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UNEP-lites.asia  

Laboratory Training Workshop 

Global Efficient Lighting Center, Beijing, China 

22-24 April 2015 

 

On April 22-24, 2015 the Global Efficient Lighting Center (GELC) in Beijing, China hosted a laboratory 

training workshop on lamp testing, as part of a capacity building project for efficient lighting monitoring, 

verification and enforcement (MVE) in Southeast Asia and the Pacific, funded by the Australian government 

and implemented by the UNEP en.lighten initiative. 

 

Objectives 

The objectives of the training workshop were to provide participants with the required technical 

background to build the capacity of lamp testing laboratories’ personnel in Southeast Asia to: 

 

 Understand how to establish effective quality management systems for lighting products; 

 Support countries’ MVE schemes by providing internationally recognised and reliable test results; 

 Support the development of high efficiency lighting products by measuring the energy usage 

related to specific innovations or techniques. 

 

Participants 

The training brought together 17 participants from five Southeast Asia countries: Indonesia, Malaysia, the 

Philippines, Thailand and Viet Nam.   

 

A summary of key messages of the sessions is provided below. For further details on the various 

presentations, the slides can be downloaded on the lites.asia website. 

 

  

http://www.lites.asia/downloads/beijing-laboratory-training
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Session 1: Welcome address by GELC and introduction of experts and participants 

Mr. Shuming Hua, the General Director of GELC, opened the training workshop by welcoming the 17 

participants and introducing the participants to the objectives of this training workshop and, more broadly, 

to the work of GELC. He went on to introduce all the experts contributing to this training workshop: 

 

 Dr. Yoshi Ohno, Vice President-Technical and President Elect of International Commission on 

Illumination (CIE); Fellow, Sensor Science Division, National Institute of Standards and Technology 

(NIST), USA; 

 Mr. Steve Coyne, UNEP consultant, Director of Light Naturally; 

 Dr. Zhang Wei, Director of solid-states lighting research laboratory of GELC; 

 Mr. Xin Hongzheng, Senior Testing Engineer of GELC; 

 Mr. Zhang Debao, Project Manager of the GELC. 

 

Session 2: Visit to GELC and NLTC 

Ms. Jing Wang took all the participants to have a visit tour to the National Lighting Test Centre (NLTC) and 

GELC. During the visit tour, the participants were showed a lighting distribution test laboratory, two lighting 

performance test laboratories, a lifetime test room, a safety test laboratory, an electromagnetic 

compatibility (EMC) test laboratory, a mercury test laboratory, an organic light emitting diode (OLED) 

research laboratory, and an SSL reliability research laboratory. This visit provided participants with a general 

understanding on what a comprehensive and specialised lighting laboratory looks like and what equipment 

is used.  

 

Session 3: Photometric measurements based on CIE S 025 

Dr. Yoshi Ohno provided the first training course ‘Photometric measurements based on CIE S 025’ after the 

site visit tour. CIE S 025: 2015, Test method for LED lamps, LED luminaires and LED modules, was published 

in March 2015. This is an international test method intended for harmonised solid state lighting (SSL) 

testing and accreditation worldwide. The salient points of the presentation included: 

 

 Background of CIE S 025 

It was explained how CIE S 025 was developed and the expectation that it will be adopted 

internationally for harmonised SSL testing and accreditation. The standard specifies the 

requirements for measurement of electrical, photometric and colorimetric quantities of LED lamps, 

LED modules and LED luminaires.   

 Standard test conditions and tolerance interval 

Measurements of the photometric, colorimetric and electrical characteristics of an LED device shall 

be performed by means of appropriate equipment and procedures under defined standard test 

conditions. The concept of a standard test condition, which includes a set value and a tolerance 

interval, was introduced to the participants. 
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 Operating conditions for test device 

This included an introduction to temperature conditions, operating positions, stabilisation for 

operating LED lamps, LED modules and LED luminaires.  

 Requirements for test equipment 

The traceability, electrical test conditions and electrical equipment, total harmonic distortion (THD), 

photometric and colorimetric measurement instruments were explained based on the standard CIE 

S 025. Dr. Yoshi Ohno explained in detail the specific requirements of the integrating sphere and 

and goniophotometer systems, including the sphere-photometer, sphere-spectroradiometer, 

goniophotmeter, gonio-spectroradiometer, gonio-colorimeter.  

 Requirements for uncertainty statement 

For the purposes of testing, if all tolerance conditions are met without any corrections, each test 

report may state generic uncertainty values for a typical representative product of the similar type, 

with a statement that indicates so in the test report. An example was provided from IEA 4E SSL 

Annex IC 2013 Final Report. Dr. Yoshi Ohno also mentioned the CIE Technical Note on uncertainty 

evaluation that is being developed in TC2-71 TG2, which would assist laboratory staff to understand 

this issue. 

 

Session 4: Fundamentals of colorimetry and practical colour measurements 

Dr. Yoshi Ohno’s second presentation ‘Fundamentals of colorimetry and practical colour measurements’ 

focused on:  

 

 Background of CIE S 1931 colorimetry system 

In this session, some technical terms and knowledge points were explained, such as three cone 

sensitives, colour matching experiments, CIE 1931 XYZ colour matching functions, CIE 1974 10° 

colour matching functions, chromaticity coordinates, etc.  

 Chromaticity diagrams and MacAdam ellipses 

CIE 1931 (x,y) chromaticity diagram, CIE 1960 (u,v) chromaticity diagram, CIE 1976 (u’,v’) 

chromaticity diagram were explained here. CIE TN 001 (2014) Technical Note, Chromaticity 

Difference Specification for Light Sources, was also introduced to explain further chromaticity 

diagrams and MacAdam ellipses.  

 Correlated colour temperature and Duv 

Correlated colour temperature is abbreviated to CCT and Duv means the shift from the Planckian 

locus. In this session, the CCT-Duv chart was explained as well as how to calculate CCT and Duv and 

the conversion from (CCT, Duv) back to (x,y). 

 ANSI chromaticity specification for solid state lighting 

Several standards were introduced in this session:  

o For fluorescent lamps: ANSI C78.376-2001, IEC 60089; 

o For SSL products: ANSI C78.377-2011 (revised 2015 version about to be published). 

 Preferred white light chromaticity 

Dr. Yoshi Ohno introduced the NIST spectrally tunable lighting facility, and provided the results of 

the 2013 vision experiment at NIST on preferred and acceptable level of Duv. 
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 Object colour specification, CIELAB space 

Presentation of the tristimulus values for object colour and CIE standard Illuminants, object colour 

space and explaination of the CIE 1976 (L*a*b*) colour space, which is CIELAB colour space. CIE 

L*a*b* (CIELAB) or CIE L*u*v* (CIELUV) are the current CIE recommendations. 

 CRI and colour quality 

Investigations show colour rendering index (CRI) badly penalises visually preferred lights, and good 

CRI score does not guarantee good colour rendering. Colour quality scale (CQS) was proposed by 

NIST to improve CRI’s problems. Dr. Yoshi Ohno showed the CQS Excel Sheet how to simulate the 

colour rendering.  

 Practical colour measurements of LED products 

Many useful parameters and methods were explained in this session, such as: dominant 

wavelength and peak wavelength; conversion from photometric to radiometric quantities; 

measurement of spatially-averaged colour; calculation of spatially averaged colour; sources of 

uncertainty in a spectrometer; band pass error and correction;, how to determine the bandpass of 

an array spectrometer; and stray light error. 

 

The participants also pointed out that in many Asian countries, people only pay attention to efficacy, and 

few are concerned with colour. This may be a barrier to promoting better quality products on the markets.   

 

Session 5: Uncertainty evaluation for LED products 

Dr. Yoshi Ohno’s third presentation ‘Uncertainty evaluation for LED products’, discussed:  

 

 Fundamentals of measurement uncertainty based on Guide 98-3, Guide to the Expression of 

Uncertainty of measurement, (GUM) 

GUM was introduced to the participants. Some important terms and concepts were explained and 

then Dr. Ohno went through the six steps for uncertainty estimation and analysis. A correlation 

example was given afterwards in uncertainty components and some useful Excel functions were 

also provided.  

 Practical uncertainty evaluation for testing of solid stated lighting products 

The methods presented followed the GUM in relation to practical evaluation for testing laboratories 

but the GUM does not specify some particular details. In addition, some methods that are beyond 

the GUM and based on CIE S 025 were presented. ‘Requirement of uncertainty evaluation in CIE S 

025’, ‘Uncertainty of colour quantities from spectral data’, and ‘Combining asymmetric probability 

distributions for expanded uncertainty’, were the main three topics introduced. Several models and 

results were also shown in the presentation. 

 

Since uncertainty evaluation was new to the participants and it is quite a difficult subject, it was 

acknowledged that it would take the participants a long time to learn. Dr. Yoshi Ohno also reminded 

attendees that a Technical Note will be published in near future and it would be helpful for the participants 

to learn step-by-step.  
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Session 6: Lighting distribution test of LED products 

Mr. Xin Hongzheng’spresentation ,‘Lighting distribution test of LED products’ focused on:  

 

 Basic knowledge of lighting distribution test 

Mr. Xin opened this session with a quick review of some basic but important knowledge related to 

the lighting distribution test with the participants. This included radiometry, photometry, 

colorimetry, integrating sphere photometry, goniophotometry, and mathematics.  

 Gonio-Photometer system 

Dr Xin explained in detail the goniophotometer system, including: comparison of different types of 

goniophotometers and their working principles; the key components of the goniophotometer 

(detector, photometer, motion controller, power supply, electrical apparatus, etc); and the 

parameters that can be tested by the gonio-photometer system.  

 How to do the lighting distribution test 

Eight steps were introduced for the lighting distribution test: traceability; how to determine the 

photometric centre and orientation of the samples;, setting step interval in the goniophtometer 

system; preheat and transfer the lamp/luminaire; electrical metering  circuit diagrams; and 

environment requirements and control (temperature, humidity, air movement, stray light, etc.). 

 Standards related to lighting distribution test 

Several standards were introduced relating to the lighting distribution test: 

o CIE 70, CIE 121, CIE S 025,  CIE 102 

o LM 10, LM 31, LM 35, LM 41, LM 46, LM 79, LM 63  

o GB/T 948, GB/T 7002. 

 

Session 7: Calibration of integrating spheres for directional LED products 

Some basic principles were introduced to the participants by Mr. Steve Coyne who presented a general 

view of the integrating sphere measurement with a directional lamp and typical problems that may occur. 

Then, some several specific topics were explained in detail: 

 

 Total luminous flux measurement; 

 Partial sphere response measurement; 

 Spatial response distribution function; 

 Normalised spatial response distribution function; 

 Sphere response factor calculation; 

 Understanding of the errors due to angular distribution of lamps; 

 Understanding of the errors due to baffle size/location; 

 Understanding of the errors due to reflectance of sphere wall; 

 Understanding of the errors due to detector angular response; 

 Beam angle variations. 
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Practical considerations and recommendations were also provided at the end of the presentation, which 

included: to maintain a range of reference lamps with appropriate beam angles/distributions; to undertake 

calibration measurements of various lighting distribution lamps against the omnidirectional standard 

reference lamp to determine correction factors for future use with test lamps; and, if measuring a 

significant quantity of lamps of similar luminous intensity distribution, to calibrate one on a 

goniophotometer system. 

 

Session 8: Spectral correction of photo detectors for LED products 

Measurement of light requires a detector which has the same spectral response as the human eye under 

typical lighting conditions. Mr. Steve Coyne’s second presentation, ‘Spectral correction of photo detectors 

for LED products’ introduced photopic, scotopic, and mesopic vision. Several examples were given on 

detectors with different f’1 (the deviation of relative spectral responsivity from the V(λ) function), and their 

effects to the different light sources on measurements. Then, Mr. Coyne explained how to calculate the 

correction for the mismatch when calibrating the detector against a standard reference lamp if the test 

lamp type is different from the standard reference lamp. 

 

Session 9: Training in the lab: Performance testing (integrating sphere) 

Mr. Xin Hongzheng provided an on-site training session at the GELC performance testing laboratory. Mr. Xin 

showed to participants the integrating sphere and all the key facilities in the laboratory. He explained the 

sphere system and how they work during the measurement. He demonstrated and explained step-by-step 

how to measure a lamp, including: standard lamp measurement; lamp pre-burning; lamp mounting; lamp 

stability; lamp measurement; setting up electrical metering based on circuit diagram instruction; self-

absorption; spectral mismatch correction; and data calculation and analysis.  

 

During the training, test procedure corrections and data analysis were explained in detail. This was one of 

the elements of testing of most concern for the participants. Then, the participants and Mr. Xin used LED 

samples to go through the testing process together. This practical training session helped the participants to 

understand the theories they learned in the previous training sessions. They were also provided with the 

opportunity to experience how the lamp measurement is conducted at GELC.  
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Session 10: International lighting Standard development and trend 

Dr. Zhang Wei’s presentation, ‘International Lighting Standard Development and Trend’, included four parts: 

 

 Classification of lighting standards 

The lighting standards usually included product standards, test method standards, technical 

requirements and efficiency regulations.  

 International standard organisations 

Three main international standard organisations were introduced in this session:  

o International Electrotechnical Commission (IEC) TC34 – lamps and related equipment 

o International Commission on Illumination (CIE) 

o International Organisation for Standardisation (ISO) TC274 – Light and lighting  

Their responsibilities in lighting areas and what their relationships are when it comes to developing 

lighting standards were also explained. 

 Summary of testing standards 

In this session, the presenter summarised the main testing standards for CFL and LED lamps 

separately. Two clear tables (one for CFL lamps and one for LED lamps) were provided to compare 

the requirements among those comparable standards. 

 International standard development trend 

LED lamps have become more and more popular in the market, superseding incandescent lamps 

and CFLs. In 2013, a new LED lamp classification was proposed by NLTC, which has been adopted by 

the IEC TC34 Committee (the committee responsible for lamps and related equipment). In this 

proposal, LED lamps are classified by lumen output rather than wattage. This proposal led a totally 

new concept in lighting and is regarded as a milestone in the lamp classification. In the future, it is 

apparent that a more comprehensive lighting system will be developed with intelligent controls. 

This will bring more challenges to lighting standards. 

 

Session 11: Lighting technology development and trends 

Dr. Zhang Wei’s second presentation, ‘Lighting technology development and trends’, focused on:  

 

 Lighting technology status 

It introduced advanced LED lighting technology, and summarised its different structure, lighting 

generation principle and characteristics, compared with traditional lighting technologies. Thermal 

management was identified as the main operational problem for LED products, which has large 

negative effects on luminous efficacy, luminous flux and lifetime. Typical heat management 

solutions include: a conduction bridge; a conduction bridge, plus air convection; a conduction 

bridge, plus forced convection; uni-phase liquid cooling; phase-change cooling; and fine structures, 

plus phase-change cooling. The new LED heat management solutions include: electro hydro 

dynamics; polycrystalline diamond composites; and infrared radiation coatings. 
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 Intelligent control in lighting 

Smart lighting or intelligent lighting is not a new concept in the field of lighting. Some control 

protocols (For example, Wi-Fi, Zigbee, Bluetooth) have been introduced into lighting products and 

the three organisations behind the three protocols mentioned have signed MoUs with the Technical 

Evaluation Alliance for Solid State Lighting (TEAS) for cooperation. Intelligent control protocol in LED 

lighting is under research and will be developed soon.  

 The development trend of lighting in future 

In addition to the development of intelligent lighting, lighting systems will not solely consider 

individual lamps and luminaires. In the future, lighting systems will be designed with the human at 

the centre. 

 

Session 12: Introduction to inter-laboratory comparison test 

Mr. Zhang Debao’s presentation, ‘Introduction to inter-laboratory comparison test’, discussed three main 

topics: 

 

 What is the inter-laboratory comparison test? 

The definition of inter-laboratory comparison and the types of operations was explained in this 

session. Details of the whole structure of an inter-laboratory comparison activity were presented, 

from developing the proposal to conducting the comparison test, including information on the 

after-training and identification of improvements to procedures and equipment of the participating 

laboratories.  

 Why should we do the inter-laboratory comparison? 

In this session, the importance and necessity of the inter-laboratory comparison to a laboratory was 

explained. It helped the participants to have a deeper understanding of why it is significant for 

them to participate in inter-laboratory comparison tests regularly.  

 Some experiences and lessons learned to share  

Several important inter-laboratory comparison test activities organised by the Global Efficient 

Lighting Centre and the National Lighting Test Centre were presented. Namely, the:  

o IEA inter-laboratory comparison test; 

o APLAC inter-laboratory comparison test; 

o Southeast Asia inter-laboratory comparison test; 

o Russian inter-laboratory comparison, Jordan inter-laboratory comparison test; 

o TEAS inter-laboratory comparison test.  

Experiences and lessons learned through these inter-laboratory comparison activities were shared. 

At the end of presentation, Mr. Zhang Debao mentioned several new international comparison 

activities that are underway, and how the laboratories could apply for these activities. Some of the 

participants expressed great interest in these. 
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Session 13: Closing remarks and certification ceremony 

In his closing remarks, Mr. Shuming Hua firstly acknowledged the support of Australian government and 

UNEP to this training workshop. He then talked about some of GELC’s experiences, and, in particular, the 

rationale for initiating the Technical Evaluation Alliance for Solid-state Lighting (TEAS), which is an 

international technical platform for lighting stakeholders. At this platform, GELC with other partners are 

collaborating with testing, inter-laboratory comparison, applied lighting technical research, intelligent 

lighting and lighting systems research. It was mentioned that the training workshop would not be a one off 

activity but would serve as a start for continued cooperation. He welcomed the participants and the other 

international partners to work together with GELC and TEAS in the lighting area. As a conclusion, he 

thanked all the participants for their encouraging response and he and Mr. Coyne presented a certificate to 

each participant.   

 

Session 14: Visit tour to China (Beijing) International Lighting and SSL Exhibition 

At the conclusion of the formal workshop, all the participants visited the China (Beijing) International 

Lighting and SSL Exhibition, which was held from 22-24, April 2015, in Beijing. This exhibition has become 

the largest Lighting Fair in Northern China. The scope of exhibits includes professional lighting, equipment & 

system accessories, LED and OLED lighting technology, lighting control and intelligent systems, and lighting 

application project. 


