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Recap

 Fixed-time traffic signal control

— Ring-and-barrier diagram & phase sequence

e Vehicle-actuated control

— Max out & gap out
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Outline: Traffic Signal Parameters

« Phase sequence

* Pedestrian walk time, leading pedestrian interval
e Minimum green, maximum green

* Yellow change interval: dilemma & option zone

e Unit extension
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Timing Charts

Phase

Interval

Walk
Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

I Permit |

Lag Phase

—_— -t 1 1 1 1]
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Interval

Phase

Walk

Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

Permit
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4 Phase Single Ring Operation

Barrier
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A 4




Interval

Phase

Walk

Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

Permit

<.

<.

Lag Phase
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Split Phasing on Arterial A

Barrier
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Interval

Phase

Walk

Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

Permit
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Lag Phase
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Timing Charts

Phase

Interval

=
N
(09
I
U
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~
00

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

Permit

Lag Phase
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Pedestrian interval

“Zero” Point of Countdown Display

\

STEADY

)

FLASHING
PEDESTRIAN ﬂ |
SIGNAL DISPLAY !

PEDESTRIAN . f , - ¥ v
INTERVALS . WALK FLASHING DON'T WALK

CALCULATED PEDESTRIAN;
CLEARANCE TIME

F )

VEHICLE SIGNAL
DISPLAY

>
TIME

Walk time: 7 seconds minimum, can be reduced on certain condition
Flash don’t walk (FDW): walk speed at 3.5 feet/s

Reference: MUTCD (Manual on Uniform Traffic Control Devices)
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Walk and Flashing Don’t Walk (FDW)

walk speed of about 3.5 ft/sec is usually assumed
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FDW for NEMA Phase 2 should be greater than w/3.5 seconds



FDW for NEMA Phase 2 should be greater than w/3.5 seconds


walk speed of about 3.5 ft/sec is usually assumed


Leading Pedestrian Interval

Pedestrians enter the intersection before vehicles to establish the right-of-way

MAJOR STREET MINOR STREET
1 o2, 3 b4 ;
- i e |
o ]
.2 ! : A
= LEADING ¢ 4“" “'“"
PEDESTRIAN
INTERVAL
b5 ‘bGn 7 $8
g I “y 0 et
& ARG sl R
' L NG H
E PEDESTRIAN 5 % < >4
INTERVAL
BARRIER BARRIER
¢ =Phase Number === = Permitted Movement

=3 = Protected Movement €~ = Pedestrian Movement

Leading pedestrian interval should be at least 3 seconds once it is used
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Timing Charts

Phase
Interval
1 2 3 4 5 6 7 8
Walk
| Ped Clearance (FDW) | N [ R I [ IR B
I Initial (Min Green) I
l— SRS SRS ES S —

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Red Clearance

Permit

Lag Phase
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Minimum Green Time

« Purpose of minimum green: ensure safety
* Design guideline

— It should be long enough for at least first vehicle to get to
midpoint of intersection.

— It should be long enough to meet motorists’ expectations:
Vehicles within about 400 ft of intersection when signal turns
green “expect” to proceed through on green.

— It should be long enough to clear “undetected” queued vehicles
(without presence detector)

— It should be long enough to match pedestrian timing
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Minimum Green or Initial Green:

1. Long enough for at least first vehicle to get to midpoint of intersection
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"Normal acceleration" ~ 5ft/sec?
Conservative reaction time =2 sec

2(d)2)

Sft/—2 — 2 secC + 045\/3
secC

g =Minimum green time > 2 sec +



Minimum Green or Initial Green:

1. Long enough for at least first vehicle to get to midpoint of intersection
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Minimum Green or Initial Green:

2. Long enough to meet motorists’ expectations: Vehicles
within about 400 ft of intersection when signal turns
green “expect” to proceed through on green.
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Minimum Green or Initial Green:

2. Long enough to meet motorists’ expectations: Vehicles
within about 400 ft of intersection when signal turns
green “expect” to proceed through on green.
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Minimum Green or Initial Green:

3. Long enough to clear “undetected” queued vehicles

A
A 4

dext
Minimum headway between vehicles ~ 2 sec/veh

Conservative reaction time =2 sec

2d
g. >2sec+n-2 sec/lveh=2 sec+Texf sec




Minimum Green or Initial Green:

3. Long enough to clear “undetected” queued vehicles

A
A 4

200 ft
Minimum headway between vehicles ~ 2 sec/veh

Conservative reaction time =2 sec

2d
g. >2sec+n-2 sec/lveh=2 sec+Texf sec

d g > 2 SeC+2(LOﬂ) Se
n =& \ 20 ft




More Advanced Controller: Variable
Initial

VEHICLE ACTUATIONS . . . . . . . ‘ ‘ .

@ vehicle Actuation

MAXIMUM L : B : i :
VARIABLE INITIAL i e e e e e e e e e e e e e e \

(SECONDS)

: TIME ADDED __£ i 1 Maximum

PER ACTUATION ; i i value should
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: : value should : :  queue clearance.
satisfy driver : :
expectancy.

-

-
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Timing Charts

Phase

Interval

Walk
Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Yellow

Red Clearance

Permit

Lag Phase
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Maximum Green

* Too long: waste time at intersection (especially under detector
failure)

« Too short: phase capacity may be inadequate for the traffic demand
(phase failure)

» An appropriate setting: gap out most of the time, occasionally max
out during peak hour

» Typical values:

Phase Type Facility Type Maximum Green (Seconds)
Major Arterial (> 40 mph) 50 to 70
Through Major A_rterial (= -f_lﬂ mph) 40 to 60
Minor Arterial 30 to 50
Collector, Local, or Driveway 20 to 40
Left Turn Any 15 to 30
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Timing Charts

Phase

Interval

Walk

Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Red Clearance

Permit

Lag Phase
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Dilemma Zone

« “Dilemma Zone” -- driver can neither stop safely nor
clear the intersection before the cross street green phase
starts!

Xg=Vv-Y

L Passing Distance L

- »

‘ Dilemma Zone

1 -

Stopping Distance

v2

2(aqg + Gg) if x, > x, => Dilemma Zone

X, = vt, +
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Option Zone

« “Option Zone” -- driver can either stop safely or clear the
intersection before the cross street green phase starts!

Xg =V Y

Passing Distance

-L Option Zone ‘
>
I

v2

_I_
Z(ad + Gg)

X, = vt,

Stopping Distance

if x, > x. => Option Zone
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Yellow Change Interval

« Passing distance is equivalent to stopping distance

V2 v
Xe = Vir 2(ayg + Gg) v o " 2(ag + Gg)

— Y: yellow change interval (sec)

— ag : deceleration rate (m/s?)

— v: vehicle approaching speed (m/s)
— t,: perception-reaction time (sec)
— g: gravity acceleration (m/s?)

— G: slope (grade) of the approaching road (radian)
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Dilemma Zone: Example

« A driver traveling at the speed limit of 35 mph was cited
for crossing an intersection on red. He claimed that he
was innocent because the duration of the Yellow display

was improper and, consequently, a dilemma zone exists
at that location.

— Using the following data, determine whether the driver’s
claim was correct.

— Determine if the driver is innocent. Given he kept 37mph

speed and he was 0.33 second into the red light when he
crossed intersection.

* Yellow change interval = 3 s, perception/reaction time =
1.5 s, deceleration = 10 ft/s?, road grade: G = 0
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Dilemma Zone: Example

« Whether there is a dilemma zone

— Yellow change interval = 3 s, perception/reaction time = 1.5 s,
deceleration = 10 ft/s?, road grade: G = 0

ot b 35x1474 SN sk
Xe =V T tag + Gg) ' 2-10
Xo =Y v=3x35x 147 = 1543 ft 1 mph = 1.47 ft/s

X > Xo: there is a dilemma zone

« Whether the driver is within the dilemma zone

— Location of the driver at the start of the yellow light

x =35x1.47 x (3 +0.33) = 181.1 ft X < X < X,
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Timing Charts

Phase

Interval

Walk

Ped Clearance (FDW)

Initial (Min Green)

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Max Green

Yellow

Permit

Lag Phase
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Red Clearance (All-Red) Time

Clearance Interval

w
/ or All Red Time \

Phase A
Phase B

L+w
B %

AR

CEE 551 Traffic Science — Traffic Signal Control




Timing Charts

Phase
Interval
1 2 3 |4 |5 6 7 8
Walk
Ped Clearance (FDW)
_Initial (Min Green) | L

“

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

P

Max Green

Yellow

Red Clearance

Permit

Lag Phase
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Unit Extension or Passage Time:

Long enough for vehicle to make it to stop line

X
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Unit Extension or Passage Time:

Long enough for vehicle to make it to stop line

300,
50 mph = 73 ft/sec ext =7z = A SEC
N

— =

I 0]

SHE|
=L, P | ¢ .
L7
I I
300 ft
dext




Passage Time

Minimum Gap

Interval

Extension (Passage)

Minimum Gap

Time Before Reduce

Time to Reduce

Time

A

+ Time |
Before

Beginning of Reduce
Extension period

A 4

Time
To
Reduce




S : Sat:uration Flow Rate = @

Yellow
[/ “All Red” Clearance

it

Phase Length

{

»

Time




Recall

3600

h>h>h>h =h~h ~...xh= S

Results of a Study:
Vehicle Headways for NEMA Phase 4

Seconds

h8 h9 h10

h1 h2 h3 h4 h5 h6 h7
Headway



Headway (Seconds)

4.5

Vehicle Headways
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INITIAL GREEN

EXTENSION

al
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[
| o

Vehicle Headways
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N
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Headway (Seconds)
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INITIAL GREEN | EXTENSION

Vehicle Headways

4.5
4|2
)
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w 3 \
T
& 2.7 \
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] 2.1
=) I
A |
£ 15 I
Gap Reduction: 1
0.5 1 I
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Flow Rate Perspective

* Flow rate is the inverse of headway

« Gap-out happens when the flow rate is less than the pre-
determined flow rate given a certain passage time

Maximum Flow Rate (Example)

I i
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o - v o, 1
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» 3 of 23
2000 |« pf g 2 S @ ;
W2 g G
1800 | == o= el ot o s e iaalade e o e T i e 2 SECOND
w PASSAGE TIME
[~
1500 ssssasan

1200 3 SECOND
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i
\4[\5
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500
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Flow Rate Perspective

* Gap reduction

el g
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Real-World Example

« Adams & Maple Road, City of Birmingham, Michigan

CEE 551 Traffic Science — Traffic Signal Control




Phase Structure

A VNI DA A, R Y e
"% NOTE: INSERT ALL RING #'S FIRST, THEN NXT & CONCUR **™*

CHANNEL: | RING |PHNXT CONCURRENT PHASES CHANNEL
21314656, 7 8|9]10] 11112 131141 15| 16 i VEH|PED

PHASE 1: \
PHASE 2:
PHASE 3: {
PHASE 4: § |
PHASE 5: | 2
PHASE 6: | 2
P S
Py

1 1

PHASE 7:
PHASE 8:
PHASE 9: 1
PHASE 10: 1
PHASE 11: 1
PHASE 12: 1
PHASE 13: 1
PHASE 14: 1
PHASE 15: 1
PHASE 16. 1
CODES:

RING Ring Number for Phase (1-4) For vehicle channel & |

PHNXT Phase Next in Ring (1-16) ped channel, enter "1"

CONCUR PH Phases To Be Concurrent (O—NO 1=YES) under channel# shown. |

00 | [N L Ry
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Phase-Movement Mapping

i " SIGNAL PHASING
PHASE# ROAD PHASE | LOAD SW | FLASH

1 ! T I .l'.z R
2 Wi K Ma'g_le A = Ié
3 ANBR  Aduams b T D&L_.___ B
4 S Adaoms o 2
5 W B Maple I T A_C:La 2 R
6 E R Ma .Dls? (e >
7 S Adams t T B L 7 R
8 /V‘ o) é’n!n.m b} 2 ﬁ

OLA

OoLB

oLC

oLD

1PED

2PED /Vl,q_‘;Llp N L.—:} PEDR w A A

3PED

EPED | J

6PED | Mgp le 5 Lleqg TED w g

7PED =

8PED Adxamﬁ AL Lr:j Peb W, i
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Phase Data

- TP TYTT I TR I IR n oot
1'|l'|l|l'lllIilllIIIll'll'llllil!l‘lllllIllllliII'IIIIlIll LR LERERR T Ty

NGS
Phase 1]2] 31 4 Sil_ﬁ 71s8loi10[41]12]13|14][15]| 16 R&NQGBE
Minimum Green Slols|EF|H]1015 185 5 0:99
Passage - - -
Maximum #1 g 123[8]3 |8 las 000-999
n 000-999
Maximum #2 ] 30.0.9
Yellow Clearance 2 oizslxdisilesiaiide|3s 0'0_9‘9
Red Clearance Wit A P e e A il
Page 1
ROAD COMMISSION FOR OAKLAND COUNTY, WATERFORD, MICHIGAN
PROGRAM LOG FOR EAGLE SIGNAL CONTROLLER - MOD 52 EPAC

. 3. PHASE DATA - 3, PEDESTRIAN TIMINGS )

Phase 1172|3456 7;8]9|10|11|12|13]|14[15| 16 ] RANGE (SEC)
Walk a i il g | 00-99
Pedest Glearance V3 V% 13, V4 00-99
Flashing Walk

Extend Ped Clear 0 QO Q 0 [0.n0, 1-Y+R, 2-Y)
Act Rest in Walk
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Time of Day Plans

W e e e e e e e e e e e e R

6. TIME BASE DATA - 3. TRAFFIC EVENTS

PRO TIME COORD MAX 2 OMIT
DAY HH : MM PATRN PHASE #5 PHASE #S REFERENCE DATA
********DISIO L IR EZR IR AR AR A ERE AR AR EA R A R FRDDAY=D1_99
Qi |00 o0 |V 111 (Program day)
NEloo :es i 11 111
naAdiol:oeiA v 1] HH:MM = 24 Hour clock
o2 10 tpo [ 111 11
o2 (V5 :e0 371 /]
o3 119:00 |v 1 1) PATTERN: (D/S/O)
I FLASH =5/5/
I ! FREE =0/0/4
Il
[
I MAX2 & OMITS:
{ ! Call free, set pattern
I to 0/0/0.
I
I D =DIAL #
/ f S=8SPLIT#H
7 0= OFFSET #
o
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Cycle, Split, and Offsets

5. COORDINATION DATA - 3. DIAL/SPLIT DATA

LEVEL 2 LEVEL 1
DIAL 1/ SPLIT 1 CYCLE LENGTH: ] O OFFSET 1 2 3
PHASE 1 2 [ 3 a4l s 6] 7 | 8 TIME %3
TIME I3 123g12la]13]138] 13137 SEQUENCE
MODE 3 1 I 15 13 1 2 1Yy RING 2 LAG
' RING 3 LAG

RING 4 LAG
DIAL 1/ SPLIT 2 CYCLE LENGTH: OFFSET 1 2 3
PHASE 1 [ 2 3 1 4 5] 6] 7] 8 TIME
TIME SEQUENCE
MODE RING 2 LAG

RING 3 LAG

RING 4 LAG
DIAL 1/SPLIT 3 CYCLE LENGTH: OFFSET q 2 3
PHASE 1 2 [ 3] 4] 5] 6] 78 TIME
TIME SEQUENCE
MODE RING 2 LAG

RING 3 LAG

RING 4 LAG
DIAL 1/SPLIT 4 CYCLE LENGTH: OFFSET 1 2 3
PHASE 1 [ 2 3] 4 5] 6] 7 | 8 TIME
TIME SEQUENCE
MODE RING 2 LAG

RING 3 LAG

RING 4 LAG

CEE 551 Traffic Science — Traffic Signal Control




Readings

« Signal Timing Manual (2" Edition): Chapter 6

CEE 551 Traffic Science — Traffic Signal Control




	CEE 551 - Traffic Science��Topic: Traffic Signal Control (2)
	Recap
	Outline: Traffic Signal Parameters
	Timing Charts
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Timing Charts
	Pedestrian interval
	Slide Number 13
	Leading Pedestrian Interval
	Timing Charts
	Minimum Green Time
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	More Advanced Controller: Variable Initial
	Timing Charts
	Maximum Green
	Timing Charts
	Dilemma Zone
	Option Zone
	Yellow Change Interval
	Dilemma Zone: Example
	Dilemma Zone: Example
	Timing Charts
	Red Clearance (All-Red) Time
	Timing Charts
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Flow Rate Perspective
	Flow Rate Perspective
	Real-World Example
	Phase Structure
	Phase-Movement Mapping
	Phase Data
	Time of Day Plans
	Cycle, Split, and Offsets
	Readings

