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R Talwan Government Policy

« Sunset Program of Mercury Street Lights (Nov. 2014)

— By the end of 2016, to invest US$ 1.83 billion of total 692,000 LED
lighting installation instead of the mercury street lights, so Taiwan will
be the world's first country of fully eliminate mercury street lights.

» Ascent Plan of Green Energy Industry (Aug. 2014)

— Major strategy is to establish “product specifications and standards and
specifications”, in order to achieve the goals of to be a main global
supplier of LED components and modules, and to construct a global
Infrastructure of lighting products.

« White Paper on Energy and Industrial Technology (Ministry of
Economic Affairs, 2012)
— Continue to promote the demonstration of LED street lamp application

before 2015. In 2020, it is expected that LED lights replace all
conventional street and road lights.
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Purpose

» The experiments aim at finding the range of repetition frequencies of
luminances in the field of vision which have to be avoided in the lighting of
express-ways.

« The relevant frequencies in this problem are given by the number of light
sources passed per second by a motorist on the express-ways, and therefore
depend on the spacing of the light sources, luminous intensity distribution
of LED road light sources and the driving speed.

« Schreuder (1998) reported that there was no nuisance as a result of flicker
In the central zone of a tunnel which is illuminated by artificial lighting,
when the frequency is lower than 2.5 Hz or higher than 15 Hz.

* New challenges
— Power consumption, LED road light instead of HPS

— lIrregular waveform results from variant luminous intensity distribution of LED
road light sources or complicated real scenes

— Higher speed limit on expressways than in tunnels
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* Road light simulation by DIALux evo 4.0 & DIALux 4.12

 Optimization of pole distance subjected to a consumer luminaire and the
mounted height in ME3a condition

« Both main factors in the experiment
— Pole distance (5 levels) and Speed limit (6 levels)

« Waveform calculation of the vertical illuminance at the driver position for
each lane

« Comparisons among the existed flicker metrics

Taiwan Road 61
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* Road profile
— median center Width: 0.800 m
— lay-bys south off leftside Width: 0.880 m
— Road to South Width: 7.000 m
—  Number of Lanes: 2
—  Surface (dry): CIE R3
— 0 (dry): 0.070
—  Surface (wet): Wet surface W3
— 0 (wet): 0.200

— lay-bys south off right Width: 2.365 m 7000m
—  Maintenance factor: 0.57 Lay-bys north off
T2.37m
«  Luminaire arrangements Road to north -
—  Luminaire: Philips RVM-270W160LED4K-R-LE2-HS RoadView
—  Luminous flux (luminaire): 17845.27 Im -
—  Luminous flux (lamp): 17845.27 Im
—  Luminaire Wattage: 258.9 W Laybys north off T9.37m
—  Arrangement: both sides opposite Median center [
—  Pole Distance: 10/13/15/25/50 m Lay:bys south off t1103m
— Boom inclination (3): 5.0 Observer 2= Road to south
— Boom length (4): 1.597 m
— Light centre height (1): 10 m
—  Light overhang (2): -0.700 m Observer 1—>: Polo distance .
+18.93m
«  Speed limit: 50/60/70/80/90/100 km/h Lay-bys south off
1213m
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i Waveforms of vertical illuminance
(example)
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pole distance = 25 m
speed = 80 km/h
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In this case, the modulation of the waveform for observer 1 is higher then observer 2.
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R Metrics for Flicker Measurement

« Contrast flicker value

« JEITA flicker amount (similar to VESA 305-5)
« SID/ICDM IDMS v1.03 flicker visibility

« Percentage flicker

* Flicker index

« Detection of stroboscopic effect & Acceptability of stroboscopic
effect

« ANSI/HFES 100-2007

« Power voltage fluctuation

— Central Research Institute of the Electric Power Industry of Japan
suggested using AV 10 as the standard for assessing voltage flicker

— |IEC 61000-4-15 gives a functional and design specification for flicker
measuring apparatus intended to indicate the correct flicker perception
level for all practical voltage fluctuation waveforms. (short term and
long term flicker, Pst & Plt)
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R Contrast Flicker Value

 Longer pole distance, higher contrast flicker value.
« Speed does not change the contrast flicker value.

Pole distance
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« Most occurrence between 2.5 Hz to 10 Hz
» For the pole distance 50m, all flicker values are above -10dB for varied

JEITA Flicker amount for observer 1

speed limits. It means that drivers will be annoyed by flicker.

JEITA flicker amount (dB)

25 |
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e Flicker Visibility for observer 1

« The highest flicker visibility is occurrence as driving speed 80 km/h through the
repetition range of pole distance 10 m.

« For pole distance 50 m, there is lower flicker visibility as speed fast than 80 km/h.

Pole distance
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R Percent Flicker for observer 1

« There is identical percent flicker value for each pole distance.
» Percent flicker is not related to speed.
« For pole distance 50 m, the percent flicker is the highest 100%.

Pole distance

——-10m -=-13m -—+-15m 25m -=-50m
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50 60 70 80 90 100
Speed limit (km/h) Bullough et al. (2011, 2012, 2013) reported that

more than 10% flicker below 100 Hz could be
noticeable and unacceptable to end user.
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" Flicker index for observer 1

« There is identical flicker index for each pole distance.
» Flicker index is not related to speed.
« For pole distance 50 m, the flicker index is the highest 0.66.

Pole distance

——-10m -#=13m -+=15m 25m ===50m
0.70 T
= = = = = £l
0.60 +
< 0.50 +
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o
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L 0.20 1 — —= = = = a
0.10 +
OOO : 1 : 1 : 1 : 1 : 1 : |
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Speed limit (km/h)

To minimize the stroboscopic effect, systems with
a flicker index of 0.1 or less are suggested. IES
The Lighting Handbook, 10t Ed., p.7.45.
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emmsi  Detection of Stroboscopic (DoS) effect
for observer 1

Research Institute

« There is identical DoS for each pole distance.
* DoS is not related to speed.
« For pole distance 50 m, the DosS is the highest 95.6%.

Pole distance
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@z Acceptability of Stroboscopic (AoS)
effect for observer 1

Research Institute

« There is identical AoS for each pole distance.
« AO0S is not related to speed.
« For pole distance 50 m, the AoS is the lowest -0.1.

Pole distance
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e Inconstant results of the current flicker metrics

* |rregular waveform of vertical illumination from the
complicated real scenes.
« Take the duration account into the flicker metric
— Transition for short time or very low frequency: glare issue
— Transition for middle or long time: flicker issue
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Pl Tasks of
the color science and lighting technology

Research Institute

1. Definition of the relevant color quality metrics
2. Finding the correlation among these metrics

3. Determination of the semantic meanings and tolerance ranges of these
metrics in lab and in field tests

4. Multi-metrics (e.g.
CRI+CQS+FCI....) and their
border limits for difference
lighting applications

5. Rules for spectral design of
LED-spectra

Conveners: Ronnier Luo & Tran Quoc Khanh
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" Intercultural Colour Preference

« Intercultural Colour Temperature preference of Chinese and European Subjects
Living in Germany (p.618 ~ 622)
— Technische Universitat Darmstadt, Darmstadt, GERMANY
— Fudan University, Shanghai, China

v ? g 4
> 47
= e s

Artificial objects used in the exper

LED viewing booth with Ra>97 & R9>97
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Human centric intelligent lighting
for museum applications

Ferenc Szabd, Péter Csuti, Janos Schanda

Virtual Environments and Imaging Technologies Research
Laboratory University of Pannonia, Veszprem, Hungary
szabof@szafeonline.hu
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Virtual Environments and
Imaging Technologies

Research lahuratury

Visual experiments

* Identifying CCT and illuminance requirements
« Corresponding Colour theory investigations

Copyright 2015 ITRI T 5 1irif7Ek7
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f CCT and illuminance on

.

Virtual Environments and
Imaging Technologies

Research Laboraltory

Atmosphere is most pleasant: - when CCT is 5500 K, but there is no significant difference
among visual results at 4500 K — 5500 K — 6500 K

results

;'4.'-. -,“:.'* *.--“
the visual

- when CCT is minimum 4500 K. Contrast is significantly
lower when CCT is 2850 K.

Contrast is higher:

The appearance of paintings becomes cooler and more similar compared to daylight by the
increase of CCT. But no coolwhite light for museum lighting! (corresponding colour concept?)

4 a
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3 } 3:00 3 A= e ——— +®
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54 Score: 5 2 | Score
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O 1 2 - rather unpleasant o 1 2 - rather low
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g 0
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Virtual Environments and
Imaging Technologies

Research Laboratory
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A History of Colour Quality

4&% TECHNISCHE
g/ UNIVERSITAT
%y DARMSTADT

History of colour quality:
selected items of along development

Colour quality (CQ) parameter
1972

Thornton’s Color Discrimination Index

Colour rendering index, CIE Publ. 13.3 1995

CIE R96, CIE Publ. 135/2, 1999 1999

CQS (NIST, Yoshi Ohno et al.) 1999

FCI (Feeling of Contrast Index, Hashimoto et al.) 2007

Gamut Area Index (GAI, Rea et al.) 2008

Memory Colour Rendering Index (Smet et al.) 2010
CRI-CAM02UCS (University of Leeds) 2012

CRI2012 2012

IES color rendition method June 2015
30.06.2015 | Future LED lighting | CIE 2015 Manchester | Bodrogi, Khanh, Stojanovic | 3 Qe
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TR Cone Fundamentals:
Past, Present and Future
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Comparison of the cone-fundamental-based spectral tristimulus values xz(4), MANGHESTER ,
V(A1) and Zg(4) with the CIE 1931 standard colorimetric observer.. Prof. Frangoise Viénot (MNHN, FR).
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wwr@mzs \/1SI0N EXperiment on Chroma Saturation
for Color Quality Performance
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Trimizk Testing Colour Rendering Indices Using Visual

Data under Difference LED Sources

(a) Experimental setup- k (b) Luo, M.R. (Leeds, UK)-

CRI

Colour preference : o W
Colour fidelity

Conclusion
All the colour fidelity based CRIs performed much better than
colou eference C

Differences betw fid
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