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The Transportation Research Board has met the standards and  

requirements of the Registered Continuing Education Providers Program.  

Credit earned on completion of this program will be reported to RCEP. A  

certificate of completion will be issued to participants that have registered  

and attended the entire session. As such, it does not include content that  

may be deemed or construed to be an approval or endorsement by RCEP.



Learning Objectives

At the end of this webinar, you will be able to:

• Describe how to apply SSL to roadway  

environments

• Design SSL effectively



http://www.trb.org/Main/Blurbs/180128.aspxhttp://www.trb.org/Main/Blurbs/180129.aspx

Introduction

http://www.trb.org/Main/Blurbs/180128.aspx
http://www.trb.org/Main/Blurbs/180129.aspx


Supplemental Solid State Guide

• Chapter 1 – Introduction

• Chapter 2 – Master Lighting Plan

• Chapter 3 - Technique of Lighting Design

• Chapter 4 - Tunnels and Underpasses

• Chapter 5 - Work Zone Lighting and Temporary Roadway Lighting

• Chapter 6 – Roundabouts, Interchanges, and Intersections

• Chapter 7 – Electrical System Requirements

• Chapter 8 – Safety Rest Areas

• Chapter 9 – Roadway Sign Lighting

• Chapter 10 – Operation and Maintenance Considerations

• Chapter 11 – Potential Environmental Impacts

• Annex  A – Design Examples

• Annex B – Solid State Lighting Sample Specifications



Planning and Use of Solid  
State Lighting
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Criteria for Solid-State Roadway Lighting



Existing Recommendations for Light Levels on Roadways

• Based on legacy sources like HPS – Poor Optical Distribution Control



For HPS, light adjacent to the roadway could have been unintended  

safety benefit

Anchorage. Photo by Wayne Johnson, ML&P

HPS LED



How to deal with it in the age ofLEDs
• Does additional lighting beyond the roadway help the drivers in  

seeing better?

• If yes..

• How much light do we need?

• How do we specify it?

• Implications for sidewalks and bicycle paths

• This is the focus of NCHRP Project 5-22



What is Surround Ratio?

“Ratio of the average horizontal illuminance on the two longitudinal  
strips each adjacent to the two edges of the carriageway to the  
average horizontal illuminance on two longitudinal strips each  
adjacent to the two edges of the carriageway” - CIE 140: 2000



What is Surround Ratio?

Surround Ratio =
Edges

Lanes



Objectives

How does changing the surround ratios affect driver visual  

performance?

• Pedestrian location on the roadway

• Speed

• Light level

• Uniformity



Experimental Procedure – Virginia Smart Road

• 60 Participants – Age and Gender Balanced

• Object detection task on the Virginia Smart Road

• Control system to dim

• 80 meter spacing

• 15 meter mounting height



Experimental Design – Independent Variables

Independent Variable Level

Light Spectral Power Distribution

3000 K LED

4000 K LED

5000 K LED

Light Level (Avg. Luminance)

High: 1.5 cd/m2

Medium: 1.0 cd/m2

Low: 0.7 cd/m2

Surround Ratio (Avg. Shoulder to Avg. Lane Luminance)
High (0.8)

Low (0.45)

Uniformity Ratio (Avg. to Min Luminance) High (1.8)

Low (1.3 to 1.4)

Speed High (55 mi/h)

Low (35 mi/h)

Age Old (65 and older)

Young (18 to 35 years)



Surround and Uniformity Ratios

High Uniformity – High Surround High Uniformity – Low Surround

Low Uniformity – High Surround Low Uniformity – Low Surround



Dependent Measures – Detection Distances

• Targets (18 cm by 18 cm)

• Pedestrians



Object Locations – Detection Task



How does Surround Ratio affect Visual Performance Across LEDs and  

Offset Distances?

• Lower surround ratios had lower detection distances

• Lowest at 10ft. offset

• Consistent across all LEDs



For Higher Surround Ratio, 4000 K LED increased detection distances for  

off-axis pedestrians
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How does Surround Ratios affect visual performance across Light  

Levels?
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Odds the driver can detect the pedestrian from a “safe” distance?

Independent Variable Level Reference Level

Odds

Ratio

95% Confidence

Limits

Light Level
High Low 1.7 1.3 2.3

High Medium 1.4 1.1 1.8

Surround Ratio HSR LSR 2.6 1.3 5.0

Uniformity Ratio HUR LUR 2.3 1.2 4.4

Age Younger Older 5.6 2.7 11.4

Clothing Color

Blue Black 1.3 1.0 1.8

Gray Black 1.6 1.2 2.2

Red Black 3.3 2.4 4.6

Offset 2 ft. 10 ft. 3.4 2.7 4.3

Speed 35 mi/h 55 mi/h 37.7 27.8 51.1



Conclusions – Light Source Type

• No significant differences between LEDs and between LED and  
HPS

• For Both Pedestrians and Targets

• 4000K typically had a higher response level
• HPS had significantly higher uncertainty and higher non-uniformity

• Higher speeds

• SPD of the light source might not majorly influence driver visual  
performance at speeds greater than 35 mi/h



Conclusions – Surround Ratio
• Higher Surround Ratios (SRs) increased visual performance (esp. for Pedestrians)

• Longer detection distances
• Higher odds of detection from safe distance
• All offset distances
• All light levels
• All LEDs

• Higher SRs for 4000 K LEDS

• only condition that had detection distance greater than SSD at 55 mph
• longest detection distances for all offset distances

• Higher surround ratios increased off-axis visual performance

• Increased light on the shoulder → more information for drivers

• A Surround Ratio of at least 0.8 will ensure good visual performance



Techniques for SSL Design



Adaptive Lighting Methods



Adaptive Lighting Methods



Use of Surround Ratio

Research perfomed for tbis yojec-I shows that  

detection distances are increased 1t'hen li@tiii9 is usefi  

in areas adjacent to the roadway'.  Therefore, c-Dnsider
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Design Examples
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Ć.ır n›  /r Aos //.  E.  s »q Oral›/a  ú-in Ço›    Inter :s ín/r rz/t‹/ of/ c  j-ec x'*ı's



12' 12' 12' 12’ 12'------l

I r "  "   * ”x ir   r>”    ”   Ï¥ J '•r . TTt       • .›r  .- j›j1 I 1 n  L  !•-’.«Tt•i1ï1«  k e  1i    "

fte[› 3 —.1laintenance ¢/‹›nxiJerations in ft‹taJ» a} I.ightingI1exign

Step 3a —Sclccl a i iroprialc h Maintenance Factors for Liinuiiaii c Din Dcpiecialioii. Lamp Linnen  

l3cpreciiiti‹in. iind l .tiniiniiire .1mbienl ’l einperature Eiiclor te› applv ii t‹›tii l l .t¿nht l .ties Eitctt›r to  the  

lightin¿n de,sipm.











Tunnels and Underpasses
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Controls



Work Zone and Temporary Lighting



Work Zone Lighting Plan modified from ATSSA

1
• Identify work zone and tasks

2
• Measure ambient illuminance level

3
• Select types of luminaires

4
• Select illuminance level

5
• Check light tower orientation

6
• Perform horizontal illuminance level check

7
• Perform objective glare measurement

8
• Check design for adequacy

9
• Perform field check and maintenance



Horizontal Light Levels in Work Zones – NCHRP 498

Category Recommended for

Category I 54 lx (5-foot candles) • General illumination

• Crew movement

• Low accuracy tasks

• involving slow-moving equipment

• large-sized objects to be seen.

Category II 108 lx (10-foot  

candles)

• Illumination on and around construction equipment

• Visual tasks associated

• equipment

• resurfacing

Category III 216 lx (20-foot  

candles)

• Tasks

• Higher visual difficulty

• Increased attention from the observer

• Crack filling, critical connections, maintenance of  

electrical devices, or moving machinery.



Common Portable Light Tower Types



Portable Light Towers Orientation



• Light Towers that cannot be aimed –
Balloon Light Towers

• At least 20 ft.

• At distance of 10 ft. from roadway (in  
the shoulder or beyond the guardrail)

• Increase offset distance if light output  
greater than 440000 lumens

• Light Towers that can be aimed
• At least 20 ft.

• Angle between beam axis and vertical  
is less than 30 degrees

Mounting Heights

Less than 30  

degrees

At least 20 ft.


