Lecture Twelve

Signal Coordination for Arterials and Networks

Progression: Why Needed «lxiall s ) sial) (8.5 gliad 1Ll

» Where signals are close enough together 4 jlaia 4. gual) 5 L) <ufd cilalal@il) ¢ o5 Ladie
> Vehicles arrive in platoons 252 Jsé e il jal) Jgay
» Itis necessary to coordinate their times so that vehicles may move efficiently through a set
of signals (B0 S Cpend ) (535 o) A pudal) B LY () (Bamadl (559 00l (1
Adlaial) i ddliall 4y gudal) il LY (o Ao gaa Jsb (Ao LS sall (g g all

Signal Spacing and Progression gl ) i g 4 gual) 5 LEY) Gawi

> In some cases signals are so closely spaced that they should be considered as one signal
Bas) g 5LA) L jLie) (San da jal & e 4y gudal) ) JLEY) (1988 ) Gary (b
> In other cases, signals are so far apart that they may be considered as isolated
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» Common practice is to coordinate signals less than a mile apart on major streets
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Basic Requirement duulu¥) gl dsw ) cilullaial)

> All intersections in system are to have the same cycle length or multiple of minimum cycle
length Jsial o & gluia LBudal) A gual) claaldth JS (8553 s 0190 O v

e Long enough to provide sufficient capacity at the busiest intersection
Allad) ABUESH i)l Cladal&l) A Aaad) b gil ALS B gal) Jgha (60 O i
» System cycle length is determined through a series of steps
i ghad Bas d%ewsJJﬁ\ d\,hc,ﬂ.maé
o determine the minimum (optimum) cycle length at each intersection as if they are
isolated signals &k 43)s Las gl JS (A 5 55l Jshal (Alall) (S aal) Gl
Jdra



Time Space Diagram (Sl a3l abiall

> Path a vehicle takes as time passes sl ¢ (@aion 48 jall lua
> t=t1 o First signal turns green »2a] I Jeati (Al A6 5 uEY)
> t=t2 0 Vehicle reaches the second signal 4l 5 L0 &S jall Jguay (10

> Offset: Difference between green initiation times (tz -ty) **¥' Ll o @A a3y By
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Ideal offset is defined as the time needed for the first vehicle of the platoon just arrives at the
downstream signal when it’s green
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tideqr: 1deal offset, sec 4l clas g Jlal) da) 3Y) g

L: Distance between signalized intersections, ft sl clas s 4 sal) 5 L) 3 clalalill] ¢y Alusal)

S: Vehicle speed, ft/sec 4ali/ash ciaa g 48 jall Ay

Offset is a positive number between zero and cycle length (ks jiall ¢ i sa a8 52 da)3Y) g

594l
Offset is critical gl 4ai3y) <y
> ldeal offset 25 sec 4.l Yo Uil da)3y) iy
> See the effect of poor offset 4a) ¥ cdy sslis are il i gy JSil)
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600 ft block

600 vph in two lanes
all through traffic
free speed 24 mph
S0-50 split

60 sec. cycle length

Bandwidth @il gas

Defined as the amount of green time that can be used by a continuously moving platoon of

vehicles through a series of intersections Ji s psdiey 3 i) ) das s (Glaill (a8
43 gial) cladal&il) A A jad) A B paienal) il sall 3639

e Inthe example, previously, —
sl JEal)

o The green time a}t t_)oth intersectigns are same 6 sbasia Cpaadal@ll SIS 3 5umd¥) el
o The ideal offset is illustrated AalY) Ciy Ganli

o There are only two intersections Cpmadalss Slia
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Assumptions: §
1. Desired platoon speed: 60ft/sec; detufasd 1. 14,6 jall 2sd sl ds
2. Cycle length = 60sec &=t 1+ & 52 Jsk
3. Effective green time = 30 sec 4.l ¥+ Jladll padl)
1 2 3 4 5 6
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Table 1: The ideal offset results. (Atiall 4a)3y) < g gilii g \ Jgan



Signal Relative to Signal Ideal Offset
6 5 1,800/60 = 30 s
5 4 600/60 =10 s
4 3 1,200/60 =20 s
3 2 1,200/60 =20 s
2 1 1,200/60 = 20 s
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Bandwidth
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Equal bandwidths of 30 seconds

provided under ideal progression
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Potential Problems (Vehicle Speed) &S al) 4 s qus dldiaal) JSLial)
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Test vehicle at 50 fps passes through all Test vehicle at 70 fps arrives at signals 1o
signals without stopping. Bandwidth is reduced 2
to a very small value.
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Bandwidth Capacity @l e e

+ Defined as the number of vehicles that can pass through the system without stopping in
one hour @Md)&uﬁyu‘guew\d).aJ"ﬂ\Lg&uﬂ1uhSﬂ\-\AG}A dw\uaﬁm
+ In the previous example: Jiall (& ziasa Las
= Consider a saturation headway of 2.0 sec/veh
48 oAl ¥ audial) (i 300 a0 (a8
= Vehicles can pass per cycle: 17/2= 8.5 veh/cycle
BUgYAsS a A0 =Y/V V=3 52l DA LS sal) g4 ()
= Thus NB direction can handle [8.5 (veh/cycle)]* [1/60 cycle/sec]*[3600
sec/hr] =510 veh/hr  * A.0) il jall (385 aa Jalaly qglall-Jladdl i fa ()
AelufdS o 0 vz (¥R * )
+ |f the per lane demand volume is less than 510 vphpl and if the flow is well organized the
system will operate well in the NB direction (even though better timing plans may be

obtained): 65 Gl s 0US i 5i5 panfAelufAS yo 01 v (e Bl anl Sl yeall ) (S 1)
LS il At s (S 5) il Gl 8 5 5 ) ey (5 )5l Jiill ()5S s
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e (py: Bandwidth capacity il (o e daw

e BW: Bandwidth, sec i) cias g il (e

e C:Cycle length, seC iy cias g 5l Jsba

e NL: Number of directional through lanes sy ds all ¢ peal) aae

h: Saturation headway, sec 45 clas gy audiall (e 311 a2l

Note: The above equation does not contain any factors to account for lane utilization and queuing.
sl yaal) aladic) il Glead cdlalea g giady ) Adlaall o) ;A3



Effect of Queued Vehicles <l jall ) gillall Jgha il
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tqqj Adjusted ideal offset, sec 44l «Junal) dai3Y) <y

L: Distance between signals, ft s ¢ cladaliill 4.5 gual) <l JLEY) (G Alasal)

S: Speed, ft/sec 4:liasb s )

Q: Number of queued vehicles per lane, veh 4 e < jaa JSI gilal) 8 488) gl) LS jal) 23

h: Discharge headway of queued vehicles, sec/veh 4st/ass s (il jall ) gilds o i 31 aalsl)

1,: Start-up lost time, sec 4 s¥) aibal)

Note: The start-up lost time is only accounted for the first downstream intersection.

— If the preceding intersections have queues, then they are automatically cleared (because of the
S 135 S el (3835 e 8 J V) adaliill Lo cavy Y1 ailall ey ) ddasdke
TS el

platoon)




Calculate offset if iU 4a13¥) <y cua)

% 2 queue veh/cycle susiAs e ¥ sl
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Link Link Offset (s) Speed of Progression (ft/s)
Signal 1 — 2 (1,200/60)— (4 +2)= 14 1,200/14 = 85.7
Signal 2 — 3 (1,200/60) — (4)= 16 1,200/16 =75
Signal 3 — 4 (1,200/60) — (4)= 16 1,200/16 =75
Signal 4 — 5 (600/60) — (4) =6 600/6 = 100
Signal 5 — 6 (1,800/60) — (4) =26 1,800/26 = 69.2

Total Offset = 78 sec
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Two signals are spaced in 1000 ft. The desired progression speed is 40mph, the cycle length is 60

sec, what is the ideal offset between two intersections?
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Signal Progression on Two-way Street cmalail ¢ ) sdd) 2 4y gal) 5 LY cllady )
o If NB offset applied to SB sl uiball (Gabay (Madl) cyiall da) 3Y) g ¢ 13)
e Vehicles need to stop twice @i sl cls all ) k)
e Lesser bandwidth (guaill ja e J8i
e About 40 sec of delay/veh 4. s gt ali 40l ¢« Ly &

e There is no bandwidth (s (o e dlia s oY
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A1 60 fps, a reverse vehicle must stop twice
in traversing the signal system. A small bandwidth
exists, but would only process vehicles through
signals 6, 5.4, and 3.
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Adding a Fifth Signal 4wl 5 L) L)
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Common Types of Progression < Ly ) gl daild g1 sl
> The alternate progression el B LEY) (A g
> The double alternate progression &s234J Jzasdl 8 Ly) A s

» The simultaneous progression ¢l jiall 5 L&y M s

For certain uniform block lengths, and all intersections with a 50-50 split of effective green time,
the cycle length can be selected such that: il gk 0emoe clablill, delndl plal JkY
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Bandwidth Capacity il (& e e
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Illustrative Combination of Alternate Progression J:udl Jisill Lavagi gails

Matching Block
Cycle Length (s)| Platoon Speed (fps) Length (ft)
60 45 1,350
60 e 2,250
90 45 2,025
20 75 3.375

Double Alternate Progression &5 dedl s
For certain non-uniform block lengths, a 50-50 split of effective green time is not possible, but

then it is feasible to select the following cycle length: | o o, i, dad e £ )5l kY
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Bandwidth Capacity

C __ 3600+BWx*NL
BW — Cxh

_ 3600«BW*0.25C+L
o C+2

= 450NL

214 o —_— —_—

Distance

lllustrative Combination of Double Alternate Progression zseiall Juadl A sill asa i paila

Matching Block
Cycle Length (s) Platoon Speed (fps) Length (ft)
60 45 675
60 s 1,125
90 45 L0122
90 74 1.688

Simultaneous Progression ¢3!l I s3)

For very closely spaced signals, or for higher vehicle speeds, it may be best possible to have all

the signals turn green at the same time (called a simultaneous system)
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» The efficiency of a simultaneous system depends on the number of signals involved.
Lediall @i Lay) 2 o o adiad el Jial) aladl) 3oUS o)
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EFF% [2 —2 100 [6]
H.W: For four signals with L=400 ft, C=80 sec, S=45 ft/sec
- What is EFF%? Ao bosall Joh atht o o Jlall ¢ cladalisd el L) day i 1 e el
- Similarly when L = 200 ft, EFF%? 058 Ladie Jiuill 3eliSl) cann) Liagl g SREAN 5oliS)) aoan) (il
??.ﬁ * e JJH‘

¢+ Simultaneous signals are advantageous only under special circumstances
Al Gl Ll cad il g8 Lgd Ada) al) <l LEY)

e Block lengths are very short "jas 5 juad ¢ ¢S5 ) JLEY) (p dlcall

e Relatively higher speed  "Luwi 4dle (580 de )

o Near CBD 4tad 4338 e dihaia (e o jlly

< Disadvantages : sl
o May result in breakdown and spillback
oAl (BBl olad) s o CIAL) L) 55yl ghe JuSd g (Ll (A Capey 0B
o Because queue inevitably exists downstream
el BBl alal) Blad) 8 Ladia 392 ge S pall ) gildal) Guseny

o Cuts platoons Off i jalt s g8 o) 48 jal adid Capn



Speed versus Congestion a3l Jilda de )

+ Speed of progression el 4s s
o Often selected to be the free-flow speed of traffic 531 de wll (<3 s JL53) o
o Some engineers use it as the speed limit. sl ds jul) ¢ s<3  JL33) oy
o The speed that might be observed when volumes are light and the signals are
continuously green on that route 483 asaall € Lavie Lgihadle afy Al A )
s i) o g Lgd @il LAY
4 As traffic becomes heavy (peak periods) sl debu (2 dassja g all 48 a ual Lasic
o Traffic speeds tend to drop because of congestion
o9l a3 Guesy QAR ) (el &) g pall o pudl)

o Traffic starting up on a green signal may be stopped by a queue not yet into motion

at the next signal downstream slaad 31’1"3‘3 e 3 R J?J"” ds s iy o3y B
AL B LAY die AS jadly ey oy al oA LS pal) ) gilda sy

S04l (@l olag) A

Other considerations
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% Traffic Turning into a System  alil) b Cillasiy) S o
Adjustments at End Intersections lalalil) g (& Ol
Adjustments for Left-Turn Phases — _bull sai cillaniy) 4S jad cdlal)
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Offsets for Maximum Bandwidths — Uail) (el ) da) 3y cdy il
Offsets for Minimum Stops and Delay sl sl Je a3 da) ) cdy il
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Network Level Coordination Gkl clSadd Ay gual) 5 LYY ol

Yda)jy) cdg
2 Offset 1, 3
>
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Offset 7418

fully determined
bv Offsets 1-3.

Optimization for Two or More Arterials

4+ When optimizing using Synchro’s ‘Network Cycle Length’, many times it gives ‘Mixed
Cycle Length’ (and not multiple of minimum cycle length)

s (ASuill 550l Jsha) s Suladl el aladiuly Cpeadll Jae o Lodie

(553 Jshal oY) aal) clielins (a5 ) Adlita 5550 Jsh sy ol g

+ When you use mixed cycle length, the progression cannot be achieved.
J}ﬂeaﬂ\}‘gl\}.\l\@hﬂu&%‘y 6@&3)}34_5}}:?‘353“}.\39

4+ Insuch a situation, you have to analyze the arterials independently.
h radia JSG Al Al & ) pdl) Jalat gy el 038 Jia A

4+ When the arterials are separately (independently) analyzed, progression on both arterials
can be achieved.
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4+ However, the offset for both arterials shall be adjusted to get the desired progression.
H G all ?ﬁm le Jgmandl abinad a4, &J‘)‘ﬂ\ Jaal Yl s s 0S e




+ Usually, the offset of one of the arterials is fixed (due to jurisdictional boundary, or other
reasons) and the offset for the o other arterial is adjusted accordingly.
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