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1. INTRODUCTION

When volumes become excessively high, most of the
present concepts of traffic signal optimization appear inef-
fective or invalid because they deal only with undersatu-
rated traffic conditions. The control policy for oversaturat-
ed conditions should be different than that of undersaturat-
ed conditions because traffic phenomena between two
conditions are totally different.

The previous paper presented in a Journal of Korean
society of Transportation Vol. 15, No. 2, 1997 by author
has shown a new si gnal optimization method for oversat-
urated arterials with two-way, multi-phase, left-tum opera-
tions (1). This paper further developed the previous one
for the real-time purpose. Under oversaturated conditions,
excess of demand of relative to capacity produces standing
queues which grow over time and can exhaust the storage
capacity of the approach. Uncontrolled queue growth can
physically block intersection, degrade the queue discharge
process thereby reducing service rates and spread over a
large portion of the system. This process impacts traffic
on other approaches which may even be nominally under-
saturated, radically reducing the productivity of the system
and potentially causing gridlock. Under these circum-
stances, the concept of minimizing delay and stops is sub-
ordinate to the goal of maximizing productivity.

The goal of IMPOST (Internal Metering Policy to
Optimize Signal Timing) developed in the previous paper
is to manage the growth of queues to maximize the pro-
ductivity of the roadway systent: to service as many vehi-
cles as possible in a given period of time. IMPOST takes
traffic network data, formulates the problem as a mixed
integer linear program (10), solves the formulated problem
and interfaces with WATSim (Wide-Area Traffic
Simulator) (7) to apply real-time signal operation.

In real-time traffic conditions, however, there exist the

traffic fluctuations each cycle. Eventhough arterial traffic
volumes are metered, the tumning-in and turning-out vol-
umes vary every cycle. Since the small change of traffic
could affect intersection spillback under oversaturated
conditions, it is necessary to control traffic by real-time
basis. It was therefore decided to develop a adaptive sig-
nal control policy based on a methodology developed in
the previous paper. i

The IMPOST formulation is particularly well suited for
real-time implementation because the only thing to do is to
keep maintaining optimal queues (6). The major require-
ment for the real-time application of IMPOST is an accu-
rate and reliable estimate of the actual queue length on
each approach at the beginning of the green phase. Green
time need only be changed by adjusting end of green inter-
val to keep optimal signal offsets when the actual queue
threatens to either produce starvation or spillbaack.

To assess system performance on the basis of tradition-
al traffic network performance measures, optimal signal
settings derived in IMPOST, PASSER 1I (8) and TRAN-
SYT 7F (9) were entered into the WATSim model. The
results show that the signal setting of IMPOST takes 30
percent and 20 percent less travel time per vehicle than
that of PASSER II and TRANSYT 7F, respectively,
under oversaturated 5 intersection arterial.

2. UITERATURE REVIEW
2.1 Arterial Optimization Programs

2.1.1 TRANSYT

TRANSYT is of one the most widely used models for
signal timing in the United States and Europe. It is based
on the dispersion of a vehicle platoon departing from a sig-

nalized intersection. It is a macroscopic deterministic
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model used to simulate and optimize signal timing on
coordinated arterials and network. It uses the gradient
search technique as the optimization algorithm. The gra-
dient search technique uses a hill-climbing optimization
method to minimize the performance index of the

weighed amount of total delay and stops.

2.1.2 PASSER

PASSER is a macroscopic optimization model. It has
two functions, evaluation of an isolated intersection or
optimization of the progression signal timing. The PASS-
ER model maximizes total two-way progression band-
width efficiency. This model sequentially evaluates cycle
length, phase sequence and offsets which maximize the
progression bandwidth and reduce delay. The model
allows for variations in the overall progression speed and

weighing of the directional bandwidth.
2.2 Adaptive Signal Control

2.2.1 SCOOT (Split Cycle and Offset Optimization
Technique)

Since 1973 the U.K. Transport and Road Research
Laboratory has been researching SCOOT and a full-scale
trial of SCOOT was carried out in Glasgow in 1979.
Inductive loop detectors are located on the approaches to
all signalized intersections which are under SCOOT con-
trol. The detectors are positioned as far upstream as possi-
ble from the stop-line. Based on detector measurements
upstream of the intersection, the SCOOT traffic model
computes the cyclic flow profile for every link every four
seconds. SCOOT projects these profiles to the down-
stream intersection using the TRANSYT dispersion
model.

For each link, the SCOOT predicts the current value

of the queue at the stop-line. The detected vehicle is

13y

assumed to travel at a fixed cuise speed to the stop-line.
The state of the lights is known, and using a preset satura-
tion flow value, the length of the queue and the back of the
queue is estimated. The position of the back of the queue
is used to provide cohgestion information for the signal
optimizer.

The SCOOT has a set of signal timings, if unaltered by
the optimizer, would effectively be a fixed-time plan. By
frequent small alterations, SCOOT controls the signals on
aplan that evolves through time.

A few seconds before each stage change, the split opti;
mizer estimates whether it is better to-make the change
earlier, as scheduled, or later. The split optimizer imple-
ments whichever alteration will minimize the maximum
degree saturation,

The offset optimizer operates on each intersection;, each
eycle. The information in the cyclic ﬂow profiles is used
to estimate whether or not an aleration o the offset will
improve the overall traffic progressions. A performance
index using delay, stops and congestion is minimized.
The SCOOT operates sub-areas of signals on a common
cycle in order to maintain coordination betweeri signals.
The cycle time optimizer can vary the eycle:of each sub-
area in increments of a few seconds af intervals of riot less
than two to five minutes. Each sub-area is varied ifidepen-
dently of other sub-areas between preset upper and lower
bounds. The cycle time is varied to ensure that the most
heavily loaded intersection operates, if possible, at a maxi-
mum degree of saturation of 90 percent. The cycle time of
the sub-area may be changed where SCOOT calculates
that, with alteration between single and double cycle oper-
ation, a net savings in delay is possible.

The amount of congestion, measured in the model for
each link, is used to modify the decisions of the split and
offset optimizers. The green time can be increased to

reduce congestion, and the offset on a link can be
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improved to reduce the risk of blocking the upstream inter-

section.

2.2.2 SCATS (Sydney Co-ordinated Adaptive
Traffic System)

The SCATS strategy was developed by Sims of the
Department of Main Roads, New South Wales, Australia
since 1979. It uses a hierarchical control architecture. At
the local level, each subsystem makes independent deci-
sions on its timing parameters on the basis of the degree of
saturation in the subsystem. It uses information from vehi-
cle detéctor, located in each lane immediately in advance
of the stopline to adjust signal timing in response to varia-
tions in traffic demand and system capacity. Adjacent
subsystems “marry” and get coordinated by a higher-level
regional computer when their cycle times are equal or
" nearly equal. Likewise, when the degrees of saturation
and the consequent desired cycle lengths become different,
the two subsystems “divorce”.

The common cycle time is updated every cycle in steps
of up to six seconds according to the degree of saturation
(DS) of that subsystem. The DS is measured using detec-
tors located at stop-lines. Four phase split plans which
express green times plus intergreens as percentages of the
current cycle time are available at each intersection within
asubsystem. Various VA (Vehicle Actuated) intersection
contro! tactics are included in each plan. These tactics
include phase skipping, transfer of spare time, gapping and
defining phases which will benefit from spare time or
additional time gained by cycle time increase.

Each subsystem has five offset plans. These intemal
offsets are predetermined as part of the input database.
Internal offsets can vary according to the current cycle
time and an input parameter, known as the progressive
speed factor, govemns the percentage change in offset.

The determination of each of the three timing elements

is therefore independent of the others, although all three
are affected by the degree of saturation.

Cycle length is continuously variable, cycle by cycle,
while splits and offsets vary in steps (by plan change) and
continuously (by modification of the plan on the basis of
cycle length and system activity level).

In the light traffic conditions, it is usual for SCATS to
minimize stops, in medium traffic to tend more to mini-
mize overall delay, while in congested conditions, splits
and offset tend towards maximizing throughput on the

major routes.

2.2.3 OPAC (Optimized Policies for Adaptive
Control)

The strategy was originally developed at the University
of Lowell. The OPAC strategy is the culmination of a
research effort that included the development of three opti-
mization algorithms. The first algorithm, OPAC-1, was
designed as a basis for future OPAC strategy develop-
ment. OPAC-1 incorporates dynamic programming tech-
niques in the solution of the traffic control problem.

The second optimization algorithm, OPAC-2, is a sim-
plification of the OPAC-1 algorithm. It was designed as a
building block in the development of distributed on-line
strategy. In order to use only available flow data without
degrading the performance of the optimization procedure,
a “rolling horizon” concept was applied to the OPAC-2
algorithm. This version is named ROPAC. OPAC-RT is
a traffic signal control system that implements the
ROPAC strategy in real time. The system uses traffic data
collected from detectors located well upstream (400 to 600
feet) of the stop-line on all approaches to an intersection.
Signal timings are dynamically optimized in a demand-

responsive manner using a rolling horizon scheme.
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3. METHODOLOGY FORMULATION

This chapter presents a summary of the traffic control
policy developed in the previous paper. The reader encour-
aged to refer the previous paper or author’ s dissertation (6)
for further detail. The formulations presented describe the
relatioships among the desired signal parameters (phase
duration, cycle length and offset); the known approach
geometrics (approach length and number of lane); the
known arterial and cross street traffic volumes and tum
movements; and estimates of traffic operations (speed,
queue behavior).

Followings are the final formulation of IMPOST devel-
oped in the previous paper.

Objective Functions :

-l
'—NII e

Max 2 o i + o 4,

Constraints :

Phase Offset at an Intersection

é: S T[ - [gc.i]min ]’=1,n
d = [gc.i]/nin = Vi

Phase Optimization at an Intersection

-L+M-yl 20

- 0-T+M-2>0
S-L+L+M-y320

-0+ L-L+M-y3 >0
S—r+r+M-y4 >0
-0+r - r+M-9% >0

y1+y2+y3+y4=3 (yi : binary variable)

Queve Length

Toi 2 Kui
rn.i _<_K7J

Signal Offset between Intersections

di 2Kai = Kii Foi

Case A & B Metered, and Unmetered
4i L1
di Keoi = Kai Fos

Case A, Metered(ro+{ grh <1 ——E—V)

4di <Kii = Ksi ro;

Case A, Metered(rs+{ 47 >1 -

di <Kesi —Kii 1o Unmetered
i+ 0utg~ & =1 ;

Conditions :
Ga)i
— _(Gy)i
8 = (Cnl) ;
ri=]-gi;
Ti= 1%

[gc, i]min= min[r,' Wi mm[

VeCh

l(3600(c max[Gn, Ga] —(AR)s - 5))

For metered approaches, N/=(.

Approach metered 1t[ Yo pya -
WG (LN)C] [G ]
3600 ' (I ),

1LX.]_(AR)
(XC iy, G’

i=l, -1

i=l,n-1

i=l,n-1
CaseB

=1, n-1
i=1,n-1

i=1,n-1

i=t,n-1

i=i,n

i=t,n

i=l,n

i=l,n

]1l,n

i=l,n

P +
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Approach unmetered if this condition is violated.

Ca .
wi=——", i=1,n-1
G
—.'='-_—L; i=1,n—1
“=T

Note : Similar constraints on 7., Z using Kj:, for

inbound approaches.

Specified Inputs
For each outbound link, i=1.n-1

Kl.i = _—C“_—‘_ ;
L _ u—w
[L +e-wess)] .
K. = C : ;W=h—v(1—Pu)
v+w
[y
K= =
[-L—’-i--L’—V(GH—S)(I—Pn)(]—PAL)(u_W)]
v h uw ;.
Ku = ;
C(’
K5,i=Kl.i
[L +Nch(l‘_W)]
v uw |
Kei = - ;
K7.i=[r0.i]nuu'

e C,[uw],lﬁi=[u(v+w)'|'Km=[ uw ]

AR viu—w)):’ viu—w)l;

Kivi = ["oiuin

A metered link is identified as Case B if its length satis-

fies:

 AWw(Gy— s T Ly

Lz=—0% 55 (G

4, REAL-TIME APPLICATION OF IMPOST

The IMPOST formulation is particularly well-suited for
real-time implementation. The major surveillance require-
ment for the real-time application of IMPOST is a reliable
estimate of the actual queue length, r, on each approach at
the beginning of the green phase.

Queue length can be inferred loop detector data and the
known state of the signal indication. The best location for
the deployment of the surveillance device can be deter-
mined beforehand. Specifically, the queue lengths that
must be estimated accurately, are [fo]wir and [tolu, as dis-
cussed later.

Green time need only be changed by adjusting end of
Green interval (maintaining start of arterial green and off-
sef) when the queue state threatens to cither produce star-
vation (too short) or intersection spillback (too long).
Thus, the queue state can be permitted to vary between
established bounds. Within this acceptable range of queue
length, the high priority IMP objectives I and II are both
satisfied with no change in green time required.

Stated another way, the oversaturated traffic environ-
ment is, to some extent, “forgiving”, in that changes in

queue length may take place over a significant range, and
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yet not compromise the performance of traffic flow.
Therefore, the real-time policy may not require frequent
and radical changes in control timing. Given this premise,
it is necessary to define the condition, for each approach,
which will satisfy the primary IMPOST objectives without
requiring controt adjustments.

To maintain an optimal, stable control, the current queue
length, r, must satisty the condition, o} < 1 < [folu. The

current value of r and the current change of queue length,

117

4r, over the past cycle, may be used to change control
only under conditions where an encroachment of a bound

on queue length is a near-term expectation.

4.1 Determine Minimum Queue
Length, [ro]mn, at Beginning of
Green for the Subject Link

“Short” (Case A) Approaches

G

A h -
S_I.nL_InL -
l<ll <Vu '

' —
q
Vp

T,

h
>

Figure 1. Minimum Queue Length to Prevent Starvation

To prevent starvation for “short” (Case A) finks :

roL

S+ T< dot s +20k 4 Ik

L
7N whereT; = W

2

V
Si :_f.’ a=(1 — I},L;
ince s sg=( )

" Asg Sy
. = /_. fs =
if ss< 55 v 5 if s> 8, v=y G5)

For vy, set 7, =o and v, use 7,

L

L L
Thus, — < o +—mmte 42
Y u

Vi

or

uvy 1
(u+w)l v

[ro]min = (1)

__A_“]
L
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'FGA * RA >|

A
L
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Figure 2. Test for Platoon Arriving during Red

If 4o<0,set 4o=do+Cand test for platoon armiving vy = /4___75(10225 400 _ %5
during red, where v, is based on to=0. If 50, [ Jmin = 0.
In other words,ifs-+2.< o < s+t Ry et{1i] =0
1)Set 4.=-20; Check : Set
4o=-204+80=60; 4o >2+400/28.3=16.1  (Yes)
40<16.1+40=56.1 (No)
.. use equ. (1) with 4o =-20

since amriving platoon should fill window with no star-

vation.

ELSE compute [f,] s using (1)

20:245 [ 1 20
Check if [fo}ua fills window [ro]min = S0+2451283 F W] =094
Ga-5) Ly (Ga-5) Ln

If [ro]min > G-9) L  Set [Fo]win = = (Ga-5) L 38 .20

h L h L A S)—= —Xn= | Fo | min=

L 20 X0 095 >094 ..[r]m=0.94

If [rn] min < 0’ Set [rn] wmin = O
Note : Since v depends on r,, we must iterate with v. Tterate on v with =094 : v;=/ %‘6& =69
Ex.: Ga=40, C=80, L=400, u=20, v=60, A=4, s=2,

0 (e = 20569 [ 1 20]

20 +6.9 2_83 + 4(X)J = 044 [rn]min = 044

Assumer,=0.25; Cale. =075 x400= 300;

, 004 [ 1
=30 = 4500, =/ 20 283 2) Set 4o=0; [l = 557545 | 283

+ 0]:0.39
3 )
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Iterate : v, = /@621):__ =220

20x22 [ 1

[Ffun= 05— (“;ZB) 4L 1G5~ (G—sX1—Py]

St [rn] min > ( _S)

[ru] min =

20422 Ki]ﬂm

Ex. : L=1000, W=60, Lv=20; h=2; B=40;GA=GB=40;
(Note: do 2 16.1 .. useequ. (1)) x.: 1=1000; W=60; Lv=20; h=2; B=40;GA=GB=40

s=2; pB=0.1
3)Set 40=20; 4o 216.1(Yes); 4o < 56.1(Yes) Check: L<’-2—Q[38+09x38]+100=822 No. Link is Case B
", Set [rn]min=0
“ ong” (Case B) Approach [lno= 05— 200 4 2038 (938))=047
ng (Case B) Approaches 2000 3 2x]000
To determine whether subject link is short (Case A),
its length, L, must safisfy...
.20 -
Check : [ro]mn > 000 B38=038 OK

L<%[GA-S+(I -Ps)(Ga- )]+ (W+B)

4.2 Determine Maximum Queue
Length at Beginning of Green
for the Subject Link

where

W = Width of upstream intersection

B = Safety buffer of tail of block to protect against spiflback
If the subject link length, L, exceeds this value, this
approach belongs to Case B. For Case B approaches, IF T.> G THEN
the minimum queue length must satisfy the following :
1. Completely supply the green window downstream. Cale: [} such that T= G
2. In addition, fill half of the available storage after
accommodating the queue of step T plus the total BLSE .

inflow from the feeder link. Gs-Tu

Cale. [roJwes such that S22 T4 = 1 and (T" TuTo) _ py

All Case B approaches must have a length, L, that satis-
fies... ENDIF

L> ——[GA 5+ (1-Pr)Go-5)] + (W+B) Where M=No. of vehicles who enter intersection but
are blocked by effective red which is of duration (Tu -Tw).
That is; M vehicles enter intersection during (Tu -Tw) and
For these links, [r, Jmin is computed independent of 4. : then enter receiving link during (Gs -Tu) : impies Tu -Tw
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Do s, Ts
/
y
r.L L|RL
y
T,
Figure 3. Maximum Queue Length to Prevent Spillback

=Gz -Th, so long as M < Ms where Ms= maximum num- With R=1. Tu=do +5 +L
s L1 0 m

ber of vehicles that can be stored within

Tems+Tr+ BB s s 11 ) (—lv"lvu)

intersection=W/Lv.
=s+L(1 -rn)(wm’,’vv)

Note : When the discharge move hits the red phase at

intersection B (Tu > Ga), then we want Tw = Gg to avoid
spillback. When Tu < Gs, we can allow spillback provid-
To assure no spiliback, R=1 and Tw=T.

ing all blocked vehicles can discharge by the end of green.

T,= (1-r)L . To= LIR- 1) Setting
v w
s+L(1- ro)(wwfvv)=dn+s+% yields.
=Bl =L Py |
et [ 4]
m T (wvylu o L

From above sketch: do+s+Ti=s+Ti+ T2
If T.) Go,setTe=Gs s+ L(1-r) = Gayields

4 RL_L(-r) LR-r)
Substitute : 4o+ ===+

L 4) (112 =1 Gy G-

i (N p My, 1.
Solving for o= ( w+v)(R ( MWW) 5T
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If T.< Gs,calc. M=min [GB’,; T", %] alc.

[7].© such that —T”—h—TL‘ =M

max

With To=To-Mh s+ L(1- ) S = 7, el

[r]0=1 L(w+v) [Ao +—= Mh]

o1

Note : Lead vehicle of entering platoon interacts with
the last vehicle in the standing quete when
T>s+TiFigure 3). This condition (i.., interac-

tion) occurs when

4>k [ r“(“”)] If satisfied, calcula [] 2, or [1,] 2

nx?

asappropnate It not, calculate [r.] &

inax

ba e

Figure 4. Test for Platoon Interaction with Last Queue

4> Ly )

u

when 7. measured as 1 (beginning of green for feeder
link, THEN Calculate [r] or [r]®.

max

ELSE (Au <% [1 -'—“%Ii)] ,where = rAG)

Calculate [ro]*

max

[rolt=1- WZB %[N Pc ((gc)) (G” 5)(1 B)- (GA S)]

Ex. : w=10, (LN)2=2, N=16, p=0.25, (LN)e=1, B=40,

pa=0, W=40, L=500, v=60, u=20, h=2,
Ga=Go=40, s=2, A=4,14=20

Assume. vo=0.6 Cale. s,=0.4x500 =200, =450,

v /4%00 =20

1) Set Ao - '20.

500 . |40-7 40
Tu—-20+2+—2—0—7<Gn-—40 M= mm[ 5 20] 2

12 1- sl 20+ 30 2x2] 099 ],
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Tteration on v does not change result. Now check on

interaction

4% ’; [1 o (“—;V)] Est, v=6, re=l, RHS=-25

.". There is interaction :
4>25. Useof [ro)3 is justified.

2)Set 4o=0.
500 40-21 40
Tu _-20+2+%_27<G,,_40 M=min [ > 20] 2
10x20 i
r0=1 swzo[°+ 2x2]—0.72

Tterateon v :

Assume r=0.75,v=15.8,

10x15.8

["ﬂ]ﬁx = 1 - 5(X)x258 [025 +25 - 4] = 074

Check for interaction :

4, VL[ i (‘L;l)] -103

there is interaction : 0>-10.3. Use of [r:]& is justified.

3) Set 4=20. Check Tu>Gs ; 47>40.
Estimate v=20, =0.5.

Test

L

AoZv

[1 h gu;vl] =() there is interaction (20>0)

 Use [1]2,: []2.=1 - 1220

max * mix 30x5m X38 049

(based on A4,=20)
4)Set 4.=-30

Tu_-30+2+52%0_ 3: Cale. [, (M=2)

10x20

10X 500 —112-
[r“]m-lx—l Smx30[ 30+ 80 "M] = 112, usel

Check for interaction :

4° 520[ Jﬁl] =25. But 4=30<-25 NG

No interaction. Use

16x25x = +=x1-

D) 0.76

=1

&0 20[ 1,38 38]
= 17500 500

4.3 Adjustment of Green Time Each
Cycle

The need to adjust green time remains a primary con-
sideration if the queue length, r, moves outside the accept-
able range. A question arises: How will such an adjust-
ment at one or more intersections affect the validity of the
system-wide signal tinting policy computed by IMPOST?

Examination of the IMPOST constraints formulation
reveals that only one constraint parameter, Ka, explicitly
references the green phase duration, Gu. Furthermore, this
constraint applies only to the Case B situation (i.c., long
approaches) when the entire platoon can be compressed
without incurring spillback. As discussed earlier, a

“reasonable” but non-optional offset on a long approach
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would usually have little effect on productivity.

It therefore appears that the IMPOST solution which
yields signal offsets, is relatively insensitive to small, cor-
rective changes in green phase durations to maintain queue
stability. That is, the vector of offsets computed by
IMPOST will remain “near-optimal”  the point of view of
satisfying the IMPOST objectives, even in the presence of
occasional variations in green time about the computed

- values, when conditions dictate.

Of course, it is necessary to update the IMPOST solu-

tion when “important” changes in the traffic environment

take place :

O Over time, undersaturated approaches may become

saturated, and vice-versa, due to changes in demand.

O Incidents may occur on the freeway and/or on the
arterial, markedly influencing the arterial demand or

demand on the off-ramps connected to the arterial.

O Travel pattens (i.e., tuming movements, Ps and Pc)

may change appreciably.
O Equity considerations may dictate changes in policy.

For any of these changes, it will be advisable to com-
pute new IMPOST solutions which will yield a new base
policy. The parameters (green phase durations) of this
new policy can then be adjusted, as needed, and as fre-
quently as required, until the next IMPOST update
becomes necessary.

Followings are the procedures how to adjust green time
of subject node:

1. Solve MILP for average traffic conditions

2. Set optimal signal sofutions of step 1

3. Compare optimal and actual queues

4. Change green time to control queue differences every
cycle

5. Check fink state

If link state is changed, go to step 1

If link state is unchanged, go to step 3

The green time adjustment between two nodes is as fol-

lows:

Direction, k*

®-0-0-0—-0

The average change in queue fength per-lane is com-

puted as follows:

Change in Vehicle Content = Total inflow - Tota outtlow
A D 159G ) HINY S5 (GG )
AN)Y 41G),

where
G =Sumoflead+ag L. T. phases
4 (L) = Change in queue length over one cycle, feet
L+ = Average vehicle length, ti/veh
S% = Average vehicle discharge rate, veh/sec,
for through (j=a) and tuming traffic (j=c)
Gus  =Gireen time, sec, at {downstream, upstream)
nodes
s = Start-up lost time, sec.
G® =Green time servicing arterial approach
GY = Green time servicing cross street
approach(es)
(LN)? =Nurnber of lanes on approaches (j=a: arterial,

j=c: cross street)



124 Journal of Korean Society of Transportation Vol. 15, No. 3, 1997

$9 =(1- Py S®
SY =Xe P S© ; SP=8¥

where
P» = Percent of turners on arterial feeder
Pe = Percent of turners on cross street feeder(s) (avg.)

X = Percent saturation on cross street

Solving for Ge:

(LN }.i"L"v(nfL) {LN);", S, AC-GL)+(LN) S(G-s)a

Gr=s+
(NS - (LN)S§
oLV o (LN
Let o= R v

G = Green time for left-tum phase

E%iﬁL—) -ROSP(C-Gy)+RS(G-s)a

Gr=s+ . o
{ y )
St - RS

Ex.: L=400, [r}opt=0.5, =04, s=2, C=80, G»=40,
=2, Xc=0.6, p=0.3, G&=0, ps=0.1, R*=1,R=0.5,
Lv=20, $°=042, §1=0.53,
S5=0.42x0.610.3=0.076, 57 = 0.9x0.53

[1)(0.5—0.4)4%-0.5x0.076x80+1x0.53x38}

Go=2+ =45.5
((0.9)(0.53)-0.5x0.076)

Another option is to sweep downstream (as discussed
below) to adjust the green times at the downstream nodes

of each link. Here, we must solve for Ga:

RN L ROGE(C-G MRS, (Gs)y)
RHJS i

Gi=s+

Ex. : Same as previous Ex. except Gu=40

0045080 09:530540079
G2t 1053

=354

If G is the lag phase, then any change in G, in either
direction, will influence the duration of G5 . We must set a
lower bound on G} which will limit how much Go can be
changed.

We must have an estimate of left-turn percentage,
which led to the determination of L, the minimum dura-
tion of the left-turn phase. For the approach where left-
turners are serviced by the lag phase, a growing left-tum
queue can only be addressed by increasing the [down-
stream] green - any increase in this green time will auto-
matically increase the length of the left-turn phase. This is
an exception to the protocol of changing the upstream
green to control queue lengths.

Establish the following rules for the upstream intersec-
tion whose arterial approach link has a left-tumn movement

serviced by a lag phase:

1. Allow the left-turn phase duration (if L>1 sec) to be
reduced to L/2 if the left-turn queue on the feeder
approach is not “excessive”.

2. If it excessive on the feeder approach, do not permit
the green time for that link to be reduced. Instead,
increase the green time at the downstream intersec-
tion to adjust the queue on the subject link and
sweep downstream to adjust the green times to
reflect this departure the “upstream-sweep” proto-
col.

3. After the sweep downstream, refurn to the upstream

protocol, starting with the original feeder link.
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5. EXPERIMENTATION RESULTS

5.1 Enhancements of WATSim

WATSim, developed by KLD Associates, Inc. further
expanded TRAF-NETSIM to perform a microscopic, sto-
chastic simulation of traffic operations on highway net-

- works comprised of freeways, ramps and surface streets.
We used the WATSim simulation model to evaluate
IMPOST,TRANSYT and PASSER strategies for oversat-

urated traffic conditions.

The fact is that the existing WATSim does not have an
algorithm of controlling queues, which is an essential algo-
rithm to-apply IMPOST. Therefore, it is essential to
enhance the tool which is available, namely WATSim, so
that it can control queues.

The logic flow for WATSim program subroutines
added is described briefly in Figure 5. For the purpose of
controlling queues, the following subroutines were
added.

WATSim
T T T T T L LT T T T T Ty
|
: SIMULATION |
| u
i !
] !
i * ]
| UPSIG |
i |
| | |
| l N !
: GETRZ ADIGRN GNUGRN |
| |
| : !
! l | l ] !
| |GRZMNX | | GDKST | | ADIGUD | | GDzsQ ||
i |
| i
[ |
| | GETAVV (————— .
! |
|
| I
DETECT RDFN12 RDEN37 RDFN38

Figure 5. Added Subroutine Flow of WATSIm SR
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ADIGRN : Get Min queue and Max queue and arterial

direction to be analyzed. Then perform a gra-
dient search to determine the green time at the
CI. that will maximize the green time adjust-
ments, if such adjustments are needed. This
routine is called once per cycle.

ADIGUD : Identify downstream link of arterial. Calculate

the value of green time at upstream node that
will have the difference between the current
and optimal queue lengths, if possible. Then
get feeder link and repeat. Continue sweeping
upstream until first link is processed.

DETECT : This routine computes the contribution of this

vehicle to the occupancy of the detector(s) it
Crosses or dwells on, during the prior time-
step. If it crosses the detector, then the detec-
tor count is incremented. Note that the detec-
tor must be at least 90 feet upstream of the
stop bar for this logic to work. That is, the
vehicle must now be on the same link as the

detector it crossed.

GDKST: Calculate D(K) = SUM (DELTA RO) ** 2 for

all saturated arterial links in both directions.
Green times in worse direction, K, (identified
by  higher value of D(K)), will be adjusted
elsewhere, if needed. DELTA RO is differ-
ence between optimal and estimated queue
lengths. The estimated queue lengths are
computed when clock is at beginning of

green(start of interval one), and are stored in
QCURR array.

GDZSQ: Sweep down arterial calculating and summing

GETAVV :

(DELTA GREEN =NEW GREEN - OLD
GREEN) ** 2. The DELG array was primed
in ADJGUD.

Get the average speed of lead vehicle in

incoming platoon.

GETRZ: This routine averages the queue lengths on the

arterial approach links, IL, to the specitied
node, 1, at the start of green and stores the
values of RO. UPSIG calls this routine at
beginning of interval number 1, at node, I1.

GNUGRN : Retrieve new green times and movements ser-

GRZMNX :

RDENI2 :

RDEN37 :

RDEN38

viced temporary arrays. This routine is
entered at beginning of each cycle at this
node.

Calculate Min. queue and Max. queue for
every arterial link, IL, belonging to arterial,
TIA. Select proper equation based on when
queue discharge wave arrives at upstream
intersection (for Max. RO) and on whether
link is short/long (for Min. RO).

This software loops to read Type 12 Records
and stores the data into the fink array.

This software loops to read Type 37 Records
and stores the data into the link array.

This software loops to read Type 38 Records
and stores the data into the link array.

UPSIG: Update the signal timings.
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5.2 Simulation Runs and Results

The fundamental issue of this section is to evaluate the
MOEs between IMPOST, PASSER I and TRANSYT

TF strategies for oversaturated arterials. To assess system

127

performance measures, optimal signal settings derived in
IMPOST, PASSER 1 and TRANSYT 7F were entered
into the WATSim model. Table 1 was used as input
parameters for the simulations. Scenario 1 and 2 repre-

sent oversaturated and undersaturated conditions, respec-

performance on the basis of traditional traffic network tively.
Table 1. Input Parameters for The Simulation
Scenario Scenario 2
# of Lane of Arterial 2 with LT bays 2 with LT bays
# of Lane of cross street 1 1
Cycle Length 100 sec. 70 sec.
Min g/c cross street 0.28 0.29
g/catC.L 0.5 05
Traffic Volume See Figure 6 See Figure 7
The statistical results of simulation are tabulated in Table 2.
Table 2. Comparison Results between Three Strategies
Scenario 1 Scenario 2
IMPOST PASSER It TRANSYT7F IMPOST PASSER It
Total Volume (Veh.) 5438 4981 5168 3184 3196
Total Travel Time (Hour) 267 364 340 747 728
Travel Time per Vehicle (Min.) 3 44 4 14 1.38
888 838 88§
x_9 IO x_93  x_o0 ®_ %
<€— 1433 |<— 1404 <— 1374 < 1440 < 1410
K o P 93 =% =0
144 _A 0_A 140 A1 0_A 131 A
2256 —> | 2244 —> 2084 —> 2072-—>] 20— |
0~y 142~ 140 —~y 132 — 00—~
888 838 888
400 | 1200 , 500 , 600"

Figure 6. Traffic Movemerits and Zihal Spacing for Scenario 1
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Figure 7. Traffic Movement

As shown in Table 2, even though IMPOST discharges
more vehicles under oversaturated conditions, total travel
time taken is less than that of PASSER II and TRANSYT
7F during one-hour simulations. In order words, travel time
per vehicle serviced by IMPOST, PASSER I and TRAN-
SYT 7F signal settings are three minutes, 4.4 minutes, and
four minutes, respectively. The signal setting of IMPOST
take 30 percent and 20 percent less travel time per vehicle
than that of PASSER Il and TRANSYT 7F, respectively.
These results were expected. Because PASSER 1I and
TRANSYT 7F does not meter, queues are growing over
from the critical intersection and spillback is spread over.
However, since IMPOST does meter, queues are not grow-
ing and they do not experience spillback. Therefore, meter-
ing is essential under oversaturated conditions. Interestingly,
the IMPOST solution for undersaturated conditions is
almost as good as that of PASSER 1L

6. CONCLUSIONS

The results presented describe the relationships among

s and Signal Spacing for Scenario 2

the signal parameters (phase duration, phase sequence,
cycle length and offset); the approach geometrics
(approach length and number of lanes); the arterial and
cross street traffic volumes and turn movements; traffic
operations (speed, queue formation) and the response of
the traffic environment (extent of starvation and spillback,
and loss of productivity).

For oversaturated networks servicing two-way traffic,
the IMP concepts were applied in the development of a
Mixed-Integer Linear Programming (MILP) formulation
named IMPOST for two-way arterials. IMPOST formula-
tions expressly treat all signal control parameters and
queue length as dependent [solution] variables.

A discussion of the potential for IMPOST as a real-
time control policy was presented. It was shown that the
policy was stable in the presence of fluctuations in demand
within stated bounds on queue length. It was also demon-
strated that the policy can adjust the control parameters on
a cycle-by-cycle basis, continually responding to changes
in demand and queue formation, between optimization

updates.
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In the assess of system performance, signal settings of
IMPOST took 30 percent and 20 percent less travel time
per vehivle than those of PASSER Tf and TRANSYT 7F,
respectively, under oversaturated 5 intersection arterial.

The evaluation should proceed, stage by stage, in a pro-
gressive manner. If this policy proves to be beneficial,
then followings should be extended in addition to the
extensions of the previous paper. Each extension to

IMPOST should be subject to simulation and field testing.

O Current objective function of IMPOST is to maxi-
mize queue lengths to maximize the productivity.
Another objective function could be considered for
real-time purpose to prevent actual queues going to

outside range frequently
(ie.:MIN Z (r- m%—[ﬂﬂ) N

O Current IMPOST is manually interfacing with
WATSim. However, automatic interfacing algo-
rithm should be developed to be implemented to

real world.

A paralle] research activity should identify hardware
and software systems that can accurately estimate queue
lengths over time. Detector counts measure vehicles ser-
viced, not vehicle demand when the traffic environment is
oversaturated. The most reliable measure of oversatura-
tion for a real-time system is the quantitative history of
queue length growth over time.

Subject to the successfull testing of the policy in a fixed-
time control environment, it should then migrate to a real-
time control system. The unique ability of this policy to
accommodate both oversaturated and undersaturated traf-
fic flow conditions in an {arterial] network offers consider-
able promise that should be explored.
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Notation

The variable having bar(-) sign means inbound

approach.
1 Cu/ Gi

Wi
Ca
Ci

mi

4di

o

Ri

i

[ g;,i Jmin .
L
M

Toji

System-wide cycle length

. Cycle length at intersection i

: User-specified exponents for the outbound

approaches

. Offset between the start of green phase servicing

outbound traffic at intersection i, and the start of
the green phase servicing outbound traffic at

intersection i+1

. Offset between the start of the green phase ser-

vicing outbound traffic and the start of the over-
lapping green phase servicing inbound traffic at

intersection i

: Duration of red phase servicing outbound

- Duration ratio of red phase servicing outbound (

Ri/Ca)

: Duration ratio of green phase servicing out-

bound ( Gi/Ca)

Minimum green time ratio for cross strect

: Duration of protected left-turn or Link length
: Big number

: Optimal queue ratio

Xc,i

Ve
(AR :

N

Vs
Ps

Pa

(LN)c :

(LN)a :

V, Vp Vg o

: Zero or an integer
- Duration of green phase at up-intersection
: headway

: Degree of saturation for cross street at intersec-

tion i

- Cross street volume per lane at up-intersection

Duration of all red at up-intersection

: Start-up lost time
: Portion of the platoon that is stopped by the fol-

lowing red phase, veh/cycle

: Volume per lane approaching up-intersection

< Proportion of total traffic that leaves the arterial

to turn onto the cross street(s) at  up-intersec-

tion

: Proportion of left turn traffic volume at down-

intersection

Number of lanes on the cross street approach(es)
at up-intersection

Number of lanes on the arterial approaches
Mean speed of lead vehicle in incoming platoon

varing with different queue

: Mean speed of queue discharge wave propagat-

ing upstream

: Length of vehicle
: Width of intersection
: Speed of shock wave

: Portion of the platoon that is compressed,

veh/cycle

: Frree flow speed

: Mean constant acceleration



