliances) and to introduce the

10

concept of energy management in the new European
GreenBuilding programme [Berruto 2003].
(http://energyefficiency.jrc.cec.eu.int/greenbuilding
%?20programme.htm)
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EVOLUTIA PROGRAMULUI EUROPEAN GreenLight
DUPA CINCI ANI DE EXISTENTA

Programul GreenLight a fost lansat de cdtre Comisia Europeand cu scopul de a convinge cdt mai multi

consumatori sa adopte sisteme de iluminat eficiente din punct de vedere energetic. Este un program

voluntar in desfasurare in cadrul caruia companii private si publice se obligd sd adopte mdsuri de

iluminat eficiente atunci cand (1) costul acestor investitii este acoperit de economiile de energie asociate

acestora (GreenLight se aplica pentru 50% din imbunadtatirile eligibile aduse sistemelor de ilumina;

prin imbundtdtiri eligibile se inteleg acele mdsuri care au o ratd internd de returnare de peste 20%) si

(2) confortul vizual este mentinut sau imbundtdtit. Partenerii GreenLight se obligad sa raporteze anual

detalii cu privire la proiectele de modernizare a iluminatului adoptate. In schimbul acestor obligatii

partenerii GreenLight nu numai cd beneficiazd de economiile de energie realizate prin adoptarea acestor

mdsuri de modernizare, ci si de recunoasterea publica a efortului lor de a proteja mediul inconjurdtor.

Pdna in momentul de fatd, programul GreenLight a atras peste 195 de companii publice si private,

incluzand totodatd cdteva organizatii deosebit de puternice pe piata mondiald.

Introducere

Consumul de electricitate la nivelul Europei
pentru sectorul nerezidential reprezintd 160 TWh/
an (estimarile variaza in functie de sursa de unde
au fost preluate). Economii insemnate de energie
pot fi realizate. Exemplele au indicat reducerea
consumului de energie electrica, prin investitii in
tehnologii eficiente, cu valori cuprinse intre 30-50%.
in cele mai multe cazuri, astfel de tehnologii nu numai ca
sunt profitabile dar mentin sau imbunétatesc de cele
mai multe ori confortul vizual.

In anul 2001, dupi aproape un an de la
infiintare, Comisia Europeana a raportat un numar
de 18 organizatii ca parteneri GreenLight si 28
de companii active pe piata iluminatului care si-
au asumat obligatia de a promova programul.
Promotorii acorda suport partenerilor in efortul lor de
a reduce consumul de energie electrica in iluminat.
GreenLight a castigat de asemenea participarea a
peste 26 de agentii energetice nationale sau a altor
organizatii de aceiasi naturd. Au fost elaborate mai
multe studii In scopul dezvoltarii in continuare a
acestui program [Berrutto si Bertoldi, 2001].

In prezent, au trecut peste patru ani de
la elaborarea primul raport de dezvoltare al
Programului GreenLight. Din ce in ce mai multi
parteneri si promotori au aderat la acest program.
In aceste conditii au fost posibile primele estimari
si recunoasterea publica a acestui program a inceput
sd prinda contur.

Rezultate

Un total de 195 de organizatii au semnat parteneriatul
GreenLight, pana la sfarsitul anului 2004, obligandu-
se si adopte masuri de eficientd energeticd in
iluminat. Acest numar reprezintd o crestere de 10 ori
a numarului de parteneri fatd de anul 2001 [Berrutto
si Bertoldi 2001]. ... Dimensiunile si marimea
diverselor companii §i organizatii care au aderat
la acest program variaza foarte mult. Unele, cum
ar fi Johnson & Johnson, McDonald’s, IKEA sau
Carrefour, sunt grupuri multinationale cu peste un
milion de metri patrati construiti. Altele reprezinta
mari orase cum sunt Helsinki, Torino, Lyon, Hamburg.
Localitati mici, precum Luvinate sau Berchidda, au
un numar redus de kilometri de drumuri illuminate
si sub 10 cladiri in proprietatea administratiei locale
(primarii, scoli, sali de sport). Si, in fine, altele cum
sunt Beerse Metaalwerken (cladiri cu destinatii
industriale) sau Terres & Eaux (vanzari), au numai
céte un imobil, avand o suprafatd de peste 5000 m?.

McDonald’s a semnat parteneriatul GreenLight pentru cele 5500
de restaurante din Europe (cu suprafatd medie de 350 m?). Cinci
sute de restaurante asteptau sa fie renovate in 2002, in timp ce
acelagi numar trebuia construit. in medie, in cadrul fiecarui
restaurant s-a realizat o trecere de la 9 kW la 8 kW, ceea ce
reprezintd economii de 6667 kWh/an.

Este luatd n considerare suprafata totald
modernizata de cétre partenerii GreenLight. In ciuda
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tuturor masurilor adoptate cu privire la raportarea
de catre parteneri a modernizarii sistemelor de
iluminat, nu toate rapoartele au fost primite pana la
acest moment. Rata de raspuns, ce este in prezent
de 67%, a determinat Comisia Europeana sa trimita
instiintari tuturor partenerilor intarziati.

Luand in considerare toate rapoartele GreenLight
primite pand la acest moment, economiile totale de
energie reprezintd 100 GWh/an, ceea ce corespunde
unei valori de aproximativ 50.000 t CO, (reducerea
de CO, este datd doar informativ si a fost calculata
utilizdnd media concentratiei de carbon la nivel
european — 500 g CO,/kWh). Aproximativ 85% din
aceasta valoare a fost realizatd prin economii de
energie in interiorul cladirilor. Restul provine din
modernizarea iluminatului public stradal (instalarea
dispozitivelor de diminuare a fluxului luminos).
A fost acoperit un vast cadmp al pietei: commert,
educatie, sanatate, hoteluri, industrie, sport, transport.
In sistemul hotelier s-au intdmpinat bariere dificil de
inlaturat, datorate obiceiului de a folosi lampile cu
halogen. In general, cele mai multe moderniziri au
fost facute in spatiile cu destinatie de birouri.

in Norvegia, Statoil a aderat la programul GreenLight, in ianuarie
2001. Ca i o parte a angajamentului lor, acestia au instalat senzori
de prezenta pentru intregul lor centru de cercetare. Senzorii
intrerup iluminatul in cazul in care nu este detectata nici o prezenta
pentru o perioada de timp determinata si il repornesc atunci cand
sesizeaza 0 noud prezenta. inainte de instalarea acestor dispozitive,
luminile ramaneau aprinse in toate birourile si laboratoarele pe
toatd durata zilei. Acest fapt constituia o risipa de energie, deoarece
prezenta personalului in cladiri era intermitenta si impredictibila.
Economiile de electricitate realizate au fost de 219,000 kWh/an
(cu o rata internd de returnare a investitiei de 40%).

In prezent, numiarul partenerilor GreenLight
din domeniul privat este mai mare decat al celor
din domeniul public si semipublic (37% 1n sectorul
public). In timp ce in Suedia, organizatiile publice s-
au aratat deschise aderdrii la programul GreenLight,
Austria, Grecia si Italia au declarat dificultati in
sistemul institutiilor publice. Recent aceasta situatie
s-a schimbat in Italia, unde mai multe orse mici
au semnat parteneriatul, In vederea modernizarii
iluminatului public stradal. In Austria institutiile
publice au declarat ca aderand la acest program
voluntar pot intra in domeniul unor incertitudini
legale. in Grecia, organizatiile publice au declarat
lipsa fondurilor si imposibilitatea obtinerii unor
finantari externe.

In general se cunoaste faptul ca lipsa de capital
si inabilitatea de a obtine finantarea proiectelor
sunt doua bariere cheie impotriva investitiilor in
acest domeniu. Cu toate ca in cadrul programului
GreenLight majoritatea proiectelor au fost finantate
de catre parteneri, sapte modernizari au fost totusi
realizate cu finantari externe (Third Party Financing).

Autoritatile orasului Sassari din Italia au instalat un sistem
centralizat de diminuare a fluxului luminos pentru iluminatul
public stradal, pe timpul noptii cand traficul este scazut, in scopul
economisirii energiei electrice si a reducerii poludrii. Orasul a
semnat un contract cu distribuitorul de energie si executantul
proiectul, platit din economiile de energie realizate. Aceste finantari
de capital au fost acordate in schimbul unui procent din economiile
de energie realizate. Noul sistemul economiseste 1,855,385 kWh/
an, fiind dotat in acelasi timp cu posibilitate de telecontrol ceea ce
usureazd cu mult mentenanta iluminatului. Asadar se economisesc
172,551 Euro/an, cu o perioada de recuperare a investitiei de 3 ani
si o ratd interna de returnare de 33%.

Investitiile partenerilor GreenLight folosesc
tehnologii cunoscute pe piatd, produse si servicii
toate la un loc putind reduce consumul de energie
cu pand la 50%, avand o ratd interna de returnare a
investitiei de peste 20%. Proiectele GreenLight au
acoperit in totalitate masurile de eficienta energetica
recomandate prezentate pe site-ul
http://www.eu-greenlight.org/What-to-do/whatl1.
htm, cum ar fi spre exemplu: inlocuirea generald a
lampilor cu incandescentd si a celor cu mercur de
inalta presiune; senzori de prezenta si sisteme pentru
reglarea fluxului luminos....

in Portugalia, Sonae Imobilidria, partener GreenLight, a
modernizat sistemul de iluminat al uneia din cele mai mari parcari
de magini din Europa, Centro Colombo, doar prin substituirea
balastului magnetic cu cel electronic. Acesta din urma opereaza
cu lampi fluorescente la naltd frecventd oferind in acelasi timp
numeroase avantaje fata de cel magnetic si implicit pierderi reduse
de energie. Dupa masuratori, compania afirmad cd a economisit
400.838 kWh/an, ceea ce corespunde cu o reducere dell,5% a
consumului de electricitate pentru suprafetele luate in considerare.
Astfel, cheltuielile anuale au fost reduse cu 23.814 €, cu o rata
intern de returnare a investitiei de 20%.

... Au existat Insa si o serie de cazuri in care
partenerii GreenLight au depasit chiar obligatiile
programului, realizand instalatii de iluminat cu o
rata internd de returnare a investitiei de sub 20%, in
general cand s-au schimbat aparatele de iluminat.

Pentru sediul lor din Madrid, compania Gas Natural — Spania a
inlocuit vechile aparate de iluminat cu lampi cu incandescenta,
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cu unele noi ce utilizeazd lampi fluorescente compacte (CFL).
Economia de energie a atins valoarea de 20.217 kWh/an, ce
corespunde sumei de 1033 €/an (economii in costul de utilizare)
si returnarea investitiei intr-o perioada de 3,5 ani. Compania
a depasit cerintele de eficientd energeticd ale programului
GreenLight. Chiar si cu o perioada de returnare a investitiei de 8
ani, au adoptat un proiect de modernizare a iluminatului pentru
birouri. Vechile aparate de iluminat (cu oglindéd “cofraj de oud”)
au fost inlocuite cu unele noi cu oglinzi parabolice, avand o
eficientd de doua ori mai mare $i un control mai bun al reflexiei
luminii. Lampile initiale T8 cu halofosfati si balast magnetic, cu
pierderi mari, au fost inlocuite cu lampi T8 tri-fosfor si balast
electronic, imbunatatindu-se astfel caracteristicile de redare a
culorii si elimindnd fenomenul de flicker, facilitind mentenanta
si, nu in ultimul rand, crescand caracteristicile de eficienta ale
sistemului. In scopul unui mai bun control al utilizatorilor,
intreruptoarele generale au fost inlocuite cu intreruptoare locale.
Toate aceste masuri la un loc au redus puterea specifica instalata
(W/m?/1001 x) cu un factor de 4, dubland in acelasi timp nivelurile
de iluminare si aducandu-le la valorile recomandate.

Economii semnificative de electricitate s-au
realizat deasemenea, prin utilizarea de cétre unii
parteneri a noii tehnologii T5.

TIM, partener GreenLight in Grecia, a renovat patru cladiri
administrative. Cladirea de pe Kifissias Ave cu o suprafatd
de 12.760 m? birouri + 25.600 m? parcare subterana. Au fost

implementate urmatoarele actiuni:
Birouri

e Schimbarea tuturor lampilor (1684) 4x18W (T8) cu balast
conventional, cu 4x14W (T5)

e Introducerea senzorilor fotosensibili in jurul lampilor T5 in
scopul diminuarii fluxului luminos in zona ferestrelor.

e Inlocuirea balastului conventional al aparatelor de iluminat
(1612) 2x18W PL cu cel electronic
Parcare subterana

e Inlocuirea balastului conventional cu cel electronic pentru
aparatele de iluminat (358) 2x58W

e Introducerea temporizatoarelor
Costuri estimative 195.000 € si economii 492.000 kWh/an

i 83.636 €/an

Pentru Centrul Operational (Athinon Ave) cu o suprafatd
de 9.400 m? birouri + 8.000 m? parcare subterand au fost
implementate urmatoarele actiuni:

Birouri
e Schimbarea tuturor lampilor (1340) 4x18W (T8) cu balast

conventional, cu 4x14W (T5)

e Introducerea senzorilor fotosensibili in jurul lampilor T5 in
scopul diminuarii fluxului luminos in zona ferestrelor

e Inlocuirea balastului conventional al corpurilor de iluminat
(112) 2x18W PL cu cel electronic.
Parcare subterana

inlocuirea balastului conventional cu cel electronic pentru
corpurile de iluminat (170) 2x58W.
e Introducerea temporizatoarelor
Costuri estimative 96,000 € si economii 314,250 kWh/an si
27,341 €/an
Rezultatele intregului proiect:
e  Costuri estimative: 292.000 €
e  Suprafata: 55.760 m2
e Economii realizate: 806.250 kWh/an si 110.977 €/an
e Economia de energie pentru iluminat: 40%
e Returnarea investitiei in 2,7 ani

Economiile de electricitate difera de la o instalatie la
alta, In functie de tehnologiile utilizate, orele de operare,
prezenta umana si alti multi factori. Unele proiecte
GreenLight pot fi foarte simple, reducandu-se doar la
schimbarea sistemului de control al iluminatului.

Ca partener al programului GreenLight, SAS Norvegia a initiat
o supraveghere interioara si exterioard a sediului lor. Compania
a angajat un consultant pentru a calcula posibilele economii de
energie si a propune modalitati de realizare a acestora. Astfel
au realizat ca doar prin simpla modernizare a sistemului de bus,
economiile de electricitate ar putea atinge valori de pana la 30%
din totalul de energie electrica consumata in iluminat. S-a reusit
optimizarea sistemului prin mijloace proprii si, datorita dotarii
instalatiei electrice cu contoare separate pentru principalele
categorii de receptoare in cadrul imobilului, a fost ugsor de masurat
consumul de electricitate inainte si dupa optimizare. Economiile
de energie s-au ridicat la 813.280 kWh/ an si o perioada de
returnare a investitiei de cateva luni.

Aderand la acest program, partenerii GreenLight
si-au demonstrat abilitatile manageriale pe piata
europeana. Ei au gasit oportunititi ce au avut ca
finalitate protejarea mediului Inconjurator si totodata
cresterea profitului (prin reducerea costurilor).
Partenerii au avut beneficii directe economisind bani
si, In cele mai multe cazuri, imbunatatind conditiile
de munci din punct de vedere al confortului vizual.

in Belgia, Beerse Metaalwerken nv a inlocuit lampile standard de
inalta presiune cu mercur din salonul lor de prezentare cu lampi
fluorescente cu diametrul de 26 mm. A fost instalat un sistem de
control al iluminatului capabil sa diminueze fluxul de lumina ca
raspuns la aportul exterior de lumina naturala. In cadrul birourilor,
lampile fluorescente de 38 mm au fost inlocuite cu unele noi de
26 mm. Toate lampile au fost dotate cu balasturi electronice. in
final, nu numai ca au obtinut o economie de 24.919 kWh/an, dar au
reusit totodatd si imbunatatirea semnificativa a conditiilor vizuale.
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Compania a estimat economii ale costurilor de utilizare de 7.000
€/an, luand totodata in considerare cresterea productivitatii muncii
desfasurate (estimarile apartin companiei).

Datoritd cresterii exigentelor si la nivelul
investitorilorsiconsumatorilor, parteneriiGreenLight
au avut deasemenea unele beneficii indirecte, ce au
dat nastere la o altd serie de oportunitati de piata.
Abilitatea acestor companii de a adopta masuri de
protectie a mediului inconjuritor este o dovada
a managementului de calitate pe care il practica.
Toate acestea presupun desigur recunoasterea si
mediatizarea realizérilor lor. Comisia Europeana si
promotorii nationali au pus accentul pe acest aspect
incepand incé din cel de-al doilea an de functionare
a programului GreenLight.

Recompensarea partenerilor

Comisia Europeand a introdus si o premiere a
partenerilor si promotorilor GreenLight care au desfasurat
activitati deosebite in acest domeniu. Primul premiu de
acest fel a fost atribuit companiei Johnson & Johnson.

Compania de asigurdri de sanatate Johnson & Johnson, a
fost prima organizatie care a aderat la programul European
GreenLight in anul 2000. in imobilul lor Janssen Pharmaceutica,
Belgia, a fost efectuat un studiu de refacere a sistemului de
iluminat pentru o suprafatd de 75% din totalul de 410.000 m>.
Suprafata modernizatd cuprinde in prezent 62.000 m?. Toate
cladirile noi au fost echipate cu senzori fotosensibili si de
prezentd, lampi fluorescente cu diametrul de 26 mm, balasturi
electronice si reflectoare de inalta eficientd. Adaugand necesarul
mai redus de energie pentru climatizare, costul mai redus al
mentenantei i imbunatatirea conditiilor de munca, compania a
raportat economii energetice de 1.240.000 kWh/an, reducerea
consumului de electricitate pentru suprafata modernizatd cu
40% si costuri micsorate cu 62.000 €/an. Perioada de returnare a
investitiei variaza intre 1,5 si 6 ani in functie de proiect.

In anul 2004 castigatorii au fost:

1. Athens International Airport (Grecia), aeroport

2. Carrefour Italia (Italia), vanzari

3. City of Hamburg (Germania), administratie publica

4. City of Helsinki Educational Department (Finlanda), scoli

5. City of Zurich (Elvetia), administratie publica si spatii de birouri

6. Dolce & Gabbana (Italia and Germania), vanzari si spatii de

birouri

7. Futebol Clube do Porto (Portugalia), stadion de fotbal

8. Gemeente Sittard-Geleen (Olanda), administratie publica

si spatii de birouri

9. Groupe Casino (Franta), vanzari
10. DnBNOR ASA v/Vital Eiendom AS (Norvegia), spatii de birouri

Concluzii

GreenLight este una din numeroasele initiative de
a creea un parteneriat efectiv, public §i privat, n
scopul obtinerii unor beneficii pe plan social si de
protejare a mediului inconjurator. GreenLight ajuta
partenerii sdi sd economiseascd bani si sd reduca
poluarea, prin implementarea unor masuri eficiente
de iluminat. Programul vrea sd modifice modul in
care organizatiile iau decizii doar la nivel inalt, cu
privire la eficienta energetica.

Un numar in crestere de companii $i entitati
publice ce au experimentat beneficiile i oportunititile
programului  GreenLight 1incep sd asocieze
modernizarea eficientei sistemelor de iluminat nu cu
un cost, ci cu un beneficiu. Numarul partenerilor s-a
multiplicat de 10 ori intre 2001 si 2004. Companii
cu renume mondial s-au alaturat acestui curent numit
GreenLight. Toate aceste rezultate pozitive la un
loc, au determinat majoritatea agentiilor energetice
nationale sd concentreze si sd raspandeascd mai
departe implementarile acestui program.

Obiectivele comune ale Comisiei Europene
impreuna cu agentiile de energie nationale, pentru
anul 2005, sunt acelea de a asista in continuare de
aproape partenerii acestui program, de a acorda
acestora recunoasterea meritatd si mediatizarea
exemplelor si realizarilor partenerilor GreenLight
in scopul atragerii In cadrul acestei miscéari a noi
companii §i organizatii. Directia de focalizare trebuie
sa se indrepte spre noile state membre si tarile
candidate, unde nu exista in acest moment nici un
partener, exceptie facand Slovenia. In termeni realisti,
la sfarsitul anului 2005, obiectivele sunt acelea de a
mentine i ridica o ratd a comunicarii rezultatelor din
partea partenerilor la o valoare de 80%, de a depasi
limita de 400 de parteneri si de a dubla economiile
anuale de energie.

Folosind succesul programului GreenLight,
Comisia Europeana foloseste mai departe acest
concept (al costului efectiv al eficientei imobilelor)
si 1n cazul altor echipamente si servicii pentru cladiri
(HVAC, echipamente de birou si alte aplicatii) si
incearca introducerea conceptului de management
energetic in cadrul noului program european,
GreenBuilding. [Berruto 2003]
(http://energyefficiency.jrc.cec.eu.int/greenbuilding/
index.htm)
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THE FUZZY, FUZZY-NEURAL AND NEURAL CONTROL OF INTERIOR
LIGHTING DEPENDING ON DAYLIGHT CONTRIBUTION.
COMPARATIVE STUDY

Horatiu Stefan GRIF, Adrian GLIGOR
“Petru Maior” University of Tg. Mures

The paper describes the behavior of three automatic lighting control systems (ALCS), first based on a

fuzzy controller, second based on a fuzzy-neural controller and the third based on a neural controller.

The ALCSs attempt to maintain constant the illuminance at the desired level on working plane even if the

daylight contribution is variable. Therefore, the daylight will represent the perturbation signal for ALCSs.

For all systems, we have considered the same process and the same trajectory of daylight contribution.
The fuzzy ALCS has a better behavior like the fuzzy-neural and neural ALCSs, even if the fuzzy-neural and
neural networks has the potential to learn from past interaction with environment. The last two ALCSs

needs the inverse mathematical model of the process. The performance of automatic control systems based

on fuzzy-neural and neural controllers will be influenced by the accuracy of inverse model of process.

1. Introduction

1.1 Feedback control system

The purpose of a feedback control system (Figure 1)
is to guarantee a desired response of the output y. The
process of keeping the output y close to the set point
(reference input) y , despite the presence disturbances
of the system parameters, and noise measurements, is
called regulation. The output of the controller is the
control action u, (which is the input of the system); e
represents the error between the desired set point y,
and the system output y [2, 5].

£ Controller |L>| System }—ﬁ)

Figure 1 A basic feedback control system [2, 3]

X +

In the next sections we will present shortly three types
of controllers: fuzzy, fuzzy-neural and neural.

1.2 Fuzzy Logic Controller

Fuzzy logic is widely used in intelligent control
to reason about vague rules describing the relationship
between imprecise, qualitative, linguistic assessments
of the system’s input and output states. [4]

There are two main characteristics of fuzzy systems that
give them better performance for specific applications:

- fuzzy systems are suitable for uncertain or
approximate reasoning, especially for the system
with a mathematical model that is difficult to derive;

- fuzzy logic allows decision making with estimated
values under incomplete or uncertain information. [2]

In a fuzzy logic controller (FLC), the dynamic
behavior of a fuzzy system is characterized by a
set of linguistic description rules based on expert
knowledge. The expert knowledge is usually of the
form: IF (a set of conditions are satisfied) THEN
(a set of consequences can be inferred). Since the
antecedents and the consequents of these IF-THEN
rules are associated with fuzzy concepts (linguistic
terms), they are often called fuzzy conditional
statements. In our terminology, a fuzzy control
rule is a fuzzy conditional statement in which the
antecedent is a condition in its application domain
and the consequent is a control action for the system
(process) under control. Basically, fuzzy control rules
provide a convenient way for expressing control
policy and domain knowledge. [2, 5]

A fuzzy logic controller usually consists from
four major parts: Fuzzification interface, Fuzzy rules
base, Fuzzy inference engine and Defuzzification
interface (Figure 2).

Fuzzy controller

Rule
base

Furzy- s

fication fication cessing

Inference
engine

: 1
I
! 1
Prepro- I Defuzzy- Postpro-
™ cessing H Il =
! 1
| 1

Figure 2 Blocks of a fuzzy controller [2, 5]
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The fuzzification block converts each piece of input
data to degrees of membership by a lookup in one
or several membership functions. The fuzzification
block thus matches the input data with the conditions
of the rules to determine how well the condition of
each rule matches that particular input instance. There
is a fuzzy membership degree for each linguistic term
that applies to that input variable. The rules base
contains information about the universes (variation
domains) of the variables, variables normalization
methods and fuzzy sets. Also, the rules base contains
the IF-THEN rules. The inference engine determines
the influence of each rule in the final response of the
controller. The defiizzification interface converts the
output of the inference process, available as a fuzzy
set, into a crisp value (control signal applied to the
process). [2, 5]

1.3 Fuzzy-Neural Controller

There are two models for fuzzy-neural controller.
For an easy understanding we’ll start from the
blocks of fuzzy controller (see Figure 2). The first
model of fuzzy-neural controller is obtained keeping
the fuzzification block and replacing the rule base,
inference engine and defuzzification blocks with
an artificial neural network. The second model is
obtained replacing the fuzzification block with an
artificial neural network and keeping the others
three blocks. [2]

In our study we used the first model for the
fuzzy-neural controller which is implemented using
an Associative Memory Network (AMN) type like
is B-spline network.

A schematic illustration of the B-spline network
is shown in Figure 3 where basis functions are
defined on an n-dimensional lattice.

network
output

normalized input
space

basis functions

Figure 3 A schematic illustration of the B-spline network [1, 6]

From a fuzzy view point, the univariate B-spline
basis function represent fuzzy linguistic statements,
such as the error is positive small, and multivariate
fuzzy sets are formed using the product operator
to represent fuzzy conjunction. This link enables
the B-spline network to be interpreted as a set of
fuzzy rules and allows modelling and convergence
results to be derived for the fuzzy network. These
networks therefore embody both a qualitative and a
quantitative approach, enabling heuristic information
to be incorporated and inferred from neural nets, and
allowing fuzzy learning rules to be derived, for which
convergence results can be proved. [1]

The output of the B-spline network is formed
from a linear combination of a set of basis functions,
which are defined on the n-dimensional input space.
Since the support of the basis functions is bounded,
only a small number of weights are involved in the
network output calculation and the B-spline network
stores and learn information locally.

B-splineAMNsadjusttheirweightvector, generally
using instantaneous Least Mean Squares (LMS) type
algorithms, in order to realise a particular mapping,
modifying the strength with which a particular basis
function contributes to the network output. The
network’s sparse internal representation simplifies
the learning process as only small percentage of the
total weights contribute to the output and only these
parameters are modified by the LMS rules. [1]

When the B-spline network is initialy designed,
it is necessary to specify the shape (order) of each
of the univariate basis functions, and this implicitly
determines the number of basis functions mapped to
for a particular network input.[1] Also, is necessary
to specify the number of intervals in which is divided
each particular network input. If the univariate B-
splines are all of width k (the support of a basis
function is formed from k intervals), k" (n - the
dimension of the input space of the network) basis
functions contribute to the network output. Thus
B-spline networks should only be used when the
number of relevant inputs is small and the desired
function is nonlinear. [1]

1.4 Neural Controller

A neural controller can easy be constructed using
an Artificial Neural Network (ANN).

The Artificial Neural Networks consist of a large
number of simples processing elements called nodes
or artificial neurons (or simple neuron). Signals are
passed between nodes along weighted connections,
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where the weights are the network’s adjustable
parameters. The arrangement of the network’s
nodes and connections defines its architecture and
there are many possible variations. One popular
arrangement is shown in Figure 4 where the neurons
are arranged into layers and each neuron in one layer
has connections only with nodes in preceding layer.

The input is presented to the first layer and this
information is propagated forwards through the
network, such that the output signal of each node never
forms part of its own input. The signals at the output of
final layer represent the network’s output. [1, 3]
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Figure 4 A general neural network representation
2. The automatic lighting control systems (ALCSs)

In figures 5 and 6 are presented the configuration
of the automatic lighting control systems. All three
controllers have a bidimensional input space and one
dimensional out space. The controllers based on the
values of ¢ (error — the difference between reference
signal y - desired illuminance - and the measured
output of the ALCS y - measured illuminance) and Ae
(error derivate - the difference between current error
and anterior error) will generate the change of control
action denoted by Au. The u signal (where u(k)=u(k-
1)+Au(k)) will be applied to the process, in the purpose
to maintain the output signal y (illuminance in working
plane) close to the desired values y. The p signal
(perturbation) represents the daylight contribution

= A

uzzy
controller

Figure 5 Feedback control system based on fuzzy controller
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Figure 6 Feedback control system base on fuzzy-neural controller

We considered that the light output of electric
light system is controlled by a phase-control device
with triac to vary the conducting period of the lamp
current. The u signal represent the time delay (0...10
miliseconds) of the moment of starting the conducting
period of the triac which drive the lamp current.

3. Experimental results

The study was realized considering the reference
illuminance in working plane at the 500 1x and with a
sampled time of 20 ms. We used the same trajectory
for daylight contribution for all automatic systems.
The increase/decrease step for daylight has been set
to 1 Ix/sample. In practice, for the feedback control
system configuration from Figure 6, the inverse
mathematical model of the process is obtained using
a classical identification method (i.e. Least Mean
Square method) or training a neural or fuzzy-neural
network. For this study we considered the exactly
mathematical inverse model of the process (ideal
case) for the fuzzy-neural and neural ALCSs.
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Figure 7 Fuzzy set for €, Ag and Au (a); rule base (b)

For the inputs and the output of the fuzzy
controller, we preferred fuzzy sets like the one
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depicted in Figure 7 (a). The rule base for fuzzy
controller is presented in Figure 7 (b). From [5] we
chose for fuzzy controller the following settings of
the width semi-base of membership function: 2 Ix
for €, 0.5 Ix for Ag and 0.02 ms for Au. The fuzzy
controller was designed in Mamdani fashion. [2, 3]

From [7] we chose for the inputs of fuzzy-neural
controller fuzzy sets constructed with B-spline basis
functions of order 5. Figure 8 shows the shape of
the basis B-spline functions of order 5. These basis

functions are relative to the [2, 3] interval.
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Figure 8 Univariate B-spline basis functions of order 5

The fuzzy-neural controller has the following
settings: the B-spline network input space for € is
[-5, 5] Ix and for Ag is [-2.5, 2.5] Ix. For both input
spaces we chose five intervals.

For the neural controller we chose an ANN with
three layers (input layer, hidden layer, output layer).
The input layer has two neurons, the hidden layer has
six neurons and the output layer has one neuron. The
activation function (denoted by F in Figure 11) for
the neurons from hidden layer is the unipolar sigmoid
function (Figure 9) and for the neuron from the output
layer is the bipolar sigmoid function (Figure 10).
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Figure 9 Unipolar sigmoid function
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Figure 10 Bipolar sigmoid fnction

The X from Figure 11 represent the sum of two
terms. The first term represent the scalar product of
input vector (x=(x, x, ... x,)) and the weight vector
(o=(0, @, ... ® )" ). The second term represents
the product /-6. The last term may be written in the
formx o wherex  =Iand o  =0. With these
notations ¥ become the scalar product of x=(x, x,

. x x )and 0=(®, ®, ... ® © )" vectors. The
output of the neuron (denoted by a in Figure 11)
called activation of neuron represent the evaluation

of ().

input vector

Figure 11 Configuration of used artificial neuron

For training of ANN we used the generalized
Delta learning rule.[2, 3, 8] Learning rate has
the value 0.95. The inputs values of the ANN are
scaled. [9]

The behavior of the illuminance in working
plane and the control error (difference between
desired illuminance and measured illuminance) are
presented in:

- Figures 12, 13, 14 for fuzzy ALCS,;

- Figures 15, 16, 17 for fuzzy-neural ALCS;

- Figures 18, 19, 20 for neural ALCS.
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Figure 12 Fuzzy ACS: the behavior of the illuminance in
working plane

Figure 13 Fuzzy ACS: the control error
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Figure 14 Fuzzy ACS: detail from Figure 13

Figure 15 Fuzzy-Neural ACS: the behavior of the illuminance
in working plane
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Figure 16 Fuzzy-Neural ACS: the control error
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Figure 17 Fuzzy—Neural ACS: detail from Figure 16
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Figure 18 Neural ACS: the behavior of the illuminance in
working plane

Figure 20 Neural ACS: detail from Figure 17

InFigures 12,15, 18 werepresented fourtrajectory:
trajectory 1 is the level of daylight illuminance in
working plane denoted by F daiight trajectory 2 is
the level of illuminance in working plane due to
electric light system denoted by E fciaP trajectory
3 represents the real level of total illuminance in
working plane (the sum of trajectories 1 and 2)
denoted by £ - and trajectory 4 represents
the desired level of illuminance in working plane
denoted by £, . (represented by an horizontal line
at 500 Ix). The trajectory of E diight has multiple
dwells at different levels of illuminance [500 Ix, 0
Ix, intermediary values into (0, 500) Ix] and multiple
ascending/ descending fronts. The trajectory of

arificial tries to approximate the complementary
trajectory for £, . The sumofE,  _ andE ..
trajectories, which represent the £ . tries to
approximate the trajectory of £, .
4. Conclusions

When the daylight contribution will decrease from
maximum constant value (500 Ix) to minimum
values, the control error will increase along a
number of samples. After that, the control error will
decrease due to the action of controller. So, for this
situation we have a maximum of control error. As
one can see in Figures 14, 17 and 20, the maximum
control error will have bigger value for fuzzy-neural
and neural ALCSs like the value for the fuzzy
ALCS. As one can see in Figure 17, for the fuzzy-
neural ALCS the stationary error have an oscillatory
behavior for a number of samples. From the point of
view of the automation theory, the fuzzy ALCS have
a better behavior like the fuzzy-neural and neural
ALCSs because the control error is not oscillatory
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and the maximum control error is smaller. But from
the human eye perception all ALCSs have the same
behavior because these control error behaviors are
not perceives. Thus, these three types of ALCS
with the settings presented in previous section are
recommended for those of applications where,
from the human eye perception point of view, the
illuminance must be constant at the desired level
on working plane (i.e. design laboratory). For those
application where the users need to feel the changes
of daylight contribution even if is necessary to
maintain the desired illuminance level on working
plane (i.e. offices) you must change the settings for
controllers. For fuzzy controller decrease the width
semi-base of membership function for Au, for fuzzy-
neural controller increase the order of B-spline basis
functions and for neural controller decrease the

learning rate.

The performance of fuzzy-neural and neural ALCSs will be
influenced by the exactitude of the mathematical inverse
model of process. So, for these configurations of the ALCSs
the fuzzy ALCS has a better behaviour like the other two
ALCSs.
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REGLAREA FUZZY, FUZZY-NEURONALA SI NEURONALA A
ILUMINATULUI INTERIOR IN FUNCTIE DE LUMINA NATURALA.
STUDIU COMPARATIV

Lucrarea descrie comportarea a trei sisteme de reglare automatd a iluminatului (SRAI), primul

folosind un regulator fuzzy, al doilea folosind un regulator fuzzy-neuronal iar al treilea folosind un

regulator neuronal. Nivelul de iluminare naturald va reprezenta semnalul de perturbatie pentru SRAL

SRAI fuzzy are o comportare mai bund decdt sistemele SRAI fuzzy-neuronal §i neuronal chiar daca

retelele fuzzy-neuronald i neuronald au potentialul de a invdta din interactiunile din trecut cu mediul

inconjurdtor. Ultimele doud SRAI au nevoie de modelul matematic invers al procesului. Performanta

sistemelor de reglare automatd cu regulator fuzzy-neuronal si regulator neuronal va fi influentatd de

acuratetea modelului invers al procesului.

1. Introducere

1.1 Sistem de reglare cu reactie negativa

Scopul unui sistem de reglare cu reactie
negativa (Figura 1) este de a garanta valoarea
doritd pentru iesirea y. Procesul de péstrare a iesirii
y apropiata de valoarea de referinfa y, ignorand
prezenta perturbatiilor parametrilor sistemului sau a
zgomotelor de méasurare, este cunoscut sub numele
de reglare. Iesirea regulatorului este semnalul de
comanda u (este totodatd si semnalul de intrare al
procesului), e reprezintd eroarea dintre valoarea de
referintd y, si iesirea sistemului de reaglare. [2, 5]

In urmatoarele subcapitole vom prezenta pe scurt
trei tipuri de regulatoare: fuzzy, fuzzy-neuronal si
neuronal.

1.2 Regulator cu logica fuzzy

Logica fuzzy este utilizata pe scard largda in
sistemele de reglare inteligente datorita regulilor
vagi de descriere a relatiei dintre evaluarile
lingvistice imprecise si calitative ale starilor intrarii
si iesirii sistemului.

Exista caracteristici principale ale sistemelor
fuzzy care le confera o performanta mai buna pentru
aplicatii tipice: (a) sistemele fuzzy sunt potrivite
pentru un rationament imprecis sau aproximativ, in
special pentru sistemul al carui model matematic
poate fi dificil de obtinut; (b) logica fuzzy permite
realizarea unei decizii cu valori estimate din
informatii incomplete sau imprecise. [2]

Intr-un regulator cu logica fuzzy (RLF), dinamica
comportdrii unui sistem fuzzy este caracterizatd de
un set de reguli de descriere lingvistice bazate pe
cunostintele unui expert. Cunostintele expertului

sunt de obicei in forma: DACA (un set de conditii
sunt satisfacute) ATUNCI (un set de consecinte
vor fi deduse). Datoritd faptului ca antecedentele
si consecintele regulilor DACA-ATUNCI sunt
asociate cu concepte fuzzy (termeni lingvistici), ele
sunt numite deseori declaratii conditionale fuzzy. in
terminologia noastra, o regula de reglare fuzzy este
o declaratie conditionald fuzzy in care antecedentul
este o conditie in domeniul ei de aplicare iar
consecinta este marimea de comanda pentru sistemul
(procesul) supus reglarii. in general, regulile de reglare
fuzzy ofera o cale convenabila pentru exprimarea
procesului de reglare si a cunostintelor. [2, 5]

Un regulator fuzzy este constituit, de obicei,
din patru parti importante: interfata de fuzzificare,
baza de reguli fuzzy, motorul de deductie fuzzy si
interfata de defuzzificare (Figura 2).

Blocul de fuzzificare converteste datele de intrare
in grade de apartenentd al uneia sau mai multor functii
de apartenenta. Astfel blocul de fuzzyficare compara
o datd de intrare cu conditiile regulilor pentru a
determina in ce masura conditia fiecarei reguli se
potriveste cu acea instantd particulara de intrare.
Datei de intrare considerate i se atageaza un grad
fuzzy de apartenentd corespunzitor fiecdrui termen
lingvistic. Baza de reguli contine informatii despre
universele (domeniile de variatie) ale variabilelor,
metodele de normalizare a variabilelor si seturile
fuzzy. De asemenea, baza de reguli contine si regulile
DACA-ATUNCI. Motorul de deductie determini
influenta fiecérei reguli asupra raspunsului final al
regulatorului. Interfata de defuzzificare converteste
iesirea procesului de deductie, accesibild ca si set
fuzzy, intr-o valoare crisp (semnalul de comanda
aplicat procesului). [2, 5]
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1.3 Regulator fuzzy-neuronal

Existd douda modele pentru regulatorul fuzzy-
neuronal. Pentru o intelegere mai usoarda vom pleca
de la blocurile regulatorului fuzzy (a se vedea Figura
2). Primul model de regulator fuzzy-neuronal este
obtinut pastrand blocul de fuzzificare si inlocuind
blocurile baza de reguli, motor de inferenta si cel
de defuzzificare cu o retea neuronald artificiala.
Al doilea model este obtinut inlocuind blocul de
fuzzificare cu o retea neuronala artificiala si pastrand
celelalte trei blocuri. [2]

In studiul nostru am utilizat primul tip de
model pentru regulatorul fuzzy-neuronal si a fost
implementat utilizind un tip de retea memorie
asociativi (RMA) cum este reteaua B-spline. O
ilustrare schematica a unei retele B-spline este
prezentatd in Figura 3 unde functiile baza sunt
definite pe o grila n-dimensionala.

Din punct de vedere fuzzy functiile baza
univariabild B-spline reprezintd declaratii lingvistice
fuzzy, cum ar fi eroarea este pozitiv micd, iar
seturile fuzzy multivariabild sunt formate utilizand
operatorul produs pentru a reprezenta conjunctia
fuzzy. Aceastd legatura da posibilitate retelei B-
spline sa fie interpretatd ca un set de reguli fuzzy
si permite obtinerea modeldrii si convergentei
rezultatelor pentru reteaua fuzzy. Deci aceste retele
incapsuleaza atat o abordare calitativa cat si una
cantitativa, dand posibilitatea informatiei euristice
sa fie incorporatd si dedusi ca la retelele neuronale
si permitand obtinerea regulilor fuzzy prin invatare,
reguli pentru care convergenta rezultatelor poate fi
dovedita. [1]

Iesirea retelei B-spline este obtinuta din
combinatia liniara a unui set de functii baza, care
sunt definite intr-un spatiu n-dimensional. Deoarece
suportul fiecarei functii bazd este marginit, numai un
numar mic de ponderi sunt implicate in calcularea
iesirii retelei, iar reteaua stocheazd si Invatd
informatia local.

O RMA B-spline 1si ajusteaza vectorul de ponder,
in general, utilizind algoritmi instantanei de tipul
celor mai mici patrate (CMMP), in vederea realizarii
unei mapari particulare, modificind ponderea cu
care o functie baza contribuie la iesirea retelei.
Reprezentarea internd rard a retelei simplifica procesul
de invatare in sensul cd un procentaj mic din totalul de
ponderi contribuie la realizarea iesirii si numai acesti
parametri sunt modificati de regulile CMMP.

Cand reteaua B-spline este proiectatd este
necesar a se specifica forma (ordinul) fiecarei functii
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bazda univariabila, ceea ce implicit va determina
numarul de functii bazd mapate pentru o intrare
a retelei. De asemenea este necesar a se specifica
numarul de intervale in care se divide fiecare intrare
a retelei. Dacé toate functiile univariabild B-spline
au latimea k (suportul unei functii baza este format
din k intervale), k* (n — dimensiunea spatiului de
intrare al retelei) functii baza contribuie la iesirea
retelei. Astfel reteaua B-spline trebuie utilizata numai
cand numarul de intréri relevante este mic iar functia
dorita este neliniara. [1]

1.4 Regulator neuronal

Un regulator neuronal poate fi usor construit
utilizdnd o retea neuronald artificiala (RNA).

Retelele neuronale artificiale sunt constituite
dintr-un numir mare de elemente simple de
preprocesare numite noduri sau neuroni. Semnalele
sunt transmise intre noduri de-a lungul conexiunilor
ponderate, unde ponderile sunt parametrii ajustabili
ai retelei. Aranjamentul nodurilor §i conexiunilor
retelei definesc arhitectura ei, astfel existd multe
variatii posibile ale retelei. Un aranjament popular
este prezentat in Figura 4 unde neuronii sunt
aranjati in straturi i fiecare neuron dintr-un strat are
conexiuni cu noduri din stratul anterior.

Intrarea este prezentatd primului strat §i aceasta
informatie este propagatd inainte prin retea, astfel
ca semnalul de iesire a fiecdrui nod nu face parte
niciodata din propria intrare. Semnalele de la iesirea
ultimului strat reprezinta iesirea retelei. [1, 3]

2. Sistemele de reglare automati a iluminatului (SRAI)

In Figurile 5 si 6 sunt prezentate configuratiile
sistemelor de reglare automatd a iluminatului.
Toate cele trei regulatoare au un spatiu de intrare
bidimensional si spatiul de iesire unidimensional.
Regulatoarele pe baza valorilor lui € (eroarea — diferenta
dintre semnalul de referintd y, — iluminarea doritd — si
iesirea masuratd a SRAI y — iluminarea méasurata) si a lui
Age (derivata erorii — diferenta dintre eroarea curenta
si eroarea anterioard) va genera valoarea cu care
se modificd semnalul de comanda notatd cu Auw.
Semnalul » (unde u(k)=u(k-1)+Au(k)) va fi aplicat
procesului in scopul mentinerii semnalului de iesire
v (iluminarea in planul de lucru) apropiat de valoarea
doritd y. Semnalul p (perturbatia) reprezinta
contributia iluminatului natural. Am considerat
ca fluxul luminos al sistemului de iluminat electric
este modificat cu ajutorul unui dispozitiv cu triac ce
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modifica perioada de conductie a curentului prin
lampa. Semnalul u reprezinta timpul de intarziere al
amorsarii triacului.

3. Rezultate experimentale

Studiul a fost realizat considerand iluminarea de
referintd in planul de lucru de 500 Ix iar perioada
de esantionare a semnalelor de 20 ms. Pentru toate
sistemele de reglare am utilizat aceeasi traiectorie a
contributiei iluminatului natural. Pasul de crestere/
descrestere a iluminarii naturale a fost setat la 1 1x/
esantion. In practica pentru configuratia sistemului
de reglare din Figura 6, modelul matematic
invers al procesului este obtinut printr-o metoda
clasicd de identificare (de ex. metoda CMMP) sau
prin antrenarea unei retele neuronald sau fuzzy-
neuronald. Pentru acest studiu s-a considerat
modelul matematic invers exact al procesului (cazul
ideal) pentru SRAI neuronal si fuzzy-neuronal.

Pentru intrérile si iesirea regulatorului fuzzy,
am preferat seturi fuzzy asemenea cu cel prezentat
in Figura 7 (a). Baza de reguli pentru regulatorul
fuzzy este prezentatd in Figura 7 (b). Din [5] am
ales pentru regulatorul fuzzy urmitoarele setari
ale latimii semibazei functiei de apartenenta: 2 Ix
pentru g, 0,5 Ix pentru Ae si 0,02 ms pentru Au.
Regulatorul fuzzy a fost proiectat utilizand metoda
Mamdani. [2, 3]

Din [7] am ales pentru intrarile regulatorului
fuzzy-neuronal seturi fuzzy construite cu functii
baza B-spline de ordinul 5. Figura 8 prezintd forma
functiilor baza B-spline de ordinul 5. Aceste functii
baza sunt relative intervalului [2, 3].

Regulatorul fuzzy-neuronal are urmatoarele
setari: spatiul de intrare al retelei B-spline pentru &
este [-5, 5] Ix iar pentru Ag este [-2,5, 2,5] Ix. Pentru
ambele spatii de intrare am ales 5 intervale.

Pentru regulatorul neuronal am ales o RNA cu
trei straturi (strat de intrare, strat ascuns, strat de
iesire). Stratul de intrare are doi neuroni, stratul
ascuns are sase neuroni si stratul de iesire are un
neuron. Functia de activare (notata cu F' in Figura 11)
pentru neuronii din stratul ascuns este functia sigmoid
unipolara (Figura 9) si pentru neuronii din stratul de
iesire este functia sigmoid bipolara (Figura 10).

% din Figura 11 reprezinta suma a doi termeni.
Primul termen reprezintd produsul scalar al
vectorului de intrare (x=(x, x, ... x,)) cu vectorul
pondere (0=(®, ®, ... ) ). Al doilea termen
reprezinta produsul /-0. Ultimul termen poate fi

scris in forma x , o, unde x =/ si ® =0. Cu
aceste notatii X devine produsul scalar al vectorilor
=x, x, ... x x )si 0=(0,0,.. o o,)" lsirea
neuronului (notata cu @ 1n Figura 11) numita activarea
neuronului reprezintd evaluarea lui F(%).

Pentru antrenarea RNA am utilizat regula de
invatare Delta generalizata. [2, 3, 8] Rata de invatare
are valoarea de 0,95. Valorile de intrare ale RNA
sunt scalate. [9]

Comportarea ilumindrii in spatiul de lucru si
eroarea de reglare (diferenta dintre iluminarea dorita
si iluminarea masuratd) sunt prezentate in:

- Figurile 12, 13, 14 pentru SRAI fuzzy;

- Figurile 15, 16, 17 pentru SRAI fuzzy-neuronal;

- Figurile 18, 19, 20 pentru SRAI neuronal.

in figurile 12, 15, 18 sunt reprezentate patru
traiectorii: traiectoria 1 reprezintd iluminarea
(E ) din planul de lucru datorata luminii naturale,

traai(iélc’gth(l)ria 2 reprezinta nivelele iluminarii (Eam.ﬁcia])
in planul de lucru datorate iluminatului electric,
traiectoria 3 reprezintd iluminarea totald (£, )
din planul de lucru (suma ilumindrii naturale si a
iluminarii datorate iluminatului electric) si traiectoria
4 care reprezintd nivelul iluminare dorit (£, ) in
planul de lucru (o linie orizontala situata la 5001Ix).
Traiectorialui £ dlicht prezinta multiple paliere situate
la diferite nivele ale iluminarii (5001x, Olx, valori
intermediare in intervalul (0,500)Ix) si multiple
fronturi  crescatoare/descrescidtoare.  Traiectoria
lui E .., incearcd si aproximeze traiectoria

' Suma traiectoriilor lui

complementara lui £, , ..
laylight™ _ . .
care reprezintd £ incearcd sa

Edaylighl §1 artificial’

aproximeze traiectoria lui £, .
lesired

4. Concluzii

Cand contributia ilumindrii naturale descreste de
la valoarea constanta maxima (500 Ix) spre valori
minime, eroarea de reglare va creste de-a lungul a
unui numar de esantioane. Apoi, eroarea de reglare
va scddea datoritd actiunii regulatorului. Astfel vom
avea o eroare maxima de reglare (un subreglaj). Asa
cumse poate vedeain Figurile 14, 175120, subreglajul
va avea valoare mai mare pentru SRAI fuzzy-
neuronal si neuronal decat pentru SRAI fuzzy. Asa
cum se poate vedea in Figura 17, eroarea stationara
pentru SRAI fuzzy-neuronal are o comportare
oscilatorie pentru un numar de esantioane. Din punct
de vedere al teoriei automaticii, SRAI fuzzy are o
comportare mai buna decdt SRAI fuzzy-neuronal
si neuronal deoarece eroarea de reglare nu este
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oscilatorie subreglajul este mai mic. Dar din punct
de vedere al perceptiei ochiului uman, toate SRAI
au aceeasi comportare, deoarece aceste comportari
ale erorii de reglare nu sunt percepute. Astfel,
aceste trei tipuri de SRAI cu setérile prezentate in
subcapitolul anterior sunt recomandate pentru acele
aplicatii in care din punct de vedere al perceptiei
ochiului uman iluminarea trebuie sé fie constanta la
nivelul dorit in planul de lucru (ex. laboratoare de
proiectare). Pentru acele aplicatii in care utilizatorii
doresc sa simtd schimbarile iluminarii naturale chiar
daca este necesarda mentinerea nivelului dorit al
iluminarii in planul de lucru (ex. birouri) trebuie sa

schimbati setdrile regulatoarelor. Pentru regulatorul
fuzzy descresteti latimea semi-bazei functiei de
apartenentd pentru Awu, pentru regulatorul fuzzy-
neural cresteti ordinul functiilor bazd B-spline
si pentru regulatorul neuronal descresteti rata de
invétare.

Performanta SRAI fuzzy-neuronal §i neuronal
va fi influentate de exactitatea modelului matematic
invers al procesului. Astfel, pentru aceste configuratii
ale sistemelor de reglare automatd a iluminatului
SRAI fuzzy are o comportare mai bunad decét
celelalte doua SRAI.
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CONTRAST THRESHOLDS OF FLASHING COLOURED STIMULI
IN PERIPHERAL VISION AT LOW LIGHT LEVELS

Pasi ORREVETELAINEN, Marjukka ELOHOLMA, Liisa HALONEN
Helsinki University of Technology, Lighting Laboratory

Contrast threshold was examined with the method of limits to determine the visual performance of the

human eye in peripheral vision at low photopic and high mesopic light levels. Three stimulus colours

were used to determine the contrast thresholds of eight subjects. Measurements were conducted at four

eccentricities: 0° 10° 30° and 60°. The results revealed that while the blue stimuli caused only moderate

changes in the contrast threshold according to target eccentricity and light level, the changes for the red

stimuli were much larger. It was found that the V() function did not describe the visual performance

sufficiently well in the peripheral vision at low photopic light levels. An attempt was made to determine a

new luminous efficiency function for the peripheral vision at low photopic light levels. This new function

described the measurement results with best accuracy at 10 cd/m?.

1. Introduction

This research was inspired by reaction time
experiments conducted by the authors at low
photopic and high mesopic light levels. In these
experiments, the red and amber stimuli of low
contrast (C=0.2) presented in peripheral vision (10°
eccentricity) were perceived very poorly by some
subjects, but well by other subjects. Stimuli presented
with higher contrast (C=0.5 or 3.0) were detected
with higher accuracy by all subjects. The reaction
time measurements were conducted in Mesopic
Optimisation of Visual Efficiency (MOVE) project
funded by the European Commission. The objective
of MOVE project was to define relevant spectral
sensitivity functions for the mesopic luminance
range and to establish appropriate working practices
[1]. A linear mesopic model was developed during
the project [2].

The aim of the work presented in this paper
was to find the contrast threshold for three different
stimulus colours presented in foveal and peripheral
vision at low photopic and high mesopic light
levels (between 0.1 and 10 cd/m?). Short, 500-ms
rectangular shaped flashes were used as targets in
the measurements.

According to Zuidema et al. [3], two temporal
parameters affect the threshold energy, namely
the duration of the flash and the interval between
two flashes. The interval between two flashes
should be at least 1 s, otherwise the two flashes
affect each other, and eventually they are seen as

continuous light if the interval becomes very short
(approximately 100 ms). For flashes shorter than
100 ms, the threshold energy is independent of flash
duration. For flash durations between 100 and 500
ms, the relation between the log threshold energy
and log flash duration has a constant positive slope.
For larger values of flash duration, the threshold
energy becomes linearly proportional to the flash
duration.

Blackwell [4] conducted very extensive research
in 1946 on contrast thresholds, which indicated
that very long (over 60 s) presentation times were
required to achieve the minimum contrasts under
certain circumstances. He also found out, that below
a certain luminance level, the subjects started to use
the peripheral vision instead of foveal vision to detect
the stimuli. This change was noticed at approximately
0.0024 cd/m?. At background luminances above 3.4
cd/m?, the contrast thresholds were constant with
respect to adaptation luminance.

2. Measurement system

The measurement system consisted of a large
hemisphere (diameter 1980 mm), which interior
was painted white. This surface served as the
background for the visual stimuli. The background
was uniformly illuminated with fluorescent lamps
with dimmable electronic ballasts. In order to
achieve the desired light levels, it was necessary
to use neutral density filters wrapped around the
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lamps. The final adjustments of light levels were
made with the dimmable ballasts. The filters affected
the spectral power distribution of the lamps. The
spectral power distributions of the light at different
light levels can be seen in Figure 1. The correlated
colour temperature of the light was 4920 + 100 K.

10E-02
E-03
LIE-04
L0E-05

L0E-06

10 cdfm®

Radianee (W (m® mm s1))

W0E-07 — 1.0 cdim®

2

WwEos . . — 0.1 edm .
400 500 &00 00 200

Wavelength (nm)

Figure 1 Radiances of the background luminances at three

background luminance levels.

The visual stimuli were produced with light
emitting diodes (LED). Small holes were drilled
through the surface of the hemisphere. The LEDs were
attached outside the hemisphere pointing towards
the location of the subject. The holes were covered
with white diffusers, so the LEDs were not directly
visible to the subjects. Filters and diffusers were used
to reduce the intensity of the light produced by the
LEDs. The light output of the LEDs was controlled
with a computer. It was possible to adjust the luminous
intensity and the duration of the light flash of each
LED individually. The diameter of the circular stimuli
was 5 mm, which corresponds to stimuli size of 0.29°
at the viewing distance of 990 mm.

Table 1 The peak wavelengths and half-bandwidths of the three
coloured stimuli (LEDs) used in the measurements.

Stimulus spectra Blue Green Red
Peak wavelength (nm) 467 525 638
Half-bandwidth (nm) 26 36 18

2.1 Stimulus contrasts

The stimulus contrasts were measured against
the immediate surrounding of the stimulus. The
luminance of the immediate surrounding was
measured with a calibrated LMT L1009 luminance
meter. Equation 1 was used for the contrast
calculations

where C is the contrast, L, - the target luminance,
and L, - the background luminance.

The luminance of the stimulus consisted of two
parts. The first part was the luminance produced by
the LED on the diffuser visible to the subject. This
luminance was measured with the luminance meter
using a close-up lens. The luminance was measured
for the maximum light output of the LEDs at each
location after positioning the required filters and
diffusers in front of the LEDs. The second part of
the stimulus luminance consisted of the luminance
produced by the fluorescent lamps. The reflectance
of the diffuser was approximately 12% lower than
the overall background luminance. Because of this
feature, the contrasts could be negative.

2.2 Stimulus and background radiances

In order to apply also other luminous efficiency
functions than the V(A), it was necessary to know
the radiance produced by the background and the
stimulus light. The spectral power distribution of the
LEDs and the background light was measured with an
Optronics OL 754 Portable High Accuracy UV-Visible
Spectroradiometer by Optronic Laboratories, Inc.

The spectral power distribution ofthe background
light was measured at the desired light levels. The
measured relative spectral power distribution was
converted into radiance using Equation 2 [5] and
the measured background luminance. The integral
was computed with the measured spectral power
distribution withoutunits. The integral was multiplied
with K (683 Im/W). The gained value was compared
with the measured luminance L. As the values did
not usually match, a correction coefficient for the
radiance was calculated by dividing the measured
luminance L with the computed luminance.

L=E[La¥(0di (2)

where L is the luminance, K - the maximum spectral
luminous efficacy, L , - the integrated radiance of
the source (spectral distribution of the radiance), and
V()) - the photopic luminous efficiency function.
The radiance of the stimuli was calculated in
a similar way except that the transmission of the
filters and diffusers in front of the LED was taken
into account. The transmittances of the filters
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and diffusers were measured with the OL 754
spectroradiometer. The reflectance of the visible
diffuser was determined by measuring the direct
and reflected spectral power distributions using a
tungsten-filament lamp.

3. Subjects

Eight voluntary students and employees (2 females
and 6 males) of Helsinki University of Technology
participated in the tests as subjects. The ages of the
subjects ranged between 23 and 31 years, and the
mean age of the subjects was 25.5 years.

Except for one subject, their visual acuity,
visual field, and colour vision were tested by an
ophthalmologist, and found to be normal. The
eighth subject had her eyes examined by an optician
one year earlier. She reported no anomalies in her
vision. None of the subjects wore glasses or contact
lenses in their daily life.

4. Method

The method of limits was used to determine the
contrast thresholds [6]. The threshold is determined
as the mean value of the last seen and first unseen
stimuli. Rectangular shaped flashes with duration
of 500 ms were presented to the subjects. For large
values of interval between two flashes (over 1 s), the
threshold is independent of the interval [3]. In our
work, we used an interval of 1.5 s, which satisfies
this condition.

47differentstimulusluminanceswereprogrammed
for the LED controllers. These luminances were
divided into five groups each consisting of 13 to 15
luminances. The luminances were selected so that
the ratio between two consecutive luminances was
approximately 0.93, although this was not achieved
for the lowest luminance settings. The five luminance
ranges partially overlapped each other in order to
make it easier to select the proper range.

The intensity of the short flashes was measured
with an LMT SF 105 Version B System Flash Meter.
The intensities were determined for all LED colours
and luminance settings. Only the luminance of the
maximum driving current was measured directly for
each LED colour with constant driving current. The
luminances of the short flashes were calculated by using
the intensity measurements done with the flash meter.

4.1 Measurement procedure

The subject positioned himself or herself in the
centre of the hemisphere’s opening fixating both
eyes to the foveal stimulus location. Forehead and
chin rests were used to keep the head in correct
position. The peripheral stimuli located on the right
side of the foveal stimulus at eccentricities 10°, 30°,
and 60°. The large size of the hemisphere ensured
that the eccentricity was near the intended location
even at large eccentricities. Taken distance between
the pupils to be 70 mm, the deviation in the viewing
angle was less than 0.3° at other eccentricities than
60°, where it was approximately 1°.

The contrast threshold was determined by
presenting the light flashes in either descending or
ascending order of intensity. The task of the subject
was to count the visible flashes when the stimuli
were presented in descending order, and to press a
response button when the order of intensities was
ascending.

The order of presentations was descending,
ascending, descending, ascending, yielding four
measured contrast thresholds at each measurement point.
All measurements at one background luminance level
were conducted during one session. A single session
lasted for approximately 50 to 75 minutes, depending on
the experience of the subject and time spent finding the
correct range of luminances. All subjects participated in
three sessions, once at each light level.

5. Results

The results show that the contrast threshold was
affected by the background luminance level and the
eccentricity of the stimulus (Figure 2). While the
contrast threshold for the blue stimulus increased
moderately when the eccentricity increased, for thered
stimuli the differences were much larger. Especially
at the lowest luminance level (0.1 cd/m?), the contrast
threshold was much higher at 30° and especially at
60° for the red stimuli. With the green stimuli, the
effect was in between the red and blue stimuli. With
increasing eccentricity, the standard deviations of the
results increased strongly for red stimuli. For blue
stimuli, the change was much smaller.

At 10 cd/m? luminance level, which is considered
to be in the photopic region [4, 7], the blue stimulus
had lower contrast threshold in the peripheral visual
field than the red and green stimuli. The luminances
were calculated using the V(A) function, which is

INGINERIA ILUMINATULUI 14-2004 27



known to underestimate the short wavelengths of
the visible spectrum [4]. Other standard luminous
efficiency functions were applied to see whether they
would describe the difference. The applied luminous
efficiency functions were V,(A), V,(A), and V’(}).
V. ) is the V(}) function modified by Judd, V(M) is
the supplementary function for 10° standard observer,
and V(M) is the scotopic luminous efficiency function.
New contrast thresholds were computed with these
functions using Equation 2 and the calculated
radiances. Standard deviation of the contrasts was
used to describe the differences between the various
calculations. Lower standard deviation indicates
better description of the visual performance.

In foveal vision, both V(A) and ¥, (}) functions
described the situation with best accuracy (Table 2).
This result was expected because the central foveal
vision is known to follow the V(A) function even at
mesopic light levels [8]. There are no rods in the central
fovea. Rods become active at low light levels [9], and
therefore no Purkinje shift occurs in the foveal vision.

In peripheral vision, the situation was found to
be different. V'(A) or V', (}) functions were no longer
the best descriptors even at the highest luminance
level of 10 cd/m?. Instead, V', (2) became the best
descriptive function at that luminance level. Again,
this was not surprising because the V, (A) includes
also a large part of the peripheral vision.
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Figure 2 Mean contrast thresholds and standard deviations for the
red, green, and blue stimuli. The range of contrasts is different for
each colour.
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At 1 cd/m? luminance level the situation was
similar, ¥, (A) function being the best descriptive
function. At the lowest luminance level (0.1 cd/
m?), the V’(A) was the best descriptive function in
the peripheral vision with one exception. At 10°
eccentricity, the V, (A) function had better match
than V’(A). The standard deviations became larger
with increasing eccentricity. At 1 cd/m? luminance
level and 10° eccentricity, the standard deviation was
0.072 with the best matching function, ¥, (2), which
implies a satisfactory match. Otherwise, the standard
deviations at the mesopic light levels were between
0.23 and 1.14 with the best matching functions, V', (A)
at 1 cd/m? and V() at 0.1 cd/m?. Table 3 includes the
results for 1 and 0.1 cd/m? luminance levels.

Thedifferenceindescendingandascending order of
thresholds was small in foveal vision, except at 0.1 cd/
m?, where the red and green stimuli had relatively large
differences. The contrasts were, however, very low
between -0.037 and -0.015. In the peripheral vision,
the descending order thresholds were usually higher
than the ascending order thresholds, although usually
not very much. A possible explanation is that when
the luminances descend rapidly from a higher level in
discrete, separate steps, the eye is adapted to higher
intensities and does not recognise lower intensities.
Another explanation could be that some of the flashes
were missed when they were counted. The ratio
between descending and ascending order thresholds
was usually between 0.9 and 1.1, indicating relatively
small differences, but the highest ratio of 1.69 was
achieved in the foveal vision for the green stimuli at
0.1 cd/m? luminance level.

6. Peripheral V()

When the standard deviations of the contrast
thresholds were calculated with the standard
photopic luminous efficiency functions (i.e. V(A),
V.M, V(&) at 10 cd/m? it was found that the
lowest standard deviation increased with increasing
eccentricity, implying that the functions describe
the spectral sensitivity of the eye with decreasing
accuracy. It was therefore tempting to test, whether
another luminous efficiency function would improve
the situation.

The contrast thresholds for the red and green
stimuli remained similar at all eccentricities, whereas
for the blue stimuli, the contrast thresholds were
smaller. This implies that the blue region of the visual
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spectrum is underestimated by the three photopic
luminous efficiency functions. For V’(A) the situation
is the opposite, thus, it overestimates the blue region.

A new Iluminous efficiency function for
peripheral vision that is based on the V, (A) function
was determined. ¥, (A) was the best descriptor in
the peripheral vision. The blue part of the function
was enhanced by adding the difference between
the V,(A) and the V'(A) functions multiplied with a
coefficient (Equation 3). Wavelength 557 nm was
selected as the transition point, because it is the peak
wavelength of the V, (A) function. The research of
Wald [10] supports this selection, as he found
that the spectral sensitivity of A<550 nm is more
enhanced in the peripheral vision:

V. .=V, 0)+k(V,()-V(h), <557 nm
V. )=V, (). 12557 nm 3)
The calculations were conducted with the new
function yielding the results presented in Table 2.
It turned out that the new function, here designated
as peripheral V(A) or V' (}X), was the best descriptor
in peripheral vision of all the presented luminous
efficiency functions. The optimisation ofthe coefficient
k was made with the “Goal seek” routine included
in the Microsoft® Excel 2000 program. When the
coefficient k was optimised for all eccentricities
simultaneously, the standard deviations were smaller
for all eccentricities when compared with results
gained with the other luminous efficiency functions.

Table 2 Mean contrasts and standard deviations for each stimulus
eccentricity calculated with different luminous efficiency functions.
Measurements were made at 10 cd/m2 Smallest standard deviations
are marked with bold. Coefficient k is 1.732.

Stimulus eccentricity

0° 10° 30° 60°
VA 01138 -0.0493 00996 04323
st. dev 0.0149 00391 01116 02681
Val ) 01140 -0.0499 00988 04307
st. dev 0.0149 00388 01109 02660
ViolA) 00111 -0.0451 0.1177 04713
st. dev 00195 00246 0.0617 0.1663
(%) 00858 -0.0093 02520  0.7423
st dev 00816 0.1293 0.4334 09014
) -0.1069 00392 0.1422 0.5219
st dev 00290 00121 0.0292 0.0072
Vinas(4) 01133 00487 01028 04388
st. dev. 00158 00364 0.1017 0.2453
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7. Mesopic contrast thresholds

The results at 1 and 0.1 cd/m? show that the contrast
thresholds increase with decreasing luminance
level and increasing eccentricity. The shift depends
strongly on the colour of the stimulus. This is due
to increasing activity of the rods, which spectral
sensitivity follows the scotopic V’(A) function,
having its peak at approximately 507 nm [7]. With
decreasing light levels, the cones become less active
and this yields to higher spectral sensitivity at short
wavelengths.

The mesopic results were modelled using the
previously mentioned luminous efficiency functions,
and in addition, the practical system for mesopic
photometry developed in the MOVE project. The
details of the calculation process of the developed
mesopic model can be found from the CIE TCl1-
58 website [2]. This practical mesopic system
(designated as V(M) is a linear transition function
between the V(M) and V’(A) functions throughout
the mesopic region. It has been optimised for visual
performance in night-time driving and is based on a
large set of experiments. The V. (A) function was
developed using different performance based visual
tasks, such as reaction time, contrast threshold, and
achromatic detection thresholds [1].

The practical mesopic system takes into account
the S/P-ratios of both stimulus and background.
This ratio is possible to achieve by measuring the
photopic and scotopic luminances. In our case, we
made the calculations using the radiance data and
weighing it with both V’(A) and V(A) functions.
The x-values of the practical mesopic system were
computed for mesopic luminance levels using the
MATLAB modules included in reference 2. The
x-values was used to compute the new V,  (A)
functions for each luminance level individually.
The new contrasts were calculated using the V, (A)
function and radiance data. A

The results presented in Table 3 show that for foveal
vision, both V(A) and V', (A) are the best descriptive
functions at mesopic light levels. The F(A) is only
slightly better based on these results. In peripheral
vision, the newly developed V| () is the best descriptor
at all eccentricities at both mesopic luminance levels.
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Table 3. Mean contrasts and standard deviations for each stimulus
eccentricity calculated with different luminous efficiency functions.
Measurements were made at 1.0 and 0.1 cd/m? Smallest standard
deviations are marked with bold.

1,

1.0 ed/m? Stimulus eccentricity
0° 10° 30° 60°
Vi) -0.1112 0.0524 0.2575 0.8919
st. dev. 0.0154 0.1016 0.2805 0.8990
Val4) -0.1113 0.0519 0.2564 0.8890
st. dev. 0.0156 0.1006 0.2784 0.8939
Vio(A) -0.1047 0.0611 0.2687 0.9099
st. dev. 0.0300 0.0724 0.2325 0.8069
17(4) -0.0443 0.1164 02861 0.7443
st. dev 0.1633 02517 0.4046 0.8122
Ves(A) -0.0944 0.0684 0.2647 0.8549
st. dev. 0.0522 0.0214 0.1163 0.4701

0.1 cd/m? Stimulus eccentricity
0° 10° 30° 60°
VA) -0.0225 0.2360 0.7237 2.8330
st. dev 0.0091 0.2736 0.8425 3.4829
ValA) -0.0228 0.2347 0.7206 2.8226
st. dev 0.0094 02723 0.8390 3.4693
Via(A) -0.0022 0.2446 0.7301 2.8305
st. dev 0.0503 0.2406 0.7927 3.3513
V*(A) 0.1783 0.2022 0.3984 1.2283
st. dev 0.4680 0.3258 04718 1.1368
Vnes(A) 0.0806 02186 0.5566 2.0087
st. dev 0.2441 0.0353 0.1674 1.1232

Table 2 shows that v, (M) is more accurate at 10
cd/m*than V', (A). The practlcal system for mesopic
photometry was optimised for 10° eccentricity, which
can be seen as the lowest standard deviations at that
eccentricity. The results of this paper indicate that
it is the best descriptive function for the peripheral
vision at mesopic light levels.

8. Discussion and error analysis

The stimuli were produced by LEDs that had half-
bandwidths between 18 and 36 nm. LEDs were used
as visual stimuli, since they have become a major
light source type in various signalling applications,
such as beacons and traffic lights.

The background luminance of the hemisphere
was not entirely even. At 10 and 1 cd/m? background
luminance, the Iuminance of the immediate
surrounding of the stimulus was approximately 4
to 5% lower at 60° eccentricity than for the other
eccentricities. The luminance of the stimuli was

also lower respectively. At 0.1 cd/m?, the luminance
was approximately 8 to 9% lower at 60° compared
to other eccentricities. Otherwise, the background
luminances were within 1% range.

The stimuli had rather discrete steps in their
luminances due to the use of 500-ms flashes. The
use of the mean value of the last seen and first
unseen intensity is subject to errors. However, the
differences in the results between colours are so
large that these inaccuracies cannot describe but a
small part of them.

The LMT L1009 luminance meter used in the
measurements was calibrated by the manufacturer.
According to the calibration certificate, the error in
reading was less than -0.9%, which was corrected
during the calibration. The error in the luminance
measurements and radiance calculations is estimated
to be less than 4% for the blue stimuli and less for
the other measurements. Main source of error is the
imperfect V(A)-correction of the luminance meter,
which was approximately -2% for the blue stimuli
with the use of the close-up lens. The absolute
values of the spectral measurements were not used,
only the relative spectral power distributions. The
non-linearity in the response of the Optronics OL
754 was estimated to be less than + 1% over the
measurement ranges.

9. Conclusions

The results show that the currently used standard
luminous efficiency functions do not describe the
visual performance well enough in the peripheral
vision at low photopic light levels. V(A) function is
already known to underestimate the blue part of the
visible spectrum. V, (A) function describes better
peripheral vision, but the short wavelengths are still
underestimated.

The presented new luminous efficiency function
for peripheral vision, v, (M), describes the visual
performance with best accuracy at 10 cd/m?
according to these experiments.

Visual performance at mesopic light levels is
often described as a combined function between
V(h) or V, (A) and V’(A). According to these
measurements, this might be an inaccurate starting
point. Instead, a new luminous efficiency function
should be established for the peripheral vision
before accurate results can be gained.

At mesopic light levels, the V(A) and the V, (A)
functions were the best descriptors for contrast
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thresholds in foveal vision. This was true for both
1 and 0.1 cd/m? luminance levels. In peripheral
vision, V, (&) and V’(}) functions described best
the contrast thresholds among the standard CIE
luminous efficiency functions. A better result was
found, however, when the new practical model
for mesopic photometry developed in the MOVE
project was applied.

Acknowledgements

This project was funded by the Academy of Finland
(contract no. 78093). The authors acknowledge for
the support. The authors also acknowledge Oy Airam
Electric Ab for donating their integrating sphere to
the Lighting Laboratory and Agilent Technologies
for donating the LEDs used in this research.

References

1 http://lightinglab.fi/Research/International
Projects/MOVE/ProjectBackground/index.htm

2 http:/lightinglab.fi/CIETC1-58/index.htm

3 Zuidema P, Bouman M. A. & Koenderink J. J.
1985. Detection of light and flicker at low luminance
levels in the human peripheral visual system. II. A
mechanistic model. Journal of the Optical Society of
America A. 2(3): 408-415.

4  Blackwell H. R. 1946. Contrast threshold of the
human eye. Journal of the Optical Society of
America. 36(11): 624-643.

5 CIE. 1978. Light as a true visual quantity: Principles of
measurement. Publ. CIE No 41. CIE Central Bureau.

6  Goldstein E. B. 2002. Sensation and perception. 6th
edition. Wadsworth-Thomson Learning, USA.

7 IESNA (ed. Rea M.S.). 2000. The IESNA Lighting
Handbook. Reference & application. 9th edition.
Illuminating Engineering Society of North America.

8  Eloholma M., Halonen L. & Setild K. 1999. The
effects of light spectrum on visual acuity in mesopic
lighting levels. EPRI/LRO Fourth International
Lighting Research Symposium. Proceedings: Vision
at Low Light Levels. EPRI. 149-161.

INGINERIA ILUMINATULUI 14-2004

9  Forrester J., Dick A., McMenamin P. & Lee W. 1996.
The eye. Basic sciences in practice. London, UK.
W.B. Saunders Company Ltd.

10 Wald G. 1945. Human vision and the spectrum.
Science. 101, 653-658.

Pasi ORREVETELAINEN
Lic.Sc. (Tech.), Research Scientist
Helsinki University of Technology
Lighting Laboratory
P.O.Box 3000; FI-02015 HUT;
Finland
phone +358 9 4512403
fax + 358 9 4514982

! e-mail: pasi.orrevetelainen@hut.fi

¥

Graduated from the Department of Electrical and
Communications Engineering of Helsinki University
of Technology in 1995 and obtained Lic.Sc. in 2003.
Research Scientist at the Lighting Laboratory of
Helsinki University of Technology. Research areas
include vision, measurements, and testing.

Marjukka ELOHOLMA

M.Sc. (Tech.), Research Scientist
Liisa HALONEN

D.Sc. (Tech.), Professor

The authors are members of the Traffic Lighting and
Vision research group in the Lighting Laboratory.
The research group is currently working in the
area of mesopic lighting and vision. The work at
Lighting Laboratory in this field started in 1998. A
large European research project MOVE funded by
the European Commission was conducted in 2002-
2004 and was concerning the modelling of mesopic
vision. Currently two related projects are ongoing
funded by the Academy of Finland. Professor Liisa
Halonen is the head of the research group.

Received 30 December 2004
Reviewers: Prof. Luciano DI FRAIA, Prof. Ramon
SAN MARTIN, Dipl. eng. Axel STOCKMAR

31



PRAGUL DE CONTRAST AL STIMULILOR STRALUCITORI COLORATI
IN VEDEREA PERIFERICA LA NIVELURI DE LUMINA SCAZUTE

Pragul de contrast a fost examinat prin metoda limitelor pentru a determina performanta vizuald a

ochiului uman in cazul vederii periferice la niveluri fotopic scazut si mezopic ridicat. Trei stimuli colorati

au fost folositi pentru a determina valorile pragurilor de contrast pentru opt subiecti. Masurdrile au

fost realizate la patru excentricitati: 0°, 10° 30° si 60°. Rezultatele au evidentiat cd in timp ce stimulul

albastru cauzeazd modlificari moderate ale pragului de contrast, conforme cu excentricitatea sarcinii gi

nivelul de lumind, in cazul stimulului rosu modificdrile au fost mult mai insemnate. S-a gdsit cd functia

V() nu descrie performanta vizuald suficient de corect in vederea perifericd la niveluri de lumind fotopice

scazute. A fost efectuatd o incercare de a determina o noud functie a eficacitdtii luminoase pentru vederea

perifericd la niveluri de lumind fotopice scazute. Aceastd noud functie a descris rezultatele masurdrilor cu

cea mai bund exactitate la nivelul de 10 cd/m?.

1. Introducere

Aceststudiu a fostrezultatul experimentelor realizate
de autor asupra timpului de reactie la niveluri de
lumina fotopic scazute si mesopic ridicate. in cadrul
acestor experimente, stimulii de culoare rosie si
chihlimbarie cu contrast scazut (C=0,2), prezenti in
vedere perifericd (10° excentricitate), au fost foarte
slab perceputi de catre unii subiecti, dar foarte bine
de catre altii. Stimuli cu un contrast mai ridicat
(C=0,5 sau 3,0) au fost perceputi cu o acuratete
ridicatd de cétre toti subiectii. Masurarile timpului de
reactie s-au facut in cadrul proiectului Optimizarea
Mesopica a Eficacitatii Vizuale (MOVE), finantat de
Comisia Europeana. Obiectivul proiectului MOVE
a fost acela de definire a functiilor relevante ale
sensibilitatii spectrale pentru domeniul luminantei
mezopice si de stabilire a unor modalitati de lucru
corespunzitoare [1]. In acest proiect a fost dezvoltat
un model linear mesopic [2].

Scopul lucrarii prezentate este de a determina pragul
de contrast pentru trei valori diferite ale stimulilor de
culoare prezenti in vederea periferica si foveald, la un
nivel fotopic scdzut si mesopic ridicat (intre 0,1 si 10
cd/m?). Strafulgerari rectangulare scurte, de 500 ms,
au fost folosite ca tinte in cadrul masurarilor.

Conform Zuidema si altii [3], doi parametrii
temporali  influenteazd pragul de contrast:
durata flesului si intervalul de timp dintre doua
strafulgerdri. Intervalul dintre doud strafulgerari
ar trebui sd fie de cel putin 1 s, altfel cele doua
strafulgerdri se influenteaza unul pe celilalt si,
eventual, pot fi vizute ca si o lumina continuua daca
intervalul devine foarte scurt (aproximativ 100 ms).

Pentru strafulgerari mai scurte de 100 ms, pragul de
energie este independent de durata flesului. Pentru
intervale cuprinse intre 100 ms si 500 ms, intre
valoarea pragului de energie si logaritmul duratei
strafulgerarii exista o pantd constantd pozitiva.
Pentru valori mai mari ale duratei strafulgerarii,
pragul de energie variaza linear cu durata flesului.

Blackwell [4] a coordonat cercetari intensive
in 1946 asupra pragului de contrast, observand ca
expuneri cu timp foarte lung (peste 60 s) au fost
necesare pentru a atinge contrastele minime in
anumite conditii. De asemenea, a aratat ca subiectii
incep sa foloseascd vederea periferica in locul
celei foveale pentru detectarea stimulilor sub un
anumit nivel de luminantd. Aceastd schimbare a
fost inregistrata la aproximativ 0,0024 cd/m? La un
nivel de luminantd a fondului de peste 3,4 cd/m?
pragul de contrast a fost constant tinind seama de
luminanta de adaptare.

2. Sistemul de misurare

Sistemul de méasurare este compus dintr-o emisfera
mare (diametrul 1980 mm), vopsita in alb la interior.
Acesta suprafatd a servit ca fundal pentru stimulii
luminosi. Fundalul a fost iluminat uniform cu
lampi fluorescente echipate cu balasturi electronice
si dispozitive pentru diminuarea fluxului luminos.
Pentru a obtine nivelurile de lumina dorite, a fost
necesard montarea unor filtre de densitate neutrala.
Ajustarile finale ale nivelurilor de lumina au fost
realizate cu ajutorul balasturilor dimabile. Filtrele
au afectat distributia spectrald a lampilor. Distributia
spectrala a luminii in cazul diferitelor niveluri de
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lumina poate fi observata in Figura 1. Temperatura de
uloare corelata a fost de 4920+100 K.

Stimulii vizuali au fost realizati cu diode
emitente de lumina (LED). Au fost facute orificii
mici in suprafata emisferei. LED-urile au fost
asezate in aceste locasuri, in afara emisferei,
indreptate spre locul in care se afla subiectul.
Orificiile au fost acoperite cu materiale difuzante de
culoare alba, pentru ca LED-urile sd nu fie vazute
direct de catre subiecti. Filtre si difuzoare de lumina
au fost folosite pentru reducerea intensitatii luminii
emise de LED-uri. Fluxul luminos al acestora a fost
controlat cu ajutorul unui calculator, fiind realizat un
control individual al intensitatii luminoase si duratei
strafulgerarii pentru fiecare LED. Diametrul unui
stimul circular de 5 mm corespunde uneidimensiuni
de 0,29° la distanta de vedere de 990 mm.

2.1 Contrastele stimulilor

Contrastele stimulilor au fost maésurate 1in
imediata vecinatate a acestora. Luminanta a fost
masurata cu un luminantmetru calibrat LMT L1009.
Ecuatia 1 a fost folosita pentru calculul contrastelor,
unde C este contrastul, L, - luminanta tintei si L, -
luminanta fondului.

Luminanta stimulilor este alcatuitd din doud
parti. Prima, luminanta produsé de LED pe
difuzorul vizibil pentru subiect. Aceasta luminanta
a fost masuratd cu luminantmetrul folosind o lentila
speciald de apropiere. Luminanta a fost masurata
pentru fluxul de lumind maxim al LED-ului, in fiecare
pozitie, dupa atasarea filtrelor si difuzoarelor in fata
LED-urilor. Cea de-a doua parte consta in luminanta
produsd de lampile fluorescente. Reflectanta
difuzorului a fost de aproximativ 12% mai scazuta
decat luminanta totala a fondului. Datorita acestui
fapt, contrastul ar putea fi negativ.

2.2 Radiantele stimulilor si a fundalului

Pentru aplicarea altor functii in afard de V(A), a
fost necesara cunoasterea radiantei produse de fond
si lumina stimulilor. Distributia spectrald a luminii
produse de stimuli si de fond a fost masurata folosind
un dispozitiv spectral portabil de 1naltd acuratete
pentru masurarea lungimilor de unda vizibile si a
celor din domeniul ultravioletelor, Optronics OL
745, produs al Optronic Laboratories, Inc.

Distributia spectrald a luminii fondului a fost
masuratd la diferitele niveluri de luminad dorite.

Distributia spectralarelativd masuraté a fost transformata
in radianta folosind Ecuatia 2 [5] si luminanta fondului
masuratd. Integrala a fost calculatdi cu ajutorul
distributiei spectrale masurate, fara unitati de masura, si
apoi multiplicatd cu K _ (683 Im/W). Valoarea obtinutd a
fost apoi comparata cu luminanta mésurata L. Deoarece
valorile nu se potrivesc in general, a fost calculat un
coeficient de corectie al radiatiei, obtinut prin Impartirea
luminantei masurate L la valoarea calculaté (Ecuatia 2),
unde L este luminanta, L , - radianta integrata a sursei
(distributia spectrald a radiantei) si V(A) - functia de
eficientd luminoasa fotopica.

Radianta stimulilor a fost calculatd in mod
asemanator, exceptie facand faptul ca a fost luata
in considerare transmisia luminii prin filtrele si
difuzorii din fata LED-urilor. Transmitantele filtrelor
si difuzorilor a fost masurata cu spectroradiometrul
OL 745. Reflectanta difuzorului vizibil a fost
determinatd prin masurarea distributiei puterii
spectrale directe si reflectate, utilizdnd o lampa cu
incandescenta.

3. Subiectii

Opt voluntari, studenti si angajati (2 femei si 6 barbati)
ai Universitatii Tehnice din Helsinki au participat la
aceste teste ca si subiecti. Varsta subiectilor a variat
intre 23 si 31 de ani, cu o medie de 25,5 ani.

Cu exceptia unui singur subiect, acuratetea
vizuala, campul vizual si vederea culorilor au fost
testate de catre un medic oftalmolog si diagnosticate
ca fiind normale. Cel de-al optulea subiect a fost
supus unui examen optic cu un an in urma si raportat
ca neavand anomalii vizuale. Nici unul dintre
subiecti nu purta ochelari de vedere sau lentile de
contact 1n viata de zi cu zi.

4. Metoda

Metoda limitelor a fost folositd pentru determinarea
pragului de contrast [6]. Pragul a fost determinat ca
valoare aaultimului stimul vazut si a primului nevazut.
Strafulgerari de lumind de forma rectangulard si cu
o duratda de 500 ms au fost prezentate subiectiilor.
Pentru intervale de timp mari intre strafulgerari
(peste 1 s), pragul este independent de interval [3].
In lucrarea noastra s-a folosit un intervale de 1,5 s
care a satisfacut aceasta conditie.

47 de stimuli de lumind diferiti au fost
programati pentru dispozitivele de control ale LED-
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urilor. Aceste luminante au fost impartite in cinci
grupuri, fiecare constand in cate 13 - 15 luminante.
Luminantele au fost selectate in asa fel incét raportul
a doud consecutive sa fie de aproximativ 0,93, cu
toate ca acest raport nu a putut fi atins i pentru
valorile cele mai scazute ale luminantei. Cele cinci
grupuri s-au suprapus partial in scopul facilitarii
alegerii unei variante optime.

Intensitatea strafulgerarilor scurte a fost
masurata cu un dispozitiv de masurare LMT SF 105
Versiune B. Intensitatile au fost determinate pentru
toate LED-urile si pentru toate setirile luminantei.
Doar luminanta curentului maxim a fost masuratd
direct pentru fiecare culoare de LED la un curent
constant. Luminantele strafulgerarilor scurte a
fost calculatad folosind valorile obtinute in urma
masurarii intensitatilor cu ajutorul flesmetrului.

4.1 Procedeul de masurare

Subiectul s-a pozitionat in centrul deschiderii
emisferei, cu ambii ochi fixati in directia locatiei
stimulului foveal. Fruntea si barba au fost mentinute in
pozitia normald. Stimulii perimetrali au fost localizati
la dreapta stimulului foveal la unghiuri de 10°, 30° si
respectiv 60°. Dimensiunile mari ale emisferei au
asigurat ca excentricitatea sa fie langa loctia dorita
chiar si pentru excentricitati mari. Considerand
distanta intre pupile de 70 mm, deviatia unghiului de
vedere a fost mai micd de 0,3° la alte excentricitati

decat 60°, pentru care a fost de aproximativ 1°.
Pragul de contrast a fost determinat prin prezentarea
strafulgerarilor atat in ordinea crescatoare cat gi in cea descrescatoare
aintensitatiilor. Sarcina subiectului a fost de a numara strafulgerarile
vizibile, in ordine descrescatoare si de a apasa un buton de raspuns,
cand ordinea intensitatiilor a fost crescatoare.

Ordineaprezentariistimulilorafostdescrescatoare,
crescatoare, descrescatoare, crescatoare, obtinandu-
se la final patru valori ale pragului de contrast
pentru fiecare punct de masurare. Toate masurarile
efectuate pentru o valoare a luminantei fondului
au fost realizate intr-o sesiune. O singurd sesiune a
durat aproximativ 50 — 75 de minute, in functie de
experienta subiectiilor si de timpul necesar cautarii
luminantelor dorite. Toti subiectii au participat la trei
sesiuni, una pentru fiecare nivel de lumina.

5. Rezultate
Rezultatele au aratat ca pragul de contrast a fost

influentat de nivelul de iluminare a fondului si de
excentricitatea stimulilor (Figura 2). In timp ce pragul

de contrast pentru stimulii albastri a crescut moderat
o data cu cresterea excentricitatii, in cazul stimulilor
rosii diferentele au fost mult mai mari. Mai ales in
cazul celui mai redus nivel de luminanta (0,1 cd/m?),
pragul de contrast pentru stimulii rosii a fost mult mai
mare la 30° si in mod special la 60°. Pentru stimulii
verzi, efectul s-a situat undeva intre acela al stimulilor
albastri si a celor rosii. Cu cresterea excentricitatii,
deviatiile standard ale rezultatelor au crescut puternic
pentru stimulii rosii. In cazul stimulilor albastri,
schimbarile au fost mult mai mici.

La un nivel al luminantei de 10 cd/m?, considerat
a fi in zona fotopica [4, 7], stimulii albastri au avut
un prag de contrast mai scdzut pentru vederea
perimetrala fata de cei rosii si verzi. Luminantele au
fost calculate folosind functia V'(A), care se cunoaste ca
subevalueaza lungimile de unda scurte ale spectrului
vizibil [4]. Alte functii standard ale eficacitatii
au fost aplicate pentru a se vedea daca ar putea sa
descrie aceastd diferentd. Acestea au fost: V, (}),
V) si V'Y, V, () este functia V(A) modificata
de Judd, V() este o functie suplimentard pentru
observatorul standard la 10° si V’(A) este functia
vederii pe timp de noapte. Noi valori ale pragului de
contrast au fost calculate cu aceste functii, folosind
Ecuatia 2 si radiantele calculate. Deviatia standard a
contrastelor a fost folosita pentru a descrie diferentele
intre diferitele calcule. O deviatie standard mai mica
indicd o descriere mai buna a performantei vizuale.

In cazul vederii foveale, ambele functii V() si
V() descriu situatia cu o foarte buna acuratete
(Tabelul 2). Acest rezultat era de asteptat, deoarece
se stie ca vederea foveald corespunde functiei V(MA),
chiar si pentru nivelurile mesopice ale luminii
[8]. Nu existd bastonase in zona foveald a retinei.
Bastonasele devin active pentru niveluri reduse ale
luminii [9] si de aceea nici o deplasare Purkinje nu
intervine la vederea foveala.

In cazul vederii periferice, s-a determinat c
situatia este diferitd. Functiile V(A) si V (1) nu
mai reprezentau cel mai bine procesul chiar si
pentru niveluri ridicate ale luminantei de 10 cd/m?.
In schimb, V(&) a devenit cea mai bund functie
descriptiva la acel nivel de iluminare. Nici aceasta
nu a fost o surprizd, deoarece se stie cd V', (2) include
si 0 mare parte din vederea periferica.

Situatia a fost similara la un nivel al luminantei
de 1 cd/m?, functia V', (M) fiind cea mai buna functie
descriptiva. La cel mai redus nivel al luminantei (0,1
cd/m?), functia V’(A) a fost cea mai buna functie
descriptiva a vederii periferice, cu o singura exceptie.
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La 0,1 cd/m? si 10° excentricitate, deviatia standard
a fost de 0,072 cu cea mai buna potrivire a functiei
VM), care implicd o potrivire satisfacatoare. De
altfel, deviatiile standard la niveluri mesopice au
fost intre 0,23 si 1,14 cu cea mai buna potrivire a
functiilor, ¥, (A) la 1 cd/m® si V’(A) 1a 0,1 cd/m>.
Tabelul 3 include rezultate pentru niveluri ale
luminantei de 1 si 0,1 cd/m?.

Diferentele pragului de contrast in ordine
crescatoare sau descrescdtoare au fost mici pentru
vederea foveald, exceptie luminanta de 0,1 cd/m?, unde
au fost observate diferente relativ mari intre stimulii
rosii si cei verzi. Contrastele au fost, cu toate acestea,
foarte scazute intre —0,037 si —0,015. In cazul vederii
periferice, pragurile in ordine descrescatoare au fost,
de regula, mai mari decat cele in ordine crescatoare.
O posibila explicatie ar fi aceea ca atunci cand lumina
descreste rapid de la un nivel ridicat, cu pasi discreti,
separati, ochiul este adaptat la intensitéti mai mari si nu
recunoaste intensitatile mai scazute. O alta explicatie ar
putea fi aceea cd unele strafulgerari nu au fost numarate.
Raportul intre pragurile in ordine descrescatoare si cele
in ordine crescatoare a fost, de obicei, intre 0,9 si 1,1,
indicand diferente relativ reduse, dar cel mai mare
raport 1,69 s-a inregistrat in vederea foveald pentru
stimulii verzi la un nivel al luminantei de 0,1 cd/m?.

6. V(\) periferica

Atunci cand deviatiile standard ale pragului de
contrast au fost calculate cu functiile fotopice
standard ale eficacitdtii luminoase, (de exemplu
Von, V,»), V) la 10 cd/m? s-a observat ca
deviatia standard cea mai micd creste o datd cu
cresterea excentricitatii, implicand faptul cd aceste
functii descriu sensibilitatea spectrald a ochiului
cu o acuratete in scadere. A fost asadar necesara
o testare, pentru a vedea dacd o alta functie a
eficacitatii luminoase ar imbunatati situatia.

Pragurile de contrast pentru stimulii rosii si verzi
au ramas constante la toate excentricitatile, pe cand in
cazul stimulilor albastri, pragul de contrast a fost mai
mic. Aceasta dovedeste faptul ca regiunea albastrd a
spectrului vizual este subevaluata de cétre cele trei functii
luminoase fotopice. Pentru V(M) situatia este contrara,
astfel, zona spectrala albastra este supraevaluata.

A fost determinatd o noud functie a eficacitatii
luminoase pentru vederea periferica, bazata pe functia
V,,(A), care a avut cea mai exactd descriere in cazul

vederii periferice. Partea functiei ce corespunde
culorii albastre a fost imbunatatitd prin adaugarea
diferentelor dintre functiile V,,(2) si V(A) multiplicate
cu un coeficient (Ecuatia 3). Ca punct de tranzitie a
fost aleasd lungimea de unda de 557 nm, deoarece este
lungimea de unda a vérfului functiei V, (A). Cercetarile
lui Wald [10], sustin aceastd alegere, el gasind ca
sensibilitatea spectrald pentru A<550 nm este mai
dezvoltata in cazul vederii periferice (Ecuatia 3).

Calculele au fost efectuate cu noua functie,
conducand la rezultatele prezentate in Tabelul 2.
Se observa ca noua functie, definitd ca V(A) sau
VW(X) perifericd, a fost cel mai bun descriptor al
vederii periferice, comparativ cu celelalte functii.
Optimizarea coeficientului & a fost fiacutd cu
ajutorul subrutinei “Goal seek” (cdutarea tintei),
inclusda 1n programul Microsoft® Excel 2000.
Cand coeficientul £ a fost optimizat pentru toate
excentricitatiile in mod simultan, deviatiile standard
au fost mai reduse pentru toate excentricitatile,
comparativ cu rezultatele optinute prin utilizarea
celorlalte functii de eficacitate luminoasa.

7. Pragurile de contrast mesopice

Rezultatele pentru 1 si 0,1 cd/m? aratad ca pragurile
de contrast cresc cu scdderea nivelului luminantei
si cresterea excentricitatii. Modificarile depind
puternic de culoarea stimulilor. Aceasta se datoreaza
intensificdrii activitatii bastonagelor, a caror
sensibilitate spectrala urmareste functia scotopica
V’(\), cu varful la 507 nm [7]. O data cu scadereca
nivelelor de lumina, conurile devin mai putin active
pentru lungimi de unda scurte.

Rezultatele mesopice au fost modelate folosind
functiile eficacitatii luminoase mentionate anterior si, in
completare, sistemul practic pentru fotometria mesopica
dezvoltatin proiectul MOVE. Detaliile procesului de calcul
al modelului mesopic se pot gasi pe site-ul CIE TC1-58
[2]. Acest sistem mesopic (denumit ¥, (3)), este o functie
de tranzitie liniara intre functiile V() si V() in regiunea
mesopicd. Modelul a fost optimizat pentru performantele
vizuale in cazul conducerii pe timp de noapte si este
bazat pe un intreg set de experimente. Functia V| (3) a
fost dezvoltata folosind diferitele performante ale sarcinii
vizuale, cum ar fi timpul de reactie, pragul de contrast,
pragul detectiei acromatice [1].

Sistemul practic mesopic ia 1n considerare
raportul S/P al stimulilor si fondului. Acest raport
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se poate obtine prin masurarea luminantelor
fotopice si scotopice. In cazul de fata, calculele
s-au facut folosind datele radiantei, ponderate prin
utilizarea ambelor functii V’(A) si V(A). Abscisele
x ale sistemului practic mesopic au fost calculate
pentru niveluri mesopice ale luminantei, folosind
module MATLAB, incluse in referinta 2. Valorile lui
x au fost folosite pentru calculul noii functii V()
pentru fiecare nivel al luminantei in mod individual.
Noile contraste au fost calculate folosind functia
V.. si datele radiantei.

Rezultatele prezentate in Tabelul 3 aratd ca
pentru vederea foveald, atat V(A) cat si V, (}) sunt
cele mai bune functii descriptive pentru niveluri
mesopice ale luminantei. V() este ceva mai buna
pe baza acestor rezultate. in vederea periferica, nou
elaborata V ()) reprezintd cel mai bun descriptor
pentru toate excentricitatile, la ambele niveluri
mesopice ale luminantei.

Tabelul 2 arata ca VM()») are o acuratete mai
mare la 10 cd/m* decat V, (A). Sistemul practic
pentru fotometrie mesopica a fost optimizat pentru
excentricitate de 10°, care poate fi consideratd
ca cea mai scizutd deviatie standard pentru acea
excentricitate. Rezultatele acestui studiu aratd
ca este cea mai bund functie descriptiva a vederii
periferice pentru niveluri de lumind mesopice.

8. Discutii si analizarea erorilor

Stimulii au fost realizati cu LED-uri cu latimi
de bandad intre 18 si 36 nm. LED-urile au fost
folosite ca stimuli vizuali, deoarece au devenit o
sursa de lumina importantd in diferite aplicatii de
semnalizare, cum sunt turnurile de semnalizare si
luminile semafoarelor.

Luminanta fondului emisferei nu a fost perfect
uniforma. La valori de 10 si 1 cd/m? ale luminantei
fondului, luminanta din imediata vecinatate a stimulilor
a fost cu aproximativ 4-5% mai scazuta la excentricitate
de 60°, decat pentru alte excentricitati. Luminanta
stimulilor a fost si ea mai redusd, in mod corespunzitor.
La 0,1 cd/m? luminanta a fost cu aproximativ 8-9%
mai micd la 60° in comparatie cu alte excentricitati.
Luminantele fondului au fost in domeniul de 1%.

Stimulii au avut pasi discreti in luminantele lor,
in principal datoritd folosirii flesurilor de 500 ms.
Folosirea valorii intensitatii ultimului vazut $i primului
nevazut este deasemenea subiect de erori. Cu toate
acestea, diferentele rezultatelor intre culori sunt atét

de mari incét aceste inexactitéti nu pot fi responsabile
decat pentru o mica parte a acestor diferente.

Luminantmetrul LMT L1009 folosit in masurari
a fost calibrat de producitor. in conformitate cu
certificatul acestuia, erorile in citire au fost mai
mici de —0,9%, acestea fiind corectate in timpul
calibrarii. Erorile in maésurarea luminantelor si
calculele radiantei se estimeazd a fi sub 4% pentru
stimulii albastrii si mai mici pentru celelalte
masurari. Principala sursa de erori este corectia
V(») imperfectd a luminantmetrului care a fost
de aproximativ -2% in cazul stimulilor albastri si
folosirea lentilei de apropiere. Valorile absolute ale
masurarilor spectrale nu au fost folosite, tinandu-
se cont doar de distributia spectrald relativa.
Neliniaritatea raspunsului Optronics OL 754 a fost
estimatd ca fiind mai micad de = 1% pentru intregul
domeniu de masura.

9. Concluzii

Rezultatele arata ca functiile eficacitatii luminoase
standard folosite In mod curent nu descriu
performanta vizuala destul de exact in cazul vederii
periferice, la niveluri de lumind fotopice scézute.
Este cunoscut faptul ca functia V(A) subevalueaza
partea albastrd a spectrului vizibil. Functia V, (A)
descrie mai bine vederea periferica, dar lungimile
de unda scurte sunt si n acest caz subevaluate.

Noua functie a eficacitatii luminoase pentru
vederea periferica szr(l), descrie performanta
vizuald cu cea mai bund acuratete la 10 cd/m?
potrivit acestor experimente.

Performanta vizuala pentru niveluri de lumina
mesopice este adesea descrisa ca o functie combinata
intre V(A) sau V, ) si V(). Potrivit acestor
masurdri, aceastd apreciere ar putea fi un punct de
plecare inexact. In locul lor, 0 noua functie a eficientei
luminoase ar trebui stabilita In cazul vederii periferice,
in scopul obtinerii unor rezultate cat mai exacte.

Pentru niveluri de lumind mesopice, functiile
VM) si V() au fost cei mai buni descriptori
pentru pragurile de contrast ale vederii foveale.
Aceastd afirmatie a fost adevarata pentru ambele
niveluri de luminante de 1 si 0,1 cd/m in cazul
vederii periferice, functiile V,,(A) si V’(A) descriu
cel mai bine pragurile de contrast in conformitate
cu functiile eficientei luminoase standard CIE. Un
rezultat mai bun a fost gasit, cu toate acestea, prin
aplicarea noului model practic pentru fotometria
mesopicd dezvoltat in cadrul proiectului MOVE.
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The Ph D Thesis is a “cotutelle” thesis framed by
two readers.

The thesis consists of a principal body of 244 pages
organized in 7 chapters of which first is represented
by the “Introduction” and the last by “Conclusions
and Prospects”. Five appendices covering 85 pages
supplement the principal body usefully. The work
suggested by the author proposes a whole of studies
relating to the performances of techniques of lighting
using light pipes. They are pipes made up of reflective,
opaque or translucent materials, intended to lead the
light (natural or electric light) and to distribute it
either starting from the end, or along the light pipe.

The study starts with a first chapter of description
of the light pipes, the second proposes a photometric

characterization of the diffusing prismatic light pipes,
starting from a bibliography, the third proposes two
calculation models (analytical or matric) making
possible to determine the efficiency of a prismatic
light pipe. Finally the two final chapters propose
optical simulations of diffusing light pipes using a
optics software (Apilux), then of a lighting software
(Visual Ergonomics).

In chapter I1, we describe the optical phenomena
occurring in a light pipe by proposing the role
of the specular factor of reflexion of the walls
and phenomena of total internal reflexion, then
we describes the prismatic light pipes, and the
techniques allowing the guidance of the light (total
internal reflexion) and the extraction along th light
pipe by the presence of a extraction system. We
propose finally a review of the systems available
on the market and the concepts proposed. Work is
exhaustive and detailed.

The following chapter (III) proposes an
experimental study of the prismatic light pipes. It
is a question of determining the flows provided to
space surrounding all along light pipes diffusing,
according to the type of source of light used, the
technology of the light pipe and the type of extractor
of light employed. The metrological techniques
suggested have recourse to apparatuses such as
the lux-meters and brightness-meters portable. The
found levels of prove to be modest in absolute value
(approximately 30%) in comparison with optics
standards used with the techniques of fluorescent
traditional lighting. It is obviously the price to be
paid for this technique of offset of the contributions
of luminous flow since the sources.

The following chapter (IV) proposes a certain
number of models intended to simulate the optical
behavior of a prismatic light pipe, lit either by
two projectors HQI, or by a projector with LEDs.
Thus we takes into account the indicatrix of the
intensities of the source of light to know incidental
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illuminations, before reflexion, on the whole of
the walls of the light pipe and the portion of this
luminous energy which strikes the element located
in end of light pipe. We defines then a parameter
which is the average number of reflexions (specular)
of the luminous rays on the internal walls. This
number of reflexions, in a light pipe or a portion
of light pipe determines the level of reduction of
luminous flow. The model thus integrate well the
role of the number of reflexions on the walls of the
light pipe. The model presupposes that the efficiency
of the different compwents (definite as the ratios of
the luminous flows transmitted on received flows)
is independents the ones of the others and can be
combined in series.

The study proposes then an original matric
model, intended to take into account luminous
flows being propagated in the two directions inside
the light pipe. We notes also, that the behavior of
the reflectors in end of light pipe considerably will
affect the distribution of outgoing flows.

The following chapter (V) proposes an approach
based on the use of a software of optics of trade
(APILUX). We proposes to simulate the extraction
of light of the light pipes by a succession of semi-
transparent mirrors (with variable transmission),
diffusing the reflected light in the room, using their
concavity. We model thus each section of light pipe
by a series of 20 mirrors. The analytical results
appear in agreement with the results obtained with
the preceding model and the experimental results
found in chapter I11.

The chapter which follows (VI) relates to
simulation, using a second software (Visual
Ergonomics) of the lighting of we part using a
light pipe. In the study we lead the first simplified
calculation based on the method of the zonal cavity
to integrate the multiple reflexions in the room.

This method, rather traditional, makes it possible
to evaluate illuminations on the various plans of the
part considered. The software Visual Ergonomics
requires indicatrixes of light intensity distributed on
the surface of the light pipe. The luminous effects
on the ground of the room are overall similar, but we
observes some local differences on the level of the
effects obtained at the time of simulation with the
Apilux software, compared to reality.

The chapter of conclusion recalls the whole of the
results obtained during the thesis. It is noted that the
values of the total efficiency of the light pipe used as
reference vary from 0.305 to 0.383 according to the
method, what appears very reasonable being given
the number of uncertainties and approximations
used in the methods, in particular on the level of the
integration of the light intensities to obtain flows.

Ass. Eng. Oana DOBRE,
Université de Savoie, Laboratoire
Optimisation de la Conception et
Ingénierie de I’Environnement
73376 le Bourget du Lac Cedex,
France

| Tel.: (33) 609 84 31 16

| e-Mail: oana.dobre@univ-savoie.fr

Received 28 December 2004

CONTRIBUTII LA CALCULUL SI CONCEPTIA SISTEMELOR DE
ILUMINAT INTERIOR PRIN TUBURI DE LUMINA

Teza este constituitd dintr-un corp principal de 244
pagini organizat in 7 capitole dintre care primul
este reprezentat de «Introducere» si ultimul de
«Concluzii si Perspective» si cinci anexe pe 85
pagini. Autoarea propune un ansamblu de studii
despre performantele tehnicilor de iluminat utilizand
tuburi de lumina. Este vorba de tuburi constituite
din materiale reflectorizante, opace sau translucide,
destinate sa conduca lumina (naturala sau electrica)
si sd o distribuie, fie incepand de la o extremitate, fie
de-a lungul tubului.
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Studiul incepe printr-un capitol descriptiv despre
tuburile de lumind, al doilea capitol propune o
caracterizare fotometricd a tuburilor prismatice
difuzante pe baza literaturii de specialitate, al
treilea propune doua modele de calcul (analitic sau
matricial) permitdnd determinarea eficacititii unui
tub de lumind prismatic. Ultimele doud capitole
propun simuldri optice de tuburi difuzante cu
ajutorul unui program de calcul de optica (Apilux)
si a unui program de calcul de iluminat (Visual
Ergonomics).
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In capitolul IT sunt descrise fenomenele optice
care au loc Intr-un tub de lumina punand accentul pe
rolul coeficientului de reflexie speculara pe peretii
interiori ai tubului si pe fenomenele de reflexie
internd totald, apoi se descriu tuburile prismatice
si tehnicile permitdnd ghidajul luminii (reflexie
internd totald) si extractia ei de-a lungul acestor
tuburi prin prezenta unui sistem specific. Se face
o trecere 1n revistd a sistemelor disponibile pe
piata si a conceptelor propuse. Munca depusa este
exhaustiva si detaliata.

Capitolul urmator (III) propune un studiu
experimental al tuburilor prismatice. Este vorba de
determinarea fluxurilor emise 1n spatiul inconjurator
de-a lungul tuburilor difuzante, in functie de tipul
surselor luminoase utilizate, tehnologiei tubului
si tipului de extractor de lumina utilizat. Tehnicile
metrologice propuse recurg la aparate portabile
(luxmetru siluminantmetru). Nivelurile de eficacitate
gasite se dovedesc modeste in valoare absolutd (in
jur de 30%) datorita opticilor standard utilizate cu
tehnicile de iluminat traditional fluorescent. Este
pretul platit pentru aceste tehnici de deplasare a
aporturilor de flux luminos emis de surse.

Capitolul urmator (IV) propune un anumit numar
de modele destinate simularii comportamentului
optic al unui tub de lumind prismatic, alimentat fie
prin doua proiectoare HQI, fie printr-un proiector
cu LED-uri. Astfel se iau in considerare curbele de
distributie a intensitatii surselor de lumind pentru a
cunoaste iluminarile incidente, inainte de reflexie, pe
ansamblul peretilor interiori ai tubului si fractiunea
de energie luminoasa care intalneste elementul situat
in capatul tubului. Se defineste un parametru care este
numarul mediu de reflexii (speculare) ale razelor de
lumina pe peretii interiori. Acest numar de reflexii,
intr-un tub sau intr-un tronson de tub determina
nivelul de reducere a fluxului luminos. Modelul
integreaza bine rolul numarului de reflexii pe peretii
tubului. Modelul presupune ca eficacitatile diverselor
componente (definite prin raportul dintre fluxul

luminos transmis si fluxul primit) sunt independente
unele faté de altele si pot fi combinate in serie.

Studiul propune apoiun model matricial original,
destinat sa ia in considerare fluxurile luminoase
care se propaga in cele doud sensuri la interiorul
tubului. Aici, de asemenea, notdm comportamentul
reflectorului din capatul tubului care va afecta
considerabil repartitia fluxurilor emise.

Capitolul urmator (V) propune o metoda bazata
pe utilizarea unui program de calcul de optica
(APILUX) - o simulare a extractiei luminii din
tuburile de lumind printr-o succesiune de oglinzi
semi-transparente (cu transmisie variabild) care
difuzeaza lumina reflectatd in incépere, datoritd
concavitdtii lor. Se modeleaza fiecare tronson de tub
de lumina printr-o serie de 20 de oglinzi. Rezultatele
analitice apar in concordanta cu rezultatele obtinute
cu modelul precedent si cu cele experimentale
gasite 1n capitolul III.

Capitolul VI trateaza simularea cu ajutorul unui
program de calcul a iluminatului unei incéperi
(Visual Ergonomics) generat de un tub de lumina.
In acest studiu se realizeazi un calcul de inceput
simplificat, bazat pe metoda cavitatii zonale pentru
a integra reflexiile multiple din incéapere.

Aceastd metoda clasicd permite evaluarea
iluminarilor pe diferitele planuri ale incaperii
considerate. Programul de calcul necesitd curbele
de intensitate luminoasd repartizate pe suprafata
tubului. Efectele luminoase pe podeaua incéperii
sunt asemdinitoare in totalitate, dar se observa
cateva diferente locale, la nivelul efectelor obtinute
in timpul simulérii cu programul de calcul Apilux.

Capitolul de Concluzii trateazd ansamblul
rezultatelor obtinute in teza. Se poate nota cé valorile
eficacitatii globale a tubului de lumina de referinta
variaza de la 0,305 la 0,383 in functie de metoda,
ceea ce pare foarte potrivit tindnd cont de numarul de
incertitudini si de aproximari utilizate, in particular
la nivelul integrarii intensitatilor luminoase pentru
obtinerea fluxurilor.
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CALCULUS AND CONCEPTION OF ARCHITECTURAL
INTEGRATED LIGHTING SYSTEMS

Mihai HUSCH
Decolight S.R.L.

The purpose of the thesis is to realize a study
concerning technical and qualitative aspects of light
and electrical lighting use in interdependence with
the architectural space. Given the highly actual
interest for the architectural lighting, this paper
aims at updating the currently available information
with useful methods and techniques, some of them
being a first for our country, placed together with
those already known and applied, synthesizing them
in an original manner, through an effort towards a
systemic approach of this interdisciplinary field. Due
to the overall complexity of the subject, this paper
limited itself to a first general synthetic approach of
architectural lighting, previously a missing subject to
the lighting specialists, and that opens the perspective
of future research, able to take into consideration
multiple elements from border areas between most
diverse fields, with accent on highlighting the
elements through which lighting can provide extra
functionality and esthetics for architectural spaces, a
more comfortable and agreeable environment.

Chapter 1 makes a short theoretical and practical
overview of the current status of the studied field
and introduces an original proposal for analysis of
architectural lighting by similarity to the principles of
architectural analysis, based on general quantitative
and qualitative aspects, but, as well, on specific
esthetic aspects.

Chapter 2 deals with the quality of lighting
systems, determining aspect in the connection
lighting— architecture, with aspects concerning
luminance distribution, light color and modeling
architecture elements through the use of light.

Chapter 3 presents the known computational
methods (global and point) for lighting systems
and the schemes for logical treatment of automated
computation.

Chapter 4 describes a series of particular
structures used in the interior architectural lighting:
walls and lighted ceilings and integrated systems
natural — artificial lighting, each of them with usage
examples for different rooms studied by the author.

Chapter 5 presents solutions for architecture
integrated interior lighting interior, with specific
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aspects for every type of space: museums,
churches, conference rooms, commercial spaces,
restaurants, high spaces (atriums, halls), transition
areas (receptions, waiting rooms, halls, corridors).
The material, highly illustrated with examples of
architectural solutions, presents particular lighting
aspects for a series of spaces and destinations,
considered the most representative for the
applicability field of architectural lighting.

Decorative-architectural lighting of building
facades is the subject of chapter 6, where the
fundamental aspects of the conception of these
lighting systems are described: the relationship
light-building, light sources and used light devices,
the physical arrangement of light devices based on
the building characteristics, computation methods.

The modeling of light systems is described in
the chapter 7, together with developing methods:
physical modeling or computer graphic simulation.

Chapter 8 presents modern solutions of indirect
systems for interior/exterior lighting with projectors
and reflector surfaces. The description of these
systems, with their advantages and disadvantages,
with examples of applications, form a preamble
to chapter 9, where the author presents an original
computation method for indirect lighting systems with
projectors and secondary surfaces formed by reflector
panels. The description of the method is done starting
from the theoretical aspects and contains the light
source modeling, computation of direct illumination
of the reflector panel, computation of form factors
and computation of the reflected component.

In order to get a pointwise solution, the chosen
mathematical model assumes a combination between
finite element discretization, the radiosity method and
iterative numerical methods for solving systems of
equations. The surfaces are divided in finite elements
(elementary surfaces), that absorb and reflect the light,
thus becoming elementary light sources. Because the
physical process is iterative, the iterative numerical
methods have not only a mathematical support, but a
physical support as well.
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The main steps in the numerical approach have been:

e domain discretization;

e computation of the form factors;

e form and solve the produced system of

equations;

e graphic visualization of results (as a table

of values, as graphic output of illuminance

and luminance values, rendered images of the
environment).

For the automated calculus of light systems with
projectors and reflector surfaces, the author has
developed an original computer program entitled
Enlight that allows obtaining the point lighting values
on the representative surfaces of a closed space. Due
to the complexity of the considered geometrical and
luminotechnical parameters, a manual computation
is not possible. In order to validate the produced
results, an experiment has been set in a closed space
of the Lighting Systems Applications Center of the
Faculty of Installations — U.T.C.B. The purpose of the
experiment has been to get the point lighting values of
a floor of a parallelepiped room, the lighting system
being formed by a projector with the lighting flow
having concentrated distribution in the direction of a
rectangular reflector panel, this one diffusely reflecting
the light towards the working plane. The comparison
between the experimental data and the computed data
leaded tot he conclusion of a high accuracy degree of
the computation method. This comparison has proved
the correctness of the proposed theoretical model.
Moreover, we have compared the illumination values
produced, for a room having the same geometrical
and lighting characteristics, by the computer program
Dialux 3, recognized as a standard in the lighting
field. The comparison has validated once more the
results of our own program.

Figura 1 A view of the experimental room and lighting system

We underline the following contributions of the
author of this PhD thesis:

- a synthesis of the existing information for the very
actual field of architectural lighting, with specific
problems, the current status and practical applications,
the first development in this direction being the
extended bibliographic study for this topic;

- proposal of a scheme of approaching the study of
lighting systems in relation to the model of architectural
analysis;

- a synthetic presentation of considerations concerning
new solutions for interior/exterior lighting with
projectors and reflector surfaces;

- development of an original computational method for
indirect lighting systems with projectors and secondary
sources made by reflector panels;

- the lighting calculus, with the modeling of the
projector-reflector panel set and the development of
the computational relationships for indirect lighting on
the panel based on the specific geometrical parameters
(projector-panel distance, inclination angle of the
source axis with the vertical line, inclination angle of
the reflector surface with the horizontal line) as well
as lighting parameters (distribution curve of luminous
intensity);

- development of our one computer program for lighting
systems, entitled Enlight, written in C++, and using
object oriented programming techniques (OOP) and
dynamic memory allocation;

- development of the 1:1 scale model of an indirect
lighting system using a projector and a reflector panel
and the collecting of experimental data that validate
our computer program based on the suggested original
method,

- ananalysis of the influence of a geometric parameters of
an indirect lighting system with projector and reflector
panel, with the obtaining of graphical distributions and
nomograms, useful in the engineering practice.

Mihai HUSCH
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Bucharest, Sos. Mihai Bravu Nr. 444, Bl. V10, ap. 47
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CALCULUL SI CONCEPTIA SISTEMELOR DE ILUMINAT
INTEGRATE CU ARHITECTURA

Teza de doctorat a dezvoltat un studiu privind
aspectele tehnice si de calitate ale folosirii luminii
si iluminatului electric 1n interdependenta cu spatiul
arhitectural. Dat fiind interesul de mare actualitate
fatd de iluminatul arhitectural, lucrarea vine in
completarea informatiilor existente la ora actuala
cu metode si tehnici utile, unele in premiera in tara
noastra, pe care le alatura celor cunoscute si aplicate
deja, sintetizandu-le intr-o manierd originala,
printr-o abordare sistemicd a acestui domeniu
interdisciplinar....

In capitolul 9 este prezentati o metoda de
calcul originald a sistemelor de iluminat indirect
cu proiectoare si suprafete secundare constituite
din panouri reflectante. Descrierea metodei se
face pornind de la aspectele teoretice si cuprinde
modelarea sursei de lumina, calculul iluminarii
directe pe panoul reflectant, calculul factorilor
de forma si calculul componentei reflectate.
Pentru calculul automat al sistemelor de iluminat
cu proiectoare si suprafete reflectante, autorul a
realizat un program original de calcul automat
intitulat Enlight, care permite obtinerea valorilor
iluminarilor punctuale pe suprafetele reprezentative
ale unei incinte. Dat fiind complexitatea parametrilor
geometrici §i luminotehnici luati in consideratie, un
calcul manual nu ar fi fost posibil. Pentru validarea
rezultatelor programului propriu, a fost pus la punct
un experiment realizat intr-o incinta a Centrului de
Aplicatii pentru Sisteme de [luminat al Facultatii de
Instalatii — U.T.C.B....

Se remarca urmatoarele contributii care apartin
autorului tezei de doctorat:
- realizarea unei sinteze a informatiilor existente
pentrudomeniul de mare actualitate al iluminatului
arhitectural, cu problemele specifice, stadiul

actual si aplicatiile practice, prima realizare in
aceasta directie constituind-o studiul bibliografic
extins asupra temei;

propunerea unei scheme de abordare a studiului
sistemelor de iluminat in conexiune cu modelul
analizei arhitecturale;

efectuarea  unei  prezentari  sintetice a
considerentelor privind solutiile noi pentru
iluminatul interior/exterior cu proiectoare si
suprafete reflectante;

punerea la punct a unei metode de calcul
originale pentru sistemele de iluminat indirect
cu proiectoare si surse secundare constituite din
panouri reflectante;

calculul luminotehnic, cu modelarea ansamblului
proiector-panou reflectant si obtinerea relatiilor
de calcul pentru iluminarea directa pe panou
in functie de parametrii geometrici (distanta
proiector-panou, unghiul de inclinare a axului
sursei fatd de verticald, unghiul de inclinare
a suprafetei reflectante fata de orizontald) si
luminotehnici (curba de distributie a intensitatii
luminoase) specifici;

conceptia unui program propriu de calcul automat
al sistemelor de iluminat, intitulat Enlight, realizat
in C++, ce foloseste tehnici orientate obiect (OOP)
si alocarea dinamica a memoriei;

realizarea modelului la scara 1:1 a unui sistem de
iluminat indirect folosind un proiector si un panou
reflectant si obtinerea unor date experimentale
care valideaza programul de calcul automat bazat
pe metoda originala propusa;

realizarea unei analize a influentei parametrilor
geometrici ai unui sistem de iluminat indirect cu
proiector si panou reflectant, cu obtinerea unor
distributii grafice si a unor nomograme, care se
pot dovedi utile in practica inginereasca.
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The 3rd international conference ILUMINAT &
BALKANLIGHT 2005, Cluj-Napoca, Romania will provide
a unique regional forum to discuss and debate the latest
developments in energy and environmental impact of lighting
systems, the policies and programmes adopted and planned,
the strategies to be implemented to further progress, as well as
the technical and commercial advances in the dissemination
and penetration of energy efficiency in lighting.

The target audience represents the community of
lighting professionals from Romania, Balkan countries,
European Member and Associated states and outside
from EU area, including lighting and building science
researchers, engineers, system designers and project
managers, academia and experts, architects and urban
planners,localcommunity and governmentrepresentatives,
policy makers, national and international organizations
and agencies, manufacturers and retailers organizations,
students. The participation of young researchers will
contribute to the success of the conference and to the
improvement of their knowledge.

The two-day conference will include plenary sessions
where key representatives and high specialists will
present their views, programmes and research to advance
energy efficiency in lighting. Parallel sessions on specific
themes and topics will allow in-depth discussions among
participants. Round tables organized by the official
sponsors will present the latest economic and technology
achievements of national manufacturers and retailers in
electric and lighting fields. The conference will allow the
best knowledge of new policies and strategies to increase
energy and economic efficiency, to mitigate climate
change and to foster sustainable development, to build
international partnerships among lighting professionals,
to emphasize the regional Balkan cooperation.

The ILUMINAT 2001 and 2003 conferences have
established themselves as influential national and
recognized international events in the light and lighting
field, with a large audience.
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LIGHTING ENGINEERING CENTER - LEC
CENTRUL DE INGINERIA ILUMINATULUI - UTC-N

Florin POP
Universitatea Tehnicad din Cluj-Napoca (Technical University)

Lighting Engineering Center - LEC — was
created following the Tempus-Phare programme
CME-03551-97 [15 December 1998 — 14 March
2000] — see the web site

http://bavaria.utcluj.ro/~lec.

The LEC activity was presented in the previous
issues of the journal (1 — 13), beginning with 25 April
2000 when its establishment was approved by the
University Senate Council until September 2004,
the editing date of the issue no. 13 (Summer) 2004

3 November 2004 GEWISS — Global sistems of
electrical installations for residential, commercial
and industrial sectors, Seminar organised in
cooperation with S.C. PRAGMATIC Comprest
S.R.L. and S.C. MEDIROM S.R.L. — Romanian
Agency for GEWISS products. There were presented
the activity of PRAGMATIC — Mr. Vasile RUSU,
manager, Lighting Engineering Center — Dr. Florin
POP, Professor, GEWISS - general presentation
— Mr. Cristi BALAN, manager, Electric systems
EURODOMO, EURODIN and EUROBLOC,
EUROBOX and EUROPASS, EUROLITE and
Software package for electric installations design.

18-20 October 2004 The IVth International
Symposium on Energy Efficiency, Electrica S.A.
Transilvania Nord, Cluj-Napoca. LEC members
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contributed with two papers: The rehabilitation
of pedestrian lighting in residential areas of Cluj-
Napoca, authors Dr. Dorin BEU and Dr. Florin POP
- Universitatea Tehnicd din Cluj-Napoca, Lighting
Engineering Center, eng. Nicolae CTUGUDEANU and
eng. Speranta NEDELCU—- ELECTRICA local branch
FDFEE Transilvania Nord; Architectural lighting,
daylighting and artificial lighting, some thoughts
concerning trends and costs, author Dr. Florin POP.
Round Table Energy Efficiency in Lighting
chairman Dr. Florin POP:
* Building interior lighting with daylight —
requirements, efficiency, costs, Dr. Florin POP,
Universitatea Tehnica din Cluj-Napoca
Comparative study of the energetics and
economics criteria in the anlaysis of the technical
accepted systems in exterior lighting, Corina
MARTINEAC, Virgil MAIER, Sorin G. PAVEL,
Universitatea Tehnica din Cluj-Napoca
Regarding the new lighting norm NP 061-02 apply
in interior lighting of the office buildings, Dr. Dorin
BEU, Universitatea Tehnicé din Cluj-Napoca
Evaluation of the light sources efficiency for the
streets lighting, Marilena MAIEREAN, Energobit
Schreder Lighting, Cluj-Napoca
Fuzzy, fuzzy-neural and neural control of interior
lighting depending on daylight contribution.
Comparative study, Horatiu Stefan GRIF, Adrian
GLIGOR, Universitatea “Petru Maior” Targu
Mures
Energy-efficiency approach of the lighting electric
installations projects and their implementation -
Presentation of some electric and lighting designers,
constructors and dealers on the local area.

Dr. Florin POP and Dr. Dorin BEU contributed
to The Bucharest 2004, International Lighting
Symposium, Quality Solutions for an Efficient
Lighting, Bucharest, 30 September — 2 October
2004, The 5th National Lighting Congress,
Istanbul, 7-8 October 2004.
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Professors Dr. Florin POP and Dr. Marc

FONTOYNONT were nominated to Report to the
Ph.D. thesis of Mrs. Oana DOBRE, Contribution
au calcul et a la conception des systéms d’éclairage
intérieur par tubes de lumiére, 17 December 2004,
Université de Savoie, France. The thesis was
elaborated under the coordination of Professors
Cornel BIANCHI and Gilbert ACHARD.

INGINERIA ILUMINATULUI - Lighting
Engineering journal, with a half-yearly appearance,
is edited by the consortium of the Technical
University and MEDIAMIRA Printing House. Its
scientific presentation and content is targeted to the
continuing education in the lighting field, without
any insertion of the commercial advertisings inside
of its pages.

LEC members are involved in working-out of
different lighting systems optimization studies
and lighting design projects for local owners.
Two interesting projects were designed to the
rehabilitation of pedestrian lighting in residential
areas of Cluj-Napoca and De;j.

On the university cooperation field, there is a
continuity under the frame of the UE institutional
university programmes with the Helsinki University
of Technology (Professor Liisa HALONEN,
Lighting Laboratory), Universitat Politecnica de
Catalunia (Professor Ramon SAN MARTIN, Estudios
Luminotecnicos), and University of Liverpool (Dr.
David CARTER, Reader, Lighting Research Unit).

The Lighting Engineering Center LEC is developing
its activity on the Lighting and Electrical Installations
Laboratory of the Building Services Department of the
Technical University of Cluj-Napoca. The rehabilitation
and technical modernization of its space was partially
financed by the Tempus-Phare programme, the
university resources, the funds received on the research
grants, and postgraduate courses and sponsorships of
lighting/electric installations companies and former
students:

PHILIPS Romania/FLASH Transilvania
OSRAM Romania
TOTAL Quality/ACI Constructions and Installations
LEGRAND Romania/Electro Daniella
PRAGMATIC Comprest
ABB Romania
ELBA
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LIGHTING IN THE NEW WORLD

Cristian SUVAGAU
BC Hydro, Vancouver

Lighting and health

In today’s world, economical engines of modern societies are
functioning continuously, without any stop. Globalisation is
twisting time zones, internet and satellite communications
have virtually eliminated distances, pushing economies
around the world to a stage of “perpetum mobile”. And many
workers have to adopt the same functional patterns. However,
these employees can not perform like machines, constant
over the 24-hour day; rather their productivity, alertness, and
mental performance diminishes on the night shift.

For thousands of years, humans have awakened with
the sun and slept at night. It has only been during the past
century that we have broken with what nature dictates. And
artificial light is the key factor. Indubitably, one of the most
pushing forward inventions for humanity, electrical lighting
is showing its limits when human activity patterns are
becoming too “artificial”:

*  Inwestern societies, people spend up to 90% of time indoors

*  We are destined to be a 24-hour society even though human
physiology intends us to be awake during the day and asleep
during the night. In North America, up to 25 million people
work irregular shifts, with the majority forced to work through
the night shift.

+  Lighting design in buildings addresses mostly the horizontal
illumination levels and not the qualitative factors that define
the well being of the occupants: visual comfort, aesthetics,
productivity and communication, energy efficiency,
architecture integration.

The old emphasis on lighting for visibility alone has
given way to a more comprehensive model of lighting
quality, in which lighting must meet many human needs
while being integrated with the architecture, the environment
and the economic conditions. Lighting for good health is part
of this definition.

The Circadian Cycle

And we thought we knew (almost) everything about how
light interacts with the eyes and the brain. That is still true
for the visual process: light reaches the retina, and rods and
cones transmit the information via the neural connections to
the visual cortex.

However, recent research showed new findings about the
second light related process: non-visual, or photobiological.

Thus, light signals received at photosensors in the retina are
transmitted to other areas in the brain (like the hypothalamus)
and leading to a cascade of hormonal changes in the pituitary,
pineal, adrenal and thyroid glands. The resulting series of
neuroendocrine changes are responsible for regulating the
human body’s daily biological rhythms - also known as
circadian rhythms - including the sleep-wake cycle, alertness,
and hormone production.

The circadian thythm is probably the area of most of the
ongoing research on non-visual lighting impact. The oscillation
of hormones the circadian rhythm induces has a profound
effect on most physiological functions in the body including
the immune system. When this process is disrupted through
environmental light changes, it may lead to some of the more
damaging emotional and physiological effects associated with
seasonal depression (SAD), jet lag, and shift work.

Researchers have found some of the light factors that
determine the adjustment of the circadian cycle in humans:

o light intensity and duration; research found that higher
intensity levels in work environments during dark hours could
be beneficial. However, more study is required to establish
adequate levels of light intensity and duration.

. timing, because of circadian fluctuation of immune
responses, it is possible to adjust the time of day a particular
disease is treated to optimise the immune response. This is
known as chronotherapy. For instance, researchers have
found that treating cancer in the evening, when the cancer-
fighting immune cells are activated, is much more effective
than administering the treatment at random times of day.
Chronotherapy is now being considered as an adjunct
to treatment of disorders other than cancer, for instance
autoimmune disorders, heart disease and diabetes, which
have circadian components.

*  wavelength; recent research (see next) finds that the blue light
is more effective in suppressing melatonin.

*  pattern and contrast

o light history; previous light exposure may influence light
sensitivity of the human circadian system. A lower light
sensitivity may facilitate a phase delay, which has been
associated with increased daytime sleepiness and sleep
difficulties.

New Retinal Photoreceptors

Let’s start analysing the connectivity between circadian
thythms and light, by starting with the retina. Very recent
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research introduced another set of retinal photoreceptors
beside the well-known rods and cones: the intrinsically
photosensitive retinal ganglion cells (abbreviated ipRGC).
These ganglion cells are the ones that carry the light stimulus
to the photobiological neural pathway, to control the circadian
thythm (as well as other metabolism responses). More
evidence about this role of ipRGC has been supplemented
by findings that special strains of rodents genetically bred
to have no rods and cones are active still following a light-
dark cycle. Moreover new research proposes that there may
also be secondary photoreceptors in the skin that control
alternative circadian mechanisms.

The ipRGC contain a chemical called melanopsin, similar
to the photopigments in the rods and cones. Melanopsin is
then instrumental in determining the pineal gland to produce
or suppress melatonin, a hormone closely related to the
body’s master clock. Under normal circadian conditions,
there is a small peak of melatonin production every afternoon
at about 4PM and a much larger peak released later in the
evening between approximately 10PM and 3AM. Darkness
conditions also stimulate the melatonin production.

To conclude, melatonin levels remain high for most of the
night while we sleep, then drop in the morning as we awaken.

Analysing the characteristics of ipRGC, one can conclude
that these are ideal for simple “day or night” detectors:

*  Peak sensibility in the blue colour (near 480 nm), matching
the spectral distribution of the diurnal sky.

*  Slow reaction speed (about 10 seconds compared with
milliseconds for cones and rods) makes them insensitive to
rapid changes in ambient lighting.

*  Spaced sparsely throughout the retina (estimated at about
few thousands compared with millions of cones and hundred
millions for rods) ipRGC can not identify details as cones do.

So, ipRGCs seem to help regulate circadian rhythms
in response to light (daytime or nighttime). Also they
may be responsible for the eye’s “blue” sensitivity (for
example towards cars with MH headlamps and high colour
temperature-above S000K-fluorescent lamps). It could also
explain why daylighting seems to increase visual and well-
being comfort levels for office workers, increase retail sales
and boost education results in schools, as recent research
from the Heshong-Mahone group has found.

If these hypotheses could be proved scientifically, it
would lead to major transformations in lighting equipment
and design. To obtain the same visual comfort and
performance, designers could use lower wattage, high colour
temperature fluorescent systems and save energy. Moreover,
these savings could be augmented by using integrated
controls for daylighting and artificial lighting.

Blue Light Suppresses Melatonin

In recent years, researchers have learned that bright white
light suppresses melatonin. Previous studies have also

suggested that melatonin suppression reacts differently
to light of varying wavelengths, specifically showing a
maximum sensitivity to short-wavelength (“blue”) light.

A study published in NeuroReport by LRC (Lighting
Research Center, New York), shows that 18 lux of blue
light from light-emitting diodes (LED) is more effective at
suppressing melatonin levels than 450 lux of clear mercury
white light because a “spectral opponent mechanism” likely
contributes to the circadian system’s response to light. LRC
researchers found that a form of opponency photo-process is
involved in the suppression of melatonin by light in humans,
making white light found in buildings much less effective at
suppressing melatonin than thought.

Let’s explain this “opponency”. For colour vision,
three types of cones (short, middle and long wavelength)
process colour information in the retina corresponding to
blue, green and red spectrums. The visual system separates
cone responses into colour information processed by two
opponent channels, the red vs. green and the blue vs. yellow.
This is how we “see” colour.

In these opponent channels, light in one wavelength
region (e.g., blue) increases a neural response, while light in
the opposing region (e.g., yellow) decreases it. For example,
colour of the ocean has a strong energy in the blue wavelength
and an almost null one in the yellow spectrum. The neural
response is then very high, so we end up seeing the ocean
as “blue”. When the energy in the opposing wavelength
regions is balanced, the resulting response in that channel
will be null, signalling that there is no colour, and hence no
light at all. Similarly, in the case of the circadian system, a
sufficient balance of light in each wavelength region results
in a null response by the circadian system, just as if there is
no light at all.

Until now the human circadian system was considered
additive (if a certain amount of blue light and a certain amount
of yellow light each produced the same level of melatonin
suppression, then half of these amounts of blue and yellow
added together would produce the same level of melatonin
suppression). However, this theory is contradicted by recent
study results showing a small amount of blue light producing
a stronger suppression than a much greater amount of white
light (blue plus yellow), suggesting the existence of spectral
opponency in the human circadian system.

That explains why the circadian system in diurnal (active
during the day) humans is preferentially sensitive to blue
light, presumably the blue sky.

These findings show promise for a number of practical
medical applications, including improving sleep quality in
patients with Alzheimer’s disease, advancing treatments for
seasonal affective disorder, and studying effects of light on
night-shift workers and premature infants.
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How Can Lighting Designers Help

Some scientists think that urban environments offer
biological darkness by day (in interiors with relatively low
illuminances) and unnatural brightness by night (electric
lighting extending apparent day length), producing apparently
constant day length over the seasons, and having unknown
health consequences.

If true, many people have disrupted daily and seasonal
thythms that could influence their health. To correct these
issues, medical scientists and lighting designers will need to
cross their discipline borders and work together to establish
best practice guidelines.

Just after 2000 there is a wealth of experimental research
but more is needed to eliminate chaos and set the right
principles of healthy lighting design. Some are highlighted
in the CIE committee report on “Ocular Lighting Effects on
Human Physiology, Mood, and Behaviour” (TC 6-11) chaired
by Jennifer Veitch of the National Research Council Canada:
»  Light for biological action should be rich in the regions

of the spectrum to which the nonvisual system is most
sensitive (blue). The results of this study. It is not surprising
that light level affects acuity, but there is a general absence of
appreciation for the effects of light spectrum.

A study at Lawrence Berkeley National Laboratory, California,
shows that both light level and lighting spectrum affect visual
acuity under typical conditions of reading. Comparing to different
CCT (colour corrected temperature) fluorescent systems in a
school, the study founded that at the same light intensity at the
eye, visual acuity was significantly better under the high CCT
lamps. Visual acuity was at least equal to than the traditionally
installed low CCT lighting when the high CCT lighting level
was reduced by 50% compared to the low CCT lighting.

These results suggest a highly cost effective strategy for
improving elementary school classroom lighting based on
replacing the conventional low CCT (3500 K) lamps with
high CCT lamps (5000 K or higher). The particular strategy
varying at one end from maintaining the status quo in visual
acuity with maximum savings in lighting energy costs or at
the other end maintaining current lighting energy costs but
providing a higher degree of visual acuity.

»  Theimportant consideration in determining light dose is the
light received at the eye, light both directly from the light
source and reflected off surrounding surfaces. This principle
is one that will directly influence how we use lighting design
to support health. Bathing everyone in very high-intensity
blue-green light is not the answer. Once the necessary daily
light dose is determined, we need to find out the best ways
to deliver it to the eye, not to the desk.In a first step towards
measuring circadian light exposure, LRC has just developed
the circadian dosimeter. This will use dual photosensors
(using the spectral opponency principle discussed above) to
measure irradiance in a manner consistent with the spatial
characteristics of the human eye.

»  Thetiming of light exposure influences the effects of the dose.
The effect of a light stimulus depends on the state of the system.
Thus, bright light at night, before the low point in core body
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temperature, has the effect of delaying the circadian rhythm
(the low point will come later than it would have). Bright light
in the morning, after the low point of core body temperature,
will advance the thythm (the low point will come earlier on the
following night than it would have). The same light exposure
in the middle of the day might have very little effect at all.
Following these principles of healthy lighting, design
practice transformation should also balance all other
principles of lighting quality:

*  For daytime applications, controlled use of daylighting
(having a view is in itself beneficial), limiting glare and solar
heat gain to avoid compromising comfort, is an energy-
efficient strategy for providing more light where it is wanted.
When sizing lighting systems for rooms, designers should
also consider task/ ambiental cumulative effects and make
use wisely of the colour scheme for the reflective surfaces.

»  For nighttime applications, high illuminance delivered
architecturally can influence melatonin secretion and aid in
circadian phase-shifting, while shift work applications need to
be tailored to the specific schedule. The bright light might not
be needed constantly throughout the shift, but with additional
luminaires and appropriate switching or automated controls,
biologically effective lighting could be provided to those who
must work overnight. This will beneficently reset the circadian
clock. Luminous ceilings that deliver high illuminance, or
simulated skylight apparatus that mimics the evening are both
devices that have been tested for this purpose.

For sure, lighting in the 3-rd millennium will be an
adventurous and fascinating endeavor, above and beyond
past knowledge.

Cristian SUVAGAU

PhD, P.Eng, Lighting Engineer

LC, MIES, MCIE

BC Hydro, Power Smart

| Suite 900, 4555 Kingsway
Burnaby, BC, V5H 4T8, Canada

Tel.: + 604 - 453-6478

Fax: + 604 - 453-6286

e-Mail: cristian.suvagau@bchydro.bc.ca

Lighting engineer at BC Hydro, in Vancouver, Canada.
Member of CIE and IESNA Board of Directors for
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ILUMINATUL iN LUMEA NOUA

Huminatul si sanitatea

In zilele noastre, mecanismele economice societitilor
moderne functioneaza continuu, fard nici o intrerupere.
Globalizarea contopeste zonele orare, internetul si
comunicatiile prin satelit au eliminat virtual distantele,
impingdnd economiile mondiale la un stadiu de
“perpetuum mobile”. Si muncitorii trebuie si adopte
aceleasi modele functionale. Cu toate acestea, muncitorii
nu pot lucra constant mai mult de 24 de ore pe zi, ca niste
roboti; mai mult, productivitatea, atentia si performantele
mentale se diminueaza in schimbul de noapte.

De mii de ani, oamenii s-au trezit odata cu soarele
si s-au culcat odati cu venirea noptii. incepand doar cu
ultimul secol, acest lucru s-a schimbat impotriva legii
firesti a naturii. Lumina artificiala a fost factorul cheie.
Indubitabil, una dintre cele mai importante inventii ale
omenirii, iluminatul electric, 1si arata limitele atunci
cand tipul activitatii umane devine prea “artificial” ...

Ciclul Circadian

Credeam ca noi cunoasteam (aproape) totul despre felul
in care lumina interactioneaza cu ochii si creierul. Acest
fapt este incd adevarat la nivelul procesului visual:
lumina atinge retina, bastonasele si conurile transmit
informatia prin intermediul conexiunilor neurale catre
cortexul vizual. Cu toate acestea, cercetiri recente au
evidentiat noi aspecte privind un proces secundar al
luminii: ne-vizual sau fotobiologic. Astfel, semnalele
de lumind primite de senzorii din retind sunt transmise
catre alte zone ale creierului (cum ar fi hipotalamusul) si
determina o cascada de schimbari hormonale la nivelul
glandelor pituitiara, pineald, adrenald si tiroida. Seriile
de schimbari la nivel neuroendocrin rezultate sunt
responsabile pentru reglarea ritmurilor biologic zilnice
ale organismului uman — cunoscute si sub denumirea
de ritmuri circadiene — incluzand ciclul dormit-trezit,
puterea de concentrare si producerea de hormoni. Ritmul
circadian este, probabil, domeniul cu cel mai ridicat
interes in cercetarea impactului non-vizual al luminii.
Oscilarea hormonilor pe care o induce ritmul circadian
are un efect profund asupra celor mai multe functii
fiziologice ale corpului, incluzdnd sistemul imunitar.
Cand acest proces este alterat datoritd schimbarilor
mediului luminos, el poate sd conduci la cateva dintre
cele mai grave depresii emotionale si efecte fiziologice

asociate cu depresiile sezoniere (SAD) si cu schimbul

de noapte.

Cercetatorii au gasit cativa dintre factorii luminii care
pot determina adaptari ale ciclului circadian uman:

e intensitatea si durata luminii; niveluri de intensitati
mai ridicate la locul de munca pe durata noptii pot sa
fie benefice. Cu toate acestea, este necesara studierea
in continuare a acestui fenomen pentru stabilirea
valorilor adecvate ale nivelurilor intensitatii
luminoase si a duratei.

e temporizarea; datoritd fluctuatiei circadiane a
raspunsului  imunitar, este posibild ajustarea
momentului din zi in care sa fie tratatd o anumita boala
astfel incat sa se optimizeze raspunsul imunitar. Acest
fapt este cunoscut sub denumirea de cronoterapie.
De exemplu cercetatorii au descoperit ca tratarea
cancerului in timpul serii, cdnd celulele imunitare
luptatoare sunt activate, este mult mai eficienta decat
administrarea tratamentului la un moment aleator
din timpul zilei. Cronoterapia este astazi considerata
ca un mijloc suplimentar si in tratarea altor boli,
cum ar fi dezechilibruri ale sistemului imunitar, boli
cardiace si diabetice, afectiunile ce au componente
circadiene.

¢ lungimea de undi; descoperiri recente au aratat ca
lumina albastra este mult mai eficientd in suprimarea
melatoninei.

. structura si contrastul;

e istoria luminii; expunerea anterioara la lumina
poate influenta sensibilitatea sistemului circadian.
O senzitivitate redusd la lumina poate facilita o
intarziere de faza, care a fost asociatd cu somnolenta
ridicatd pe perioada zilei si dificultati de somn
(insomnii).

Noi Fotoreceptori ai Retinei

Retina trebuie sa constituie punctul de plecare in analiza
legaturii dintre ritmurile circadiene si lumind. Studii
foarte recente au propus un nou set de fotoreceptori la
nivelul retinei, dupd cunoscutele conuri §i bastonage:
celule ganglionare retineale fotosenzitive intrinseci
(ipRGC). Aceste celule ganglionare sunt cele care
transportd stimulii luminii pe calea fotobiologica
neurald, pentru a controla ritmul circadian (precum
si alte raspunsuri ale metabolismului). Acest rol al
fotoreceptorilor ipRGC este evidentiat si de decoperirea
ca soareci de laborator, a ciror retina a fost modificata
genetic sd nu contina conuri §i bastonage, sunt capabili
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sd traiascd totusi dupd un ciclu diurn. Mai mult, noi

cercetari considera cd, probabil, existd fotoreceptori

secundari in piele care controleazi mecanisme
circadiene alternative.

Celulele ipRGC contin o substanta chimica numita
melanopsind, similara pigmentilor foto-senzitivi
din conuri si bastonase. Melanopsina este, deci,
instrumentul ce determind glanda pineald si produca
sau nu melatonina, un hormon apropiat ceasului
biologic uman. in conditiile normale circadiene, exista
un mic varf de producere de melatonina in fiecare dupa
amiaza, aproximativ la ora 16,00 si un al doilea varf
mult mai mare intdlnit seara tarziu, aproximativ intre
22,00 si 03,00. Conditiile de intuneric stimuleaza,
deasemenea, producerea de melatonina. fn concluzie,
nivelurile de melatonind raméan ridicate pe aproape
tot parcursul noptii, cdnd dormim, si scad odatd cu
apropierea diminetii, cdnd ne trezim.

Analizand caracteristicile celulelor ipRGC, se
poate spune cd ele sunt ideale pentru detectoarele
simple “zi sau noapte”.

»  Varful sensibilitatii pentru culoarea albastru (aproape
de 480 nm) coincide cu distributia spectrald a cerului
de zi.

*  Viteza de reactie scazuta (aproximativ 10 secunde in
comparatie cu milisecunde pentru conuri si bastonase) le
face insensibile la schimbarile rapide ale ambientului
luminos.

»  Distribuite pe intreaga suprafatd a retinei (estimate
la cateva mii, in comparatie cu milioane de conuri
si sute de milioane de bastonase), celulele ipRGC,
nu pot identifica detaliile, la fel de bine precum
conurile.

Asadar, ipRGC se pare cd ajutd la reglarea
ciclului circadian ca raspuns la lumina (lumina de zi
sau de noapte). Deasemenea, ele pot fi responsabile
pentru sensibilitatea ochiului la culoarea albastra
(de exemplu fatd de masinile cu faruri cu MH si cu
o temperaturd de culoare ridicatd - de peste 5000 K).
S-ar putea deasemenea explica de ce lumina zilei pare
ca imbunatateste comfortul vizual si starea de bine a
celor ce lucreaza in birouri, cresterea vanzarilor pentru
spatiile comerciale si imbunatatirea rezultatelor la
invatatura 1n scoli, dupa cum au aratat recentele cercetari
efectuate de grupul Heshong-Mahone.

Daca aceste ipoteze ar putea fi demonstrate
stiintific, acest fapt ar conduce la modificari majore
in echipamentul de iluminat si in proiectare. Pentru a
obtine acelasi confort vizual si performante, proiectantii
ar putea folosi o putere mai redusa, o temperaturd de
culoare mai ridicata pentru sistemele fluorescente si
sd economiseascd energie. Mai mult, aceste economii

ar putea fi marite prin utilizarea sistemelor de control
integrat al iluminatului natural si electric.

Lumina albastra suprima melatonina

In ultimii ani, cercetatorii au invitat ci lumina alba
stralucitoare suprimd melatonina. Studii anterioare
au sugerat, de asemenea, ci reducerea melatoninei
reactioneaza diferit la lumina in raport cu lungimea de
unda, in mod specific cu un maximum de sensibilitate
la lumina cu lungime de unda mica (“albastru”).

Un studiu publicat in NeuroReport de catre LRC
(Lighting Research Center, New York), arata cd 18 Ix
de lumind albastra provenita de la un LED sunt mult
mai eficienti in suprimarea melatoninei decat 450 1x
de Iumind albid provenita de la o lampa cu mercur,
datoritd faptului cd un “mecanism spectral oponent”
este probabil sa contribuie la raspunsul la lumina al
sistemului circadian. Cercetatorii de la LRC au gasit
ca este implicatd o formd de foto-proces oponent in
suprimarea prin lumind a melatoninei la oameni, ceea
ce face ca lumina albd din interiorul cladirilor sa fie
mai putin eficientd in reducerea melatoninei decét s-a
crezut pana acum. ...

Atunci cand energia cu o lungime de undd opusa
este echilibratd, raspunsul obtinut in acel canal va fi nul,
semnaland lipsa culorii, si, de aici, lipsa luminii. in mod
similar, in cazul sistemului circadian, un echilibru suficient
al luminii In fiecare regiune a spectrului va determina un
raspuns nul, la fel ca si cum ar fi complet intuneric.

Pana acum, sistemul circadian s-a considerat ca
este aditiv (daca o anumita cantitate de lumina albastra
si 0 anumita cantitate de lumina galbena produc fiecare
acelaginivel de suprimare amelatoninei, atuncijumatate
din aceste cantitéti de lumina albastra si galbena la un
loc produc acelasi nivel de suprimare a melatoninei).
Totusi, aceasta teorie este contrazisa de rezultatele unor
studii recente care aratd ca o mica cantitate de lumina
albastrd produce un nivel de suprimare mai puternic
decat o mai mare cantitate de lumina alba (albastru si
galben), sugerand existenta unei oponente spectrale in
sistemul circadian uman. Acest fapt explica de ce sistemul
circadian pentru oamenii ce lucreaza in timpul zilei
este mai sensibil la lumina albastri, a cerului albastru.
Aceste descoperiri deschid drumuri noi in aplicatii
practice medicale, incluzdnd imbunatatirea calitatii
somnului pacientilor care sufera de boala Alzheimer,
tratamente avansate pentru dezechilibrarile hormonale
sezoniere si studierea efectelor luminii asupra celor
ce lucreaza in schimbul de noapte sau pentru copiii
ndscuti prematur.
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Cum pot si ajute proiectantii in iluminat

Unii cercetatori considera ca mediul urban
determind in mod biologic zone de intuneric pe
timpul zilei (in interiorul cladirilor cu niveluri de
iluminare relativ reduse) si ofera straluciri nenaturale
in timpul noptii (iluminatul electric ce prelungeste
aparent durata zilei), producand o constantad aparenta
a lungimii zilei pe perioada intregului an, avand insa
consecinte necunoscute asupra sanatitii umane. Daca
aceste presupuneri sunt adevarate, inseamna ca pentru
un numdr ridicat de persoane, ritmul zilnic si sezonier
firesc legii naturii este intrerupt, ceea ce le-ar putea
influenta sanatatea. Pentru corectarea acestor probleme,
cercetatorii din domeniul medical si proiectantii de
iluminat vor trebuie sd depaseasca limitele domeniilor
lor si sd lucreze impreund in scopul elaborarii celor
mai bune recomandari practice.

Imediat dupa anul 2000 s-a inregistrat o crestere a
cercetarilor experimentale, dar mai estt inca mult de
facut pentru a inlatura haosul si a stabili principiile
corecte ale proiectdrii unui iluminat sanatos. Unele
au fost evidentiate in raportul Comitetului CIE
“Efecte Oculare Luminoase asupra Fiziologiei,
Comportamentului i Performantei Umane” (TC 6-11),
coordonat de Jennifer Veitch de la Consiliul National
de Cercetare al Canadei:

*  Lumina utilizatd in scopuri biologice trebuie sd fie
bogatd in regiuni ale spectrului pentru care sistemul
non-vizual este cel mai sensibil (albastru). Nu este
surprinzator faptul cd nivelul de iluminare afecteaza
acuitatea, dar este o lipsa generald a considerarii
efectelor spectrului luminii. Un studiu al Lawrence
Berkeley National Laboratory, California, arata ca atat
nivelul de iluminare cét si spectrul luminii afecteaza
acuitatea vizuald in conditii specifice de citire. ...
Aceste rezultate sugereazd adoptarea unei strategii
pentru imbunatatirea sistemelor de iluminat in salile
de clasa, prin inlocuirea lampilor conventionale cu o
temperatura de culoare scazuta (3500 K) cu altele cu
o temperatura de culoare ridicatd (5000 K sau mai
mare). Strategia specificd variaza, pe de o parte, de
mentinerea status quo privind acuitatea vizuala cu un
maxim de economie de energie, si pe de altd parte,
de mentinerea costurilor energiei in iluminat dar cu
asigurarea unei acuitati vizuale sporite.

*  Criteriul important in stabilirea dozei de lumind
este lumina primitd de ochi. atit direct de la
sursa de lumind cdt si reflectatd de suprafetele
inconjurdtoare. Acest principiu va influenta direct
modul in care vom proiecta iluminatul pentru a sprijini
sdnatatea. Raspunsul nu este dat de bai de lumina de

mare intensitate in domeniul albastru-verde. Odata
ce doza necesara de lumina este determinata, trebuie
sd gasim cdile cele mai bune pentru a fi furnizata
ochiului si nu biroului de lucru. Intr-un prim pas
catre masurarea expunerii circadiane la lumina,
LRC a creat dozimetrul circadian. Acesta va
utiliza fotosenzori duali (folosind principiul spectral
oponent amintit mai sus) pentru a masura iradianta
intr-o maniera corespunzitoare caracteristicilor
spatiale ale ochiului uman.

*  Perioada expunerii influenteazi efectele dozei
de lumind. Efectul la un stimul de lumind depinde
de caracteristicile sistemului. Asadar, lumina
stralucitoare pe timpul noptii, inainte de a inregistra
cea mai scdzutd temperaturd in corp, are efectul
de intarziere a ritmului circadian (punctul cel mai
scazut va veni mai tarziu decat normal). Lumina
stralucitoare pe perioada diminetii, dupd ce s-a
inregistrat cea mai scazutd temperaturd in corp, va
accelera ritmul circadian, punctul de minim va veni
mai devreme 1n noaptea urmatoare decat de obicei. O
aceeasi expunere la lumina in mijlocul zilei va avea
un efect foarte mic.

Urmand aceste principii ale unui iluminat sénétos,
modificarea proiectarii va trebui sa echilibreze toate
celelalte principii ale calitétii iluminatului:

*  Pentru aplicatii pe timpul zilei, utilizarea controlata
a iluminatului natural cu limitarea stralucirii si
aportului de céldurd solard in scopul mentinerii
confortului interior este o strategie efcient energetica
pentru a asigura mai multd lumina acolo unde ea
este dorita. La dimensionarea sistemelor de iluminat
interior, proiectantii vor trebui sa considere efectelele
cumulate sarcind/mediu inconjurator si sa utilizeze pe
larg schema de culori pentru suprafetele reflectante.

*  Pentru aplicatii pe timpul noptii, un nivel de
iluminare ridicat poate influenta secretia de
melatonina si poate ajuta schimbul de faza circadian,
atunci cand lucrul in schimburi trebuie adaptat unui
program specific. Lumina puternica nu trebuie sa fie
neaparat constantd de a lungul schimbului, dar cu
aparate de iluminat aditionale si un sistem adecvat
de actionare sau control automat, un iluminat efectiv
biologic ar putea fi asigurat celor ce trebuie sa lucreze
pe timpul noptii. Acest fapt va reseta in mod benefic
ceasul circadian. Tavanele luminoase ce asigurd un
nivel de iluminare ridicat sau sistemele de simulare
a cerului care imita inserarea sunt dispozitive care au
fost testate in acest scop.

Cu sigurantd, iluminatul in mileniul trei va fi o
incercare fascinantd si plina de aventuri, ce va depasi
cu mult nivelul cunostintelor din zilele noastre.
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IEA ANNEX 45
ENERGY EFFICIENT ELECTRIC LIGHTING FOR BUILDINGS

Eino TETRI
Lighting Laboratory, Helsinki University of Technology

The Executive Committee of the Energy Conservation in Buildings and Community Systems (ECBCS)

program established a new international research project (Annex) in June 2004 called Energy Efficient

Electric Lighting for Buildings. Professor Liisa Halonen from Lighting Laboratory of Helsinki University

of Technology was elected for the Operating Agent of the Annex 45. The objectives of the Annex 45 is to

identify and accelerate the use of energy efficient high-quality lighting technologies and their integration

with other building system, assess and document the technical performance of existing and future lighting

technologies and to assess and document barriers preventing the adoption of energy efficient technologies

and propose means to resolve these barriers. Currently there are 10 participating countries and 15

organisations in the Annex 45.

1. Introduction

International Energy Agency (IEA) 1is an
intergovernmental body committed to advancing
security of energy supply, economic growth and
environmental sustainability through energy policy
co-operation. IEA has Implementing Agreements
(IA) to organize research. One of these IAs is
Energy Conservation in Buildings and Community
Systems (ECBCS). The function of ECBCS is to
undertake research and provide an international
focus for building energy efficiency. Tasks are
undertaken through a series of annexes that are
directed at energy saving technologies and activities
that support their application in practice. Results are
also used in the formulation of energy conservation
policies and standards.

The Executive Committee of the ECBCS
program established anew Annex in June 2004 called
Energy Efficient Electric Lighting for Buildings.
Professor Liisa Halonen from Lighting Laboratory
of Helsinki University of Technology was elected
for the Operating Agent of the Annex 45 and Doctor
of Science Eino Tetri for the Leader of the Subtask
D Documentation and Dissemination.

2. Background
Lighting-related electricity production for the year

1997 was 2016 TWh of which 1066 TWh was
attributable to IEA member countries. Global lighting

electricity use is distributed approximately 28% to
the residential sector, 48% to the service sector, 16%
to the industrial sector, and 8% to street and other
lighting. For the industrialized countries national
lighting electricity use ranges from 5% to 15%, while
in developing countries the value can be as high as
86% of the total electricity use. The corresponding
carbon dioxide emissions were 1775 million tonnes,
of which approximately 511 million tonnes was
attributable to the IEA member countries. [1]

More efficient use of lighting energy would limit
the rate of increase of electric power consumption,
reduce the economic and social costs resulting from
constructing new generating capacity, and reduce the
emissions of greenhouse gases and other pollutants.
New aspects of desired lighting are energy savings,
daylight use, individual control of light, quality of
light, emissions during life cycle and total costs.

LEDs (Light Emitting Diodes) are new
alternative light sources, which are foreseen to
revolutionise the lighting technology in the near
future. According to Agilent Technologies the Im/
package value of red LEDs is increasing 30 times
per decade whereas the price is decreasing 10 times
per decade [2]. LED’s share of lighting market will
be 20% on 2010 and 50% on year 2020 [3]. The
use of LED based lighting will decrease the lighting
energy consumption by 50% by the year 2025 [4].
The foreseeable future of LED luminaires targeted
for general illumination will use arrays of LEDs and
not a single LED [5].
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At present, high pressure discharge lamps cannot
replace other lamp types. Reasons are given in the
start performance and in the fact that they cannot be
dimmed well. On the other hand, their advantages are
good colour rendering and high luminous efficacy.
The high pressure discharge lamps are very energy-
efficient lamp types. Their small discharge body
allows a more efficient reflector design for luminaires
so that the luminous flux leaving the luminaire can be
distributed effectively in the room. Typically, it takes
3 minutes to emit 80% of the luminous flux of high
pressure discharge lamp. For car lamps, this time
has been reduced to 3 seconds already [6]. Research
on the interaction of ballast electronics and high
pressure discharge lamps may generally improve the
performance of this lamp type.

The building sector in the EU consumes over 40%
of energy use in EU and is responsible for over 40% of
its carbon dioxide emissions. Lighting is a substantial
energy consumer, and a major component of the
service costs in many buildings. The percentage of the
electricity used for lighting in European buildings is
50% in offices, 20-30% in hospitals, 15% in factories,
10-15% in schools and 10% in residential buildings [7].
To promote the improvement of the energy performance
of buildings within the community, the European
Parliament has adopted the Directive 2002/91/EC on
the energy performance of buildings. 8]

3. Objectives

The objectives of the Annex 45 are:

o Identify and accelerate the use of energy
efficient high-quality lighting technologies
and their integration with other building
systems.

e Assess and document the technical
performance of existing and future lighting
technologies.

e Assess and document barriers preventing the
adoption of energy efficient technologies and
propose means to resolve these barriers.

4. Structure

The work of Annex 45 is divided to four Subtasks.
Subtask A Targets for energy performance and
human well-being

Subtask B Innovative technical solutions
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Subtask C Energy-efficient controls and integration
Subtask D Documentation and dissemination

Subtask A

Targets for energy performance and human
well-being

The objective is to document the effect of
design and targets for energy use, lighting quality
and human well-being and performance and give
examples of good practice.

A2 Review of specifications
conceming the electric
lighting mstallation

Al Review of specifications
for lighting quality criteria

A3 Comparison of existing
practice, potential for energy
savings in lighting

Ad Development of
performance assessment
methods

A S Research on lighting
quality specification with
LEDs

A Supply of deliverables

Figure 1 Structure of Subtask A.

Different demands on levels of lighting quality
have a strong impact on the technical solutions. The
performance criteria include the spectral (colour
rendering, colour temperature), electrical (harmonics,
power factor, power supply) and user related issues
(acceptability, glare considerations) The energy criteria
include energy efficiency as well as suitability for other
energy savings systems, life cycle energy considerations,
maintenance and operation. The economical criteria
include cost of devices and of application.

Subtask B

Innovative technical solutions

The objective of the Subtask B is to identify, assess
and document the performance, energy and economical
criteria of the existing promising and innovative
future lighting technologies and their impact on other
building equipment and systems. The purpose is to
reduce the energy use of buildings by investigating the
saving potential by comparing the existing and future
technologies and by applying information on concepts,
products and lighting solutions.

The innovative technical solutions of subtask
B cover power supply, light sources, luminaries
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and concepts of controls. These result in principal
lighting solutions (planning methods, lighting
design layouts and installations). The Subtask B
covers solutions to existing and new buildings.

B1 Identifying knowledgeabk: people in the industry

and collect information
future ighting technologics

r
BS Proofing of

B4 Comparison of installations technologyinformation (case
studies )

data

v

B3 Trends in existing and

B2 Performance critena of
lghting technologwes

Technology report, case studies, lighting design advice matrix

Figure 2 Structure of Subtask B.

Subtask C

Energy-efficient controls and integration

The Subtask C will focus on controls that enable the
occupant and facility manager to modify the electric
lighting according to personal needs and preferences,
within acceptable building operative requirements
focusing on energy savings. The personalisation and
integration of these controls with other building systems
(daylighting, HVAC, and demand energy management)
will be an important part of the Subtask work. The
communication and data exchange between the control
components (such as sensors, actuators and electronic
ballasts) is the key focus of control strategies.

C1 Definitions

IIIII-*

2 Control system
overview and miegration IIIIIIIIIIIIIIIII+
T .
-3
3 Data acquisition on =
controk o " g
E
. k=)
C4 New technologies for IIIIIIIIIIIIIIIIII. =
controls g
2

C5 Case studies pm b

o

C7 Source book

Figure 3 Structure of Subtask C.

Subtask D

Documentation and dissemination

The objective of Subtask D is to positively affect the
current lighting practices in a manner that accelerates
the use of energy efficient products, improves overall
building performance and enhances occupants
environmental satisfaction. The objective of Subtask D
is to compile and widely disseminate the Annex research
results of Subtasks A, B and C and to identify the means
to influence the energy policies and regulations in order
to promote the use of energy efficient lighting.

The design guidebook of energy efficient lighting
will be the final product of the Annex. It will be
published as a book, as a CD-ROM and in the web.
The other deliverables are semi-annual newsletters,
seminars and a web-site.

5. Management of the Annex

The Annex is managed by the Operating Agent with
the assistance of the Subtask Leaders. Currently there
are 10 participating countries and 15 organisations
in the Annex 45.

Operating Agent:
Helsinki University of Technology
Professor Liisa Halonen, Finland

Subtask A Leader:
Ecole Nationale des Travaux Publics de I’Etat
Professor Marc Fontoynont, France

Subtask B Leader:
Zumtobel Staff GmbH,
Dipl.Ing. Peter Dehoff, Austria

Subtask C Leader:
Technische Universitit Berlin,
Professor Dr. rer. nat. Heinrich Kaase,
Germany

Subtask D Leader:

Helsinki University of Technology,
D.Sc. Eino Tetri, Finland.

6. Schedule

The Annex will run for four and a half year from
July 2004. Preparation and planning will be carried
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out during the first half a year and the following four
years will be full working years.

For more information of the Annex, please
contact Liisa Halonen (liisa.halonen@hut.fi) or Eino
Tetri (eino.tetri@hut.fi) from Helsinki University of
Technology or check the Annex web-site:

http://www.lightinglab.fi /IEA Annex45.
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IEA ANEXA 45
ILUMINAT ELECTRIC EFICIENT ENERGETIC PENTRU CLADIRI

Comitetul executiv al Programului “Conservarea Energiei in Cladiri si Sisteme Comunitare” (ECBCS)

a infiintat un nou proiect de cercetare international (vezi Anexa) intitulat “Iluminat Electric Eficient

»

Energetic pentru Clidiri”, in iunie 2004. In fruntea acestui proiect a fost desemnatd Liisa Halonen din

cadrul Laboratorului de lluminat al Universitatii Tehnice din Helsinki. Obiectivele acestui proiect sunt

urmdtoarele: identificarea si folosirea tehnologiilor de iluminat cu o inaltd eficientd energeticd, integrarea

acestora cu alte sisteme ale clddirilor;, evaluarea si documentarea performantelor tehnice al sistemelor de

iluminat existente i viitore, identificarea barierelor intdlnite in calea adoptdrii acestor tehnologii, dar si a

mijloacelor de inldturare a acestora . In prezent, Anexa 45 numdrd 15 organizatii si 10 tdri participante.

1. Introducere

Agentia Internationald de Energie (IEA) este un
organism interguvernamental care incearcd, prin
adoptarea unor politici energetice de cooperare
adecvate, sa impund principii precum folosirea in
mod rational a resurselor energetice, dezvoltarea
economicd sau protectia mediului. IEA are Acorduri
de Implementare (IA) pentru organizarea cercetarii.
Unul dintre acestea este “Conservarea Energiei in
Cladiri si Sisteme Comunitare” (ECBCS). Scopul
acestuia constd 1n asumarea cercetarii si focalizarea
internationald asupra eficientei energetice a cladirilor.
Ca mijloace, programul foloseste diverse Anexe
orientate spre tehnologii de economisire a energiei i
mijloacele de punere in practicd a acestora. Rezultatele
obtinute sunt utilizate in formularea politicilor si
standardelor de conservare a energiei.

In iunie 2004, Comitetul Executiv al Programului
ECBCS a eclaborat o noud Anexda avand ca scop
iluminatul electric eficient energetic pentru cladiri.
Prof. Liisa Halonen de la Laboratorul de Iluminat
a Universutatii Tehnice din Helsinki a fost aleasa
coordonator al acestui proiect intitulat “Anexa 45”.
Dr. Eino Tetri se afla in fruntea Subproiectului D
“Certificare si Diseminare” al acestei Anexe.

2. Istoric

Productia de energie electrici pentru iluminat
in anul 1997 a fost de 2016 TWh, din care 1066
TWh a fost atribuitéd tarilor membre IEA. Energia
electrica folositd in iluminat este distribuita la nivel
global dupad cum urmeaza: aproximativ 28% pentru
sectorul rezidential, 48% - sectorul de servicii, 16%
- sectorul industrial, 8% - iluminatul public precum

si alte feluri de iluminat. In cazul tarilor puternic
industrializate, energia electrica folosita in iluminat
este cuprinsa intre 5% si 15% din totalul necesarului
de energie electrica, in timp ce in cazul térilor in
curs de dezvoltare poate ajunge pana la 86%. Emisia
de dioxid de carbon aferenta este de 1775 milioane
de tone, din care aproximativ 511 milioane tone sunt
atribuite tarilor membre IEA. [1]

Utilizarea in mod eficient a energiei electrice
pentruiluminatar limita rata de crestere a consumului
energetic, ar reduce costurile economice si sociale
corespunzitoare producerii acestei energii si,nu
in ultimul rand, ar reduce emisiile gazelor de sera
si ale altor agenti poluanti. Economia de energie,
utilizarea luminii naturale, controlul individual al
iluminatului, calitatea luminii, emisiile raportate la
durata de viatd precum si costurile totale reprezinta
noi tendinte ale acestui domeniu.

LED-urile sunt surse alternative de lumina ce se
asteaptd sa revolutioneze tehnologia iluminatului in
viitorul apropiat. Raportul Im/unitate pentru LED-
urile rosii creste de 30 de ori Intr-o decada, in timp ce
pentru aceeasi perioada pretul scade de circa 10 ori
[2]. LED-urile vor acoperi 20% din piata iluminatului
in 2010 si 50% 1n anul 2020 [3]. Folosirea acestor noi
surse de lumind va duce la o scadere a consumului
de energie electricd pentru iluminat cu 50% péana in
anul 2025 [4]. Se presupune ci viitorul LED-urilor
ca surse pentru iluminatul general il vor constitui
matricile de LED-uri si nu un singur LED [5].

in prezent, lampile de inalta presiune cu descarcari
nupotinlocui celelalte tipuri de 1ampi. Motivele constau
in performantele acestora la pornire (aprindere) si in
faptul ca fluxul nu poate fi usor reglat. Pe de alta parte,
aceste lampi au o caracteristica de redare a culorilor
ridicata si o buna eficientd luminoasd, avand in acelasi
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timp o foarte bund eficientd energetica. Corpul de
descarcare de dimensiuni reduse permite proiectarea
eficienta a reflectoarelor aparatelor de iluminat, astfel
cé fluxul luminos emis poate fi distribuit optim in
incapere. In mod obisnuit sunt necesare circa trei
minute pentru ca o astfel de lampa sd emita 80% din
fluxul sdu luminos. In cazul lampilor de 1nalta presiune
cu descarciri utilizate la autovehicule, acest interval
de timp a fost redus deja la trei secunde [6]. Cercetarea
interactiunii lampa - balast electronic poate sa conduca
la imbunatitirea performantelor acestui tip de lampa.
Sectorul cladirilor in Uniunea Europeana consuma
peste 40% din totalul de energie electricd si este
responsabil pentru mai mult de 40% din emisiile
de dioxid de carbon. Iluminatul este un consumator
important de energie electrici §i o componentd
importantd a costului de utilizare in multe cladiri. La
nivel european, procentul utilizérii curentului electric
pentru iluminatul cladirilor este de 50% pentru birouri,
20-30% pentru spitale, 15% pentru fabrici, 10-15%
scoli si 10% in cazul sectorului rezidential [7]. Pentru
a Tmbunatati eficienta energeticd la nivelul cladirilor,
Parlamentul European a adoptat Directiva 2002/ 91/EC
cu privire la performantele energetice ale cladirilor. [8]

3. Obiective

Obiectivele Anexei 45 sunt:

e Identificarea si accelerarea folosirii tehnologiilor de iluminat
de inalta eficientd, alaturi de integrarea acestora cu celelalte
servicii ale cladirilor.

e Supravegherea si certificarea performantelor tehnice ale
tehnologiilor existente §i viitoare.

e Identificarea barierelor in calea utilizarii acestor tehnologii si
propunerea mijloacelor de inlaturare a acestora.

4. Structura

Activitatea in cadrul Anexei 45 se desfiasoard in

patru Subproiecte:
Subproiectul A — Tinte in vederea performantelor energetice si
a confortului uman
Subproiectul B — Solutii tehnice inovatoare
Subproiectul C — Sisteme de control eficiente energetic si
integrarea acestora
Subproiectul D — Documentare si diseminare

Subproiectul A. Tinte in vederea performantelor
energetice si a confortului uman

Obiectivul este de certificare a efectelor proiectarii si tintelor
pentru utilizarea energiei, calitatea luminii si confortul uman si
perfromanta si oferirea unor exemple de succes.

Diferitele cerinte asupra nivelului calitatii iluminatului au
un efect direct asupra solutiilor tehnice. Criteriile de performanta
includ latura spectrala (redarea culorii, temperatura culorii),

electrica (armonicile, factorul de putere, sursa de putere) si cea
legatd de utilizator (adaptabilitate, orbire). Criteriile de energie
includ eficienta enrgetica, incurajarea utilizarii altor mijloace de
economisire a energiei, consideratii energetice privind ciclul de
viatd, mentenanta si functionarea. Criteriul economic include
costul acestor dispozitive si al aplicatiilor.

Subproiectul B. Solutii tehnice inovatoare

Obiectivele celui de al doilea subproiect sunt de identificare,
observare si dezvoltare a performantei, criteriile energetice
si economice ale acestor tehnologii promitatoare §i inovative
existente §i viitoare, precum §i impactul lor asupra altor
echipamente si sisteme din cadrul cladirilor. Scopul este de
a reduce consumul de energie al cladirilor prin investigarea
potentialului de economisire a energiei, prin compararea
tehnologiilor existente §i viitoare si aplicarea informatiilor
in concepte, produse si solutii in iluminat. Solutiile tehnice
innovative acopera sursele de putere, sursele de lumina, aparatele
de iluminat i conceptele de control. Toate acestea conduc
spre solutiile de iluminat (metode de planificare, proiectarea
amplasarii iluminatului §i a instalatiilor). Subproiectul B are in
vedere solutii pentru cladirile existente si cele viitoare.

Subproiectul C. Sisteme de control eficiente

energetic si integrarea acestora

Subproiectul C va fi concentrat asupra controlului ce va
permite ocupantilor si gestionarilor de facilitati sa modifice
iluminatul electric in acord cu necesititile si preferintele
personale, dar tinand cont de cerintele de eficientd energetica
pentru cladiri. Personalizarea i integrarea acestor sisteme de
control cu celelalte sisteme ale cladirii (lumina naturala, incalzire-
ventilatie-automatizare-climatizare, managementul energetic) va

constitui unul dintre punctele cele mai importante ale acestui
Subproiect. Comunicarea si schimbul de date intre diferitele
dispozitive de control (senzori, dispozitive de aprindere, balasturi

electronice) este cheia strategiilor de control.

Subproiectul D. Documentare si diseminare

Obiectivul acestui Subproiect constd in influentarea pozitiva
a practicilor in iluminat in scopul accelerarii utilizarii produselor
eficiente energetic, imbunatatirii in ansamblu a performantei
cladirii si cresterii satisfactiei ambientale a ocupantilor. Obiectivul
este de a compila si disemina la scara larga rezultatele cercetarilor
subproiectelorA, Bsi C, darsi de ainfluenta politicile si reglementarile
energetice in scopul promovarii unui iluminat eficient.

Finalitatea acestui program o va constitui elaborarea unui
ghid de proiectare a unui iluminat eficient energetic. Acesta va fi
publicat ca o carte, un CD-ROM si o pagina web. Alte mijloace

de mediatizare vor fi jurnalele bianuale, seminarii si pagini web.

Adrese de contact: Liisa Halonen (liisa.halonen@hut.fi)
sau Eino Tetri (eino.tetri@hut.fi) din cadrul Universitatii
Tehnice din Helsinki sau sa consultati site-ul programului:
http://www.lightinglab.fi /[EAAnnex45.

Traducere ing. Célin CTUGUDEANU
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EFFICIENCY OF DAYLIGHTING SYSTEMS
USING LIGHT-PIPES

Cosmin TICLEANU
Technical University of Constructions, Bucharest

Daylighting provides light that supplements or replaces electric lighting. For commercial buildings,

artificial lighting and its associated cooling energy, represent 30-40% of total used energy. The addition

of daylight in a space may bring benefits related to aesthetics, health, and energy savings. The synthesis of

a properly daylit space and well-controlled artificial lighting system can produce lighting energy savings

in the range of 30-70% in offices.

1. Introduction

Meeting the challenge of sustainable living in
a world with fast-diminishing finite resources
calls for a fundamental change in the way we use
those resources. The use of renewable energy to
power our modern lives is intended to prevent the
need for damaging fossil fuels and hence slow
or halt global warming. The amount of energy
demand generated by the use of electric lights is
considerable and gives the possibility of significant
savings by daylighting. An additional saving that
is associated with natural lighting is a reduction in
cooling load for air-conditioned buildings. Because
the luminous efficacy of natural daylight is higher
than the majority of artificial light sources, fewer
radiant watts of power are required for a given level
of illuminance. In an artificially lit office building,
a considerable percentage of the heat that requires
removal is generated by the light fittings and overall
savings through daylighting are significant [4].

Daylight allows people to see well and to feel
some connection with their environment [5] and
when allowed to express a preference, occupants
choose natural over artificial light. Long-term
studies have found that people prefer the varying
levels of light provided by a daylight cycle to the
constant light levels provided by artificial lights
[3]. The same study showed that people chose high
levels of natural light that corresponded to levels
of light at which biological stimulation occurs.
The work concluded that a wide range of health
problems might be due to a lack of access to natural
light throughout the day.

The use of daylight in buildings is beneficial both
to human wellbeing and to productivity and also

has a place in the effort to minimize the impact of
human activity on the planet by reducing electricity
consumption in lighting.

2. Review of daylighting strategies

Following their principal function, daylighting
systems can be classified [6] as systems with shading
and systems without shading.

Two types of daylighting systems with shading
are discussed: systems that rely primarily on diffuse
skylight and reject direct sunlight, and systems that
use primarily direct sunlight, sending it onto the
ceiling or to locations above eye height.

Shading systems are designed for solar shading
as well as daylighting; they may address other
daylighting issues as well, such as protection from
glare and redirection of direct or diffuse daylight.
The use of conventional solar shading systems, such
as pull-down shades, often significantly reduces the
admission of daylight to aroom. To increase daylight
while providing shading, advanced systems have
been developed that both protect the area near the
window from direct sunlight and send direct and/or
diffuse daylight into the interior of the room.

Daylighting systems without shading are
designed primarily to redirect daylight to arecas away
from a window or skylight opening. They may or
may not block direct sunlight. These systems can be
broken down into four categories; some systems can
fulfill multiple functions and are therefore in more
than one category.

o Diffuse light-guiding systems redirect daylight
from specific areas of the sky vault to the interior of
the room. Under overcast sky conditions, the area
around the sky zenith is much brighter than the
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area close to the horizon. For sites with tall external
obstructions (typical in dense urban environments),
the upper portion of the sky may be the only source
of daylight. Light-guiding systems can improve
daylight utilization in these situations.

e Direct light-guiding systems send direct sunlight
to the interior of the room without the secondary
effects of glare and overheating.

e Light-scattering or diffusing systems are used in
skylit or toplit apertures to produce even daylight
distribution. If these systems are used in vertical
window apertures, serious glare will result.

e Light transport systems collect and transport
sunlight over long distances to the core of a
building via fiber-optics or light pipes.

Currently, light from core daylighting systems is
usually directed into a space by large diffusers that
descend below the ceiling plane. Smaller diffusers
and hollow light guides that resemble ordinary
luminaires are also available. It is reasonable to
expect that these systems will have light distributions
and glare control similar to those of standard
luminaires. However, most manufacturing efforts
have gone into producing systems that efficiently
collect light and transmit it through the building.
More work is needed to produce effective methods
of directing light to the work surface.

New daylighting technologies are not likely to
become common until their prices drop to reduce
the payback period. The light pipe is perhaps
the most technologically exciting of innovative
daylighting systems because of the long distances
over which it can operate. In principle light pipes
collect, direct, and channel sunlight into virtually
any area of a building. The system consists of
three main components: heliostat (collecting and
concentrating unit), transport system (reflective
conducts) and emitter (distributing light into the
targeted space). The micro prismatic film perform
total internal reflection, which is approximately
ten times as efficient as typical specular metallic
reflection (reflectance 0.99 compared to 0.90).

Daylighting systems can contribute to lower first
costs for a building’s mechanical system by lowering
peak cooling load relative to that of the same building
with conventional lighting design. Mechanical system
downsizing is dependent on the confidence in the
estimated load and the reliability of the daylighting
system to reduce loads during peak periods. Since
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mechanical systems are offered in standard sizes,
however, incremental differences in calculated capacity
may not always result in a change in equipment size.

Operating costs for energy can be calculated using
the local utility rate. It is important to model utility rates
accurately, particularly for daylighting technologies,
because savings are often realized during summer
peak periods when electricity costs are the highest.

Daylighting systems should be maintained on a
regular basis. Systems with operating parts or those that
rely on sensors for proper operation must be tuned or
recommissioned when the interior space is reconfigured
oritsuseis redefined. If the system is static and enclosed,
then maintenance costs will probably be equal to those
for conventional systems. Systems that permit natural
ventilation may require more maintenance because of
increased exposure to weather and dirt.

3. Solutions of daylighting systems using light-pipes

Light-pipe is a secondary light source which
transmits light from the primary (natural or artificial)
source within interior spaces, to a specific target or
on specific reflecting or transmitting surfaces.

Light transmission is done at the end of the light-
pipe, where light is distributed and directed depending
on task particularities, or by side transfer towards
specific targets. Light-pipe transmits light radiation
through total internal reflection. The inner material
has a reflectance of up to 0.98 and internal reflectance
is produced within the structure of the 0.5 mm thick
optic film, made of transparent acryl or polycarbonate
[2]. This film has a prismatic outer face and a plate
inner face, concurring to totally reflect light rays.

The collecting unit is the functional device of
the highest importance with respect to the amount
of daylight which can be used. Using a Fresnel lens,
the heliostat is built to track efficiently sun position
in the sky by a simple rotation around vertical
axis, as lens’s collecting angle allows sunlight to
be focalized for any solar angle, specific to the site
latitude where this system is mounted [7]. This
focalized light is than reflected by a mirror towards
the vertical conduct, as close as possible to its axis.
The mirror has a special design allowing collection
of diffused skylight.

The lighting system should also be equipped
with electric light sources, able to balance daylight
permanent variability. Following aperture photocells
signals, the control unit turns on the electric lamps,
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in order to balance or to replace daylighting in case
that sky is no longer clear or after night fall.

The use of light-pipes can increase energy
savings, but generally system efficiency is low
because of light losses within ramification or
direction changing. There are specific light-pipe
systems for roof applications, known as solar tubes.
These systems maximize the concept of renewable
energy by reflecting and intensifying sunlight
and even normal daylight, down through a highly
reflective silver mirror-finish aluminum tube.

An early work on light transport [9] described a
hollow light tube developed in 1978 and constructed
from a prismatic polymer material that combined the
high reflection efficiency of total internal reflection
with the low cost and practicality of a hollow
system. This device was intended both for electric
and daylight transport, but only accepted light from
a cone of 27.6°, precluding day-long passive solar
collection for daylighting.

An example of light-transport daylighting is
the ‘Heliobus’ device, which employs a hollow
light guide similar to light pipes and ducts [1]. The
collector was a heliostat, which was a concave
mirror that collected sunlight and delivered it to the
reflective duct below, of square cross-section. This
section had emitters fitted to allow the removal and
use of light at various heights through the building,
followed by a diffuser at the end of the duct to emit
the remainder of the light. The system also had three
efficient electric lamps to act as backup at times of
insufficient external illuminance. Monitoring of the
system in the building showed that without electric
lamps the system increased room illuminance by
1.5 to 3 times and overall was calculated to give
energy consumption 3-4 times lower than a standard
electric installation, as well as reducing the installed
electric lighting capacity by half.

The very most of the micro prismatic light guides
have been continuously light emitting pipes, with a
continuously diffusive extractor film inside the tube.
This extractor film has to be given a specific design
for each different light guide length and diameter. A
further step could be adjustable dynamic extractors.
In a light guide system now all the discrete extractors
are identical, and a light valve adjusts the light
emitted from each extractor. The light valve can be
an arrangement of a turnable mirror, for instance
adjustable from parallel with the longitudinal axis
to 45°. In this way the amount of deflected light can
be varied as needed. Such a light guide system can

be built from similar extractors through the whole
installation, and the adjustment of light levels in
each room can easily be done afterwards. This will
do the manufacturing and installation of the systems
much more efficient, and more cost effective.

4. Discussion on light-pipes efficiency

Although prism light guide luminaire systems
work well, they are intrinsically less efficient than
conventional, simple luminaires. The reason is
that the light injector itself typically has efficiency
similar to that of a conventional fixture, so that
any inefficiency of the prism light guide luminaire
represents a net loss compared to conventional
lighting. Since typical overall efficiencies for prism
light guide luminaires range from 0.40 to 0.80,
this loss is significant, and has limited the use of
prism light guide systems to situations in which the
practical advantages of piping light are economically
more significant than energy efficiency issues.
Recently, however, there has been interest in using
new light sources that have higher luminous efficacy,
in conjunction with improved prism light guide
luminaires, to achieve a net efficiency comparable
to conventional lighting.

Whitehead developed a simple calculation
method for estimating the net efficiency of prism
light guide luminaire systems [8]. For several
example systems, this method yields results that
are in good agreement with photometric testing, but
since the method involves numerous simplifying
assumptions, its accuracy cannot be assured in new
circumstances.

The most striking feature of the problem is the
large number of loss mechanisms. For simplicity,
this problem is broken into four multiplicative
stages: light injector loss factor, light guide input
loss factor, light guide transport loss factor, and
light guide output loss factor.

This simple calculation method was used to
estimate the efficiency of several light-pipe systems,
found to be between 0.43 and 0.75 [8].

5. Conclusions

A significant number of applications using
daylighting systems have been accomplished. The
most interesting and easily adaptive solution is
however represented by light-pipes. Even if light-
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pipe industry met a major development in the 80s,
efficient systems are still expected in practice. The
efficiency of such systems is difficult to be estimated
with high accuracy.

Research and development work needs to be
done in order to improve the global efficiency of
daylighting systems using light-pipes, so that these
systems finally meet large scale application demands
and contribute to a safer environment.
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EFICIENTA SISTEMELOR DE ILUMINAT NATURAL
CU TUBURI DE LUMINA

Iluminatul natural asigurd lumina necesard completdrii sau inlocuirii iluminatului electric. Pentru cladiri

cu destinatie comerciald, iluminatul artificial si energia de rdcire asociatd reprezintd 30-40% din energia

totala utilizatd. Integrarea dintre un sistem de iluminat natural corespunzdtor spatiului iluminat si un

sistem de iluminat electric corect conceput gi controlat poate conduce la economii de energie de ordinul a

30-70% pentru cladiri de birouri.

1. Introducere

Asigurarea vietii intr-o lume cu resurse naturale finite
care cunosc o diminuare rapidd necesita o schimbare
fundamentald a modului in care aceste resurse sunt
folosite. Utilizarea energiilor neconventionale este
menitd sa previna disparitia combustibililor fosili si
astfel sd diminueze sau sa stopeze incalzirea globala
a planetei.

Necesarul de energie determinat de utilizarea
luminiielectriceesteconsiderabilsioferdposibilitatea
obtinerii de economii de energie semnificative
prin utilizarea luminii naturale. O economie de
energie suplimentara asociatd cu utilizarea luminii
naturale consta in reducerea sarcinii de racire pentru
spatii interioare climatizate. Deoarece eficacitatea
luminoasa a luminii naturale este superioard
eficacitatii majoritatii surselor de lumina electrice,
asigurarea unui anumit nivel de iluminare presupune
aporturi termice reduse in spatiul interior iluminat.
in cladiri de birouri iluminate electric, o proportie
considerabila a caldurii ce trebuie evacuata este
generatd de sistemul de iluminat, iar economia
globald de energie prin utilizarea luminii naturale
este semnificativa [4].

Lumina naturald permite oamenilor sa vada bine
si sa@ perceapa legdtura cu mediul inconjurator [5],
iar atunci cand trebuie sd-si exprime preferinta,
ocupantii aleg lumina naturala in defavoarea luminii
electrice. Studii indelungate au descoperit faptul
ca oamenii preferd parametrii variabili ai luminii
naturale si nu pe cei constanti asigurati de sursele
de lumina electrice [3]. Concluziile acestor studii au
aratat ca o serie largd de probleme de sdnatate se
pot datora lipsei accesului de lumina naturala de-a
lungul zilei in spatiile interioare.

Utilizarea luminii naturale in cladiri este benefica
atat pentru confortul ocupantilor, cit si pentru

cresterea productivitatii, avand de asemenea un rol
important in efortul de minimizare a impactului
activitatilor umane asupra mediului natural prin
reducerea consumului de energie electricd pentru
iluminat.

2. Strategii de iluminat natural

Dupéd functia principald, sistemele de iluminat
natural pot fi clasificate [6] in sisteme cu ecranare si
sisteme fara ecranare.

Sistemele cu ecranare sunt concepute atit pentru
impiedicarea accesului luminii solare directe, cat
si pentru iluminat natural; ele pot rezolva si alte
aspecte legate de iluminat, cum ar fi evitarea orbirii
si redirectionarea luminii directe si a luminii difuze
catre suprafete de interes.

Sistemele de iluminat fdrda ecranare sunt
concepute in principal pentru redirectionarea
luminii naturale catre zone indepéartate de ferestre
sau deschideri superioare. Ele pot sau nu bloca
accesul luminii solare directe. Aceste sisteme pot fi
clasificate in patru categorii:

e Sisteme de ghidare a luminii difuze a cerului
Sisteme de ghidare a luminii directe solare
Sisteme de difuzare a luminii naturale
Sisteme de transport al luminii naturale

Tubul de lumina este probabil sistemul de

iluminat natural modern cel mai interesant din punct

de vedere tehnologic, datorita distantelor lungi pe
care el poate opera.

Strategiile si sistemele avansate de iluminat
natural pot produce economii de energie atunci cand
sunt folosite In zone climatice corespunzitoare si
pentru orientdri corecte ale cladirilor, in concordanta
cu analizd specificd realizatd cu algoritmi si
programe de simulare a fenomenelor de reflexie,
refractie si transmisie a luminii, necesard pentru
estimarea performantelor acestor sisteme.
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3. Solutii de sisteme cu tuburi de lumina

Tubul de lumind este o sursd secundard de
lumind care transmite lumina de sursa primara
(naturala sau electricd) in spatiul interior, catre
un obiectiv specific sau catre anumite suprafete
reflectante sau transmitatoare. Transmisia luminii
se realizeaza la capatul tubului de lumind, unde
lumina este distribuitd sau directionatd, in functie
de particularitatile sarcinii vizuale, sau prin transfer
lateral catre obiectivele specifice.

Tubul de lumina transmite radiatia luminoasa
prin fenomenul de reflexie interna totala. Materialul
interior are o reflectantd de 0,98, iar reflexia interna
se produce in structura de 0,5 mm grosime a filmului
optic, fabricat din acril transparent sau policarbonat
[2]. Acest film are suprafata exterioarda prismatica
si suprafata interioara plana, conducénd la reflexia
totald a radiatiilor luminoase.

Unitatea de captare este echipamentul functional
de cea mai mare importantd in ceea ce priveste
cantitatea de lumind naturald ce poate fi utilizata.
Prin inglobarea unei lentile Fresnel, heliostatul
este astfel construit incat si urmareascd eficient
pozitia soarelui pe cer printr-o rotatie simpla in
jurul axului vertical si/sau axului orizontal, intrucat
unghiul de captare al lentilei permite luminii solare
sa fie focalizate pentru orice unghi de indltime
solara, specific latitudinii locului unde acest sistem
este montat [7]. Aceastd lumina focalizatd este
apoi reflectata de catre un sistem de oglinzi catre
conducte verticale, cat mai aproape posibil de axul
central. Oglinzile au un design special, permitand si
captarea luminii difuze a cerului.

Sistemul de iluminat trebuie sé fie de asemenea
echipat cu surse de lumina electrice, capabile sa
compenseze variabilitatea permanentd a luminii
naturale, suplimentind sau inlocuind iluminatul
natural atunci cand este cazul.

Majoritatea sistemelor sunt echipate cu filme
difuzante de extractie a luminii din interiorul tubului,
care trebuie concepute in mod specific pentru fiecare
lungime si diametru de tub de lumina. Un pas
ulterior ar putea fi reprezentat de extractoarele cu
reglaj dinamic. Intr-un sistem de ghidare a luminii,

toate extractoarele sunt identice, si o valva regleaza
lumina emisa de fiecare extractor. Valva poate fi
reprezentatd de o oglinda rotativd, de exemplu
reglabila intre 0° (paraleld cu axa longitudinald a
tubului) si 45°. Astfel, cantitatea de lumina emisa
poate fi variatd dupa necesitati. Un astfel de sistem
poate fi construit din extractoare similare de-a lungul
intregii instalatii, iar reglarea nivelului de iluminare
in fiecare Incadpere poate fi cu usurintd realizatd
ulterior. Aceasta va face aceste sisteme mai eficiente
si va determina scaderea costurilor de producere si
de instalare a acestor sisteme.

4. Discutie despre eficienta tuburilor de lumina

Desi sistemele prismatice de ghidare a luminii
functioneaza bine, ele sunt in principiu mai putin
eficiente decét sistemele simple, conventionale.
Explicatia este ca injectorul de lumina prezintd de
reguld o eficientd similara eficientei dispozitivelor
conventionale, astfel incdt orice ineficientd a
sistemului prismatic de ghidare reprezinta o pierdere
netd comparativ cu iluminatul conventional.
Deoarece eficientele globale tipice ale sistemelor
prismatice de ghidare — tuburi de lumina variaza
intre 0,40 si 0,80, aceste pierderi sunt semnificative
si au limitat gradul de aplicare al acestor sisteme
in situatiile in care avantajele practice ale tubului
de lumind sunt din punct de vedere economic mai
importante decét aspectul eficientei energetice.

5. Concluzii

Un numar semnificativ de aplicatii utilizdnd sisteme
de iluminat natural au fost realizate. Solutia cea mai
interesantd gi cea mai flexibila este reprezentata
de tuburile de lumind. Desi industria tuburilor de
lumind a cunoscut o dezvoltare majora in anii "80,
sunt in continuare necesare activitati de cercetare si
dezvoltare pentru a imbunatati eficienta globala a
sistemelor de iluminat natural cu tuburi de lumina,
astfel incat acestea sa cunoasca cereri de instalare la
scara largd si sa contribuie astfel la realizarea unui
mediu mai curat i mai sigur.
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