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Institute of Transportation Engineers,
Transportation and Traffic Engineering Handbook
1982 
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Critical Distance
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ITE Extended Kinematic Equation  - First Recommended Practice (Järlström, 2016)
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Constant Maximum Velocity – Old ITE Kinematic Equation (Gazis, Herman, Maradudin 1959)
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Suffolk County, New 
York

Red Light Camera 
Safety Report - 2015
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Suffolk County, NY    2017
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Fastest Turn (Ceccarelli, 2010)
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Turn with Constant Deceleration – Chiu Liu, 2002  
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Greenville, NC
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Wilmington, NC
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Omissions
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Impeded Traffic
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Vehicles Egressing/Entering Nearby Businesses
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Close-By Intersections
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Solution – Includes Impeded Traffic @ Isolated Intersection
This changes the definition of a yellow light.
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Tolerances



22



23



24

Yellow Change Intervals using ITE Extended Kinematic Equation
Boundary

Comfortable and Safe NCDOT ITE Value NCDOT (North Carolina Department of Transportation)  uses the Emergency Stopping Values from the American Association o        
Perception-Reaction Time (s) 1.5 1.0 2.5 ITE (Institute of Transportation Engineers) Perception-Reaction Time and Deceleration for the 50th Percentile Passenger Vehi          
Decleration (ft/s2) 11.2 10.0 8.0 Boundary Values:   Drivers exhibit a range of valid behavior.   2.5 s and 8.0 ft/s/s represent the maximum and minimum bound                    

Minimum Yellow Change Intervals Mnimum Yellow Change Intervals
Going Staight at Constant Approach Speed Turning or Impeded Thru-Movements
(Unimpeded Thru-Movements) Read Facts 4-9. (Unimpeded Turning Movements) Read Facts 4-9.

Boundary Red Light
Vo Boundary Red Light Ve NCDOT ITE Value Camera NCDOT

Approach NCDOT ITE Value Camera Intersection Turn Turn Turn Turn Braking
 Speed Grade Y Y Y Grace Period Entry Speed Y Y Y Grace Period Time
(mph) (%) (s) (s) (s) (s) (mph) (s) (s) (s) (s) (s)

15 0 2.5 2.1 3.9 1.8 15 2.5 2.1 3.9 1.8 2.0
20 0 2.9 2.5 4.4 1.9 20 2.9 2.5 4.4 1.9 2.7
25 0 3.2 2.9 4.8 1.9 20 3.5 3.2 5.3 2.1 3.3
30 0 3.5 3.2 5.3 2.1 20 4.2 4.0 6.2 2.2 4.0
35 0 3.8 3.6 5.8 2.2 20 4.8 4.7 7.1 2.4 4.6
40 0 4.2 4.0 6.2 2.2 20 5.5 5.4 8.0 2.6 5.3
45 0 4.5 4.3 6.7 2.4 20 6.1 6.2 9.0 2.8 5.9
50 0 4.8 4.7 7.1 2.4 20 6.8 6.9 9.9 3.0 6.6
55 0 5.2 5.1 7.6 2.5 20 7.4 7.6 10.8 3.2 7.3
60 0 5.5 5.4 8.0 2.6 20 8.1 8.4 11.7 3.3 7.9
65 0 5.8 5.8 8.5 2.7 20 8.8 9.1 12.6 3.5 8.6

Facts

1.  The yellow change interval, by definition, is the time it takes for a driver who intends to enter the intersection, to traverse the critical distance (columns P, T or X).
2.  The critical distance is the safe and comfortable stopping distance upstream from the intersection stop bar.   At the critical distance point and farther upstream from the intersection, the driver has the distance                   
3.  The critical distance is the same distance regardless of lane, and independent of the existence of a turning bay.     The length of the turning bay is irrelevant because cars can just scoot over into the turning bay

4.  Assumption.     The main assumption of all the yellow change intevals above is the driver approaches unimpeded by other traffic.     A vehicle that is unimpeded is one where there are NO obstacles, be it cars,                      
5.  Example 1 of an Impeded Vehicle:   Car A is approaching intersection and slows to turn right into a business or side-street.    Because car B is travelling behind car A, car B has to slow down in order to avoid hitti             
6.  Example 2 of an Impeded Vehicle:   Car A is approaching intersection and there is a railroad track.     Car A has to decelerate otherwise he breaks his front suspension.
7.  Example 3 of an Impeded Vehicle:   Car A is approaching intersection and there is car B on the far side of the intersection pulling out of a gas station.    Car must slow down to avoid hitting car A.     Car A is inside       
8.  Example 4 of an Impeded Vehicle:  Car A is approaching intersection and there is a pedestrian who just entered the intersection.   Car A, who is inside critical distance, must slow down to avoid hitting pedestri
9.  Any impeded motions require the yellow to be the stopping time (columns N, R or V).     The driver must know that if he sees a yellow, that he can decelerate comfortably to a stop (Ve = 0) without running a re  

10.  Add to the perception-reaction time the time the signal head is not in line-of-sight to a driver within the critical distance.
11.  Approach Speed >= Speed Limit.   This must apply to thru and turning movements.
12.  Approach Speed is meaured at the critical distance.

13.   Grade = rise/run * 100.0.  Grade is a percent.   Negative grades are downhill.  (Positive grades are uphill but the laws of physics forbid an uphill term.)    Grade is the average between the critical distance point      
14.  Turning and Impeded Thru-Movements when Vo > Ve.   ITE Extended Kinematic Equation by Mäts Jarlström, but ITE's equation includes term for uphill grade.  Physical dynamics requires a 0 grade for uphill an           
15.  The tolerance or red-light camera grace-period (aka, delay) is the Boundary value Yellow Change Interval  - ITE Yellow Change Interval because commercial vehicles are the slowest vehicles allowed on the roa               
16.  In spite of the physics, ITE caps the yellow change interval at 7 seconds.      Note that ITE's guideline cap is greater than the MUTCD's.    In both  cases, these are just guidelines, not standards.   "Welcome aboar              
17.  The thru yellow change intevals (columns D, E, F) assume the vehicle maintains a constant speed through the critical distance.
18.  The turning/impeded yellow change intervals (columns I, J, K) assume that the driver enters the intersection at speed Ve.   (Ve = 0 is a U-turn, which is the time to stop.)
19.  One must apply boundary values else the yellow change intervals work only for a subset of the driving population thereby not safeguarding the entire public.
20.  For law enforcement purposes--a compromise  when not using the boundary values--the NCDOT or ITE Y values require the traffic engineer to notify law enforcement to not ticket drivers when drivers run the         
21.  For law enforcements puroses, in the case of impeded traffic, one cannot fault a driver for needing the stopping time to enter the intersection.    These drivers may enter the intersection up to R - E after the l   
22.  If there is crash involving a commercial vehicle which would have been avoided had the engineer used the appropriate boundary value, then the engineer becomes responsible for the crash.

23. These yellow change intervals are shorter than what is required for two closely-spaced intersections.     Crossing over the first intersection can leave you in a dilemma zone for the second intersection.   More        
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By Plugging In Boundary Values By Error Propagation
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Perception-reaction time and deceleration are not constants.    
Good allowed drivers on the road exhibit a well-defined range of 
valid values.   The curve of valid perception-reaction times has a 
range which tops at 2.6 seconds.   The curve of deceleration has a 
range starting at 7.4 ft/s/s.     
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Errors
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Vc or Deceleration 
Measured at the 
Wrong Location
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Critical Distance

𝑣𝑣𝑐𝑐 here is correct



29

Dynamics of 
Emergency 

Stopping Misapplied 
to Comfortable 

Stopping 
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Y  ≥ 𝒕𝒕𝒑𝒑 + 𝒗𝒗𝒄𝒄− 𝒗𝒗𝒊𝒊
𝝏𝝏+𝑮𝑮𝑮𝑮

+ 𝒗𝒗𝒊𝒊
𝟐𝟐(𝝏𝝏+𝑮𝑮𝑮𝑮)

where G = y/x = grade and g = gravitational acceleration
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History of the Yellow Light
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1868
London, England

The First Red-Green 
Traffic Light

J.P. Knight
1828 - 1886
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1920
William Potts
1883 – 1947

Detroit Policeman
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1921
Traffic “Towers”

Fifth Avenue
New York, NY
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1923
Schenectady, NY
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2017
The Henry Ford
Dearborn, MI



37

1959
The Yellow Change Interval Formula
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Denos Gazis
1930 – 2004
Solid State 

Physicist and 
Traffic Scientist

Robert Herman
1914 – 1997

Physicist
Known for 

Research on 
Big Bang 
Theory: 

Microwave 
Radiation

Alexei 
Maradudin

1931 –
Physics Professor

UC Irvine
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𝒀𝒀 = 𝒕𝒕𝒑𝒑 +
𝒗𝒗𝒄𝒄

𝟐𝟐𝝏𝝏

For vehicles traversing the critical distance at a constant speed 
which is the maximum allowable speed.
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1985

Institute of Transportation Engineers
The Yellow Change Interval Equation

Applied 
Universally𝒀𝒀 = 𝒕𝒕𝒑𝒑 +

𝒗𝒗
𝟐𝟐(𝝏𝝏 + 𝑮𝑮𝑮𝑮)
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2012

2020



PHYSICS OF THE YELLOW SIGNAL LIGHT
ITE’S FIRST RECOMMENDED PRACTICE

National Society of Professional Engineers, September 23, 2020

http://talussoftware.com/docs/nspe/nspe-nation.pptx

Brian Ceccarelli, P.E., M.NSPE 42

http://talussoftware.com/docs/nspe/nspe-nation.pptx

	Physics of the Yellow Signal Light�ITE’s First Recommended Practice
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Physics of the Yellow Signal Light�ITE’s First Recommended Practice

