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ABSTRACT

In response to the increasing needs for standards to calibrate sphere-spectroradiometer systems
used to measure various types of light sources, we have realized the total spectral radiant flux
(TSRF) scale, developed transfer standard lamps, and established a calibration service for
incandescent standard lamps in the spectral range of 360 nm to 830 nm with relative expanded
uncertainties (k=2) between 1 % (at visible and near infrared regions) to 2 % (in ultraviolet (UV)
region). The TSRF scale is based on both the NIST spectral irradiance scale and the total
luminous flux scale and is realized by using a gonio-spectroradiometer for measuring relative
TSRF and a detector-based absolute integrating sphere for measuring total luminous flux.
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1. INTRODUCTION

With recent improvements of the performance of array spectroradiometers and the increasing
measurement needs of new types of light sources such as light emitting diodes (LEDs), the
conventional sphere-photometer systems are being replaced by sphere-spectroradiometer
systems, to measure light sources for total (spatially-integrated) spectral radiant flux (unit: W/nm)
and for obtaining photometric, radiometric, and colorimetric quantities of a light source with a
single measurement. These sphere-spectroradiometer systems need to be calibrated against total
spectral radiant flux standards. In response to this industrial need, NIST has realized the total
spectral radiant flux (TSRF) scale, developed transfer standard lamps, and established the
calibration service for incandescent type of lamps in the spectral range of 360 nm to 830 nm. This
spectral range of 360 nm to 830 nm meets the urgent needs in lighting and LED industries for
measurements of total luminous flux, and spatially-integrated color quantities of light sources.

Work on realization of a total spectral radiant flux scale predating this work is reported [1] where
the spatial distribution of correlated color temperature (CCT) of a test lamp is measured with a
goniophotometer equipped with a colorimeter, and spatially-averaged spectral power distribution
(SPD) of the lamp is estimated from the average CCT and a model. We employed a more
straightforward method to determine the spatially-averaged SPD by using a spectroradiometer
instead of a colorimeter (called gonio-spectroradiometer) for improved uncertainties.

The TSRF scale can be realized using gonio-spectroradiometry to measure absolute spectral
radiant intensity or absolute spectral irradiance at many angles and integration of the measured
values over 41 steradian. However, an absolute gonio-spectroradiometer with low measurement
uncertainties is not trivial to construct due to many sources of error such as the dead angle, spatial
stray light, the sampling error, etc. Such error corrections and uncertainty analyses would not be
trivial and would require major efforts. If the scale is realized independently from the luminous
flux unit, any discrepancy between the two units would also be a problem for users.

To overcome such difficulties and to provide standards to industry in a timely manner, we
employed a method combining two approaches: first to determine the relative total spectral radiant
flux scale using the gonio-spectroradiometer, and then to determine the absolute scale from the
NIST luminous flux unit [2]. This method is hereinafter called relative gonio-spectroradiometry
method. We also limit the calibration artifacts to only incandescent lamps. This approach greatly
relaxed detailed work for reducing uncertainties and also assured consistency of the scale with the
luminous flux unit.

The principle of the relative gonio-spectroradiometry method, the calibration facilities, the
transfer standard lamps, and the uncertainty budget are briefly described below.
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2. PRINCIPLE OF THE RELATIVE GONIO-SPECTRORADIOMETRY METHOD

To determine the TSRF, the test lamp is first measured at many angles using a
gonio-spectroradiometer for the relative spectral radiant intensity distribution, 1, .,(4,6,9) . The
scalingof 7, ., (4,0,¢) is setarbitrarily, but is fixed during measurements of each lamp at every
angle so that the relative differences of the intensity at different angles of a lamp are accurately
measured. After the measurements of 1, ,(4,60,¢), the test lamp is then calibrated for total
luminous flux, @_, to determine the scaling factor, ks . The TSRF, @,(A4), is obtained by
using Equations 1 and 2,
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where K, is the maximum spectral luminous efficacy being 683 Im/W, V(1) is the spectral luminous
efficiency, and 6 and ¢ are polar coordinates of the goniometer. As indicated in the above two
equations, the scaling of 7, (4,0,9) is cancelled, and the absolute scale of @,(4) is
determined by total luminous flux, @, making @,(A) consistent with the NIST luminous flux
unit. Thus, the TSRF realized at NIST is based on both the NIST spectral irradiance scale [3] and
the NIST total luminous flux scale [4].

3. CALIBRATION FACILITIES
3.1. The Gonio-spectroradiometer for relative TSRF measurements

This gonio-spectroradiometer (Figure 1) is designed to measure incandescent type lamps for
relative TSRF. It is composed of a 3-axis scanning mechanism, a fast, cooled (-10° C),
charge-coupled device (CCD) array spectroradiometer, and a motion control/data acquisition
computer system. The 3-axis scanning mechanism consists of a short arm for the lamp holder
(used to set up the orientation of a test lamp), a long arm for the rotation of the irradiance head of
the spectroradiometer around the ¢ axis, and a lamp holder which rotates for the ¢ axis. The
dead angle of ¢ due to the mechanism of the lamp holder is + 3 degrees (that is, ¢ covers from 0
to 177 degrees). Both scanning motors for ¢ and ¢ axes stop when a measurement takes place.
The total measurement time for a test lamp is approximately one hour with a scanning angle
interval of 10 degrees for both ¢ and ¢. S~

An irradiance head (a 12.7 mm diameter o

quartz dome-shaped diffuser) is mounted on one
end of the long arm (for @) with a rotation radius fg?g?
of #1.25 m, and a light trap is mounted on the

other end of the long arm. A hood is mounted on
the irradiance head to minimize the errors arising Py
from scattered ambient stray light. The irradiance
head has an approximate cosine response within
the field of view limited by the hood.

Spectro-
radiometer

The CCD array spectroradiometer is placed on
the fixed frame of the gonio-spectroradiometer. A
3 mm core diameter, 5 m long quartz fiber bundle
is used to couple the rotating irradiance head to
the stationary array spectroradiometer. The |
twisting effect of the fiber bundle on the
responsivity of the spectroradiometer was tested
to be less than 0.1 %. The spectroradiometer is
calibrated against two FEL spectral irradiance standard lamps with the arm for the irradiance head
oriented horizontal ( ¢ =90°).

Il .,

5] 5] 5] 5]

Figure 1. The NIST gonio-spectroradiometer
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The signal and integration-time nonlinearities of the spectroradiometer were characterized and
corrected. In addition, the spectroradiometer was also characterized and corrected for errors from
spectral stray light using the stray-light correction matrix method [5]. The stray light corrections are
applied for all measurements including the standard FEL lamps measurements (for relative
spectral irradiance responsivity calibration) and the test lamp measurements at every rotation
angle so that the correction is effective even if the relative SPD varies considerably at different
angles. The correction for spectral stray-light errors is critical for reducing the uncertainties in the
blue and UV regions if the CCT of a test lamp and that of the standard FEL lamp are considerably
different, or if the SPD of a test lamp is very different in the UV region (even though the CCT is
similar) compared to that of the standard FEL lamp.

3.2. The integrating sphere for total luminous flux measurements

The NIST 2.5 m absolute integrating sphere is used to calibrate the total luminous flux of the test
lamp to obtain the absolute TSRF. This integrating sphere facility is used to provide calibration
services for total luminous flux [4].

4. TRANSFER STANDARDS

An ideal transfer standard for TSRF should have uniform

and smooth spectral power distribution with high CCT AN

covering the intended spectral range, low aging rate, "l

uniform spatial intensity distribution, and good 5 ‘

reproducibility. Several types of quartz tungsten ‘k .
halogen (QTH) lamps have been tested for use as i

transfer standards of the TSRF scale. Currently 75 W ﬁ

miniature QTH lamps are used as the transfer standards . ‘

to be issued by NIST. The miniature lamp itself has a
small screw base (E10), thus a special adapter for the
common medium screw base socket (E26) was
designed and is provided to the customer together with
the lamp so that the lamp can be used in normal
integrating spheres. A photograph of a 75 W standard
lamp and an E26 screw base adapter is

Figure 2. Photograph of a 75W
miniature QTH transfer standard lamp
and an E26 screw base adapter.

shown in Figure 2. 1014
The CCT of the 75 W standard lamp is 1012
set to be 3100 K that is very close to that = lowo
of the spectral irradiance standard FEL ij: 1008 I
lamp, thus, measurement errors due to .
spectral stray light, the wavelength error, = %[
and the finite bandpass of the array : 1.004
spectroradiometer are mostly cancelled. T 1002
The 75 W standard lamp is operated on = 1000
DC power at a constant current of ~2.9 A 0.998
with =32 V. The required stabilization time 0 5 1o 15 0 2
is only 5 minutes. Figure 3 is the result of Time, t (h)
an aging test of a 75 W standard lamp at [+~ 360nm ~ 380 nm - 430nm —~ 555nm ~ 720 nm = 830nm|

six wavelengths. The increasing radiant

intensity with time was the effect of aging, = Figure 3. Plot of aging curves of relative radiant
which was a permanent change of the lamp. intensity of a 75 W standard lamp at 3100 K CCT
The aging rate was ~0.3% in 24 h of at six wavelengths. The starting points at t = 0 are
operation, and was very similar at different ~ set to be 1.000 for 360 nm, 1.002 for 380 nm and
wavelengths, so the change in CCT was S0 on, so that the curves are not overlapped.
measured to be < 0.5 Kin 24 h.

5. UNCERTAINTY OF CALIBRATION

The uncertainty of the TSRF calibrations is analyzed following the international
recommendation [6]. The uncertainty budget of a TSRF calibration of the 75 W, 3100 K miniature
QTH transfer standard lamps is shown in Table 1.
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Table 1. Uncertainty budget for the TSRF calibration of a 75 W, 3100 K miniature QTH lamp

Standard uncertainty contribution (%)

Uncertainty component Type 360 380 430 555 720 830
nm nm nm nm nm nm

1. Calibration of luminous flux of the test lamp

(see Reference 4) B 025 025 025 025 025 0.25
2. Standard FEL lamp (see Reference 3) B 063 0.61 051 0.38 0.32 0.30
3. Gonio-spectroradiometer B 041 029 019 019 0.19 0.19
4. Calibration of the spectroradiometer B 0.34 025 021 018 0.18 0.18
5. Measurement of the test lamp B 0.15 0.11 011 011 0.11 0.5
Relative combined uncertainty of TSRF (%) 0.88 0.77 0.64 054 0.50 0.50

Relative expanded uncertainty (k=2) of TSRF (%) 1.8 15 1.3 1.1 1.0 1.0

6. CONCLUSION

We have realized TSRF scale, developed transfer standard lamps, and established the calibration
service for the spectral range of 360 nm to 830 nm. The TSRF is realized by using a relative
gonio-spectroradiometry method that is based on both the spectral irradiance scale and the total
luminous flux scale. The current transfer standard lamps are 75 W, 3100 K miniature QTH lamps
with an aging rate of approximately 0.3 % in 24 h of operation. The relative expanded uncertainties
(k=2) of TSRF of a transfer standard lamp are less than 2 % in the UV region and approximately
1% in the visible and near infrared regions. The uncertainties in the UV region will be reduced by
using an array spectroradiometer with high spectral irradiance responsivity in the UV region.

The TSRF scale can also be realized by applying the Absolute Integrating Sphere method
spectrally, using an integrating sphere equipped with a spectroradiometer and an external spectral
irradiance standard lamp. This approach is under development and is to be compared to the
gonio-spectroradiometry method in the future.

REFERENCES

[11 GOODMAN T. M., MOORE J. R., PEARCE N. C., MURRAY D. K., The Establishment of a New
National Scale of Spectral Total Flux, Proc., 22" Session of CIE, Melbourne, 1991, 1, Part 1,
50-53.

[2] OHNO Y. and ZONG Y., NIST Facility for Total Spectral Radiant Flux Calibration, Proc.,
Symposium of Metrology, CENAM, Mexico, 2004 (published in CD).

[3] YOON H. W., GIBSON C. E., and BARNES P. Y., Realization of the National Institute of
Standards and Technology detector-based spectral irradiance scale, Appl. Opt., 2002, 41,
5879-5890.

[4] OHNO Y. and ZONG Y., Detector-Based Integrating Sphere Photometry, Proc., 24th Session of
the CIE, 1999, 1, Part 1, 155-160.

[5] ZONG Y., BROWN S. W., JOHNSON B. C., LYKKE K. R., and OHNO Y., Simple spectral stray
light correction method for array spectroradiometers, Appl. Opt., 2006, 45, 1111-1119.

[6] ISO, Guide to the Expression of Uncertainty in Measurement, 1993.

Authors:

Yuqin Zong Yoshi Ohno

National Institute of Standards and Technology National Institute of Standards and Technology
100 Bureau Drive, Stop 8442 100 Bureau Drive, Stop 8442

Gaithersburg, MD 20899-8442, USA Gaithersburg, MD 20899-8442, USA

Phone: (301) 975-2332 Phone: (301) 975-2321

e-mail: yugin.zong@nist.gov e-mail: yoshi.ohno@nist.gov

D2-182 CIE 26TH SESSION — BEIJING 2007


mailto:yuqin.zong@nist.gov�
mailto:yoshi.ohno@nist.gov�

	I-D1-D2
	I-D1
	di 1 bu fen
	目录
	Span of color similarity 
	Light source quality assessment
	Measurement of Solid-State-Lighting Products
	Division 2 Presented Posters


	Uv treatment of air and surface
	CIE publications on CD-ROM



	I-1
	ABSTRACT 
	1. INTRODUCTION
	2. ACCESSIBLE DESIGN;  WHAT IS IT ? 
	3. BASICS FOR ACCESSIBLE DESIGN IN LIGHT AND LIGHTING
	REFERENCES

	I-2
	ABSTRACT 
	1. INTRODUCTION
	2. CHALLENGES FOR THE CIE PRODUCED BY LEDS
	2.1 Photometric and colorimetric fundamentals
	2.2 Practical photometry and colorimetry
	2.3 Colour rendering and LEDs
	2.3.1  Colour quality simulation


	3. CONCLUSIONS 
	REFERENCES

	I-3

	综合D1
	ABSTRACT
	1. INTRODUCTION
	2. METHOD
	3. RESULTS AND DISCUSSION
	3.1 Colour harmony formula for two colour combinations (diads)
	3.2. Colour Harmony Rendering Index

	ABSTRACT
	1. INTRODUCTION 
	2. EXPERIMENTS 
	3. RESULTS 
	4. DISCUSSION 
	REFERENCES
	ABSTRACT
	1. INTRODUCTION
	2. WHITENESS MODELS
	3. METHOD
	3.1 Paper samples
	3.2 Visual evaluations

	4. RESULTS
	5. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENT
	ABSTRACT
	1. INTRODUCTION
	2. DATA COLLECTION
	3. NEW GAMUT BOUNDARY BASED ON SPECTRAL REFLECTANCE FUNCTIONS
	4. NEW MEASURES FOR COLOUR RENDERING
	4.1 Colour Volume
	4.2 Shared Area and Shared Volume
	4.3 Comparing new measures with CRI and CQS

	5. EVALUATING CRI AND CQS WITH DIFFERENT SETS OF SAMPLES
	6. CONCLUSION
	REFERENCES
	ABSTRACT
	1. INTRODUCTION
	2. METHOD
	3. RESULTS
	4. DISCUSSION
	REFERENCES
	ABSTRACT 
	1. PURPOSE :
	4. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. COLOUR RENDERING VECTORS METHOD 
	3. THE EFFECT OF THE COLOUR SET
	3. THE EFFECT OF NARROW BAND SPECTRAL POWER DISTRIBUTIONS (SPD’S)
	4. THE BALANCE BETWEEN ACCURACY AND SIMPLICITY.
	5. CONCLUSIONS.
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL SET-UP 
	3. EXPERIMENTAL PROTOCOL
	4. RESULTS
	5. CONCLUSION
	6. REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. REACTION TIME AND CONTRAST THRESHOLD MEASUREMENTS
	2.1 Experimental set-up
	2.2 Visual performance at low photopic and at mesopic luminance levels
	2.3 Modelling spectral sensitivity of peripheral vision 

	3. VISUAL PERFORMANCE BASED MESOPIC MODEL MOVE
	4. CIE STANDARDISATION WORK IN THE MESOPIC FIELD
	5.  CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. LABORATORY EXPERIMENT
	3. RESULTS
	REFERENCES
	ACKNOWLEDGEMENTS
	A performance-based model for mesopic photometry
	Teresa Goodman and Alistair Forbes, NPL

	ABSTRACT 
	1. INTRODUCTION
	2. MAXIMUM SPECTRAL LUMINOUS EFFICACY
	3. LIGHTING EFFIENCY OF LIGHTING SOURCE
	4. DISSCUSSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. HYPOTHESES
	2. EXPERIMENTAL 
	Experiment 1 (Perceived Brightness Magnitude Estimation)
	Experiment 2 (Contrast Threshold Detection)

	3. RESULTS AND DISCUSSIONS
	Perceived Brightness Magnitude Estimation
	Computing Contrast Sensitivity Function (CSF)
	Verifying the Results (Contrast Threshold Detection)

	4. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL METHOD 
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION
	2. SPECTRAL SENSITIVITY OF VISIBILITY AND DISCOMFORT GLARE
	2.1 Visibility experiment
	2.2 Glare experiment

	4. DISCUSSION AND CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. THRESHOLD VALUE OF PERSON EYE CONTRAST STUDIES
	2.1 Experiment equipment and method
	2.1.1 Experiment device
	2.1.2 The brightness simulating background and target brightness computer program、
	2.1.3 The visual angle ascertaining that
	2.1.4 Background the brightness ascertaining that
	2.1.5 Distinguish the probability ascertaining that


	PROF. DR. TRAN QUOC KHANH
	ABSTRACT 
	1. INTRODUCTION
	2. EXPERIMENT
	3. RESULTS AND DISCUSSION
	4. CONCLUSIONS AND FURTHER WORK
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. MEASUREMENT
	3. RESULTS
	4. DISCUSSION AND CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION
	2. EXPERIMENT
	2.1 Experimental method
	2.1.1 Arrangement Pattern of White LED lamp
	2.1.2 White LED Lamp Installation


	3. RESULTS
	4. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	JAÉN M. and  KIRSCHBAUM C.

	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENT A
	2.1. Design and procedure
	2.2. Results 
	3. EXPERIMENT B
	3.1. Design and procedure
	3.2. Results
	4. EXPERIMENT C
	4.1. Design and procedure
	4.2. Results
	5. DISCUSSION 
	6. CONCLUSIONS 
	REFERENCES
	ACKNOWLEDGEMENTS
	AUTHORS: 
	ABSTRACT 
	1. INTRODUCTION 
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. SCATTERED-SPOT FUNCTION TRANSFORMS THE TRISTIMULUS VALUE TO THE MUNSELL RENOVATION VALUE WITHOUT   ERROR
	2. THE ERROR-FREE UNIFORM CHROMA FORMULA
	3. INTRODUCTION 
	Uniform chroma formula(the shortened form of “scatted-spot function of uniform chorma)

	ABSTRACT 
	1. INTRODUCTION
	2. MEASURING METHOD 
	3. RESULTS
	3. SUMMARY AND CONLCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. NEW TWO-CONSTANT THEORY
	3. ALGORITHM FOR COLORIMETRIC COLOR MATCHING
	4. EXPERIMENTS AND RESULTS
	5. CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	Contrast sensitivity function (CSF) is a fundamental function of human visual system for spatial vision and wildly used for evaluating visibility of patters [1]. This function was already defined for young normal vision and for older persons as well [2], but not yet for people with low vision who have impaired vision due to pathological disorders that cannot be corrected only by wearing glasses. 
	Contrast sensitivity function is one of the fundamental properties of vision and could be usefully used as one of the basic criteria for designing visual sings for low vision. The present study was aimed to measure and establish CSF for people with low vision to be used widely in visual signing and signalling for them.
	2. EXPERIMENTAL METHOD 
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION
	2. EXPERIMENTAL DESIGN 
	3. RELIABLE DATA 
	4. TUNING THE SPECTRUM 
	REFERENCES
	ABSTRACT
	1. ELEMENTARY COLOURS 
	2. STANDARD AND RELATIVE COORDINATES RGB*
	3. RECEPTOR SENSITIVIYIES
	4. DIFFFERENT COLOUR CIRCLES .
	SUMMARY 
	REFERENCES  
	ABSTRACT 
	1. INTRODUCTION 
	2. PROJECT OF EXPERIMENT 
	2.1 Select color system
	2.2 Select background
	2.3 Select object color
	2.4 Method of experiment

	3. RESULTS OF EXPERIMENT
	3.1 Influence on lightness
	3.2 Influence on chroma
	3.3 Influence on hue

	CONCLUSION
	REFERENCES
	1、YANG Wei-ping, HAO Jian-ming. Appearance phenomena and color appearance model. J.YNSK,2003, 6,49-54.
	2、HUANG  Ying-wei ,  FENG Pei-yong. The Application of CIE Newest Color Appearance Model.J.PE, 2005, 4,40-42.
	3、YANG  Wei-ping, ZHAO Da-zun. Cross-media color reproduction based on color appearance. J.OT，2005,1,101-103.

	ABSTRACT 
	1. INTRODUCTION 
	2. METHOD OF THE EXPERIMENT 
	3. RESULTS AND CONSIDERATINS 
	3.1 Readability of the chromatic document
	3.2 Equivalent luminance contrast of the chromatic document
	3.3 Equivalent luminance contrast on xy-chromaticity diagram with the confusion lines

	4. CONCLUSION 
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1.  INTRODUCTION 
	2.  A LABORATORY STUDY
	3.  RESULTS
	5.  REFERENCES
	6.  ACKNOWLEDGEMENTS
	INTRODUCTION
	METHOD
	Spatial Characteristics
	Temporal Characteristics

	RESULTS
	Spatial Characteristics
	Temporal Characteristics

	ACKNOWLEDGEMENT
	REFERENCES
	ABSTRACT
	INTRODUCTION
	METHOD
	RESULTS
	CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL PROCEDURE AND METHODOLOGY 
	3. RESULTS AND DISCUSSION
	4. CONCLUSION 
	REFERENCES
	ABSTRACT 
	1.  INTRODUCTION 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. METHODS
	2.1 Equipments
	2.2 Conditions
	2.3 Procedures

	3. RESULTS AND DISCUSSIONS
	3.1 Measurement of border luminance
	3.2 Relationship between matched illuminance and border luminance
	 3.3 Relationship between brightness estimation value and border luminance

	4. CONCLUSION 
	REFERENCES
	ABSTRACT
	REFERENCES

	ABSTRACT 
	1. INTRODUCTION
	2. METHOD
	3. RESULTS
	4. DISCUSSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. THE “SKY LIGHT SIMULATOR” FACILITY 
	2.1. Daylight simulators 
	Sky simulator 
	Sun simulator 
	Cloud simulator 

	2.2. Nightlight simulator 

	3. USING THE SKY LIGHT SIMULATOR FOR LIGHTING TESTS 
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENT 1 
	2.1 Material and method.
	2.2 Results.

	3. EXPERIMENT 2 
	3.1 Material and method.
	3.2 Results.

	3. EXPERIMENT 3 
	4.1 Material and method.
	4.2 Results.

	5. CONCLUSIONS.
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. METHODS
	3.  RESULTS AND DISCUSSION
	REFERENCES


	D2综合
	ABSTRACT
	1. INTRODUCTION
	2.1 Fluorescent lamp(s) illumination
	2.2 Sphere-inside diffuse illumination
	2.3 Sphere-outside diffuse illumination
	3.1 Measurement procedure
	3.1.1 Calibration with white reference
	3.1.2   Measurement of Display

	3.2 Luminance calculation under bright-room condition
	3.2.1 Bright-room condition
	3.2.2 Luminance LD65 on the display under CIE illuminant D65 bright-room condition

	3.3 Bright-room contrast

	4 CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. DERIVATION OF MODEL EQUATIONS 
	3. EXPERIMENTAL 
	4. RESULTS AND ANALYSES 
	5. CONCLUSIONS 
	REFERENCES
	SPECTRORADIOMETRIC MEASUREMENTS OF PULSED HIGH POWER LEDS
	ABSTRACT
	1. INTRODUCTION 
	2. OPERATING CONDITIONS OF SSL PRODUCTS FOR MEASUREMENT
	3. MEASUREMENT OF TOTAL LUMINOUS FLUX OF SSL PRODUCTS
	3.1 Integrating sphere with a spectroradiometer
	3.2 Integrating sphere with a photometer head (Sphere-photometer system)
	3.3 Goniophotometer

	4. MEASUREMENT OF COLOR CHARACTERISTICS
	REFERENCES
	Total luminous flux measurement of LEDs using an integrating sphere with an external standard source
	ABSTRACT
	INTRODUCTION
	SPATIAL RESPONSIVITY NONUNIFORMITY
	SPECTRAL MISMATCH
	SELF-ABSORPTION
	UNCERTAINTY ANALYSIS
	CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION
	2. DESCRIPTION OF THE MEASUREMENT DEVICE
	2.1 The hardware part 
	2.2 Calibration of a picture element 
	2.2.1 Optical Calibration
	2.2.2 Radiometric calibration


	3. SAMPLING OF THE LUMINANCE 
	3.1 Luminance computation

	6. RESULTS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. PRINCIPLE OF STRAY-LIGHT CORRECTION AND VALIDATION RESULTS
	2.1. Spectral stray-light correction in spectroradiometers 
	2.2. Spatial stray-light correction in imaging instruments 

	3. EXAMPLES OF STRAY-LIGHT CORRECTION 
	4. CONCLUSION 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. RADIATIVE TRANSFER IN AN INTEGRATING SPHERE
	3. SIMULATION METHOD
	4. RESULTS AND DISCUSSIONS
	5. SUMMARY
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. STRATEGIES FOR EXTENSION
	3. SPECTRAL DIFFUSE REFLECTANCE STANDARD IN THE UV AND NIR
	4. SPECTRAL DIFFUSE REFLECTANCE STANDARD IN THE MIDDLE AND LOW REFLECTANCE RANGE
	5. SUMMARY
	REFERENCES
	Measurement of Naturalness
	ABSTRACT
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL SETUP AND MEASUREMENTS
	3. RESULTS AND CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. THE MEASUREMENT PROCEDURE
	4. THE PROTOCOL 
	CONCLUSIONS 
	REFERENCES
	PETER MARX
	SUMMARY

	2. TECHNICAL REQUIREMENTS ON A STATE-OF-THE-ART ILLUMINANCE-METER
	3. Functions of the digital luxmeter

	4. IMPORTANT TECHNICAL DATA
	The special luminance-tubeadapter has  a measuring angle of  α = 13º. The  tube-geometry is so calculated, that the relation between  luminance and illuminance is very simple: 
	                        L = 100 • E                E in lx, L in cd/ m²

	5. FIELDS OF APPLICATIONS
	  The instrument is suitable for
	  Further applications are possible, e.g. for:

	6. RESULT
	REFERENCES
	DIN 5032 Lichtmessung, sections 1...7
	P. Marx, New Goniophotometers for Lighting-engineering
	 Laboratories.  CIE 24TH Session, Warsaw 1995,
	 Proceedings Vol. 1, Part 1, page 189 – 192
	Ye Guanrong, Light-sensor for photometry. Zhejiang University, Hangzhou, China
	Prof. Dr.-Ing. Peter Marx

	ABSTRACT
	INTRODUCTION
	PRINCIPLE OF THE MAKYOH SETUP
	REALIZATION OF THE MAKYOH TECHNIQUE
	EXPERIMENTS
	CONCLUSION
	ACKNOWLEDGEMENT
	REFERENCES
	AUTHORS
	ABSTRACT
	ABSTRACT 
	1. INTRODUCTION
	2. THE RAY TRACING METHOD
	3. PROPOSED SOLUTIONS
	4. PROPERTIES OF THE METHODS
	5. CONCLUSION
	REFERENCES
	ABSTRACT
	INTRODUCTION
	SYSTEM DESIGN
	CONTROL METHOD
	STABILITY OF THE DETECTORS
	TEMPERATURE CONTROLLING OF LEDS
	CROSS-TALK BETWEEN NARROW-BAND DETECTORS
	CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. APPARENT SOURCE AND ANGULAR SUBTENSE
	3. MEASUREMENTS
	3.1 Experiment principle
	3.2 Test results

	5. CONCLUSIONS
	REFERENCES
	2. G Xu and X Huang, Calibration of broadband UV radiometers - methodology and uncertainty evaluation, Metrologia, 40, (2003), S21- S24
	3. X Huang, G Xu and Y Liu, Comparison of two calibration methods for UVA broadband detector, Proceedings on CIE Midterm Meeting and International Lighting Congress, LEON 05

	ABSTRACT
	1. INTRODUCTION
	2. CONCEPT OF THE METHOD
	3. PRESENTATION OF INITIAL DATA
	4. CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL DEVICE 
	3. RESULTS 
	4.- DISCUSSION
	5.- CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. DEFINITION AND CHARACTERIDATION OF PHOTOBIOLOGICAL AND PHOTOCHEMICAL QUANTITIES
	3. THE FIRST MEASURED PHOTOBIOLOGICAL QUANTITIES : THE PHOTOMETRIC QUANTITIES.
	4. PHOTOBIOLOGICAL AND PHOTOCHEMICAL UNITS.
	5. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. TRANSFER STANDARDS
	3. WORKING STANDARDS
	4. RESPONSIVITIES
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. FABRICATION OF DIAMOND PHOTOCONDUCTOR
	3. MEASUREMENT OF VUV INTENSITIES BY THE PHOTOCONDUCTOR
	4. SUMMARY
	REFERENCES
	ABSTRACT
	1. INTRODUCTION
	2. GAMUT BOUNDARY DETERMINATION 
	3. ANALYZING PARAMETERS BUILDING 
	4. ANALYSIS AND CONCLUSION 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. DATA TESTED AND ANALYSIS 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. SKYDOME
	REFERENCES：OMIT
	ACKNOWLEDGEMENTS
	**National Institute of Metrology, Romania
	ABSTRACT


	2. VALIDATION
	ABSTRACT
	INTRODUCTION
	MEASUREMENT PROCEDURE FOR DIFFUSE REFLECTANCE
	VALUES OBSERVED FOR INSTRUMENTAL NONLINEARITY
	REFERENCES
	ABSTRACT
	1. INTRODUCTION
	2. EXPERIMENTAL
	3. RESULTS AND DISCUSSION
	4. CONCLUSION 
	REFERENCES

	ABSTRACT
	1. INTRODUCTION
	2. MEASUREMENT SETUP 
	3. MEASUREMENT RESULTS
	4. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. THEORETICAL MODEL
	3. EXPERIMENTAL SETUP AND RESULTS
	4. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. TO EXTEND PARABOLA 
	3. TO MODIFY PARABOLA
	4. TO SHIFT THE SOURCE FROM THE PARABOLIC FOCUS 
	5. TO MOVE THE PARABOLIC AXIS 
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. FACILITY FOR AVERAGED LEDS INTENSITY MEASUREMENTS
	  3.FACILITY FOR RELATIVE SPECTRA DISTRIBUTION MEASUREMENTS
	3. CALIBRATION AND EVALUATION OF THE LED PHOTOMETER  
	5. CONCLUSION  
	REFERENCES
	Acknowledgements
	References

	ABSTRACT 
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1 Design of the container
	2.2 Choice of the camera
	2.3 segmentation of the captured image 
	2.4 calculation of the luminance
	2.6 Calibration 
	2.7 Software implementation

	REFERENCES
	ACKNOWLEDGEMENTS
	Acknowledgements
	REFERENCES

	1. INTRODUCTION (HEADING1)
	2. MONTE-CARLO RAY TRACE 
	3. LED SIMULATION BY USING LIGTHTOOLS
	3.1 LED and Detector Modeling 
	3.2  Measurement distance,  the lighting area and intensity
	3.3 Simulation results

	4. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENTAL POCEDURE 
	3. RESULT AND DISCASSION 
	4. CONCLUSIONS 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. CALIBRATION SYSTEM 
	3. ADJUSTMENT OF INSTRUMENTS
	4. SUMMURY 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. PRINCIPLE OF THE RELATIVE GONIO-SPECTRORADIOMETRY METHOD 
	3. CALIBRATION FACILITIES
	3.1. The Gonio-spectroradiometer for relative TSRF measurements
	3.2. The integrating sphere for total luminous flux measurements

	4. TRANSFER STANDARDS
	5. UNCERTAINTY OF CALIBRATION 
	6. CONCLUSION 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. ROUND ROBIN TEST
	Protocol
	Artefacts
	Participants

	3. RESULTS 
	4. CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. THE EFFICACY OF LIGHT SOURCES
	3. THE EFFICACY OF CONVENTIONAL LIGHT SOURCES
	4. THE EFFICACY OF LEDS
	5. SUMMARY
	REFERENCES:
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. TRAP DETECTOR
	Linearity
	Absolute spectral responsivity

	3. FILTERS
	4. APERTURE
	5. RESPONSIVITY OF THE PHOTOMETERS 
	Spectral responsivity of the photometers
	Spectral Matching Factor
	Absolute responsivity of the photometer

	6. CONCLUSION
	7. REFERENCES


	D31定（zhou）
	ABSTRACT 
	1. INTRODUCTION 
	2. METHODOLOGY 
	3. MEASUREMENT 
	4. MODELS FOR LIGHT EQUIVALENT OF SOLAR RADIATION 
	5. DAYLIGHT CLIMATE ZONE IN CHINA 
	6. CONCLUSION 
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. THE EXPERIMENTAL SETUP
	3. THE COMPARISON BETWEEN THE SKY SCANNER AND THE DIGITAL CAMERA
	4. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. FROM SKY LUMINANCE MODELS TO CIE SKY TYPES
	3. TEST OF THE SKY LUMINANCE MODELS
	4. CONCLUSION
	5. REFERENCES
	6. ACKNOWLEDGEMENT
	ABSTRACT
	1. INTRODUCTION
	2. THE PHOTO-SIMULATION TOOL
	3. THE MULTIZONES SKY
	4. ANNUAL INTERIOR LIGHTING
	5. CONCLUSION
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	2. RESULTS 
	ABSTRACT 
	1. INTRODUCTION 
	2. THRESHOLD VALUE 
	2.1 Methods
	2.2 Results

	3. DISCOMFORT GLARE AND OFFSET ANGLE 
	3.1 Methods
	3.2 Results

	4. VISIBILITY OF THE OUTSIDE VIEW THROUGH BLINDS
	4.1 Methods
	4.2 Results

	5. CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. THE SCALE MODELS
	3. USER ASSESSMENT SURVEY AND MEASUREMENT OF SUBJECTIVE RATINGS
	4. QUANTITATIVE MEASUREMENTS
	5. PHYSICAL PARAMETERS
	6. RESULTS
	7. DATA ANALYSIS
	8. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. EXPERIMENT 
	2.1 Experimental setting 
	2.2 Experimental condition and procedure

	2.3 RESULTS
	3. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. CONTRAST EFFECT AND SATURATION EFFECT 
	3. EXPERIMENT 1 (CONSTANT ADAPTATION LEVEL) 
	3.1 Method
	3.2 Results

	4. EXPERIMENT 2 (ADAPTATION LEVEL EQUAL TO DAKER PART LUMINANCE
	4.1 Methods
	4.2 Results

	5. CONCLUSION
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT 
	1. INTRODUCTION 
	2. IMAGE CONVERSION FOR DETECTION OF GLARE SOURCE
	3. EXPERIMENT FOR OBTAINNIG THE FUCTION OF DIVERGENCE EFFECT 
	4. GLARE ESTIMATION SYSTEM BASED ON LUMINANCE IMAGE 
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. LIGHTING ENERGY
	3. TRENDS IN ENERGY EFFICIENT LIGHTING
	4. ANNEX 45 ENERGY EFFICIENT ELECTRIC LIGHTING FOR BUILDINGS
	4.1 Objectives
	4.2 Structure
	4.3 Management of the Annex

	5. INTERVIEWS WITH KNOWLEDGEABLE PEOPLE OF THE FUTURE TRENS IN LIGHTING
	6. CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION
	2. BACKGROUND
	3. SCHEMES
	3.1. Location1
	3.2. Location2

	4. METHODS
	4.1. Appraisals
	4.2. Lighting Survey

	5. RESULTS
	5.1. Survey measures
	5.2. Appraisals
	5.4. Specific comments

	6. CONCLUSIONS
	7. ACKNOWLEDGMENTS
	EnERLIn consortium. 14 partners from 14 countries constitute the proposed consortium, covering a large part of the Europe form north to south and from east to west. This is an important issue; because, concerning lighting the reaction of the individual customers is quite different form a country to the other (north countries prefer low colour temperatures lamps, hot ambiance, and south countries are more sensitive to high colour temperatures, cold ambiance). The consortium includes western countries with high GDPs compared to eastern countries that they just integrated EU (Poland, Hungary, Czech Rep., Latvia and Estonia), and the newest EU countries (Bulgaria and Romania). The ENERLIN consortium is strongly cross-disciplinary including National or Regional Energy Agencies (ADENE, KAPE, ENEA, SEC, SEVEn, BE), one ESCO in Belgium, academic institutions (France, Hungary and Romania), a values-based consultancy focussing on sustainability (Respect) as well as independent consulting SMEs (Ekodoma, Energy Saving Bureau). Each partner has solid experience with EU projects (especially from DG TREN), and strong links with international organisms like CIE and projects like ELI, other European networks (COST-529) and programs (GreenLight). Some partners are quite influential for policy-making bodies in both national (regional) and European levels.
	3. CREFEN – INTEGRATED SOFTWARE SYSTEM FOR ENERGY EFFICIENCY AND SAVING IN RESIDENTIAL SECTOR

	CONCLUSIONS
	REFERENCES
	ABSTRACT 
	1. INTRODUCTION 
	3. PREFERENCES AND SATISFACTION OF THE RESIDENTS
	4. CONCLUSIONS
	REFERENCES
	ABSTRACT
	1. INTRODUCTION
	2. METHOD
	2.1 Setting and lighting conditions
	2.2 Procedure

	3. RESULTS
	3.1 Lighting condition effects
	3.2 Linked mechanisms: Mediated regression analysis

	4. DISCUSSION
	REFERENCES
	ACKNOWLEDGEMENTS
	Abstract
	1. Introduction
	2. Experiment design
	3. Experiment and Result
	REFERENCES
	ACKNOWLEDGEMENTS
	ABSTRACT
	1. INTRODUCTION
	2. DILEMMA AND POSSIBLE CAUSES
	3. PROPOSAL FOR EXPERIMENTS
	4. CONCLUSIONS
	REFERENCES
	ACKNOWLEDGEMENT
	DETAILS OF AUTHORS
	ABSTRACT 
	1. INTRODUCTION 
	2. METHODS
	Shift-work free office/industry
	Shift-working call centre
	Light treatment of SAD

	3. RESULTS
	Shift-work free office/industry
	Shift-working call centre
	Light treatment of SAD patients

	5. CONCLUSIONS
	ACKNOWLEDGEMENTS




