Mn/DOT Traffic Signal
Timing and
Coordination Manual

March 2QL1







Mn/DOT Traffic Signal Timing and Coordination Manual

TABLE OF CONTENTS

(R )Y/ = =V 1=V TR 1-1
T 10T [T 1o ) o P PSR 1-1
THMING GOBIS ...tttk e e ettt e e ekt e e ek bt e e ook b et e e ek b et e e ek be e e e e abe e e e e b be e e e e nnre e e e ennes 11

REVIEW OF SIGNAT THMING ...ttt ettt et e e sttt e e ea bt e e et b et e e st et e e e hbe e e e aab bt e e s nb e e e e abbe e e e anbneeennnnees 1-2

2. DATA COLLECTION AND INFORMATION NEEDED ......cccoovviiiiiiieeeieeee e 2-1
(D= =W O o [=Tox 1] o H PSPPI PR 2-1
LCT=To] Tl 1 (ol @fo] o Lo 11T ] o £ PP PP R TRP PRI 2-1
VOIUME STUGIES .ttt ettt et s e e et e bt e s e e e e e R e e e sm et e s Re e e nm e e aane e ene e e nnreeennneennnee s 2-2

PUMPOSE ...ttt 2-2
Y S s 2-2
(78] 1o o I I=Tol oo 1o [0 L= TP UT U PPPTRTN 2-2
(70 1U] 11 ol = =T ¢ To o £ J PR UPPPPRTR 2-3
TUINING MOVEMENT COUNTS .....ceiieei ittt e e e e e ettt e e e e e ettt e e e e e e e e et aeaeeeea e e e e saebeeeeaeeaaasnsbeeeeaaeeeannsbseeaeaeeeaansbsseeaaeeeaannnsneeeens 2-3
(I T T 1] 2= LT I = Tox (o | (RS EPRRNE 2-7
Travel TIMe & DElay STUGIES ........ooii ittt e et e e et et e e e i b e e e e bbe e e e e anbe e e e ennes 2-7
(D= 1] T 11T LTS UEPRRNE 2-7
Need for Travel TImMe OF DEIAY DAta............oiiiiiiiiiiiiiiee ettt e e s e e e e e st e e e e e e s et aaaeeeeeeesassatareeeaeesasntbaeseaeesaaiaenes 2-8
(08 1LY =TS0 D 1= - | PO PPPPPRP 2-8
Methods for Obtaining Travel TiMe OF Delay DAaA ..........oiiuiiiiiiiiie ittt e e e e st e e e e e e e s snebr e e e e e e e aaneaes 2-8
INTErSECLION DEIAY STUTIES ... ..eeeeeiiiie ittt ettt e e oottt e e e e e ot bbbt e e e e e e s e b b bs e e e e e e e aasnene et aaeeaaannbbaeeaaeeeaannraes 2-9

3. LOCAL INTERSECTION CONCEPTS ..o 3-1
SIGNAI TIMING TREOIY ...ttt e s ab et e s e b e e s e b e e s anbbe e e e aanbe e e e ennes 3-1
(O3l [ I =T oo i o BT PO PO PP PP TPPPPPPPRIN 3-1
Signal TImiNg INtErValS @and SPIILS ........ooiiiiiiiiiiiii e st e e s b e e s e e e e snbe e e e enees 3-3
Signal TIMING AN PRASING . ....oiuiiiiiiiiiiee ittt b e e s e b e e e s aan e e e abbe e e e aanbeeeeenees 3-5
(@oTa11do] 11T g oT1a T 4T o o E T O PP U U PP UTPPPP PPN 3-5
(@o]011 (0] W Ofe] g To1=T o T HUR TSP U PP PP UTPPPPPTPRIN 3-5
B =1 [oSY fo o P U o =YY [ o [P OO P PRRR PP 3-7
RING AN BAITIEr SITUCKUIE ... .iiiiiieii e ettt e e e e ettt e e e e e e st e e e e e e e e satbaaeeeeeeesasbesaeeeeeeaaasstaeeeeeeeaassnsbanseeeesaannees 3-8
(DN 1 I gV I o] o1 { (o] PP UUPTPTOE 3-9
Single RiNG (SEQUENTIAI PRASES).......oii ittt e e e e ettt e e e e e e s at b e et e e e e e e antbeeeeaaeeesnbbaeeeaaaaaan 3-10
PRASING PAIBIMELEIS. ... eeeieiiiie ettt e e et e et e e e et e e ettt e s b e e e e e sk bt e e e aaE et e e s ane e e e ek s e e e e anbn e e e nnnneeeannneeennee 3-10
(Y U g I o F= 11T T PP PUPPTR 3-18
FIashing YelIOW AITOW DISPIAY .......ueeeiireieeiiiie ettt e et s e e sk e e e as et e e s ne e e e sk e e s anb et e e nnneeeansneeennes 3-22
(D= (=Tt 1o ] o PO TP TSP PPPPPPPPPP 3-23
Detector Labeling and Phase ASSIGNMENTS .........uuiiiiiiieiiiiii ettt e e e e e st e e s e e e st e e s asbe e e e snneeesanreeenanes 3-23
AsSIgNiNg TS2 Type 1 DEtECLOr NUMDEIS .....ciiiiiiiiiiiii ittt ettt e st e e s b e e e et e e sanbe e e e snbaeeesabbeeennes 3-24
COMMON DELECION FUNCHIONS. .....eiiiiiiie ittt ettt e e ettt e e st e e s ab e e e e b bt e e e bb et e e sab et e e anbb e e e nnbeeeennnneeean 3-26
Summary of By Phase and By DeteCtor FUNCLONS ...........coiiiiiiiiiie ettt e e e e et e e e e e s st ana e e e e e 3-27
DTS (=To1 (o 1Y [T [ T O P TP PP PP PP PP PPN 3-27
(D= C=Tot o]l D=1 To | o PP PPPTPTN 3-28
MeasUres Of EffECHIVENESS .......viiiiiiiii et e et e e e e sane e 3-44
[D=To Tl o] Y- LN = U1To] o B PP PO UPTPPPPPT 3-44
(D= = PP PPPPPT 3-45
RS (0] 01 PP TP UPPPPRTPN 3-47
(O TN TN o o TP OO TPPPTPPPP P PUPRPPPIN 3-48

May 2011 Page Table of Contents



Mn/DOT Traffic Signal Timing and Coordination Manual

(U= N O] 01U ] ] o] (o] o HU PP PRSP PPTRT PRI 3-49
(O g1 1 or= T = T 1= AN F= 1| £ S 3-51
a1 oo (8 ox 1o ] o H PO TP TOTRPRPPP 3-51
(O To = ol 14V Y g F= 11T LTS UPP PSPPI 3-54
Summary Of CritiCal LANE ANAIYSIS ........ueiiiieei ittt e e e e e ettt e e e e e e e tbeeeeeaeaasaasnsseeeaaeeaaannsbneeeaaeaaannees 3-60
4, LOCAL INTERSECTION TIMING ....ouiiiii et e e e e 4-1
QLI T o T d = T 1o USSR 4-1
Full Traffic Actuated Density TIMING CONIOIS........cooiiiiiiiiiiie e 4-1
Pedestrian TimiNng REGUIFEMENTS. ........uuiiiiiiiie ittt e e st bt e e s stbe e e s e sbb e e e e e anbeeeeeneee 4-2
LT 1L PSPPI 4-2
Fl ashi ng D00t MVa. L K e e e e s e e e e e s st e e e e e e s e tberreeeas 4-3
Pedestrian Timing RECOMMENAEA PraCliCe ..........cciiiiiiiiiiie et e e e e e st e e e e e s s et b a e e e e e e e satannreeeas 4-4
T = U T 0T o SRR 4-5
T o T g 10 o g L= TSP PTPT SRR 4-5
[T 1S Y ST LU (=SSP PUSSRR 4-6
Yo (o [=To I [ o111 | U PUT PO PPPPPRN 4-6
[ LT T [T T = TSP PPT SRR 4-7
RN Lel 7<) (o] (= = {=To (1 od 1o o T TR PPRRRN: 4-7
BT =T o TN =T [ Lo = USRS PPPPPN: 4-7
Y T T 0 0T (I T o BT PP PP PUPPP PRI 4-8
(D= =Tox (o] g =t 1= o NSRS 4-8
e 18T T 1T TSSO 4-8
Phase Change INTEIVAL ..........oooiiiiie ettt et e e e st e e e e s sabe e e e e snbne e e e anreeeeea 4-10
N Lo T 14T o o PP P PP PPPPT PPN 4-10
F X 2 =T PP PPPRPPPPPRE 4-12
Guidelines for the Inspection and Operation of Railroad Preemption at Signalized Intersections .............. 4-14
LN I 0T T I N 4-14
S O P ...ttt e aaa e e e e e e e e 4-14
GUIDELINES FOR PREEMPTION ...ttt ettt e ettt e e e e e e et e e e e e e ee et s e e e e e eeetannseeeeeeessanneeeeeeeessnnaeeeeeennnnnnnns 4-14
GUIDELINES FOR DESIGN ...oiiiiiiiiiiiiiiiiis ettt ettt e e e e e e e e et e e e e e e eeaaan e e e e e e eeatanaeeeeeeeasa s eaeeeeeessnnnneeeeeennnnnnns 4-15
GUIDELINES FOR OPERATION ...t e e e e e e e e e e e e e e e e e e e e e e e e e e eas 4-15
GUIDELINES FOR INSPECTION ... e e e e e e e e e e e e e e e e e e e e e e aeeeas 4-15
ANNUAI INSPECHION FOMM ...ttt e ekt e e a bt e e e h bt e e e b bt e e e sbe e e e s abe e e e aabb e e e nnbe e e e nnbneeean 4-16
Guidelines for Consideration and Timing of Advanced Warning Flashers ...........ccccccoiiiiiieniciieee. 4-17
GUIDELINES FOR INSTALLATION . ..ottt ettt s e e e et e e e e e e e et e e e e e e e e e st e e e e e e eessaa e seeeeeesstanaeeeeeeessnannns 4-18
5. COORDINATION CONCEPT S ...t e e e e e e e e e eaan 5-1
(@3 o3 [T I =T o | 1 o [ SR 5-1
Signal TIMING INTErVAIS AN SPIILS....ccciiuiiiiiiiiiiee e e st e e e st e e e e snbeteessnbaeeeesnbaeeeeas 5-1
Offset 5-1
PrOgreSSION IMEASUIES ......utiiiiiie e e ittt e e e e e s ettt e e e e s st eeeeeesssansteteeeeeeeas s nstaeneeaeeeasansseneeanaeeeanansssnneneeensanns 5-1
BanNAWIdth EffICIENCY ...t e et e e e e e s e e a e e e e e e e e ettt b e et e e e e e e s st b aaeeaeeeeaatbraeaeeeeeaatrrrreaeas 5-1
Bandwidth AttAINADIITY ........eeieiiiii e e e s e e e e e e e e et e e e e e e e e st b —ateeee e e et braraaeeeeaatbrrraaeas 5-2
YA (=T 0 AV 1= T U 5-3
LI L= U = 1Y/ SO R TPRP PPN 5-3
I ]r= U I = V=] B T TP PPPPPTN: 5-3
F N o To [ S) (T ST o= =T PO PPPRPRN 5-3
(7o) 40T o1 11=] o T a1 gTo B Koo LS TSP PTTT ORI 5-4

Table of Contents Pageii May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

THIMING PLAN NEEAS ...ttt e e oottt e e e oo e a e bttt e e e e e e s a bbb et e e e e e e o a b bbbt e e e e e e aaabbbb e e e e e e e sannnnneeeeas 5-10
Traffic SigNal CONIOl SYSIEIMS .......uiiiiiiie e e e e e s e e e e e s s sasbaaeeeaeeeseasnraneeaaeeeanns 5-12
)Y =] 1 W Ofo] o (o1 =T o] S PP PP PP PPPPPPPPPPPPPPPINE 5-12
Types of Traffic Signal CONTrol SYSTEIMS ..... ...ttt e e oo ettt e e e e e e s tbbe e e e e e e e s annrseeeaeeeaannneeeeeas 5-12
TIME-SPACE DIAGIAIMS ... .iieieiiiie ettt ettt et e e e e oo att et e e e e e e e aeteeeeaaeaaansteeeeaaeeaansbeeeeaaeeeaansbeeeeeaeaeaansnsseeeaaeeaannneeeaeas 5-14
Control Philosophies for Computerized Traffic SigNal SYSIEMS ......cooiiiiiiiiii e 5-16
6. SYNCHRO AND SIMTRAFFIC ... 6-1
7. MODEL CALIBRATION.. ... e n e e eennas 7-1
Computer Model Measures Of EffECHVENESS. .......cii it 7-1
Computer Model CaliBration.............c.ueiii et e s e e e nre e e 7-2
(D=1 e Y =T o= LU o] o H TP POFRRP 7-2
[DLCTo [ (=To N o] Y=V (] = 1110 ] o I T PP OP PP POPPPPP 7-3
RLeaLaTo = U o l o) A o = T OSSP P PR PUPRP PRI 7-3
Maximum Queue Length or Back Of QUEUE ...........uuuiiiiiiiiiiiiii e ettt e e e e e e et e e e e e e s e e e e e e e e e sesntbaeseaeesasiannes 7-4
(DTCTE= VA= Lo o I I = AV B I = PR UPRRRRROt 7-4
8.  TIMING PLAN IMPLEMENTATION AND EVALUATION ..o 8-1
Implementation and Field VErifiCatION ...........c..oiiiiiiiiiii e 8-1
Traffic Controller TIMING INPULS ........ueiiiiiie ettt e e e et b b e e e e e e s e sabbeee e e e e e e saaabnbeeeaaaeeeaans 8-1
[=lolo]lo] 1 (N OXeTp1iqo]|1=T o o 4110 o RO PP PTPP RO 8-1
Post Implementation EVAIUATION ............uuiiiii et e e e e e e sbb e e e e e e e e e aanneees 8-10
(1= (o I @o oo {1110 o F= PP PP OPURR PRSI 8-10
(D=1 v W o] | [=Toi 1] oI o =T d oo LSO PP P UP ST PPRPTOTRR 8-10
Duration Of Dat@ COIECHON ........ciiiie et e et s e e st et e e s bt e e s e e e e sk e e e s anbe e e e nnneeeansreeennes 8-10
MEASUIES Of EffECHVENESS ......oiiiiieiie et e bt e e et e e e e e e sk e e e anbe e e e nbb e e e aabbeeennes 8-11
SAMPIE SIZE REQUITEIMEINTS ...ttt ettt e et e e ettt e e o b et e e ek bt e e e s b et e e sab et e e et b e e e e bbe e e e shbe e e e anbb e e e nnbeeeensnneeean 8-11
APPENDIX AGLOSSARY OF SIGNIMING TERMS. ... A-1
APPENDIX BINDEX. ...ttt e e e e e e e e e e e e e e e e eaaeaes B-1
APPENDIX TREFERENGCES...... oot e et e e e eaa e e eees C-1
APPENDIX DMETRO CHECKLISTS.... oo D-1

May 2011 Pageii Table of Contents






Mn/DOT Traffic Signal Timing and Coordination Manual

1.h+9wxL9?

Introduction

No other device has such a daily impact on virtually every citizen as does the commepreseast traffic

signal. The trip to work is punctuatdxy stops at traffic signals, even on uncongested roubes/ers place
OKSAN)I LIKeaAOlrt al¥Sde yR GKFG 2F GKSANI LI 20& Sy 3I SN
way.

I aArAdylrftoa ySoOSaarade Aa I+ OO0 8diiidme cases, td &ssire Gafety mridS y X
mobility. The same citizen quietly assumes that the operating agency knows how to best operate the
signals, and reluctantly reports only the most obvious failuhesfficient signal operation, even though
suchoperak 2y Aa aAfSydagte aaG§SHfAy3a R2tfFNBR FTNRY GKS dz
etc.is rarely reported or noticed by theuséry (G KS dza SNRa @GASg> (KS aAIyl f
optimal, it becomes a concern but not a csisi

The overall objective of signal control is to provide for the safe and efficient traffic flow at intersections,
along routes and in street network#é well timed signal system can reduce fuel consumption, eliminate
unnecessary stops and delays, impr@agety and enhance the environment

Timing Goals

When signals are installed in accordance with the warrants listed irMineesotaManual on Uniform
Traffic Control DevicesMN MUTCI) 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 atalents (i.e., rightingle and pedestrian);
V Increase the traffic handling capacity of the intersection;
\%

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

V Provide for nearly continuous onement 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 rigiftway.
Same 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).

<

When improperly locad, 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 yeaomplete signal timing
analysis and operation check of the traffic signal should be made every three to five years.
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Data Collection

Data collection is a vital element of the traffigisal 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, butrn®t limited to:
V Intersection geometry, including lane usage and link distances.
Existing Intersection Turning Movement Counts
AM peak hour (minimum 2 hoursl5 minute periods)
PM peak hour (minimum 2 hourd.5 minute periods)
Off peak period or any otlr special traffic period
Count vehicles and pedestrians (Seasonal counts if required)
24 hour approach counts (preferably over a 7 day period)

Posted speed on each approach

K <K <K<K K K K <K <

Crash reports or preferably collision diagrams representing past 3 years fon udgations
(consider 5 years in rural locations)

<

Percent of heavy vehicles

<

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 colledtel (G KS & Fi
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
determinethe 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-blfookid
generators, earhrelease studies, etc.

All datashould 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

Intersectiongeometry 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 lefor rightturn lanes should be noted,l@g 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.
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In orderto 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 dyuarea 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 basemapsistaaats 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 movemeetimias 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 studsanclude:

V Annual Traffign vehicles per year.
V Average Daily Traff(@DT) or Average Annual Daily Traffic (AADT) in vehicles per day.
V Hourly Traffidn vehicles per hour.
V Short Brm Countgcovering 5, 6, 10, or 15 min. intervals) usually expanded into hourly flow rates.
V Density of Traffiin vehicles per mile.

Types

The volume studies applicable to signal timing projects include:

V Directional Countsare used for determining signal timing and justifying traffic controls.

V Turning Movement Countsvhich count all movements at the intersection, are used in computing
capacity and evaluating congggon.

V Classification Countre 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 Count@re usedo 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 Countsare used to obtainvehicular counts at nointersection locations. Total volumes,
directional volumes, or lane volumes can be obtained, depending on the equipment available.

V Permanent Counterare installed to obtain control counts on a continudagsis. Such counts are
used to provide factors for adjusting short counts to ADT and for finding tfehRfhest or other
hour of the year. Loop detectors are the most commonly used, especially on high volume multilane
roads, because they can distinguisthicles in individual lanes and are generally low maintenance.

V Portable Counterprovide 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 stormgldka 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.

Data Collection Page2-2 May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

Manual Countsmust 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. Electroniceirgection 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 isngrovidi
SELI YRSR OILIoAftAGASE Ay GKAA FNBF & 6Stto ahi?2
movement counts usingoff AyYS @ARS2 02ttt SOlA2y FtyR RSGSOGAZ2Y |
for the designated periods. Manual coumts 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.

CountingPeriods

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 applcations.

Some of the more commonly used intervals are:

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

V 16-hour counts usually covering 5:30 ar@: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.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,arteri
etc.). Commonly used periods are 6 atham and 3 pm6 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, sportiegents, 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 conditiomdior 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, though, right and Hurns. 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 thg 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, MRANSjuire that the data be converted irftourly
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 IntersectionMethod 1

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

Total
271

Highest four consecutive :
minute counts = 1,354 vph.

336
334

V Calculate he 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 Calcuate the movement and intersection Peak Hour Factors (PHF). The Peak Hour Factor is used to
determine the traffic flow rate during the busiest -bainute period. To determine the PHF, divide
the peak hour volume computed in step b) by the highest 15 minontin 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 FourMethod 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 tfue 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 15minute period having the highest volume may require more thast wunting volumes
in each of four 18ninute periods in an hour. The ideal data collection system should includelmyclele
counts of discharge volumes for each lane group, so that the peakid&te period can be selected more
accurately than with 18Bninute counts.

When the traffic flow in a lane group is saturated, the cymfecycle 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 theycleby-cycle counts of discharge volumes and the number of vehicles in
each overflow queue.
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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 Factoaffects theSaturated Flow Rate

Lane Group Movements | # of Lanes | Lane Ultilization Factor
Thru or shared 1 1.00
Thru orshared 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:

200 wph = _ Total App. Vol. B (100 + 200)

100 vph == "~ (No. of Lanes) x (2 x 200)
(High Lane Vol.)

=0.75

See Synchro section for further details.

Travel Tine & Delay Studies

Definitions

V Travel Time StudyA study conducted to determine the amount of time required to traverse a
specific route or section of a street or highway.eTdata 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 StudyA study made to provide information concerning the amount, cause,itocaduration,
and frequency of delays as well as travel time and similar values.

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

V Running TimeThat portion of the travel time that the vehicle is actually in motion. Running time is
equal to travel time minus stoppetiime delay.

V Travel SpeedThe overall average speed along a specified route of a street or highway. Travel speed
is computed by dividing the total distance by the travel time.
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V Running SpeedThe 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 amounfioftiaime 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, parkinghaneuvers, 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 speettaffic 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 DelayThe tota time lost, in vehiclaninutes 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 pealhour onedirection volumes by the delay rate.

Need for Travel Timer 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 teeded
determine the proper remedy.

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

Beforeand-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, stogigns, 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 unparkinghicles, 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 Methodn this method K S RNA @SNJ GNARSE G2 aFf2lG¢
many vehicles as pass the test car.

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

<

Equipment Useth 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 stoppedime delays. The time, location, and cauddhese 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 thécT3&am 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 ofthem@an 2 ¥ a0 S¥F2NB¢ |y R al FGUSNE a

License Plate Technique
The License Plate Technique is used when only ttawelinformation is desired.

Intersection Delay Studies

Delay at intersectionsis 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, andimM® NA 4G4 Q RSaANBao®

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 characteristioing 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 begiisimeasure. 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 Percentof 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 intofdoaro
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 procedwes 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 measungents 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 measurtsnoé the number of
vehicles in the approach
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3. h/!'[ Lbc¢omyd/o9tedihb /
Signal Timing Theory

Signalized intersections play a critical role in the safe and efficie
movement of vehicular and pedestrian traffic. The ohjestof In theory, short cycle lengths

traffic signal timing is to assign the rigbftway to alternating typically yield the lowest
traffic movements in such a manner to minimize the avers overall average delay. Other
delay to any group of vehicles or pedestrians and reduce consideratios must be
probability of accident producing conflicts. Some of the qugd considered in the
standard€o accomplish this objective are as follows: determination of the cycle

V Minimize the number of phases that are used. Eg '€ngth, such as, minimum time

additional phase increases the amount of lost time due for vehicle and pedestrian
starting delays and clearance intervals. movements and systems

. . . operations.
V Short cycle lengths tygally yield the best performance m\ /
terms of providing the lowest overall average delay,

provided the capacity of the cycle to pass vehicles is not excedthedcycle length, however, must
allow adequate time for vehicular and pedestrian movementsonge 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 tmwmplete 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 sectioB, pages3-5) it is a complete sequence of signal indications.

One approach to determining cycle lengths for an isolapeeitimed f 2 OF A2y A& ol &SR
equation for minimum delay cycle lengths. The equation is as follows:

G =15t +5
1.0-SY:

Where: G = Optimum cycle length in seconds
tL = The unusable time per cycle in seconds
aY; = degree of saturation for Phase i

The equaibn above indicates that cycle lengths in the range of Q,76Q.5G do not significantly increase
delay.

The equation is for isolated ptémed signal locations only. A detailed network analysis should be
performed using a software package such as TRANS 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.
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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.

i :

"""" = e || ﬁ_'

T

Two Lane per Approach (2-way operation) Phasing

Phase 1 Phase 2

500 vph

L
.

1000 vph
1400 vph

------------------------------ EEE—
700 ph  ——pp

T &

>

€ 8

> @©

8

<

Critical Lane Volumes Approach Volumes

Y, = Observed Flow Saturated Flow
Y;=700- 1700 = 0.412

Y,=400- 1700 = 0.235
aY;=0.412 + 0.235 = 0.647

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

= 10 seconds
1.5tL+5 15(10)+5
o= ———— = ———————— =56.7 seconds, use 57 seconds
1.0-SY. 1.0 - 0.647
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Signal Timing Intervals and Splits

Aninterval is that portion of the cyd that signal indications do not change. There are several commonly
termed intervals: minimum green, pedestrian clearance, yellow clearance, and all red. Timing parameters
FNB FLILXASR (2 AyGSNBIHfta oAy 2GKSNJ g2NRaz ¢S Oly
The sum ofhe green, yellow, and all reidtervalstypically defines an individual phaselit. 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 thatust be given to vehicle split times are as follows:

V The phase duration must be no shorter than some absotiteimum time, such as five to seven
seconds of green plus the required clearance interval. If pedestrians may be crossing with this
phase, their apssing 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 frequentycle failuresvhere some traffic fails to clear dudrits 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, notjuétSlj dzA G 6 f @ ¢ 0 Sduth Sn8l ¢aBtvest. & = y 2 NI K

The distribution of the green time for pre-timed signal should be proportional to theritical lane
volumes on each phase (critical lane analysis is discussed in se@tigage 3-26). The formula for
determining green time for a twphase pretimed intersection is as follows:

G (net green time) = €Y; - Yo - nl

Where,

C = Optimum cycle leng{see sectior®, page3-1).
Y; = Yellow time on Phase 1, seconds

Y,= Yellow time on Phase 2, seconds

n = number of phases

| = 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.

M n

TR —5 o+

ﬁmﬁ

Two Lane per Approach (2-way operation) Phasing

Phase 1 Phase 2

500 vph

SN \4—

1000 vph

____________________________________ 1400 vph

700 wph ——P
T g
>
£ 8
8
<
Critical Lane Volumes Approach Volumes

The Cycle length calculated is 57 seconds.
Assume yellow change time, ¥ = 5 seconds.
Then,
G=CVY:-Y,-nl=57-5-5-2(5) = 37 seconds.
And,
Critical lane volumes = 700 + 400 = 1,100
G, = 37*700/ 1,100 = 23.5 seconds
G,= 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 UnitTiming

A traffic signal controls traffic by assigning rigitway to one traffic movement or several na@onflicting
traffic movements at a timeRightof-way is assigned by turning on a green signaldagertain length of
time or an interval. Rightf-way is ended by a yellow change interval during which a yellow signal is
displayed, followed by the display of a red sigidle device that times these intervals and switches the
signal lamps is called @ntroller unit This section will cover the operation of controller unésd the
various features and characteristics of the types currently available.

Control Concepts

Traffic control concets for isolated intersections basically fall into two basic categoriestipred and
traffic-actuated.

Pretimed signal control

Under these conditions, the signal assigns Agihtvay at an intersection according to a petdrmined
schedule The sequence of righif-way (phases), and the length of the time interval for each signal
indication in the cycle is fixedNo recognition is given to the current traffic demand on the intersection
approaches unless detectors are us&tie major elements of preémed control are (1) fixed cycle length
(2) fixed phase length, and (3) number and sequence of phases.

Advantages to préimed control include:
V  Simplicity of equipment provides relatively easy semg@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 peaiditions.
Disadvantages to prémed control include:

V Do not recognize or accommodate shtgtm fluctuations in traffic.

V Can cause excessive delay to vehicles and pedestrians duripgabfperiods.

The left side of thefollowing figure shows the timmg operation for a basic twphase or twetraffic
movement pretimed controller unit. The right side of the figure shows the timing operation for a three
phase pretimed controller unit. For the préimed controller, the length of time for each phase iefi.
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PHASE 1

PHASE 2

PHASE 3

N ‘
PHASE 1 PHASE 2 l
l ——
' C— _GREEN YEL.  RED
PHASE 1

RED GREEN YEL. RED
PHASE 2

GREEN YEL. RED

PHASE 1

RED GREEN YEL.
PHASE 3

PHASE 2

PHASE 1 SPLIT PHASE 2 SPLIT PHASE 1 SPLIT PHASE 2 SPLIT PHASE 3 SPLIT

CYCLE LENGTH CYCLE LENGTH

Trafficactuated signal control

Trafficactuated controlattempts to adjust green time continuously, and, in some cases, the sequence of
phasing These adjustments occur in accordarndh reattime measures of traffic demand obtained from
vehicle detectors placed on one or more of the approaches to the interseckiom full range of actuated
control capabilities depends on the type of equipment employed and the operational requirement

Advantages to actuated signals include:
V Usually reduce delay (if properly timed).
V Adaptable to shorterm fluctuations in traffic flow.
V Usually increase capacity (by continually reapportioning green time).
\%

Provide continuous operation under low volumendlitions as an added safety feature, when fpre
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 installatiemsubstantially higher than the cost of a gieed installation.

V Actuated controllers and detectors are much more complicated thantipred signal controllers,
increasing maintenance and inspection skill requirements and costs.

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

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

SemiActuated Contral In semiactuated control, the majomovement receives green unless there is a
conflicting call on a minor movement phaskhe minor phases include any protected {&ftn phases or
side street through phase®etectors are needed for each minor movemebDetectors may be used on
the major marement if dilemma zone protection is desired

In semiactuated coordinated systemgeferred to as Actuated Coordinated in Synchrthe major
Y2@3SYSy il Aa O Kisor mavemgrd ghasedkate eBved only after the sync phase yield point
and are teminated on or before their respective force off pointthese 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 semiactuated noncoordinged systems, the major movement phase is placed on minimum (or
maximum) recallThe major movement rests in green until a conflicting call is pladeel conflicting phase

is serviced as soon as a gayt or maxout occurs on the major phasémmediately dter 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 Controlin full actuated control, all sighphases are actuated and all signalized movements
require detection Generally used at isolated intersections; however, can also be used atiéigand
intersections in coordinated systems

Volumedensity operation can be considered to be a more advarfoeth of fullactuated 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 alloable 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 trafficsignalphase or split, is thepart of the cycle given to an individual movement, or combination of
non-conflicting movements during one or more intervals. ifterval is a portion of the cycle during which
the signal indications do not change.

The predetermined order fophases is the sequence of operation. This order is fixed in dirpesl
controller, and under certain circumstances, may be variable with an actuated controller.

Consider the following figure for an example tpbase(single ringyignal with pedestriatiming.
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N ‘
é PHASE 1 PHASE 2
GREEN YEL. RED
prnse 1 [T— T T T
WALK FDW DON'T WALK
PHASE 1 PED.
RED GREEN YEL.
pse: (] -
DON'T WALK WALK FDW
PHASE 2 PED.
INTERVAL 1 2 3 4 5 6 7 8
SPLIT PHASE 1 SPLIT PHASE 2 SPLIT
CYCLE LENGTH

| Sequence of Operation >

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 dahegmhase 1

split is made up of intevals 1 through 4 and the phase 2 split is made up of intervals 5 throubeS8sum

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 seriesawiflicting phases that occur in an established order

ring may be a single ring, dual ring, or muiig and is descrilzkin 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-rmgtcontroller unit at
which all rings are interlocked. Barriers assure there will be no concurrent selection and timing of
conflicting phasedor 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 intersEoti@am eight
phase dual ring controller (see definition of dual ring), it is common to assign the main street through
movements as phases 2 andAlso, it is common to use odd numbers for left turn signals and the even
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numbers for through signal#\ rule of thumb is that the sum of the through movement and the adjacent
left turn is equal to seven or eleven

~
b=

The figure below shows a typical phase numbering scheme for an east/west arterial and a north/south
3 % =
.

arterial.
i
o5 b o7 wl
§ 2 ) I ¢ ¢ 4 =)

East/West Main Street North/South Main Street

Dual Ring Control

By contrast to the prédi A YSR O2y i NBff SN dzyAGZ GKS GNIFFAO | O
02y OdzNNB y (i ¢ . The\NEMA cBncdiiNRIsir&ed & the figure below

DUAL RING STRUCTURE

RING A

7D
>

t'—»"ll

I 3

5 6 7 8

RING B
l<—— BARRER1 —>|k—— BARRIER2 —>
(LEFT SIDE) (RIGHT SIDE)

The dualring controller uses a maxum of eight phase modules, each of which controls a single traffic
signal face with red, yellow and green displahe eight phases are required to accommodate the eight
movements (four through and four left turns) at the intersecti®mnases 1 through dre included in ring 1,

and phases 5 through 8 are included in ringTBe two rings operate independently, except that their
O2y GNRf Ydzald ONR&& GKS GO0l NNASNE Fd GKS alyYS GAYS
If the movements to be controlled by these eight phases are assigned protierlgontroller will operate

without giving the rightof-way simultaneously to conflicting movemengsl of the movements from one

street (usually the major street) must be assigned to the left side of the baS8ianrilarly, all movements
from the otherstreet 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 threeso 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.
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The dualring concurrem operation can be shown to maximize the operating efficiency at an intersection
0dKS

o8 StAYAYlIGAYS3
shown).

Modern controllers offer more flexibility in assigning tiaffignal phases in order to control many complex

Gatl O1¢

GAYS

2y Sl OK Oe &t S

O A P!

or unique situationsTS2 controllers include four timing rings and up to sixteen vehicle phases and sixteen
pedestrian phasesEach phase can be assigned to any.ringaddition, there are up to sixteenverlap

assignments.

Single Ring (Sequential Phases)

Sometimes it is desirable to use a single ring and have the phases operate one at a time sequgantially
phase is individually timed and can be skipped if ther@o demand for it. This is called sequental

exclusivephasing When using sequential phases on the left side of the barrier, phases-a show in
order. When using sequential phases on the rigjde of the barrier, phases#&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.

RING A

»lk

af

6_

Phasing Parameters

BARRIER 1

D

BARRIER 2

(LEFT SIDE)

(RIGHT SIDE)

—>

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

V There must be aninimum greentime so that a stopped vehicle that receives a green signal has

enough time to get started and partialcross the intersection before the yellow signal appears
This time is termed thanitial portion of the green interval.

V Each following vehicle requires green tinfenis is calleghassage timevehicle extensionor gap.

Gap refers to the distance between vehicles as well as the time between vehicles.

V There must be anaximum timethat the green interval can be extended if opposing cars are waiting
- this is calledextensionlimit or maximum

V A timing diagram for one traffic actuated phase is shown in the figuefollows The other phase

or phases operate in the same manner
GLINBaShGace

V ¢KS ydzyo SNJ

detector actuation starts the unit extension timiagain With no opposing calls the controller rests
Unit extensions continue being timed, but with no effect on the green interva

27

Aa 0 K Sexteyisiy poftidld. BAch

GAYAY

V However, once amctuationis received from an opposing phase, unit extension is used to expedite

servicing that phase as follows:
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next phase in sequence with demand will receive the rigfavay. 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 greEnen if actuations are close
enough in time to prevent gap terminatiprthe maximum limit will terminate the green interval
when the preset maximum expireghis iscalled termination by maximum green anax-out.

l«—— Begmning of Phase Due to Actuation or Recal

! Phase Green Ends Due

Minimum Initial* | to Gap. Gap Termination
| Beginning of Extensible Portion Occurs Only with
or of Rest if No Further Demand Conficting Demand.

Vehicle
Extenslon*
(or Gap)

Extensible Green (Extended by Actuation}
L ® XX

'h._..-.
~

Actuation .

]
. 1
Phase Ends ———»|

I
H
-t

T

L
|Ped Clearance*
]
Initial with Pedestrian Intervals

-l

Preset Max. Green (Effective Only with Conflicting Demand) |

. 1
Phase Ends ——»i

* -Indicates Preset Timing Adjustme nt

Minimum Green

The Minimum Green Interval is the shortest green time of a phésetime setting control is designated as
"minimum green,” the green time shall be niaiss than that setting. For Mn/DOT practice on minimum
green (minimum initial) times, refer to pages.
Initial Intervals
There are three types of initial intervals as follows:

V Extensible initial

V Added initial

V Computed initial

Extensible initialis the method of calculating the variable initial period commonly used in field practice
CKAd YSGK2R FTRRA (KRAGABNI 210504 TMSR I A1 20 AiIKB2 yWA Y )
vehicle actuation received by a phase during the yellow and/or red signal (depending on red and yellow
lock) up to a maximum initial tim@his method is common in both 170 and NEMA controllers.
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Added initialA & &AYAfFNJ (G2 SEGSyaraotS AyAldAlf sAGK GKS SE(
does not begin until a user specified number of vehicles actuations have occlire@dded initial option
is generally used when long minimum gnetimes are specified.

Computed initialcalculates 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 &tuations that can be serviced during the minimum initial
interval) x (number or recorded actuationg)he total time allowed for the computed initial interval is
limited by both the minimum green and maximum initial interval.

Passage Time

Passage Timealso referred to asehicle extensiomwr gap timg is the time that the phase will be extended

for each actuationPassage timés typically set as the time it takes to travel from the vehia¢edtor 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 Therefore, the vehicle extension is
related to the minimum and maximum gap.rRdn/DOT practice on passage time refer to sectippage

4-7.

Maximum Green

Depending on the type and manufacturer of the controller being simulated, tbanebe two methods for
calculating the maximum amount of green time allowed per ph&&ethod 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 theontroller 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 extensipis the amount of time a phase will be allowed service after the
minimum green and variable initial have timed oWhile some controller manufacturers still allow
maximum green extension, it is more commonly found in older isolated NEMA and Type litdlemnt
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 vdlmeever, in Method 2 the total

green time is not only dependent on vehitleadways during the phase green but also on the number of
vehicles that arrive during the red display for the calculation of variable inftiedrefore, total green time

for Method 2 can vary from cycle to cycle irrelevant of vehicle headways.

If the cortroller 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 controlldris
case the phase can maxit early without ever reaching thiorce-off point (the end of the assigned phase
split) for the phase

b2GSY Ly OSNIIFAY YIydzZFlF Oidz2NENBRQ O2y i N®Ef SHNEXAIKSEN
the same as maximum extension green but the number of sezasgd to extend the maximum green

@t dzS 6KSy da!- oé¢ Aa | OGA@GSo

For Mn/DOT practice on maximum green times, refer to se@jqrage4-8.

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:

Local Intersection Concepts Page3-12 May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

I a%F Ay G SNIR 0 &F 21 f Rl a KpadgstianccleaRayic@ril the2abséntes of opposing
calls, succeeding pedestrian actuations will recycle the pedestrian indications.

V Pedestrian intervals result in aegn interval for the parallel vehicle phase or phasése figureon
the previous pagshows the timing diagram for pedestrian operation.

V ltis also possible to have an exclusive pedestrian pfiidsa is, no vehicle green intervals will occur
All pedesrian 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 re
for all traffic movementsFor Mn/DOT practice on red clearance intervals, see se6tipages-11.

Recall

Normally a controller unit will, in the absence of actuation, rest on the lastgkasvicedBy means of a
NEOFff agAlOK GKS O2yGNRftSNI dzyAd Oy 06S F2NOSR (
demand.

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

V Recall to MinimumWhen 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 phd$& vehicle call is received prior to
the phase being serviced the temporary call will be rentb¥@nce the phase is serviced it can be
extended based on normal vehicle demand.

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

V Recall to PedestrianThis 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 phaese, t
LIKFaSQa 3INBSY AYyiSNBIt O2ddZ R 6S SEGSYRSR o0Sez2y

Volume Density Control

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

V Variable initialis a means of extending the initial portion of the green inter\fdlis is done o 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 tieectors are set back a distance from the stop
bar and there are no vehicles following.

V Gap reductions a means of reducing the passage time or gap on the basis of the time that opposing
vehicles have waitedin effect, it benefitsthe waiting vehicles by reducing the time allowed
between vehicles arriving on the green phase before that phase is terminated.

May 2011 Page3-13 Local Intersection Concepts



Mn/DOT Traffic Signal Timing and Coordination Manual

The timing diagram for a volume density phase is shown in the following figure.

l«—— Begmning of Phase Due to Actuation or Recall

! I

- — I
Min. Initial Beginning of Extensible Portion
or of Rest if No Further Demand

I
Added Initial*

Phase Green
Ends Due to Gap.

Time Befbre Reduce*

|
1
|
! !Time To Reduce*
. N

. !

—
[—— Minimum Gap*

Vehlcle
Extenslon®
(or Gap)

Extensible Green

AMW _

. 1
Phase Ends ——»i

Preset Max. Green (Effective Only with Conflicting Demand) [

. 1
Phase Ends —— 1

* -Indicates Preset Timing Adjustment

Gap Reduction

Gap redetion, 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 Veltadl. For example, assume there is

by FLIWINEFOK (G2 F Fddte | OGdd 68R AyHAKE OABA B yEKISE C

headways until vehicles are moving at a more normal spHettie gap is set where it should be for the
normal speeds, the phase would constantly gayt early. If, however, the gap were set to accommodate

the startup vehicles, the phase would run to maximum green more times than necedddsyproblem

could be handled by providing a long minimum green time xierding the vehicle call but would also
contribute to an inefficient signal operatioy 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 startup time the problem is relieved with little or no effect on efficien8ymilarly, gap reduction

can take care of the problems experienced at intersections with large fluctuations in traffic volumes during
the day Generally these intersectionsabie low vehicular volumes with long vehicle headways during off
peak travel times and shorter headways during peak travel peri@dgp reduction techniques could
provide a longer gap at the beginning of the phase when volumes are low, headways are kbrag an
overall shorter cycle length is provide@ihe 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 belueed 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 iffrMmum gap) over a user specified amount of tir(iehis 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 extiat the receipt of a call on a
conflicting phaseThis is generally, but not always the beginning of phase gid&MA and newer 170
controllers allow the user to specify an amount of time from the beginning of phase green until gap
reduction beginsThis value is called Tird@eforeReduction 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 sdatioages-6.

Minimum Gap

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

For Mn/DOT practice on mininm gap, refer to sectiof), page4-8.

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 togdfethismey 2 NB f 201 G233fS A& aG2yé
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 seti/tbe toggle is set

G2 Ga2FF¢ OAYlLFIOGAGSUOL AG 2yfteée YSIya GKS O2yudNRff SN
call for service on a phase that has an unoccupied detector

Double (Dual) Entry

When double (duakentry 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. [frase
example using the standard NEMA phase numbering scheme, assuming the interbeatigrconsidered

is under light traffic conditionsA call for service is received on phase 2 but there are no other calls on
phase 5 or 6With dual entry active the call on phase 2 would automatically place a temporary call on
phase 6 When phase 2 becamactive and no call was received on phase 5, phase 6 would be displayed
simultaneously with phase.2f 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 woulddeavdibplayedin

the standard NEMA phase numbering scheme, compatible-ghiay phases are 1 and 5, 2 and 6, 3 and 7,
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and 4 and 8If duatentry is not active a vehicle call on a phase will only allow the display of that phase in
the absence of a call oa compatible phaseThe usage of duantry is generally a policy decision
However, common usage is to have dual entry active on the NEMA standarehender phases (through
movements) and inactive on NEMA standard -odonber phases (lefturn 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 .pfaesefore, if rest in red

is set to active for any phase it should be active for all phasesost 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 appraaches, it is the more general practice to allow the controller to rest in green on the mainline
approaches in the absence of callsthis case, rest in red would be set to inactive for all phases.

Lag Phase

The lag phase setting desigaa 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 diagraitherefore, phase pairs are phases 1 and 2, 3d4ridland 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 15,3and 7 are leading phasé%r a lead/lag sequence, phase 2 can
lead, and phase 1 can laghis will produce the signal display sequence of phases 2 and 5, then phases 2
and 6, then phases 1 and 6 is also possible to have both

left turns lagging byspecifying phases 2 and 6 as leadi L
[GES

and phases 1 and 5 as laggihggging leftturn phases are
typically only used in coordinated systems.

o

Overlap Phasing

=

]

An overlap is a vehicle movement, generally a right tu A
that is allowedto run concurrently with two standard o "-@1
phases For example, in the figure here, the phase —

a2dziKo2dzyR NAIKG GdzNY Y2 O
Usually a Esection signal head with right arrows contro
this type of overlap movemenh @S NI | Lllovied o
run concurrently with not only phase 4, under green b
control, but also whenever phase 5 is active in either t
phases 1 and 5, or 2 and 5 combinati®herefore phases 5
FYR n FNB aLINBylGé¢ LIKFasSa G2 2i@phddels the sighatbcontrollingk Sy
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 indidatdn
revert timing prevents this signal display sequence by forcing the red indication to be displayed after a
yellow for at least the red revert tim&ed reverin generally factory programmed at 2 seconds
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Phase Hold

5dz2NAy 3 O022NRAYI G§SR 2 LISNI (i A BefeEted IphaseKtd prévént tiiebeyphaseS LIt
from terminating before their forceff point is reachedThis is desirable nen leadlag leftturn phasing
combinations are used to maximize tweay progressiont £  OAy 3 | G K2 f-Ré phasé | €
LINB@Syia GKIFG LK &SdzZiFeNRIYYy RINSYWE dedBNS @Al L 6 KS LKL &
force-off point is reabed. 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 cldeeg systems that do not have local intersection
vehicle detection One the phase is initialized, by either minimum recall or maximum recall, it will
continue to display green not terminating until its foro# point is reachedAll maximum green or vehicle
extension, if detection is used, timing inputs will be ignor&tiis function should not be confused with the
O2yGNBffSNI Fdzy OliA2y GLYKAOAG alE® ¢SNNYAYIlI GAZ2Y DE
2 @i 2N d&iOTeuhDERe2dé a YL ES f | 3 -oltkihctiod wilKahly R 2
Fff2¢ GKS aAYdz 6 SRAOZy 6 NIRRt KER) ¥2 aF LI DANRFR O2y (!
within a coordinated system.

Simultaneous Gafut

Both NEMA and 170 operational logic specifies that both controllgsriring 1 and ring 2, must cross the
barrier at the sametimet KA & OFy 06S | 002YL)X A4aKSR o0&280i DK -a¥l BEK
2dz02¢ 2RAF & P& NOA ¥ 8 K -auk nstottive| ofieSridgdzan gaplt add the other can max

out. Addtionally, once a phase gajmt it will stay in that condition, irrelevant of any future vehicle
actuations until the phase in the opposite ring either gaps or maxesout and then both phases cross

the barrier 2 A 0 K & A Y dzf 2Idzi$ 2 dzXO (ofi tHEJEAaseS tamhkt cross the barrier until both

LIKIF aSa KI @S 0SSy GSNNAYLIFGSR2Ma1 ¢ RBII-DHEE GIVY ERNIE A 7
I LK &S A@abiixl fhiydR dXKSWE RdzS (G2 AYONBFaSR ndfeKA Of S
SEGSyaArzy GBS TEKIST aBZA NI (.R AT KLIKIA A Sz AR3dzi 8B dza0i 8\ BDIS 1D
vehicle headways on both phases must currently be exceeding théngeffect The inactive status for

this function generally produces a quickeacting signal and shorter cycle lengths.

Conditional Service

When a heavy lefturn demand exists at an intersection (generally not coordinated), it may be desirable to
service one of these lefurn phases twice in the same dooller 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 thewaig
circumstances:

V There is a call for service on a leading-tafh phase.
V The controller is operating in the naoordinated mode.

V There is a conflicting call on the opposite side of the bar@herwise the lefturn phase will
automatically be seaficed next by standard controller logic unless the datkup controller feature
is active.

V The through phase of the phase pair with the {&ftn call for service has gappeult.

V ¢KS GAYS NBYIAYAYy3 2y (GKS I O0AGS dnkitiRatizariGce LIK | &
LK aSQa YAYAYdzy O2@oRditidnal Befvicd tima iS deldekally Bqual fo ¥r3yreater
than the minimum green of the left turn phase to be conditionally serviced.
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Left Turn Phasing

A critical elemetto 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 significeafety and capacity problems
Based on this, there are additional considerations for determining the left turn phasing alterriBhiese
include:

V Heaviest Left Turn ProtectedThis is a leading left phase scheme in which thetlefiing 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)/hen the opposingelft turns move simultaneously
F2f{f26SR 0& (GKS GKNRdJzZAK Y2 dBtMSeft iutngfolldwithe sheough I f £ SR
Y2@SYSyi>x Ad Aa OFrttSR F afl3 Rdzrt fSTaéD

V Both Left Turns Protected (With Overlafy) this operation, opposing left tas 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 stakéten
this type of phasingisusedonboth 85 SGa> AdG Aa GSNX¥YSR daljdzr R £ ST

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 directibis sometimes used in systems
to provide awider two-way through band.

V Directional Separation (SplitFirst, 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 phasinemes.

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

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

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

This is a leading left phase scheme in which the J _
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. -OR -

Lagging Left

_J
) )

Both Left Turns Protected (Without Overlap) Lead Dual Lefts
When the opposing left turns move simultaneously
followed by the through movements, itis called a r _

ilead dual | efto. | f th )

movement, it is called

-OR -

Lag Du .:;1I Lefts

— c
) J

Directional Seperation (Split)

First, one approach moves with all opposing traffic
stopped, then the other approach moves with the

- <—
firstapproach stopped. ‘ r

Both Turns Protected (with Overlap) Qua.d Left (Leading) Phas-ing

In this operation, opposing left turns start J

simultaneously. When one terminates, the through r <=
movementin the same direction as the extending J ‘ ‘

left movementis started. When the extended leftis

terminated, the remaining through movementis

started. When this type of phasing is used on both -OR -
street s, it is termed n
Lead Lag phasing is combined with a leading Qua(-j Left (Lead Lag) Pha-sing

protected left in one direction, followed by the

through movements, followed by a lag leftin the ’ _ _

opposing direction. Itis sometimes used in

systems to provide a wider two-way through band. - ‘ r
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Exclusive and Permissive Left Turn Phasing

If an exclusive left turn phase to be used (left turn made Without/ \
conflicts with opposing traffic) left turns may or may not also Mn/DOT typically does not
permitted on a circular green indication with opposing traffic. use permissive left turn

In general, it is desirable to allow this permissive left turn movem

unless there are oveiding safety concerns which make such phas
particularly hazardous.

\%

\Y

phases when the posted

speed limit igt5 mph or
higher. Engineering studies

and judgment should be
Use of a permissive left turn can significantly reduce ove] exercised in determining us
intersection delay as well as delay to left turners of permissive left turn
phases in high speed

locations.

Use of permissive left turn phasing may reduce the requi
length d left turn storage on the approach and allow a
approach with substandard left turn storage to operate more
efficiently.

Certain situations exist where safety considerations generally precluded the use of permissive lefnturns
these cases, left turnshould be restricted to the exclusive left turn phasBach situations include:

Vv

Vv

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

Blind intersections where théorizontal or vertical alignment of the road does not allow the left
turning driver adequate sight distance to judge whether or not a gap keamning traffic is long
enough to safely complete his turn

Highspeed and/or multilane approaches may makeifficult for left turning drivers to judge gaps

in oncoming trafficSuch locations should be evaluated on an individual basis.

Iy dza dzl 3S2YSUNRAO 2NJ ONITFFAO O2yRAUGAZ2YA YIeée 02
prohibition of permissive left ture An example of such conditions is an approach where dual left

turns are provided.

When normal leadag phasing is used (due to left turn trapping).
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Left Turn Trapping

As noted in bullet item five in the prewvis section, the combination of a permitted left turns with lead
LIKIFaAy3a £SFRa G2 | &hi i didiNg/2 EonNdrapiite the figére sBownh e® Br G K S
an eastbound leading scenari@here is no real problem with the westbound situatibere, these left

turners are presented in interval 2 with a green ball after a period of obvious opposingtfiswlear they

must yield to the eastbound through traffin 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 turni$ this scenarios was allowed, any left turner who had not
been ableto find a gap during the interval 2 green would be presented with a yellow ball at itsSémck

these drivers see yellow balls on all facing displays (through and left), they may incorrectly presume that
the westbound through is likewise receiving algel 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
creatinga serious safety issue.

Interval 1: Phase 5 easthound shows protected left

turh arrove while phase 2 easthound through shows a
#3 J green ball
g2 -
Interval 2: Phase 5 easthound and phase 1
westhound show permitted left turn {green hally while
.— wh |phase 2 and phase 6 through shows green ball. At
- the end ofinterval 2, phase 5 displays a vellow
el indication. Since the easthound left sees the yve llow
an all facing displays, they may incarrectly presume
. - a display ¥ rmay ¥

that westhound leftis likewise receiving a vellow ball
and ahoutto stop.

. Interval 3: Fhase 1 westhound shows protected left
"" mEnmu ‘_ #B turn arrow while phase B eastbound through shows
green ball. Easthound left may have assumed the
westhound through was stopping creating a crash
situation.

h

May 2011 Page3-21 Local Intersection Concepts



Mn/DOT Traffic Signal Timing and Coordination Manual

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 th& &h 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 informationfollowing this page is a DRAFT handout regardifgy y Sa2 G Qa dzaS 2F (KS
this can be found by visiting

www.dot.state.mn.us/trafficena/standards/signalnews.html
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Detection

The section discusses the functiansilable for traffic signal detectors. The design aydua of detectors
at an intersection is discussed in the Traffic Signal Design Manual. Refer to §daiionformation from
the Signal Design Manual.

Detector Labeling and Phase Assignmte
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 Nunuiseally

a detector back from the stop line and Number 2the 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 exampig, B2, 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 labelsone for the plan sheet (i.e. Bll) and one for the controller functions (i.e. Detector
#1).

Refer to the image below. At this intersection there &phases. Each detector is labeled with the plan
sheet label and local detector (LD) number. For ingtattee northernmost detector is for phase 4 SBT. On
the plan set, this is indicated as 24For the LD Phase Assignment this is Deted8r #
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0O, 0] ps-2 #7 D12, #2
ZELERN
D3-2, #10 A 10 & D8-3, #18
Loop Detector Chart
Desionati - O—
esignation No. of Loops Location —
D3-1, #9
D1-1, D5-1 1 40° QT @
D1-2, D5-2 1 10'
D2-1, D2-2 1 400'
D3-1, D7-1 2 20' & 50'
D3-2, D7-2 2 5'& 35
D4-1, D8-1 1 300"
D6-1, D6-2 1 400'
D4-2, D8-2 1 5 0] be-1, #16
D4-3, D8-3 2 5'& 20"

Assigning TS2 Type 1 Detector Numbers

As noted above, the signal operator will label each detector with auenimumber 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/standrds/signalworksheets.html

Thedetector layoutshown in sectiorD aboveis usedas an example to fill out th&S2 Type 1 Detector
Phase Assignmelelow.

In this example, detectord1 and B-lare setat3n n Q H#-YaRd B3 NBE G wnQ ol O] TFNEP
bar (per Figure of the Signal Design ManuaBt 45 mph, a vehicle takeg.23seconds to travel @1 {he

distance between the detectorsiHowever, it is not desirable to have detector-B4nd D83 exend the

phase 4.23 seconds. So, the vehicle extension can be set to 1.0 seconds. Then, detécamdBL 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 afteraving phase B3 and D&3.
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TE# System I.D.# Date:
TS2 Type 1 Detector Phase Assignment
Intersection: TH 1 and Main St.
Zone Rack 1 BIU Address 9 Initals
Detector Phase
Local Detector # *Type* TT2T3T2T5T6l T8l ol 0Tl Extend| Delay
D1-1 1 0 X 0 0
:E| 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
g 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
2 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
n D4-3 15 0 X 0 0
D8-1 16 0 X 3.23 0
Rack 2 BIU Address 10
Detector Phase
Local Detector # *Type* TT2T3T2T5T6l T8l 9T 0l Extend| Delay
D8-2 17 1 X 0 15
:E| D8-3 18 0 X 0 0
) 19
20
21
N 22
% 23
24
25
32! 26
f}:) 27
28
29
< 30
& 31
32
*Types Note: Each rack is wired to support 4 additional channels of EVP or Pedestrian
0 = Normal detection not shown above.
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
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Common Detector Functions
Below is a list of the commdry detector functions that can be used.

1. CALL & EXTEN  Upon actuation the detector immediately places a call on its associated pha:

all times. The detector shallso immediately cause the controller to extend tl
green time for the actuating vehicle only during the green interval of that ph
The controller phase and the individual detector may be in Lock orLéck
mode.

DELAY CALL When actiated during the yellow and red interval of its associated phase,
IMMEDIATE detector delays its output call for a paetermined length of time during the
EXTEND extended presence actuation. After the time delay expires, the call remains ¢

EXTEND ONLY

at the controller unit @ long as the detector stays actuated. The detector s
also immediately cause the controller unit to extend the green time for
actuating vehicle only during the green interval of that phase. The contr
phase and the individual detector may beliock or NorLock mode.

The detector immediately registers actuation at the Controller unit only du
the green interval for that phase thus extending the green time before
actuating vehicles. The controller phase and the individuabdet may be in
Lock or NorLock mode.

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

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

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

CALL ONLY Upon actuation the detector immediately places a call on its associated

DENSITY only during the red interval of that phase. This call is inactivated when
controller unit outputs a check. Thiallows the use of density functions on tt
phase but necessitates the use of detector memory (lock) on the controller ur

DELAY CALL When actuated during the red interval of its associated phase, the detector di

DENSITY ONL®

CARRYOVER
CALL & EXTEN

its output call fora predetermined length of time during the extended actuatio
This call is inactivated when the controller unit outputs a check and the time ¢
unit is not reset until after that phase has been served. This allows the u:
density functions on this lpase but necessitates the use of detector mem
(lock).

Upon actuation the detector immediately places a call on its associated pha
all times and continues to output the call for a ptetermined length of time. The
detector shall also immediately cause the controller unit to extend the green t
for the actuating vehicle during the green interval of that phase and shall coni
its output for a predetermined length of time following an actuation. Tl
controller unit maybe in Lock or Nohock mode.
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10. DELAY CALL When actuated during the red interval of its associated phase, the detector di
ONLY its output call for a pradetermined length of time during the extended presen
actuation. After the time delay expires, tteall remains active at the controlle
unit as long as the detector remains actuated. The controller phase or indiv

detector may be in Lock or Ndrock mode.

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

Summary of By Phase and By Detector Functions

As detailed throughout this manual, the signal ogt@on has a variety of functions that can be applied by
phase and/or by detectorThe 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 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 page8-11and pagesd-5
Passageyehicle X X Refer to page8-12 and pagesd-7
Extension, Gap

MaximumGreen X Refer to page8-12 and page4-8
Volume Density X Refer to page8-13and paged-6

Control (gap
reduction, added
initial, computed

inititial)

Recall X Refer to page3-13

Lock Call X X Refer to page-15and below
Delay Call X Refer to page3-26

Stop Bar X Refer to page3-26

Detector Modes

Detectors can be operat 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 baperate with a lock or notock 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 witimt 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 nonlock mode of memory, a waiting call is dropped by the controller as s the vehicle leaves

the detection area. Notock 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 aeas 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.
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CHAPTER 4. DETECTION

4, DETECTION

4.1 GENERAL

The purpose of this section is to familiarize the designer with the various operational components of both
vehicular and pedestrian detectors. The factors which determine appropriate detection for a given area will
be examined.

4.1.1 Background

A. The control of traffic relates to the movement of vehicles and pedestrians. Since the volume of these
movements generally varies at different times of the day, it is desirable to be able to detect approaching
movements by placing one or more devices in the path of approaching vehicles or at a convenient
location for the use of pedestrians.

The different types of vehicle detectors available include but are not limited to the following types:

Magnetic/Magnetometer detects moving ferrous metal objects — pulse.

Photo electric/Infrared detects a break in a beam of light — presence or pulse.
Radar/Microwave detects moving objects by sending and receiving electronic pulses — pulse.
Ultrasonic detects sound with a microphone — presence or pulse.

Inductive loop detects a change in resonant frequency by the introduction of a ferrous metal in
the magnetic field of the detection zone.

Video detects a change in a video pixel range — presence or pulse.

Microloop detects a change by moving ferrous metal in the earth’s magnetic field — pulse.

Types of Detection

‘ A. The Figure at the left is a classification of
Puise Mode types of detection for traffic actuated
. Prasence Mode controllers.

Detector Output Types

MWormal Designs

Extended-Call Stretch Deteciors .
Vehicle . Some detectors record vehicles whether

Detectors (N palayed-Call Detectors stopped or in motion. Others require that
the vehicle be moving at a speed of at least
Hybrid Designs with Both Delay and Extension 2or3 mph.

Green Exiension Systems . -
Detection < st 1. Normal loop or magnetic detectors will

With Awdliary

” operate in either the pulse mode or
Logic

presence mode. The magnetic detector

produces a short output pulse when

Traffic Actuated Control Detection detection occurs, no matter how long

the vehicle remains in the detection

area. The normal loop is intended to produce a detector output for as long as a vehicle is in the field
of detection.

Speed Analysis Systems

Mn/DOT Signal Design Manual 4-1 April 2010
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An extended-call detector has a “carryover output”, meaning that it holds or stretches the call of a
vehicle for a period of seconds that has been set on an adjustable timer incorporated into the
controller or detectar.

A delayed-call detector does not issue an output until the detection zone has been occupied for a
period of seconds that has been set on an adjustable timer incorporated into the controller or
detector. Hybrid detector designs incorporating both delay and extension are now relatively
common.

C. Current industry standard traffic signal controllers extend the capabilities of the normal
detector/controller hardware. This controller functionality employs auxiliary timers and monitors
circuits. This functionality allows the enabling and disabling of selected detectors, control of the yield of
green, and the activation of “Hold-in Phase” circuits in order to supplement controller timing.

1. Examples of controller functionality are; locking memory, non-lock, delay call, extend (stretch) call,
and stop bar.

2. Another type of detection is the “speed analysis system”. This system is a hardware assembly
composed of two loop detectors and auxiliary logic. The two loops are installed in the same lane a
precise distance apart. A vehicle passing over the loops produces two actuations. The time interval
between the first and the second actuation is measured to determine vehicle speed.

4.1.2.1 Inductive Loop Detectors

The most common type of vehicle detection device in use today is the inductive loop. This is a loop of wire
imbedded in the pavement (saw cut in existing concrete or NMC loop in new concrete) carrying a small
electrical current. When a large mass of ferrous metal passes over the loop, the magnetic field is disturbed
and generates, or induces, a change in resonant frequency in the wire. This change in frequency is then
recognized by the detector amplifier and signals the controller that a vehicle is present.

4.1.2.2 Microwave Radar Detectors

Development of microwave radar during World War Il enabled this technology to be applied to detection of
vehicular traffic. The principles of operation involve microwave energy being beamed on an area of roadway
from an overhead antenna, and the vehicle's effect on the energy detected. The antennas capture a portion
of the transmitted energy reflected toward them by objects in the field of view. By direct comparison of
transmitted energy with reflected energy from a moving vehicle, a Doppler beat nate can be detected which
in turn can be used to operate an output device. Use of continuous wave (CW) transmission and reliance on
the use of a Doppler signal from the return wave eliminates the need for any gating or distance
measurement, and, thereby, provides a simple detector responsive to vehicles moving through the field. By
appropriate processing of information in the received energy, direct measurements of vehicle presence,
occupancy, and speed can be obtained.

4.1.2.3 Video image processing

Vehicle detection by video cameras is one of the most promising new technologies for non-intrusive large-
scale data collection and implementation of advanced traffic control and management schemes. This

Mn,/DOT Signal Design Manual 4-2 April 2010
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concept provides real-time vehicle detection and traffic parameter extraction from images generated by
video cameras. Major worldwide efforts have been directed at development of a practical device for
image processing. Under FHWA sponsorship, a wide-area, multi-spot Video Imaging Detector System (VIDS)
was developed at the University of Minnesota and is commercially available.

A video image processing system typically consists of the following components:

Image hardware - The imaging sensor is an electronic camera (conventional TV camera or an infrared
camera) that overlooks a section of the roadway and provides the desired image information.
Processor - A processor determines vehicle presence or passage from images received by the
camera. It also provides other traffic parameters preferably in real-time.

Software - Advanced tracking system software performs operations, detector programming, viewing
of vehicle detections, and roadway surveillance.

Image processing detection systems can detect traffic in many locations (i.e., multiple spots) within the
camera's field of view. These locations can be specified by the user in minutes using interactive graphics, and
can be changed as often as desired. This flexible detection is achieved by placing detection lines along or
across roadway lanes on a TV monitor displaying the traffic scene (not physically placed in the pavement).
Each time a vehicle image crosses these lines, a detection signal (presence or passage) is generated. The
result is similar to that produced by loop detectors.

VIDS are advantageous in traffic detection since:

They are mounted above the road rather than in the road, providing multi-lane coverage along with
installation and servicing advantages of traffic flow maintenance and personnel safety during
detector repair.

Placement of vehicle detection zones on the road is not limited to a particular detection
configuration. The configuration can be controlled and adjusted manually (by an operator with a
computer terminal) or dynamically (by software) at any time, as a function of traffic flow.

The shape of the detection zone can be programmed for specific applications, such as freeway
incident detection, detection of queue lengths (that cannot easily or economically be derived by
conventional devices) and detection of turning patterns on city arterials.

Video detection design is not covered in this class. Work with the vendor on the proper design of video
detection.

Mn/DOT Signal Design Manual 4-3 April 2010

= HANDQUT *** www.dot.state.mn_us/trafficeng/signals/manual.ntml T HANDOUT =

May 2011 Page3-31 Local Intersection Concepts



Mn/DOT Traffic Signal Timing and Coordination Manual

*** HANDOUT *** *** HANDOUT ***

CHAPTER 4. DETECTION

4.1.3 Mn/DOT Detection practices

4.1.3.1 Definition of Terms

A registration of a demand for the right-of-way by traffic at a controller unit.

An outgoing circuit of the controller unit that indicates the existence of an
unanswered call.

DETECTOR A device for indicating the presence or passage of vehicles.
ACTUATION The operative response of any type of detector.

DETECTOR The retention of an actuation for the future utilization by the MEMORY controller
unit.

NON-LOCKING A mode of actuated-controller-unit operation which does not MEMORY require
detector memory.

Depending on the controller type, the function may or may not be used.

Mn/DOT Signal Design Manual 4-4 April 2010
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4,1.4 Loop Detector Placement Design

1. Guaranteed Green. By detector design and functioning, all vehicles except right turn on red (RTOR)
vehicles will be guaranteed service of a green light within a cycle. A positive call will be placed to the
controller in advance of the stop line to give service to 100% of the vehicles that need a green. If right
turns can be segregated from thru and right turn movements, a lock operation can be used with special
detector functioning to guarantee a green. If right turn segregation is not possible, and a non-lock
operation must be used, ample front detection must be provided to assure all vehicles are given a green
at variable stopping locations.

Safety. Consideration must be given to winter as well as summer conditions. Advanced detection
(passage) must be provided at all posted speeds at or above 35 mph (55 km/hr). Advanced detection will
greatly reduce : 1. Vehicles skidding into the intersection, 2. rear end accidents, 3. right angle accidents,
4, delay. Detection that doesn't guarantee required greens will cause drivers to take chances and have
accidents.

Failsafe. Alternatives must be provided for when a primary detector fails so that non mainline phases do
not have to be placed on recall. Typically an advanced (passage) detector will become the primary
detector when a stop bar detector fails and the phase is placed in the lock mode. In other situations
detector delay times can be removed. With left turn detectors, faulty detectors can be unspliced from
multiple detectors. Fixed time recalls should be avoided.

Maintenance. Detectors should be located in a good roadbed, if the surface is in a very poor condition it
should be replaced. Multiple "Home Runs" (lead ins) should be avoided when crossing multiple lanes, as
it will cause pavement failure and possibly crosstalk. Conduits should be installed to eliminate long home
runs when possible. Consideration should be given to installing non-intrusive detectors to reduce
maintenance complexity.”

Operation. Detectors should provide operation that is logical to the driving public. Drivers should not
feel that they were "cut off ", overly delayed, or have to make quick decisions. The average driver in the
United States spends six months of his or her life waiting at traffic signals.

4.1.5 Loop Detector Cable Lead-ins

A typical Mn/DOT signal controller cabinet detector rack will have space for 32 detectors (6 - four channel
detector cards), two EVP cards (2- two channel) and a Pedestrian Isolator card. The new cabinets will support
8 - 4 channel or 16 - 2 channel detectors. Adding EVP does not reduce the number of loop detector channels.
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4.2 DETECTOR CHARTS

DETECTOR PLACEMENT CHART
DECISION ZONES

Distance From Stopline - Feet
100 200 300 400 500 800

Speed - MPH

20 40 60 80 100 120 140 1860 180 200
Distance From Stopline - Meters

O DETECTOR PLACEMENT
O DECISION ZONE

NOTE: Grades and other factors may require
adjustment from normal placement.

Detector spacing outside the |imits shown
may require additional detectors.
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LOOP DETECTOR PLACEMENT
MAJOR APPROACH

1.7m x 1.7m

LOCATION OPTIONAL 2 FUNCTION

30 37m (1207
33 55m (1807
40 76m (250"
45 92m (3007 46m (150"
50 122m (400" 61m (200"
55 145m (475"} 75m (2407
60 * 168m (530"} 84m (275")
65 * 191m (625" 96m (315"

R R

LOCATIOMN = DISTANCE FROM STOP BAR TO LOOP DETECTOR
* ONLY APPLY TO DIVIDED 4-LANE ROADWAY

LOOP DETECTOR FUNCTIONS
1= CALL AND EXTEND

NOTES:
1) THELOOP DETECTOR FUNCTION IS CALL AND EXTEND.

2) ONE LOOP FOR EACH APPROACH LANE. AN EFFORT TO EXTEND TURN LANES BEYOND
DETECTOR LOCATIONS WILL ENHANCE OPERATIONS EFFICIENCY.

IFUSING MID-POINT DETECTORS, ENSURE THE LEFT AND RIGHT TURN POCKETS BEGIN

CONTROLLER PHASE SHALL BE ON VEHICLE RECALL.
CONTROLLER PHASE DENSITY FUNCTION (ADDED INITIAL GREEN) SHALL BE USED.

OFTIONAL 2 POINT SPACING MAY BE USED FOR 2 LANE ROADWAY WITH SPEED LIMITS OF 45

OFTIONAL STOP LINE DETECTION MAY BE CONSIDERED FOR SHORTEMED MINIMUM GREEN

FIGURE1
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LOOP DETECTOR PLACEMENT
MINOR APPROACH

2.7m (9") - TYP. FOR PRESENCE DETECTION

D‘}DD‘H [(oa1 A

[] [Joas [Jos+2 <7

—

r LOOP DETECTOR FUNCTIONS
1= CALL AND EXTEND
3 = EXTEND ONLY
7 = DELAY CALL - IMMEDIATE EXTEND
LOCATION = DISTANCE FROM STOP BAR 8= STOP BAR
TOLOOP DETECTOR 9= STOP BAR WITH DELAY CALL

FRONT LOOP BACK LOOP

30 1.5 & 6m (5' & 20') 37m (1204 NUMBER | FUNCTION SIZE

35 1,5 & 6m (5' & 20} 55m (1801 D4-1 3 1.7x1.7m (6" X &')
40 1.5 & 6m (5' & 20} 76m (250" D4-2 1 1.7% 1.7m (6' X 6')
45 1.5 & 6m (5' & 20") 92m (300" D4-3 2-1.7 x1.7m (&' X 6"
50 1.5 & 6m (5' & 20") 122m (400" D4-4 2-1.7 x 1.7m (&' X 6"
55 1.5 & 6m (5' & 20" 145m (475"

NOTES:

1) THE ADDED INITIAL DENSITY FUNCTIONM IS NOT NECESSARY BECAUSE OF FRONT DETECTORS. THE GAP
REDUCTION DENSITY FUNCTION MAY BE CONSIDERED.

2) CONTROLLER PHASE AND DETECTOR FUNCTION SHALL BE NON-LOCK MEMORY WITH NO

3) PROVIDE GOOD COVERAGE FOR FRONT DETECTION FOR VARIABLE STOPPING LOCATIONS. USE

4) IFUSING NMC LOOP, MAY COMBINE DUAL LOOPS.
5) ADVANCED DETECTION IS OPTIONAL.

6) USED WITH PRESEMCE DETECTION.

FIGURE 2

Mn/DOT Signal Design Manual 4-8 April 2010

*** HANDOUT **+* www.dot state mn_usftrafficengfsignals/manual html #** HANDOUT =+

Local Intersection Concepts Page3-36 May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

*** HANDOUT *** “** HANDOUT ***

CHAPTER 4. DETECTION

LOOP DETECTOR PLACEMENT

PROTECTED LEFT TURN
LOCK OPERATION - RAISED MEDIAN

LOCATION = DISTANCE FROM STOP BAR TO LOOP DETECTOR FUNCTIONS
LOOP DETECTOR 1 = CALL AND EXTEND

FRONT LOOP BACK LOOP NUMBER |FUNCTION SIZE
LOCATION LOCATION Di-1 1 1.7 x 1.7m (6' X 6')
3m (107) 12m (40 Di-2 1 1.7 x 1.7m (6' X 6')

NOTES:
1) NO DENSITY FUNCTIONS ARE USED.
2) THE DESIGN SPEED IS 25 MPH,

3) EACH NUMBERED LOOP DETECTOR SHALL HAVE SEPARATE LEAD-IN CABLE AND SEPARATE
AMPLIFIER.

4) LOCKING MEMORY SHALL BE USED BY PHASE OR DETECTION FUNCTION. NO CONTROLLER RECALL.

FIGURE 3
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LOOP DETECTOR PLACEMENT

PROTECTED LEFT TURN
NON LOCK OPERATION - PAINTED & NON-RAISED MEDIAN

/Y D1-2 /72.]% (9") - TYP. FOR PRESENCE DETECTION
AW

0 Q 0’0 v—
N | —

N

LOOF DETECTOR FUNCTIONS
1 = CALL AND EXTEND

NUMBER |FUNCTION SIZE LOCATION
D1-1 1 2-1.7x1.7m(6'X6") | 6m (20') & 15m (50")
D1-2 1 2-1.7x17m{6'X6) | 1.5m (5 & 11m (35

LOCATION = DISTANCE FROM STOP BAR TO LOOP DETECTOR

NOTES:

1) USE IN LOCATIONS WHERE VEHICLES PUT IN FALSE CALLS DUE TO CROSSING OVER
DOUBLE YELLOW LINES.

2) NO DENSITY FUNCTIONS ARE USED.
3) THE DESIGN SPEED IS 25 MPH.

4) EACH NUMBERED LOOF DETECTOR SHALL HAVE SEPARATE LEAD-IN CABLE AND SEPARATE
AMPLIFIER.

5) IF LOOPS ARE USED FOR COUNTING, ONE LOOP ON D1-1, THREE LOOPS ON D1-2
6) IF USING NMC, MAY COMBINE DUALS AS LARGER LOOPS.

7) THE CONTROLLER PHASE AND DETECTIOM FUNCTIONS SHALL BE ON NON-LOCK WITH NO RECALL.

FIGURE 4
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LOOP DETECTOR PLACEMENT

PROTECTED/PERMISSIVE AND

FLASHINGYELLOWLEFT TURN
SEPARATE LEFT TURN LANE

2

3

NOTES:

1) CONTROLLER PHASE AND DETECTOR FUNCTIOM SHALL BE NON-LOCK MEMORY WITH NO RECALL.

)

7) USE THIS FIGURE IF INSTALLING A FLASHING YELLOW ARROW (FYA).

/YDI_Z [2.?m (9") - TYP. FOR PRESENCE DETECTION
| [ <

oQ o' —

(

LOOF DETECTOR FUNCTIONS
1= CALL AND EXTEND

NUMBER | FUNCTION SIZE LOCATION

D1-1 1 2-1.7%x1.7m (6'X 6") | 6m (20" & 15m (50"
D1-2 1 2-1.7x1.7m (6'X 6" 1.5m (5" & 11m (35")

LOCATION = DISTANCE FROM STOP BAR TO LOOP DETECTOR

USE BACK UP PROTECTION TO PREVENT LEFT TURN TRAP IF THERE ARE OPPOSING LEFT TURNS.
DESIGN SPEED IS 25 MPH.

EACH NUMBERED LOOP DETECTOR SHALL HAVE A SEPARATE LEAD-IN CABLE AND SEPARATE
AMPLIFIER.

IFUSING MMC LOOPS, A SINGLE LARGER LOOP CAN REFLACE THE DUALS.

DETECTOR CROSS SWITCHING MAY BE USED.

FIGURE S
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*** HANDOUT *** “** HANDOUT ***

CHAPTER 4. DETECTION

LOOP DETECTOR PLACEMENT

LEADING PROTECTED/PERMISSIVE LEFT TURN
FROM A THROUGH LANE

2- L.7x 1.7m (6' x 6') OR
1- 1.7 X 6m (6' X 20") LOOP

25
—~

LOOP DETECTOR FUNCTIONS
LOOP DETECTOR LOCATION: 3 = EXTEND ONLY
D1-1 IS LOCATED 1.5m (5") FROM STOP BAR. 5 = DELAY CALL ONLY

D1-2 IS LOCATED OPPOSING THROUGH LANE, NUMBER | FUNCTION SIZE
CENTERED IN THE TURNING RADIUS OF LEFT Di-1 5 2-17x L.7m (6 X 6)
TURNING VEHICLES. D1-2 3 1.7 x 6m (6 X 20)

NOTES:

1) LOOF D1-1 SHALL HAVE A 1 - 2 SECOND DELAY, 2 SECOND STRETCH (EXT.), AND IS ONLY ACTIVE
DURING PHASE RED.

2) LOOP D1-2 WILL ONLY EXTEND IT'S OWN PHASE (GREEN ARROW).

3) USE BACK UP PROTECTION TO PREVENT LEFT TURN TRAP IF THERE ARE OPPOSING LEFT TURNS.
4) CONTROLLER PHASE DENSITY FUNCTIONS SHALL NOT BE USED.

5) CONTROLLER PHASE AND DETECTOR FUNCTION SHALL BE ON NON-LOCK MEMORY.

6) THE DESIGN SPEED IS 20 MPH.

7) IF NO OPPOSING LEFT TURN, NOTE 3 IS NOT NECESSARY.

FIGURE 6

Mn,/DOT Signal Design Manual 4-12 April 2010
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CHAPTER 4. DETECTION

LOOP DETECTOR PLACEMENT

MINOR APPROACH
WITHRIGHT TURN LANE (RTOR ALLOWED)

/|

v

[]
L]

a

\LD4~5

[

LOCATION = DISTANCE FROM STOP LOOP DETECTOR FUNCTIONS

BAR TO LOOP DETECTOR 1= CALL AND EXTEND
7 = DELAY CALL - IMMEDIATE EXTEND

SPEED LOCATION NUMBER | FUNCTIO SIZE
30 37m (1207 D4-1 1 1.7 x 1.7m (6' X 6)
35 55m (180" D4-2 1.7 x 1.7m (6' X 6)
40 76m (250) D4-3 1.7 x 1.7m (6" X 6)

D4-4 2-1.7 x 1.7m (6' X &)

D4-5 2-1.7 x 1.7m (6' X &)

NOTES:

1) CONTROLLER PHASE CAN OPERATE IN NON-LOCKING MODE.

2) DETECTOR D4-3 COULD BE LARGER (6" X 10, 6' X 12, ETC.) TO ACCOUNT FOR LARGER RIGHT

FIGURE 7
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*** HANDOUT *** ** HANDOUT ***

CHAPTER 4. DETECTION

LOOP DETECTOR PLACEMENT

MINOR APPROACH PROTECTED/PERMISSIVE LEFT
1 THROUGH LANE & RIGHT TURN LANE (RTOR ALLOWED)

2

ET- /V D4-3 A_ 07-1
)|
|

{

il

0/ |
njjnfuls

\ZDH

(

LOCATION = DISTANCE FROM LOOP DETECTOR FUNCTIONS

STOP BAR TO LOOP DETECTOR 1= CALL AND EXTEND
7 = DELAY CALL - IMMEDIATE EXTEND

NUMBER |FUNCTION SIZE LOCATION
D4-1 LOCATION D4-1 1 1.7 x 1.7m (&' X &) SEE LEET

37m (120" D4-2 1.7x 1.7m (6' X &") 1.5m (5"

55m (180"} D4-3 2-1.7x1.7m (6'X &) 1.5 & 6m (5" & 20')

76m (250"} D7-1 2-1.7x%1.7m (6'X6") | &m (20" & 15m (50"
D7-2 2-1.7x1.7m (6'X 8&") 1.5m (5" & 11m (35')

NOTES:

1) CONTROLLER PHASE CAN OPERATE IN NON-LOCKING MODE.
2) THELEFT TURN LOOPS WILL CROSS SWITCH WITH THE THROUGH PHASE.
3) SEE FIGURE 5 FOR ADDITIONAL NOTES ON PROTECTED/PERMISSIVE OPERATION.

4) DETECTOR D4-2 COULD BE LARGER (&' X 10', €' X 12', ETC.) TO ACCOUNT FOR LARGER RIGHT

FIGURE S

Mn/DOT Signal Design Manual 4-14 April 2010
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*** HANDOQUT ***

*** HANDOUT ***

CHAPTER 4. DETECTION

LOOP DETECTOR PLACEMENT

MINOR APPROACH PROTECTED/PERMISSIVE LEFT
2 THROUGH LANES & RIGHT TURN LANE (RTOR ALLOWED)

LOCATION = DISTANCE FROM
STOF BAR TO LOOP DETECTOR

LOOP DETECTOR FUNCTTONS
1= CALL AND EXTEND
7 = DELAY CALL - IMMEDIATE EXTEND

D4-1 LOCATION

NUMBER

FUNCTION

SIZE

LOCATION

D4-1

1

1.7x 1.7m (6 X6)

SEE LEFT

37m (1207

D4-2

1.7 x 1.7m (&' X 6")

SEE LEFT

55m (180"

D4-3

1.7x 1.7m (6' X 6"

1.5m (5"}

76m (250"

D4-4

2-1.7 x L.7m (6' X 6')

1.5 & 6m (5' & 20

NOTES:

D4-5

2-1.7 x L.7m (6' X 6

1.5 & 6m (5" & 20")

D7-1

2-1.7 x 1.7m (6'X 6")

6m (20" & 15m (50"

D7-2

2-1.7 x 1.7m (6' X 6")

1.5m (5") & 11m (35")

FIGURE®9

1) CONTROLLER PHASE CAN OPERATE IN NON-LOCKING MODE.
2) THELEFT TURN LOOPS WILL CROSS SWITCH WITH THE THROUGH PHASE.
3) SEE FIGURE 5 FOR ADDITIOMAL NOTES ON PROTECTED/PERMISSIVE OPERATION.

4) DETECTOR D4-3 COULD BE LARGER (6' X 10, 6' X 12", ETC.) TO ACCOUNT FOR LARGER RIGHT

Mn/DOT Signal Design Manual
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April 2010
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Measures of Effectiveness

All trafficsignal 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 systeand 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 discussiongk gener

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 secand
s = saturation flow in vphg, and
g = effective green (split timdost 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 voldaiegpacity (v/c) ratio.

AAAAAAA

LF¥ GKS LINEINI Ye ald Rlald erRadz KU HOKAY 3 2NJ SEOSSRAyY 3
not actually occurring, several things could be wrong. Any of the four input elements mmaybkan 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 youlost time was too highagain 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 isthe s@ £ f SR @FOZ& NI (A2
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 onahey.

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 th&aturation problem at this intersection. Only more concrete or asphalt, or less
traffic, will avoid saturation.

Exampleg Degree of Saturation Calculatio®ssume the following:
Northbound through volume = 600 vph
Cycle length = 60 seads

Local Intersection Concepts Page3-44 May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

Green Split = 35 seconds

Lost time = 5 second

Adjusted saturation flow = 1700 vphg

Then,
X =vC / sg = (600 vph)(60 sec) / (1700 vphgy(S&c)
X=0.71o0r 71%

Delay

All of the standard computer models have this MOE in one form or ampthdeed 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 aduced by Webster years ago, or variations of this model.

In the 2000 Highway Capacity Man@HICM), the average control delagr vehicle is estimated for each
lane group and averaged for approacheslahe intersection as a whole. The average control delay per
vehicle for a given lane group is given by

d=dPF + gt
d, = 0.50C [49/CF/{1-[Min(1,X)](g/C)}
d, = 900T {(*) + [(X1)* + (8KIX/cTH*}
ds = [1800Q(1+u)t)/cT, or zero
Where:
d = average control delay, sec/veh;
d; = uniform control delay, sec/veh;
d, = incremental delay, sec/veh;
ds = residual delay, sec/veh;
PF = uniform delagrogression adjustment factor;
X = v/c ratio for lane group;
C = cycle length, sec;
¢ = capacity of lane group, vph;
g = effective green time for lane group, sec;

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

Q, = initial unmet demand at the start of period T, veh;
T = duration of analysis period, hr;

| = upstream filtering/metering adjustment factor;
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k = incremental delay factor that is dependent on controller settings;
t = duration ofunmet demand in T, hr; and
u = delay parameter

d; gives an estimate of delay assuming perfectly uniform arrivals and stable flow. It is based on the first
GSNY 2F 2S0adGSNNa RStlFe& F2N¥dzZ FGA2Y YR Aad BGARSE @
idealized case of uniform arrivals. Note that values of X beyond 1.0 are not used in the computation of d

d; estimates the incremental delay due to nonuniform arrivals and temporary cycle failures (random delay)

as well as that caused by sustained pds®f 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 thigpe of signal control as reflected by tlentrol parameter (k). The formula

assumes that therés 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.

ds;is applie 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 intersedti If this is not the case, g dalue 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 emphaserd that every model uses a different method to calculate delay (and other MOEs for
that matter). Youcannot comparghe measures from one model to another. Also, microscopic simulation
models usually include miblock speed perturbations as delay, while er@scopic models ignore this.
Naturally, you should expect to see similaends among models, but the absolute values cannot be
compare across models, thus only compare MOEs developeddyodel for different scenarios.

Level of Service

Level of servie 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 thaglate 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 absenceaigtric delay, in the absence

of any incidents, and when there are no other vehicles on the road. Control delay includes initial
deceleration delay, queue moug time, stopped delay, and final acceleration delay. In contrast, in
previous versions of thelCM (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 1&min analysigeriod. 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 Sevice Criteria For Signalized Intersections

Level Of Service Control Delay Per Vehicle (Sec)

<10.0
>10.0 anck 20.0
> 20.0 anc&k 35.0
> 35.0 an&k 55.0
>55.0 anck 80.0
> 80.0

Mmm{O|O|w| >

Stops

Stopshave a much more significantfe€t 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 undemal operations, vs. saturated
conditions. Consider the figure that follows, which is a tispace diagram of a single approach showing
individual vehicle trajectories.

—— =

AR S \ :

TIME

4

DISTANCE

Undersaturated Conditions

The vehicle arriving ding 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 ndaéircompletely 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®toi2 A y 1 a a! €0 Aa akKz2gy
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 gfoints
OSKAOEft S&a RSLINILGAY3I (GKS 1jdzSdzS o6a.¢0 KlFa | af2L3Ss
maximum departure rate, it is also the saturation flow rate, as defined earlier.
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Also, in mathematical sense, the area inside the triangle formedhbyhorizontal axis and LEAB)
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 vehide is delayed, it must have been stopped (e.g., TRANBXYT

A typical deterministic model for deriving the number of stops undertpmed control is expressed as
follows:

rs
C(s-v)

Ps=
where R = percentage of vehicles stopped, which is multiplied by the volumabtain 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 StoppAdsume the flbowing:
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 + YL
r=Cg = Q(Split- Lost Time) = 6035 + 5 = 30 seads
Ps = rs/[C(sv)] = (30 sec)(1700 vphg) / [(60 sec)(17600 vph)] = 0.77 or 77%
hiKSN) RSOSNYAYAAaGAO Y2RSta dzaS RAFTFSNBY(d Y2RSt a
for the platooning of vehicles. See their user guides for naetails.

TRANSYTF, being a simulation model, expressly considers the full stop vs. the partial stop. This is

explained further in the TRANSYH Users Guide.
Saturated Conditions

The second condition is when the approach is saturated. In reality, gshéetiving at the back of the
gueue 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 edtnate 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 thas atad delay. A vehicle

d021LIISRE 2NJ ySIFNIeé adG2LIISRT RRa G2 GKS |jdzSdsS ¢
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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 effectiveg@y ® ! 4 GKIG LRAYyd GKS RSLI NI dzZNB NI GS 4
a2 UKS OSNIAOIE GRA&GIYOS¢é 0S0oSSy GKS RFEFAKSR f A\
the arrival/departure traces at point C represents the pointime and spacet which the queue itself has

ended, or dissipated. Now notigeherethis is-at the maximum distancapstreamof the stop line.

CKAAd A& NBFSNNBR (2 | MBRKES layYR EWRYSyINE aathdIRBNSWT. Ajl dzS d;
other macroscopic models (e.g., SOAP, PASSER I, etc.) report the maximum queue length, if they report
gueuing at all. The MBQ is clearly more important, because it shows how far upstream the queue will
extend, potentially spiing over into intersections, or backing out of turn bays and blocking the through

lane.

Unfortunately, TRANSY/F does not deal with theffect of spillover, as explained in its Users Guide. As of
release 6, however, TRANSAH does consider the excessaximum 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 plestgiloility.

In the case of TRANSYH, 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
gueuing.

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.
TheMOESs used in typical fuel consumption models are the following:

V Total travel in vehicleniles (vehiclekilometers)/hour.

V Total delay in vehickaours/hour,

V Total stops in vehicles/hour, and

V Cruise speed on the approach, or link.

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

F=K Th+K D KsS

where,
F = fuel consumed on link 1, in gallons (liters) per hour;
TT =total travel in vehmi (vehkkm) per hour;
D = total delay in velhr per hour;

S = total stops in vph; and
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K; = model coefficients which are functions of cruise spegdafveach link I:
Ki=Au + Ao Vi + Ag VP
where A= regression coefficieat

CKAE A& (GKS aOf I aaai 0&7F.TEeR&fficiemtRilNe TRANSRTued dodet vaveb { . ¢
been calibrated to generalize the model to be representative of the distribution of sales by vehicle size;
although, these are not always very curten

The TRANSY/F fuel model is also used in Synchro and PASSER II. It is important that users of the
TRANSYTF 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
Y2RSt O2STFAOASy(Ga 6SNB R2dzaiSR G2 06S NBLNBaSy
update to this, however, was 1983.

V  No explicit consideratio 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 thatdlconclusions about thabsolutevalues of the fuel estimates be used with
appropriate caution. On the other hand, thmelative estimates from the existing signal timing plan to the
optimized timing plan should reasonably reflect the trend that can acgtuzdl expected to occur, except
when saturated conditions exist.
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Critical Lane Analysis

Introduction

Critical lane analysis is a simple planning and operational tool intended in sizing the overall geometrics of
the intersecton 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, iDQQ vph is the demand on the eastbound approach,
then the northbound volume cannot exceed 400 vph.

A
Shared
1000 vph one
§_ Sum of Critical
o Lane Volume =
g 1000 + 400 =
| 1400 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 i tifaffic 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 sfared and/or through lanes when permissive left turns are not present, volume is distributed
equally among the available lanes.
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Example Given the following intersection geometrics and hourly traffic movements:

The Lane Volumes aresagned 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 veleicdquivalent (TVE) of 1.00, while permissive left turns have
the following values:
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Opposing Through and Rightrn Through Vehicle Equivalent

Volume, ¥ (vph) (TVE)
0-100 1.0
100199 1.1
200599 2.0
500-799 3.0
800999 4.0
2 1000 5.0

This distribuion is subject to the requirement that all left turns be assigned to thertedst shared lane.

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

First, convert the 100 leturners 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 500400 = 100 vehicles in the inside lane are actually through vehicles.

Now, distribute traffic in actual traff 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 thithvalues in the following table to
obtain a general evaluation of probable traffic conditions at the intersection.

Sum of Critical Lane Volumes, vp Relationship to Probable
Capacity

0-1200 Under Capacity
1201- 1400 Near Capacity
21400 Over Capaty

1 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 normallyoccurring situations, including:

a. Cycle lengthérom 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.

9 For this range of conditions, critical volumes of less than 1,200 vph will virtually always be below
the capacity of the intersemn, 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
0KS @2fdzyS Aa aySINE OFLIOAGE 2F GKS AyUuSNAS
depending upon prevailing conditions.

1 However, it may be notdthat 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 phasesgritthe 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-$hase signal operation with protected lefts is used for the intersecthown
below (from previous examples):

Critical lane volumes are identified and summarized as follows:
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PHASE MOVEMENTS CRITICAL LANE VOLUME

1 k 150

150

100

600

30 — P
300#

150

4 450

Sum Of Critical Volumes = 1350

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 Be6§ Sy (1 KSaS Y2@SYSyidao ¢K

@2t dzySe F2NI I ardyl f LIK I & Shroogh Sityl¥ Bde valur& pluksk 3 K S a G
opposingleft.

9 For a northsouth street, critical conflicts are the NB left turn movement with the SB through
movementand the SB left turn movement with the NB through movement. The critical lane
volume for the northsouth street is the largest sum among:

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

9 The SB l¢fturn volume plus the maximum single lane volume for the NB through plus
right turn movement.

Similarly, the critical lane volume for the eagést street is the greatest among:
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1 The EB left turn volume plus the maximum single lane volume for the WB thiaug
right turn movement, or

1 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 eastvest street.

Example Once again, use the following intersection. This time, however, assumephage signal
operation with permissive lefts.

Critical lane volumes are identified and summarized as follows:

PHASE MOVEMENTS CRITICAL LANE VOLUME

3

—

8 8
[t} O
4 l \A 600 + 100 = 700

This is greater than

150 + 300 = 450

100 —

«
30 —p
300 ﬁ

&——350
4——350
350 + 150 = 500
_—— 50
J S L
2 This is equal to
b J
150 — 450 + 50 = 500
450 —p
450 —i}

Sum Of Critical Volumes = 1200

V This critical lane volue 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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1

In the previous example perhaps the 100 northbound left turners that aneosed 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:

Gr= (1400 Vo) (9/Cpur
or:
G.r= 2 vehicles per signal cycle
where:
G.r= capacity of the left turn permissive phase, vph,
V, = the opposing through plus right turn movement, vph, and
(9/C).1= the effective green ratio for the permissive left turn phase.

The g/Cratio 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 imlatig this
proportion. For a twephase signal, we can estimate g/C for phase 1 as:

Vi
Vi+\,

(9/C) =

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

Vi
Vit\Vo+Vib X @ ¢t

(9/C) =
where:
(g/C) = the effective green ratio for phase 1,
V; = the highest approach lane volume muyion phase 1

Vo+ Vb X @@= THhe highest approach lane volumes moving on each of the other phases.

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

S] 3

© —

‘"

For the NB left turns,
G.r= (1400 V,) (9/Cys
where:
V, =600 + 600 = 1200
(g/C)s= 600 / (600 + 450) = 0.57
Gr= (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 followirg 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,

G.r= (2 x 3600 sec/hr) / (cycle length in sec.)
If a 60 second cycle is usedr€(2x 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. Sepaate 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 twephase signal operation is feasible or if a mphiase operation is required to provide
protected left turn movements.

V ldentify critical movements for each signal phase.

V Evaluate level of intersection operation based on summation of critical movements.
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4.1 h/ V] Lbe¢eoOwd O @ Lhb ¢
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 signaliining is to alternate the right of way between traffic streams so that average total
delay to all vehicles and pedestrians, and the possibility of accpl@uucing conflicts are minimized.

The purpose of this manual is to establish uniform guideline$f@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
consderations are set forth in the state law and the Minnesota Manual on Uniform Traffic Control Devices
(MN MUTCDR

It should also be noted that these guidelines, procedures and practices are general and should be used
only as a general guid&lany 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 tiadfitrol 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 waymafdi 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:-tpred (fixed tmed) and traffic actuated
(variably timed). The guidelines, procedures and practices apply more directly to traffic actuated
O2yGNRffSNERX 0SOFdzaS GKS YIFI22NA(GEe 2F ayk5h¢Qa O2y

Traffic control signal controllers can loperated 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 isargcd$ie
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 neagsdor a traffic signal controller to operate.

These guidelines, procedures and practices are based on them. Mn/DOT uses microprocessor controllers
manufactured to NEMA, TS@pe2 standards. There are other functions and parameters that need to be
instalSR 2y Sl OK LI NIAOdzt I NJ YI ydzFl OGdzNENJ O2y G NRf f SN&
be reviewed and understood before operating the controller in a field application. Any questions as to
using these other functions or parameters shoulddirected to the Traffic Signal Engineer.

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

2. PEDESTRIAN CLEARANCE (CHMN\BE) 6 f AaKSa GKS fSy3adkK 2F Ffl ak
3. MINIMUM GREENEstablishes the length of initial state of greaterval.
4

ADDED INITIADensity feature. Establishes number of seconds by which each vehicle (actuation)
builds added initial state of green during nrgneen time on phase.
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10.
11.
12.

13.

PASSAGE TIMEstablishes the increment of right of way (green) time extam$or each vehicle
actuation during the green interval.

TIME BEFORE REDUCTIDé#hsity feature. Establishes a preset time before allowed gap begins to
reduce.

TIME TO REDUCEensity feature. Establishes time in which the allowed gap is reduoed f
passage time to minimum gap, after the time before reduction has expired.

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

MAXIMJUM GREENEstablishes 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.

YELLOWEsSstablishes the length of yellow interval following the green interval.
RED Egablishes the length of red interval following the yellow interval.

MEMORY MODE&stablishes whether the controller will remember (lock) or drop (romk)
vehicle actuation.

RECALL MODEBSstablishes whether the controller automatically retutasand 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 CLEARANGHE

5hbQ¢ 21 [ YO LI NIYSGISNAEOD S/Signal controllers usb

The MN MUTCD requires that pedestrians should be assured of suffic
time to cross the roadway at a signalized intersectidhis mustbe

shown with the vehicle and/or pedestrian indications the absence of
pedestrian indications, the minimum green + yellow + all red time m
be equal to pedestrian timing (walk + pedestrian clearance).

by Mn/DOT do not time
the yellow vehicle
indication concurrent
gAGK (GKS FfFakay3
WALK. Because of this,
the yellow interval may

The M\ MUTCD meaning of pedestrian signal indwadg are summarized be included in the
as follows: pedestrian clearance
V  WALKindication, means that pedestrians may begin to cross time (i.e., the pedestrian
roadway in the direction of the indication. clearance times equal
_ o _ uz FtlFrakKAy3I|5hbQt¢
V flashingb hb Q¢ |riid|!ca{t|c_m, means that a pedes_trle_m s_haII n interval plus the yellow
start to cross the roadway in the direction of the indication, b interval)
that any pedestrian who has partly completed their crossing sh /
continue to a sidewalk, or to a safety island.
V a0St R@& 5 hidditation,2nednsrthiza pedestrian shall not enter the roadway in the direction
of the indication.
Walk

The MN MUTCDstates, "Under normal conditions, the WALK interval should be at least 4 to 7 seconds in
length so that pedestrians will have adequate opportunity to leavectimb before the clearance interval is
shown." Research indicates that queues (more than 24 people) requiring more than 7 seconds to
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discharge occur very rarely and will usually be found only in certain sections of large metropolitan areas
The minimum WAK 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.

CtlaKAy3 52yQd 21 ¢f1
The duration of Pedestrna Clearance Intervalfldshing5 hb Q¢ 21 [ Y0 &aK2dzZ R 0SS ad

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.

TheflashingDON2 ¢ 21 [ Y AYUSNBIf A& RSGSNXYAYSR o6& (KS F2ff
flashings hb Q¢ 21 [ Y I 5kw
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 speciditions (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 nearedegigan and/or vehicle
indication following a marked or unmarked crosswalk. Research indicates tksitiéaright turn lanes and
parking lanes should be considered as traveled lanes.

On median divided roadways, consideration should be given to provdiffigient time to the pedestrians

to cross both roadwaysA pedestrian's goal is to cross the total roadway and does not expect to stop at
the dividing median and wait till the next cycleéthe median is less than 6 feet (2 m) wide the pedestrian
shouldbe 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 citeMi MidTCD

and recommended bythe Institute of Transportation EngineersTH. 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/DO® dot time the yellow vehicle indication concurrent with the flashing

5hb Q¢ .7Fhisfs¥ssuming minimum vehicle green titeK S a0 S+FR& 5hbQ¢ 21 [Y A
onset of yellow to encourage any pedestrians still in the street to complete the ngosgthout delay

Because of this and aWIMUTCD Ruling No.-Bb, Pedestrian Clearance Interval Calculation, the yellow
interval may be included in the pedestrian clearance time (i.e., the pedestrian clearance time is equal to
FtlFaKAyYy 3 5hb Qlus thel yelldw inteyval)Shedashings hb Q¢ 21 [ Y Ay SNII f
determined by the following formula:

flashings hb Q¢ 2 1 [-Yellbw 6 5 K w0

However, the ruling also states, "Discretion should be used in utilizingtitedle afforded by Section 9. €
Therefore, as a general practice, this should not be followed unless it is necessary to minimize the
pedestrian timing. @ &dzo 0N} OlAy3a GKS @&Stft2¢ AYyGSNWIfX LISRS
before they reach the far side of the farthestateled 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 TimindRecommended 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 s®nds

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

factors)
flashingDON'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

necessay to minimize pedestrian timing considering other factors)

D = Distance from the near curb or shoulder to teaterof 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 anflashing5 hb Q¢ 2! [ Y &K2dzZ R

0 .STheR®ssi8gNdistantsS dRoultl Be | 0 2 @

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 gidéhe next cycle when pedestrian

push button is pushed.

Option 2- Cross Completely

In order for the pedestrian to cross the total roadwa
the WALK indication must take the pedestrian past t
median island before the flashing h b Q¢ 21
RAaLIX @SR LT (GKS Ffl aK
before the pedestrian reaches the median island, t
pedestrian should stop at the median island and wait
the next WALK indicatiorThe following special timing
should allow the pedesiain to cross both roadways.

This timing also provides for a pedestrian that may st
to cross the first roadway at the end of WALKis
LISRSAUGNRFY A& LINBPOARSR S

reach the median island and finish the crossing on t

1

D2

)

Y

AJ<

next WALKndication.
WALK = D1/R
flashihngDONG6 T WALK = ( D2/ R)

AaLXx I é

(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)

Local Intersection Timing Paged-4

May 2011



Mn/DOT Traffic Signal Timing and Coordination Manual

Example Congder the intersection shown below.

"""""""" 60 feet i

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

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

The peestrian clearance would then beDW®/ = 60 feet / 4 feet per secondls seconds
Initial Timing
Minimum Initial

The minimum initial time is the minimum assured green that is displdyésiestablished to allow vehicles
stopped between the detector on the approach and the stop line to get started and move into the
intersection Therebre, 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. liDensideration must be given to
pedestrian timing, density operations, controller type and detectiesign 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).

Nondensity operation In nondensity operatn 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 movemeiht stop line extending detection is used, the mimim

initial green time should be set as for a density operation.

Density operationin 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 inteahtius initial time

per vehicle arriving on red for that approachhe 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 secondgconsider the lower values when split phasing is used)

Protected Left turn 7 seconds

Protected/Permissive 5 seconds
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(Non-density operation)

Minimum initial green = 3 + 2n

n = Number of vehicles that can be storbdtween the stop line and the far detector in one lai#is is
determined by dividing the distance between the stop line and the detector b2 the average
vehicle length plus headway in feet.

Density Features

Added Initid

Added initial is sometimes referred to as variable iniffdlis 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 thetep 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 requiremdrtits) feature

allows the mininmm initial to be set low for light volume¥ehicles 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 ofleshi@iting 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 deterrimig this setting.

a2al O2y iNRfftSNE dzZaASR Ay ayk5h¢ dziAftAl S
! RRSR LYAGAIE tSNJ!Oldz GA2y¢ (G2 RSGSN)YA

This is calculated by the following:

D/25x2.1+3

Example: Ifdetectorisn nQ FNRBRY ad2L) tAyS> (GKSy
400/25x 2.1 +3 =16 x 2.1 + 3 = 36.6 seconds

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

A
. — m)
P
o<,

O

<« +H
(0} NN
- Cx

w [N

y

One Lane Two Lanes
15 second Minimum Inil 6 10
20 second Minimum Initial 8 14

This is determined by: (minimum initiaB) / 2
Two lane is 1.75 of one lane.

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

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 ndensity and density operatio his setting should be the number

of seconds required for a vehicle mogiat 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 oragfigbach As long

as vehicle detections come at shorter intervals than the passage time (allowable gap), the green will be
retained on that phasdn the density operation, the allowable gap is reduce by another timing feature.

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

Passage Time™, s;s(general range is 2.:08.0 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 peed limit in mph
GAP REDUCTIONensity 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 thiene 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 becomesirdele to terminate the phase on
smaller distances between vehicl@sis 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 gesrally used on phases for higher speed approaches where the detectors are placed quite
a distance from the stop line (resulting in long passage timing).

azald O2y(iNRffSN) dzaSR o6& ayk5h¢ dziaAftAl S GKS GAYS
anR daAyAYdzy DI LX

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

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

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

Generally the miimum 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 minimggamp 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 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 whaop bar detectors existGap reduction with stop
bar detectors require special detector functions and timings.

During moderate flow conditions a well timed actuated sigsiauld terminate due to gaput rather than
due to maxout. The goal of good greetiming 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 coapplies to
the given movement/phase. There are also additional functions that allow this to be extended with the
detectors. Someuseg A f f  dz& S | G LISNJ LKI aS¢ SEGSyairzy FyR |y |

Refer to the following image. In this exampthe 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 increbsiassage Time,
which would be used by both detectors, a special extension of X seconds could be added to Detector 2.

Detector 2 — Detector 1 — J l

==> [ L] _

\ Phase 2 with w

2 sec of Stop
Passage Bar
Time

Refer to sectio® for additional details.
Maximum Green

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

Most controlles used by Mn/DOT can have two or more maximgreen times programmed he second
maximum time can put into effect by time clock.

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

V From the AMand PM peak hour turning movement counts, take the 15 minute peak and multiply it
by 4 to get the adjusted peak hour volumé only hourly volumes are available divide the hourly
volume by the peak hour factolf a peak hour factor is not available us6.8 factor.

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

V Use this volume to select the first approxitizen for cycle length from the tablesn the following
pace.
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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 pRas®f vehicles =
volume/cycles per hour

V  Apply 3 + 2.1n formulaot get the required phase green time to handle vehicles.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 21is for a 21 second headway per vehicle.

V Take the calculated phase greéme and multiple by 1.5 and round to the nearest 5 secoridss
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 ctertr
designed to handleThis 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
shoud operate to arrive at the maximum green timing per phasegreen 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 signalseillom 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 Hdisgth
eqguation for optimumcycle length that minimizes delay is as follows:

—(15L+5

C = Y ao-v

NOTE:
C = optimum cycle length, seconds
L = unusable time per cycle, seconds = nl + R
n = number of phases
| =average lost time per phase, seconds
R = Total alted time pe cycle, seconds = assumed to be the yellow anckdll

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 deterrnyitieel Webster formulalt 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 Geenlnterval

Left turn phase 10- 45 seconds
Minor approach phase 20- 75 seconds
Density operation 30- 75 seconds

May 2011 Paged-9 Local Intersection Timing



Mn/DOT Traffic Signal Timing and Coordination Manual

Major approach phase

30-120 seconds

Density operation under 45 mph 45-120 seconds

45 mph and over

Typical Minimum Cycle Length

60- 120 seconds

2 phase signal 45 seconds

5 phase signal 60 seconds

8 phase signal 75 seconds

Typical Maximum Cycle Length = 180 seconds
SUM OF CRITICAL VOLUN 2 PHASE 5 PHASE 8 PHASE

700 45 60 90
800 60 75 105
900 60 75 105
1000 75 90 105
1100 75 90 105
1200 90 105 120
1300 105 120 135
1400 120 135 150
1500 135 150 165
1600 150 165 180
1700 165 180 180
1800 180 180 180

Phase Change Interval

The MN MUTCD states that the exclusive ftiono of the steady yellow intervahall be to warn traffic of

an impending change of riglaf-way assignmentThe yellow vehicle change interval should have a range
of approximately 3 to 6 seconds. Generally the longer interva@sppropriate to higher approach speeds.
The yellow vehicle change interval should be followed by a showagll red clearance intervalof

sufficient duration to permit the intersectioto 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 intersectiofherefore, the yellow and aled 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 ne#tie intersection to stopr 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.

Local Intersection Timing
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Y=t + 1467V Y=t + 0.447v
2(a + 32.29) 2(a+9.819)
English Metric

Y = Yellow Interval in seconds
t = perceptionreaction time, assumed to be 1 second
v =posted speed, miles per hour
a = deceleration rate, assumed to be 10 feet/§&mnglish), or 3 meters/séMetric)

g = + or grade of approach in percent/100

Z%Ztsg 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 35 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 51 5.0
55 4.7 4.8 4.8 5.0 5.2 5.3 55 55
60 5.0 51 51 54 5.6 5.7 5.9 6.0
65 54 5.5 55 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 deténe the red time. This is based on the Institute of
Transportation Engineers (ITE) equation for red clearance interval.

_ w+ L R = w+ L
1.467v T 0.447v
English Metric

R = All red clearance interval in seconds
w = width of intersection, stop line to center of farthest conflicting lane
| = length ofvehicle, assumed to be 20 feet or 6.1 meters

v = posted speed in mile per hour

Posted Width of Intersection
Speed
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 25 2.7 3.0
35 1.0 1.2 1.4 1.6 1.8 1.9 2.1 2.3 25
40 0.9 1.0 1.2 1.4 15 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 15 1.6 1.8
55 0.6 0.7 0.9 1.0 1.1 1.2 1.4 15 1.6
60 0.6 0.7 0.8 0.9 1.0 1.1 1.3 1.4 15

These formulas are general and shouldyobé used as a guide. Other factors at an intersection (such as
approach grades, visibility, truck traffic and local traffic characteristics) should be considersd
important that approach grades and truck traffic are considered in determining thewend red
intervals The yellow interval must not be too short (causing quick stops and/or red violations) nor too long
OO0l dzaAy3d NBIdzf I NJ GRNAGAY3T 2F (KS &Stf26600

Slower vehicles traveling at the "1Bercentile speed, particularly at wide intersectionsay require longer
yellow and red timeTherefore, for special situations it may be desirable to compute the equation using
both the 88" and 15" percentile speeds and use the longer on the two computed values.

If timing a single point urban interchan@g®PUI), assume a speed of 35 mph.

The alred should be in the range of 1 to 5 seconds.
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Example Consider the intersection shown in the figure below.

_______________ .
I
________ y— 8
—>
i Ti T NB Direction:
i E Grade =-1%
Assume the following:
t=1.0 seconds
v =45 mph
a = 10 feet per second
| = 20feet
g =-1 percent
Y+R=10+ 1.467 (45) + 60+20

2{10 + 32.20.01)}  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
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Guiddines for the Inspection and Operation of Railroad Preemption at Signalized
Intersections

INTRODUCTION

This section provides guidelines and recommendat 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 gastionapply 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 respondiility for the operation of the highway/railroad preempted traffic signals remains with the
district, county or city having operational jurisdictidweither an inspection nor these guidelines substitute
for sound engineeringudgmentin the operation of taffic 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 DigNces (
MUTCD, Traffic Control Devices Hidvook, RailroacHighway Grade Crossing Handbook
(FHWATS86-215), 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.

GUDELINES 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 nearbyasdicg.

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
recommendeddistance 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 thpraach. 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 perceattainty) is as follows:
L=2qrv(1+p)
Where:L= length of queue, in feet or meters per lane;
g = 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 thad.9Q 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 @ 0.90. Accordingly, in cases where

the v/c ratio ranges from 0.90 to 1.00, the following formula applies:

[TOHINBbPEVOOSOE BLIO D
Wheren E ' f n n6.99KTOus, Ndr /4 ratio 0.95, n Bvould be 5 vehicles in the above formula
This formula cannot be used if théc ratio B11.0, then a field queue study will be needed in that case.

Queue lengths for througkraffic 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 herdstdnce 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.

Shot 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 qsignal should be considered. An engineering study should be
performed to support this recommendatioi presignal may also be beneficial if gates are not provided
This supplemental traffic signal should be carefully designed to avoid trapping vehiclé® aradks.
Visibility-limited traffic signals at the intersection may be needed to avoid driver conflict and confusion.
The DO NOT STOP ON TRACKS sigh éR8 STOP HERE ON RED sigr6jRiE@he MN MUTCDshould

also be used. Certain situations wherdagaare not present may also require prohibiting turns on red.

GUIDELINES FOR OPERATION

The MN MUTCD(Section 8& 0 NXBIjdzA NBa GKF{d a¢KS LINBSYLIWiA2Y &S|
enters the approach circuit, shall at once bring into effect a highsigtyal 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 haards 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 movemdmas do not cross the tracks, but shall not

LINE GARS | GKNRdzZK OANXDdzZ I NJ ANBESY 2NJ I NNBg AYRAOL

If the traffic signal is equipped with emergency vehicle preemption, the confirmation lights shall flash for
all approaches dimg 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
initiate the annual inspectiorA 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 jurisdicti@pésied. 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 criticas 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 intersectiod 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, se additional traffic control/RR preemption is needed.

Annual Inspection Form

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

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 instala 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 sbuld 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

AWE is installed, other remedial action should be carsd.

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

CATEGORY

1. Isolated or
Unexpected
signalized
intersection

2. Limited sight
distance

CRITERIA

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

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

Metric:

V2

D¢0.45vtr ———
10(a+9.8s)
English:

V2
0.93(a+ 32.25)

D ¢1.467vt

Where:

D = distance to stop bar in meters

or feet
v= posted speed in mph
t= reactiontime, 2.5 seconds
a= deceleration rate

2.4 m/< (8 ft/s?) (trucks)

3.0 m/$ (10 fts® ) (all
traffic)

s= decimal gradient

COMMENT

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.

See Graphs of Limited Sigh
Distance, Figure | & Figure 11,
sight distance falling below
the lines for the given speed
and grade ndicates the
possible need for AWF.
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CATEGORY CRITERIA COMMENT
3. Dilemma  Where a dilemma zone exists for ai See Graphs on Minimum
Zone traffic or for heavy vehicles A Yellow Intervals, Figure Il &
dilemma zone exists if: Figure IV.
Metric: If the yellow interval is less
0.45/ than indicated, AWF may be
Y¢Ct+ —— consideed (longer yellow
2(a+9.8s) should be considered first).
English
Y Gte 146N
2(a+32.2s)
Where:
Y = vyellow interval in seconds
v = Posted speeih mph
t = 1second
a = deceleration rate
2.4 m/s2 (8 ft/s2 ) (trucks)
3.0 m/s2 (10 ft/s2) (all traffic)
s= decimal gradient
4. Accidents If an approach has an accident If no sight distance or

problem, the intersection should

be examined for existence of

dilemma zone or sight distance
restriction.

dilemma zone problems exist,
AWF may not be an
appropriate countermeasure
to accident problems.

5. Heavy Truck
Volume

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

6. Engineering
Judgment

Combinations of above guidelines or other considerations msiyfy 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 includingput 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 FlasherThe Advanced Warning Flasher design details are show
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the web: http://www.dot.state.mn.us/trafficeng/standards/signalplan.htmfThe flasher
shall flash yellow in a (insigmutside) wigwag manner prior to the termination of th
green (See number 3, below), and during the yellow and red periods of the signa
flasher will also flash if the signal goes into flashing operation. Power shall be supp
the AWF from the signal control cabinet.

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

Posted Speeds (mph) AWF Placement Leading Flash (seads)
40 170m (560 ft) 8.0
45 170 m (560 fi) 7.0
50 215m (700 ft) 8.0
55 215m (700 ft) 7.0
60 260m (850 ft) 8.0
65 260m (850 ft) 7.5

3. Leading Flash The Leading Flash is the amount of time, prior te fignal turning yellow, tha
the AWF flashes. The AWF shall flash during the Leading Flash Period and continue
through the signal's yellow clearance interval and the red. The Leading Flash time is shiogvi
table above

For existing systemwhere the placement is other than what is listed in ttable above the
Leading Flash Time can be computed by the following formula:

Metric:
Fe 2.24D_ 15
\Y;
English:
E- 0.68D_ 15
\Y}
Where:
F = Leading Flash Time, seconds
D = AWF Placement, meters

posted speeds, mph

May 2011 Paged-19 Local Intersection Timing



Mn/DOT Traffic Signal Timing and Coordination Manual

4.

350

(1150)

300
(980)

250
(820)

200
(650)

99} SU9jgW JEY UUJS Uy Svuesiy JYris

150
(490)

Detector Placement The detection of the intersection shall be determined without regard to

AWF.

Limited Sight Distance

a =24 meters ( 8 feet) per second squared (> 15% trucks)

/

// Level

-3% Grade

//

/ + 3% Grade

——

"

45 50 55 60 65 70
Posted Speed, mph
A sight distance falling below the lines for the given speed and
grade indicates the possible need for an AWF.
Figure I
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