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Content

• Part I: Traffic Signal Control Basics

– Basics of Traffic Signal Control

– Traffic Signal Parameters

– Signal Timing Design

– Delay and Level of Service Analysis

– Coordination

• Part II: Advanced Traffic Signal Control
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Outline 

• Traffic signal control basics
– Conflict points, intersection geometry, etc. 

• Fixed-time control
– Ring-and-barrier diagram

– Phase sequence

• Actuated control
– Control logic

– Detector layout

• Real-world example (optional)
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Intersection Control
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• Typical Conflicts at a Four-Leg Intersection

8
8 (12)

16

• Movement: a certain moving direction (4 through movements 
+ 4 left-turn movements + 4 right-turn movements)

• Each left/through has 4 crossing + 2 merging
• Each right-turn has 2 merging
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Intersection Control

• Intersection is the major bottleneck in urban traffic networks 
• Intersection Control

• Safety (avoid conflict) & efficiency

• Spatial0-temporal resource allocation

• Level of Intersection Control
– Level 1: Basic rule (no control sign/device): the driver on the left 

should yield driver on the right

– Level 2: YIELD, STOP signs and roundabout

– Level 3: Traffic Signal Control
• Advantages: More efficient under heavier traffic demands, reduce right-

angle collisions, provide progression along multiple intersections

• Disadvantages: Excessive delay under low demand level, increases in 
rear-end collisions
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Signal Control Types

• Fixed-time control: fixed parameter, fixed duration

• Actuated control: fixed parameter, flexible duration
– Semi-actuated: detectors on minor approach

– Fully actuated: detectors on each approach

• Adaptive control: flexible parameters, flexible duration
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Phase and Movement

• Movement: a certain moving 
direction (4 through, 4 left-turn, 
and 4 right-turn)

• Phase: a timing process or a 
channel within the controller 
(Green + Yellow + Red)

• A phase might control multiple 
movements

• Many people use them as the 
same concept (I think they 
should be distinguished clearly)
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NEMA Phasing Convention
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Heaviest Movement

• Through Movements: Even numbers clockwise starting with heaviest 
movement 

• Left Turn Movements: Odd numbers one less than opposing through 
movement designation 

• (Bold is mandatory)
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NEMA Phasing Convention
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Traffic Signal Constraints
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𝑔𝑔1 + 𝑔𝑔2 = 𝑔𝑔5 + 𝑔𝑔6
𝑔𝑔3 + 𝑔𝑔4 = 𝑔𝑔7 + 𝑔𝑔8

𝑔𝑔1 + 𝑔𝑔2 + 𝑔𝑔3 + 𝑔𝑔4 = 𝐶𝐶
𝑔𝑔1 = 𝑔𝑔5?
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Fixed-Time Signal Timing Parameters

• Cycle length

• Phase sequence

• Green spilt

• Time of day plans

• More in the next lecture
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Main Parameters
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Actuated Control Logic
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– Minimal green

– Maximal green (max out)

– Unit extension (gap out)
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Loop detector
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Through Movement Presence Detectors



Left Turn Movement Presence Detectors



Extension Detectors
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Birmingham Signal Order

• Adams & Maple Road, City of Birmingham
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Phase Structure
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Ring-and-Barrier Diagram
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Phase-Movement Mapping
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Ring-and-Barrier Diagram
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Phase Data
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Time of Day Plans
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Cycle, Split, and Offsets
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Readings

• Signal Timing Manual (2nd Edition): Chapter 3, 4, 5
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