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Presentation Agenda 
• Uncertainties in the Use of Testing Standards: HID vs. LED 

– Relative Photometry 
– Absolute Photometry 

• Understanding Test Reports 
– LM-79 Photometric Data 
– In Situ Temperature Measurement 

• Applying Test Data 
– Long Term Lumen Maintenance of LED Sources (TM-21) 
– Lighting Design 
– Luminaire Product Selection 

• Critical Product Accreditations 
• Recommendations 

 



Absolute vs. Relative Photometry 

• Unable to Standardize on One Method Due to 
Technology Differences 
– LEDs performance is vastly dependent on thermal 

management 
– Impossible to remove LEDs and simulate LED 

‘installed’ behavior to accurately measure bare 
lumens   

• Uncertainties Present in Both Test Methods 
 



Relative Photometry Concept 
1. Measure bare lamp lumens using an 

integrating sphere or a goniophotometer 
at 25°C 

2. Measure lamp in luminaire and thermally 
stabilize at 25°C 

3. Measure relative luminous intensity 
distribution of luminaire  

4. Scale relative luminous intensity 
distribution according to lamp 
manufacturer's rated lamp lumens and 
ballast manufacturer's ballast factor  
 
 
 



Uncertainties in the Use of Relative Photometry 

• Lamp Positioning in Fixture 
• Accelerated Lamp Depreciation 

Due to Unexpected Lamp 
Operating Conditions 

• Lamp Prorating Accuracy  
• Luminaire and Ballast Production 

Variations 
• Reference Lamp and Reference 

Ballast to Normalize Data 
 
 
 



Uncertainties in the Use of Relative Photometry 



Prorated from 250W 
• LV Ratio: 0.89 

Prorated from 400W 
• Arc Tube Construction 
• LV Ratio: 0.33 

Uncertainties in the Use of Relative Photometry 



Electrical & Photometric Measurements of  
Solid-State Lighting Products 

Tests 
• Voltage & Current 
• Luminous Flux 
• Luminous Efficacy 
• Intensity vs. Angle 
• Color (CCT & CRI) 

Absolute Photometry 
LM-79 



• LED Binning (flux, color, forward voltage) 
• System Component Changes (driver, optics) 
• Optics (mounting, positioning, coatings, degradation) 
• Diode/Phosphor/Package Changes 
• Thermal Transfer (adhesives, coating, positioning) 
• Power Supply/Driver Variations (operating current, 

voltage) 
• Limited Sample Size 
• Product Evolution 

 
 
 

Uncertainties in the Use of Absolute Photometry 



TESTING INTEGRATED LUMINAIRES (4500K) 

LM-79 
Spectral Power 
1st Luminaire 

Spectral Power 
Additional 
Luminaire 

Color Spatial 
Uniformity 

In-Situ Expected 
Cost 

Lumen 
Level 1 

Type II √ √ √ √ $2,230 

Type III √ $635 

Type IV √ $635 

Type V √ $635 

Lumen 
Level 2 

Type II √ √ √ √ $2,180 

Type III √ $635 

Type IV √ $635 

Type V √ $635 

Lumen 
Level 3 

Type II √ √ √ √ $2,180 

Type III √ $635 

Type IV √ $635 

Type V √ $635 

                                   Adder for Candela Tests $2,145 

$14,450 

Cost of Absolute Photometry Testing 
 

*Estimate Only 



• Shows Light 
Distribution Pattern 

• Short, Medium, Long 
• Type I, II, III, IV, V 

 

Understanding Photometric Report 



Understanding Photometric Report 

• 1 – 1.25 = Short 
• 2.25 – 3.75 = Medium 
• >3.75 = Long 



• 0 - 1 = Type I 
• 1 - 1.75 = Type II 
• 1.75  –  2.75 = Type III 
• 2.75 – 6 = Type IV 
• Full Symmetric (Round 

or Square) = Type V 

Understanding Photometric Report 



• House Side/Street Side 
• 11.5% Lighting Sidewalk 
• 88.5% Lighting Roadway 

Understanding Photometric Report 



Understanding Photometric Report 
• Vertical Plane  
• Luminaire Classification 

(Uplight, Glare) 



• Divide the street width by 
the mounting height.   

• Follow the ratio up from 
the bottom of the graph to 
the street-side curve 

• Shows how well lumens 
are utilized at desired 
mounting height 

 

Understanding Photometric Report 



Road 
Width 
(Feet) 

Mounting 
Height 
(Feet) 

Street Width 
/ Mounting 

Height Ratio 

CU Lumens 

48 25 1.92 .83 2,305 
38 25 1.52 .76 2,111 
24 25 .96 .55 1,527 

*Road Width includes Arm length, Setback, and curb to curb width 

Average Illuminance Equation: 
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Understanding Photometric Report 



Lighting Layout 

• New Construction Roadway Lighting  
• Minimum .2 Fc criteria used 

• Mounting Height of 30ft 



Foot-candle comparison 

Label Calc Type Units Luminaire #1 Luminaire #2 Luminaire #3 
Road Area Illuminance Fc 0.33 0.32 0.38 
Road Only Illuminance Fc 1 0.77 0.78 

Label Calc Type Units Luminaire #1 Luminaire #2 Luminaire #3 
Road Area Illuminance Fc 0 0 0 
Road Only Illuminance Fc 0.3 0.2 0.3 

Label Calc Type Units Luminaire #1 Luminaire #2 Luminaire #3 
Road Area Illuminance Fc 1.6 1.1 1 
Road Only Illuminance Fc 1.6 1.1 1 

Average Fc 

Minimum Fc 

Maximum Fc 



Luminaire Comparison 
Model Quantity Wattage Lumens Cutoff BUG Rating LPW 

Luminaire #1 10 90 5884 Full-Cutoff B1-U0-G1 65 

Luminaire #2 10 110 7236 Non-cutoff B2-U2-G2 65 

Luminaire #3 10 95 8490 Semi-Cutoff B2-U2-G2 89 

Luminaire #1 Best Choice for Application: 
• Better Photometric Performance 
• Lower Lumen Output; Achieving More Light on Task 
• Lower Energy Consumption 
• Less Backlight, Uplight, Glare 
• Lumens-per-Watt Metric Insufficient for Product Evaluation 



• Manufacturer Catalog # 
• Photos of Critical Components 
• Case Temperatures in Luminaire (thermal management) 
• Driver Voltage, Amps, Watts, Power Factor 
 

In Situ Temperature Measurement Test 
(ISTMT) 



Projecting Long Term Lumen Maintenance 
of LED Light Sources 

TM-21 

• Standardize Data Reporting Across 
Manufacturers 

• Provides Method to Validate and 
Compare 

 



LM-80-08 
•  Approved Method: Measuring Lumen 
Maintenance of LED Light Sources 

TM-21-11 
•  Projecting Long Term Lumen 
Maintenance of LED Light 
Sources 

ISTMT 
•  In Situ Temperature 
Measurement Test 



Projecting Lumen Maintenance 
• TM-21 is a Standardized 

Reporting Method to 
Extrapolate Projected Lumen 
Maintenance 

• Luminaire In Situ 
Temperature Correlation 
with LM-80 Test 
Temperatures 

•  Same LED, different results, 
Performance is Largely 
Dependent on Luminaire 
Design 



www.energystar.gov/TM-21calculator 

Energy Star Calculator 

http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator


www.energystar.gov/TM-21calculator 

Energy Star Calculator 

http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator
http://www.energystar.gov/TM-21calculator


Tpkg 

Tref 

Reference: Luminus Devices 

•  LM-80 Testing Conducted by LED Manufacturers 
• (2) Specified temperatures (55°C and 85°C) 
• (1) Chosen temperature (70°C in this instance) 
• Ambient, Physical, Electrical, and Thermal Characteristics 

Projecting Lumen Maintenance (TM-21) 



TM-21-11 Report Details 
Description of LED light source tested 

(manufacturer, model, catalog number)   
Sample Size   

Number of Failures   
DUT Drive Current used in the Test mA 

Test Duration hours 
Test Duration used for Projection hour to hour 

Tested Case Temperature °C 
α   
β   

Calculated L70(Dk) hours 
Reported L70(Dk) hours 

Projecting Lumen Maintenance 



To calculate Tj from Tpkg, use the following formula: 
Tj = Rthj-pkg x (Pelectrical – Poptical) + Tpkg 

 
To calculate Tj from Tref, use the following formula: 

Tj = Rthj-ref x (Pelectrical – Poptical) + Tref 

Reference: Luminus Devices 

• Temperature measured through the TMP of the LED  
• Through the use of equations, the TMP gives correlation to the 

junction temperature of the LED   
• The actual junction is not accessible to be measured 

Projecting Lumen Maintenance (TM-21) 

Temperature Measured 



• Lower Junction Temperatures = 
Greater Lumen Maintenance 
and Lower Probability of Failure 

Luminaire Design Drives Reliability  



Lighting Layout with Lower LLD 
 



18’ Pole Spacing Gained by Adjusting Light Loss Factor 

Lighting Layout with Higher LLD  
 



Outdoor Luminaire Certifications 
1. Product Safety Listings / Certifications 

– UL  Listed, UL Recognized, UL Classified Marks 
– CSA Certification Mark 
– ETL Listed Mark  

2. Performance Listings / Certifications 
– Energy Star Listed 
– DesignLights Consortium, DLC Approved 
– International Dark-Sky Association, (IDA) Approved 
– DOE Lighting Facts Label 

3. Other Certification / Classification 
– CE Mark   
– IP Rated 
– Vibration Tested 
 

 
 



 
In the United States and Canada these agencies are the 
accrediting bodies: 
• The U.S. Occupational Safety & Health Administration (OSHA)  
• The American National Standards Institute (ANSI) 
• The Standards Council of Canada (SCC) 

 
 

Product Listing Overview  



Obtaining Product Listing 
Obtaining a Luminaire Listing in the USA and Canada 
Must Meet All NATIONAL STANDARD REQUIREMENTS 

( For USA: UL Standards and for Canada: CSA Standards) 
 
 
 
 
 
 
 

Certifying Bodies 
Market leaders for Luminaires in US and Canada 

 
 
 
 
 



Electrical Safety & Compliance 
• Certification Mark 
• Manufacturer File Number 
• Factory Audits are Periodically Completed by UL Field 

Representatives 

USA: UL Standards Written by 
Underwriters Laboratories Inc. 
•  UL1598 Standard for Luminaires 
•  UL8750 LED Equipment for Use in     
Lighting Products 



Ingress Protection 
• Report showing results of IEC Luminaire test for ingress 

of dust, solid objects, and moisture 
• IPXX Rating: Example - IP66 Rated (ANSI C136.25-2009) 



Vibration Test for Roadway Luminaires 

• American National 
Standards Institute 
(ANSI C136.31-2010) 

• Bridge/Overpass 
Applications Require 3G 
Test Compliancy 



Summary - Recommendations 
 Request LM-79, In Situ Test Data from Manufacturers 
 Request TM-21 Calculations from LM-80 and In Situ Results 
 Compare Temperature Calculations to B50/B10 LED Curves 
 Review Reports, Photos then Compare to Luminaire 
 Request UL File #, Vibration Test Report, and IP Test Report 
 Read all reports and make sure catalog number, drive current, 

energy consumption, lumen depreciation and performance 
data based on ambient are consistent with specification sheet 

 Review Photometric Data and Perform Lighting Layout, Do NOT 
evaluate on Lumens-per-Watt Metric (Not Good Enough) 

 Purchase from a Reputable Manufacturer (ISO, NVLAP, OSHA) 
 

 



Thank you!  

Teresa Bair, LC 
Marketing Director, Luminaires 
EYE Lighting International - Mentor, Ohio 
Teresa.Bair@EYELighting.com 
www.eyelighting.com/LED 
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