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LIGHTING EDITORIAL 4.0

issue is delicate, as a person with twenty
years of experience will reluctant to the
idea of an exam, so the solution we have
found is a portfolio of previous works and a
discussion with professionals that can
certify the level of knowledge (a sort of
peer-review).
The solution that we think is an answer
: is to regulate the qualification of lighting
Dorin BEU specialist. For this CNRI have hired a
human resources company who have
The number represents the qualificatioprepared all the paper and who through
code of Lighting Specialist in the Romaniayuestionnaires and studies have established
Register of Regulated Qualifications, in thejl the competences needed for this
major group 2142 — Civil Engineering. qualifications. The time we have spent in
Let's start with the beginning: in 2012preparing the amount of birocratic papers
the new Board of Administration of (like job description) helped us to clarify
Romanian National Committee of CIE -many aspects and a better understanding of
CNRI (Mihai Husch, Marilena Kerean, our profession.
Dan Vatijelu and myself) start a discussion The next step is to organize qualification
about who can are the lighting specialistgourses which will start in September in
The problem is all over the world (peopléBucharest and then in Cluj-Napoca.
who work have different universities |n the same idea, | must congratulate
background, few have master studies armimitrios Zevgolis and Frangiskos Topalis
many claim they are lighting designerfor organizing the LiDe summer course
experts etc.). In one hand no one want f@letails athttp://ip2013.eap.gr and in our
limit the access to a job in lighting and ifjournal) in Athens. Bringing 32 students
the other hand we want that lightingand 18 lecturers from Greece, Turkey,
specialist become a regulated qualificationg.rance, Germany, Belgium, Slovenia and
This issue may raise discussion about ov@&omania it's not an easy task but it will
regulations, but after all we have Standal’Cbromote lighting among the new generation
and codes that need to be followed byt lighting specialist. Next summer course
everyone in this sector. In the case afill be held in Porto. Being one of the
peoples who have worked many years ifcturers, | may be subjective, but | am
lighting, with a lot of practice in the areaalways happy when lighting is promoted
we need to confirm their competences. Thigom different perspectives and this will

Ingineria lluminatului 2012;15, 1: 5-6



influence students and most of them will
keep going in this direction. | wish | have
participated to such a course at the end of
my studies.

Two words about the two most
important conferences of this year in
Europe: one was 100 years of CIE held in
April in Paris and second will be in
September in Krakow. If for the first one |
can regret that some of the important
lighting professors were not there, | can
recognize that it was the first green one. For
the second one, there were not enough at
the beginning and for both of them I can
say that there is a problem, that they don’t
have an ISI proceeding, which is a pity. |
know that CIE is working in this direction
and | think that this is vital for our future.

At the beginning of this year, between
30 January and 28 April at the Hayward
Gallery, London was the biggest exhibition
with lighting artist — Light Show.
Unfortunately | could not visit it, but a very
dear friend of mine sends me the exhibition
book. It includes all lighting artists, starting
with Dan Flavin, passing by James Turrel
and ending with Olafur Eliasson. All of the
worked with the immaterial material which
is light and it is fascinating to see how they
are shaping light and play with our
perception. Sometimes, for me as an
engineer, it is hard to explain to my
students what is the difference betwee
some bare battens leaned on a wall by @
contractor and the same thing done by De
Flavin becomes art. In our journal authorbr. Dorin BEU

try to explain the scientific part, but when itDirector of Lighting Engineering

comes to art you don’'t have to explai : \ . .
everything. This is the beauty of lighting: i{l?:laal:)%rf;ory Technical University of Cluj

Is both science and art. dorin.beu@insta.utcluj.ro

2 Ingineria lluminatului 2013;15, 1: 5-6



USING BLUE WAVELENGTH LIGHT TO MODIFY COGNITIVE
FUNCTIONING.
CAN FULL SPECTRUM FLUORESCENT LIGHTING IMPROVE
WORK RELATED CONCENTRATION IN THE CLASSROOM?

Andrew J. COLAU

The University of Huddersfield, U.K.

Abstract: Some researchers make the claim that full specfituorescent lighting can
positively affect cognitive performance and welkhgeand yet the impact which full
spectrum fluorescent lighting has upon cognitivectioning remains in question. In spite
of extensive laboratory research into the effe€tggbting on neurological processes, little
scientific evidence proving that cognitive functi@gncan be altered by working under full
spectrum lighting is lacking. This study sets oat determine whether levels of
concentration can be improved through the use bfsfectrum fluorescent lighting used
in the classroom on a randomly selected group fyteight Further Education students
where 19.4% of the student population have beegndised as having ADHT, Asperger’s
and Dyslexia. Lighting has been linked to learnifigthermore lighting which supports
concentration may be very useful in promoting dalass behaviour and learning.
Moreover excluding students from mainstream schawid placing them into pupil
referral units cost the British taxpayer in 2010120 the region of £81 million compared
to the cost of £34 million if those students hadamed in full-time education. Using full
spectrum fluorescent lighting may help to achiesttdn classroom behaviour and a viable
way in which to reduce the student exclusion r&ather than using a laboratory type
environment as many previous studies have, thi/stges a work based environment in
which to collect data.

Keywords. impacted, students.

1. Introduction on the classroom environment with regard
to flicker, glare and brightness which this

Having worked in the electrical industrytype of lighting produces.

and the education service during the past There appears to be widespread

thirty years, my attention was drawn to theoncern within the teaching profession

effect which fluorescent strip lighting hadand Ofsted that some learner groups for

in the workplace and especially the impactarying reasons are disruptive in class,

Ingineria lluminatului2013;15, 1: 7-18



A COLAU

additionally the 2013 Ofsted frameworkfunction such as; improvements in
for school inspection indicates that waygerformance, heightened levels of alertness
to improve low level backgroundand noticeable improvements in various
disruption during lessons should beognitive tasks. Moreover, there appears to
considered. Furthermore minority group®e a shortage of information about the
requiring different forms of learnereffects of lighting in the classroom
support are often those at risk of schoaksearched outside the laboratory setting
exclusion sometimes through an inabilityusing large sample sizes. Therefore this
to focus on task or through behaviourstudy attempts to partially address these
associated with  autistic  spectrunmissues by using a sizeable sample size and
disorders (ASD’s) or attention deficitby conducting the research in an active
hyperactivity disorder (ADHD). Statisticsindoor classroom. In addition to conducting
reveal that within this organisationthis research within the confines of an
students diagnosed as having dyslexiactive classroom, a series of non-verbal
dyscalculia, autism or some other learningeasoning tests given to students to
difficulty comprise 19.4% of the studentdetermine levels of student concentration
population in addition to others requiringworking under cool white fluorescent
learner support. According to the Nationa{CWFL) strip lights will be compared to the
statistics from the Department ofsame activity working under FSFL.
Education (DfE; 2011) 5,080 permanent Using Kerlinger's hypothesis (1970), “if
exclusions from state funded schoolX then O”, this study suggests that using
occurred in 2010/11, the cost to thdull spectrum fluorescent lighting (X) may
taxpayer being in excess of £81 millionmpact concentration (O) of students
compared to £34 million if those studentsvorking in the classroom. Furthermore this
had remained in full-time education. study proposes to use the following
Attempting to redress current knowledgeesearch question: Do students working
regarding the impact of lighting uponunder full spectrum fluorescent lighting
cognitive functioning and behaviour in theconcentrate more than when working under
classroom this study suggests thatool white fluorescent lighting?
improvements to classroom lighting may
positively influence the teaching and2. Methodology
learning environment. Although the spectra2.1 Design
qualities provided by full spectrum lighting
(F.S.F.L.) have been reported as beinghis study used a multivariate analysis to
beneficial for the health and development iillustrate variance. Spectra (dynamic versus
children, current research in this field is stilktatic) represents the independent (x axis)
in its infancy (Boyce, 2003). variable and a dependent (y axis) variable;
Recent research (Vanderwalle et akoncentration, were used in this study.
2009) indicates that the physicalAccording to Campbell and Stanley (1963)
characteristics of ambient light area True Experimental design described by
influential modulators of non-visual Kerlinger (1970) as a ‘good’ design was

8 Ingineria lluminatului2013;15, 1: 7-18



Using blue wavelength light to modify cognitivediioning

originally chosen by this study as arof the research question as any difference
appropriate  model to follow. Furtherbetween @ and Q scores may have been
investigation revealed that participants caattributable to either X or the “carry-over”
become sensitised to pre-test conditions amdfect of sensitising. To overcome this
this in itself was seen as a potential threat fmarticular issue this study considered using
validity, moreover Anastasi (1958) foundcounterbalancing as a means of reducing
that there was nearly always an increase gensitisation to pre-test conditions by
test scores between test one and test two $lyacing pre-test and test twenty-one days
approximately three to five points on theapart and by applying the following
Intelligence Quotient Scale. Furthermordormula to the True Experimental Model,
any sensitising suggested by Anasta$D,-R0O,)-(04-R0Os) (Campbell and Stanley,
(1958) may have resulted in a weakenin§j963).

The Solomon Variant.
Experimental group has pre-test and treatmenistontrol group one hag
pre-test and no treatment. Control group two missgpre-test but treatment
is applied.
Experimental Group. RO1 X 02
Control Group 1. ROs3 O4
Control Group 2. X Os

Figurel

Further research was conducted to locate #me  Campbell and  Stanley True
alternative design based on the TruExperimental Model, the Solomon Variant
Experimental Model recommended as aexperimental group could be affected by
appropriate design for use in educationafeatment or pre-test sensitisation and
research by Campbell and Stanley (196%pntrol group one affected by pre-test only.
and which had more flexibility in its design.However by using a second control group
Solomon (2001) found that sensitisatiomvithout pre-test any effect in §Oscores

could be isolated by adding two furthemwould be attributed to the treatment ‘X’
groups to the Campbell and Stanley (1963)eing  applied. = Amalgamating  both
design; one that does not undertake the preducational and scientific research this
test and the other one missing out thstudy considered the Solomon Variant more
experimental treatment. In common wittappropriate than using the Campbell and

Ingineria lluminatului2013;15, 1: 7-18 9
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Stanley True Experimental Model which2.3 The Instrument

according to Cohen and Manion (2011) is

commonly used for educational researchitem Response Theory (IRT) and Classical
This study therefore proposed to use theest Theory (CTT) were researched prior to
Solomon Variant (figure 1) and towriting the test for use in this study (Cohen
administer the test twenty-one days after thet al, 2011) and were used to guide the pre-
pre-test. A random sample representinggest and test papers with regard to: The
2.3% (38 participants) from the totalpurpose, achievement, objectives, content,
student population was recruited. Theonstruction, format, reliability and
sample size was considered manageablalidity.

within the time constraints of this study The test used in this study was piloted
although a much larger sample size wouldnd verbal feedback given to indicate;
have been more representative of thdarity of the layout, the suitability for use

student population. with Further Education students, the level
o of language, the complexity of the test and
2.2 Participants the time taken to complete the test.

- ' This study concluded that one of the
The study followed The British Educationaimost appropriate methods of achieving this
Research Association (BERA; 2012) angyould be to use a non-verbal reasoning test
Code of Ethics for Social Work and Sociatequiring participants to focus their
Care Research (2012) protocols. Thgttention on simple problem solving within
involvement of participants was purely on & set time limit. (McClelland, 1973; Arthur,
voluntary basis. This study did not take inta 994 Rips,1994; Johnson-Laird,1997; Goel
account personal circumstances, ethnicitgnd Dolan, 2003). The test used in this
academic abilities, or health of anystudy, presumed basic numerical and verbal
participant. Participants were not informechpility, and was a test requiring participants
that different light sources would be usegp think broadly and visualise emerging
during the study as expectancy effects mayatterns from a series of graphical images

have influenced the final results. During thgDeGroot, 1965; Ennis,1981; Hitchcock
culmination of the final experiment the1983: Arthur, 1994).

precise aim of the study was announced to
all those who volunteered to take part. 2.4 Independent variable for Control

All participants provided written consent
to participate in the study prior to anyrhe existing lighting comprised of six
experimental  research  taking placel.5 m fluorescent lights directly mounted
Appropriate authority from the ethicalonto the ceiling tiles, each fitting holding
committee at the college was obtained priaivo 1.5 m 58 watt tri-phosphor fluorescent
to the commencement of data collection an@ibes. Each light fitting had an integral
this study considered that simple randomightweight aluminium baffle masking the
sampling methods would be used to recrufighting tubes and provided some
participants. reflectance. Each fluorescent tube was a

10 Ingineria lluminatului2013;15, 1: 7-18



Using blue wavelength light to modify cognitivediioning

T8 type, operating at 230 volts nominakenvironment of this field experiment for
voltage, 50 Hz and having a C.C.T. oboth Control and Experimental Groups was
4000 Kelvin (K). The lamp type waskept identical throughout the experiment in
commonly referred to as having a coolerms of classroom furniture, time of day
white colour. The illuminance at desk topand seating positions.

height was in a range of 500-700 lux. Light

levels were measured using an Ethos 57@0J7 Control Group one

lux meter.

A randomly selected group of eight
2.5 I ndependent variable for students whose ethnicity and gender was
Experimental condition representative of the entire first year student

population were used as a control group.
Existing fluorescent tubes used during th&he control group were asked to complete a
control were removed and Edisomon-verbal test under full cool white
EDF58/865 full spectrum tubes retro fittedfluorescent lighting (C.W.F.L.) and twenty
The retro fitted lamps were of the T8 typepne days later the same test was repeated
operating at 230 volts nominal voltageunder the previous lighting conditions.
50Hz and with a Colour CorrectionAccording to the Solomon Variant (2001),
Temperature of 6500 Kelvin (K). Thecontrol group one test results may be
illuminance at desk top height was in thaffected by pre-test sensitisation only as no
range of 500-700 lux and light levels werdreatment was applied.
measured using an Ethos 5700 lux meter.

2.8 Control Group two
2.6 The Experiment

Selected and matched in the same way to
The experiment was conducted in a smationtrol group one, this control group of
classroom with windows leading into aeight participants would undertake the test
broad and well illuminated corridor; darkwith treatment X being applied and missing
vertical blinds obscured most of theout the pre-test. Control group two would
windows with at least 98 % of the totalspend thirty-five minutes under the full
window surface totally obscured. Thespectrum lighting (F.S.F.L.) prior to the test
experiment was conducted with all windowbeing administered as research has
blinds closed to reduce any effect of naturaluggested that any non-visual effect of
daylight and to control extraneous factor&.S.F.L. usually occur within one hour from
such as: external noise, equal distribution dime of exposure to that lighting source
experimental illumination and seasona{Gifford and Ng, 1982). According to the
levels of daylight. The classroom used foSolomon Variant (2001) pre-test
the experiment was 4.5 m x 6.08 m and 3 sensitisation would not occur and any effect
high, the walls were fabricated fromon test scores attributable to the treatment
standard 404 mm x 202 mm concretapplied.
building blocks painted white. The

Ingineria lluminatului2013;15, 1: 7-18 11



A COLAU

2.9 Experimental Group 3.1 Data analysis. Experimental Group
Results

The Experimental group undertook the pre-

test and twenty one days later the test withhe Solomon Variant of the True

treatment applied. According to CampbelExperimental Design by Campbell and

and Stanley (1963) and Solomon (2001) thetanley (1963) was used throughout this

experimental group may be subjected to arstudy. Twenty-two participants took part in

pre-test sensitisation according to Anastatiie experimental group. Simple statistical

(1958) and also to the effect of theanalysis was used to compare results for

treatment applied. each of the groups found in the Solomon
Variant. Changes in ROand Q scores
3. Data collection and analysis were compared using mean averages taken

from the percentage increase from pre-test
Data was collected at three week interval® test conditions. Although some negative
between pre-test and test, furthermore pregalues were obtained in the, @st results
test and test were exactly the same as edtiese were included in the mean average
other. Data obtained from the non-verbatalculations used to determine percentage
reasoning test were subjected tincreases from R0 O,. Even though the
quantitative analysis since this was one wayegative results had the effect of lowering
of correlating results from this study withthe percentage increase from pre-test to test
the results of research undertaken by Millsonditions this study deemed it necessary to
et al (2007). Questionnaires were completgabrtray a full and accurate account of all
by participants who undertook the test witlilata obtained and further investigation to
the intervention X applied and the nominatletermine the reasons for negative results
data collected was subjected to qualitativenay prove to be useful. The mean scaje (
analysis. for RO, was calculated to be 5.818. The
intervention X was applied three weeks
later and the test given in the same
classroom. The mean average foy Was
calculated to be 7.955.

RO:1a 5.818 X 02a7.955

Three week interval between R@nd Q. Increase in scoré® 2.136 (36.714% increase).

Increase may be due to either intervention X osisisation (Anastasi 1958)

Figure?2

12 Ingineria lluminatului2013;15, 1: 7-18



Using blue wavelength light to modify cognitivediioning

The single most noticeable observation tbgure to determine a true value of the
appear from the comparison of data was thetervention X. Eight participants took part
large increase from pre-test to tesn control group one. This control group
calculated as 36.714 %. Taken on its owwas given the same pre-test as the
this figure indicates a high improvement irexperimental group without any
scores from pre-test to test, however anptervention being applied. Results were
sensitising effect described by Anastasadded and mean average fROcores
(1958) had to be taken into considerationalculated, these being 8.125, three weeks
before a measure of the intervention and later control group one were given the test
“true” score of Q was possible (figure 2). without the intervention (full spectrum
3.2 Data analysis: Control Group One fluorescent lighting) and £ scores
Results calculated as being 8.375. The mean

average increase of 0.25 between the two
The main aim of control group one was taata sets was used to determine a
determine how much sensitisation wapercentage increase from pre-test to test and
present between the pre-test and tesias calculated to be 3.07% (figure 3) which
without the intervention and to subtract thisvas deducted from the experimental group
figure from the experimental group ,O result Q.

RO; a 8.125 No Intervention O, a 8.375

Three week interval between Ré@nd Q. Increase in scores0.25 (3.07% increase).
This figure represents sensitisation (Anastasi 1868 will be deducted from Gcore figure 2.

Figure3

3.3 Data analysis. Control Group Two control group was not required to take the
Results pre-test, taking only the test with the

intervention X being applied. Eight
The main aim of Control Group two was tgarticipants took part in control group two,
provide a measure of the intervention X tthe G scores were added and a mean
compare with the ‘true’ figure ascertainediverage score calculated as 7.125 (figure 4).
from the experimental group data.(his

Intervention X applied Os a 7.125
a percentage increase was not possible with contonimtwo.

No sensitisation (Anastasi 1958) was possible simte treatment X was applied

Figure4

Ingineria lluminatului2013;15, 1: 7-18 13



A COLAU

4. Interpretation of Data fluorescent lighting caused them to feel
more awake, 18% felt that the lighting was
The aim of the study was to observe iértificial and 22% thought that the lighting
intervention X would lead to improvementsvas responsible for giving them headaches.
in concentration between pre-test and testhese findings while preliminary imply that
The majority of the data collected duringoersonal perceptions of lighting conditions
this study was subjected to quantitativen the classroom may affect visual acuity
analysis. However to achieve a betteaccording to the individual’'s physiological
understanding of the effect of interventioror psychological makeup with the potential
X, participant opinions were included toto impact learning (Revel et al, 2006; Mills
supplement the data collected from thet al, 2007) and additional investigations,
Solomon Variant. Data obtained from thisvhich take these factors into account
study indicate that test scores increaseshould be undertaken (Boyce, 2003).
when participants were subjected to the Prior to reaching any conclusions
intervention X (full spectrum fluorescentimplied by one set of data, this study cross-
lighting) compared to the cool whitereferenced other data sets to support,
fluorescent lighting used during the predisprove or question the reliability of data
test. Data suggests that when applying tlanalysed from the experimental group O
intervention X to the experimental groupscore.
mean average scores increased by 33.644%
after the effect of sensitisation described by. Conclusions and Recommendations
Anastasi (1958) were subtracted from the
test score (§. Data from this study also This paper investigated whether full
suggests that participants had mixedpectrum fluorescent lighting impacted
feelings about the effect of the interventiowoncentration of students in an active
but these were (generally positiveclassroom. The research was conducted in a
constructive comments with only on€real’ work situation using a sizeable
negative data set. sample size in comparison to previous
When participants subjected to thestudies which used laboratory type settings
intervention were asked to comment on preand very small sample sizes. Mills et al
test and experimental lighting conditiong2007) researching similar effects in the
27% remarked that the intervention lightingvorkplace setting noted that studies in this
was bright but not unpleasant and 27%eld outside the laboratory setting were
thought that the pre-test lighting was notincommon and that lighting conditions
too bright or unpleasant. Additionally 22%researched outside the laboratory setting
thought that the intervention lighting helpedvere not fully understood. Additionally
them to see well and 13% from the samBoyce (2003) draws attention to the fact
group felt that the intervention light wasthat research in this field is still in its
more natural. Moreover 13% of participantenfancy suggesting that much more work
taking pre-test or test without theneeds to be undertaken to study the link
intervention X felt that the cool white

14 Ingineria lluminatului2013;15, 1: 7-18



Using blue wavelength light to modify cognitivediioning

between full spectrum light and alterationgunctioning appeared to be affected through
to cognitive functioning. its use. Moreover, the current findings of
The particular emphasis of this studyhis study indicate that student’s
was to observe levels of concentration bgerceptions of the learning environment
using full spectrum fluorescent lightingbeing more appealing and enabling better
(the intervention) during a non-verbalvisual acuity compared to previous lighting
reasoning test. Although test scoresuggest a role for full spectrum fluorescent
improved when the intervention wadighting in  promoting  work-based
applied, other causes for any increassoncentration. The empirical findings of
should be considered such ashis study indicate that further research to
physiological alterations in the visualinvestigate the effect of full spectrum light
system or psychological adaptation to then targeted groups rather than using
test environment. Furthermore severandom sampling may be useful. The
limiting factors need to be acknowledgedurrent research was not specifically
concerning this study: The size of thelesigned to evaluate student’s behavioural
sample chosen was relatively smalbr physiological issues, however further
compared to the overall studentesearch may prove useful in determining
population. One of the limiting factorsthe benefits of full spectrum lighting for use
with regard to sample size was thevith dyslexic students or those with autism
availability of participants due to thespectrum disorders (ASDs) and groups
constraints of a busy timetable and theequiring learner support in the classroom.
rate of experimental mortality whereWhat is more the use of full spectrum light
participants failed to attend the datan the classroom may have far reaching
collection. Other factors which affectedconsequences for teachers involved in
the planning stages of this study weregeaching Special Educational Needs and
permission to use student groups in theearner Support, simply because their
study, timetable space to allow students toohorts are able to concentrate more during
take part at a time when the experimentaisually directed tasks in an environment
area was available, personal worlenhanced by F.S.F.L. In terms of specialist
commitment, available time in which tosupport for these learners there is little
undertake the data collection and thevidence to demonstrate that current
financial cost of providing resourcespedagogical strategies are failing to be
required to conduct the experiment. effective, however the findings of this study
This study was able to replicate some ahdicate that F.S.F.L. used in selected
the findings of Mills, et al (2007) which teaching areas may facilitate a more
indicated substantial changes to cognitiveomfortable journey through the classroom
functioning as the result of using fullexperience to that currently experienced by
spectrum fluorescent lighting, furthermordooth student and teachers equally.
the results from this study were partially The conclusions of this study suggest
substantiated by the earlier findings othat the use of full spectrum fluorescent
Vanderwalle (2009) in that cognitivelighting in schools and colleges may be
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prove to be beneficial in terms of studenwithin existing classrooms and those
concentration and mood and may prove tplanned for the future.
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PEDESTRIAN WAY LIGHTING: USER PREFERENCES AND
EYEFIXATION MEASUREMENTS

Wei LUOY, Marjukka PUOLAKKA®, Qingwen ZHANG?, Chunyu YANG?,
LiisaHALONEN!
AaltoUniversity Finland?Chongging University China,

Abstract: The International Commission on lllumination (CEStablished a Joint Technical
Committee JTC-1 Implementation of CIE 191 SystenMisopic Photometry in Outdoor
Lighting in January 2012. The first task of JTGs1a define visual adaptation field in outdoor
lighting. This article focuses on pedestrian wayiing. The purpose of this article is to find
out eye-fixation area/location which is helpfuldefining the visual adaptation field. At first,
this article reviewed previous studies related ie ©f visual field in different objects and
different ages, eye tracking systems used in teas#ies. And then, investigations and
measurements were carried out on a pedestrian wayhiongqing of China. Relationships
between lighting conditions and user preference®\atso analyzed. The SMI iView X HED
eye-tracking system was used in this study. Fibgsts participated in the investigation and
measurement. Questions were asked for each subjeletos were recorded for each one
including eye tracking data such as fixation couatsl dwell times while walking both
forward and backward. Eye-fixation areas/locatiamsre defined and analyzed based on the
data. The conclusion is that the fixation area/toma of the subjects were more concentrated
around a central area in the horizontal level anergwider in the vertical level.

Keywords: luminance, user study.

1. Introduction approach in determining the actual
adaptation conditions in different situations
The starting point of the work is the currenand in defining visual adaptation fields in
task of CIE JTC-limplementation of CIE outdoor lighting.
191 System for Mesopic Photometry in This article focuses on pedestrian way
Outdoor Lighting which is to investigate environment. At first, the previous studies
adaptation and viewing conditions and definef visual field in walking conditions are
visual adaptation fields in outdoor lightingreviewed; including size of visual field, the
Data needs to be collected based awles of foveal and peripheral vision and the
luminance and eye-fixation measurements wtifference of visual field between young
varied outdoor lighting installations (roadand elderly walkers. In this work,
pedestrian/bicycle, park etc.). This is onexperiments in Chongging of China were
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carried out by using an eye-tracking systenet.al (1973) blocked the peripheral visual
User preferences for pedestrian wafield and exposed the foveal visual field up
lighting were collected with the help ofto 60° for the research of fovea/periphery
questionnaires. SMI (SensoMotoriceffect on ego-motion (Brandit.al, 1973).
Instruments) iView X HED eye-tracking Yoshida (1983) considered foveal visual
system was used to record eye fixation datield to only subtend the central 3° field, as
The data was analyzed by BeGaze Softwarenore than 30% of the visual acuity capacity
was within this field (Yoshida, 1983). In
2. Review of previous studies 1999, Bardy et.al considered foveal visual
field to subtend 30° for the study of roles
There have been only few studies focusinigveal and peripheral vision in postural
on visual adaptation in real pedestriagontrol during walking (Bardyet.al, 1999).
environments. Most of the studies related to
the visual field in walking conditions have2.2 Objectives of the studies
been conducted indoors (Stoffregen, 1985;
Palta and Vickers, 1997; Hollancetsal The study conducted by Stoffregen (1985)
2002; Itoh and Fukuda, 2002; Turon, 2005)erified that the peripheral visual field is
The studies have focused on 1) the roles dbminant in controlling posture and
foveal vision and peripheral vision tokeeping stance (Stoffregen, 1985). Turon
control posture or keep stance (Stoffregeli2005) pointed out that foveal and
1985; Turon, 2005); 2) the difference of ey@eripheral vision provide different types of
movements between the young and elderiysual information for walking. Foveal
walkers (Itoh and Fukuda, 2002). Severalision is associated with orientation and
eye tracking systems were applied in thegeeripheral vision with detection. People can
studies (Palta and Vickers, 1997 and Itotvalk accurately to a goal depending on the

and Fukuda, 2002). orientation derived from the foveal vision,
and also together with the head and eye
2.1 Sizesof visual field position which means gaze behaviour

(Turon, 2005). As a result, gaze behaviour
Visual field contains foveal visual andis another important consideration in the
peripheral visual field. Itoh and Fukudavisual field studies.
(2002) referred that different estimations of Hollands (2002) provided information
the visual field in foveal and peripheralon gaze behaviour associated with both
vision were based on the classification dfeeping stance and changing the direction
retina in the book of The Retina (Polyakpf movement (Hollands, 2002). In the study
1941). In this book, Polyak classified theof gaze behaviour, an eye tracking system
foveal visual field to extend up to 16°, andvas used in the experiment by Patla and
peripheral visual field to extend from theVickers (1997) where observers were asked
central 16° field outward. However, laterto walk towards and step over an obstacle in
studies have defined various extends for ttikeir walking path (Palta and Vickers, 1997).
foveal visual field. For example, Brandt
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Pelz (2007) studied oculomotor2.4 Eye tracking systems in the past
behaviour in two environments: natural onetudies
and artificial one. In this study, natural
environment was defined as a woodeth the studies above, two types of eyetracker
environment which has dense woods amglstems were used. Patla and Vickers (1997)
the path is uneven. Artificial environmentused the Applied Sciences Laboratories
was defined as an outdoor environmerfASL) 3100H Eye View tracker, and Itoh
whit apartments around, and with pavednd Fukuda (2002) used the “Talk Eye” eye-
pathways. In these two environmentsnovement analysis system.
subjects performed free-viewing and The Applied Sciences Laboratories (ASL)
walking tasks and fixation durations and®100H Eye View tracker is a mobile helmet.
saccade sizes were recorded. In additioiihis is a monocular corneal reflection system
the fraction of time gaze was also analyzedhat measures eye-line-of-gaze with respect to
the helmet. The helmet has a 30-m cord
2.3 The difference of visual field between attached to the waist, interfaced to the main
young and elderly walkers computer, thus permitting near normal
mobility of the participant. Miniaturized
Itoh and Fukuda (2002) conducted twamptics (scene and eye camera), an illuminator,
indoor experiments concerning visual fields solid-state sensor, a relay lens, and a visor
of young and elderly subjects. In thesavere mounted on the helmet, with a total
experiments eye movements duringveight of 700 g.
walking were recorded, and walking The “Talk Eye” eye-movement analysis
cadence (the number of steps per minuteystem is manufactured by Takei Scientific
with  and without peripheral visionInstruments Co., Ltd. It is a goggle
restrictions were measured. The “Talk Eyetontaining a small infrared sensor recording
eye-movement analysis system was usedttte eye movements while walking by
find out the gaze areas and the speed of eyeans of the infrared limbus tracking
movements while walking both for themethod. The eye movements are recorded
young and elderly walkers. Itoh and Fukuday a camera to capture an optical image
found out that the area of foveal visual fieldising an output digital signal. The camera
of elderly walkers was wider than that ofs attached at the midpoint of the goggles.
the young walkers; whereas the speed of
eye movements of young walkers wa8 Experimental set-up
lower compared to the elderly ones. It was
concluded that the differences are due to tfldhe experiments of this work were carried
losses of visual capacity accompanied withut in September 2012. The study focuses
aging (Itoh and Fukuda, 2002). on two issues: the relationships between
lighting conditions and user preferences
collected by a questionnaire, and eye-
fixation areas/locations of the subjects
while walking.
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3.1 Pedestrian way lighting is provided by LED luminaires
which replaced the high pressure sodium

The test location is Sixian Road pedestrialamp luminaires in 2011. The parameters of

way in Chongging China, Figure 1. Thehe lighting installation are given in Table 1.

Figure 1 Pedestrian way (Sixian Road) in Chongging China.

Table 1 LED installation of Sixian Road in University Tovafi Chongging

Location Sixian Road, university town Chongqingira
When installation made 2011
LED-luminaire LM-DL1015-135W
Luminaire Power 135 W
Luminous Flux 11 000 Im
Luminous Efficacy >80 Im/W
Colour Temperature 5 500~6 000K
CRI >70
Pole Height 10m
Pole Spacing 30m
The illuminance and Iluminance(CEN, 2003). The direction of

measurements were carried out in the are@easurements is from west to east. Eye
between two poles, this is 30 m in lengtlracking data was collected from five
and 3 m in width. Thirty measuring pointssubjects while they were walking the
were spaced evenly in this field accordingedestrian way, first to one direction and
to EN 13201-3: 2003, as shown in Figure then back to the other direction. All
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subjects walked straight along the centrdlectronic in China. The other illuminance
line. After this the subjects walked the sammeter was XYI-lll  semi cylindrical
way again before filling the questionnaires.illuminance meter produced by Yiou
Electronic in China.
3.2 Illluminance and luminance The Iuminance meter was LM-3
measur ements luminance meter produced by Everfine in
China (Figure 3, on the right). The aperture
The illuminance meter used was XYI-lllof 1° was wused in the luminance
illuminance manufactured by Mydreammeasurements.

O West

East O
T

) =
-9 C-1
=y =10

XA-3 (A4 XA-5 {A-6

XC-5 C-6
v < 30m
O- Luminaire »- Measuring point

Figure 2 Measuring points on the pedestrian way.
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Figure 3 Illuminance meter, semi-cylindrical iluminance meand luminance meter used in the study.

llluminance and luminance The measurement results are shown in
measurements were carried out in th€able 2. The average illuminance was
evening between 19:30 p.m. to 22:30 p.n13.9 Ix and the average semi-cylindrical
As the University town in Chongging is ailluminance 6.0 Ix and 5.4 Ix, eastward and
developing area, the traffic and pedestriawestward respectively. The average road
volume on the road were not heavy at thaurface luminance was 0.49 cdim
time. The pavement of the pedestrian way is
cement. The horizontal illuminances wer@&.3 Questionnaire
measured at the road surface and the semi-
cylindrical illuminances at the height ofFive subjects aged 25-35 years, two males
1.5 m (the photo-cell faced both eastwardnd three female, participated in the survey.
and westward at each measuring point). ThEheir colour vision and visual acuity were
height of the luminance meter was 1.5 ntested to be normal before the experiments.
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The Colour Vision Test developed byincluded the gender, age, studying/working
Kechang Wang (Wang, 2001) was usedield, and the regularity of using the
Visual acuity was tested with the Legedestrian way used in the study. The
numbers near vision chart. studying/working fields of the subjects are

The questionnaire composed of two partelated to construction area and all of them
including basic information and the actualvere to walk for the first time on the
guestions (Appendix A). Basic informationpedestrian way.

Table 2 llluminance and luminance values

Date: 28.9.2012 Time: 19:30-22:30 Weather: Cloudy | lac® Sixian Road
Direction: West-East Pavement: Cement Lighting dttovs: see Table 1
Pedestrian’s volume: Light Traffic volume: Light
If side walking plants: Yes If business or advémtis No
En(1x) Es(IX)(Eastward) Es(Ix)(Westward) Lave (cd/m2)
Point A B C A B C A B C A B C
1 5.63 | 15.52] 10.11 4.53 378 408 471 4p3 457150} 0.565| 0.417
2 2,52 | 1357 1141 3.53 372 331 243 571 495064 0.500| 0.40§
3 14.78| 14.63 12.12 3.8( 322 345 8.03 6/67 5704620 0.432] 0.307
4 1499| 15.18 1396 582 42 325 711 7/97 6516320 0.629] 0.42(
5 18.95| 16.8§ 14.17 10.00 8.42 5.59 11{02 9|56 6.95778| 0.663 0.55¢
6 16.78| 16.70 14.79 10.27 9.21 7.81 10{16 8|02 5.49718| 0.632] 0.48¢
7 16.27| 13.71 10.19 899 74p 6.62 595 4/49 331768 0.633] 0.439
8 15.42| 1389 114% 825 690 6.19 341 2,93 2955790 0.433] 0.3471
9 18.47| 15.21 1266 814 6.80 6.14 346 282 287500 0.440] 0.341
10 16.44| 18.1§ 13.14 578 6.15 540 286 3|65 3.1M526| 0.464| 0.354
Ave. 13.9 6.0 5.4 0.49

The  Questionnaire  included tensoftware and contains the hardware
questions related to the general feeling @lomponents that allow the system to
walking on the way; the feeling ofcapture eye movements. This workstation
pavement; lighting conditions includingcontrols the camera equipment and
light level, light distribution, colour of light, processes the eye and scene video signals.
glare, feeling of safety and facialThe iView X workstation is used to control
recognition. The subjects provided theithe camera system, to trigger events, such
answers on a five-point scale. as calibration, drift correction, and the

duration of the recording (SMI, 2007).
3.4 Eye-tracking system
4. Results
The SMI iView X HED eye-tracking
system by SensoMotoric Instruments (SMI3.1 Questionnaire
was used in the experiments, Figure 4. The
eye-tracking camera is installed in a helmeA five-point scale was used to fill in the
The iView X workstation runs the iView X questionnaire. In analyzing the results, each
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point of the scale was assigned a numbgvhere:

(-2, -1, 0, 1, 2). The individual results and/ - Weighted average;

the weighted average values of these fdi- Value of each question on the scale -2,
each question are shown in Table 4. Thd, 0, 1, 2;

weighted average values are calculated M- Number of subjects choosing the
Equation 1: according value ™).

V= [ ?:1 I/VLTL]/Z?=1 Wi(n:1’2’314’5) (1

( ! - ()7

= @ HED Headband
Eye Video
h Curvid Video In
-
o — ; Te T Momiwr andbr VCR
o :'.J . - — (optional) — >
Baako In  Compotie 1 CurVid Video Out
MPEG Video Card
® «
MPEG Video
Capture Card
To Cher Research Egapment
famp— et >
comM2 DID CARD

# [ SaraiPon )

iView X
workstation

Figure4 SMI iView X eye tracking system.
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Table 3 llluminance and luminance values

. T;

Questions > 1 0 1 > Vv
1. Feeling of pavement 0 2 0 3 0 0.2
2. Feeling of light level 0 4 1 0 0 -0.8
3. Feeling of lighting distribution 1 1 1 2 0 -0.2
4. Feeling of colour of light 0 2 2 1 0 -0.2
5. Glare No glare -
6. Feeling of walking after dark 0 3 1 1 ( -0.4
7. Importance of lighting for movement Q @ ( | 4 81
8. Importance of lighting for safety 0 0 0 @ 5 2.0
9. Feeling of facial recognition 1 1 1 1 0
10. General feeling of walking on this street D 2 11 1 0.2

4.2 The relationship between lighting subjects strongly felt, that lighting is
conditions and user preference important for movement and safety.
The average horizontal illuminance was

Pedestrian way lighting is built to increasd 3.9 Ix, which the subjects found to be a bit
the feeling of safety and to enable faciaoo low light level withV = -0.8. Glare was
recognition (CIE, 2000; CIE, 2010).not experienced by any of the subjects. For
According to CIE (CIE, 2010), lighting enabling facial recognition the
criteria of pedestrian ways include valuesscommendations provide minimum semi-
for average horizontal illuminancé&,a, cylindrical illuminance values of 2.0 Ix and
minimum horizontal illuminancés, min In 3.0 IX. The measured value was 2.43 Ix and
addition, values for minimum verticalthe subjects responses for feeling of facial
illuminance E,min and minimum semi- recognition were neutraV/(= 0).
cylindrical illuminanceEsc mnare given as  In general, the lighting conditions of the
additional requirements related to faciapedestrian way were not negatively
recognition. Table 5 summarizes thexperienced.
relationship between lighting conditions
and questionnaires (Value of evaluatid), 4.3 Eye-tracking measurements
according to the requirement in CIE 115:
2010. Minimum vertical illuminanceB, min The eye-tracking data was analyzed by the
were not measured in this experiment. BeGaze Software, which is a software for

The weighted average for responsesehavioural gaze analysis and analyzes
related to the pavement materiaMs= 0.2, visual attention and visual search patterns.
indicating that the subjects felt neutral foMisual and analytical data of eye gaze, eye
the pavement material. The same was fourdovement and pupil data can be reviewed
for the light distribution, colour of light and e.g. by scan paths, areas of interests (AOIS),
feeling of facial recognition. However, theand quantitative analysis on fixation and

saccades.
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Table 3 Lighting-related questions in the questionnaighting parameters and recommended values for
pedestrian ways (CIE, 2010), measured values andiéighted averag®/f values of the responses

Questions Parameters (CIE, 2010) . jj:::é;::l:;iﬂ) M::::::d g
1. Feeling of pavement Pavement cement 0.2
2. Feeling of lightlevel phorizontal DR 3k |08
3: Felelin.g of lighting Uniformity 0.2 -02
distribution
4. Feeling of color oflight Color rendering =70 -02
5. Glare Glare Feeling of NO
6. Feeling of walking after safety 04
dark
7. Importance of lighting for 1.8
movement
8. Importance of lighting for 2.0
safetv
. . g Minimum Facial Pl | 30Ix
9. Feeling of facial recognition | semi-cylindrical . 2.431x 0
illuminance Tecognition P2 2.0lx
10. General feeling of walling 0.2
on this street

*P1 and P2 are the lighting classes for pedestrian and low speed traffic areas (CIE, 2010).

In this work fixation areas/locations are4.3.1 Scan paths
reviewed by scan paths and gridded AOls.
Reference views were defined in a customhe scan path data view shows gaze
trial selector and fixation points wereposition and eye-tracing of the selected
mapped in semantic gaze mapping. Picturesference view. The scan path main view
of reference views were selected from theisualizes the selected trials data sets as a
5-10 m, 10-15m, 15-20m and 20-25 n2D plot over the reference views. Due to
areas along the pathway, each for tweye blinking, the fixation count and dwell
walking directions, this is altogether eightime data is not continuous but jumpy.
reference views for each subject. Each Figures 5 and 6 show the data of one
reference view has different gridded AObubject in eight reference views; this is
data according to the videos with semantiiixation and saccade plots with dynamic
gaze mapping, that is scan path. fixation radius. Fixation radius is related to
The gridded AOI data includes fixationthe duration of fixations. Most of the fixation
counts and dwell times. Before collectingounts concentrate on the pavement.
data, one important procedure is to customize Figure 6 shows examples of fixation and

trails with different reference views. saccade plots with dynamic fixation radius
in the same reference view for four
subjects.
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3-10m 10-15m

15-20m 20-25m
Figure5 Scan paths of one subject during walking the rgutene direction.

The selected reference view is in the 1Ghe subjects are condensed within the
15m area along the walking path. Thdéorizontal level but wider in the vertical
average road surface luminance of this ardéavel.
is Lave= 0.49 cd/m. The fixation points of
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Subject 1 Subjact 2

Subjact 3 Subject 4
Figure 6 Scan paths of reference view for four subjects.

4.2.2 Gridded AOls the reference view (between 10-15 m on the
pedestrian way) while walking to one

The areas of interest (AOIs) were griddedirection. The longest dwell time or highest
in each reference view. Reference viewsumber of fixation counts of each subject is
were created for both walking directions fomarked in red.
each subject. Due to the experienceflhe results indicate that the dwell time
recording errors of one subject, data wamreas are not necessarily the areas having
analyzed only for four subjects. Figures 9nost fixation counts. For example, subject
and Figure 10 show examples of total dwell (S1) in row 5/column 5 has highest
times and fixation counts in a referencéxation count of two times but a short
view described by a grid of AOIs. Thedwell time of 299.1 ms.
image shows an 8x8 grid. Dwell time, whit Subject 4 in turn has the longest dwell
unit of milliseconds (ms), is the sum of altime of 2134.2 ms but only six fixation
fixations within an AOI for the selectedcounts in row 5/column 5. For this subject,
reference view; fixation count is the numbethe most fixation counts are found in
of all fixations for selected subjectsrow/column/, where there are nine fixation
(SM1,2012). counts.

Figure 9 shows raw data of the total dwell
times and fixation counts for four subjects for
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Subject 3 Subject 4
Figure 7 Dwell time (ms) described by AOIs of a referencewifor four subjects.

Subject 1 Subject 2

Subject 3 Subject 4
Figure 8 Fixation counts described by AOIs of a refereneawior four subjects.
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[ 8111971 &

Y75 1

| 54118480 |'s

Figure 9 Total dwell times and fixation counts in gridded i&@or four subjects S1-S4.

5. Discussion and conclusions and Raynham,2012). In this study people
were neutral in their opinions about the
The user survey indicated that people findasiness/difficulty of facial recognition on
pedestrian way lighting to be especiallyhe specific pedestrian way.
important for movement and safety. In this During eye-tracking recording, it is hard
study, they did not find facial recognition toto avoid blinking of the eyes, so the
be important. Davoudian and Raynhamecording of fixation counts and dwell
found out that the importance of faciatimes is not continuous. The measurements
recognition depends on the specific visualo, however, illustrate that most of fixation
tasks at different light levels (Davoudiarareas/locations focus on the road surface.
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The average road surface illuminance of tHheaminance data. This would help in
pedestrian way of this study (13.9 Ix) fulfilsstudying the adaptation conditions of the
the requirements of the S2 class (10 Ix) andad users.
is close to the S1 class (15 Ix) (CIE,
2010).The average road surface illuminana@Acknowledgements
of 13.9 Ix meets also the recommendation
of 10 Ix in the Chinese guidelines (CJJ 45Fhis work is supported by the Academy of
2006). In their study, Davoudian andrinland (251791) and China Scholarship
Raynham (2012) concluded that on &ouncil.
pedestrian way with illuminance meeting
the S1 class, pedestrians feel less insecutéppendix A - Questionnaire
and can thus spend more time looking at the
footpath. This supports their argument thdpate: Time:
at higher illuminance level pedestrians fegflace: _
more secure and thus do not pay too mudfsicinformation
attention to threats in the environment. ~ Gender: Mald_[Femalel |

The fixation areas of the subjects wer€9¢: o
more concentrated around a central area ._udylng/V_\/orkmg f'_eld'
the horizontal level and were wider in the isual ac':u'|ty check: Normal|Abnormal |
vertical level. In analyzing the eye trackin§°|0ur vision test: Normall Abnormal]
data it is important to consider both thd Ne Street|walked, the first time today.
dwell times and fixation counts. It was'€W times ayear.]
found that the areas with the longest dwelfW times a monthi.|
times are not necessarily equal to the arefgy times a weekK. |
with most fixation counts. That is, inevery dayll
considering the areas of interest (AOI) iffuestions

studying the visual adaptation field, botrilt'rsgt",;’ do you feel about the pavement of this

the dwell times and fixation counts need t
be taken into account. é/ery unpleasaﬂ%lzliili](l)j lfl\;ery pleasant

In. this study, the eye-tracklng systen}' How do you feel about the lighting on this
consisted of a helmet that the subjects weLgqqto
wearing. The helmet needs to be fixateg, gark 111111 1Too bright
strictly on the subject's head after 2_.10 12
calibration. To some extent, this may limis. How do you feel about the lighting
the subject’'s behaviour during walkingdistribution on this street?
Another choice would be to wear eyevery noruniformJ][I[J][][]Very uniform
tracking glasses to record the fixation data -2-10 12
while walking. Whit the glasses the subjectd. How do you feel about the colour of light on
would feel more natural while recording thehis street?
data. Further studies could also combingery unpleasamtl[ /[ 1[][[Very pleasant
eye-fixation data with pupil size and -2-10 12
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5. Do you perceive glare on this street? 6. Davoudian N. and Raynham P., 20¥2hat do
Yes| INo [] pedestrians look at night Lighting Res. &

If yes, how do you feel the glare affects you? Jechnol., 44:438-448.

7. Hollands M.A., Patla A.E, and Vickers J.N., 2002
Very unpleasant! L[ [[I[.IVery pleasant Look where you're going!: Gaze behaviour

—2-1012 associated with maintaining and changing the
6. How do you feel while walking alone this  direction of locomotion Experimental Brain
street after dark? Research, 143, 221-230.
Very unpleasanmt][][_I[][[]Very pleasant 8. Itoh N., Fukuda T., 200Z;omparative study of
2-10 12 eye movements in extent of central and peripheral

vision and use by young and elderly walkers
Perceptual and Motor Skills, 94, 1283-1291.
9. Ministry of Construction, People’s Republic of

7. How important do you feel lighting for
moving easily on this street after dark?

Not important [[_[[ ][Il IVery important China. Standard for lighting design of urban road
-2-1012 CJJ 45-2006.
8. How important do you feel lighting for 10. Mydream Electronic, n.dlntroduction of XYI-
feeling of safety on this street after dark? Il llluminance meter (in Chinese) [online].
Not importanf][1[-][][[]Very important Available from: http://www.sell17.com/
21012 sl Praic, STETO0T KYIINESHOCHSENES
. . L . %085% 0 095% 0 () 097% 085%
9. Do you find facial recognition on this street 7% E5%BAYAGIYESYOAEYAL himl
Very difficult L1111 TVery easy [Accessed 1 November 2012]
-2-1012 11. Patla A.E., Vickers J.N., 199®here and when
10. How do you feel generally while walking do we look as we approach and step over an
on this street after dark? obstacle in the travel path Neuroreport: 1
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2-1012 3665Neurophysiology.
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TOWARDS THE FORTH EPOCH OF COLORIMETRY

Janos SCHANDA
University of Pannonia, Hungary

Abstract: Colorimetry, as mathematically describable sciengas born in 1931, when
CIE accepted a system of colour matching functitmge standard illuminants and the
rules of colour matching. During the next decad®s technique of colour matching and
colour difference evaluation progressed, and by eh@0d" Century colorimetists could
direct their attention towards the description aflaur appearance. At the same time —
however — neurobiology made huge steps towardsrstaaeling the mechanism of human
vision, not only on the retinal level, but regarglirbrain mechanisms. The better
description of the cone spectral responsivitiesdarastanding (at least partially) the
mechanisms of the fifth light sensitive cell in theman retina, the intrinsically
photoreceptive Retinal Ganglion Cell, and its roevision, opened the possibility to better
describe colour vision phenomena. The paper enueesome of these and calls attention
to further investigate these questions.

Keywords: .

1. Introduction proportions of the three fundamental stimuli
used to match the test colbuburing the
The past Century of colorimetry can be cafollowing 60 years this system was further
be divided into three main phases Beforelaborated, two sets of imaginary colour
1931 colorimetry was done by comparingnatching functions (CMFs) have been
the test sample to some reference samplésfined, the system of standard illuminants
(naturally the use of standard referenckas been extend&ddetailed descriptions
samples, e.g. samples from a colour ordé&or colorimetric practice, calculation of
system has its proper application alsoolour differences, etc. has been completed
presently, and will be used in the future atee* 9.
well, but ceased to be the only way to During the second half of this period the
describe the colour of a sample). interest of colour scientists turned from
In 1931 CIE standardized a method oflescribing colour matches and colour
colour matching to the additive mixture ofdifferences to the development of a
three properly selected fundamental stimulmathematical correlate of  colour
so that one can describe the colour by theppearance. The final outcome of this
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endeavour was the development of thand by Wright" *2 Based on their results a
CIECAMO2 colour appearance mogel transformation was performed, so that one
Based on this model the colour appearancé the CMFs became equal to the spectral
of test samples can be described illuminatddminous efficiency V(1)) function of
by any light source, taking chromaticphotometry. Unfortunately the CIE 1924
adaptation into consideration. Naturally thi&/(1) function is in error in the blue part of
model will be further fine-tuned; somethe visible spectrufi, and this produced
amendments are already available (as e.geaors in the CMFs as well. CIE established
colour difference metri¢, or are under a technical committee "to study this
development (e.§.9). problem and to establish a chromaticity
During the past 20-30 years photo- andiagram of which the coordinates
neurobiology progressed considerably. Farorrespond to physiologically significant
the next epoch of colorimetry two suchaxes®*. ~ This  technical committee
findings are of paramount importance: genmvestigated thoroughly all the experiments
research has shown where and how thmiblished on the CMFs, and came to the
photopigment creation is coded, and theonclusion that the best experimental data
discovery of the mechanism of theare those published by Stiles and Bdrch
intrinsically photosensitive Retinal Based on these data, considering the
Ganglion Cells (ipRGCs) points in theabsorption characteristics of the different
direction that they might have influence nobcular media, and supposing the validity of
only on the circadian rhythm of the humarthe Kdnig hypothesis (that the cone spectral
body, but also in vision phenomena. In theesponsivities of the three cone types (low-,
following some of these mechanisms anthedium-, and short wavelength sensitivity
their consequences on colorimetry shall beones) are the same in case of trichromatic

discussed. and dichromatic observers; this is needed to
be able to transform from RGB CMFs to
2. The fourth epoch of colorimetry cone fundamental CMFs), the committee

prepared [(1), m(1), §(1) cone
The forth epoch of colorimetry gotfundamental based CMFs, both for the 2°
triggered by the two biological findings:and the 10° observér
understanding the multitude of real CMFs Based on these CMFs TC 1-36 prepared
and the fifths light sensitive cell in thethe following transformation to an XYZ
human retina. like form called fundamental based CMF

(to the best knowledge of the author this
2.1. Diversity of colour matching transformation has not been finally agreed
functions yet)s:

Two main visual experiments led to the CIE
1931 CMFs, those performed by Guifld
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Xp(4) 1,94735665 —1,41445201 0,36476092\ [ I(1)
Ve (1) =<O,68990272 0,34832189 0 )mu)

Zr (1) 0 0 1,93485340/ \ 5(1)

Figure 1 shows the traditional CIE 193%igures, the “errors” in the CIE 10°
(2°) and the cone fundamental based CMF&unctions are much smaller than in the 2°
Similar CMFs have been established foiunctions. This will be important when we
the 10° observer, see Figure 2. As can lokeal with colour rendering.
seen from the comparison of the two

2,00
1,80 I,s‘\
1,60
1,40 \‘
" 1,20 — +— Pt xF(1)
S 1,00 | A\ — - VFO)
(@)
0,80 : / / ‘i —zF()
0,60 | ====x()
0,40 I J/ \ = =y()
0,20 Il / \\\ - =zl
0,00
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wavelength, nm

Figure 1 CIE 2° and cone fundamental based colour matchingtions.

Visual experiments have shown that ibf the z(1) function, but this has still no
the colour of broad-band white or bluisiphotobiological underpinning).
stimuli are matched with that of RGB It will be the task of the forth epoch of
LEDs, A (u’, v') chromaticity differences in colorimetry to use the cone fundamental
the order of 0,05 are observed. Using theMFs in colorimetric practice. It is out of
cone fundamental based CMFs these erragsestion that the colour of LEDs is better
are halved or even made smdilefthis described by these CMFs, but how they
publication shows that even better CMFgvould function in colour difference and
can be obtained with a small displacememhromatic adaptation transformation
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equations as well as in colour appearance modsl#ohae investigated.
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Figure 2 CIE 10° and cone fundamental based colour matdiimctions.

The CIE described only one — average sensitive cone photopigment opsin gefes
cone fundamental based CMF set. Butlybrid or mixed L and M-cone genes are
voices get heard that individual differenceteading to slightly different spectral
might need been considered as well. In filmbsorptions. By the help of molecular
and TV studios several technicians argenetics investigations, persons with
working on a production, who might usedifferent cone  spectral  absorption
different displays and might have slightlycharacteristics can be identified.
deviating spectral sensitivities, and this Sarkar came — via a different route — to
might lead to confusion in the coloursimilar results based on the raw data
correction work®. From molecular geneticsobtained by Stiles and Burch for the 10°
research one has a clear picture of whabserver and his own experiments. He
produces small photopigment spectratoncluded that his observers could be
absorption differences. Jeremy Hathans arsdibdivided into eight main classes with
co-workers have determined the sequencimtifferent CMFs. The eight sets of CMFs are
of the long-, middle- and short-wavelengtishown in Figure 3.
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Comparing these with the CIE TC 1-36imilar differences as Cstfj and these are
10° observer curves interesting differencgsartially contradicting the conclusions of
are seen in the function. Sarkar foun€IE TC 1-36.
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Figure 3 CMFs of Sarkar’s eight observer categories.
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Figure 4 Spectra of the two RGB white LEDs.
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To see the effect of these variations iequal to that of CIE D65 illuminant. The R
the CMFs, two RGB LEDs were selectednd G stimuli are produced by the same
producing chromaticity equal to that of a.EDs in the two cases, the blue LEDs are
D65 simulator, and calculated thechanged, the curves are labelled by
chromaticity for these spectra using the twthewavelength maxima of the two blue
most extreme CMFs of Sarkar’'s collectiorL,EDs used.

(Cat.1 and 6), as well as the CIE TC 1-36 If chromaticity is calculated with these
recommended cone fundamental basexbectra, using the two Sarkar CMFs and the
CMFs. CIE TC 1-36 cone fundamental based

Figure 4 shows the spectra of the tw&MFs, widely different values are obtained,

RGB white LEDs that have a chromaticitysee Figure 5.

413 nm blue 465 nm blue

0,35 0,35

'V

0,33 A —> 0,33 ’,"{'
0,31 / 0,31

> I >
0,29 ! 0,29
0,27 0,27
0,25 0,25
0,25 0,30 0,35 0,40 0,25 0,30 0,35 0,40
X X

e —f—

Sarkar Cl.1 Sarkar CI.6 cone fundamental

Figure 5 Chromaticity, calculated using different CMFs.

As can be seen, if a blue LED with a_EDs are used. The use of the 413 nm blue
maximum at 413 nm is used, differencekED is certainly an extreme choice, but
are huge, but even with the 465 nnblue LEDs are often found in the 450 nm to
maximum blue LED the differences are iM80 nm range, and differences, as shown in
the second decimal of the chromaticity, ithe right side figure of Figure 5, are thus
the white part of the chromaticity diagranquite common. Using modern LCD
this is well visible. Interesting enough evemonitors with LED backlighting such
the direction of the chromaticity changes isituation can occur, and if operators with
different if one or the other of the two bluedifferent colour perception work in a team
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this can lead to problems, just as if onkminance (Helmhotz-Kohlrausch effect),
operator has to use LCD monitors wittsee e.g*, and at low light levels rod
different LED backlights. intrusion influences brightness perception.
CIE has published a report that takes both
2.2. Influence of the fifth light sensitive effects into consideration and defines how
cell an equivalent luminance of the brightness
perception can be calculaféd Based on
The intrinsically photosensitive Retinalthis model the brightness of white lights
Ganglion Cell (ipRGC) was discovered irshould correspond to Iluminance well.
the mammalian retina as early as in firdtnfortunately this is not always the case.
Quarter of the 20 Century’, but was Houser summarized the most important
rediscovered during the last decade of tHa&rightness description functions based on
20" Century®. It was shown that the opponent colour models, and came to the
melanopsin photopigment in these cells (eonclusion that their brightness prediction
small part of all the well known retinalranks general-purpose white light sources
ganglion cells that transmit the signalsimilarly, and provides a better description
received from the photoreceptors — aftehan luminanc®. Fotios, in a three-part
modification by other cell types — to thepaper, investigated the models for interior
brain) absorbs in the blue part of thepace apparent brightness, based on gamut
spectrum and contributes to thered&’ and rod contribution, and suggested,
synchronization of the circadian rhythm oinstead of rod contribution, the effect of S-
the human body. cone$® in the third paper he came to the
It turned out — however — that theconclusion that “at suprathreshold levels the
stimulation of the ipRGCs influences notachromatic channel is suppressed, and the
only the circadian rhythm, but also thédrightness can be modelled adequately by
pupil light refleX?. Recently Zaidi and co- the two chromatic channels aloA&”
workers have shown that the ipRGCs Berman and co-workefsdescribed the
“contribute to both circadian physiologyphenomenon by the contribution of rod
and rudimentary visual awareness iwision; but as the role of the ipRGCs
humans and challenge the assumption tha¢came known models have been put
rod- and cone-based photoreceptioforward that suppose a direct or indirect
mediate all “visual” responses to light” (via pupil diameter) influence of thede
This will certainly open new ways to deabut see alsb.
with the still existing discrepancies of many In a series of studies we could show that
colorimetric and photometric observations.none of the existing models describes the
One critical issue is the brightnessbrightness perception of white lights
luminance discrepancy. Luminance is onlgorrectly> 3* 3% Observers could be
a very first approximation of brightnessclassified into three major groups, who
Deviations from a linear relationship areerceived white light of the same correlated
twofold: coloured lights seem to be brightecolour temperature containing  short
than achromatic lights of the samavavelength blue light as brighter, equal or

Ingineria lluminatului2013;15, 1 35-44 41



J SCHANDA

dimmer as predicted by luminance. Furthe8ection 2.1), CIECAMO2 colour
research is needed, based on findings of tappearance modelwith the UCS colour
individual differences in the CMFs of thedifference formul two sets of very special
observers, the indirect effect of the ipRGCggst samples, one to determine a general
where they influence the pupil diametercolour fidelity index and one to pinpoint the
and this is not proportional to luminanceweakness of the source (to show in which
but is governed by a shorter wavelengtpart of the spectrum the lamp will provide
mechanism (maximum sensitivity aroungoor fidelity of the object colours). Testing
480 nm), and eventual direct contribution odf the model is still under way.

the ipRGC signal in the spatial brightness

perception. In this respect a furtheB. Summary and conclusions

complication might occur: the contribution

of the ipRGCs will be certainly not highly Colorimetry has done a long rout of
spatially selective, and thus might increasprogress from the purely visual inspections,
the brightness perception, but at the samwa colour match calculation to the
time act as a veiling luminance andlescription of colour appearance, but with

decrease contrast sensitivity. the two new findings of better average and
individual colour matching functions and
2.3. Application of the new findings the influence of the intrinsically

photosensitive retinal ganglion cells also in
Regarding the applications of the aboveision a new horizon opened up for
new findings one of the central questions iresearch. If it will become possible to
applied colorimetry is the propercategorize the spectral sensitivity of the
description of colour rendering. The ClEobservers before experiments are started,
Test method of colour renderifigfails one can hope that the big scatter in
quite frequently in case of LED lightexperimental results will shrink, and it will
sourced” *® This is partly due to the factbe easier to get to real average data,
that the CIE Test method is based oknowing also how large the individual
colorimetric know-how now 30-40 yearsdifferences might be if the method is used.
old. Better chromatic adaptation models, The real influence of the ipRGCs in
more equidistant colour spaces, etc. are nowsion is still not known, but one can expect
available. Much knowledge has also beethat for some unexplained mismatches the
accumulated on the difference betweeimfluence of these cells might be
colour fidelity and colour flattery (colour responsible. One would need to know more
preference). Based on all these, ClBbout the action spectrum of melanopsin
established two new technical committee@on-additivity, depletion and regeneration
for the study of colour fidelity and coloureffectf®, possible individual differences
preference. (similar to those of the cone spectra).
A latest model of colour fidelity tries to As more fundamental knowledge will
use the most up-to-date colorimetric datbecome available, colour science will
and methods, such as the 10° observer (segrtainly get again one step nearer to
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encourage efficient and multinational
teaching of specific topics, -

enable students and teachers to work

together in multinational groups, -
gain new perspectives on the topic being
studied, -
allow members of the teaching staff te
exchange views on teaching content, -
test new teaching methods in an
international classroom environment. -
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Conferences and symposiums

- Universite Paul Sabatier - Toulouse llILiDe, structure and contents of the summer
France course and finally the evaluation of the
whole course.
What is the LiDe
Benefits
LiDe aims at contributing to design issues
using light (daylight or artificial light) as a The main activities of LiDe concern an
design tool. The thematic area of lighting tintensive summer school on Lighting
be served by this IP is multidisciplinary.Design as mentioned in the topics above.
LiDe offers an intensive summer course okach topic will consist of teaching

three thematic topics: (lectures) and training (experiments,
(i) Light & technology, computer  simulation,  Lighting-Design
(i) Light art & culture and applications and team projects). Since LiDe

(i) Urban master lighting planning. Theis a design course mixed with knowledge
course will include lectures andon technology and physics, the final activity
training. will consist of a team project where all

The target group of the LiDe-IP consistknowledge acquired in the summer school
of undergraduate and postgraduate studemsght be implemented. In order for the
from various scientific  disciplines summer school to run smoothly, careful
(electrical and environmental engineeringdesign will be taken in advance, i.e.,
architecture, designers and artists) ammrganization and administration of the
Universities across Europe. 32 studentsDe, structure and contents of the summer
from 8 participating countries will attendcourse and finally the evaluation of the
the above IP-course. 5 ECTS will bewhole course.
awarded to the students that will The learning outcomes from the summer
successfully attend the course. school are envisaged to be:

The main activities of LiDe concern an- the theory related to the topic, i.e.,
intensive summer school on Lighting light/technology, light/culture, Lighting
Design as mentioned in the topics above. Design within urban areas,

Each topic will consist of teaching- the training material related to the topic,
(lectures) and training (experiments, i.e., the technology used in everyday
computer  simulation, Lighting-Design lighting, the technology used in cultural
applications and team projects). Since LiDe applications, the methodologies used for
Is a design course mixed with knowledge urban areas.

on technology and physics, the final activity

will consist of a team project where allAdded value for students and teachers
knowledge acquired in the summer school

might be implemented. In order for theThe course will significantly contribute to a
summer school to run smoothly, carefutieeper knowledge in these new topics and
design will be taken in advance, i.e.scientific fields, adding value to the
organization and administration of thestudents, the teachers and the participating

46 Ingineria lluminatului 2013;15, 1 45-48



institutes. This can be achieved by th&R- Aristotelis Vasiliadis
structure of the course and the topic&R- Asterios Tolidis
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and achieve an advanced knowledge by tl@&R- Evangelos-Nikolaos Madias
multilateral cooperation at this internationalGR- Alexandra Kalimeri

context. This will lead

to a betterGR- loanna Tseliagkou

understanding of the structure of lightingRO- Adrian Fratean

design in other countries and will provideRO- Aliz Sanduj
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current modules taught at the institutes dRO- Armenean Horatiu Ciprian
the participating countries. In addition, theSl- Rok Hocevar

synergies expected to be developed, wi$l- Ales Celar

lead to a stronger and

long-lastingsI- Nina Fabjancic

cooperation, enabling the opportunity foiTR- Riza Fatih Mendilcioglu
further cooperation in common projects, as,R- Emre Dedekarginoglu
for example, the Erasmus central action§,R- Mehmet Ugur Kahraman
curricula guidelines and thematic networksTR- Arzu Cilasun

In addition, the LiDe will improve the TR- Derin Cirit

quality and significantly increase

theTR- Meltem Ergin

volume of multilateral cooperation between
higher education institutions. This will belLecturers
fulfilled by the structure of the course, theB- Katelijn Quartier

participation of lecturers and
transnational cooperation among
institutes to be involved.
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Final word

The LiDe IP-Programme is coordinated by
the Hellenic Open University, Patras,
Greece.

The IP course is supported and funded
by the National Agency of Lifelong
Learning Programme -ERASMUS Greek
State Scholarship's Foundation.

Ing.Horgiu Ciprian Armenean
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REFURBISHMENT OF THE BUILDING SERVICES
ENGINEERING FACULTY’'S MAIN HALL LIGHTING SYSTEM

Mihai Adrian POP !, Roland SANDOR?, Mihai Augustin POP*, Alexandru VLAS?
'Faculty of Building Services, Technical Universityof Cluj-Napoca

1. Introduction

The Faculty of Building Services is the
youngest faculty of the nine faculties within
The Technical University of Cluj-Napoca.
The Faculty's auditorium was built in 2009,
after the entire building, has undergone g
series of renovations. This auditorium is the
largest one in the university, with a capacity
of 300 people. The lighting system adopted
in 2009 was based on luminaires using
fluorescent lamps. After 4 years of
utilization, the lighting system was
refurbished.

The lighting system proposed in the year
2009 was with luminaires equipped with
fluorescent lamps. After 4 years of using
this system, in 2013 with the help of OMS
company, we have changed the old
solution-fluorescent lamps with the new

Q 10 200 300 00 500 £00 700 800

solution-LEDs. Figure 1 DIALux simulation with fluorescent lamps

2. The classic lighting system equipped  The replacement of the classic system
with fluorescent lamps was determined by a series of factors,
including also the average of illuminance of
In this system we have used 61 luminairege blackboard which was around the value
based on 4xT8 18W fluorescent lamps, witBf 250 [x. Twenty luminaires were placed
a luminous flux of 4200 Im. near the supporting structure of the
auditorium (Figure 1). This arrangement
had a negative influence on the luminous
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I nformation

flux, because an important quantity of ifThe adopted lighting system was proposed
was absorbed by the surface of the beams. collaboration with OMS company, a
The energy consumption was anothezompany from Slovakia. &ilin Prahase, a
factor, since a single luminaire consumetbrmer student of the Faculty of Building
84 W including the ballast, which meansServices which now holds the position of
that the total amount of power installed wakighting Trend Manager at OMS company,
5124 W. The maintenance costs have beemanaged to obtain for The Faculty of
estimated for a period of 10 years and thBuilding Services all the necessary
result was around 5000 Euros. In thigquipments for the new lighting system.
estimation, we took into consideration the The lighting ensemble uses 30 OMS
replacement of 8 lamps and 2 ballasts pGACRUX PV-1 OPAL LED luminaires
luminaire. and 5 AVIOR CONCRETE 40° LED spots.

An aesthetic deficiency of the systenThe GACRUX PV-1 OPAL LED
was a visible contrast between natural arldminaires are mounted in the recessed
artificial lighting. ceiling, each having a nominal input of
51 W, with a radiated luminous flux of
3550 Im. The AVIOR CONCRETE 40°
LED spots have a nominal input of 31 W
and a luminous flux of 2700 Im. The whole
lighting system is controlled by a HELVAR
9240 touch screen panel through the DALI
interface. It provides various possibilities of
creating lighting scenes.

For example, in the case of a
presentation, the system can be setup for an
appropriate lighting scene (Figure 3) using

the luminaires at different intensity. The
: e == luminaires are dimmed, so only the light
ﬁ;%‘ﬁ;esfelth ;rﬁ,lssssm llghting system equipped Wlth1‘rom the spots is oriented on the speaker

and the presentation surface. The light is a

The efficiency of the lighting system istool for the speaker during a presentation.
established according to LENI coefficientAn important factor when using a lighting

The system fits into efficiency class Bscene for a presentation is the good vertical
since the value of LENI is illumination of the presentation surface. In

43.40 KW/nf-year. our case, we can provide vertical
illumination through the spots which are

3. The new lighting system equipped mounted in front of the blackboard .

with LEDs Another lighting scene can be created for
full concentrated work. In this particular
case, all the luminaires are working at full
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intensity. This level of illuminance sustains The total amount of power installed is
and promotes undisturbed work (Figure 4).1685 W, a value that significantly reduces the

For the cleaning activities, energy can beost of electricity. The power installed on the
saved by dimming the intensity of the lightlighting system reduces with approximate
since these types of activities don’t requir@.7 kW the necessity of the cooling air,
high light intensity, compared to a fullrequired for the auditorium. The rooftop
concentrated work activity. unit's coefficient of performance is 2.65, this
means that the electrical energy consumed by
the rooftop unit reduces with 1 kW.

The value of the LENI coefficient is
14.40 kW/m2-year, which fits the system
into efficiency class A.

The average illuminance in different points

of the work plan has been determined by
measurements in approximately 400 points.
The table below summarizes these values

N e
e for both of the systems we have presented.
Figure3Lighting scene for presentations (DIALux
simulation) Fluorescent | LED technology
lamps system system
Average Average
Work plan llluminance llluminance [Ix]
[Ix]
Left
Blackboard 253.5 460
Right
Blackboard 256.2 | 249 469.0 | 465
Central
Blackboard 243.2 466.0
Desks 525.0 436.7
! : Floor 420.0 432.2
Figure4 Lighting scene for full concentrated work | Front desk 540.3 635.7

Table 1 Values for the average illuminance in

The new lighting system ensures 4ifferentpoints of work plan
bright, comfortable, functional, and )
aesthetic environment. According to & ¢onclusion

recent study, attention span, concentration,

and student behaviour are significantlyV€é managed to ensure a good vertical

improved by creating a dynamic ”ghtinglllumination of the auditorium presentation
scene. surfaces (450 Ix) by using a lighting system

with an installed power of 1685 W and a

Ingineria lluminatului 2013;15, 1 49-52 51



I nformation

total luminous flux of 130618 Im. The Roland SANDOR

classic lighting system managed to ensur Student
an average illuminance of 250 Ix on the E-mail: sandor.roland@
same presentation surface. We have to tal ymail.com

into account that the system based o Phone:+4056.305.752
fluorescent lamps had a total amount
power installed of 5124 W and a total Roland SANDOR is a
luminous flux of 207475 Im. Annual energy - third-year student of The
savings amount to 687.8 Euros, if wiTechnical University of Cluj-Napoca. He
consider the price of electrical energy ¢has recently been accepted for an Erasmus
0.10 Euro/kW-h and 2000 operating houischolarship and thanks to this opportunity
per year. Maintenance costs for the lightinhe will become part of the Research and
solution using LED luminaires are low oiDevelopment department of the OMS
absent, compared to the maintenance c(LIGHTING SLOVAKIA Company.

of the lighting system using fluorescen

lamps, which raised the costs tc Mihai Augustin POP

approximately 5000 Euros over a period o Student

10 years. The DALI interface allows us to E-mail:

create lighting scenes suitable for variou > 5 popmihaiaugustin

types of activities (presentations, full- z @yahoo.com

concentrated work). ‘ Phone:+4@64.901.568
The new lighting system creates a bright .

comfortable environment, suitable for‘“\

educational activities. Mihai Augustin POP is a third-year student

of The Technical University of Cluj-

Mihai Adrian POP Napoca. He is a modest and a curious

Student person.

E-mail: popmihaiadrian@

gmail.com
Phone:+40752.387.472

/iy

Mihai Adrian POP is a third-year student o

The Faculty of Building Services within

The Technical University of Cluj-Napoca.

He has been recently granted an ErasmAlexandru VLAS is a third-year student of

scholarship offered by the SlovakiaiThe Technical University of Cluj-Napoca.

company OMS Lighting. His goal is to create a better and healthier
world via lighting design.

Alexandru VLAS
Student

E-mail:
alex_vlas@yahoo.com
Phone:+4043.328.163
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