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1. h±9w±L9² 

Introduction 

No other device has such a daily impact on virtually every citizen as does the common, ever-present traffic 
signal. The trip to work is punctuated by stops at traffic signals, even on uncongested routes. Drivers place 
ǘƘŜƛǊ ǇƘȅǎƛŎŀƭ ǎŀŦŜǘȅ ŀƴŘ ǘƘŀǘ ƻŦ ǘƘŜƛǊ ǇŀǎǎŜƴƎŜǊǎ ŎƻƴŦƛŘŜƴǘƭȅ ƛƴ ǘƘŜ ǎƛƎƴŀƭΩǎ ŀōƛƭƛǘȅ ǘƻ ƎƛǾŜ ǘƘŜƳ ǘƘŜ ǊƛƎƘǘ-of-
way. 

! ǎƛƎƴŀƭΩǎ ƴŜŎŜǎǎƛǘȅ ƛǎ ŀŎŎŜǇǘŜŘ ōȅ ǘƘŜ ŎƛǘƛȊŜƴΣ ŀƴŘ ƛƴ ŦŀŎǘ ŘŜƳŀƴŘed in some cases, to assure safety and 
mobility. The same citizen quietly assumes that the operating agency knows how to best operate the 
signals, and reluctantly reports only the most obvious failures. Inefficient signal operation, even though 
such operatƛƻƴ ƛǎ ǎƛƭŜƴǘƭȅ ǎǘŜŀƭƛƴƎ ŘƻƭƭŀǊǎ ŦǊƻƳ ǘƘŜ ǳǎŜǊΩǎ ǇƻŎƪŜǘ ƛƴ ƛƴŎǊŜŀǎŜŘ ŦǳŜƭ ŎƻǎǘǎΣ ƭƻƴƎŜǊ ǘǊƛǇ ǘƛƳŜΣ 
etc. is rarely reported or noticed by the user. Lƴ ǘƘŜ ǳǎŜǊΩǎ ǾƛŜǿΣ ǘƘŜ ǎƛƎƴŀƭǎ ŀǊŜ ǿƻǊƪƛƴƎ ŀƴŘ ƛŦ ǘƘŜȅ ŀǊŜ ǎǳō-
optimal, it becomes a concern but not a crisis. 

The overall objective of signal control is to provide for the safe and efficient traffic flow at intersections, 
along routes and in street networks. A well timed signal system can reduce fuel consumption, eliminate 
unnecessary stops and delays, improve safety and enhance the environment.  

Timing Goals 

When signals are installed in accordance with the warrants listed in the Minnesota Manual on Uniform 
Traffic Control Devices (MN MUTCD), they can provide specific advantages in traffic control and safety. 
They can, however, also have certain negative impacts that may or may not apply at a particular location. 

Some of the advantages (goals) of signal installations include: 

V Provide for the orderly movement of traffic; 

V Reduce the frequency of certain types of accidents (i.e., right-angle and pedestrian); 

V Increase the traffic handling capacity of the intersection; 

V Provide a means of interrupting heavy traffic to allow other traffic, both vehicular and pedestrian, to 
enter or cross; 

V Provide for nearly continuous movement of traffic at a desired speed along a given route by 
coordination; 

V Afford considerable economy over manual control at intersections where alternate assignment of 
right-of-way is required; and, 

V Promote driver confidence by assigning right-of-way. 

Some disadvantages to signal installations include: 

V Most installations increase total intersection delay and fuel consumption, especially during off peak 
periods. 

V Probably increase certain types of accidents (i.e., rear end collisions). 

V When improperly located, cause unnecessary delay and promote disrespect for this type of control. 

V When improperly timed cause excessive delay, increasing driver irritation. 
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Review of Signal Timing 

The operation of the traffic signal should be observed at least once a year.  A complete signal timing 
analysis and operation check of the traffic signal should be made every three to five years. 
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2. 5!¢! /h[[9/¢Lhb !b5 LbChwa!¢Lhb b99595 

Data Collection 

Data collection is a vital element of the traffic signal timing process, therefore it is important to develop a 
data collection plan. The plan should outline the data to be collected, the parties responsible for collecting 
the data, and the schedule for collecting the data. 

The data should include, but is not limited to:  

V Intersection geometry, including lane usage and link distances. 

V Existing Intersection Turning Movement Counts  

V AM peak hour (minimum 2 hours - 15 minute periods) 

V PM peak hour (minimum 2 hours - 15 minute periods) 

V Off peak period or any other special traffic period 

V Count vehicles and pedestrians (Seasonal counts if required) 

V 24 hour approach counts (preferably over a 7 day period) 

V Posted speed on each approach  

V Crash reports or preferably collision diagrams representing past 3 years for urban locations 
(consider 5 years in rural locations) 

V Percent of heavy vehicles 

V Field Studies, including travel time runs and approach delay studies. This data will be used in the 
calibration of the computer models and for comparison to similar data collected ƛƴ ǘƘŜ άŀŦǘŜǊέ 
condition.  

V Signal Timing and Phasing Data 

V Existing Traffic Signal Hardware. This information should include controller equipment, 
communications details, vehicle detectors and traffic signal heads. This information can be used to 
determine the phasing/timing capabilities at each intersection. For example, could a protected left-
turn phase be added? 

V Additional Data. These may include items such as pedestrian counts, traffic counts of mid-block 
generators, early-release studies, etc. 

All data should be current and representative of the intersection. Turning movement counts used should 
be within one year of implementing the timing plan or recent enough to reflect current conditions. 

Geometric Conditions 

Intersection geometry is generally presented in diagrammatic form and must include all of the relevant 
information, including approach grades, the number and width of lanes, and parking conditions. The 
existence of exclusive left- or right-turn lanes should be noted, along with the storage lengths of such 
lanes.  

When the specifics of geometry are to be designed, these features must be assumed for the analysis to 
continue. State or local policies and guidelines should be used in establishing the trial design.  



Mn/DOT Traffic Signal Timing and Coordination Manual 

Data Collection Page 2-2 May 2011 

In order to recreate your study area's streets and intersections in Synchro (see Chapter 6), it helps to map 
out the signalized intersections, the connecting links and the external links on paper first. One option is to 
make a photocopy of a detailed map of the study area so that you can draw on it. Another option, if you 
have a street map of your study area in a format accepted by Synchro (jpg, bmp, dxf, sid or shp), is to 
import it into Synchro to help with the map layout. If you are using accurate basemaps, the distances and 
angles can be traced on the basemap. See Chapter 6 of this book for details on importing a Synchro 
basemap.  

Volume Studies 

Purpose 

Traffic volume studies are conducted to obtain factual data concerning the movement of vehicles and/or 
persons at selected points on the street or highway system. Volume data are expressed in relation to time, 
the base being determined by the type of information desired and the application in which it is to be used. 
Some typical volume studies include: 

V Annual Traffic in vehicles per year. 

V Average Daily Traffic (ADT) or Average Annual Daily Traffic (AADT) in vehicles per day. 

V Hourly Traffic in vehicles per hour. 

V Short Term Counts (covering 5, 6, 10, or 15 min. intervals) usually expanded into hourly flow rates. 

V Density of Traffic in vehicles per mile. 

Types 

The volume studies applicable to signal timing projects include: 

V Directional Counts, are used for determining signal timing and justifying traffic controls. 

V Turning Movement Counts, which count all movements at the intersection, are used in computing 
capacity and evaluating congestion. 

V Classification Counts are used to determine the various types of vehicle classes in the traffic stream 
(i.e., to determine the percent trucks for capacity analysis). 

V Pedestrian Counts are used to justify signals, time traffic signals and compute the capacity and LOS. 

Counting Techniques 

Following are some of the methods used to obtain the counts described above. 

Machine Counts are used to obtain vehicular counts at non-intersection locations. Total volumes, 
directional volumes, or lane volumes can be obtained, depending on the equipment available. 

V Permanent Counters are installed to obtain control counts on a continuous basis. Such counts are 
used to provide factors for adjusting short counts to ADT and for finding the 30th highest or other 
hour of the year. Loop detectors are the most commonly used, especially on high volume multilane 
roads, because they can distinguish vehicles in individual lanes and are generally low maintenance. 

V Portable Counters provide a permanent record of volumes by printing totals on a paper tape, by 
drawing a trace on a graph, by punching a paper tape, or by storing the data in memory (i.e., ITC 
ACE, Numetrics, etc.) for later direct transfer to a printer or microcomputer. A common means of 
gathering the data is through the use of rubber road tubes.  New technology is providing expanded 
capabilities in this area. 
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Manual Counts must be used in those studies where desired data cannot be obtained by machine 
counters. For light volumes, tally marks on a form are adequate. Manually operated tally counters are 
available for heavier volumes. Electronic intersection assemblies with memories which record and store 
the totals accumulated on each of 16 manually operated counters at a 1 to 15 minute intervals for later 
input into computers are available (such as the JAMAR count boards). New technology is providing 
ŜȄǇŀƴŘŜŘ ŎŀǇŀōƛƭƛǘƛŜǎ ƛƴ ǘƘƛǎ ŀǊŜŀ ŀǎ ǿŜƭƭΦ  aƛƻǾƛǎƛƻƴΩǎ ǾƛŘŜƻ ŎƻƭƭŜŎǘƛƻƴ ǳƴƛǘǎ ŜǎǎŜƴǘƛŀƭƭȅ ŎƻƴŘǳŎǘ ǘǳǊƴƛƴƎ 
movement counts using off-ƭƛƴŜ ǾƛŘŜƻ ŎƻƭƭŜŎǘƛƻƴ ŀƴŘ ŘŜǘŜŎǘƛƻƴ ŀƭƎƻǊƛǘƘƳǎ άŎƻǳƴǘέ ǘƘŜ ƳƻǾŜƳŜƴǘ ǾƻƭǳƳŜǎ 
for the designated periods.  Manual counts are used for: 

V Turning and through movement studies. 

V Classification studies (however, some detectors and machine counters can classify vehicles by their 
length). 

V Pedestrian studies. 

V Other studies when the number of machine counters is insufficient. 

Counting Periods 

The time and length that a specific location should be counted also depends on the data desired and the 
application in which the data are to be used.  Data collected for signal timing projects often get used for 
other applications. 

Some of the more commonly used intervals are: 

V 24-hour counts normally covering any 24-hour period between noon Monday and noon Friday. 
(Traffic on Monday mornings and Friday afternoons often varies from the normal patterns.)  If a 
specific day count is desired, the count should be taken from midnight to midnight. 

V 16-hour counts usually covering 5:30 am - 9:30 p.m. or 6 am to 10 p.m. This period contains most of 
the daily flow including evening traffic. 

V 12-hour counts usually covering 7 am to 7 p.m. However, these may not capture all of the major 
traffic flows. 

V Peak period counting times vary depending upon size of metropolitan area, proximity to major 
generators (such as the CBD or industrial areas), and the type of facility (freeway, radial arterial, 
etc.). Commonly used periods are 6 am - 9 am and 3 pm - 6 pm. 

V Weekend counts covering the period from noon on Friday to noon on Monday. Used to develop 
special weekend timing plans. 

Special conditions counts such as: 

V Special events (holidays, sporting events, etc.). 

V Abnormal weather conditions. 

V Temporary closure of streets affecting the volume patterns. 

Adjustment factors can be applied to the data to remove seasonal or other variations, to provide a realistic 
estimate of the average volume condition, and/or to expand a count to a volume estimate of a longer 
count period. 

Turning Movement Counts 

To fully analyze an intersection or system, turning movement counts at each intersection must be known, 
including left turns, through, right and U-turns. These data should always be obtained from field studies for 
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operational or signal timing design studies. An example of typical turning movement data is shown in the 
Table on the following page. 

The data was taken over two hours during the am peak and includes the 15 minute turning movement 
volumes, the hour total volumes, the peak hour volume for each movement, the peak hour volume for the 
intersection, and the peak hour factor.  

The traffic software programs (Synchro, PASSER, TRANSYT) require that the data be converted into hourly 
turning movement counts. The example that follows illustrates two ways to present the data in peak hour 
volumes. The following defines how each are calculated and used. 
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Peak Hour of Intersection - Method 1 

V Determine the highest total intersection hourly volume. This can be any four consecutive 15-minute 
periods in the count duration. For the example, it is as follows: 

Total 
271 
307 
358 
361 
316 
319 
336 
334 

 

V Calculate the hourly volume for each movement. Use the same four consecutive 15 minute periods 
as used in step a) above. For example, the peak hour volume for the westbound through movement 
is calculated as follows (start at 7:30): 

70 + 94 + 92 + 96 = 352 vph. 

V Calculate the movement and intersection Peak Hour Factors (PHF). The Peak Hour Factor is used to 
determine the traffic flow rate during the busiest 15-minute period. To determine the PHF, divide 
the peak hour volume computed in step b) by the highest 15 minute count in the peak interval 
multiplied by four. For example, the PHF for the westbound through movement is: 

Hourly Flow Rate = 352 vph 

Peak 15 minute count = 96 vph 

PHF = 352 / (96 x 4) = 0.92 

Peak 15 Minutes times Four - Method 2 

V Determine the highest total intersection hourly volume as described in step 1a) above. 

V Calculate each movement hourly volume by determining the highest 15 minute count in the peak 
interval and multiplying by four. For example, the hourly volume for the westbound through 
movement is: 

96 x 4 = 384 vph. 

V Since this method explicitly accounts for the traffic during the busiest 15 minute period, the PHF is 
set equal to 1.0 

Identifying the 15-minute period having the highest volume may require more than just counting volumes 
in each of four 15-minute periods in an hour. The ideal data collection system should include cycle-by-cycle 
counts of discharge volumes for each lane group, so that the peak 15-minute period can be selected more 
accurately than with 15-minute counts. 

When the traffic flow in a lane group is saturated, the cycle-by-cycle counts of discharge volumes should 
be supplemented by counts of the overflow queue at the end of the yellow for each cycle. Arrival volumes 
can then be computed from the cycle-by-cycle counts of discharge volumes and the number of vehicles in 
each overflow queue. 

 

Highest four consecutive 15 
minute counts = 1,354 vph. 
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The following link URL is a link to the Mn/DOT Metro Intersection Warrant Information Website where 
traffic data can be obtained. 

http://www.dot.state.mn.us/metro/warrant/ 

 

Lane Utilization Factor 

When there is more than one lane in a lane group, the traffic will not use all the lanes equally. The Lane 
Utilization Factor affects the Saturated Flow Rate.  

Lane Group Movements # of Lanes Lane Utilization Factor 

Thru or shared 1 1.00 

Thru or shared 2 0.95 

Thru or shared 3 0.91 

Thru or shared 4+ 0.86 

Left 1 1.00 

Left 2 0.97 

Left 3+ 0.94 

Right 1 1.00 

Right 2 0.88 

Right 3 0.76 

 

The lane utilization factor can be calculated as follows: 

 

See Synchro section for further details. 

Travel Time & Delay Studies 

Definitions 

V Travel Time Study. A study conducted to determine the amount of time required to traverse a 
specific route or section of a street or highway. The data obtained provide travel time and travel 
speed information but not necessarily delay. This term is often used to include speed and delay 
studies. 

V Delay Study. A study made to provide information concerning the amount, cause, location, duration, 
and frequency of delays as well as travel time and similar values. 

V Travel Time. The total elapsed time of travel, including stops and delay, necessary for a vehicle to 
travel from one point to another over a specified route under existing traffic conditions. 

V Running Time. That portion of the travel time that the vehicle is actually in motion. Running time is 
equal to travel time minus stopped-time delay. 

V Travel Speed. The over-all average speed along a specified route of a street or highway. Travel speed 
is computed by dividing the total distance by the travel time. 

fLU =
Total App. Vol.

(No. of Lanes) x 

(High Lane Vol.)

200 vph

100 vph
   =

(100 + 200)

(2 x 200)
   = 0.75

http://www.dot.state.mn.us/metro/warrant/
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V Running Speed. The average speed along the specified route when the stopped time is removed 
from the computations. Running speed is distance divided by running time. 

V Delay. The time lost by traffic due to traffic friction and traffic control devices. 

V Fixed Delay. The delay to which a vehicle is subjected regardless of the amount of traffic volume and 
interference present. 

V Operational Delay. The delay caused by interference from other components of the traffic stream. 
Examples include time lost while waiting for a gap in a conflicting traffic stream, or resulting from 
congestion, parking maneuvers, pedestrians, and turning movements. 

V Stopped Delay. The time a vehicle is not moving. 

V Travel Time Delay. The difference between the actual time required to traverse a section of street or 
highway and the time corresponding to the average speed of traffic under uncongested conditions. 
It includes acceleration and deceleration delay in addition to stopped delay. 

V Approach Delay. Travel time delay encountered at the approach to an intersection. 

V Total Vehicle Delay. The total time lost, in vehicle-minutes per mile, by vehicles in a traffic stream 
because the street or section does not meet the suggested minimum standards. It is obtained by 
multiplying the peak-hour one-direction volumes by the delay rate. 

Need for Travel Time or Delay Data 

Congestion can be evaluated by means of speed and delay studies. Data are obtained on the amount, 
location, and cause of delay; the delay data also indicates locations where other studies are needed to 
determine the proper remedy. 

Traffic signal timing studies often require travel time data at periodic intervals. 

Before-and-after studies may utilize these data to determine the effectiveness of a change in signal 
timings, etc. 

Causes of Delay 

Fixed Delay occurs primarily at intersections. This delay is not a result of the flow characteristics of the 
traffic stream and could occur with only one vehicle traveling the section. It may be caused for example, by 
traffic signals, stop signs, yield signs, or railroad crossings. 

Operational Delay is the result of influences by other traffic. 

V One type of operational delay is caused by other traffic movements that interfere with their stream 
flow (side friction), e.g. parking or unparking vehicles, turning vehicles, pedestrians, stalled vehicles, 
double parking, or cross traffic. 

V The second type of operational delay is caused by internal frictions within the stream flow. 

Methods for Obtaining Travel Time or Delay Data 

Test Car Technique 

The Test Car Technique utilizes a test vehicle which is driven over the street section in a series of runs. 

V The Floating Car Method. In this method tƘŜ ŘǊƛǾŜǊ ǘǊƛŜǎ ǘƻ άŦƭƻŀǘέ ƛƴ ǘƘŜ ǘǊŀŦŦƛŎ ǎǘǊŜŀƳ ǇŀǎǎƛƴƎ ŀǎ 
many vehicles as pass the test car. 

V The Average Speed Method. In this method the driver is instructed to travel at a speed that is judged 
to be representative of the speed of all traffic at the time.  
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V Data Obtained from the test car technique frequently includes delay information. 

V Equipment Used in recording the data varies. 

V An observer with one or two stopwatches was a common method but has generally been replaced 
by new technology. The observer starts the first watch at the beginning of each run, and records the 
time at various control points along the route. The second watch (if used) measures the length of 
individual stopped-time delays. The time, location, and cause of these delays are recorded either on 
data forms or by voice recording equipment. 

V Various recording devices have been developed to eliminate the necessity of using two persons on 
test runs. These include recording speedometers, tachometers, and the Traffic Stream Analyzer. 

V State of the practice techniques involve using a GPS and will be discussed in Chapter 5. 

V Analysis. The mean, standard deviation, and standard error of the mean of a series of test car runs 
and the significance of differences of the meanǎ ƻŦ άōŜŦƻǊŜέ ŀƴŘ άŀŦǘŜǊέ ǎǘǳŘƛŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘΦ  

License Plate Technique 

The License Plate Technique is used when only travel-time information is desired. 

Intersection Delay Studies 

Delay at intersections is a major problem in the analysis of congestion. Delay studies at individual 
intersections are valuable in evaluating the efficiency or effectiveness of a traffic control method. Other 
factors include accidents, cost of operation, and moǘƻǊƛǎǘǎΩ ŘŜǎƛǊŜǎΦ 

Factors which affect delay at intersections include: 

V Physical factors such as number of lanes, grades, widths, access control, turning provisions, transit 
stops, etc. 

V Traffic factors such as volume on each approach, driver characteristics, turning movements, 
pedestrians, parking, approach speeds, etc. 

Methods for Measurement of Intersection Delay. 

V There are three measures of prime importance for describing intersection performance. 

V Approach delay per vehicle is considered to be the best single measure. However, it must be derived 
indirectly from the stopped delay field study. 

V Stopped delay per vehicle results directly from the field study. A multiplier factor is applied to the 
raw data to bring the estimate closer to the true value. 

V Percent of vehicles stopping is a third performance measure. Again, a multiplication factor is applied 
to the raw field data to achieve a better estimate of the true value. 

V Past and current procedures used to estimate or measure intersection delay fall into one of four 
basic categories. 

V Point sample is based on a systematic sample of some factor (such as the number of stopped 
vehicles). 

V Input-output uses an interval sample to measure some factor at both its point or time of beginning 
and ending. 

V Path trace procedures track individual vehicles while noting their actions. The use of test cars as in 
travel time studies is a type of path trace. 
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V Models take into account the arrival and departure characteristics of vehicles, and many models 
incorporate some field measurements and data in the delay estimates. 

V Field data collection consists of two items. 

V Stopped delay obtained by a point sample procedure was found to be the most practical method for 
measuring intersection delay in the field. A minimum sample of 60 measurements of the number of 
vehicles in the approach 
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3. [h/![ Lb¢9w{9/¢Lhb /hb/9t¢{ 

Signal Timing Theory 

Signalized intersections play a critical role in the safe and efficient 
movement of vehicular and pedestrian traffic. The objective of 
traffic signal timing is to assign the right-of-way to alternating 
traffic movements in such a manner to minimize the average 
delay to any group of vehicles or pedestrians and reduce the 
probability of accident producing conflicts. Some of the guiding 
standards to accomplish this objective are as follows: 

V Minimize the number of phases that are used. Each 
additional phase increases the amount of lost time due to 
starting delays and clearance intervals. 

V Short cycle lengths typically yield the best performance in 
terms of providing the lowest overall average delay, 
provided the capacity of the cycle to pass vehicles is not exceeded. The cycle length, however, must 
allow adequate time for vehicular and pedestrian movements. Longer cycles are used during peak 
periods to provide more green time for the major street, to permit larger platoons in the peak 
direction, and/or to reduce the number of starting delays. 

Cycle Length 

The cycle length is the total time to complete one sequence of signalization around an intersection. In an 
actuated controller unit, a complete cycle is dependent on the presence of calls on all phases. In a pre-
timed controller unit (see section 0, page 3-5) it is a complete sequence of signal indications. 

One approach to determining cycle lengths for an isolated pre-timed ƭƻŎŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ²ŜōǎǘŜǊΩǎ 
equation for minimum delay cycle lengths. The equation is as follows: 

 

Co   =  1.5 tL + 5 

 

Where: Co = Optimum cycle length in seconds 

  tL = The unusable time per cycle in seconds 

  äYi = degree of saturation for Phase i 

The equation above indicates that cycle lengths in the range of 0.75Co to 1.5Co do not significantly increase 
delay.  

The equation is for isolated pre-timed signal locations only. A detailed network analysis should be 
performed using a software package such as TRANSYT or Synchro for cycle length determination in a 
coordinated system. The use of computer models allows for multiple iterations of varying cycle 
combinations to determine the optimum signal timing parameters. Chapter 5 of this manual will address 
this issue. 

In theory, short cycle lengths 
typically yield the lowest 

overall average delay. Other 
considerations must be 

considered in the 
determination of the cycle 

length, such as, minimum time 
for vehicle and pedestrian 
movements and systems 

operations. 

1.0 -SYi 
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Example : Consider the intersection shown in the figure below. Assume the adjusted saturation flow rate is 
equal to 1700 vph, and the lost time per phase is 5 seconds. 

 

Yi = Observed Flow · Saturated Flow 

Y1 = 700 · 1700 =  0.412 

Y2 = 400 · 1700 =  0.235 

äYi = 0.412 + 0.235 = 0.647 

tL = unusable time per cycle = (2 phases) x (5 seconds lost per cycle) 

     = 10 seconds 
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Co =
1.5 tL + 5

1.0 - SXi
=

1.5 (10) + 5

1.0 - 0.647 
= 56.7 seconds, use 57 seconds

1.0 -SYi 
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Signal Timing Intervals and Splits 

An interval is that portion of the cycle that signal indications do not change. There are several commonly 
termed intervals: minimum green, pedestrian clearance, yellow clearance, and all red. Timing parameters 
ŀǊŜ ŀǇǇƭƛŜŘ ǘƻ ƛƴǘŜǊǾŀƭǎ όƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǿŜ Ŏŀƴ άǘƛƳŜέ ǘƘŜ ƛƴǘŜǊǾŀƭǎύΦ  

The sum of the green, yellow, and all red intervals typically defines an individual phase split. A split is then 
the segment of the cycle length allocated to each phase that may occur (expressed in percent or seconds).  

The primary considerations that must be given to vehicle split times are as follows: 

V The phase duration must be no shorter than some absolute minimum time, such as five to seven 
seconds of green plus the required clearance interval. If pedestrians may be crossing with this 
phase, their crossing time must also be considered and included in the minimum phase length.  

V A phase must be long enough to avoid over saturating any approach associated with it. Too short a 
time will cause frequent cycle failures where some traffic fails to clear during its phase. 

V A phase length must not be so long that green time is wasted and vehicles on other approaches are 
delayed needlessly. 

V Phase lengths should be properly designed to efficiently balance the cycle time available among the 
several phases, not just άŜǉǳƛǘŀōƭȅέ ōŜǘǿŜŜƴΣ ǎŀȅΣ ƴƻǊǘƘ-south and east-west. 

The distribution of the green time for a pre-timed signal should be proportional to the critical lane 
volumes on each phase (critical lane analysis is discussed in section 0, page 3-26). The formula for 
determining green time for a two-phase pre-timed intersection is as follows: 

Gt (net green time) = C - Y1 - Y2 - nl 

Where, 

C = Optimum cycle length (see section 0, page 3-1). 

Y1 = Yellow time on Phase 1, seconds 

Y2 = Yellow time on Phase 2, seconds 

n = number of phases 

l = Lost time per cycle, seconds 
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Example: Once again, consider the intersection shown in the following figure. Assume the lost time per 
phase is 5 seconds. 

 

The Cycle length calculated is 57 seconds.  

Assume yellow change time, Y1 = Y2 = 5 seconds. 

Then, 

Gt = C - Y1 - Y2 - nl = 57 - 5 - 5 - 2(5) = 37 seconds. 

And, 

Critical lane volumes = 700 + 400 = 1,100 

 G1 =  37 * 700 / 1,100 = 23.5 seconds 

 G2 =  37 * 400 / 1,100 =  13.5 seconds 

Signal timing would then be as follows: 

 Phase 1 = 23.5 seconds green + 5 seconds yellow + lost time 

              = 33.5 seconds 

 Phase 2 = 13.5 seconds green + 5 seconds yellow + lost time 

      = 23.5 seconds 

 Cycle = Phase 1 + Phase 2 = 33.5 (59%) + 23.5 (41%) = 57 seconds 
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Signal Timing and Phasing 

Controller Unit Timing 

A traffic signal controls traffic by assigning right-of-way to one traffic movement or several non-conflicting 
traffic movements at a time. Right-of-way is assigned by turning on a green signal for a certain length of 
time or an interval. Right-of-way is ended by a yellow change interval during which a yellow signal is 
displayed, followed by the display of a red signal. The device that times these intervals and switches the 
signal lamps is called a controller unit. This section will cover the operation of controller units and the 
various features and characteristics of the types currently available. 

Control Concepts 

Traffic control concepts for isolated intersections basically fall into two basic categories, pre-timed and 
traffic-actuated. 

Pre-timed signal control 

Under these conditions, the signal assigns right-of-way at an intersection according to a predetermined 
schedule. The sequence of right-of-way (phases), and the length of the time interval for each signal 
indication in the cycle is fixed. No recognition is given to the current traffic demand on the intersection 
approaches unless detectors are used. The major elements of pre-timed control are (1) fixed cycle length, 
(2) fixed phase length, and (3) number and sequence of phases. 

Advantages to pre-timed control include: 

V Simplicity of equipment provides relatively easy servicing and maintenance. 

V Can be coordinated to provide continuous flow of traffic at a given speed along a particular route, 
thus providing positive speed control. 

V Timing is easily adjusted in the field. 

V Under certain conditions can be programmed to handle peak conditions. 

Disadvantages to pre-timed control include: 

V Do not recognize or accommodate short-term fluctuations in traffic. 

V Can cause excessive delay to vehicles and pedestrians during off-peak periods. 

The left side of the following figure shows the timing operation for a basic two-phase or two-traffic 
movement pre-timed controller unit. The right side of the figure shows the timing operation for a three 
phase pre-timed controller unit. For the pre-timed controller, the length of time for each phase is fixed. 
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Traffic-actuated signal control 

Traffic-actuated control attempts to adjust green time continuously, and, in some cases, the sequence of 
phasing. These adjustments occur in accordance with real-time measures of traffic demand obtained from 
vehicle detectors placed on one or more of the approaches to the intersection. The full range of actuated 
control capabilities depends on the type of equipment employed and the operational requirements. 

Advantages to actuated signals include: 

V Usually reduce delay (if properly timed). 

V Adaptable to short-term fluctuations in traffic flow. 

V Usually increase capacity (by continually reapportioning green time). 

V Provide continuous operation under low volume conditions as an added safety feature, when pre-
timed signals may be put on flashing operation to prevent excessive delay. 

V Especially effective at multiple phase intersections. 

Disadvantages to actuated control include: 

V The cost of an actuated installation is substantially higher than the cost of a pre-timed installation. 

V Actuated controllers and detectors are much more complicated than pre-timed signal controllers, 
increasing maintenance and inspection skill requirements and costs. 

V Detectors are costly to install and require careful inspection and maintenance to ensue proper 
operations. 

Traffic actuated signal control can further be broken into the following categories: 

Semi-Actuated Control. In semi-actuated control, the major movement receives green unless there is a 
conflicting call on a minor movement phase. The minor phases include any protected left-turn phases or 
side street through phases. Detectors are needed for each minor movement. Detectors may be used on 
the major movement if dilemma zone protection is desired.  

In semi-actuated coordinated systems (referred to as Actuated Coordinated in Synchro), the major 
ƳƻǾŜƳŜƴǘ ƛǎ ǘƘŜ άǎȅƴŎέ ǇƘŀǎŜ. Minor movement phases are served only after the sync phase yield point 
and are terminated on or before their respective force off points. These points occur at the same point in 
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time during the background signal cycle and ensure that the major road phase will be coordinated with 
adjacent signal controllers. 

In semi-actuated non-coordinated systems, the major movement phase is placed on minimum (or 
maximum) recall. The major movement rests in green until a conflicting call is placed. The conflicting phase 
is serviced as soon as a gap-out or max-out occurs on the major phase. Immediately after the yellow is 
presented to the major phase, a call is placed by the controller for the major phase, regardless of whether 
or not a major phase vehicle is present. 

Full Actuated Control. In full actuated control, all signal phases are actuated and all signalized movements 
require detection. Generally used at isolated intersections; however, can also be used at high-demand 
intersections in coordinated systems.  

Volume-density operation can be considered to be a more advanced form of full-actuated control. It has 
the ability to calculate the duration of minimum green based on actual demand (calls on red) and the 
ability to reduce the maximum allowable time between calls from passage time down to minimum gap. 
Reducing the allowable time between calls below the passage time will improve efficiency by being better 
able to detect the end of queued flow. 

Traffic Signal Phasing 

A traffic signal phase, or split, is the part of the cycle given to an individual movement, or combination of 
non-conflicting movements during one or more intervals. An interval is a portion of the cycle during which 
the signal indications do not change. 

The predetermined order of phases is the sequence of operation. This order is fixed in a pre-timed 
controller, and under certain circumstances, may be variable with an actuated controller. 

Consider the following figure for an example two-phase (single ring) signal with pedestrian timing. 
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In the figure, there are eight intervals where the signal indications do not change. Notice that intervals 4 
and 8 are all red periods (interval 4 is the phase 1 all red and interval 8 is the phase 2 all red). The phase 1 
split is made up of intervals 1 through 4 and the phase 2 split is made up of intervals 5 through 8. The sum 
of split 1 and 2 is the cycle length. 

Ring and Barrier Structure 

Ring 

A ring is a term that is used to describe a series of conflicting phases that occur in an established order. A 
ring may be a single ring, dual ring, or multi-ring and is described in detail below. A good understanding of 
the ring structure is a good way to understand the operation of multiphase controllers. 

Barrier 

A barrier (compatibility line) is a reference point in the preferred sequence of a multi-ring controller unit at 
which all rings are interlocked. Barriers assure there will be no concurrent selection and timing of 
conflicting phases for traffic movements in different rings. All rings cross the barrier simultaneously to 
select and time phases on the other side. 

Phase Numbers 

Phase numbers are the labels assigned to the individual movements around the intersection. For an eight 
phase dual ring controller (see definition of dual ring), it is common to assign the main street through 
movements as phases 2 and 6. Also, it is common to use odd numbers for left turn signals and the even 
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numbers for through signals. A rule of thumb is that the sum of the through movement and the adjacent 
left turn is equal to seven or eleven.  

The figure below shows a typical phase numbering scheme for an east/west arterial and a north/south 
arterial. 

 

Dual Ring Control 

By contrast to the pre-ǘƛƳŜŘ ŎƻƴǘǊƻƭƭŜǊ ǳƴƛǘΣ ǘƘŜ ǘǊŀŦŦƛŎ ŀŎǘǳŀǘŜŘ ŎƻƴǘǊƻƭƭŜǊ ǳǎǳŀƭƭȅ ŜƳǇƭƻȅǎ ŀ άŘǳŀƭ ǊƛƴƎ 
ŎƻƴŎǳǊǊŜƴǘέ ǘƛƳƛƴƎ ǇǊƻŎŜǎǎ. The NEMA concept is illustrated in the figure below.  

 

The dual-ring controller uses a maximum of eight phase modules, each of which controls a single traffic 
signal face with red, yellow and green display. The eight phases are required to accommodate the eight 
movements (four through and four left turns) at the intersection. Phases 1 through 4 are included in ring 1, 
and phases 5 through 8 are included in ring 2. The two rings operate independently, except that their 
ŎƻƴǘǊƻƭ Ƴǳǎǘ ŎǊƻǎǎ ǘƘŜ άōŀǊǊƛŜǊέ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΦ  

If the movements to be controlled by these eight phases are assigned properly, the controller will operate 
without giving the right-of-way simultaneously to conflicting movements. All of the movements from one 
street (usually the major street) must be assigned to the left side of the barrier. Similarly, all movements 
from the other street must be assigned to the right side. 

On both sides of the barrier there are four movements (two through and two left). Each of the four may 
proceed without conflict with two of the other three. So if the left turn in any given direction is placed in 
ring 1 along with its opposing through movement, and the remaining two movements are placed in ring 2, 
it will be possible for either movement in ring 1 to be displayed simultaneously with either movement in 
ring 2 without conflict. 

DUAL RING STRUCTURE

5 6
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The dual-ring concurrent operation can be shown to maximize the operating efficiency at an intersection 
ōȅ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ άǎƭŀŎƪέ ǘƛƳŜ ƻƴ ŜŀŎƘ ŎȅŎƭŜ όƛΦŜΦΣ ŎƻƴǘǊƻƭ ǿƛƭƭ Ŧƻƭƭƻǿ ƻƴŜ ƻǊ ǘƘŜ ƻǘƘŜǊ ƻŦ ǘƘŜ ǘǿƻ ǇŀǘƘs 
shown). 

Modern controllers offer more flexibility in assigning traffic signal phases in order to control many complex 
or unique situations. TS2 controllers include four timing rings and up to sixteen vehicle phases and sixteen 
pedestrian phases. Each phase can be assigned to any ring. In addition, there are up to sixteen overlap 
assignments. 

Single Ring (Sequential Phases) 

Sometimes it is desirable to use a single ring and have the phases operate one at a time sequentially. Each 
phase is individually timed and can be skipped if there is no demand for it. This is called sequential or 
exclusive phasing. When using sequential phases on the left side of the barrier, phases 1-2-5-6 show in 
order. When using sequential phases on the right side of the barrier, phases 3-4-7-8 show in order. 

The figure below is an example of a controller using Sequential phases. North and South traffic use split 
phasing, East and West share a phase. 

 

Phasing Parameters  

Some of the basic principles of timing the green interval in a traffic actuated controller unit are as follows: 

V There must be a minimum green time so that a stopped vehicle that receives a green signal has 
enough time to get started and partially across the intersection before the yellow signal appears. 
This time is termed the initial portion of the green interval. 

V Each following vehicle requires green time. This is called passage time, vehicle extension, or gap. 
Gap refers to the distance between vehicles as well as the time between vehicles. 

V There must be a maximum time that the green interval can be extended if opposing cars are waiting 
- this is called extension limit  or maximum. 

V A timing diagram for one traffic actuated phase is shown in the figure that follows. The other phase 
or phases operate in the same manner.  

V ¢ƘŜ ƴǳƳōŜǊ ƻŦ άǇǊŜǎŜǘǎέ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǘƛƳƛƴƎ ŀŘƧǳǎǘƳŜƴǘǎ ƛƴ ǘƘŜ extensible portion. Each 
detector actuation starts the unit extension timing again. With no opposing calls the controller rests. 
Unit extensions continue being timed, but with no effect on the green interval. 

V However, once an actuation is received from an opposing phase, unit extension is used to expedite 
servicing that phase as follows:  if the time between actuations is greater than the preset unit 
extension or gap the extensible portion will be ended, the yellow change interval will appear and the 
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next phase in sequence with demand will receive the right-of-way. This is called termination by gap 
or gap-out. 

V An actuation from another phase received in any portion of the green interval also starts another 
timing circuit. This is called the extension limit or maximum green. Even if actuations are close 
enough in time to prevent gap termination, the maximum limit will terminate the green interval 
when the preset maximum expires. This is called termination by maximum green or max-out. 

 

Minimum Green 

The Minimum Green Interval is the shortest green time of a phase. If a time setting control is designated as 
"minimum green," the green time shall be not less than that setting. For Mn/DOT practice on minimum 
green (minimum initial) times, refer to page 4-5. 

Initial Intervals 

There are three types of initial intervals as follows: 

V Extensible initial 

V Added initial 

V Computed initial 

Extensible initial is the method of calculating the variable initial period commonly used in field practice. 
¢Ƙƛǎ ƳŜǘƘƻŘ ŀŘŘǎ ǘƘŜ ǘƛƳŜ ǎǇŜŎƛŦƛŜŘ ŀǎ άǎŜŎƻƴŘǎ ǇŜǊ ŀŎǘǳŀǘƛƻƴέ ǘƻ ǘƘŜ ƳƛƴƛƳǳƳ ƛƴƛǘƛŀƭ όƎǊŜŜƴύ ŦƻǊ ŜŀŎƘ 
vehicle actuation received by a phase during the yellow and/or red signal (depending on red and yellow 
lock) up to a maximum initial time. This method is common in both 170 and NEMA controllers. 
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Added initial ƛǎ ǎƛƳƛƭŀǊ ǘƻ ŜȄǘŜƴǎƛōƭŜ ƛƴƛǘƛŀƭ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ǘƘŀǘ ǘƘŜ άǎŜŎƻƴŘǎ ǇŜǊ ŀŎǘǳŀǘƛƻƴέ ŎŀƭŎǳƭŀǘƛƻƴ 
does not begin until a user specified number of vehicles actuations have occurred. The added initial option 
is generally used when long minimum green times are specified. 

Computed initial calculates the amount of time given to each vehicle actuation (computed seconds per 
actuation) during the red signal display of the phase based on the following formula: 

(Maximum initial interval time) · (number of actuations that can be serviced during the minimum initial 
interval) x (number or recorded actuations). The total time allowed for the computed initial interval is 
limited by both the minimum green and maximum initial interval. 

Passage Time 

Passage Time (also referred to as vehicle extension or gap time) is the time that the phase will be extended 
for each actuation. Passage time is typically set as the time it takes to travel from the vehicle detector to 
the stop line at the travel speed of the roadway for pulse loops or the average acceptable headway 
between vehicles for presence loops located close to the stop line. Therefore, the vehicle extension is 
related to the minimum and maximum gap. For Mn/DOT practice on passage time refer to section 0, page 
4-7. 

Maximum Green 

Depending on the type and manufacturer of the controller being simulated, there can be two methods for 
calculating the maximum amount of green time allowed per phase. Method 1 or maximum green, allows 
the user to input the maximum amount of green time a phase will be allowed to be active, (i.e. display 
green.)  The max. timer in the controller begins its countdown at the receipt of a conflicting vehicle or 
pedestrian call, generally the beginning of phase green and includes any minimum green or variable initial 
period.  

Method 2, maximum green extension, is the amount of time a phase will be allowed service after the 
minimum green and variable initial have timed out. While some controller manufacturers still allow 
maximum green extension, it is more commonly found in older isolated NEMA and Type 170 controllers. 
Assuming that vehicle headways remain less than the vehicle extension time during the green signal 
display of the phase, Method 1 will always produce the same timing value. However, in Method 2 the total 
green time is not only dependent on vehicle headways during the phase green but also on the number of 
vehicles that arrive during the red display for the calculation of variable initial. Therefore, total green time 
for Method 2 can vary from cycle to cycle irrelevant of vehicle headways. 

If the controller is operating within a coordinated system the maximum green time specified in the 
controller may not be appropriate for the cycle/split combination selected by the master controller. In this 
case the phase can max-out early without ever reaching the force-off point (the end of the assigned phase 
split) for the phase.  

bƻǘŜΥ  Lƴ ŎŜǊǘŀƛƴ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ŎƻƴǘǊƻƭƭŜǊǎΣ ǘƘŜǊŜ ǿƛƭƭ ōŜ ŀ ǘƛƳƛƴƎ ŦǳƴŎǘƛƻƴ ŎŀƭƭŜŘ άa!· 9·¢Φέ  ¢Ƙƛǎ ƛǎ ƴƻǘ 
the same as maximum extension green but the number of seconds used to extend the maximum green 
ǾŀƭǳŜ ǿƘŜƴ άa!· оέ ƛǎ ŀŎǘƛǾŜΦ 

For Mn/DOT practice on maximum green times, refer to section 0, page 4-8. 

Pedestrian Phasing 

Because pedestrians move at a slower speed than vehicles, they require different treatment of the green 
interval. A pedestrian actuation, therefore, results in more green time than would be allowed for a vehicle: 
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ŀ ά²ŀƭƪέ ƛƴǘŜǊǾŀƭ ŦƻƭƭƻǿŜŘ ōȅ ŀ ŦƭŀǎƘƛƴƎ ά5ƻƴΩǘ ²ŀƭƪέ pedestrian clearance. In the absences of opposing 
calls, succeeding pedestrian actuations will recycle the pedestrian indications. 

V Pedestrian intervals result in a green interval for the parallel vehicle phase or phases. The figure  on 
the previous page shows the timing diagram for pedestrian operation. 

V It is also possible to have an exclusive pedestrian phase. That is, no vehicle green intervals will occur. 
All pedestrian signals at an intersection could be controlled by this phase. 

Red Vehicle Clearance 

Red clearances (ALL RED or RED CLR) is the safety clearance interval at the end of a phase that displays red 
for all traffic movements. For Mn/DOT practice on red clearance intervals, see section 0, page 4-11.  

Recall 

Normally a controller unit will, in the absence of actuation, rest on the last phase serviced. By means of a 
ǊŜŎŀƭƭ ǎǿƛǘŎƘ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ǳƴƛǘ Ŏŀƴ ōŜ ŦƻǊŎŜŘ ǘƻ ǊŜǘǳǊƴ ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ ǇƘŀǎŜΩǎ ƎǊŜŜƴ ƛƴǘŜǊǾŀƭΣ ŜǾŜƴ ǿƛǘƘ ƴƻ 
demand. 

Every phase has the capability of operation with the following types of recall: 

V Recall to Minimum. When active and in the absence of a vehicle call on the phase, a temporary call 
to service the minimum initial time will be placed on the phase. If a vehicle call is received prior to 
the phase being serviced the temporary call will be removed. Once the phase is serviced it can be 
extended based on normal vehicle demand. 

V Recall to Maximum. With the maximum vehicle recall active a constant vehicle call will be placed on 
the phase. This constant call will force the controller to time the maximum green. Maximum recall is 
generally used to call a phase when local detection is not present or inoperative. 

V Recall to Pedestrian. This feature provides vehicle green and pedestrian walk and clearance 
intervals. After that, normal green timing is in effect except that pedestrian calls will not recycle 
pedestrian intervals until opposing phases are serviced. 

V In addition, a phase has a vehicle call placed on it if it is terminated with some passage time 
remaining. This can happen with termination by maximum. 

V If all of the active phases of a controller unit are placed on recall the controller unit will operate in a 
pre-timed mode. It should be added that unless the detectors are disconnected from a phase, that 
ǇƘŀǎŜΩǎ ƎǊŜŜƴ ƛƴǘŜǊǾŀƭ ŎƻǳƭŘ ōŜ ŜȄǘŜƴŘŜŘ ōŜȅƻƴŘ ǘƘŜ ǇǊŜǎŜǘ ƳƛƴƛƳǳƳ ƛŦ ǘƘŜ ǊŜŎŀƭƭ ƛǎ ǘƻ ƳƛƴƛƳǳƳΦ 

Volume Density Control 

Even more sophisticated operation is possible with the volume density traffic actuated controller unit. In 
addition to the features discussed above, volume density provides two means of modifying the basic 
timing intervals. These are: 

V Variable initial is a means of extending the initial portion of the green interval. This is done on the 
basis of the number of actuations above a preset number while the phase is displaying yellow or 
red. This extended initial provides additional green time for a queue of vehicles waiting, when the 
green signal appears, to clear the intersection if the detectors are set back a distance from the stop 
bar and there are no vehicles following. 

V Gap reduction is a means of reducing the passage time or gap on the basis of the time that opposing 
vehicles have waited. In effect, it benefits the waiting vehicles by reducing the time allowed 
between vehicles arriving on the green phase before that phase is terminated. 
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The timing diagram for a volume density phase is shown in the following figure. 

 

Gap Reduction 

Gap reduction, as the name implies, reduces the gap or allowable headways between vehicles from the 
original value (MAX GAP) to a lesser value (the MIN GAP) over a specified amount of time.  

While gap reduction is used sporadically in the field, it can be a valuable tool. For example, assume there is 
ŀƴ ŀǇǇǊƻŀŎƘ ǘƻ ŀ Ŧǳƭƭȅ ŀŎǘǳŀǘŜŘ ƛƴǘŜǊǎŜŎǘƛƻƴ ǘƘŀǘ ŜȄǇŜǊƛŜƴŎŜǎ ŀ ǾŜǊȅ ǎƭǳƎƎƛǎƘ άǎǘŀǊǘ-ǳǇέ ŎǊŜŀǘƛƴƎ ŜȄŎŜǎǎƛǾŜ 
headways until vehicles are moving at a more normal speed. If the gap is set where it should be for the 
normal speeds, the phase would constantly gap-out early. If, however, the gap were set to accommodate 
the start-up vehicles, the phase would run to maximum green more times than necessary. This problem 
could be handled by providing a long minimum green time or extending the vehicle call but would also 
contribute to an inefficient signal operation. By providing a longer than normal vehicle extension (gap) 
time at the beginning of the signal phase and then reducing the gap to a more reasonable value during the 
vehicle start-up time the problem is relieved with little or no effect on efficiency. Similarly, gap reduction 
can take care of the problems experienced at intersections with large fluctuations in traffic volumes during 
the day. Generally these intersections have low vehicular volumes with long vehicle headways during off-
peak travel times and shorter headways during peak travel periods. Gap reduction techniques could 
provide a longer gap at the beginning of the phase when volumes are low, headways are long, and an 
overall shorter cycle length is provided. The gap would then be reduced to a lesser value as volumes 
increase, headways decrease, and the cycle length increases. 
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Three types of gap reduction include: 

Reduce by/reduce every 

The user can specify that the gap can be reduced by a specified amount for every user specified interval. 
(Older Type 170 controllers only allow this option.)  

Reduce by every second 

The user can specify the gap will be reduced by a given amount of time every second. 

Time to reduce to minimum gap. 

The user can specify the gap will be reduced from its original value (vehicle extension) or maximum value 
(maximum gap) to a minimum value (minimum gap) over a user specified amount of time. (This method of 
gap reduction is commonly used in field conditions and allowed by all NEMA and newer model Type 170 
controllers.) 

Note:  For any method of gap reduction in effect, the gap begins to be reduced at the receipt of a call on a 
conflicting phase. This is generally, but not always the beginning of phase green. NEMA and newer 170 
controllers allow the user to specify an amount of time from the beginning of phase green until gap 
reduction begins. This value is called Time-Before-Reduction and is commonly used in the field when gap 
reduction is active.  

For Mn/DOT practice of time to reduce and time before reduce, see section 0, page 4-6. 

Minimum Gap 

This input is the minimum acceptable vehicle gap specified by the user. It is also used to specify the end of 
the gap reduction period when the reduce by/reduce feature is selected.  

For Mn/DOT practice on minimum gap, refer to section 0, page 4-8. 

Maximum Gap 

Maximum gap defines the gap at the beginning of the gap reduction period.  

Yellow Lock 

Most NEMA and Type 170 controllers use yellow lock as a factory standard setting that cannot be changed 
by the user. Some of the terms used to define this function are LOCK, or MEMORY on/off, or LOCKING 
MEMORY on/off, or a similar term and toggle. If this meƳƻǊȅ ƭƻŎƪ ǘƻƎƎƭŜ ƛǎ άƻƴέ όŀŎǘƛǾŜύ ǾŜƘƛŎƭŜ ŀŎǘǳŀǘƛƻƴ 
which occur during the yellow and red display of the signal phase are accumulated and remembered in the 
controller and used in the variable initial calculation and/or to call the phase for service. If the toggle is set 
ǘƻ άƻŦŦέ όƛƴŀŎǘƛǾŜύ ƛǘ ƻƴƭȅ ƳŜŀƴǎ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊǎ ŘƻŜǎ ƴƻǘ ǊŜƳŜƳōŜǊ ƻǊ Ŏƻǳƴǘ ǾŜƘƛŎƭŜ ŀŎǘǳŀǘƛƻƴ ƻǊ ǇƭŀŎŜ ŀ 
call for service on a phase that has an unoccupied detector.  

Double (Dual) Entry 

When double (dual)-entry is permitted, a vehicle call on one phase, in the absence of a call on a 
compatible phase, will automatically place a call on the primary corresponding compatible phase. For 
example using the standard NEMA phase numbering scheme, assuming the intersection being considered 
is under light traffic conditions. A call for service is received on phase 2 but there are no other calls on 
phase 5 or 6. With dual entry active the call on phase 2 would automatically place a temporary call on 
phase 6. When phase 2 became active and no call was received on phase 5, phase 6 would be displayed 
simultaneously with phase 2. If a call had been received on phase 5 before phase 2 became active, the 
temporary call on phase 6 would have been removed and phases 2 and 5 would have been displayed. In 
the standard NEMA phase numbering scheme, compatible dual-entry phases are 1 and 5, 2 and 6, 3 and 7, 
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and 4 and 8. If dual-entry is not active a vehicle call on a phase will only allow the display of that phase in 
the absence of a call on a compatible phase. The usage of dual-entry is generally a policy decision. 
However, common usage is to have dual entry active on the NEMA standard even-number phases (through 
movements) and inactive on NEMA standard odd-number phases (left-turn movements). 

Rest in Red 

While rest in red is a phase specific input, in actuality, it is used to designate when all phases of the 
controller are allowed to rest in red in the absence of calls or recalls on any phase. Therefore, if rest in red 
is set to active for any phase it should be active for all phases. In most controllers this is a per unit function 
and generally a toggle. 

While this function is not uncommon, especially for isolated intersection with relative even traffic flows on 
all approaches, it is the more general practice to allow the controller to rest in green on the mainline 
approaches in the absence of calls. In this case, rest in red would be set to inactive for all phases. 

Lag Phase 

The lag phase setting designates which phase of a phase pair displays green first, or before the other 
phase. A phase pair is defined as adjacent phases in the same ring on the same side of the barrier on a 
standard NEMA phase diagram. Therefore, phase pairs are phases 1 and 2, 3 and 4, 5 and 6, and 7 and 8. 
Phase pairs are not NEMA compatible signal display phases such as 1 and 5, or 2 and 6. 

In a standard NEMA 8 phase configuration operating in leading dual lefts on both streets, phases 2, 4, 6 
and 8 are lag phases while phases 1, 3, 5, and 7 are leading phases. For a lead/lag sequence, phase 2 can 
lead, and phase 1 can lag. This will produce the signal display sequence of phases 2 and 5, then phases 2 
and 6, then phases 1 and 6. It is also possible to have both 
left turns lagging by specifying phases 2 and 6 as leading 
and phases 1 and 5 as lagging. Lagging left-turn phases are 
typically only used in coordinated systems. 

Overlap Phasing 

An overlap is a vehicle movement, generally a right turn, 
that is allowed to run concurrently with two standard 
phases. For example, in the figure here, the phase 4 
ǎƻǳǘƘōƻǳƴŘ ǊƛƎƘǘ ǘǳǊƴ ƳƻǾŜƳŜƴǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ƻǾŜǊƭŀǇ ά!Φέ  
Usually a 5-section signal head with right arrows controls 
this type of overlap movement. hǾŜǊƭŀǇ ά!έ ƛǎ ŀllowed to 
run concurrently with not only phase 4, under green ball 
control, but also whenever phase 5 is active in either the 
phases 1 and 5, or 2 and 5 combination. Therefore phases 5 
ŀƴŘ п ŀǊŜ άǇŀǊŜƴǘέ ǇƘŀǎŜǎ ǘƻ ƻǾŜǊƭŀǇ ά!Φέ  ²ƘŜƴ ƻǾŜǊƭŀǇ ά!έ ƛǎ ŀŎǘƛǾŜ ǿith phase 5 the signal controlling 
the overlap movement is generally displaying a green right arrow indication.  

Red Revert 

Under very light traffic conditions and fully actuated control it is possible without red revert active for a 
phase to go from green to yellow and then back to green without ever displaying a red indication. Red 
revert timing prevents this signal display sequence by forcing the red indication to be displayed after a 
yellow for at least the red revert time. Red revert in generally factory programmed at 2 seconds.  
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Phase Hold 

5ǳǊƛƴƎ ŎƻƻǊŘƛƴŀǘŜŘ ƻǇŜǊŀǘƛƻƴΣ ŀ άƘƻƭŘέ Ŏŀƴ ōŜ ǇƭŀŎŜŘ ƻƴ ǳǎŜǊ-selected phases to prevent these phases 
from terminating before their force-off point is reached. This is desirable when lead-lag left-turn phasing 
combinations are used to maximize two-way progression. tƭŀŎƛƴƎ ŀ άƘƻƭŘέ ƻƴ ŀ ƭŀƎƎƛƴƎ ƭŜŦǘ-turn phase 
ǇǊŜǾŜƴǘǎ ǘƘŀǘ ǇƘŀǎŜ ŦǊƻƳ ǇǊŜƳŀǘǳǊŜ άƎŀǇ-ƻǳǘέ ŀƴŘ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ ǇƘŀǎŜ ŘƻŜǎ ƴƻǘ ǘŜǊƳƛƴŀǘŜ ǳƴǘƛƭ ƛǘǎ 
force-off point is reached. This prevents the concurrent through phase from terminating prematurely and 
shortening the progression band in that direction.  

The lag phase hold input is commonly used in closed-loop systems that do not have local intersection 
vehicle detection. Once the phase is initialized, by either minimum recall or maximum recall, it will 
continue to display green not terminating until its force-off point is reached. All maximum green or vehicle 
extension, if detection is used, timing inputs will be ignored.  This function should not be confused with the 
ŎƻƴǘǊƻƭƭŜǊ ŦǳƴŎǘƛƻƴ άLƴƘƛōƛǘ aŀȄΦ ¢ŜǊƳƛƴŀǘƛƻƴΦέ  ¢ƘŜ ƛƴƘƛōƛǘ ƳŀȄΦ ǘŜǊƳƛƴŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ŀƭƭƻǿǎ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ 
ǘƻ άƎŀǇ-ƻǳǘέ ƻǊ ōŜ άŦƻǊŎŜŘ-ƻǳǘέ ōǳǘ ƴƻǘ άƳŀȄ-ƻǳǘΦέ  ¢ƘŜ ƭŀƎ ǇƘŀǎŜ ƘƻƭŘ ǘƻ ŦƻǊŎŜ-out function will only 
ŀƭƭƻǿ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ŎƻƴǘǊƻƭƭŜǊ ǘƻ ōŜ άŦƻǊŎŜŘ-ƻǳǘέ ŀƴŘ Ƙŀǎ ƴƻ ƛƳǇŀŎǘ ƻƴ ŎƻƴǘǊƻƭƭŜǊǎ ǿƘƛŎƘ ŀǊŜ ƴƻǘ ƻǇŜǊŀǘƛƴƎ 
within a coordinated system. 

Simultaneous Gap-Out 

Both NEMA and 170 operational logic specifies that both controller rings, ring 1 and ring 2, must cross the 
barrier at the same time. ¢Ƙƛǎ Ŏŀƴ ōŜ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ŜŀŎƘ ƻŦ ǘƘŜ ǇƘŀǎŜǎ н ŀƴŘ с άƎŀǇǇƛƴƎ-ƻǳǘΣέ άƳŀȄƛƴƎ-
ƻǳǘΣέ ƻǊ άŦƻǊŎƛƴƎ-ƻŦŦΦέ  ²ƛǘƘ ǎƛƳǳƭǘŀƴŜƻǳǎ ƎŀǇ-out not active, one ring can gap-out and the other can max-
out. Additionally, once a phase gaps-out it will stay in that condition, irrelevant of any future vehicle 
actuations until the phase in the opposite ring either gaps-out or maxes-out and then both phases cross 
the barrier. ²ƛǘƘ ǎƛƳǳƭǘŀƴŜƻǳǎ άƎŀǇ-ƻǳǘέ ŀŎǘƛǾŜΣ ŜŀŎƘ of the phases cannot cross the barrier until both 
ǇƘŀǎŜǎ ƘŀǾŜ ōŜŜƴ ǘŜǊƳƛƴŀǘŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ƳŀƴƴŜǊΣ ōȅ ŜƛǘƘŜǊ άƎŀǇ-ƻǳǘέ ƻǊ ōƻǘƘ άƳŀȄ-ƻǳǘΦέ  !ŘŘƛǘƛƻƴŀƭƭȅΣ ƛŦ 
ŀ ǇƘŀǎŜ ƛƴƛǘƛŀƭƭȅ άƎŀǇǎ-ƻǳǘέ ŀƴŘ ǘƘŜƴΣ ŘǳŜ ǘƻ ƛƴŎǊŜŀǎŜŘ ǾŜƘƛŎƭŜ ŘŜƳŀƴŘΣ ǾŜƘƛŎƭŜ ŀǊǊƛǾŀƭǎ ŀǊŜ ƭŜǎǎ ǘƘŀn the 
ŜȄǘŜƴǎƛƻƴ ǘƛƳŜΣ ǘƘŜ άƎŀǇ-ƻǳǘέ ŦƭŀƎ ŦƻǊ ǘƘŀǘ ǇƘŀǎŜ ƛǎ ǊŜƳƻǾŜŘ. ²ƛǘƘ ǎƛƳǳƭǘŀƴŜƻǳǎ άƎŀǇ-ƻǳǘέ ŀŎǘƛǾŜΣ ǘƘŜ 
vehicle headways on both phases must currently be exceeding the gap-in-effect. The inactive status for 
this function generally produces a quicker reacting signal and shorter cycle lengths. 

Conditional Service 

When a heavy left-turn demand exists at an intersection (generally not coordinated), it may be desirable to 
service one of these left-turn phases twice in the same controller cycle. The conditional service entry, 
under a specific set of circumstances, allows the left to be serviced first as a leading phase and then as a 
lag phase. Specifying this feature will allow the controller to operate in this manner under the following 
circumstances: 

V There is a call for service on a leading left-turn phase. 

V The controller is operating in the non-coordinated mode. 

V There is a conflicting call on the opposite side of the barrier. Otherwise the left-turn phase will 
automatically be serviced next by standard controller logic unless the anti-backup controller feature 
is active. 

V The through phase of the phase pair with the left-turn call for service has gapped-out. 

V ¢ƘŜ ǘƛƳŜ ǊŜƳŀƛƴƛƴƎ ƻƴ ǘƘŜ ŀŎǘƛǾŜ ǘƘǊƻǳƎƘ ǇƘŀǎŜΩǎ ƳŀȄƛƳǳƳ ǘƛƳŜǊ ŜȄŎŜŜŘ ǘƘŜ Ŏonditional service 
ǇƘŀǎŜΩǎ ƳƛƴƛƳǳƳ ŎƻƴŘƛǘƛƻƴŀƭ ǎŜǊǾƛŎŜ ǘƛƳŜ. Conditional service time is generally equal to or greater 
than the minimum green of the left turn phase to be conditionally serviced. 
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Left Turn Phasing 

A critical element to the operation of a traffic signal is the determination of the appropriate phasing 
scheme. At signalized intersections where traffic volumes are heavy or speeds are high, vehicles 
attempting to turn left across opposing traffic may constitute significant safety and capacity problems. 
Based on this, there are additional considerations for determining the left turn phasing alternative. These 
include: 

V Heaviest Left Turn Protected -  This is a leading left phase scheme in which the left-turning vehicles 
from only one approach are protected and move on an arrow indication proceeding the opposing 
through movement; or a lagging left when the protected left turn follows the through movement 
phase. 

V Both Left Turns Protected (Without Overlap) - When the opposing left turns move simultaneously 
ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ǘƘǊƻǳƎƘ ƳƻǾŜƳŜƴǘǎΣ ƛǘ ƛǎ ŎŀƭƭŜŘ ŀ άƭŜŀŘ Řǳŀƭ ƭŜŦǘέ. If the left turns follow the through 
ƳƻǾŜƳŜƴǘΣ ƛǘ ƛǎ ŎŀƭƭŜŘ ŀ άƭŀƎ Řǳŀƭ ƭŜŦǘέΦ 

V Both Left Turns Protected (With Overlap) - In this operation, opposing left turns start simultaneously. 
When one terminates, the through movement in the same direction as the extending left movement 
is started. When the extended left is terminated, the remaining through movement is started. When 
this type of phasing is used on both sǘǊŜŜǘǎΣ ƛǘ ƛǎ ǘŜǊƳŜŘ άǉǳŀŘ ƭŜŦǘ ǇƘŀǎƛƴƎέΦ 

V Lead Lag - This phasing is combined with a leading protected left in one direction, followed by the 
through movements, followed by a lag left in the opposing direction. It is sometimes used in systems 
to provide a wider two-way through band. 

V Directional Separation (Split) - First, one approach moves with all opposing traffic stopped, then the 
other approach moves with the first approach stopped. 

The figure on the following page shows the above basic left turn phasing schemes. 

Whether or not separate left turn phasing should be provided is a decision that must be based on 
engineering analysis. This analysis may involve serious trade-offs between safety, capacity, and delay 
considerations. 

V Separation of left turns and opposing traffic may reduce accidents that result from conflicts 
between these movements, and may increase left turn capacity. However, through traffic capacity 
may be reduced. 

V Left turn phasing may reduce peak period delay for left turners, but may increase overall 
intersection delay. Off-peak left turn delay may also increase. 
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Heaviest Left Turn Protected

This is a leading left phase scheme in which the 

left-turning vehicles from only one approach are 

protected and move on an arrow indication 

proceeding the opposing through movement; or a 

lagging left when the protected left turn follows the 

through movement phase.

Both Left Turns Protected (Without Overlap) 

When the opposing left turns move simultaneously 

followed by the through movements, it is called a 

ñlead dual leftò.  If the left turns follow the through 

movement, it is called a ñlag dual leftò.

Directional Seperation (Split) 

First, one approach moves with all opposing traffic 

stopped, then the other approach moves with the 

first approach stopped.

- OR -

Leading Left

Lagging Left

- OR -

Lag Dual Lefts

Lead Dual Lefts

Both Turns Protected (with Overlap) 

In this operation, opposing left turns start 

simultaneously.  When one terminates, the through 

movement in the same direction as the extending 

left movement is started.  When the extended left is 

terminated, the remaining through movement is 

started.  When this type of phasing is used on both 

streets, it is termed ñquad left phasingò.

Lead Lag phasing is combined with a leading 

protected left in one direction, followed by the 

through movements, followed by a lag left in the 

opposing direction.  It is sometimes used in 

systems to provide a wider two-way through band.

.

- OR -

Quad Left (Leading) Phasing

Quad Left (Lead Lag) Phasing
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Exclusive and Permissive Left Turn Phasing 

If an exclusive left turn phase is to be used (left turn made without 
conflicts with opposing traffic) left turns may or may not also be 
permitted on a circular green indication with opposing traffic. 

In general, it is desirable to allow this permissive left turn movement 
unless there are overriding safety concerns which make such phasing 
particularly hazardous. 

V Use of a permissive left turn can significantly reduce overall 
intersection delay as well as delay to left turners.  

V Use of permissive left turn phasing may reduce the required 
length of left turn storage on the approach and allow an 
approach with substandard left turn storage to operate more 
efficiently. 

Certain situations exist where safety considerations generally precluded the use of permissive left turns. In 
these cases, left turns should be restricted to the exclusive left turn phases. Such situations include: 

V Intersection approaches where accident experience or traffic conflicts criteria are used as the basis 
for installing separate left turn phasing. 

V Blind intersections where the horizontal or vertical alignment of the road does not allow the left 
turning driver adequate sight distance to judge whether or not a gap in on-coming traffic is long 
enough to safely complete his turn.  

V High-speed and/or multilane approaches may make it difficult for left turning drivers to judge gaps 
in oncoming traffic. Such locations should be evaluated on an individual basis. 

V ¦ƴǳǎǳŀƭ ƎŜƻƳŜǘǊƛŎ ƻǊ ǘǊŀŦŦƛŎ ŎƻƴŘƛǘƛƻƴǎ Ƴŀȅ ŎƻƳǇƭƛŎŀǘŜ ǘƘŜ ŘǊƛǾŜǊΩǎ ǘŀǎƪ ŀƴŘ ƴŜŎŜǎǎƛǘŀǘŜ ǘƘŜ 
prohibition of permissive left turns. An example of such conditions is an approach where dual left 
turns are provided. 

V When normal lead-lag phasing is used (due to left turn trapping). 

Mn/DOT typically does not 
use permissive left turn 
phases when the posted 
speed limit is 45 mph or 

higher. Engineering studies 
and judgment should be 

exercised in determining use 
of permissive left turn 
phases in high speed 

locations. 
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Left Turn Trapping 

As noted in bullet item five in the previous section, the combination of a permitted left turns with lead-lag 
ǇƘŀǎƛƴƎ ƭŜŀŘǎ ǘƻ ŀ ǎƛǘǳŀǘƛƻƴ ŎƻƳƳƻƴƭȅ ŎŀƭƭŜŘ ǘƘŜ άƭŜŦǘ-ǘǳǊƴ ǘǊŀǇέ. Contemplate the figure shown here for 
an eastbound leading scenario. There is no real problem with the westbound situation here, these left 
turners are presented in interval 2 with a green ball after a period of obvious opposing flow. It is clear they 
must yield to the eastbound through traffic. In interval 3 this movement is protected and, again three is no 
problem. The transition is given by green ball direct to green arrow, but even if a yellow ball was displayed 
at the end of interval 2, there is no problem.  

The problem is with the eastbound left turns. If this scenarios was allowed, any left turner who had not 
been able to find a gap during the interval 2 green would be presented with a yellow ball at its end. Since 
these drivers see yellow balls on all facing displays (through and left), they may incorrectly presume that 
the westbound through is likewise receiving a yellow ball and is about to stop. 

When the signal go red (eastbound) the turner will:  1) at best be stuck (now illegally), in the middle of the 
intersection with nowhere to go, or 2) at worst commit the left turn thinking the opposition is stopping 
creating a serious safety issue. 
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Flashing Yellow Arrow Display 

The flashing yellow arrow is under investigation by a number of agencies. It is a different way of handling a 
protected plus permitted left turn with a flashing yellow arrow. Full details on the FYA can be found by 
visiting: 

http://mutcd.fhwa.dot.gov/resources/interim_approval/ia_10_flashyellarrow.htm 

http://www.dot.state.mn.us/trafficeng/standards/signalnews.html 

 

The information following this page is a DRAFT handout regarding aƛƴƴŜǎƻǘŀΩǎ ǳǎŜ ƻŦ ǘƘŜ C¸!Φ 5Ŝǘŀƛƭǎ ƻƴ 
this can be found by visiting: 

 

www.dot.state.mn.us/trafficeng/standards/signalnews.html 

 

 

http://mutcd.fhwa.dot.gov/resources/interim_approval/ia_10_flashyellarrow.htm
http://www.dot.state.mn.us/trafficeng/standards/signalnews.html
http://www.dot.state.mn.us/trafficeng/standards/signalnews.html
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Detection 

The section discusses the functions available for traffic signal detectors. The design and layout of detectors 
at an intersection is discussed in the Traffic Signal Design Manual. Refer to section 0 for information from 
the Signal Design Manual. 

Detector Labeling and Phase Assignments 

In loop detector design, detectors are labeled on the plan set according to the following rules: 

Number detectors per phase as you approach the intersection and from right to left with Number 1 usually 
a detector back from the stop line and Number 2 to the left. At the stop line, Number 3 would be in the 
right lane with Number 4 to the left as you proceed to the intersection. These numbers should be 
proceeded by a D and the controller phase number (an example D8-1, D8-2, etc.). Also, if there is more 
than one detector in the left lane, Number 1 would be the first detector as you approach the intersection 
and Number 2 the second. 

For controller functions, detectors will have a single unique number from 1 to 32. Therefore, the detector 
will have two labels; one for the plan sheet (i.e. D1-1) and one for the controller functions (i.e. Detector 
#1).  

Refer to the image below. At this intersection there are 8 phases. Each detector is labeled with the plan 
sheet label and local detector (LD) number. For instance, the northernmost detector is for phase 4 SBT. On 
the plan set, this is indicated as D4-1. For the LD Phase Assignment this is Detector #13.  
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Assigning TS2 Type 1 Detector Numbers 

As noted above, the signal operator will label each detector with a unique number from 1 to 32. This is 
done by filling out the TS2 Type 1 Detector Phase Assignment list found at the following link: 

http://www.dot.state.mn.us/trafficeng/standards/signalworksheets.html 

The detector layout shown in section 0 above is used as an example to fill out the TS2 Type 1 Detector 
Phase Assignment below. 

In this example, detector D4-1 and D8-1 are set at 3ллΩ ŀƴŘ 54-3 and D8-3 ŀǊŜ ŀǘ нлΩ ōŀŎƪ ŦǊƻƳ ǘƘŜ ǎǘƻǇ 
bar (per Figure 2 of the Signal Design Manual). At 45 mph, a vehicle takes 4.23 seconds to travel 28лΩ (the 
distance between the detectors). However, it is not desirable to have detector D4-3 and D8-3 extend the 
phase 4.23 seconds. So, the vehicle extension can be set to 1.0 seconds. Then, detector D4-1 and D8-1 can 
have a detector extend of 3.23 seconds. This will allow the phase to extend the full 4.23 seconds between 
detectors but only 1.0 second after leaving phase D4-3 and D8-3. 

Designation No. of Loops Location

D4-2, D8-2 1 5'

D4-1, D8-1 1 300'

D2-1, D2-2 1 400'

D3-1, D7-1 2 20' & 50'

Loop Detector Chart

D3-2, D7-2 2 5' & 35'

D1-1, D5-1 1 40'

D1-2, D5-2 1 10'

D4-3, D8-3 2 5' & 20'

D6-1, D6-2 1 400'

D6-1, #7

D6-2, #8

D1-1, #1

D1-2, #2

D2-2, #6

D2-1, #5

D4-2, #14D5-2, #4

D5-1, #3

D3-2, #10

D8-1, #16

D8-2, #17

N

50 mph

4
5

 m
p

h

f 1

f 6

f 2

f 5

f
 3

f
 8

f
 4

f
 7

Phase Assignments

(NBL/SBL Prot + Perm)

D8-3, #18

D3-1, #9

D4-1, #13

D4-3, #15

D7-1, #11

D7-2, #12

Not to

Scale

http://www.dot.state.mn.us/trafficeng/standards/signalworksheets.html
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TE# System I.D.#

Intersection:                                                         

Zone Rack 1 BIU Address 9 Initals

1 2 3 4 5 6 7 8 9 10 11 12

D1-1 1 0 x 0 0

D1-2 2 0 x 0 0

D5-1 3 0 x 0 0

D5-2 4 0 x 0 0

D2-1 5 0 x 0 0

D2-2 6 0 x 0 0

D6-1 7 0 x 0 0

D6-2 8 0 x 0 0

D3-1 9 0 x x 0 0

D3-2 10 0 x x 0 0

D7-1 11 0 x x 0 0

D7-2 12 0 x x 0 15

D4-1 13 0 x 3.23 0

D4-2 14 1 x 0 15

D4-3 15 0 x 0 0

D8-1 16 0 x 3.23 0

1 2 3 4 5 6 7 8 9 10 11 12

D8-2 17 1 x 0 15

D8-3 18 0 x 0 0

19

20

21

22

23

24

25

26

27

28

29  

30  

31

32

*Types Note:

0 = Normal

1 = extend/delay

S = system Detector assingments should be done in the following order:

1. All main line left turns

2. All main line thru lanes

3. All cross street left turns

4. All cross street thru lanes

5. All other detection (Overlaps, System Detectors)

3/20/2007

Local  Detector
Detector       

#
*Type*

TS2 Type 1  Detector Phase Assignment

Detector       

#
*Type*Local  Detector Delay

TH 1 and Main St.

Phase

Each rack is wired to support 4 additional channels of EVP or Pedestrian 

detection not shown above.

Date:

Phase
Extend Delay

Rack 2 BIU Address 10

Extend

S
A

1
S

A
2

S
A

3
S

A
4

S
A

1
S

A
2

S
A

3
S

A
4
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Common Detector Functions 

Below is a list of the common by detector functions that can be used. 

1. CALL & EXTEND  Upon actuation the detector immediately places a call on its  associated phases at 
all times. The detector shall also immediately cause the controller to extend the 
green time for the actuating vehicle only during the green interval of that phase. 
The controller phase and the individual detector may be in Lock or Non-Lock 
mode. 

2. DELAY CALL - 
IMMEDIATE 
EXTEND 

 When actuated during the yellow and red interval of its associated phase, the 
detector delays its output call for a pre-determined length of time during the 
extended presence actuation. After the time delay expires, the call remains active 
at the controller unit as long as the detector stays actuated. The detector shall 
also immediately cause the controller unit to extend the green time for the 
actuating vehicle only during the green interval of that phase. The controller 
phase and the individual detector may be in Lock or Non-Lock mode. 

3. EXTEND ONLY  The detector immediately registers actuation at the Controller unit only during 
the green interval for that phase thus extending the green time before the 
actuating vehicles. The controller phase and the individual detector may be in 
Lock or Non-Lock mode. 

4. SYSTEM  Any type of vehicle detector used to obtain representative traffic flow 
information. 

5. CALL ONLY  Upon actuation the detector immediately places a call on its associated phase 
only during the red interval of that phase. This call remains active as long as the 
detector is actuated. The controller phase or individual detector may be in Lock or 
Non-Lock mode. 

6. QUEUING  The detection of vehicles on one or more intersection approaches solely for the 
purpose of modifying the sequence and/or length of a phase. 

7. CALL ONLY 
DENSITY 

 Upon actuation the detector immediately places a call on its associated phase 
only during the red interval of that phase. This call is inactivated when the 
controller unit outputs a check. This allows the use of density functions on this 
phase but necessitates the use of detector memory (lock) on the controller unit. 

8. DELAY CALL 
DENSITY ONLY 

 When actuated during the red interval of its associated phase, the detector delays 
its output call for a pre-determined length of time during the extended actuation. 
This call is inactivated when the controller unit outputs a check and the time delay 
unit is not reset until after that phase has been served. This allows the use of 
density functions on this phase but necessitates the use of detector memory 
(lock). 

9. CARRY-OVER 
CALL & EXTEND 

 Upon actuation the detector immediately places a call on its associated phase at 
all times and continues to output the call for a pre-determined length of time. The 
detector shall also immediately cause the controller unit to extend the green time 
for the actuating vehicle during the green interval of that phase and shall continue 
its output for a pre-determined length of time following an actuation. The 
controller unit may be in Lock or Non-Lock mode. 
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10. DELAY CALL 
ONLY 

 When actuated during the red interval of its associated phase, the detector delays 
its output call for a pre-determined length of time during the extended presence 
actuation. After the time delay expires, the call remains active at the controller 
unit as long as the detector remains actuated. The controller phase or individual 
detector may be in Lock or Non-Lock mode. 

11. STOP BAR  Calls are accepted when the phase is not green and are held during green until 
the detector is empty, the detector is then disconnected.  Additional Stop Bar 
functions are available where a timer can allow additional time before disconnect. 

 

Summary of By Phase and By Detector Functions 

As detailed throughout this manual, the signal operation has a variety of functions that can be applied by 
phase and/or by detector. The functions give the operator flexibility in controller the variable green time 
(the time between the minimum green and the maximum green).  

The table below is a summary of some of the common functions available by phase and/or by detector. 
The list is not all inclusive of the functions available for each controller manufacturer.  

 

Function By Phase By Detector Definition 

Minimum Green X  Refer to page 3-11 and page 4-5 

Passage, Vehicle 
Extension, Gap 

X X Refer to page 3-12 and page 4-7 

Maximum Green X  Refer to page 3-12 and page 4-8 

Volume Density 
Control (gap 
reduction, added 
initial, computed 
inititial) 

X  Refer to page 3-13 and page 4-6 

Recall X  Refer to page 3-13  

Lock Call X X Refer to page 3-15 and below 

Delay Call  X Refer to page 3-26 

Stop Bar  X Refer to page 3-26 

 

Detector Modes 

Detectors can be operated in a pulse or presence mode. In pulse Mode the detector produces a short 
output pulse when detection occurs. In presence Mode the detector output continues if any vehicle (first 
or last remaining) remains in the zone of detection.  

Detectors can also be operate with a lock or non-lock feature. The lock feature means that a vehicle call is 
held by the controller (even after the vehicle has left the detection area) until the call has been satisfied. 
This type of detection memory is usually associated with point detection such as one 1.8 m X 1.8 m (6' X 6') 
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loop or a magnetometer. It has the advantage of minimizing detection costs, but is incapable of screening 
out false calls. 

In the non-lock mode of memory, a waiting call is dropped by the controller as soon as the vehicle leaves 
the detection area. Non-lock detection memory is associated with large areas of detection at the stop line. 
This type of operation can reduce delay by screening out false calls, but has greater installation costs due 
to the large areas of detection needed. 

 

Detection Design 

The information following this page is a handout taken from the Minnesota Department of Transportation 
Signal Design Manual. The most current version of the Signal Design Manual can be found at: 

www.dot.state.mn.us/trafficeng/otepubl/index.html 

It is recommended that you review all original reference material. 

http://www.dot.state.mn.us/trafficeng/otepubl/index.html
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Measures of Effectiveness 

All traffic signal timing and analysis models produce at least some estimates of performance, or measures 
of effectiveness (MOEs). There are two general classes of MOEs: 1) estimates of performance measures 
that allow the analyst to evaluate the quality of the system, and 2) performance measures which in fact 
serve as the explicit objective function of the optimization. Only optimization models are concerned with 
the later type. 

The exact way each of the models derive these estimates varies, so this discussion is general. 

Degree of Saturation 

Degree of Saturation is defined as:  

 X = vC / sg 

where, 

X = degree of saturation expressed as a decimal value or multiplied by 100 to form a percentage, 

v  =  volume in vph, 

C =  cycle length in seconds, 

s  =  saturation flow in vphg, and 

g  = effective green (split time - lost time). 

You may notice that moving the cycle length to the denominator results in sg/C, which is the capacity, so 
the degree of saturation is also commonly called the volume-to-capacity (v/c) ratio. 

LŦ ǘƘŜ ǇǊƻƎǊŀƳ ǎŀȅǎ ȅƻǳ ƘŀǾŜ ŀ ά·έ ǘƘŀǘ ƛǎ ŀǇǇǊƻŀŎƘƛƴƎ ƻǊ ŜȄŎŜŜŘƛƴƎ ǎŀǘǳǊŀǘƛƻƴ όмлл҈ύ ŀƴŘ ȅƻǳ ƪƴƻǿ ǘƘƛǎ ƛǎ 
not actually occurring, several things could be wrong. Any of the four input elements may have been mis-
coded, so you will need to check and correct your input data. If the data checks out, your saturation flow 
rate is probably wrong. If you estimated it, you should now do a field study to pin it down more accurately. 
Another possibility is your lost time was too high--again do a study (see computer model calibration 
section). 

On the other hand, if the approach really is saturated, for evaluation purposes you will have to do some 
extra analysis. 

Another related ratio is the so-ŎŀƭƭŜŘ άŦƭƻǿ Ǌŀǘƛƻ ό¸ύΣέ 

  Y= v / s 

where all terms have been defined. 

This is the proportion of time that must be available to satisfy the particular movement(s) represented by 
the v and s. Decisions on critical movements are generally made based on the Y values. 

You may also identify all of the critical, conflicting movements and sum their Y values. If the result exceeds 
1.0 (or even a little less, because some part of each cycle is lost time as discussed earlier), no amount of 
signal timing can solve the saturation problem at this intersection. Only more concrete or asphalt, or less 
traffic, will avoid saturation. 

Example ς Degree of Saturation Calculation: Assume the following: 

Northbound through volume = 600 vph 

Cycle length = 60 seconds 
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Green Split = 35 seconds 

Lost time = 5 second 

Adjusted saturation flow = 1700 vphg 

Then, 

X = vC / sg = (600 vph)(60 sec) / (1700 vphg)(35-5 sec) 

X = 0.71 or 71% 

Delay 

All of the standard computer models have this MOE in one form or another; indeed it is often part of the 
optimization objective. You will need to review the respective user documentation to see how delay is 
calculated. 

All optimization models effectively deal in the equivalent of a single cycle. They recognize that, for 
particular conditions, traffic characteristics tend to repeat similarly for successive cycles. This is especially 
true in a coordinated system, which depends on the uniformity of repeated cycles. In most models even 
today, delay is estimated using a method introduced by Webster years ago, or variations of this model.  

In the 2000 Highway Capacity Manual (HCM), the average control delay per vehicle is estimated for each 
lane group and averaged for approaches and the intersection as a whole. The average control delay per 
vehicle for a given lane group is given by: 

d = d1PF + d2+ d3 

d1 = 0.50C [1-g/C]2/{1-[Min(1,X)](g/C)} 

d2 = 900T {(X-1) + [(X-1)2 + (8kIX/cT)]0.5} 

d3 = [1800Qb(1+u)t]/cT, or zero 

Where:  

d = average control delay, sec/veh; 

 d1 = uniform control delay, sec/veh; 

 d2 = incremental delay, sec/veh; 

 d3 = residual delay, sec/veh; 

 PF = uniform delay progression adjustment factor; 

 X = v/c ratio for lane group; 

 C = cycle length, sec; 

 c = capacity of lane group, vph; 

 g = effective green time for lane group, sec;  

 m = incremental delay calibration term representing the effect of arrival type and degree of 
platooning; 

 Qb = initial unmet demand at the start of period T, veh; 

 T = duration of analysis period, hr; 

 I  = upstream filtering/metering adjustment factor; 
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 k = incremental delay factor that is dependent on controller settings; 

 t = duration of unmet demand in T, hr; and 

 u = delay parameter 

d1 gives an estimate of delay assuming perfectly uniform arrivals and stable flow. It is based on the first 
ǘŜǊƳ ƻŦ ²ŜōǎǘŜǊΩǎ ŘŜƭŀȅ ŦƻǊƳǳƭŀǘƛƻƴ ŀƴŘ ƛǎ ǿƛŘŜƭȅ ŀŎŎŜǇǘŜŘ ŀǎ ŀƴ ŀŎŎǳǊŀǘŜ ŘŜǇƛŎǘƛƻƴ ƻŦ ŘŜƭŀȅ ŦƻǊ ǘƘŜ 
idealized case of uniform arrivals. Note that values of X beyond 1.0 are not used in the computation of d1. 

d2 estimates the incremental delay due to nonuniform arrivals and temporary cycle failures (random delay) 
as well as that caused by sustained periods of oversaturation (oversaturation delay). It is sensitive to the 
degree of saturation of the lane group (X), the duration of the analysis period of interest (T), the capacity 
of the lane group (c), and the type of signal control as reflected by the control parameter (k). The formula 
assumes that there is no unmet demand causing residual queues at the start of the analysis period (T). 
Finally, the incremental delay term is valid for all values of X, including highly oversaturated lane groups. 

d3 is applied when a residual demand from a previous time period causes a residual queue to occur at the 
start of the analysis period (T), additional delay is experienced by the vehicles arriving in the period, since 
the residual queues must first clear the intersection. If this is not the case, a d3 value of zero is used. This 
procedure is also extended to analyze delay over multiple time periods, each having a duration (T) in which 
a residual demand may be carried from one time period to the next. 

It must be emphasized that every model uses a different method to calculate delay (and other MOEs for 
that matter). You cannot compare the measures from one model to another. Also, microscopic simulation 
models usually include mid-block speed perturbations as delay, while macroscopic models ignore this. 
Naturally, you should expect to see similar trends among models, but the absolute values cannot be 
compare across models, thus only compare MOEs developed by one model for different scenarios.  

Level of Service 

Level of service for signalized intersections is defined in terms of delay, which is a measure of driver 
discomfort, frustration, fuel consumption, and lost travel time. The delay experienced by a motorist is 
made up of a number of factors that relate to control, geometrics, traffic, and incidents. Total delay is the 
difference between the travel time actually experienced and the reference travel time that would result 
during ideal conditions: in the absence of traffic control, in the absence of geometric delay, in the absence 
of any incidents, and when there are no other vehicles on the road. Control delay includes initial 
deceleration delay, queue move-up time, stopped delay, and final acceleration delay. In contrast, in 
previous versions of the HCM (1994 and earlier), delay included only stopped delay. Control delay may also 
be referred to as signal delay.  

Specifically, LOS criteria for traffic signals are stated in terms of the average control delay per vehicle, 
typically for a 15-min analysis period. The criteria are given in the table below. Delay is a complex measure 
and is dependent on a number of variables, including the quality of progression, the cycle length, the green 
ratio, and the v/c ratio for the lane group in question.  
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Level of Service Criteria For Signalized Intersections 

Level Of Service Control Delay Per Vehicle (Sec) 

A < 10.0 

B > 10.0 and < 20.0 

C > 20.0 and < 35.0 

D > 35.0 and < 55.0 

E > 55.0 and < 80.0 

F > 80.0 
 

Stops 

Stops have a much more significant effect on traffic performance than might intuitively be expected. This 
measure is calculated by the various models in several ways, so it is not appropriate to present a particular 
method here. Suffice it to say that stops are significantly different under normal operations, vs. saturated 
conditions. Consider the figure that follows, which is a time-space diagram of a single approach showing 
individual vehicle trajectories. 

 

 

 

Undersaturated Conditions 

The vehicle arriving during the red and, indeed, early in the green, clearly must stop. This is depicted by the 
flat slope of their trace lines. Those arriving when the queue is nearly dissipated, however, do not come to 
a complete stop, as you well know, thus their traces never fall completely flat, but rather lie at a slope 
representing a reduced speed.  

This figure is also significant from an academic perspective. The trace of points (in mathematical terms, the 
locus) in time and space at which arriving, queuing vehicles stop όǇƻƛƴǘǎ ά!έύ ƛǎ ǎƘƻǿƴ ōȅ ǘƘŜ ƭƛƴŜ ά[ό!ύ ά ƛƴ 
the figure. The slope of this line is the arrival rate in vehicles per unit time. If this figure was indeed 
accurately scaled, the arrival rate could actually be quantified. Likewise, the trace (locus) of points of 
ǾŜƘƛŎƭŜǎ ŘŜǇŀǊǘƛƴƎ ǘƘŜ ǉǳŜǳŜ όά.έύ Ƙŀǎ ŀ ǎƭƻǇŜ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŘŜǇŀǊǘǳǊŜ ǊŀǘŜΦ {ƛƴŎŜ ǘƘƛǎ ƛǎ ǘƘŜ 
maximum departure rate, it is also the saturation flow rate, as defined earlier.  

L(A) 

C - Max. Back of Queue 

SLT 

TIME 

L(B) 

 

D
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T
A
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C

E 
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Also, in mathematical sense, the area inside the triangle formed by the horizontal axis and L(A)-L(B) 
constitutes the uniform delay as defined by Webster. This points out an intuitively obvious fact:  where 
there are stops, there is delay. Some models, however, actually look at this from the opposite perspective: 
if a vehicle is delayed, it must have been stopped (e.g., TRANSYT-7F).  

A typical deterministic model for deriving the number of stops under pre-timed control is expressed as 
follows: 

 

where Ps  = percentage of vehicles stopped, which is multiplied by the volume to obtain the number of 
vehicles stopped; 

r = length of effective red for the movement, sec; 

s = saturation flow rate, vphg; 

C = cycle length, sec; and 

v = volume of the movement, vph. 

Example Percentage of Vehicles Stopped: Assume the following: 

Northbound through volume = 600 vph 

Cycle length = 60 seconds 

Green Split = 35 seconds 

Lost time = 5 second 

Adjusted saturation flow = 1700 vphg 

Then, 

g = Split - Lost time = (G + Y) - L 

r = C - g  = C ς (Split - Lost Time) = 60 - 35 + 5  = 30 seconds 

Ps = rs/[C(s-v)] = (30 sec)(1700 vphg) / [(60 sec)(1700 - 600 vph)] = 0.77 or 77% 

hǘƘŜǊ ŘŜǘŜǊƳƛƴƛǎǘƛŎ ƳƻŘŜƭǎ ǳǎŜ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜƭǎ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜΦ t!{{9w LLΩǎ ƳƻŘŜƭΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŀŘƧǳǎǘǎ 
for the platooning of vehicles. See their user guides for more details. 

TRANSYT-7F, being a simulation model, expressly considers the full stop vs. the partial stop. This is 
explained further in the TRANSYT-7F Users Guide.  

Saturated Conditions 

The second condition is when the approach is saturated. In reality, vehicles arriving at the back of the 
queue will normally not reach the intersection in one cycle. They advance their position in the queue, but 
stop again. NO macroscopic model deals with multiple stops and the other effects of saturation (other 
than a loose estimate of the added delay). Microscopic models (such as SimTraffic and CORSIM) deal more 
properly with this, and this is one of their main advantages. 

Queuing 

It is not surprising that stops and queuing are even more closely related than stops and delay. A vehicle 
ǎǘƻǇǇŜŘΣ ƻǊ ƴŜŀǊƭȅ ǎǘƻǇǇŜŘΣ ŀŘŘǎ ǘƻ ǘƘŜ ǉǳŜǳŜ ƭŜƴƎǘƘΦ /ƻƴŎŜǇǘǳŀƭƭȅΣ ǘƘŜ ǉǳŜǳŜ ƛǎ ǘƘŜ ǾŜǊǘƛŎŀƭ άŘƛǎǘŀƴŎŜέ 

Ps =
rs

C(s-v)
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between L(A) and L(B) in the previous figure. The maximum length of the queue actually occurs at the 
beginning of effective greŜƴΦ !ǘ ǘƘŀǘ Ǉƻƛƴǘ ǘƘŜ ŘŜǇŀǊǘǳǊŜ ǊŀǘŜ ά[ό.ύέ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ŀǊǊƛǾŀƭ ǊŀǘŜ ά[ό!ύΣέ 
ǎƻ ǘƘŜ ǾŜǊǘƛŎŀƭ άŘƛǎǘŀƴŎŜέ ōŜǘǿŜŜƴ ǘƘŜ ŘŀǎƘŜŘ ƭƛƴŜǎ ŘƛƳƛƴƛǎƘŜǎ ǘƘŜǊŜŀŦǘŜǊΦ bƻǘƛŎŜ ǘƘŀǘ ǘƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ 
the arrival/departure traces at point C represents the point in time and space at which the queue itself has 
ended, or dissipated. Now notice where this is--at the maximum distance upstream of the stop line. 

¢Ƙƛǎ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƳŀȄƛƳǳƳ ōŀŎƪ ƻŦ ǉǳŜǳŜ (MBQύέ ŀƴŘ ƛǎ ǊŜǇƻǊǘŜd in Synchro and TRANSYT. All 
other macroscopic models (e.g., SOAP, PASSER II, etc.) report the maximum queue length, if they report 
queuing at all. The MBQ is clearly more important, because it shows how far upstream the queue will 
extend, potentially spilling over into intersections, or backing out of turn bays and blocking the through 
lane. 

Unfortunately, TRANSYT-7F does not deal with the effect of spillover, as explained in its Users Guide. As of 
release 6, however, TRANSYT-7F does consider the excess maximum back of queue it its optimization 
process. It is important to note that if spillover actually does occur, the signal timing models do not give 
realistic results. The results of the simulations will not be reliable as long as spillover is a distinct possibility. 
In the case of TRANSYT-7F, you can, however, approximate the effect of the spillover. The special 
technique is described in its Users Guide. 

Synchro 6 includes a new method for queue delay. Refer to the Synchro section for further details. 

In contrast to the signal timing modes, the microscopic simulation models naturally do explicitly deal with 
queuing. 

Fuel Consumption 

Fuel consumption models developed for signal timing methods generally meet the following criteria: 

V The model predicts fuel consumption based on the MOEs produced by the program. 

V The model accounts for the fact that the optimization can alter the numerical relationship between 
delay and stops. 

V The model is simple and easy for researchers to calibrate. 

The MOEs used in typical fuel consumption models are the following: 

V Total travel in vehicle-miles (vehicle-kilometers)/hour. 

V Total delay in vehicle-hours/hour, 

V Total stops in vehicles/hour, and 

V Cruise speed on the approach, or link. 

Most macroscopic fuel models have been empirically calibrated by field studies where data were analyzed 
by stepwise multiple regression, resulting in the following model form: 

Fi = Ki1  TTi  + Ki2  Di  Ki3 Si 

where,  

Fi = fuel consumed on link I, in gallons (liters) per hour; 

TTi = total travel in veh-mi (veh-km) per hour; 

Di = total delay in veh-hr per hour; 

Si = total stops in vph; and 
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Kij = model coefficients which are functions of cruise speed (Vi) on each link I: 

Kij = Aj1  + Aj2 Vi + Aj3 Vi2 

 where Ajk = regression coefficients. 

¢Ƙƛǎ ƛǎ ǘƘŜ άŎƭŀǎǎƛŎέ ƳƻŘŜƭ ŦƻǊƳ ǳǎŜŘ ōȅ ¢w!b{¸¢-7F. The coefficients in the TRANSYT-7F fuel model have 
been calibrated to generalize the model to be representative of the distribution of sales by vehicle size; 
although, these are not always very current.  

The TRANSYT-7F fuel model is also used in Synchro and PASSER II. It is important that users of the 
TRANSYT-7F fuel model understand its limitations, which are obviously common to other versions of 
similar models, albeit for somewhat different reasons: 

V The model parameters were determined from studies conducted with only one test vehicle, but the 
ƳƻŘŜƭ ŎƻŜŦŦƛŎƛŜƴǘǎ ǿŜǊŜ ŀŘƧǳǎǘŜŘ ǘƻ ōŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ŀƴ άŀǾŜǊŀƎŜέ ǾŜƘƛŎƭŜ ƛƴ ǘƘŜ ŦƭŜŜǘΦ ¢ƘŜ ƭŀǎǘ 
update to this, however, was 1983. 

V No explicit consideration was given to factors such as traffic congestion, vehicle type mix (i.e., trucks 
and diesel engines) or geometric and environmental factors such as road gradient, curvature, 
surface quality, temperature and other factors. 

These limitations suggest that the conclusions about the absolute values of the fuel estimates be used with 
appropriate caution. On the other hand, the relative estimates from the existing signal timing plan to the 
optimized timing plan should reasonably reflect the trend that can actually be expected to occur, except 
when saturated conditions exist. 



Mn/DOT Traffic Signal Timing and Coordination Manual 

May 2011  Local Intersection Concepts Page 3-51 

Critical Lane Analysis 

Introduction 

Critical lane analysis is a simple planning and operational tool intended in sizing the overall geometrics of 
the intersection or in identifying the general capacity sufficiency of an intersection. The basic procedure is 
as follows: 

V The capacity of a point where intersecting lanes of traffic must cross is equal to 1,400 vehicles per 
hour (vph). In the example shown below, if 1,000 vph is the demand on the eastbound approach, 
then the northbound volume cannot exceed 400 vph. 

V This procedure does not consider the detail of lane width, parking conditions, or other features, nor 
does it consider the number of trucks and buses in the traffic stream. 

V Critical Movement Analysis identifies critical movements by individual lanes. Thus hourly approach 
volumes must be assigned by lane. 

V Where exclusive turning lanes are present, all turns are assigned to the appropriate turning lane. 

V For shared and/or through lanes when permissive left turns are not present, volume is distributed 
equally among the available lanes. 

 

1000 vph
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Example:  Given the following intersection geometrics and hourly traffic movements: 

 

The Lane Volumes are assigned as follows: 

 

 

V When permissive left turns are included in shared lanes, vehicles are assigned to available through 
and shared lanes in equal numbers of through vehicle equivalents. All right turning traffic and 
through vehicles have a through vehicle equivalent (TVE) of 1.00, while permissive left turns have 
the following values: 
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Opposing Through and Right-Turn 
Volume, Vo (vph) 

Through Vehicle Equivalent 
(TVE) 

0-100 1.0 

100-199 1.1 

200-599 2.0 

500-799 3.0 

800-999 4.0 

² 1000 5.0 

 

This distribution is subject to the requirement that all left turns be assigned to the left-most shared lane. 

Example:  Given the figure below, determine the distribution of traffic on the northbound approach of the 
following intersection: 

 

First, convert the 100 left turners to through vehicle equivalents: 

 Opposing volume = 900 (850 + 50) 

 Each left turner = 4.0 TVE or 

 100 x 4.0 = 400 TVE 

Next, load up lanes equally with remaining volume plus through vehicle equivalents: 

 500 through + 100 right + 400 TVE = 1000 

 1000/2 = 500 
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Of the 500 vehicles in the inside lane, 400 are through vehicle equivalents that represent left turners. 
Therefore, the remaining 500 - 400 = 100 vehicles in the inside lane are actually through vehicles. 

Now, distribute traffic in actual traffic movements: 

 

Capacity Analysis 

The capacity analysis is carried out by identifying a critical lane volume for each signal phase, and summing 
these critical lane volumes. 

V The sum of the critical lane volumes can be compared with the values in the following table to 
obtain a general evaluation of probable traffic conditions at the intersection. 

Sum of Critical Lane Volumes, vph Relationship to Probable 
Capacity 

0 - 1200 Under Capacity 

1201 - 1400 Near Capacity 

² 1400 Over Capacity 

¶ Capacity will vary considerably with the cycle length, number of phases, grades, lane widths, 
presence of heavy vehicles, and numerous other factors. The values in this table represent a 
range of normally-occurring situations, including: 

a.  Cycle lengths from 30 to 120 seconds, 

b.  Percent heavy vehicles from 0% to 10%, 

c.  Level terrain, and, 
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d.  Standard lane widths from 10 ft to 12 ft. 

¶ For this range of conditions, critical volumes of less than 1,200 vph will virtually always be below 
the capacity of the intersection, while values greater than 1,400 vph will be more than the 
capacity of the intersection in most cases. For critical volumes between 1,200 and 1,400 vph, 
judgment is difficult, as the specific characteristics notes above will be important in determining 
whether or not capacity is exceeded. For such cases, the only possible general evaluation is that 
ǘƘŜ ǾƻƭǳƳŜ ƛǎ άƴŜŀǊέ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƻƴΣ ŀƴŘ ŎƻǳƭŘ ōŜ ƭŜǎǎ ǘƘŀƴ ƻǊ ƳƻǊŜ ǘƘŀƴ ŎŀǇŀŎƛǘȅ 
depending upon prevailing conditions. 

¶ However, it may be noted that in general, a traffic operational scheme that produces a lower 
sum of critical lane volumes will result in better intersection operations than an alternative that 
produces a higher sum. 

V If left turns are served only on protected left turn phases, then the critical lane volume for each 
phase is simply identified as the highest lane volume that receives a green indication on that phase. 

Example:   Assume that a 4-phase signal operation with protected lefts is used for the intersection shown 
below (from previous examples): 

 

Critical lane volumes are identified and summarized as follows: 
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V If left turns are allowed as a permissive movement during the same phase as opposing through 
traffic, then we have to account for the conflicts betǿŜŜƴ ǘƘŜǎŜ ƳƻǾŜƳŜƴǘǎΦ ¢ƘŜ άŎǊƛǘƛŎŀƭ ƭŀƴŜ 
ǾƻƭǳƳŜέ ŦƻǊ ŀ ǎƛƎƴŀƭ ǇƘŀǎŜ ōŜŎƻƳŜǎ ǘƘŜ ƘƛƎƘŜǎǘ ǘƻǘŀƭ ƻŦ ǘƘŜ through single lane volume plus its 
opposing left. 

¶ For a north-south street, critical conflicts are the NB left turn movement with the SB through 
movement and the SB left turn movement with the NB through movement. The critical lane 
volume for the north-south street is the largest sum among: 

¶ The NB left turn volume plus the maximum single lane volume for the SB through plus 
right turn movement, or 

¶ The SB left turn volume plus the maximum single lane volume for the NB through plus 
right turn movement. 

Similarly, the critical lane volume for the east-west street is the greatest among: 
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¶ The EB left turn volume plus the maximum single lane volume for the WB through plus 
right turn movement, or 

¶ The WB left turn volume plus the maximum single lane volume for the EB through plus 
right turn movement. 

The total critical lane volume for the intersection is the sum of the critical lane volumes for the 
north-south and east-west street. 

Example: Once again, use the following intersection. This time, however, assume two-phase signal 
operation with permissive lefts. 

 

Critical lane volumes are identified and summarized as follows: 

 

V This critical lane volume procedure gives us an evaluation of the overall operational level of the 
intersection, but does not evaluate the need for special phasing (particularly for left turning traffic). 
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¶ In the previous example perhaps the 100 northbound left turners that are opposed by the 
southbound 1200 through and right turning vehicles may need a separate phase. 

The maximum left turn volume that can be accommodated as a permissive movement (i.e., 
without a left turn phase) can be computed as the maximum of: 

 CLT = (1400 - Vo) (g/C)PLT 

or: 

 CLT = 2 vehicles per signal cycle 

where: 

 CLT = capacity of the left turn permissive phase, vph, 

 Vo = the opposing through plus right turn movement, vph, and 

 (g/C)PLT = the effective green ratio for the permissive left turn phase. 

¶ The g/C ratio for each phase is normally assumed to be proportional to the highest approach 
lane volume for the phase when compared with approach lane volumes for the other phases. 
For simplicity, we generally do not include the opposing left turn volumes in calculating this 
proportion. For a two-phase signal, we can estimate g/C for phase 1 as: 

 

 

 

For a multiphase signal, we can estimate g/C for phase 1 as: 

 

 

where: 

(g/C)1 = the effective green ratio for phase 1, 

V1 = the highest approach lane volume moving on phase 1 

V2 + V3 Ҍ ΧΦ Ҍ ±N = The highest approach lane volumes moving on each of the other phases. 

 

Example: Using the previous example, determine if potential left turn phases are required 

(g/C)1  = 
V1  

V1 + V2 

(g/C)1  = 
V1  

V1 + V2 + V3 Ҍ ΧΦ Ҍ ±N 
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For the NB left turns, 

CLT = (1400 - Vo) (g/C)NB 

where: 

 Vo = 600 + 600 = 1200 

 (g/C)NS = 600 / (600 + 450) = 0.57 

CLT = (1400 - 1200) (0.57) = 114 > 100 NB left turners  

In addition, as a minimum left turn capacity, we can count on an average of two left turns on the clearance 
period following each permissive phase, even when opposing traffic volumes are so heavy that no left 
turns can occur on the green indication. Therefore, minimum NB left turn capacity, 

CLT = (2 x 3600 sec/hr) / (cycle length in sec.) 

If a 60 second cycle is used, CLT = (2 x 3600) / 60 = 120 left turns. 
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Summary of Critical Lane Analysis 

A summary of the critical lane method for evaluating the adequacy of a signalized intersection is as 
follows: 

V Assign traffic volumes to lanes. 

1. Separate turn lanes accommodate their respective turning movements. 

2. Right turns are equivalent to through movements if a separate turn lane is not provided. 

3. If separate left turn lanes are not used, lane distribution is attained through the use of through 
vehicle equivalents. 

4. If there are single lane approaches, special adjustments must be made to account for the 
impeding effect of left turning vehicles. 

V Check if two-phase signal operation is feasible or if a multi-phase operation is required to provide 
protected left turn movements. 

V Identify critical movements for each signal phase. 

V Evaluate level of intersection operation based on summation of critical movements. 
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4. [h/![ Lb¢9w{9/¢Lhb ¢LaLbD 

Timing Practices 

Assuming that the traffic control signal has been designed and installed in accordance with good technical 
practices, proper timing is the final ingredient to create an efficiently operating traffic control signal. The 
objective of signal timing is to alternate the right of way between traffic streams so that average total 
delay to all vehicles and pedestrians, and the possibility of accident-producing conflicts are minimized. 

The purpose of this manual is to establish uniform guidelines for Mn/DOT personnel to time traffic control 
signals. It is intended to set forth accepted practices, procedures and guidelines. It should be noted that 
there are no legal requirements for the use of these practices, procedures and guidelines. The legal 
considerations are set forth in the state law and the Minnesota Manual on Uniform Traffic Control Devices 
(MN MUTCD). 

It should also be noted that these guidelines, procedures and practices are general and should be used 
only as a general guide. Many other factors at each individual intersection must be considered and good 
engineering judgement must be utilized in applying these guidelines. Field observations and timing 
adjustments must be done to maximize the efficiency and safety of the traffic control signal operation. A 
series of timing adjustments may be necessary. 

The timing values developed through these procedures may not in all cases be directly set on all traffic 
control signal controllers. Each manufacturer may have a different way of timing each timing function. 
Care must be taken in knowing the theory of operation of each traffic control signal controller and setting 
values in the traffic signal controller. 

There are basically two types of traffic signal controllers; pre-timed (fixed timed) and traffic actuated 
(variably timed). The guidelines, procedures and practices apply more directly to traffic actuated 
ŎƻƴǘǊƻƭƭŜǊǎΣ ōŜŎŀǳǎŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ aƴκ5h¢Ωǎ ŎƻƴǘǊƻƭƭŜǊǎ ŀǊŜ ǘƘŜ ǘǊŀŦŦƛŎ ŀŎǘǳŀǘŜŘ ǘȅǇŜΦ 

Traffic control signal controllers can be operated in a free (isolated) or a coordinated (system) mode of 
operation. This section of this guideline will address the free (isolated) mode of operation. 

In timing a traffic signal, a good understanding of the meaning of the signal indications is necessary. The 
meaning of signal and pedestrian indications can be found in the MN MUTCD in Section 4D. 

Full Traffic Actuated Density Timing Controls 

The following are basic timing parameters that are necessary for a traffic signal controller to operate. 
These guidelines, procedures and practices are based on them. Mn/DOT uses microprocessor controllers 
manufactured to NEMA, TS2-type2 standards. There are other functions and parameters that need to be 
installŜŘ ƻƴ ŜŀŎƘ ǇŀǊǘƛŎǳƭŀǊ ƳŀƴǳŦŀŎǘǳǊŜǊ ŎƻƴǘǊƻƭƭŜǊǎΦ 9ŀŎƘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǘǊŀŦŦƛŎ ŎƻƴǘǊƻƭƭŜǊ Ƴŀƴǳŀƭ ǎƘƻǳƭŘ 
be reviewed and understood before operating the controller in a field application. Any questions as to 
using these other functions or parameters should be directed to the Traffic Signal Engineer. 

1. WALK - Establishes the length of the WALK interval. 

2. PEDESTRIAN CLEARANCE (CHANGE) - 9ǎǘŀōƭƛǎƘŜǎ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ŦƭŀǎƘƛƴƎ 5hbΩ¢ ²![Y ƛƴǘŜǊǾŀƭΦ 

3. MINIMUM GREEN - Establishes the length of initial state of green interval. 

4. ADDED INITIAL - Density feature. Establishes number of seconds by which each vehicle (actuation) 
builds added initial state of green during non-green time on phase. 
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5. PASSAGE TIME - Establishes the increment of right of way (green) time extension for each vehicle 
actuation during the green interval. 

6. TIME BEFORE REDUCTION - Density feature. Establishes a preset time before allowed gap begins to 
reduce. 

7. TIME TO REDUCE - Density feature. Establishes time in which the allowed gap is reduced from 
passage time to minimum gap, after the time before reduction has expired. 

8. MINIMUM GAP - Density feature. Establishes minimum value to which allowed gap between 
actuations on phase with green can be reduced upon expiration of time to reduce. 

9. MAXIMUM GREEN - Establishes the maximum limit to which the green interval can be extended on a 
phase in the present of a serviceable demand on a conflicting phase. 

10. YELLOW - Establishes the length of yellow interval following the green interval. 

11. RED - Establishes the length of red interval following the yellow interval. 

12. MEMORY MODES - Establishes whether the controller will remember (lock) or drop (non-lock) 
vehicle actuation. 

13. RECALL MODES - Establishes whether the controller automatically returns to and provides 
right-of-way (green) on the selected phase once each traffic signal cycle, without the need for 
vehicle demand for service. There is pedestrian, minimum vehicle and maximum vehicle recall 
modes. 

Pedestrian Timing Requirements 

This section will cover the WALK and PEDESTRIAN CLEARANCE (flashing 
5hbΩ¢ ²![Yύ ǇŀǊŀƳŜǘŜǊǎΦ 

The MN MUTCD requires that pedestrians should be assured of sufficient 
time to cross the roadway at a signalized intersection. This must be 
shown with the vehicle and/or pedestrian indications. In the absence of 
pedestrian indications, the minimum green + yellow + all red time must 
be equal to pedestrian timing (walk + pedestrian clearance). 

The MN MUTCD meaning of pedestrian signal indications are summarized 
as follows: 

V WALK indication, means that pedestrians may begin to cross the 
roadway in the direction of the indication.  

V flashing 5hbΩ¢ ²![Y indication, means that a pedestrian shall not 
start to cross the roadway in the direction of the indication, but 
that any pedestrian who has partly completed their crossing shall 
continue to a sidewalk, or to a safety island.  

V ǎǘŜŀŘȅ 5hbΩ¢ ²![Y indication, means that a pedestrian shall not enter the roadway in the direction 
of the indication. 

Walk 

The MN MUTCD states, "Under normal conditions, the WALK interval should be at least 4 to 7 seconds in 
length so that pedestrians will have adequate opportunity to leave the curb before the clearance interval is 
shown."  Research indicates that queues (more than 24 people) requiring more than 7 seconds to 

Signal controllers used 
by Mn/DOT do not time 

the yellow vehicle 
indication concurrent 
ǿƛǘƘ ǘƘŜ ŦƭŀǎƘƛƴƎ 5hbΩ¢ 
WALK. Because of this, 
the yellow interval may 

be included in the 
pedestrian clearance 

time (i.e., the pedestrian 
clearance time is equal 
ǘƻ ŦƭŀǎƘƛƴƎ 5hbΩ¢ ²![Y 
interval plus the yellow 

interval) 
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discharge occur very rarely and will usually be found only in certain sections of large metropolitan areas. 
The minimum WALK interval under low volume (less than 10 pedestrians per cycle) conditions could 
possibly be lowered to 4 - 5 seconds but the importance of the inattentiveness factor should be also 
weighted in this decision. 

CƭŀǎƘƛƴƎ 5ƻƴΩǘ ²ŀƭƪ 

The duration of Pedestrian Clearance Interval (flashing 5hbΩ¢ ²![Yύ ǎƘƻǳƭŘ ōŜ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŀƭƭƻǿ ŀ 
pedestrian crossing in the crosswalk to leave the curb and travel to the far side of the farthest traveled 
lane before opposing vehicles receive a green indication. 

The flashing DONΩ¢ ²![Y ƛƴǘŜǊǾŀƭ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀΥ 

flashing 5hbΩ¢ ²![Y Ґ 5κw 

D   = Distance from the near curb or shoulder to the far side of the farthest traveled lane. 

R   = Walking rate of 4 ft/sec (1.2 m/sec). Assumed walking rate unless special conditions (school kids, 
elderly or handicapped) require a slower walking rate. 

When determining the distance, consideration should be given to the pedestrian's normal walking path. 
Pedestrian timing should consider the pedestrian walking to the nearest pedestrian and/or vehicle 
indication following a marked or unmarked crosswalk. Research indicates that far-side right turn lanes and 
parking lanes should be considered as traveled lanes. 

On median divided roadways, consideration should be given to providing sufficient time to the pedestrians 
to cross both roadways. A pedestrian's goal is to cross the total roadway and does not expect to stop at 
the dividing median and wait till the next cycle. If the median is less than 6 feet (2 m) wide the pedestrian 
should be provided sufficient time to cross both roadways as a median less than 6 feet (2 m) wide is not 
considered a safe refuge island. 

Normal walking speed is assumed to be 4 feet per second (1.2 m/sec). This is as cited in the MN MUTCD 
and recommended by the Institute of Transportation Engineers (ITE). In selecting a walking rate, 
consideration must be given to the type of pedestrians, volume of pedestrians, intersection location and 
geometrics and overall signal operation. 

Signal controllers used by Mn/DOT do not time the yellow vehicle indication concurrent with the flashing 
5hbΩ¢ ²![Y. This is assuming minimum vehicle green time. ¢ƘŜ ǎǘŜŀŘȅ 5hbΩ¢ ²![Y ƛǎ ŘƛǎǇƭŀȅŜŘ ŀǘ ǘƘŜ 
onset of yellow to encourage any pedestrians still in the street to complete the crossing without delay. 
Because of this and a MN MUTCD Ruling No. IV-35, Pedestrian Clearance Interval Calculation, the yellow 
interval may be included in the pedestrian clearance time (i.e., the pedestrian clearance time is equal to 
ŦƭŀǎƘƛƴƎ 5hbΩ¢ ²![Y ƛƴǘŜǊǾŀƭ plus the yellow interval). The flashing 5hbΩ¢ ²![Y ƛƴǘŜǊǾŀƭ ŎƻǳƭŘ ǘƘŜƴ ōŜ 
determined by the following formula: 

 flashing 5hbΩ¢ ²![Y Ґ ό5κwύ - Yellow 

However, the ruling also states, "Discretion should be used in utilizing the latitude afforded by Section п9έ. 
Therefore, as a general practice, this should not be followed unless it is necessary to minimize the 
pedestrian timing. .ȅ ǎǳōǘǊŀŎǘƛƴƎ ǘƘŜ ȅŜƭƭƻǿ ƛƴǘŜǊǾŀƭΣ ǇŜŘŜǎǘǊƛŀƴǎ Ƴŀȅ ǊŜŎŜƛǾŜ ǘƘŜ ǎǘŜŀŘȅ 5hbΩ¢ ²![Y 
before they reach the far side of the farthest traveled lane. Engineering studies and judgment should be 
exercised in determining walking rates, distances and utilizing the yellow interval as part of the pedestrian 
clearance interval. 
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Pedestrian Timing Recommended Practice 

For single roadways, and divided roadway with median island less than 6 feet (2 m) wide and pedestrian 
indications on each side, the pedestrian will be provided time to cross from one side to the other: 

WALK = 7 seconds 

(this may be reduced to 4 seconds if it is necessary to minimize pedestrian timing considering the other 
factors) 

flashing DON'T WALK = (D/R) 

(time should not be less than WALK time and the time may be reduced by the yellow interval if it is 
necessary to minimize pedestrian timing considering other factors) 

D =  Distance from the near curb or shoulder to the center of the farthest traveled lane. 

R = Walking rate of 4 ft/sec (1.2 m/sec). Assumed walking rate unless special conditions (school kids, 
elderly or handicapped) require a slower walking rate. 

Divided Roadways 

(Median island over 6 feet (2 m) wide with pedestrian pushbutton in the median) 

Option 1 - Cross to Median Only 

(Pedestrian indications present) 

The WALK and flashing 5hbΩ¢ ²![Y ǎƘƻǳƭŘ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŀǎ ŀōƻǾŜ. The crossing distance should be 
determined by using the longest distance from one side to the median. The pedestrian will be provide time 
to cross to the median on one cycle and time to cross the other side on the next cycle when pedestrian 
push button is pushed. 

Option 2 - Cross Completely 

In order for the pedestrian to cross the total roadway, 
the WALK indication must take the pedestrian past the 
median island before the flashing 5hbΩ¢ ²![Y ƛǎ 
ŘƛǎǇƭŀȅŜŘΦ LŦ ǘƘŜ ŦƭŀǎƘƛƴƎ 5hbΩ¢ ²![Y ƛǎ ŘƛǎǇƭŀȅŜŘ 
before the pedestrian reaches the median island, the 
pedestrian should stop at the median island and wait till 
the next WALK indication. The following special timing 
should allow the pedestrian to cross both roadways. 

This timing also provides for a pedestrian that may start 
to cross the first roadway at the end of WALK. This 
ǇŜŘŜǎǘǊƛŀƴ ƛǎ ǇǊƻǾƛŘŜŘ ŜƴƻǳƎƘ ŦƭŀǎƘƛƴƎ 5hbΩ¢ ²![Y ǘƻ 
reach the median island and finish the crossing on the 
next WALK indication. 

WALK = D1/R  

flashing DONôT WALK = (D2/R) 

(this time may be less than the WALK time and the time may be reduced by the yellow time if it is 
necessary to minimize the pedestrian timing considering other factors) 
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Example: Consider the intersection shown below. 

 

Assume a walking speed of 4 feet per second with no special pedestrian requirements. 

The pedestrian clearance would then be, FDW = 60 feet / 4 feet per second = 15 seconds 

Initial Timing 

Minimum Initial 

The minimum initial time is the minimum assured green that is displayed. It is established to allow vehicles 
stopped between the detector on the approach and the stop line to get started and move into the 
intersection. Therefore, timing of this interval depends on the location of the detector and the number of 
vehicles that can be stored between the detector and the stop line. Consideration must be given to 
pedestrian timing, density operations, controller type and detection design when determining this setting. 
When there are no pedestrian provisions (indications or pushbuttons), the minimum assured green must 
be equal to the minimum pedestrian timing (walk + pedestrian clearance). 

Non-density operation. In non-density operation the minimum initial green must be long enough to 
guarantee that vehicles stored between the detector and the stop line will clear the intersection before 
the clearance intervals terminate the movement. If stop line extending detection is used, the minimum 
initial green time should be set as for a density operation. 

Density operation. In density operation the minimum initial green should be set low to clear a minimum of 
vehicles expected during light volume. Density operation has another timed interval that adds initial time 
per vehicle arriving on red for that approach. The initial green should not be set to low as to display an 
unexpected short green. 

Minimum Initial (Density operation) 

Major approach      =  15 seconds 

20 seconds (45 mph or above) 

Minor approach     =  7-10 seconds (consider the lower values when split phasing is used) 

Protected Left turn   =    7 seconds 

Protected/Permissive   =   5 seconds 

 

Walking Speed (R) = 4 fps 
Moderate Peds, no special walk 
requirements 

60 feet 



Mn/DOT Traffic Signal Timing and Coordination Manual 

Local Intersection Timing Page 4-6 May 2011 

(Non-density operation) 

Minimum initial green = 3 + 2n 

n =  Number of vehicles that can be stored between the stop line and the far detector in one lane. This is 
determined by dividing the distance between the stop line and the detector by 25. 25 is the average 
vehicle length plus headway in feet. 

Density Features 

Added Initial 

Added initial is sometimes referred to as variable initial. This feature increases the minimum assured green 
time (minimum initial) so it will be long enough to serve the actual number of vehicles waiting for the 
green between the stop line and the detector. 

This interval is generally used on phases for higher speed approaches where the detectors are placed quite 
a distance from the stop line (resulting in unacceptably long minimum initial requirements). This feature 
allows the minimum initial to be set low for light volumes. Vehicles crossing the detector when the phase 
is red will add time to the minimum assured green, so that when the phase is served, the minimum 
assured green will be long enough to serve the actual number of vehicles waiting for the green. 

Consideration should be given to the number of lanes and detectors, distance from the stop line to 
detector, number of right turn vehicles, approach grades, type of controller, etc. 

Field observation is very important in determining this setting. 

aƻǎǘ ŎƻƴǘǊƻƭƭŜǊǎ ǳǎŜŘ ƛƴ aƴκ5h¢ ǳǘƛƭƛȊŜ ǘƘŜ ŦǳƴŎǘƛƻƴ ǎŜǘǘƛƴƎǎ ƻŦ ά!Ŏǘǳŀǘƛƻƴǎ .ŜŦƻǊŜ !ŘŘŜŘ Lƴƛǘƛŀƭέ ŀƴŘ 
ά!ŘŘŜŘ Lƴƛǘƛŀƭ tŜǊ !Ŏǘǳŀǘƛƻƴέ ǘƻ ŘŜǘŜǊƳƛƴŜ !ŘŘŜŘ LƴƛǘƛŀƭΦ 

This is calculated by the following: 

D/25 x 2.1 + 3 

Example:  If detector is пллΩ ŦǊƻƳ ǎǘƻǇ ƭƛƴŜΣ ǘƘŜƴ  

400/25 x 2.1 + 3 = 16 x 2.1 + 3 = 36.6 seconds 

Actuations Before Added Initial (Traconex) is the number of vehicles which can be adequately served by 
the time set on the minimum initial 

 One Lane Two Lanes 

15 second Minimum Initial 6 10 

20 second Minimum Initial 8 14 

 

This is determined by: (minimum initial - 3) / 2 

Two lane is 1.75 of one lane. 

Added Initial Per Actuation is the amount of time that each vehicle crossing the detector on red should add 
to the minimum assured green. 

One Lane: 2.0 seconds per actuation 

Two Lane: 1.5 seconds per actuation 
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Passage Time 

This function setting is the same for non-density and density operation. This setting should be the number 
of seconds required for a vehicle moving at the approach speed to travel from the detector to the stop 
line. The passage time serves two purposes. It is the passage time from the detector to the stop line and 
the allowable time gap between actuations that will cause the green to remain on that approach. As long 
as vehicle detections come at shorter intervals than the passage time (allowable gap), the green will be 
retained on that phase. In the density operation, the allowable gap is reduce by another timing feature. 

If the passage interval is too short, quick stops may result as well as terminating the green before the 
vehicular movement has been adequately served. If the passage interval is set too long, excessive delays 
will result as well as safety problems due to improperly timed last vehicle intervals. 

Passage Time = D/ 1.47S (general range is 2.0 - 8.0 seconds) 

D   =  Distance from the stop line to back detector, if single point detection. Distance (greatest 
distance) between stop line and/or detectors, if multiple detection. 

S   =  Posted speed limit in mph 

GAP REDUCTION - Density Feature 

This feature reduces the passage time and as a result reduces the allowable time gap between actuations 
that will cause the green to remain on that approach. 

When a phase is green the time between vehicles to terminate that phase starts out at amount of time set 
for the passage time (i.e., successive actuations must be closer together than the passage time to extend 
the green). After the phase has been green for some time, it becomes desirable to terminate the phase on 
smaller distances between vehicles. This is done to reduce the probability of the phase being terminated at 
the maximum time. When a phase terminates at maximum time there is no dilemma zone protection. 
This feature is generally used on phases for higher speed approaches where the detectors are placed quite 
a distance from the stop line (resulting in long passage timing). 

aƻǎǘ ŎƻƴǘǊƻƭƭŜǊ ǳǎŜŘ ōȅ aƴκ5h¢ ǳǘƛƭƛȊŜ ǘƘŜ ǘƛƳŜ ǎŜǘǘƛƴƎ ƻŦ ά¢ƛƳŜ .ŜŦƻǊŜ wŜŘǳŎǘƛƻƴέΣ ά¢ƛƳŜ ¢ƻ wŜŘǳŎŜέ 
anŘ άaƛƴƛƳǳƳ DŀǇέ 

Time Before Reduction establishes the time before the passage time (allowable gap) begins to reduce. 

Time To Reduce establishes the time in which the allowable gap is reduced from the passage time to the 
minimum gap, after the time before reduction has expired. 

Minimum Gap establishes the minimum value to which the allowable gap between actuations can be 
reduced to upon expiration of the time to reduce. 

Generally the minimum gap should not be set lower than 2 seconds. This is the average headway between 
vehicles and is approximately the time it takes a vehicle to travel from the detector through the dilemma 
zone. The amount of time into the green to reduce to the minimum gap should be set at about 2/3 of the 
maximum time. The allowable gap will gradually reduce in that time frame. Therefore, the last 1/3 of the 
maximum green would be extended only by tightly spaced vehicles. 

Time Before Reduction 

This should be set for 1/3 maximum time. 

Time To Reduce 

This should be set for 1/3 maximum time. 
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Minimum Gap 

Minimum Gap = Passage time minus the time in seconds between the stop line and the end of the 
dilemma zone (Mn/DOT uses 2.0) 

Note:  Gap reduction is normally not used when stop bar detectors exist. Gap reduction with stop 
bar detectors require special detector functions and timings. 

During moderate flow conditions a well timed actuated signal should terminate due to gap-out rather than 
due to max-out. The goal of good green timing should be to terminate the green indication on gap out and 
to max out only under heavy traffic conditions (tightly spaced vehicles). 

Detector Extend 

Section 4.5.1 to 4.5.5 discuss per phase controller settings. That is, the setting in the controller applies to 
the given movement/phase. There are also additional functions that allow this to be extended with the 
detectors. Some users ǿƛƭƭ ǳǎŜ ŀ άǇŜǊ ǇƘŀǎŜέ ŜȄǘŜƴǎƛƻƴ ŀƴŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŜȄǘŜƴǎƛƻƴ άōȅ ŘŜǘŜŎǘƻǊέΦ 

Refer to the following image. In this example, the passage time is set to 2 seconds. This 2 seconds may be 
adequate to get a vehicle from Detector 1 through or to the intersection. However, the 2 seconds of time 
may not be enough to get a vehicle from Detector 2 to Detector 1. Instead of increasing the Passage Time, 
which would be used by both detectors, a special extension of X seconds could be added to Detector 2. 

 

Refer to section 0 for additional details. 

Maximum Green 

Careful capacity analysis must be made to control peak hour cycle lengths and phase green times. The 
critical movement analysis (CMA) procedures will be used to establish these maximum green time settings. 

Most controllers used by Mn/DOT can have two or more maximum green times programmed. The second 
maximum time can put into effect by time clock. 

Outlined below is the basic procedure to determine maximum green time per phase. An analysis should be 
done for both AM and PM peak hours or other peak time. 

V From the AM and PM peak hour turning movement counts, take the 15 minute peak and multiply it 
by 4 to get the adjusted peak hour volume. If only hourly volumes are available divide the hourly 
volume by the peak hour factor. If a peak hour factor is not available use a 0.9 factor. 

V Select the critical phase volume and sum them for a total intersection critical phase volume. All 
phase volumes should be per lane volumes. 

V Use this volume to select the first approximation for cycle length from the tables on the following 
page. 

Stop 

Bar

Detector 1Detector 2

Phase 2 with 

2 sec of 

Passage 

Time
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V Once the cycle length has been determined, determine cycles per hour which is equal to 3600/cycle 
length. 

V Calculate the number of vehicles that are required to handle per cycle per phase. No. of vehicles = 
volume/cycles per hour 

V Apply 3 + 2.1n formula to get the required phase green time to handle vehicles. n - number of 
vehicles arrived at in step 5. The 3 factor is the start up delay (2.5 seconds is recommended by ITE) 
and the 2.1 is for a 2.1 second headway per vehicle. 

V Take the calculated phase green time and multiple by 1.5 and round to the nearest 5 seconds. This 
factor is applied because these calculation apply basically to fixed time controllers and this factor 
increases the time to allow for fluctuations in vehicle demand that an actuated controller is 
designed to handle. This should allow the phase to terminate on a gap in traffic at 2/3 of maximum 
time as discussed earlier rather than maxing out. 

V Review these phase green times and adjust for intersection characteristics and how intersection 
should operate to arrive at the maximum green timing per phase. If green time demand is more 
than a 180 second cycle length, cycle length and phase green times should be reduced 
proportionately. 

During moderate flow conditions a well timed actuated signal will seldom terminate the green because the 
maximum green has timed out, it should terminate on gap out. 

Optional check on cycle length: 

The cycle length should also be compared to the Webster equation for calculation of cycle length. His 
equation for optimum cycle length that minimizes delay is as follows: 

C = (1.5L + 5) / (1.0 - Y) 

NOTE: 

C = optimum cycle length, seconds  

L  = unusable time per cycle, seconds = nl + R  

n  = number of phases  

l   = average lost time per phase, seconds 

R = Total all-red time per cycle, seconds = assumed to be the yellow and all-red  

Y = sum of critical approach volume/saturation flow in each phase, assume saturation flow rate as 
1600 vehicles per hour 

The calculated cycle should fall within range of .75C and 1.5C as determined by the Webster formula. It has 
been determined that cycle lengths within this range do not significantly affect delay. 

Consideration should be given to utilizing software in determining maximum green times.  

Approximation for Cycle Length 

Typical Maximum Green Interval 

Left turn phase    10 - 45 seconds 

Minor approach phase    20 - 75 seconds 

Density operation   30 - 75 seconds 
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Major approach phase    30 - 120 seconds 

Density operation under 45 mph 45 - 120 seconds 

 45 mph and over   60 - 120 seconds 

Typical Minimum Cycle Length 

2 phase signal     45 seconds 

5 phase signal     60 seconds 

8 phase signal     75 seconds 

Typical Maximum Cycle Length = 180 seconds 

 

SUM OF CRITICAL VOLUME 2 PHASE 5 PHASE 8 PHASE 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

45 

60 

60 

75 

75 

90 

105 

120 

135 

150 

165 

180 

60 

75 

75 

90 

90 

105 

120 

135 

150 

165 

180 

180 

90 

105 

105 

105 

105 

120 

135 

150 

165 

180 

180 

180 

 

Phase Change Interval 

The MN MUTCD states that the exclusive function of the steady yellow interval shall be to warn traffic of 
an impending change of right-of-way assignment. The yellow vehicle change interval should have a range 
of approximately 3 to 6 seconds. Generally the longer intervals are appropriate to higher approach speeds. 
The yellow vehicle change interval should be followed by a short all-way red clearance interval, of 
sufficient duration to permit the intersection to clear before cross traffic is released. 

Minnesota Traffic Laws state that vehicular traffic facing a yellow indication is warned that the related 
green movement is being terminated or that the red indication will be exhibited immediately thereafter 
when vehicular traffic shall not enter the intersection. Therefore, the yellow and all-red intervals advise 
that the green interval is about to end and either;  

V permits the vehicle to come to a safe stop at the stop line, or 

V allows vehicles that are to near the intersection to stop or safely clear the intersection. 

Yellow Timing 

The following formulas may be used to determine the yellow time. This is based on the Institute of 
Transportation Engineers equation for yellow clearance interval. 
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     Y = t  +    1.467 v               Y = t  +    0.447 v           

     2(a + 32.2g)                      2(a + 9.81g)            

     English                              Metric 

 

Y = Yellow Interval in seconds 

t = perception-reaction time, assumed to be 1 second 

v = posted speed, miles per hour  

a =  deceleration rate, assumed to be 10 feet/sec2 (English), or 3 meters/sec2 (Metric) 

g = + or - grade of approach in percent/100 

 

 
Posted 
Speed 

 
Percent Grade 

 

 
Mn/DOT 

 
 

+3 
 

+2 
 

+1 
 

Level 
 

-1 
 

-2 
 

-3 
 
 

 
25 

 
2.7 

 
2.7 

 
2.8 

 
2.8 

 
2.9 

 
3.0 

 
3.0 

 
3.0 

 
30 

 
3.0 

 
3.1 

 
3.1 

 
3.2 

 
3.3 

 
3.4 

 
3.4 

 
3.5 

 
35 

 
3.3 

 
3.4 

 
3.5 

 
3.6 

 
3.7 

 
3.7 

 
3.8 

 
4.0 

 
40 

 
3.7 

 
3.8 

 
3.8 

 
3.9 

 
4.0 

 
4.1 

 
4.3 

 
4.0 

 
45 

 
4.0 

 
4.1 

 
4.2 

 
4.3 

 
4.4 

 
4.5 

 
4.7 

 
4.5 

 
50 

 
4.4 

 
4.5 

 
4.6 

 
4.7 

 
4.8 

 
4.9 

 
5.1 

 
5.0 

 
55 

 
4.7 

 
4.8 

 
4.8 

 
5.0 

 
5.2 

 
5.3 

 
5.5 

 
5.5 

 
60 

 
5.0 

 
5.1 

 
5.1 

 
5.4 

 
5.6 

 
5.7 

 
5.9 

 
6.0 

 
65 

 
5.4 

 
5.5 

 
5.5 

 
5.8 

 
5.9 

 
6.1 

 
6.3 

 
6.0 

 

Mn/DOT will often use 25 mph (or a value of 3.0 seconds) for left turns. 
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All Red 

The following formulas may be used to determine the red time. This is based on the Institute of 
Transportation Engineers (ITE) equation for red clearance interval. 

 

R = All red clearance interval in seconds 

w = width of intersection, stop line to center of farthest conflicting lane 

l = length of vehicle, assumed to be 20 feet or 6.1 meters 

v = posted speed in mile per hour 

 

 

Posted 

Speed 

 

Width of Intersection 

 

 30 40 50 60 70 80 90 100 110 

25 1.4 1.6 1.9 2.2 2.5 2.7 3.0 3.3 3.5 

30 1.1 1.4 1.6 1.8 2.0 2.3 2.5 2.7 3.0 

35 1.0 1.2 1.4 1.6 1.8 1.9 2.1 2.3 2.5 

40 0.9 1.0 1.2 1.4 1.5 1.7 1.9 2.0 2.2 

45 0.8 0.9 1.1 1.2 1.4 1.5 1.7 1.8 2.0 

50 0.7 0.8 1.0 1.1 1.2 1.4 1.5 1.6 1.8 

55 0.6 0.7 0.9 1.0 1.1 1.2 1.4 1.5 1.6 

60 0.6 0.7 0.8 0.9 1.0 1.1 1.3 1.4 1.5 

 

These formulas are general and should only be used as a guide. Other factors at an intersection (such as 
approach grades, visibility, truck traffic and local traffic characteristics) should be considered. It is 
important that approach grades and truck traffic are considered in determining the yellow and red 
intervals. The yellow interval must not be too short (causing quick stops and/or red violations) nor too long 
όŎŀǳǎƛƴƎ ǊŜƎǳƭŀǊ άŘǊƛǾƛƴƎ ƻŦ ǘƘŜ ȅŜƭƭƻǿέύΦ 

Slower vehicles traveling at the 15th percentile speed, particularly at wide intersections, may require longer 
yellow and red time. Therefore, for special situations it may be desirable to compute the equation using 
both the 85th and 15th percentile speeds and use the longer on the two computed values. 

If timing a single point urban interchange (SPUI), assume a speed of 35 mph. 

The all-red should be in the range of 1 to 5 seconds. 

w + L

1.467v
R = 

w + L

0.447v
R = 

English Metric
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Example: Consider the intersection shown in the figure below.  

 

Assume the following: 

 t = 1.0 seconds 

 v = 45 mph 

 a = 10 feet per second 

 l = 20 feet 

 g = -1 percent 

 

Y + R = 1.0 +                1.467 (45)         +     60 + 20 

                              2{10 + 32.2(-0.01)}       1.467 (45) 

 

Y + AR = 1.0 + 3.41 + 1.21 = 5.62 seconds 

Use,  

Yellow = 4.4 seconds and All Red = 1.2 seconds 

NB Direction:

Grade = -1%

6
0 

fe
e
t
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Guidelines for the Inspection and Operation of Railroad Preemption at Signalized 
Intersections 

INTRODUCTION 

This section provides guidelines and recommendations for the installation, operation and inspection of 
traffic signals that are preempted either by trains or by Light Rail Transit (LRT) vehicles utilizing 
preemption. Yearly inspections will be performed and submitted to the Office of Freight, Railroads & 
Waterways. 

SCOPE 

The guidelines and procedures contained in this section apply to Mn/DOT, and to county and city agencies 
through the state aid process. Mn/DOT district offices may assist local agencies in performing inspections, 
if requested. 

The responsibility for the operation of the highway/railroad preempted traffic signals remains with the 
district, county or city having operational jurisdiction. Neither an inspection nor these guidelines substitute 
for sound engineering judgment in the operation of traffic signals. 

These are general guidelines and should be used only as a guide. Other factors at each location must be 
considered in applying these guidelines. The Minnesota Manual on Uniform Traffic Control Devices (MN 
MUTCD), Traffic Control Devices Handbook, Railroad-Highway Grade Crossing Handbook 
(FHWA-TS-86-215), and the Institute of Transportation Engineers' Preemption of Traffic Signals at or Near 
Railroad Grade Crossings with Active Warning Devices should be referred to for additional guidance. 

GUIDELINES FOR PREEMPTION 

If either of the following conditions are present, consideration should be given to interconnect the traffic 
signal and railroad grade crossing: 

A. Highway traffic queues that have the potential for extending across a nearby rail crossing.  

B. Traffic queued from a downstream railroad grade crossing that have the potential to interfere with 
an upstream signalized intersection. 

The 1991 version of the Minnesota Manual on Uniform Traffic Control Devices, specifies that the 
recommended distance between traffic signal and grade crossing for interconnection is 200 feet (65 
meters). Recent research has found this distance to be inadequate. The following formulas provide a 
method for estimating the queue length that can be expected on the approach. If the queue length 
exceeds the storage between the intersection stop bar and 6 feet (2 meters) from the nearest rail, the 
railroad signal and the traffic signal should be interconnected. 

A method for estimating queue length (with about 95 percent certainty) is as follows:                             

L=2qrv(1+p) 

Where: L = length of queue, in feet or meters per lane;  

q = flow rate, average vehicles per lane per second;      

r = effective red time (time which the approach is red or yellow per cycle);  

v = passenger vehicle length, assume 25 feet or 7.5 meters;  

p = proportion of trucks;  

The 2 is a random arrival factor. 
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This formula provides a good estimate of queue lengths, where the volume to capacity (v/c) ratio for the 
track approach is less than 0.90. However, for v/c ratios greater than 0.90, some overflow queues could 
occur as a result of fluctuations in arrival rates. To compensate for this condition, it is suggested that one 
vehicle should be added for each percent increase in the v/c ratio over 0.90. Accordingly, in cases where 
the v/c ratio ranges from 0.90 to 1.00, the following formula applies: 

                                   [ҐόнǉǊҌɲȄύόƭҌǇύǾ 

Where ɲȄ Ґ ƭллόǾκŎ Ǌŀǘƛƻ - 0.90). Thus, for a v/c ratio 0.95,  ɲȄ would be 5 vehicles in the above formula. 
This formula cannot be used if the v/c  

Queue lengths for through traffic and for left turns should both be checked to determine which queue is 
the most critical. 

GUIDELINES FOR DESIGN 

When the determination has been made to preempt the traffic signal for a train, many items need to be 
considered. Some are listed here: distance between the traffic signal and the grade crossing, intersection 
geometry, track orientation, approach speed of train, train frequency, volume of vehicular traffic, vehicle 
type, pedestrian, and equipment at the intersection and grade crossing. 

Short distances: Where the clear storage distance between the tracks and the highway intersection stop 
line is not sufficient to safely store a design vehicle like the longest, legal truck combination, or if vehicles 
regularly queue across the tracks, a pre-signal should be considered. An engineering study should be 
performed to support this recommendation. A pre-signal may also be beneficial if gates are not provided. 
This supplemental traffic signal should be carefully designed to avoid trapping vehicles on the tracks. 
Visibility-limited traffic signals at the intersection may be needed to avoid driver conflict and confusion. 
The DO NOT STOP ON TRACKS sign (R8-8) and STOP HERE ON RED sign (R10-6) of the MN MUTCD should 
also be used. Certain situations where gates are not present may also require prohibiting turns on red. 

GUIDELINES FOR OPERATION 

The MN MUTCD (Section 8C-сύ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ά¢ƘŜ ǇǊŜŜƳǇǘƛƻƴ ǎŜǉǳŜƴŎŜ ƛƴƛǘƛŀǘŜŘ ǿƘŜƴ ǘƘŜ ǘǊŀƛƴ ŦƛǊǎǘ 
enters the approach circuit, shall at once bring into effect a highway signal display which will permit traffic 
to clear the tracks before the train reaches the crossing. The preemption shall not cause any short 
vehicular clearances and all necessary vehicular clearances shall be provided. However, because of the 
relative hazards involved, pedestrian clearances may be abbreviated in order to provide the track 
clearance display as early as possible. After the track clearance phase, the highway intersection traffic 
control signals should be operated to permit vehicle movements that do not cross the tracks, but shall not 
ǇǊƻǾƛŘŜ ŀ ǘƘǊƻǳƎƘ ŎƛǊŎǳƭŀǊ ƎǊŜŜƴ ƻǊ ŀǊǊƻǿ ƛƴŘƛŎŀǘƛƻƴ ŦƻǊ ƳƻǾŜƳŜƴǘǎ ƻǾŜǊ ǘƘŜ ǘǊŀŎƪǎέΦ 

If the traffic signal is equipped with emergency vehicle preemption, the confirmation lights shall flash for 
all approaches during the preempt sequence. 

GUIDELINES FOR INSPECTION 

Existing highway/railroad preempted traffic signals shall be inspected on an annual basis. It is the 
responsibility of the roadway authority that has responsibility for the operation of the traffic signal to 
initiate the annual inspection. A copy of the completed inspection forms shall be forwarded to the Office 
of Freight, Railroads & Waterways on an annual basis. 

The District Traffic Engineer will ensure that each location under Mn/DOT jurisdiction is inspected. Through 
the State Aid program, cities and counties are required to perform annual inspections. 
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The rail authority shall be contacted prior to inspection and a representative shall be present during each 
inspection. This joint inspection is critical, as the operation of railroad preemption systems is dependent 
on both the railroad and highway agencies. 

The inspection should be done while a train passes through the area if possible. 

During this inspection, a general review of the highway intersection and railroad crossing for proper 
signing, pavement markings, signals, sight distances, and changes in conditions should be made. 

It is also advised that all traffic signals without railroad preemption need to be reviewed when traffic 
patterns change, see if additional traffic control/RR preemption is needed. 

Annual Inspection Form 

The following information is a printout of the Railroad Preemption Timing and Annual Inspection Form 
(xls). This information is available from the Mn/DOT website: 

www.dot.state.mn.us/trafficeng/standards/signalworksheets.html 

 

http://www.dot.state.mn.us/trafficeng/standards/signalworksheets.html
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Guidelines for Consideration and Timing of Advanced Warning Flashers 

The following guidelines indicate when the installation of AWF for signal change interval may be 
considered. Due to the complex nature of traffic flow characteristics, these guidelines should be applied 
along with engineering judgment. Guidelines should be reviewed for each prospective installation. 

AWF should only be installed in response to a specifically correctable problem, not in anticipation of a 
future problem. Generally, AWF implementation is appropriate only at high speed locations. Before an 
AWF is installed, other remedial action should be considered. 

The following guidelines generally apply only where posted speed is 55 mph or higher. 

 

CATEGORY CRITERIA COMMENT 

1. Isolated or 
Unexpected 
signalized 
intersection 

 

Where there is a long distance 
from the last intersection at which 
the mainline is controlled, or the 
intersection is otherwise 
unexpected. 

This guideline may be 
applicable where the distance 
from the last intersection is 
greater than 15 km (10 miles), 
or at a freeway terminus, or at 
other locations where the 
intersection is unexpected. 

2. Limited sight 
distance 

 

Where the distance to the stop 
bar, D, with two signal heads 
visible is insufficient: 

Metric: 

 
9.8s)+10(a

v
+0.45vtD

2

¢  

English: 

32.2s)+0.93(a

v
+1.467vtD

2

¢  

Where: 

D =   distance to stop bar in meters 
or feet 

v = posted speed in mph  

t = reaction time, 2.5 seconds 

a = deceleration rate 

2.4 m/s2 (8 ft/s2 ) (trucks) 

3.0 m/s2 (10 ft/s2 ) (all 
traffic) 

s = decimal gradient 

See Graphs of Limited Sight 
Distance, Figure I & Figure II A 
sight distance falling below 
the lines for the given speed 
and grade indicates the 
possible need for AWF. 
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CATEGORY CRITERIA COMMENT 

3. Dilemma 
Zone 

 

Where a dilemma zone exists for all 
traffic or for heavy vehicles.  A 
dilemma zone exists if: 

Metric: 

s)+2(a

v
+tY

8.9

45.0
¢  

English: 

s)+2(a

v
+tY

2.32

467.1
¢  

Where: 

Y = yellow interval in seconds 

v = Posted speed in mph  

t = 1 second 

a = deceleration rate 

2.4 m/s2 (8 ft/s2 ) (trucks) 

3.0 m/s2 (10 ft/s2) (all traffic) 

s = decimal gradient 

See Graphs on Minimum 
Yellow Intervals, Figure III & 
Figure IV. 

If the yellow interval is less 
than indicated, AWF may be 
considered (longer yellow 
should be considered first). 

4. Accidents 

 

If an approach has an accident 
problem, the intersection should 

be examined for existence of 
dilemma zone or sight distance 

restriction. 

If no sight distance or 
dilemma zone problems exist, 
AWF may not be an 
appropriate countermeasure 
to accident problems. 

5. Heavy Truck 
Volume 

Where the roadway has a grade of 
3% or greater and truck volume 
exceeds 15%. 

 

6. Engineering 
Judgment 

  

 

Combinations of above guidelines or other considerations may justify the installation of AWF. 

Engineering judgment should be based on additional data such as complaints, violations, conformity of 
practice, and traffic conflicts. Prior to installing AWF, consideration should be given to other 
countermeasures including but not limited to: adjustment of timing parameters which may include 
increasing yellow and/or all red intervals, improving detection, or modification of the signal system as by 
adding signal heads, adjusting speed limits. 

GUIDELINES FOR INSTALLATION 

1. Advanced Warning Flasher - The Advanced Warning Flasher design details are shown on 
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the web: http://www.dot.state.mn.us/trafficeng/standards/signalplan.html. The flasher 
shall flash yellow in a (inside-outside) wig-wag manner prior to the termination of the 
green (See number 3, below), and during the yellow and red periods of the signal. The 
flasher will also flash if the signal goes into flashing operation. Power shall be supplied to 
the AWF from the signal control cabinet. 

2. Advanced Warning Flasher Sign Placement - The AWF should be set back from the 
intersection in accordance with the table shown below. At locations on four lane divided 
roadway, the AWF shall be placed on both sides of the approach. 

 

Posted Speeds (mph) AWF Placement Leading Flash (seconds) 

40 170 m        (560 ft) 8.0 

45 170 m       (560 ft) 7.0 

50 215 m       (700 ft) 8.0 

55 215 m        (700 ft) 7.0 

60 260 m       (850 ft) 8.0 

65 260 m       (850 ft) 7.5 

  

3. Leading Flash - The Leading Flash is the amount of time, prior to the signal turning yellow, that 
the AWF flashes. The AWF shall flash during the Leading Flash Period and continue flashing 
through the signal's yellow clearance interval and the red. The Leading Flash time is shown in the 
table above. 

 

For existing systems where the placement is other than what is listed in the table above,  the 
Leading Flash Time can be computed by the following formula: 

 Metric: 

 English: 

Where: 

F = Leading Flash Time, seconds  

D = AWF Placement, meters 

v = posted speeds, mph 

1.5-
v

2.24D
=F  

1.5-
v

0.68D
=F  
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4. Detector Placement - The detection of the intersection shall be determined without regard to the 
AWF. 
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