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Introduction 
• Solid-State Lighting Products 

– currently most widely used in coloured light applications
– gaining market share in outdoor- & indoor- white light applications

• A wide range of SSL products for general illumination with attractive 
performance claims : high light output & efficacy, long lifetime, good colour 
rendition etc

• However, the latest report by CALiPER (Commercially Available LED Product • However, the latest report by CALiPER (Commercially Available LED Product 

Evaluation and Reporting)reveals:
- “Many SSL products do not meet manufacturer performance claims, …”
- “In almost every case where product literature compares a SSL product 

with traditional products, the comparisons are highly overstatedand 
misleading”

Reference: 
DOE Solid-State Lighting CALiPER Program, Summary of Results: Round 6 of Product Testing, 2008, www.ssl.energy.gov/caliper.html



Introduction

• A clear need for reliable, comparable and unbiased 
performance information on such products to boost 
the market confidence

• To ensure this
– Measurement & test protocols (methods, procedures, conditions etc) – Measurement & test protocols (methods, procedures, conditions etc) 

must be standardised
– Metrological traceability of measurement must be established



Components : LED chips/ packages

Categories of LED & SSL Products 

SSL products

LED arrays

Integrated LED lamps

LED modules  

Low power High power

similar to integrated LED lamps but no Edison screw base

Sold to manufacturers/suppliers

LED luminaires

LED light engine (Entire light source part  
in a luminaire (w/o fixture)

Sold to general consumers



Optical Characteristics of SSL Products 

Quantity Unit
Reported in 
CALiPER?

Required by DoE
ENERGY STAR 

Programme?

Luminous flux lumen ��� � ��� �

Lumen depreciation L70 hour - ��� �

Luminaire efficacy lm/W ��� � � �� �

Luminous intensity cd - -

Luminance cd/m2 - -

Photometric

Luminance cd/m2 - -

Glare - to be developed

Chromaticity /Correlated colour
temperature (CCT)

K ��� � � �� �

Colour spatial uniformity* ��� �

Colour maintenance* ��� �

Colour rendering index (CRI) Ra ��� � � �� �

Lifetime (reliability) hour - -

* Variation of chromaticity in diff directions / change over lifetime on CIE 1976 (u’, v’) diagram

Colour



Luminaire (Luminous) Efficacy (hv) 

– Quotient of the luminous flux emitted by the 
(electrical) power consumed by the source.
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luminous efficacy of 
radiation (k ) 
- Quotient of the luminous flux f v by 
the corresponding radiant flux f e  
(Unit: lm/W)

Radiant efficiency (of a source 
of radiation) (hhhhe) ) ) ) 
- Ratio of the radiant flux of the 
emitted radiation to the power 
consumed by the source (Unit: 1)

- is a function of both the light source (bulb/lamp) and fixture 
(including controls, power supplies, other electronics & optical 
components) 

- including fixture efficiency and thermal effects



Luminous Efficacy of Radiation
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Measurement Standards & Procedures for 
Traditional Lighting (luminous flux)

• Luminaire efficacy: characterised in terms of lamp
ratings and fixture efficiency

• Lamp rating (in lumens for luminous flux) – how much
light the lamp will produce @standard ambient
temperature 25 ºC - reference standards and test
procedureswell established

Incandescent

15 lm/W

Fluorescentprocedureswell established
• Fixture efficiency – proportion of rated lamp lumens

actually emitted by the fixture in %, useful for fixtures
with interchangeable lamps – well documented and
understood

Fluorescent

90 m/W



Why new standards for LED/SSLs ?

• No standard procedures for rating luminous flux of LED devices
• Data on luminous flux/color of LEDs given in manufacturer’s datasheets 

are typically measured under a short pulse (< 1 S) applied to the LED 
chips @ TJUNCTION = 25 °°°°C at manufacturing stage to avoid damaging 
chips w/o heat sink

• Large impact of luminaire design on the performance of the LEDs
– Efficiency of LEDs is very sensitive to heat and optical design– Efficiency of LEDs is very sensitive to heat and optical design
– Light output and life of LEDs requires careful thermal management 
– Fixture housing is used also as a heat sink or part of the heat removal design
– making it difficult to compare LEDs to other types of lighting 

• The amount of light emitted by a fixture cannot be predicated reliably 
based on available information on LED devices

• Conclusion: Luminous flux/efficacy must be measured at luminaire level 



International Bodies 
• CIE – International Commission on Illumination 

(www.cie.co.at)

• IEC/IES – International Electrotechnical Commission 
(www.iec.ch)

National Bodies (US)

SSL Standard Development – an Update

National Bodies (US)
• ANSI  - American National Standards Institute (www.ansi.org)

• IESNA  - Illumination Engineering Society of North America 
(www.iesna.org)

• DOE CALiPER program, Energy Star Program with active participation 
of NIST and industry) 

• Others: ASSIST - Alliance for Solid-State Illumination Systems and 
Technologies (by Lighting Research Centre at Rensselaer Polytechnic 
Institute)



LED/SSL Standards published 

Title Publication Type of Std

Measurement of LEDs CIE127:2007 CIE standard

Approved Method: Electrical and Photometric 
Measurements of Solid-State Lighting Products 
(2008)

IES LM-79-08 
American 
Ind. Std

Approved Method: Lumen Maintenance Testing 
of LED Light Sources (2008)

IES LM-80-08 
American 
Ind. Std

Specifications for the Chromaticity of Solid State 
Lighting Devices

ANSI_NEMA_ANSL
G C78. 377- 2008 

American Nat’l 
Std

Nomenclature and Definitions for Illuminating 
Engineering Addendum a (2008)

IES/ANSI RP16-05

Measurement Method for LED Road Lights
(by 
-�æ	z�,�ƒ'—�>��0;.D
�	ú�×�J6„-�
-�æ	z�,�ƒ'—�>��0;.D
�	ú�×�J6„-�
-�æ	z�,�ƒ'—�>��0;.D
�	ú�×�J6„-�
-�æ	z�,�ƒ'—�>��0;.D
�	ú�×�J6„-� �Å�Å�Å�Å

LB/T xxxx-200x 
(draft)

China Nat’l
Std

ENERGY STAR Program Requirements for 
Solid State Lighting Luminaires – Eligibility 
Criteria 

Draft stage 
DOE criteria for 
qualified SSL 
products



LED/SSL Standards published

LED Life for General Lighting: Definition of Life
Volume 1, 
Issue 1, 2005

ASSIST 
recommendation

LED Life for General Lighting: Measurement 
Method for LED Components

Volume 1, 
Issue 2, 2005

ASSIST 
recommendation

LED Life for General Lighting: Measurement 
Method for LED Systems

Volume 1, 
Issue 3, 2005 
revised 2007

ASSIST 
recommendation

LED Life for General Lighting: Recommendations ASSIST LED Life for General Lighting: Recommendations 
for the Definition and Specification of Useful Life 
for Light-Emitting Diode Light Sources

Volume 1, 
Issue 7

ASSIST 
recommendation

Safety standard applicable to LED lamps: 

IEC 62471:2006, “Photobiological Safety of Lamps and Lamp Systems”, It provides exposure limits 
and classification of electrical products emitting optical radiation in the range 200-3000nm. Based on CIE 
S009:2002 , adopted by EU. The previous standard IEC60825 on laser classification is no longer 
applicable. 



Standards for Measuring Optical 
Characteristics of LED/SSL Products 

Performance characteristic Methods of Measurement Ref. Standards

Luminous/Luminaire efficacy: 
Luminous flux
Luminous intensity

IESNA LM-79-08
CIE 127:2007

Lumen maintenance: 
Lumen Depreciation(L ) IESNA LM -80-08Lumen Depreciation(L70 ) IESNA LM -80-08

Color redering index
ANSI C78.377A
IESNA LM-79-08
CIE13.3-1995
IESNA LM-58

Chromaticity and correlated
color temperature (CCT)
Color spatial uniformity & 
colour maintenance

IESNS LM-79-08
CIE 15:2004
IESNA LM-58
IESNA LM-16



LED arrays

Components : 
LED chips/ packages

LED modules  

SSL products:
LED lamps/luminaire

Low power High power

Standardisation Activities on LED & SSL

CIE 127:2007

CIE TC2-46
CIE TC2-63
IES NP xx

IES LM-79-08

ANSI C78.377-2008

CIE TC1-69 Color rendering

SafetyLED arrays LED modules  

LED light engines

IES LM-80 Lumen maintenance

CIE TC2-50 LED clusters & arrays

IEC 62471:2006 (CIE S009:2002) 
CIE TC2-58  Radiance/luminance

Safety

IES /ANSI RP-16
IEC TS 62504

Definitions(terminology)

(ASSIST Recommendations)



Division 2 Physical Measurement of Light and Radiation 

TC2-46 CIE/ISO standards on LED intensity measurements                         
(J. Scarangello, USA)
-To prepare a CIE/ISO standard on the measurement of LED intensity 
measurements based on the CIE Pub. 127

TC2-50 Measurement of the optical properties of LED clusters and arrays 
(J. Schuette, Germany)
-To produce a technical report for the measurement of optical properties of 

CIE Activities on LED/SSL

-To produce a technical report for the measurement of optical properties of 
visible LED arrays and clusters, to derive optical quantities for large LED arrays 
and recommendations for measurement methods and conditions

TC2-58 Measurement of LED radiance and luminance                               
(K. Kohmoto, Japan)
- To prepare a CIE technical report setting out recommended measurement 
methods for the luminance and radiance of LEDs, taking particular account of 
the specific requirements of relevant photobiological safety standards (harzard)



Division 2 Physical Measurement of Light and Radiation 

TC2-63 Optical measurement of High-Power LEDs (Y. Zong, USA)
- Develop a CIE recommendation on methods for the operation of high-power 
LEDs in DC and in pulse mode, at specified junction temperatures, for optical 
measurements 

- Based on a new method developed by NIST: operate a test LEDs at the full 
rated DC currentat thermal equilibrium, at any given junction temperature
(using a temperature-controlled heat sink). 

CIE Activities on LED/SSL

(using a temperature-controlled heat sink). 

(Y. Zong and Y. Ohno, CIE Expert Symposium, Turin, July 2008)

TC2-64 High speed testing methods for LEDs (G. Heidel - Germany)
- To prepare a technical report on high speed testing methods for electrical, 
thermal and optical quantities during the production of LEDs and the conversion 
of the values to DC operational conditions including the related time-dependent 
funtions



Division 1  Vision and Color 
CIE Technical Report 177:2007 Colour rendering of White LED Light Sources

- The CIE CRI is generally not applicable to predict the colour rendering rank 
order of a set of light sources when white LED light sources are involved in this 
set.

- Recommends the development of a new colour rendering index (or a set of new 
colour rendering indices) , applicable to all types of light sources and not only to 
white LED light sources. 

CIE Activities on LED/SSL

white LED light sources. 

TC1-69 Colour Rendition by White Light Sources (W. Davis, USA)
- To investigate new methods for assessing colour rendition properties of white light 

sources used for illumination, including solid-state light sources with the goal of 
recommending new assessment procedures



Luminous flux measurements
• CIE127:2007 

– Applicable only to individual LEDs (including high power LEDs), does not cover 
clusters/arrays/fixtures, large area emitters (OLEDs)

– Covers measurement of photometric, radiometric and colorimetric quantities under 
normal lab conditions only

– Luminous flux measurements: total (4p, 2p) partial LED flux  
– Ambient temperature 25 ºC under thermal equilibrium

• IESNA LM -79 -08 • IESNA LM -79 -08 
– Applicable to SSL luminaries and LED lamps (LED based SSL products with 

control electronics & heat sinks, requires only power supply to operate); does not 
cover LED chips, packages, modules that requires external operating circuits or 
heat sinks. 

– Covers electrical and photometric measurements 
– Lumous flux measurements: total (4p, 2p)
– Measurement conditions 25 ±1ºC with emphasis on thermal conditionsfor mounting 

SSL products



Measurement of Total Luminous Flux of LEDs 
(CIE127:2007) 

Cosine-corrected 
photometer head

baffle

Test LED

Substitution

Cosine-corrected 
photometer head

baffle

Substitution

Test LED

CIE recommended sphere geometries for LED total luminous flux. 
(a): for all type of LEDs,   (b): for LEDs with no backward emission

– sphere coating reflectance: 90-98% calibration 
– Self-absorption and spectral mismatch corrections  
– The Photometer can be replaced by a spectroradiometer
– Minimum sphere diameter: 20 cm – 50 cm, larger for high power LEDs

Auxiliary LED

Standard LED

Standard LED

Auxiliary LED



Partial luminous LED flux measurement
(CIE127:2007)

Cosine-corrected 
photometer head

baffle

Test LED

d

50 mm

50 mm diam.

d

x

F LED,x

• CIE recommended sphere geometry 
• for partial luminous flux measurement

Substitution

Standard LED

Auxiliary LED

Precision 
aperture



Total luminous flux measurement of SSL luminaires 
(IESNA-79-08)

� Sphere wall coating reflectance: 90 – 98% 

� Sphere size

o to keep self-absorption & effect of baffle 
insignificant

o to avoid excessive temperature increase 
induced by DUT

(a)   SSL product mounted with a 
cover disk.

sphere wall

Cover disk

SSL product

(b)   SSL product mounted without 
a cover disk.

sphere wall SSL product

Dark room

Reference standard Reference standard

opening

o to accommodate the physical size of the device 
under test and 

o to maintain a satisfactory signal level

o 4p geometry – total surface area (DUT) �  2% 
surface area (sphere) and dimmax,DUT � 2/3 � sphere 
e.g. 30cm round lamp vs 2m sphere

o 2p geometry – opening diameter (DUT) < 1/3 
sphere diameter 

(Photometer can be replaced by spectro-radiometer )

Mounting conditions (front edge should be flush 
with sphere opening 



Optical Radiation Metrology Programme 
at NMC 

Major Areas of Work

� Primary Radiometry 
� Spectroradiometry
� Photometry� Photometry
� Spectrophotometry
� Colorimetry
� Radiometry 
� Fibre Optics



LED Measurements at NMC

• Measurement Quantities 
– CIE averaged luminous intensity
– Luminous flux
– Spectral power distribution and CCT
– Colour rendering index
– Spatial intensity distribution– Spatial intensity distribution

• Current Projects
– Reliability Studies and Optical Measurement of Solid-

State Lighting (SSL) in collaboration with SIMTech 
– APMP Comparison on LEDs: total luminous flux, CIE 

A averaged intensity, chromaticity (x,y)



Traceability of NMC’s LED Measurements

NMC’s Cryogenic 
Radiometer

Si- PD Trap Detector 
(Sp. Responsivity)

Reference 
Irradiance 

Standard Lamps

Reference 
Spectroradiometer

Reference  
Luminous Flux 

Standard Lamps

I.S Photometer & 
Spectroradiometer

Reference 
Photometer

CIE Averaged LED 
Intensity

color-correction

Luminous Flux 
(total, partial)

Chromaticity  
& CCT



Thank 
you!you!


