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Abstract

Fluorescent materials absorb light at a certain wavelength interval and then reemit it at other
longer wavelengths, after about 10® seconds. Their colour appearance depends upon the
combined effect of the fluorescent and reflected radiation. This work is focused in the
measurement of the fluorescence of photolumiscent materials as a function of the irradiation
and detection directions, which may be called as “goniofluorescence”. It was measured the
spectral bidirectional luminiscence distribution function (BLDF) of five fluorescent samples at
different combinations of irradiation and detection directions. The measurements were
performed with the goniospectrophotometer GEFE, using monochromatic irradiation and a
spectrorradiometer as detector. A general behaviour was observed for the five samples and
the studied excitation wavelengths: the dependence of the excitation spectrum on the
detection direction 8 is almost symmetrical with respect to 85 = 0°, decreasing towards high
angles.
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1 Introduction

Fluorescence emission is a common luminous phenomenon occurring in many objects. These
materials absorb light at a certain wavelength interval and then reemit it at other wavelengths
longer than the incident one, after about 10® seconds and a little energy loss. Fluorescence
occurs when an orbital electron of a molecule relaxes to its ground state by emitting a
photon of light after being excited to a higher quantum state by some type of energy
(Lakowicz 2007). Typically, the radiation emitted by fluorescence has a range of lower energy
than the exciting radiation.

In last years, the measurement of appearance of objects has gained increasing relevance in
industry. Particularly, it is demanded for reference standards and procedures for accurately
characterizing the colour appearance of fluorescent materials, in order to predict it when they
are irradiated under specified conditions of illumination. For a fluorescent material, the colour
appearance depends upon the combined effect of the fluorescent and reflected radiation, so
its spectrum will be the sum of two components: the reflected spectral component and the
luminescent spectral component.

This work is focused in the measurement of the fluorescence of photolumiscent materials as a
function of the irradiation and detection directions, which may be called as
“goniofluorescence”. The relevant quantity to be measured was called Bidirectional
Luminiscent Distribution Function (BLDF), which depends on the irradiation and detection
directions and on the excitation and emission wavelengths. The measurements were
performed with the goniospectrophotometer GEFE, a device designed and developed at 10-
CSIC for goniospectrophotometric measurements (Rabal 2012, Bernad 2015).

2 Description of the goniospectrophotometer GEFE
The goniospectrophotometer GEFE (see Fig. 1), designed and developed at I0-CSIC, was

conceived to measure the spectral Bidirectional Reflectance Distribution Function (BRDF)
(Nicodemus 1977) at any pair of irradiation and detection directions, including out—of-plane
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and actual retro-reflection geometries. It comprises three systems: the irradiation one, the
sample-positioning one and the detection system. The first one is fixed, whereas the other two
systems are mobile: The sample is placed with the required orientation relative to the
incoming beam, while the detector is attached to a cogwheel so as to be able to revolve
around the sample. This arrangement permits a fast and accurate sampling.

2.1 lIrradiation system

The irradiation system is formed by a wide—band xenon lamp, which emits in the 185 nm -
2000 nm spectral range, and a Kohler optical system that allows uniformly and with a
collimated beam the samples to be irradiated. In order to provide it with the capability of
measuring fluorescence at different geometries, this system was upgraded with a
monochromator in front of the xenon lamp, that allows spectral resolution at irradiation. It is a
300-mm focal length single monochromator in Czerny-Turner configuration (TMc300, Bentham
Instruments Ltd), with two diffraction gratings, one of 1200 g/mm (250 nm - 1200 nm), and
other of 830 g/mm (500 nm - 1800 nm).

2.2 Sample’s positioning system

A six-axis robot-arm locates the sample quickly at the desired direction. The samples are
held by the robot-arm by means of a vacuum sucker.

Kohler System

Z1T 8 % 0 0 \

Light
Source

i

Figure 1 — Picture of the goniospectrophotometer GEFE. L1: first converging lens; P1:
diaphragm 1; L2: second converging lens; P2: diaphragm 2; Mon: monitor; FW: filter
wheel; M: fold mirror; BS: beamsplitter; and SR: spectrorradiometer.

2.3 Detection system
This system is formed by a spectroradiometer Konica-Minolta CS-2000 A, used to measure
spectral radiance in the visible range (380 nm - 780 nm), with a variable field of view of 0.1°,

0.2° or 1°. It is mounted onto a platform that travels along a 1.03 m diameter cogwheel,
whose center coincides with the location of the sample’s reference system. The movement
along the cogwheel is performed by means of a stepper motor with a step coder for position
control.
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3 Experimental conditions and samples

3.1 Samples

It was measured the spectral Bidirectional Scattering Distribution Function (BSDF) of five
fluorescent samples at different combinations of irradiation and detection directions. These
samples are “Spectralon® Fluorescence Standards” and, according to the product
specifications, they provide highly stable, reproducible fluorescence reflectance over a long
period of time in varying conditions, and the ideal matrix for inorganic fluors, which are
photochemically stable, compared to their organic counterparts (Labsphere 2015).

3.2 Measurement conditions

The measurements were carried out wusing monochromatic irradiation and the
spectrorradiometer as detector, which allows the spectral BSDF to be evaluated as a function
of excitation wavelengths. The set of all spectral BSDF at different excitation wavelengths
includes not only the spectral BRDF, but also a fluorescence distribution which could be
called Bidirectional Luminescence Distribution Function (BLDF). We use the general term of
BSDF (Bidirectional Scattering Distribution Function) to refer to both distributions.

The spectral BSDF was measured at the measurement geometries resultant from combining
the irradiation and detection directions given by the following spherical coordinates
(subscripts: i for irradiation and d for detection):

e Polar angle 6;: 0°, 8°, 15°, 30°, 45° and 60°.

e Polar angle 64: from 0° to 80° (in steps of 5°).

e Azimuth angle ¢; = 0°.

e Azimuth angle ¢s = 0° and 180°.

Three excitation wavelengths were used for each sample, selected from a previous evaluation

of their fluorescence at a single geometry (0° /45°).

The spectral FWHM was estimated in 7 nm for irradiation and in 3 nm for detection (between
380 nm and 780 nm). The measurement area is a 3 mm area at normal incidence,
corresponding with a field of view of 1°. The system provides a 0.5° half angle of the
irradiation solid angle and 2.5° half angle of detection solid angle.

A 0°/45° diffuse reflectance standard certificated by NPL (National Physical Laboratory) was
used to determine the calibration factor of our system, and all spectral BSDF data were
calibrated using that reference. The estimated total relative standard uncertainty was limited
by the uncertainty of this reference (around 0.5 % with k=1).

4 Definitions
As previously mentioned, the BSDF can be expressed as the sum of the BRDF and the BLDF:
BSDF(AEI’H' AEX) = BRDF(AEX)a(AEm - AEX) + BLDF(AEH’I' AEX) (1)

where A.n and Ag are the emission and excitation wavelengths, respectively. We must notice
that these distribution functions depend on both the irradiation and detection directions,
although not explicitly stated.

By expressing Eq. 1 as:

BLDF (Aem,Aex)
BRDF (Aex)

BSDF(Aem'Aex) = BRDF(Aex) [S(Aem - Aex) + (2
we obtain the BSDF as the product of two factors. The first one (BRDF) contains the
functional dependence on the irradiation and detection directions which is common for both
reflected and fluorescent light. The second factor (BLDF/BRDF) is a function that expresses
how differently the reflected and fluorescent light are scattered by the material. This second
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factor can be expressed as the product between the emission spectrum (a) and the excitation
spectrum (B):

BSDF (Aem, Aex) = BRDF (Aex)[0(Aem — Aex) + @(Aem) B (Aex)] (3
where:
_ BLDF(Aem.ex)
@ (Zem) = max[BLDF (Aem.Aex)] (4)
and
[BLDF (Aem.Aex)]
B(Aex) =1 BRDF (Aoy) (5)

The emission spectrum is normalized by the maximum value within the emission wavelength
range. We assume that the emission spectra are independent on the excitation wavelength,
that is, the ratio in Eq. 4 is invariant with respect the excitation wavelength (Tominaga 2015).

5 Results

The Donaldson matrices (Billmeyer 1980, Donaldson 1954) at 0°/45° for the five studied
samples are shown in Fig.2, in which the colour code is expressed in logarithmic scale [N =
logio (Radiance factor)]. According to the formalism given in Egs. 1-5, the data in Fig. 2 can
be expressed as in Fig. 3, where emission and excitation spectra are shown for every sample.
Notice the especial case of the sample USFS-210-020, which presents a double fluorescent
distribution. In this case, only the excitation spectrum corresponding to the emission at longer
wavelengths is presented.

USF3-2004020 USF3-2054020

Excitation wavelength (nrm)

Excitatian wavelength (nm)

Emission wawelength (nem)

Excitatian wavelength (nm)

1
400 800 600 o0
Emission wawelength (nrm)

Figure 2 — Donaldson matrices at 0°/45° for the five studied samples.

We examined the dependence of the excitation spectra of these samples upon the irradiation
and detection directions. Different excitation wavelengths were selected for every sample to
have a good representation over the complete excitation wavelength range according to the
results obtained and presented in Fig. 3.
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Figure 3 — Emission and excitation spectra at 0°/45° for the five studied samples.

The values of the excitation spectra of the samples are given for these three different
excitation values in Figs. 4, 5 and 6 (short, intermediate and long excitation wavelengths,
respectively). Every plot in the figures represents a different sample, which is identified by its
name. Y-axis represents the value of the excitation spectrum, whereas X-axis represents the
detection angle with respect to the normal of the sample (6;), allowing negative values of this
variable for directions in the half incident plane containing the irradiation direction. The curves
for four different irradiation angles (0°, 30°, 45° and 60°) are shown in every plot.
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Figure 4 — Dependence on the irradiation and detection directions for the studied
samples (short excitation wavelengths).
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Figure 5 — Dependence on the irradiation and detection directions for the studied
samples (intermediate excitation wavelengths).
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Figure 6 — Dependence on the irradiation and detection directions for the studied
samples (long excitation wavelengths).

A general behaviour was observed for the five samples and the three different excitation
wavelengths: the dependence of B upon the detection direction 65 is almost symmetrical with
respect to 8s = 0° decreasing towards high angles. The symmetry is lower for higher
irradiation angles, for which B declines with a steeper slope for positive 8, values (directions
in the half incident plane containing the specular direction) than for negative ones. In addition,
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it is observed that its values decreases when approaching to retroreflection directions
(detection direction coincides with incidence direction).

Regarding the dependence upon the irradiation angle 6;, it is observed that, in general, B
declines with steeper slopes for higher irradiation angles. The only exception is found for the
highest used 6; (60°) at intermediate and long excitation angles, for which the dependence of
B on 8 is very similar to the one obtained for (6; = 0°) (see Figs. 4-6). This effect is more
clearly shown in Fig. 7, where the value of B at 65 = 60° [normalized to its value at 6; = 0° and
6, = 10° (instead of 0° to avoid the retroreflectance effect)] was plotted versus 6;, for every
sample (at different plots) and for every excitation wavelength (at different marker styles). In
this figure, it can be observed that the dependence on the irradiation angle is similar for all
sample, and that it is also very similar for a given excitation wavelength.
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Figure 7 — Dependence of B on the irradiation angle 6;. It was normalized to its value at
6, = 0° and 6, = 10°.

6 Discussion and conclusions

The variation of the excitation spectrum of fluorescence with the irradiation and detection
directions (that we can name as “goniofluorescence”) is the relevant variable to specify the
variation of colour of fluorescent materials. It was found that this variation was not appreciably
different for the five studied Spectralon® fluorescence standards, which suggests that it is
independent on the colour of the fluors in the material. It would mean that the characterization
of the goniofluorescence and the spectral BRDF of just one of these standards would allow
the colour of other standards to be calculated for any other irradiation and detection direction,
as long the emission and excitation spectra at one pair of directions are known for the fluor
added to the Spectralon®. We suggest that the excitation spectrum should be constant with
the measurement geometry in the case of a Perfect Reflecting Diffuser (PRD) (any photon is
scattered by the material at a random direction regardless incidence angle or wavelength)
because the fluorescence event can be considered also perfectly diffuse. In the real world, as
in the case of the Spectralon®, the diffusion mechanism depends on the incidence angle or on
the wavelength, and in the different way for reflected photons than for photons produced by
fluorescence, whose emission direction should be independent on the incidence angle. This
may explain why the factor B is not constant with measurement geometry. We must remember
(Eg. 5) that it is calculated as the quotient between the maximum value of the BLDF and the
BRDF value at the excitation wavelength. We know from previous studies that the BRDF of
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Spectralon® presents a higher reflectance toward high irradiation and detection (positive)
angles (Ferrero 2012), and also peaks around the retroreflection directions (Rabal 2014). The
mechanisms involved in those effects do not affect fluorescent light and, since the BRDF of
Spectralon® is dividing when B is calculated, it would explain the steeper slopes for high
irradiation and detection (positive) angles and the retroreflection effect observed in Figs. 4-7.
In those figures, only the features independent on the irradiation angle can be due to the
particular diffuse propagation of this fluorescent light, as it is the case of symmetric
dependence of B on 85 with respect to 65 = 0°.

Finally, we must noticed that an important advantage of the formalism proposed to analyze
the goniofluorescence (defined as the variation of the excitation spectrum of fluorescence with
the irradiation and detection directions) is that the result is independent on calibration factors,
since it is based on relative values of the BSDF at the wavelength of maximum fluorescent
emission and at the excitation wavelength, at the same irradiation and detection direction.

Acknowledgments

This report was compiled within the EMRP IND52 Project xD-Reflect “Multidimensional
reflectometry for industry”. The EMRP is jointly funded by the EMRP participating countries
within EURAMET and the European Union. Part of the authors (Instituto de Optica “Daza de
Valdés” (I0-CSIC), Agencia Estatal CSIC) are also grateful to the Comunidad de Madrid for
funding the project SINFOTON-CM: S2013/MIT-2790.

References

BERNAD, B., FERRERO, A., PONS, A., HERNANZ M. L., CAMPOS, J. (2015). Upgrade of
goniospectrophtometer GEFE for near-field scattering and fluorescence radiance
measurements. Proc. SPIE 9398, Measuring, Modeling, and Reproducing Material
Appearance 2015, 93980E (March 13, 2015); d0i:10.1117/12.2077084.

BILLMEYER, F. W., & CHONG, T. F. (1980). Calculation of the spectral radiance factors of
luminescent samples. Color Research & Application, 5(3), 156-168.

DONALDSON, R. (1954). Spectrophotometry of fluorescent pigments. British Journal of
Applied Physics, 5(6), 210.

FERRERO, A., RABAL, A. M., CAMPOS, J., PONS, A., & HERNANZ, M. L. (2012). Spectral
and geometrical variation of the bidirectional reflectance distribution function of diffuse
reflectance standards. Applied Optics, 51(36), 8535-8540.

LABSPHERE 2015. Spectralon® Fluorescence Standards.
http://www.labsphere.com/products/reflectance-standards-and-targets/spectralon-
reflectance-standards/fluorescence-standards.aspx. Accessed on May 7.

LAKOWICZ, J. R. (2007). Principles of fluorescence spectroscopy. Springer Science &
Business Media.

NICODEMUS, F.E., RICHMOND, J.C., HSIA, J.J., GINSBERG, |.W., LIMPERIS T. (1977).
Geometrical considerations and nornenclature for reflectance. NBS Monograph 160,
National Bureau of Standards, Gaithersburg, MD, p. 52.

RABAL, A. M., FERRERO, A., CAMPOS, J., FONTECHA, J. L., & PONS, A. (2012). Automatic
gonio-spectrophotometer for the absolute measurement of the spectral BRDF at in-and out-
of-plane and retroreflection geometries. Metrologia,49(3), 213-23.

RABAL, A. M., FERRERO, A., CAMPOS, J., PONS, A.,, & HERNANZ, M. L. (2014).
Bidirectional reflectance distribution function of diffuse reflectance standards around the
retro-reflection direction. Metrologia, 51(3), 148.

TOMINAGA, S., HIRAI, K., & HORIUCHI, T. (2015). Estimation of Bispectral Donaldson
Matrices of Fluorescent Objects by Using Two Illuminant Projections. Journal of the Optical
Society of America A, 32(6), 1068-1078.

380 Proceedings of 28th CIE Session 2015


http://www.labsphere.com/products/reflectance-standards-and-targets/spectralon-reflectance-standards/fluorescence-standards.aspx
http://www.labsphere.com/products/reflectance-standards-and-targets/spectralon-reflectance-standards/fluorescence-standards.aspx

	Proceedings CIE Session 2015, Vol. 1, Part 1
	P.1 Cover
	P.1-1 Session 2015 Cover Vol. 1 Part 1
	( CIE 2015 - All rights reserved
	LA COMMISSION INTERNATIONALE DE L'ECLAIRAGE
	DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION
	Standards
	Technical Reports
	Technical Notes
	Proceedings of the Sessions
	CD-ROMs
	Special Publications

	CIE Publications on DVD

	P.1-2 CIE 2015 Programme Outline 2015-06-09 for Proceedings
	P.1-3 Contents

	P.1 Papers
	P.1-4 Cover INVITED PAPERS
	P.1-5 IS
	IT01 - Francoise Vienot
	Abstract
	1 Deriving the cone fundamentals
	2 The CIE 2006 cone fundamental framework
	3 From colorimetry to photometry
	4 The MacLeod-Boynton chromaticity diagram
	5 Cone-fundamental-based chromaticity diagram and cone-fundamental-based tristimulus values
	6 The future
	References

	IT02 - Tessa Pocock
	Abstract
	1 Introduction
	2 Light regulators in plants
	2.2 Photosynthesis

	3 Spectral effects on plant growth and pigmentation
	3.1 Case study: Red lettuce grown under four different spectral distributions
	3.1.1 Spectral distributions and light analyses
	3.1.2 Growth and pigmentation comparisons under four different spectra.

	3.2 Shift experiments promote pigmentation while rapidly altering photochemistry
	3.2.1 Spectral effects on pigmentation
	3.2.2 Spectral effects on photochemistry and photosynthetic control
	3.2.3 Spectral effectors of anthocyanin biosynthesis


	4 Conclusions
	Acknowledements
	References

	IT03 - Takashi Usuda
	Abstract
	1 Introduction
	2 The arrangement and its implementation
	2.1 Text and appendices of the arrangement
	2.2 Mechanism and procedures to implement the arrangement

	3 Activities under CCPR
	3.1 Structure of CCPR
	3.2 Intercomparisons conducted by CCPR
	3.3 Published CMCs in photometry and radiometry

	4 Current status and future subjects of the arrangement
	5 Summary
	References

	IT04 - Arnold Wilkins
	Abstract
	1 Introduction
	2 Spatial structure of images
	2.1 Neural computation
	2.2 Visual discomfort and 1/f

	3 Hypermetabolism and discomfort
	4 Colour contrasts and light source chromaticity
	5 Temporal characteristics
	6 Application to lighting design
	6.1 Spatial configuration
	6.2 Colour
	6.3 Flicker

	7 Conclusion
	The visual system evolved to process images from nature.  In the modern urban environment the visual images it is required to process make the neural computation involved in sight more complex that it needs to be, with consequences for discomfort, cor...
	References

	IT05 - Geoffrey Draper
	Abstract
	1 Introduction
	2 The history and current mission of GTB
	3 Regulation of automotive lighting and light-signalling
	3.1  Evolution of signal lighting
	3.2  Evolution of forward Lighting

	4 The need for research as a foundation for a new approach to the development of technical requirements
	5 Examples of recent studies and cooperation between GTB, CIE and SAE
	6  Conclusion
	References


	P.1-6 Cover PRESENTED PAPERS
	P.1-7 OS
	OP01
	Abstract
	1 Introduction
	2 Methods
	2.3 Derivation of the regional memory color rendition indices, Rm,reg

	References

	OP02
	Abstract
	1 Introduction
	2 Experimental settings with NIST STLF
	3 Experimental Procedures
	4 Results
	Discussions and conclusions
	Acknowledgement
	References

	OP03
	Abstract
	1 Introduction
	2 Experimental Setup
	2.1 Experiment 1: Investigation on colour fidelity
	2.1.1 Light sources
	2.1.2 Samples
	2.1.3 Observers
	2.1.4 Experiment Procedure

	2.2 Experiment 2: Investigation on colour appearance
	2.2.1 Light sources
	2.2.2 Samples
	2.2.3 Observers


	3 Results and Discussion
	3.1 Experiment 1: Investigation on colour fidelity
	3.1.1 Observer Variability
	3.1.2 Testing UCSs’ Performance
	3.1.3 Testing CRIs’ Performance

	3.2 Experiment 2: Investigation on colour appearance
	3.2.1 Observer Variability
	3.2.2 Testing UCSs’ Performance
	3.2.3 Testing CRIs’ Performance


	4 Conclusions
	References

	OP04
	1 Introduction
	2 Aim of proposal
	3 Background
	4 Proposed measures on ambient light
	4.1 Ambient illuminance/luminance
	4.2 Ambient illuminance/luminance distribution
	4.3 Adaptation luminance within the normal field of view
	4.4 Correlated Colour Temperature, and variability of colour temperature Tcp (K)
	4.5 Spectral power distribution
	4.6 Variability of ambient light
	4.7 Daylight penetration

	5 Conclusions
	References

	OP05
	Abstract
	1 Introduction
	2 Method
	2.1 Study set-up and participants
	2.2 Experimental settings and lighting conditions
	2.3 Measures

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements
	References

	OP06
	Abstract
	1 Introduction
	2 Method
	2.1 Building and site
	2.2 Procedure
	2.3 Ethical considerations
	2.4 Validity

	3 Results
	3.1 Phase 2

	4 Discussion
	5 Conclusion
	References

	OP07
	Abstract
	1 Background
	2 Methods
	2.1 Building Site
	2.2 Photometric Analyses
	2.3 Daysimeter Protocol
	2.4 Daysimeter Data Analyses
	2.4.1 Circadian Stimulus
	2.4.2 Phasor Analyses
	2.4.3 Sleep Analyses

	2.5 Self-reports
	3.1 Photometric Analyses
	3.2 Daysimeter Data Analyses
	3.3 Self-reports Analyses

	5 Acknowledgements
	6 References

	OP08
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Observation Birds
	2.2 Observation Area and Date
	2.3 Date Recording and Processing

	3 Results and discussion
	3.1 Relationship between Time and Percentage of Awake Birds
	3.2 Relationship between Natural Light Intensity and Percentage of Awake Birds
	3.3 Comparison with Previous Study

	4 Conclusion
	Acknowledgement
	References

	OP09
	Abstract
	1 Introduction
	2 Background
	2.1 The CIE system
	2.2 Towards non-visual (biological) quantities of light
	2.2.1 Melanopic illuminance
	2.2.2 Circadian action factor and effective irradiance
	2.2.3 Equivalent α-opic illuminance


	3 Unified framework: Key concepts
	3.1 Equal-area normalization approach
	3.2 Relative spectral effectiveness (RSE) factors
	3.3 Conversion to absolute measures

	4 Results
	4.1 ipRGCs effectiveness of illuminance
	4.2 Non-visual (biological) effectiveness of irradiance

	5 Discussion
	6 Conclusion
	References

	OP10
	Abstract
	1 Introduction
	1.1 Background
	1.2 Photosynthetic photons

	2 Method
	3 Results
	3.1 Spectral power distributions
	3.2 Light intensity distributions

	4 Discussion
	5 Conclusion
	Acknowledgements
	References

	OP11
	Abstract
	1 Introduction
	2 Experimental
	2.1 Photometers
	2.2 UV response index
	2.2.1 UV filters
	2.2.2 UVA lamps
	2.2.3 Determination of UV response index

	2.3 IR response index
	2.3.1 IR filters
	2.3.2 CIE Source A
	2.3.3 Determination of IR response index


	3 Results and Discussion
	3.1 UV response index
	3.2 IR response index

	4 Summary
	References

	OP12
	Abstract
	1 Introduction
	2 Photometer angular responses
	3 Calculation of f2
	4 Lighting scenarios
	5 Errors in measuring lighting scenarios with photometers
	6 The relationship between f2 and measurement error
	7 Conclusions
	References

	OP13
	Abstract
	1 Introduction
	2 Example 1   –   Array-Spectroradiometer
	3 Example 2   –   Near-field goniophotometer
	3.1 Computer Model

	For modelling the IxMD, the camera system, the pinhole camera approach was adopted, which enables us to employ a backward ray tracing technique with each pixel on the CCD array being used as a starting point. This approach is easy to implement and suf...
	3.2 Results and Benefits

	4 Example 3   –   Gonioreflectometer
	4.1 Computer Model
	4.2 Current Research

	5 Conclusion

	OP14
	Abstract
	1 Introduction
	2 Theoretical calculation
	3 Numerical simulations
	4 Experimental validation
	5 Conclusion
	References
	[1] STEARNS, E. I. STEARNS, R. E. An example of a method for correcting radiance data for bandpass error. Color Research & Application,1988,13:257.
	[2] WOOLLIAMS E. R. et al. Spectrometer bandwidth correction for generalized bandpass functions. Metrologia, 2011, 48: 164.
	[3] EICHSTADT, S. et al. Comparison of the Richardson-Lucy method and a classical approach for spectrometer bandpass correction. Metrologia, 2013, 50: 107.


	OP15
	Abstract
	1 Background Information
	1.1 Introduction
	1.2 Preliminary Study
	1.2.1 Light Colour and Brightness
	1.2.2 Luminance and Brightness


	2 First Experiment : Basic Experiment
	2.1 Purpose
	2.2 Outline
	2.3 Conditions and Procedure
	2.4  Results and Analysis

	3 Second Experiment : Application to real space
	3.1 Purpose
	3.2 Outline
	3.3 Conditions and Procedure
	3.4 Results and Analysis

	4 Conclusion
	References

	OP16
	Abstract
	1 Introduction
	2 Simulations using the Haubner equation
	2.1 Comparison with Stevens (1967)
	2.2 Comparison with Diamond (1955)
	2.3 Comparison with Schirillo and Shevell (1996)
	2.4 Results overall

	3 Further issues
	3.1 Perceived luminousity
	3.2  “Filling in” of the target
	3.3 Reverse contrast illusions
	3.4 Brightness is two-dimensional?
	3.5 Validity of measuring “brightness”

	4 Conclusions
	Acknowledgements
	References

	OP17
	Abstract
	1 Introduction
	Automated dimming control of lighting is considered as one of good techniques to save energy in office space. Using motion or infrared sensor, the illuminance level is automatically reduced when and where a worker leave his /her desk, and it is increa...
	2 Methodologies
	3 Results
	3.1 Result of Experiment 1
	3.2 Result of Experiment 2

	4 Conclusion
	References

	OP18
	Abstract
	1. Introduction
	2. Experimental Setup
	3. Results
	4. Conclusions
	References

	OP19
	Abstract
	1 Committee on Glare of LED Lighting Fixtures in Outdoor Lighting Environments in the IEIJ
	2 Summary of Field Experiment in 2012
	3 Indoor Experiment in 2013
	3.1 Test Lights & environment
	3.2 Illuminance settings
	3.3 Procedure
	3.4 Observers
	3.5 Calibrations
	3.6 Results

	4 Summary & Discussion
	Acknowledgement
	References

	OP20
	Abstract
	1 Motivation
	2 HDR acquisition and visual adaptation
	3 Disability glare and loss of contrast
	4 Glare Risk along a route
	5 Conclusion
	References

	OP21
	Abstract
	1 Introduction
	2 Method
	3 Results
	4 Conclusion

	OP22
	Abstract
	1 Introduction
	2 Method
	2.1 Participating partners
	2.2 Installed monitoring and control systems
	2.3 Quality assessment
	2.4 Total Cost of Ownership
	2.5 Communication benchmark

	3 Results
	4 Conclusion

	OP23
	Abstract
	1 Introduction
	2 State of the art
	3 Methodology and experimental design
	Our study used 15 recessed ceiling LED luminaires from the series Light Fields made by Zumtobel as prototypes. The luminaires are modular, consisting of four modules, each with 72 LEDs (Figure 1). The modules in the form of a board were specially equi...

	4 Results
	4.1 Luminous differences within luminaires
	4.2 Luminous differences between luminaires

	5 Summary
	References

	OP24
	Abstract
	1 Introduction
	2 CAM15u
	2.1 Experimental setup
	2.2 Psychophysical experiment
	2.3 Development and validation of CAM15u

	3 Effect of stimulus size on brightness
	4 Standardisation of self-luminous signalisation
	5 Conclusions
	Acknowledgments
	References

	OP25
	Abstract
	1 Introduction
	2 Methods
	3 Results
	3.1 Colour emotion
	3.2 Colour harmony

	4 Conclusion
	References

	OP26
	Abstract
	1 Introduction
	2 Method
	2.1 Model Development
	2.2 Camera Model
	2.3 Experimental

	3 Testing Proposed Model
	4 Conclusions
	References

	OP27
	Abstract
	1 Introduction
	2 White LEDs in museums
	3 Previous research
	4 Purpose
	5 Experimental procedure
	6 Experiment 1 – in France
	6.1 Colour chart assessment experiment
	6.2 Painting assessment experiment

	7 Experiment 2 – in Japan
	7.1 Colour chart assessment experiment
	7.2 Painting assessment experiment

	8 Result
	8.1 Colour chart assessment experiment in France and Japan
	8.2 Painting assessment experiment in France and Japan
	8.3 Correspondence with Colour Quality Scale

	9 Conclusion
	References

	OP28
	Abstract
	1 Introduction
	2 Setting and Materials
	3 Methodology
	3.1 Research Design & Independent Variables
	3.2 Dependent variables
	3.3  Participants

	4 Results
	5 Discussion
	References

	OP29
	Abstract
	1 Introduction
	2 Review of Existing Lighting Metrics
	3 Methodology
	3.1 Questionnaire Survey
	3.2 Measurement in Selected Offices
	3.3 Computer Software Simulation

	4 Results
	4.1 Questionnaire Survey
	4.2 Measurement
	4.3 Simulation

	5 Discussion and Conclusions
	Acknowledgment
	References

	OP30
	Abstract
	1 Introduction
	2 Method
	2.1 Design
	2.2 Participants
	2.3 Settings
	2.4 Procedure
	2.5 Measures
	2.5.1 Questionnaires
	2.5.2 Cognitive performance tasks

	2.6 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	References

	OP31
	Abstract
	1 Introduction
	2 Method
	3 Results
	4 Conclusion
	Acknowledgements
	Reference

	OP32
	Abstract
	1 Introduction
	2 Selection of dependent variables
	3 Empirical studies
	3.1 Experiment 1: Window size and room reflectance
	3.1.1 Method
	3.1.2 Results

	3.2 Experiment 2: Daylighting systems and sky type
	3.2.1 Method
	3.2.2 Results


	4 General discussion
	5 Conclusion
	References

	OP34
	Abstract
	1 Introduction
	2 Factors related to the adaptation luminance
	2.1 Luminance Distributions
	2.2 Eye Movement
	2.3 Surrounding Luminance Effect
	2.4 Area of Measurement

	3 Simulation method
	3.1 Effective luminance distribution
	3.2 Adaptation luminance distribution
	3.3 AOM hit probability distribution
	3.4 Adaptation luminance of AOM

	4 Adaptation luminance simulation with luminance distribution examples
	5 Result
	6 Discussion
	7 Conclusion
	Acknowledgements
	References

	OP35
	Abstract
	1 Introduction
	2 Empirical data
	3 Conclusion

	OP36
	PERCEIVED LIGHTING QUALITIES AND PEDESTRIANS’ PERFORMANCE
	Abstract
	1 Introduction
	1.1 Performance of critical tasks and experience of the lit environment
	1.2 Perceived lighting qualities
	1.3 Aim and hypothesis

	2 Method
	2.1 Participants
	2.2 The laboratory setting and the lighting applications
	2.3 Procedure
	2.4 Instruments
	2.5 Analysis

	3 Results
	3.1 Perceived lighting qualities
	3.2 Experience of walking along the path in the lit environment
	3.3 Prediction of performance of critical tasks

	4 Discussion
	References

	OP37
	Abstract
	1 Introduction
	2 Method
	2.1 Field Measurements

	3 Results
	3.1 Mean perceived safety ratings
	3.2 Difference in day-minus-night mean ratings of perceived safety
	3.3 Does Light Matter?
	3.4 Length of low luminance area
	3.5 Uniformity
	3.6 Semi-cylindrical illuminance
	3.7 Indirect illuminance
	3.8 Hiding places
	3.9 Perceived access to help

	4 Conclusion
	Acknowledgements
	References

	OP38
	Abstract
	1 Introduction
	2 Methods
	2.1 Chosen artefacts
	2.2 Roughness measurements
	2.2.1 Angle Resolved Scatterometer (ARS)
	2.2.2 Other non-contacting and scanning probe techniques

	2.3 Gloss measurements
	2.4 BRDF measurements

	3 Results
	3.1 Roughness measurements
	3.1.1 Multiple Instrument study on Silicon substrate samples
	3.1.2 ARS study of samples B-R1n1G2, B-R1n1G3 & B-R2n1G3

	3.2 Gloss measurements
	3.3 BRDF measurements
	3.3.1 Description of a dual reflective behaviour
	3.3.2 Samples discrimination


	4 Conclusion
	References

	OP39
	Abstract
	1 Introduction
	2 Devices under test
	3 Test specimen
	4 Results
	4.1 Measurement protocol
	4.2 Measurement results
	4.2.1 Sample uniformity
	4.2.2 Repeatability
	4.2.3 Reproducibility
	4.2.4 Glossmeter correlation


	5 Conclusions
	Acknowledgement
	References

	OP40
	Introduction
	Surface reflectance and design compliance

	Measuring illuminance with high dynamic range imaging
	Background
	Overview of the illuminance proxy HDR method
	The test surfaces
	Basic method: illuminance values estimated from point samples
	Refined method: pixel illuminance values determined from gridding
	Example application

	Discussion
	References

	OP41
	Abstract
	1 Introduction
	2 Description of the goniospectrophotometer GEFE
	2.1 Irradiation system
	2.2 Sample’s positioning system
	2.3 Detection system

	3 Experimental conditions and samples
	3.1 Samples
	3.2 Measurement conditions

	4 Definitions
	5 Results
	6 Discussion and conclusions
	Acknowledgments
	References

	OP42
	Abstract
	1 Introduction
	2 Methodology
	2.1 Office setup
	2.2 Photometric and gaze monitoring

	(a)(b)  (c)
	2.3 Task design and sequence

	3 Generation of gaze-centred luminance image
	3.1 Step 1: Gaze-in-world orientations
	3.2 Step 2: identifying the dominant gaze directions
	3.3 Step III: Deriving gaze-centred luminance images

	4 Results
	5 Discussion and main findings
	6 Conclusion
	7 Acknowledgment
	References

	OP43
	Abstract
	1 Introduction
	2 Experiment
	2.1 Experiment conditions
	2.2 Test stimuli
	2.3 Photometry
	2.4 Experiment procedures

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgement
	References

	OP44
	Abstract
	1 Introduction
	2 Method of analysis of luminance image
	3 Experiment 1: Subjective estimation of discomfort glare of uniform-luminance light source and uniform- luminance background
	3.1 Experiment outline
	3.2 Result of experiment

	4 Experiment 2: Subjective estimation of discomfort glare of light sources with several small light sources inside
	4.1 Outline of experiment
	4.2 Results of experiment

	5 Application to real luminaires for street lighting
	6 Summary and discussion
	Acknowledgement
	References

	OP45
	Abstract
	1 Introduction
	2 Experimental Method
	3 Results
	4 Discussion
	5 Conclusions
	References

	OP47
	1 Introduction
	1.1 H.A. Light pollution metric criteria.

	2 Modelling the effect of cut off angle for different G classes of luminaires inc. LEDs.
	2.1 Comparing sky glow from G3 G4 and G6 luminaire angular distributions.

	3 Modelling the spectra of luminaires and eye responsivity to the sky glow caused.
	3.1 Concerns of excessive light pollution from blue rich sources.
	3.2 Spectral components and weighting.

	4 Comparison with a survey of the Malvern Hills area of outstanding natural beauty
	5 Results of a sea based wind farm study
	6 Conclusions
	References

	OP48
	Abstract
	1 Introduction
	2 Method
	3 Results
	3.1 The wayfinding strategy
	3.2 The selection of routes
	3.3 The influence of lighting
	3.3.1 Landmarks
	3.3.2 Areas of focal attention
	3.3.3 The perception of brightness ahead


	4 Conclusions and discussion
	Acknowledgements
	References

	OP49
	Abstract
	Claims have been made that at mesopic light levels, LED and induction lighting can be installed at lower photopic levels than traditional HID lighting because the LED or induction spectrum is more efficient at producing rod responses. Vertical and hor...
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Eye tracker
	2.3 Testing sites
	2.4 Test procedure
	2.5 Data acquisition system and data processing

	3 Results
	4 Conclusion
	Acknowledgement
	References

	OP50
	Abstract
	1 Introduction
	2 A zero-length photometry system
	3 Validation of the zero-length photometry system
	3.1 Validation of mirror profile
	3.2 Validation of mirror reflectance
	3.3 Comparison with a traditional far-field goniophotometer

	4 Conclusion
	References

	OP51
	Abstract
	1 Introduction
	2 The limiting photometric distance
	3 A luminance model for Lambertian sources and narrow beams
	4 Limiting photometric distance of a uniform disk source
	5 Limiting photometric distance for a Lambertian and quasi-1D light strip having a Lambertian distribution
	6 Limiting photometric distance using a point source approach
	7 Segmentation approach
	8 Rules of thumb
	9 Summary
	Acknowledgements
	References

	OP53
	Abstract
	1 Introduction
	2 Pervious literature
	2.1 Visual perception and the Weber’s law
	2.2 Control interface and usability assessment

	3 Method
	3.1 Experimental set-up
	3.2 Preliminary measurement
	3.3 Main experiment
	3.4 Subjective assessment
	3.5 Observers

	4 Data analysis
	The matching error, which is the illuminance difference between reference and test booths at the end of each trial, inversely indicates the accuracy with which a user can achieve a desired illuminance using a LCS. Therefore, the matching error is inve...
	5 Results and discussion
	5.1 Control efficacy
	5.2 Control effectiveness
	5.3 Subjective evaluation
	5.4 Discussion

	References

	OP54
	Abstract
	1 Introduction
	2 Outline of the target office
	3 Indoor illuminance from daylight
	3.1 Calculation method
	3.2 Desk illuminance from diffuse skylight
	3.2.1 Method
	3.2.2 Results

	3.3 Desk illuminance from sunlight redirected by automated blinds
	3.3.1 Method
	3.3.2 Results


	4 Dimming ratio of electric light
	4.1 Method for determining dimming ratio of each luminaire
	4.2 Illuminance distribution from each luminaire

	5 Annual simulation of dimming ratio of luminaires
	6 Conclusions
	Acknowledgements
	References

	OP55
	Abstract
	1 Introduction
	1.1 Hypothesis

	2 Research Questions
	3 Light switching behaviours
	3.1 Behaviour nudge

	4 Prospective memory
	5 Habit
	6 Study 1 Methodology
	7 Study 1 Results
	8 Study 1 Discussion
	9 Study 2 Methodology
	10 Study 2 Preliminary Results
	11 Discussion
	12 Conclusions
	13 Acknowledgements & EPSRC Data Access
	References

	OP56
	Abstract
	1 Introduction
	2 Terminology
	3 Scope
	4 Objectives
	5 Equipment
	5.1 The Bentham ILFD20QH Fixed/Flashing Light Equivalence Rig
	5.2 Bentham ILFD20QH Software
	5.3 Fixation Light

	6 Experiment Setup
	7 Observers
	8 Method
	8.1 Preparation
	8.2 Brightness Matching
	8.3 Threshold Tests

	9 Results
	9.1 0,2 microlux (observers G, I, J, L, M, N, P)
	9.2 0,77 microlux (observers G, I, J, L, M, N).
	9.3 0,077 microlux (observers I, J, L, M)
	9.4 Fixation Tests (observers G, I, J, L, M, N)
	9.5 Threshold Tests (observers G, I, J, L, M, N)
	9.6 Steady versus Steady Tests

	10 Discussion
	11 Conclusions
	11.1 At an observer illuminance of 0,2 microlux (7 observers)
	11.2 At an observer illuminance of 0,77 microlux (6 observers)
	11.3 At an observer illuminance of 0,077 microlux (4 observers)
	11.4 Threshold detection levels
	11.5 Steady versus steady brightness matching
	11.6 General

	12 Recommendations
	References

	OP57
	Abstract
	1 Introduction
	2 Light
	3 Lighting
	4 Summary
	5 Acknowledgements
	References

	OP58
	Abstract
	1 Introduction
	2 Method
	2.1 Paper samples and viewing environments
	2.2 Whiteness formulae
	2.3 Determination of JND

	3 Results and discussion
	3.1 Just-Noticeable difference
	3.2 Observer preferences

	4 Conclusions
	Acknowledgements
	References

	OP60
	Abstract
	1 Introduction
	2 Method
	2.1 Modelling of LED system
	2.2 Experiment
	2.3 Monte Carlo procedure

	3 Results and discussion
	4 Conclusion
	Acknowledgement
	References

	OP61
	Abstract
	1 Introduction
	2 Advantages of ILMD and its practical implementation
	3 Identifying Glare Sources
	3.1 Contrast threshold detection
	3.2 Modified histogram analysis

	4 Determination of the adaptation level
	5 Modelling of the position index
	6 Virtual viewing direction
	7 Calculating the UGR
	References

	OP62
	Abstract
	1 Introduction
	2 Methods
	2.1 Coordinates and geometry
	2.2 Spectral irradiance
	2.3 Photometric ray file
	2.4 Principal Component Analysis (PCA)

	3 Conclusions
	Acknowledgements
	References

	OP64
	Abstract
	1 Introduction
	2 Experiments
	2.1 Specification of lamps
	2.2 Measurement method of thermal characteristics
	2.3 Measurement method of luminous characteristics

	3 Main Results of Experiments
	3.1 Thermal characteristics of lamps
	3.2 Relation between thermal and luminous characteristics

	4 Calculation of thermal load
	4.1 Calculation method of lighting load
	4.2 Calculation condition
	4.3 Calculation results

	5 Conclusions
	References

	OP65
	Abstract
	1 Introduction
	2 Review of existing light diffuseness metrics
	3 A novel diffuseness metric
	4 Measuring the flux density, direction and diffuseness simultaneously using a cubic illumination meter
	5 Visualizing the global structure of light fields
	6 Discussion and conclusions
	Acknowledgements
	References

	OP66
	Abstract
	1 Introduction
	2 Measuring site Technische Universität Berlin
	3 Spectral sky models
	3.1 Previous research: All-Weather Sky Model
	3.2 Implementation for CIE General Standard Sky
	3.3 Luminance distribution and sky type determination from daylight measurements
	3.4 Analysis and representation of TU Berlin spectral measurements

	4 Spectral power distribution of sky patches
	5 Outlook – Development of sky models
	6 Outlook – Use of spectral sky models
	7 Acknowledgements
	References

	OP67
	Abstract
	1 Context
	2 Method used
	2.1 Scale model
	2.2 Measurement
	2.3 Calculation of CIE sky types

	3 Results
	3.1 Distribution of CIE sky types
	3.2 Access to daylight in a street canyon

	4 Conclusion
	References

	OP68
	Introduction
	Rationale for the new approach
	Theoretical Basis
	Annual sunlight beam Index

	SBI illustration
	One metre square aperture
	Annual SBI
	Temporal map example: One window
	Temporal map example: Complete dwelling
	Effect of internal reveals on SBI
	Volumetric assessment of beam sunlight

	Discussion
	References

	OP69
	Abstract
	1 Introduction
	2 European Standard requirements
	3 Proposal for standard requirements
	4 Road lighting installation design
	5 The measurement of road surface luminance
	6 Experimental data
	7 Conclusions
	References

	OP70
	Abstract
	1 Introduction
	2 Methodology
	2.1 Camera calibration
	2.2 Video analysis

	3 Luminance estimation
	3.1 Prototype hardware
	3.2 Installation sites
	3.3 Centring the field of view
	3.4 Long-term measurements
	3.5 Traffic compensation
	3.6 Angle dependencies
	3.7 Veiling luminance estimation

	4 Future work
	5 Concluding remarks
	6 Acknowledgements
	7 References

	OP71
	Abstract
	1 Introduction
	2 Description of the data
	3 Description of the method
	4 Analysis of the results
	5 Conclusion
	References

	OP74
	INTERCULTURAL COLOUR TEMPERATURE PREFERENCE OF CHINESE AND EUROPEAN SUBJECTS LIVING IN GERMANY
	Abstract
	1 Introduction
	2 Method
	3 Results and discussion
	4 Conclusions
	References


	P.1-8 Cover PRESENTED POSTERS
	P.1-9 PS
	PP02
	Abstract
	1 Introduction
	2 Methods
	2.1 Illumination ambient
	2.2 Human participants
	2.3 Test procedure
	2.4 Human tests
	2.5 Results
	2.6 Discussion

	References

	PP03
	Abstract
	1 Introduction
	2 Experimental Design
	2.1 Sample
	2.2 Light Source
	2.2.1 Reference Light Sources
	2.2.2 Test Light Sources

	2.3 Observers and experimental environment
	2.4 Psychophysical Experiment

	3 Results and Discussion
	3.1 Observer variability
	3.2 Testing the performance of UCSs
	3.3 Testing performance of CRIs

	4 Conclusion

	PP04
	Abstract
	1 Background
	2 Objective
	3 Methods
	4 Results
	5 Conclusion
	References

	PP05
	Abstract
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Experimental setup
	2.3 Procedure

	3 Results and discussion
	4 Conclusion
	References

	PP06
	Abstract
	1 Introduction
	2 Requirements for test samples
	2.1 Origin of test samples
	2.2 Distribution of test samples in colour space
	2.3 Spectral uniformity
	2.4 Size of sample set

	3 Conclusions
	Acknowledgements
	References

	PP07
	Abstract
	1 Introduction
	2 Method
	3 Results and Discussion
	References

	PP08
	Spectral Detection sensitivity in the mesopic range for Objects in the periphery – Testing CIE recommended model for mesopic viewing
	Abstract
	1 Introduction
	2 Fundamentals
	3 Experiment
	3.1 Experimental setup
	3.2 Experimental parameters
	3.3 Experimental method
	3.4 Subjects

	4 Results and discussion
	4.1 Spectral sensitivity
	4.2 Mesopic contrast

	5 Conclusions
	Acknowledgment
	References

	PP09
	Abstract
	1 Introduction
	2 Methodology
	2.1 Set-up
	2.2 Data analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements
	References

	PP10
	Introduction
	The importance of view
	Variable transmission glazing for use in buildings
	Chromogenic glass

	Neutral daylight spectra with VTG
	Combined transmission model
	A hypothesis regarding `light mixing'
	Validation of transmission and light mixing models by measurement

	Simulation of light mixing
	The building model
	Simulation of the discrete transmission model
	Results

	Discussion
	References

	PP11
	Abstract
	1 Introduction
	1.1 Background
	1.2 The Sensor Grid

	2 Methodology
	2.1 4-component Method
	2.2 Tool A
	2.3 2-phase Method
	2.4 Tool B
	2.4 3-phase Method

	3 Analysis
	3.1 Inter-model Comparison

	4 Discussion
	5 Conclusion
	Acknowledgements
	References

	PP12
	Abstract
	1 Introduction
	2 Measurement
	3 Sky luminance frequency distribution
	3.1 Method
	3.2 Results
	3.3 Comparison with other sites

	4 Sky spectral distribution
	5 Conclusion and discussion
	References

	PP13
	Abstract
	1 Introduction
	2 The spectral measurements system
	2.1 Hardware
	2.2 Acquisition procedure and software
	2.2.1 Advantages
	2.2.2 Drawback

	2.3 One minute spectral acquisition
	2.4 One second integrated acquisition
	2.5 Calibration
	2.6 Results

	3 Principal components analysis procedure
	3.1 Generator sample
	3.1.1 Partitioning

	3.2 Principal components analysis
	3.2.1 Eigenvalues optimisation

	3.3 Modelling from colour temperature
	3.3.1 Systematic error and  correction

	3.4 Validation with the control sample

	4 Conclusion
	4.1 Spectral measurements
	4.2 Principal component analysis

	5 Future work
	References

	PP14
	Abstract
	1 Introduction
	2 EDS – Under the hood
	2.1 The light simulation code
	2.2 EDS software components
	2.3 EDS blinds and lights control strategy
	2.4 EDS validation against CIE test cases

	3 EDS by example
	4 Conclusion
	References

	PP15
	Abstract
	1 Background and Purpose
	2 Experiment
	2.1 Experimental space
	2.2 Lighting conditions
	2.3 Standard model
	2.4 Experimental procedures

	3 Result
	4 Conclusion

	PP16
	Abstract
	1 Introduction
	2 Investigation method
	3 Results
	4 Experimental verification
	5 Conclusions
	References

	PP17
	Abstract
	1 Introduction
	2 Method
	3 Results
	4 Conclusion

	PP19
	1 Introduction
	2 TI-method according to EN 13201
	3 Extended TI-method
	4 Conclusion
	References

	PP20
	Abstract
	1 Introduction
	2 Luminance concept
	3 Reflection characteristics of road surfaces
	4 Extended approach
	5 Examples and results
	6 Conclusions
	References

	PP22
	Abstract
	1 Introduction
	2 Facade lighting techniques
	3 Subjective evaluation of lighting design alternatives produced for seven                buildings
	4 Evaluation of survey results
	5 Results
	References

	PP23
	Abstract
	1 Introduction
	1.1 Blue Light Hazard
	1.2 Solid State Lighting
	1.3 Exposure Limit Values

	2 In Vivo Experiment
	2.1 Animal Model
	2.2 Experimental Set-Up
	2.3 Dosimetry
	2.3.1 Spectrophotometric Measurements
	2.3.2 Retinal Spectral Irradiance
	2.3.3 Retinal Dose

	2.4 Biological Analysis

	3 Results and Discussion
	Conclusions
	Acknowledgements
	References

	PP24
	Abstract
	1 Introduction
	2 Method
	2.1 Experimental room
	2.2 Experimental condition
	2.3 Measurement items

	3 Results
	3.1 Lighting environment of each case
	3.2 Subjective evaluation of thermal and lighting environment in the experimental room
	3.3 Body temperature
	3.4 Melatonin secretion
	3.5 Sleep efficiency and sleep onset latency

	4 Discussion and conclusion
	Acknowledgements
	References

	PP25
	Abstract
	1 Introduction
	2 Determination of relevant quantities from a sparkle image
	2.1 Measurement of the instrumental flux
	2.2 Determination of the flux threshold
	2.3 Determination of ensemble contrast and density of sparkle spots

	3 Experimental results
	4 Conclusion
	A procedure to measure well-defined and traceable quantities to characterize sparkle has been described. Sparkle measurands have carefully been defined to be independent of instrumental parameters. Some experimental results of the measurement of three...
	Acknowledgments
	Authors are grateful to EMRP for funding the project “Multidimensional reflectometry for industry'”. The EMRP is jointly funded by the EMRP participating countries within EURAMET and the European Union. Authors are also grateful to Comunidad de Madrid...
	References

	PP27
	Introduction
	Methods
	Results
	Conclusion
	References

	PP30
	Abstract
	1 Goniophotometry
	2 Turning luminaire goniometer
	3 Luminous flux integrator
	4 Position correction
	5 Test comparison
	6 Goniospectroradiometric characterisation
	7 Summary
	References

	PP32
	Abstract
	1 Description of the Light Sources
	1.1 Photometric measurements
	1.2 Electrical Measurements

	2 Principle of the luminous flux measurement
	2.2 Determination of the measurement uncertainty
	2.2.1 DUT modelling
	2.2.2 Reference light source modelling
	2.2.3 Measurement modelling
	2.2.4 Interactions shown by means of the spectral mismatch correction factor
	2.2.5 Systematic deviations without correction

	2.3 Summary

	2.1 Fundamentals
	3 Example
	3.1 DUT modelling
	3.2 Modelling of the reference light source
	3.3 Modelling of the measurement
	3.4 Interactions
	3.5 Summary of the example

	4 Measurement comparison
	5 Summary
	References

	PP33
	Abstract
	1 Introduction
	2 Experiment
	3 Results
	3.1 Indoor
	3.2 Weather
	3.3 Outdoor

	4 Results
	References

	PP34
	Abstract
	1 Introduction
	2 Method
	3 Results
	4 Discussion: Methodology
	5 Discussion: SPD effect
	References

	PP35
	Abstract
	1 Introduction
	2 Material and Methods
	2.1 Venue and subjects
	2.2 Installation

	After renovation the installed power in room A was 144 W including three luminaires and 192 W in room B for four luminaires. The new installation was able to provide much higher illuminance levels than the previous installation. In room A the general ...
	2.3 Method

	3 Results
	3.1 General lighting
	3.2 Use of task lights

	4 Results
	4.1 Energy
	4.2 Occupant satisfaction

	5 Discussion
	Acknowledgment
	References

	PP36
	Abstract
	1 Introduction
	2 Previous studies
	3 DIALux daylight simulations
	4 Analyses of local hourly sky type
	5 Hourly probability of achieving lighting energy saving
	6 Implication on electric lighting energy saving
	7 Conclusion
	Acknowledgement
	References

	PP38
	Abstract
	1 Introduction
	2 Method
	2.1 Conditions
	2.2 Procedure

	3 Results
	4 Discussion
	4.1 Synthetic Variable
	4.2 Spatial brightness
	4.3 Lighting equipment

	5 Conclusion
	References

	PP40
	Abstract
	1 Introduction
	2 Normative background
	3 Aim of the study
	4 Methodology
	5 Results and discussion
	6 Conclusions
	Acknowledgements
	References

	PP42
	PP43
	Abstract
	1 Introduction
	2 Lighting design in Yangtse River Tunnel
	3 Field study on flicker
	4 Results and discussions
	5 Conclusions
	References

	PP44
	Abstract
	1 Introduction
	2 Total Revealing Power
	3 Experiments
	3.1 Experiment installation
	3.2 Measuring of lighting characteristics
	3.3 Observations for visibility of the critical object
	3.4  Observations for visibility of cars located ahead

	4 Results of experiments
	4.1 Measuring of lighting characteristics
	4.2  Observations for visibility of the critical object
	4.3 Observations for visibility of cars located ahead

	5 Equivalent visibility curve for critical object
	6 Conclusion
	Acknowledgements
	References

	PP45
	Abstract
	1 Introduction
	2 Methods
	2.1 Warning Beacon Visibility Experiment
	2.2 Closure Detection Experiment

	3 Results
	3.1 Warning Beacon Visibility Experiment
	3.2 Closure Detection Experiment

	4 Discussion
	5 Acknowledgements
	References

	PP46
	Abstract
	1 Introduction
	2 Experimental conditions
	2.1 Panel
	2.2 Experimental protocol
	2.3 Illumination conditions

	3 Results
	3.1 Preliminary analyses
	3.1.1 Cluster analysis
	3.1.2 Relevance of data

	3.2 Influence of the road surface condition
	3.3 Influence of the external illumination
	3.3.1 Influence of the sun position
	3.3.2 Influence of the horizontal illuminance

	3.4 Summary of findings

	4 Visibility model
	4.1 Logistic regression
	4.2 Visibility model predictions

	5 Discussion
	5.1 Practical considerations
	5.2 Limits and future work

	6 Conclusion
	References

	PP48
	Abstract
	1 Introduction
	2 Effect of Wavelength of light sources on Purkinje Phenomenon (Test-1)
	2.1 Experiments
	2.2 Experimental conditions

	Color temperature: 3000K, 5000K, 8000K, low pressure sodium lamp(LPS)
	(Fig. 2 shows spectral characteristics.)
	Background luminance: 0.1, 0.5, 1.0 cd/m2
	Positions (Eccentric angles) of visual targets: 0, 15, 30, 40, 50˚
	Contrast of visual target: 0.1, 0.3, 0.5, 0.7, 0.8
	Presenting time: 1 second (Turn OFF for 4 seconds)
	2.2.1 Evaluation method
	2.3 Experimental results

	3 Field Experiments on Purkinje Phenomenon of Road Lighting (Test-2)
	3.1 Experimental equipment and conditions
	3.1.1 Lighting installations

	3.2 Evaluation items
	3.3 Subjects
	3.4 Experimental results
	3.4.1 Detection rate of target of visual targets in peripheral vision
	3.4.2 Visual environment Evaluation (Static test)
	3.4.3 Visibility of color charts
	3.4.4 Visual environment Evaluation (Driving test)


	4 Considerations and Conclusions
	References


	P.1-10 Cover WORKSHOPS
	P.1-11 WS
	WS1-Summary_Seminar_Colour_Quality_of_LED_Lighting
	Summary

	WS2-Summary_Seminar_Lighting_Metrics
	Summary

	WS3- Summary_Seminar_Adaptive_Lighting
	Summary

	WS4-Summary_Workshop_CIE_ILLUMINANT_L_(LED)_PROS,_CONS_AND_CHALLENGES
	Summary

	WS5-Summary_Seminar_Lighting_for_Life
	Summary

	WS6-Summary_Workshop_Colour_Imaging_Reproduction_for_3D_Printing
	Summary







