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Background and Introduction 
• North Dakota State University 

• BS and MS in Civil Engineering 
• Upper Great Plains Transportation Institute 

• Advanced Traffic Analysis Center 
• Baker Consulting, LLC 

• Native American-Owned DBE 
• State, Tribal, and Private Agencies 



Relevance? 
• There are over 275k traffic signals in the nation 
• Pollution is greatest when vehicles stop, idle, and 

start at signals 
• Optimizing traffic signals has resulted in travel-

time and delay reductions of 5 to 20%, and fuel 
savings of 10 to 15% 

• Better nationwide management would cut 
emissions of carbon monoxide and other 
pollutants by 22% 
 



Presentation Overview 
• History of Traffic Signals 
• How Traffic Signals Work 
• Justification, Design, and Operations 
• Vehicle Detection Technologies 
• Benefits/Drawbacks 

 



History of Traffic Signals 
• The “modern” traffic signal 

was invented by a Detroit 
police officer in 1920 

• Numerous versions of the 
signal were developed 
• Rotating Lantern 
• 1, 2, 3-Light Variations 
• Rotary 

 
 



How Traffic Signals Work 
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How Traffic Signals Work 
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How Traffic Signals Work 
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How Traffic Signals Work 



Justification 
• Stop Controlled Intersection 
• Intersection Control Evaluation 

• Consider All Options 
• Warrants  (Based on the Manual on Uniform 

Traffic Control Devices) 
• 9 Different Warrants  
• Traffic Volumes, Crash History, School Crossing, 

etc. 
 



Justification 
• Eight-Hour Volume 
• Four-Hour Volume 
• Peak Hour 
• Pedestrian Volume 
• School Crossing 
• Coordinated Signal 

System 
• Crash Experience 
• Roadway Network 
• Grade Crossing 

Proximity 



Design 



Design 



Operations 
• Computer Software/Simulation Programs 
• Intersection Level of Service – A to F 

• Phasing (Protected vs. Permissive Left Turns) 
• Optimized Timings 
• Major Street / 
    Minor Street 

• Network Optimization 
• Progression Analysis 

LOS Signalized 
Intersection 

Unsignalized 
Intersection 

A ≤10 sec ≤10 sec 

B 10-20 sec 10-15 sec 

C 20-35 sec 15-25 sec 

D 35-55 sec 25-35 sec 

E 55-80 sec 35-50 sec 

F ≥80 sec ≥50 sec 



Operations 



Operations 



Vehicle Detection Technologies 
• Inductive Loops 
• Video Detection 

 

http://en.wikipedia.org/wiki/File:Inductance_detectors.jpg�


Benefits/Drawbacks 
• Benefits 

• Reduces Certain Types of Accidents (Angle) 
• Increases Intersection Capacity  

• Drawbacks 
• Increases Certain Types of Accidents (Rear End) 
• Initial Costs and Maintenance Costs 
• Operation during Non-Peak Hours 



Questions?? 
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