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C = cycle length (s); 4sigall 8 LY 3493 ()
= |lost time per cycle (s); Axigall 3 LY 393 JNA adlall (a3l
Xc = critical v/c ratio for the intersection; dawd) ) 31 &l dpud

Xi = v/c ratio for lane group i (note that target v/c ratio is a
user-specified &) lad) @M Azl ui\ 3 jad) dasd

input with respect to this procedure; default value suggested
is 0.90);

(v/s)i = flow ratio for lane group i; L&y 3,136 [ 315l 4w
<) jlall de gasal

si = saturation flow rate for lane group i (veh/h); and

gi = effective green time for lane group i (s).
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g,= 0.45(60/0.923) = 29.3 s
g, = 0.35(60/0.923) = 22.7 s
52.0s

Lost time = 8.0s
60.0 s
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Objectives of Co-ordination
S

* Minimize Delay

* Minimize the number of stops

« Maximize throughput

* Increase safety

» Meet traffic management objectives

- route assignment or reducing green time for non-preferred
routes to make them them unattractive for travelers

* Meet environmental objectives
- reduce fuel consumption

- reduce air pollution

- lower traffic noise
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Principles of Coordination
.|

1. A common cycle length or sub multiple of it
- all signals must operate at the same cycle length
- exception for double cycling

when a cycle time of half the system cycle length is
implemented at some intersections to reduce delay
on side roads without unduly affecting main road
performance

2. The establishment of a time relationship between
signals, called an offset determined by distance
between signals, progression speed and queues of
vehicles waiting at red signals

~ - - - {



OFFSETS

c -]
An offset is the time relationship between

the starting or finishing times of the green

period at successive signals in a coordinated
system.
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Time distance diagram

Bandwidth is the amount of green time common to all signals
I Bandwidth | along the route
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Fundamentals of signal timing
S

Development of phase plan e
Determination of vehicular signal parameters e

Determination of pedestrian signal e
parameters



Development of phase plan

Ee!t turn treatment e

1. Permitted -
2. Protected -

Vv
Vi; 2200 veb/h Vi x(5-) 250,000 veh/h
03. Compound -
protected+permitted or permitted+protected
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Development of phase plan
c -]

e Types of controller
—- (1) pretimed
- (2) semi-actuated
- (3) fully-actuated
— (4) fully-adapted



NEMA Standards for Phasing

A=

Phase 5 Phase 6 Phase 7

e

Phase &

4———»

Main Street

Minor Street




Development of phase plan

Phase and ring diagram e
phase diagram shows all movements being made -
In a given phase
ring diagram shows which movements are -
controlled by which “ring” on a signal controller

solid arrow versus dashed arrow -



EXHIBIT 16-9. CRITICAL LANE GROUP DETERMINATION WITH PROTECTED AND PERMITTED LEFT TURNS

Lane Groups

(v/s ratios)

i UM;KJS,
(0.20 protected)
(0.15 permitted) ’EB .

030) ) E8TR
(030)

A
North

D)
WB TR

M 005 proteced)

(0.22 permitted)
NB UTR

Signal Phasing




EXHIBIT 18-10, CRITICAL LANE GROUP DETERMINATION FOR MULTIPHASE SIGNAL

Lane Groups
SB T/R ' SBL A
North
L weTR
EB L
J / WB L
BTR Y
NBL | NB T/R
Signal Phasing
_ NP G N W
. N O Ty T
Phase 1A Phase 1B Phase 1C
Phase 2A - Phase 2B Phase 2C




Development of phase plan

o]
e Leading and lagging phase

- refers to sequence of left turn movement versus
through movement

— used for protected or compound left turn phase
e Splitting phase
- when both through and left turn traffic are large

e EXxclusive pedestrian phase
- not often applied



Determination of vehicular
signal parameters

Determination of yellow time e

N 1.47 x S,
2a+(64.4x0.01G)

y =t

W+ L S
S

lim

y=1+ +
2a+(64.4x0.01G)

lim



Dilemma zone
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Figure 8.4 Dilemma Zone at Signalized Intersection



e Determination of all-red interval

w+ L
ar =
1.47 xS,
P+L
al =
1.47 xS,

W+ L P
ar = max ,
1.47x S, 1.47xS,,




e Determination of lost times
based on field study, 2 to 4 seconds are

e

e Determination of sum of critical-lane
volumes

convert lane group volume to equivalent
through volume



Minimum acceptable cycle length e
N xt,

Desirable cycle length e
N xt,
des | [ Vc ]
(3600/h)x PHF x(v/c)

d =d, x PEontsot delay and level of service o



Determination of pedestrian
signal parameters

N
G, =32 +| — | 4] 2.7x
S, W,




Introduction to signal timing
software

e TRANSYT, HCS2000, SIGNAL2000,
PASSER, SYNCHRO, TSIS

e Determined versus stochastic
e Simulation versus field observation



HCS2000
<

e Capacity analysis for all kinds of roadway
facilities

e Determined software

e Easy data entry and calibration

e Demo ...






PHASE

MOVEMENTS

CRITICAL LANE VOLUME

150

1 w 150
8
S 3
o o
2 4 i 600

300 —p»
300 —?

150
< 350
T 450
450 —p

450 W

Sum Of Cntical Volumes = 1350







MOVEMENTS CRITICAL LANE VOLUME

8 8
o o
4l A 600 + 100 = 700

1 This is greater than

v TT' 150 + 300 = 450
3 3
™ o




<&— 350

<4— 350

350 + 150 = 500
‘/- --50
This is equal to
v
150 --~ 450 + 50 = 500
450 ——p

450 ﬁb

Sum Of Cntical Volumes = 1200




SUM OF CRITICAL VOLUME 2 PHASE 5 PHASE 8 PHASE
700 45 60 90
800 60 75 105
900 60 F i 105
1000 75 90 105
1100 Fis 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

MINIMUM CYCLE LENGTH

Typical Maximum Cycle Length = 180 seconds

REF: 2009TrafficSignalTimingandCoordinationManual



Development of phase plan

O Ee!t turn treatment

- 1. Permitted
- 2. Protected

Vv
Vip 2200 veh/h  Vir X(55) 250,000 veh/h
- 3. Compound 0
protected+permitted or permitted+protected
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Development of phase plan
c -]

e Types of controller
—- (1) pretimed
- (2) semi-actuated
- (3) fully-actuated
— (4) fully-adapted



NEMA Standards for Phasing

A=

Phase 5 Phase 6 Phase 7

e

Phase &

4———»

Main Street

Minor Street




Development of phase plan
c- |

e Phase and ring diagram
- phase diagram shows all movements being made
In a given phase
— ring diagram shows which movements are
controlled by which “ring” on a signal controller

— solid arrow versus dashed arrow



EXHIBIT 16-9. CRITICAL LANE GROUP DETERMINATION WITH PROTECTED AND PERMITTED LEFT TURNS

Lane Groups (v/s ratios)
saumxzs)
(0.20 protected)
(0.15 permitted) $ D
EBL WB TR
. WB L
(030) ) EBTR ¢ (0.5 protected)
(0.22 permitted)
(0.30) |NB LR
Signal Phasing
(0.30)°
(0.20)* (0:25) (0.25)
D N A L
.@'19.4‘ ¥ 10791
Y pll S
(0.30) (0.30) (0.05*
(0.25)
Phase 1 Phase 2A Phase 28 Phase 2C




EXHIBIT 16-10, CRITICAL LANE GROUP DETERMINATION FOR MULTIPHASE SIGNAL

Lane Groups
SBTR .
L WB T/R
EBL i
F weL
BTR )}

Signal Phasing

_ D G HA
S N A

Phase 1A Phase 1B Phase 1C

Phase 2A . Phase 2B Phase 223




Saturation flow e

Saturation Headway =—

Vehicles in queue ———
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Lost time

Vehicles in queue ———



le Time

Cy04I
‘ | Lost Time e

|

T Headway —m

T — ll + h?i&lpicles in queue
Green time require to clear N vehicles e



