


= The adoption of the BLM model (which was developed using the Split
Pre-timed signal phase data only) for the dual phase settings, may cause

€ITors.

On the contrary, the Protected Pre-timed shows some improvement in
terms of productivity with the IM option for some heavy traffic demand scenarios.
The weakness of the IM option with split and dual systems may be beneficial for
the Protected Pre-timed phase settings. The erroneous detection of incident status

might have favorable effects in switching green to the left-turning movements.

To overcome this weakness the following measures are suggested:

= The adoption of a relatively lower value for the coefficient of
incidents within the adopted BLM of this study.

= The adoption of a separate BLM for the non-split type signal settings.

For both split or protected signal control logic, the pre-timed phase settings
performs better than that of the actuated logic in medium to heavy traffic demand
conditions. The control decision time interval for actuated settings is a short
interval (green extension time), but for pre-timed settings the decision time
interval is maximum green time (the allocated green split time). The actuated
settings can extend the green time frequently to the currently green phase set
based on the last updated detector data, while the actual traffic demand might be
already higher for other competing phase sets. The pre-timed settings do not
extend green for the same phase set after its green split time (maximum green
time). In relatively congested conditions, it may give green to every competing
phases almost equally, if sufficient passengers demand has emerged on the

competing approach links. This pattern of demand and control decisions can be
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seen on shorter link lengths on the small and mix grid networks. This is why the
control logic works better with pre-timed logic for small and mix grid network

configurations.

On the other hand, both split and dual phase settings without an IM option
work better with the big grid network, when it is loaded with medium to heavy
traffic demand. Longer link lengths of big grid network, when loaded with these
traffic demands, can have sufficient passenger demands within shorter time
interval. This might help the associated phase set to have a sufficient actuation

index (in terms of numerical value) to become competitive with other phase sets.

7.3  General Conclusions

The objective of this thesis is to devise, manage, deliver and document
research on a newly developed distributed adaptive control system logic that is
able to handle boundary conditions of recurrent, non-recurrent congestion, transit
signal priority and downstream blockage. The control decisions of this control
logic emerged with significant enhancement to productivity (in terms of Person
Trips and Vehicle Trips) against the existing signal control systems in medium to
heavily congested traffic demand conditions on different types of networks. Also,
greater efficiency (in terms of Average Trip Time/Person and delay in
seconds/vehicle) was achieved for relatively low to heavy traffic demand
conditions with this control logic (using Split Pre-timed). However, it performs
worse using the Protected Actuated logic.

As expected from the objective function of the control system, the logic

should be biased to the phase set(s) with more transit priority calls or with the
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status of incident condition. A significant increase in productivity in heavily
congested scenarios come with increases delays. It is not uncommon that
provision of transit signal strategy on the main flow direction should yield greater
delays on cross streets that have no transit priority calls. In a heavily congested
scenario on a larger road network, the increase in delay is compensated by a
significant increase of throughput.

The signal control logic yields better productivity than existing signal
control systems in a typical congested urban network or closely spaced
intersections, where traffic demand can be similarly high on both sides at peak
periods. It is promising to see how this signal control logic performs well in a
network with a high number of junctions. This performance was rarely reported in
the previous literature.

The signal control logic yields better throughput (in terms of vehicles
exiting the network in congested traffic demand conditions) than the actuated
controller with free mode. This was reported in the literature as a reference to the
actuated control system for better throughput than either actuated coordinated
controller or transit priority coordinated systems.

The best performing phase settings of the signal control logic were
investigated thoroughly, which is rarely reported with other adaptive signal
control systems in the literature. The signal control logic has also been extended
with the logic of pre-timed styled signal phase settings to create the possibility of
an enhancement in productivity for heavily congested scenarios in a closely
spaced urban network. The performance of this pre-timed signal control is
impressive. An extension of existing pre-timed signal controls to act as an

adaptive control has rarely been reported in the literature.
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The activation of the incident status module with the signal control logic
yields an acceptable performance in most of the experimental cases, yet the
control logic itself works better without the IM with the Split Pre-timed and Dual
Actuated phase settings. The Protected Pre-timed phase setting displays
advantages in activating the IM in medium congested demand.

It should also be noted that only the phase IDs are similar to the NEMA
system. Therefore, any phase IDs and phase combinations could be used to avoid
conflicting movements. Internal formulations and control decision check point(s)
are entirely different from the existing control systems which have propriety
rights. Also, the logic works on the basis of phase set only. Therefore, the logic is
not dependent on any individual controller characteristics.

To conclude, this research has shown the potential for further productivity
(and/or efficiency) enhancements in signal control systems under different traffic
demand conditions. The integrated signal control logic works primarily to enhance
productivity compared to existing base control systems for medium to heavily
congested urban road networks. Also, the Split Pre-timed control system can be
converted to an adaptive control system for further enhancement of throughput
under medium to heavy traffic demand conditions. Comparable performances in
both productivity and efficiency in lower traffic demand conditions was also

observed.
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7.4 Research Contributions

The two primary contributions of this thesis are as follows:

= Developing formulations for the urban incident detection systems.

The weaknesses of the existing urban incident detection model(s)
were identified. A General Regression Model (GLM), a Neuro-
Fuzzy Model and finally, a Binary Logit Model were developed
and validated in micro-simulation.

The validated Binary Logit Model was integrated with the
proposed integrated signal control logic as the Incident status

module.

= Developing and testing the formulation of the integrated control logic to

maximize the throughput of passengers at intersections, and in turn, the

productivity of the overall network.

Congestion, incident detection, transit priority and downstream
blockage modules were developed to incorporate recurrent
congestion, non-recurrent congestion, transit priority and
downstream blockage boundary conditions.

The integrated signal control logic was interfaced with a widely
used micro-simulation model and tested with different traffic
demand and supply conditions for different cases of phase-settings.
A relatively big theoretical road network with different geometric
configurations was used for testing, providing results in terms of
productivity and efficiency for the proposed signal control logic in

congested demand cases. The network used for testing is bigger
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than those reported in the extant literature for TSPs and incident
detection.

- Further productivity enhancement cases of pre-timed signal phase
settings was identified. The pre-timed signal control logic was
converted into an adaptive signal control logic, instead of the

typical green extension by actuated signal control.

7.5 Future Research Directions

Future research in the following direction is suggested:

= Improvement of the urban incident detection model:
Urban incident detection models (GLM, Neuro-Fuzzy and BLM)
can be further enhanced to improve performance. The detection
model parameters can be further calibrated to reflect various
incident locations, duration and severity levels. Also, different
models can be employed for different phase settings.

= Inclusion of downstream incident detection strategies:
It may be beneficial to investigate what happens if a severely
affected incident induced phase is not allowed to entertain any new
vehicles during the incident. That means, the incident conditions of
a downstream exit link are integrated with this signal control logic.
Here, the control logic might deter to allow vehicles to enter the
downstream incident link by not allowing green to the associated
phases of the subject intersection. In this study, this situation was

implicitly accounted for by downstream blockage boundary
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condition, but it may be worth investigating the explicit accounting
of downstream incidents.

= Inclusion of network-wide incident clearance strategy:
A separate module responsible for the network wide incident
clearance strategy could be integrated with the developed signal
control logic. The network here still refers to the sub-network of
this distributed control system whose nucleus is the subject
intersection. The incident clearance strategy could be built to react
to the possible nature of queue formation due to an incident and
according to its severity. Also, it might be worthwhile to include
some appropriate rerouting strategies in this sub-network based on
the severity of the incident.

= Inclusion of LRT (Light Rail Transit):
The provision of LRTs could be implemented either as a separate
module or inside the currently developed transit priority module.
LRTs could be given the same status as a high priority bus or it
could be given an even higher priority than high priority buses. It is
a common practice that the intersection which provides LRT in the
middle of a road, typically, omits the left-turning movements for
other vehicles. Thus, it is expected that split signal settings would
be preferable to an LRT phase in order to enhance productivity
output.

= Inclusion of environmental parameter(s):
From the perspective of sustainable signal control systems, it

would also be interesting to see how the control logic performs
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with air quality matrices as measure(s) of effectiveness and how
the entire logic improves the computation timing of the associated
machines compared to other centralized control systems.

= Experiments with the protected phase settings:
The control logic can be further extended with separate coefficients
for the protected left-turning traffic demand. It can also include a
probabilistic left-turning estimation model based on the historical
traffic count data at the particular intersection. These measures
might enhance the performance of the control logic with the
protected phase settings in heavily congested demand conditions.

= Experiments with the parameters of the signal control logic:
The control logic can be further investigated with different
parameter values. It would be interesting to assess the logic
performance with other possible options, such as how it would
behave if the maximum green time is set differently for each of the
subject intersections, and what happens if the different phase sets
of the same intersection are restricted with various maximum green
times based on dominant traffic demands.

= Experiments with arterial coordination:
The logic could be applied for coordinating along a major arterial
corridor similar to all other adaptive signal control systems. It can
be done by making alterations to the base logic presented here.
This allows the comparative performance of the logic compared to

other adaptive control systems in similar operational environments.
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= Developing a supervisory control system:
Each signal control system (either existing base control or adaptive
control) works better for specific traffic demand and supply
conditions. Logically, there is no single adaptive signal control
system that has a one size fits all solution. Therefore, it would be
an idea to develop a supervisory interface under which all existing
base and developed signal control logics are placed. This
supervisory layer would select the best control system based on the
prevailing boundary conditions, and traffic demand levels

described by the detectors.
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A1l.1 Update Module A (Traffic Regime State) for Phase ¢;:

{
Go to the approach link L; oju! of ¢;;

Vit Vit Vit Vit
) —t i¢jul 4 i,¢j,u/,4+ i,¢j,u/,3xvi,¢j,u/,3
For any ¢ ;, estimate U’ = ;
J Ll vt gt
Jrum ipjula ipju/3
C.V't / UY't / .V't /4% Y't /
. . . _t L,¢j,u ,3 L,d)j,u ,3 L,d)j,u ,1 L,¢j,u ,1
if (¢ jis even), then estimate U ;= Vi Vi ;
Lojuy, 4 C’ / +C’ /
g L,d)j,u ,3 L,d)j,u 1

if (¢p; is odd), then estimate

CV,t UV't Vit XUV't + Vit x Vit
—t i/ 3" Tipjul 3 Tigsuls” igiuls Tig /i il
v = .
il Vit Vi Vi ;
) Tmd /3 ipjuls’ igiula
oot ~t
if (U, <=0 OR v; <=0), then
( L¢ j,u{l,m L¢ j,u{n,d )
7', =0.01;// A minimum limit of stalled vehicles
Ljuym
v°, =0.01;// A minimum limit of stalled vehicles
L@ jUm,a
0.5 0.5
) = g/ ijul
Estimate Ti,d)j,u/ = + = ;

v
b4 m i’¢j’u£n,d
// Set a maximum practical travel time limit of 90 minutes to avoid very large
travel time.

if (T 4, ,/>= 90), then

{
Ti,¢j,u/:90;
}
l
. 0 _ g/
Estimate Ti, djul = m,
i j,u
T
) i i/
Estimate TTI' = —2—;
l’d)] u Ti’(t)j,u/
If ( TTIit’ &l > 5) then // The threshold adopted with TTIit, il
{
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Set I®Ft | =1;

L,d)j,u/
}
else
{
Rt  _ .
Set Ii,d)j,u/ =0;
}
Call V! ,;
L,d)j,ul{
Call y™** .
L,d)j,ul{
vh
. vie o _ _bpu
Estimate T pjal = ymaz
i,d)j,uL
}
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A1.2 Update Approach Link Vehicle Count Function for Phase ¢; :
{
Go to the approach link L; oju! of ¢j;

/I First, count the total vehicles on the whole approach link

(n

pymax  _ i,¢j,e,u/XIi,¢j,e,u/ + ni,¢j,o,u/Xli,¢j,o,u/ )

s c
Lojug l

Estimate

//Set some conditions for the 'Standing Vehicle' Counts as estimated error
in link vehicle counts. It occurs because of the departure vehicles with the
detectors counts of detector 1 and detector 2, while the associated phase is
red' flagged

if(IiZ;ﬂd =1), then

{

Set S:(,lfj,u , = Upper rounded Integer of (ni,d,j,e’u/ + ni,d,j,o,u/) /2;

}

else

{

Set S:(,lfj,u , = Lower rounded Integer of (ni,d,j,e’u/ + ni,d,j,o,u/) /2;
}

if (Ci‘,/<}>tj,u/,1 + Cit}fj,u/ 2
{

Set Sy =0;

}

. V.t V.t V.t _
i (Cly it Cuta + i s = O): then
{

Vvt — 0.
Set Sl v =0;
}

- vt V.t Vit
(Gl it Cp ot + Ciputa +C
{

vt — 0.
Set S/ v =0;

}

< 3), then

vt _
Lpjule = 0), then
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if(Cly
{

Vit .
Set S b =0;
}

vt vt vt vt
Estimate V., = V"'  + ¢ —-C” —-C U
stmate Lpjul Lpjul + iLgjul 4 Cl.¢j,u/,1 Cl.¢j,u/,2 + Sl.¢j,u/

+c”

ld)],u/S = 0), then

max }

Reset V! = minimum V V.
ul” { Ly il

L jul
if (Vitqb , < 0), then

PjUL
{
Reset V!, , <0

LejuL
}

// ' Then, estimate the number of vehicles on the left-storage lanes only

(ni /XL / )
,d i,0u i,p;0u
Estimate V"% | = / /

S ate l¢],uo 1c

//Set some conditions for the 'Standing Vehicle' Counts as estimated error
in link vehicle counts on the left-storage lanes. It occurs because of the
departure vehicles with the detectors counts of detector 2, while the

associated phase is 'red' flagged

if 1 =1), th
if ( ¢]’ iy ), then
{
Set Sth / = Upper rounded Integer of (g o0/ + My 00/)/ 2
Pjho
}
else
{
Set S"t  =0;
il j,uo
}
if (¢ vtz t Ci‘fgj,u/,s = 0), then
{
Sets"* =0
LU
}

239



if (cV* =¢"" ), then

Lpjul 2 iLgjul 5
{
vt
SetS™ , =0;
i, j,uo
}
. - vt vt vt
Estimate V¢ =yt 4+ c” —-C" +S
il Ll Lpjuls  Tigiul2 T gl
Reset V! = minimum {V¢ ,, V™
l,¢j,u¢/) { l,¢j,u¢/) l,¢j,u¢/)}

. t
if (Vi,¢j,u{, < 0), then

{
Reset V! =0;
i,d’j'u(/)
}
SetV' ,=V' =V
i,d)j,ué i,(l)j,ui i,d)j,u(/)

}
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A1.3 Update Module B (Transit Signal Priority) for Phase ¢;:
{

// Call the ' Function of priority criteria’

Initialize high priority bus count, Cip; '

J,u/ZO;

Initialize normal priority bus count, Cib ¢t =0
’ ]l
Go to the approach link L; oju! of ¢;;
for (Each of the buses on Li,(pj,u/ of ¢, where ¢; € @y)

{
Get the bus of Bus ID bi,d)j,u/;

if (the bus bi,d)j,u/ is not bound to any bus stoppage on the link and is bound to the

signal), then

{
. b .
Estimate [, bl
’ ] ’
if(lfqb W <=0.5%1; 4 /) then
¥ ’ "
{
L
. i,piu
Estimate Tib¢-u/ = —
’ ]l X
l’¢j’u£n,d
}
else
{
., ,-o5L ., ) 05l .
. L¢ju Lo ju i iu
Estimate Tib¢-u/ =—1 I
e Vig Vig
T um Tl m,d
}
if (gl # glgn ), then
{
. omb
if (Ti, ¢j,u/<: Agj,) then
{
b - 1.
Set Pi,d’j,u/ = 1,
}
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else

else

{

b -0
Set Pi,d’j,u/ = 0,
}

b -0
Set Pi,d’j,u/ = 0,

if (P, s = 1) then
{

,t
Increase C” /5
Loju

}

else

{

bt
Increase C.”,  /;
Loju

}

,t
If(c; gy = D then

{

Pt
Set Ii, o/
}

else

Pit —_nN.
Set Ii,d)j,u/ = 0;
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A1.4 Update Car Count Function for Phase ¢; :

{
Go to the approach link L; oju! of ¢j;

Call V!

i,¢ j'ué;
t .

Call Vi,d)j,u(/) 5

Call cP* /3 1/ From Module B
Lpju

Call €7 ; //From Module B
Lpju

if (¢p; is even)

{
. bt t bt pt
Estimate C, =V - C. - C, ;
iLgju/ L)l igju/ igju/
}
else
{
. bt t bt pt
Estimate C, =V - C. - C; ;
iLgju/ i) igju/ i ju/
}
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A1.5 Update Module C (Downstream Blockage) for Phase ¢; :

{
Go to the approach link L; oju! of ¢j;

Call V!

i.¢j.u£ ’

Call V!

i.¢j,u¢/, ’

if (¢p; is even), then

{

t _ st .
Set Vi,d)j'u/ - Vi,d)j;ué’
}
else
{

t _ st .
Set Vi"i’j'u/ - Vi,d’j'u{)’
}

: S
// Now estimate V; /"

If (¢ is even) then,
{
For actuated type signals:
Set iip,-,u/ = Integer of {(qipje X Mg el X Ag; ¢, )/3600};

For pre-timed type signals:
Set Viil)j,u/ = Integer of {(qi,¢;e X Mg, eul X 8i»,)/3600};

}

else

{

For the actuated type signals:
Set Viil)j,u/ = Integer of {(qi,¢;,0 X Mg 0/ X Agi e, )/3600};
For the pre-timed type signals:
Set Viil)j,u/ = Integer of {(qi,¢;,0 X Mg 0/ X 8i»,)/3600};
}

Estimate d; g/ = MIN {V; o) Ve ¢j,u/};
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Go to the exit link Li,(pj,d/ of §j;

max .
Call i,¢j,d/’

t .
Call Vi,d’j,d/'

. t _ymax __ st .
Estimate, Si,d)jd/,_ b ! Vi,¢j,d/’

Ifd:, ,> S, ) then

Lpju i,¢p;d
{

Bt  _ 4.
Set Ii,d)j,d/ =1;
}
else
{

Bt  _ Q.
Set Ii,¢j,d/ = 0;
}
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A1.6 Update Exit Link Vehicle Count Function of Module C for Phase ¢; :
{

Go to the downstream exit link Li,(pj,d/ of ¢;;

(n, /XL / o+ Ny /Xl ed)
. ped " ipied i¢ed 0 kot
Estimate V"% | = J J J

ijd/ 1€

//Set some conditions for the 'Standing Vehicle' Counts as estimated error
in downstream exit link vehicle counts. It occurs because of the departure
vehicles with the detectors counts of detector 1 and detector 2 while the
vehicles stop on these. However, the Module C does not know the
information if the downstream junction of the downstream exit link is
signalized or un-signalized. Also, it does not know the information of the

'traffic regime status' of the downstream exit link.

SetS” ¢t,. = Lower rounded Integer of (ni,d,j,e’u/ + ni,d,j,o,u/) /2;
if (¢t o/ 1 + Cup al2 < 3), then

{

SetSVdfP = 0;

}

lf(Cld)],d/l + Clqb],d/2 + Cl¢],d/4— = (), then

{

SetSVdfP = 0;

}

if (CVf bl 1 +c” d)],d/z +c” ¢],d/4 +c” qb],d/s = 0), then
{

SetSVdfP = 0;

}

1f(C 0l 2 + Cup als = 0), then

{
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Set SVt  =0;

i¢jd/
}
: t _ pt-1 ve vt
Estimate Vi,¢j,d/ - Vi,¢j,d/ + Ci,¢j,d/,4 Ci,d)j,d/,l
Reset V! minimum {V} ymex 3

l,¢j,d/: ippd> Vipjd
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A1.7 Update Module D (Incident Status) for Phase ¢; :

{
Go to the approach link L; 0/ of ¢j;

if (time, t = End of incident time interval, ) then

{
Estimate AC .9 it

t —
ol and set X1,i,¢j =

Estimate AC .9 it

t —
¢l m and set X, ; 0 =

Estimate AC .9 it

t —
oy and set X3,i,¢j =

Estimate Av.g’t

t —
-y and set Xz ; 0 =

Estimate Av.g’t

t —
i ulm and set X, 5id; =

Estimate Av.g’t

t —
i and set X6,i,¢j =

}
. 0.t _ e(bX) .
Estimate pi,d’j.u/ = T1o0%

If (pf(';j,u/ > 0.5) then
{

N,t _ 1.
Set Ii,d)j,u/ =1;
}

else
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0t .
ACi,(l)j,u/.d ’

ACPt

i¢ju/m’

ACPt

Lpju/ u’

0.t .
Avi,tl)j,u/.d ’

Aot

i¢ju/m’

0.t .
Avi,(b ulu’



N,t —nN.
Set Ii,d)j,u/ = 0;
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A1.8 Update Node Signal State of Intersection i:
{

Set Current Time, t = simulation clock second

Go to the intersection (i.e., node) i;

for (each phase ¢;at intersection i at time 7);
{
if (Current time, t = End of detector data aggregation time interval, At),

then

Update Module A for phase ¢;;
Update Approach Link Vehicle Count Function for phase
¢ s
Update Module C for phase ¢;;
Update Exit Link Vehicle Count Function for phase ¢;;
}

if (Current time, t = End of incident prediction time interval, 0), then

{
Update Module D for phase ¢;;

}
Update Module B for phase ¢;;
Update Car Count Function for phase ¢;;
}
// Initialize the node signal state
if (Current Time, t <=1), then
{
// Start with a specific phase set
For Dual Phase Operation Settings:
Current Phase Set, ®.= ®,;
Optimum Phase Set, ®,= ®,;
For Split Phase Operation Settings:
Current Phase Set, .= ®;

Optimum Phase Set, ®,= ®5;
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For Protected Phase Operation Settings:
Current Phase Set, ®.= ®;;
Optimum Phase Set, ®,= ®;
}
if (t]p, < 91%Y) AND (.= ®,) AND (B, =1) AND (P[4 =1)), then
{
Set @, as Green;
Increase tfq,cz tfq,c = tfq,c +1;
/I Now, check for optimum phase set at the end of minimum green time or at the
end of each extended green time interval of a phase set
if (t{y, = 9780) OR ((t)y, >g74} ) AND (t,, % Ag=0))

l

{

Initialize and estimate Z; o, for the current ®.

Set ®,=D;
for (Each of the s candidate phase sets of W., where &, € ¥, )
{

Go to phase set ®*%¥c  where k=1,2,..s
Estimate Z{ 4, for this phase set ®*¥e ;
: t t
if (Zio,>Z{o,), then
{
Set D 1= ok Ye ;
t _7t .
SetZip,=Ziw,s

}
Set &,=D,;
Reset @ = P« ;

if (O # D,), then
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// This check if current phase set to go for next time step until maximum

green
{
Reset tfq,C:O;
Reset Pi,{pc =0;
Keep Py =1;
}

// Start of 2nd highest Z value Phase Set Identification

Initialize @ .-2=®Pg; // Using call next phase function
Initialize, Z{4, ,=0.0;
for (Each of the s candidate phase sets of ¥,, where

o, € W)

Go to phase set ®*%¥c | where k=1,2,..s

Estimate Z{ 4, for this phase set ®*¥e ;

if (Z{o, <= Z{e,) AND (Z{4, >= Zit,cbc*z) AND (& £Dk¥e)),

then

{
Set (Dc*zzfl)k’lyc;

t t .
Set Zi,CDC*Z :Zi,CDk N
}
}

// Set condition here for second highest set.

if (98- tiw, ) <= Agiw,) AND (.= ®,)), then

» i L
{

Reset ®,= D 2 ;
Reset tlqu,C:O;

Yy _o.
Reset Pi,q,c =0;
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Keep P{q,c =1;

}
// End of green signals

/I Start of yellow signals
else if (), <= Yi,0,) AND (®# @) AND (P, =0) AND (P, =1)), then
{

Set @ to Yellow Transition;

Y ooy .
tio, = i, +1;

Increase ti{/ @,
if (t} 4 =Yi®,), then
{
Reset tij.lcbc: 0;
Reset P/, =0;
}
}
/I Start of red signals

else if ((t] o, <= Tj0,) AND (®# ®,) AND (Pi,{bc =0) AND (P4,_=0)), then
{
Set @ to Red Transition;
Increase t; g : tip, = tie, +1;
if (t] p =Ti,®,)> then
{
Reset t] g, = 0;
Reset Pi,321>C:1§
Reset P =1;
Reset .= D;
}
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Abstract

As incident detection on a typical sy whan road lnk or mtersection still demands more efficient aleorithms, this paper
miroduces a methodaleey that can be used o charactenze the varions affic patemns (incident or no incident) wsing typical link
passape deteciors. (Odflime wrban ncident scemanios are genemied nsng a mimroscopic siomlation model asamming varying wafc
link flows, sipral green phase and cyrle times, link lengghs. Similar scenarios are also peneaied for nop-mcident cases. Thres
deteciars were aszumed on each link to extract traffic measres. Comparative oomerical stabistical anatyses were condocted to
identify the traffic measomes (2ach as the avemge speed and flow) that ae likely to be afferted by the incidents. And fimther
analysis was conducted to quaniify the most probable thresholds to be used in the proposed urban incident detection model  The

midel i validated using siomlation data The perfrmance of the proposed model is assessed usng dynamic
mEmmEhmamammmuammmmmmm

2 2012 Poblished by Elsevier Lid. Selection andfor peer review under responsibility of the Progmmme Commitiee of the
Transport Research Arena 2012

Krpwords: Urban mcidant detection model, detecior; swram speed, jon;, debection Tate; falw alarmmate
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1. Infroduction

Hamdfuls of research have been developed and imcidents detections alzorithmes for feeways and whan
expressway of tumnels are already there with the commerdial traffic contral systems. On the other hand detecting am
incident on an whan read Link or infersection is very difficult to estimate. Urban roads and imtersections are
imterTupted basically by cross-oads, entry-exit to/from the arterial link, pedestrisn cross-walk and traffic control
sipmal systems within very short space and time infervals. The traffic dynamics of the recorrent congested wrban link
and imbersection is very similar to the sudden incident scemanio. This mskes it difficult to distinguish between
incident and non-incident case with the related traffic parameters. Apparenily, the developed research in this area is
not that significant and therefore, this paper strives to fll up some of this research gaps.

This paper describes the development of a threchold-bazed offline wrban incident defection modsl that tHes
o detect the incident stams of each smalysis time-step of the incident{s) ocowred on a link of 3 pre-timed sizpal
network. Here, the analysis time step is taken as the cycle time of the downstream sipnalived imtersection of the
subject link The used approach is to develop some smple repression models nsing the extracted traffic measures
data from the fized detectors.
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Abstract:

Count, Average Spesd, Detection Fate, False Alarm Rate.

Incident detection systems for the urben wmaffic petwork are still lacking efficient algorithms or modals for
hmmmm.msmmamummmmhmdmwmof
ammmcmhmnmdﬂmmngmmguﬂhnkﬂm phase timing, cycle times, and link
lengths. The raffic measures are exiracted from three defectors on each link. Sdatistical significance analysis
was utilized to identify the significant input vamiables to be used in developing the Meuro-fuzzy model. A set
of data was penerated and wsed for raming of the propoesed Neuro-fuzzy model, while another set was nssd
for validation. The performamce of the proposed model is assessed using the success and the false alarm

ates of defectns an incident at a specific cycle time.

1 INTRODUCTION

The loop detector-based freewsy incident detection
algorithms in  literanme could be generally
categorized into adopted amalytical and heuristic-
‘based techmigues (Parkany, 2005). MNotable roadway
detector-based recemt wrban  incidemt detectiom
models are mostly based on statistical regression
(Abmed and Hawas, 2012), Bayesian network
(Zhang and Taylor, Eﬂﬂﬁ)mdflmyluglcmn&lmg

(Semmons

1996) was used for the probe-wehicle based urban
incident detection system. MNewral network models
were zlse developed (Dia and Thomas, 2011) using
‘both loop detector snd probe-vehicle data.

Typically, the focus of these alporthms was
primarily on estmating the performance measures
nsing the percentage of the total mumber of incidents
detected or falsely idenfified incidemts for the
siromlated durstion where the whole mcident as a
smgle unit. These algorithms do not particularly
account for the tue start or the tenminsting times of
individual incidents as a crterion of evaluation
Moreover, these do not consider the effects of the
link lengths of the spproaches, the howurly fraffic
vohunes, the siznal settings and the cycle times of

Ahmad F: and E. Hawes ¥, @2013].

the intersections. This smdy smives to fill in some of
these research gaps of urban incident detection areas.

This smdy assumes that the duration of an
incident iz divided into smaller ime steps and the
algomithm is operated repeatedly each {shorter tme
resolution) step to detect mcidents. The proposed
fuzrzy-model is capable of identifying whether there
is an mcident or not during each time step. The
sinmlation period may be divided fo hmdreds of
such shorter time steps. With this approach the
acmal incident start and clesrance time could be
identified o 3 great extent.

Therefore, this paper comes up with 3 new form
of whan incident detection model nsing fzzy-logic.

under various sipmal cycle mmes, link lengths and
raffic volumes combinations.

2 METHODOLOGY

The concepmal assumption is that the awverage
detectors” readings in the case of incidemt may
significantly vary from the counter readings in the
case of no mcident A micro-simmlation based
methodology is adopted A typical pre-dmed urban
intersection network that comsists of four links of
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Table A3.1: Comparative productivity performance of the proposed control system(s) (in Bus Trips)

Demand Case A

LST

Network Phase settings Model CORSIM Logic WltShirEll\i/IIar o Logic ngiril:;[lar o
grid type (Control Type) ID (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 1 54 54 Yes 54 Yes
Protected Actuated 2 54 54 Yes 54 Yes
Small Protected Pre-timed 3 54 54 Yes 54 Yes
Split Actuated 4 54 54 Yes 54 Yes
Split Pre-timed 5 54 54 Yes 54 Yes
Dual Actuated 6 54 54 Yes 54 Yes
Protected Actuated 7 54 54 Yes 54 Yes
Big Protected Pre-timed 8 54 54 Yes 54 Yes
Split Actuated 9 54 54 Yes 54 Yes
Split Pre-timed 10 54 54 Yes 54 Yes
Dual Actuated 11 54 54 Yes 54 Yes
Protected Actuated 12 54 54 Yes 54 Yes
Mix Protected Pre-timed 13 54 54 Yes 54 Yes
Split Actuated 14 54 54 Yes 54 Yes
Split Pre-timed 15 54 54 Yes 54 Yes
Demand Case B
Logic with IM Logic w/o IM
Network Phase settings Model | CORSIM Similar or Similar or
grid type (Control Type) ID (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 16 90 89 No 88 No
Small Protected Actuated 17 90 90 Yes 90 Yes
ma Protected Pre-timed 18 85 90 Yes 90 Yes
Split Actuated 19 90 90 Yes 90 Yes
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Split Pre-timed 20 84 90 Yes 90 Yes
Dual Actuated 21 86 84 No 89 Yes
Protected Actuated 22 86 90 Yes 90 Yes
Big Protected Pre-timed 23 75 90 Yes 90 Yes
Split Actuated 24 86 90 Yes 90 Yes
Split Pre-timed 25 81 89 Yes 89 Yes
Dual Actuated 26 88 87 No 86 No
Protected Actuated 27 88 90 Yes 90 Yes
Mix Protected Pre-timed 28 84 90 Yes 90 Yes
Split Actuated 29 88 90 Yes 90 Yes
Split Pre-timed 30 81 90 Yes 90 Yes
Demand Case C
Network Phase settings Model | CORSIM Logic Wltsh. INII Logic ng IMl
grid type (Control Type) ID (Bus Trips) | Bus Trips hn;irrrcl)lvirn?ernt Bus Trips hn[irrrcl)lvirn?ern ¢
Dual Actuated 31 89 89 Yes 89 Yes
Protected Actuated 32 89 90 Yes 90 Yes
Small Protected Pre-timed 33 83 90 Yes 90 Yes
Split Actuated 34 88 90 Yes 90 Yes
Split Pre-timed 35 76 90 Yes 90 Yes
Dual Actuated 36 86 85 No 85 No
Protected Actuated 37 86 90 Yes 87 Yes
Big Protected Pre-timed 38 80 89 Yes 89 Yes
Split Actuated 39 86 90 Yes 90 Yes
Split Pre-timed 40 76 89 Yes 90 Yes
Dual Actuated 41 87 87 Yes 88 Yes
Protected Actuated 42 91 90 No 90 No
Mix Protected Pre-timed 43 84 90 Yes 90 Yes
Split Actuated 44 87 90 Yes 90 Yes
Split Pre-timed 45 85 90 Yes 90 Yes
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Demand Case D

Logic with IM Logic w/o IM
Nf':tWOI'k Phase settings Model | CORSIM Similar or Similar or
grid type (Control Type) 1D (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 46 108 108 Yes 108 Yes
Protected Actuated 47 108 107 No 92 No
Small Protected Pre-timed 48 106 108 Yes 108 Yes
Split Actuated 49 108 108 Yes 108 Yes
Split Pre-timed 50 107 108 Yes 108 Yes
Dual Actuated 51 107 108 Yes 108 Yes
Protected Actuated 52 108 98 No 91 No
Big Protected Pre-timed 53 106 108 Yes 102 No
Split Actuated 54 108 108 Yes 108 Yes
Split Pre-timed 55 99 108 Yes 108 Yes
Dual Actuated 56 108 108 Yes 108 Yes
Protected Actuated 57 108 98 No 90 No
Mix Protected Pre-timed 58 105 107 Yes 102 No
Split Actuated 59 107 108 Yes 108 Yes
Split Pre-timed 60 105 108 Yes 108 Yes
Demand Case E1
Network Phase settings Model | CORSIM Logic Wltsh. INII Logic W/é) IMl
grid type (Control Type) ID (Bus Trips) | Bus Trips hn;irrrcl)lvirn?ernt Bus Trips hn[irrrcl)lvirn?ern ¢
Dual Actuated 61 160 159 No 160 Yes
Protected Actuated 62 159 128 No 87 No
Small Protected Pre-timed 63 148 124 No 119 No
Split Actuated 64 146 161 Yes 162 Yes
Split Pre-timed 65 140 158 Yes 158 Yes
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Dual Actuated 66 156 158 Yes 157 Yes
Protected Actuated 67 154 143 No 109 No
Big Protected Pre-timed 68 141 157 Yes 127 No
Split Actuated 69 140 158 Yes 158 Yes
Split Pre-timed 70 141 155 Yes 158 Yes
Dual Actuated 71 155 157 Yes 156 Yes
Protected Actuated 72 156 114 No 100 No
Mix Protected Pre-timed 73 141 136 No 110 No
Split Actuated 74 143 156 Yes 156 Yes
Split Pre-timed 75 140 155 Yes 155 Yes
Demand Case E2
Logic with IM Logic w/o IM
Nf':tWOI'k Phase settings Model | CORSIM Similar or Similar or
grid type (Control Type) ID (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 76 158 155 No 157 No
Protected Actuated 77 156 115 No 71 No
Small Protected Pre-timed 78 143 131 No 97 No
Split Actuated 79 149 159 Yes 159 Yes
Split Pre-timed 80 137 153 Yes 155 Yes
Dual Actuated 81 147 157 Yes 154 Yes
Protected Actuated 82 149 136 No 123 No
Big Protected Pre-timed 83 137 149 Yes 124 No
Split Actuated 84 142 155 Yes 159 Yes
Split Pre-timed 85 139 147 Yes 153 Yes
Dual Actuated 86 156 153 No 153 No
Protected Actuated 87 156 116 No 96 No
Mix Protected Pre-timed 88 143 137 No 102 No
Split Actuated 89 147 154 Yes 154 Yes
Split Pre-timed 90 143 150 Yes 157 Yes




19¢

Demand Case F1

Network Phase settings Model CORSIM Logic WltShirEll\i/IIar o Logic ngi%ar o
grid type (Control Type) ID (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 91 208 218 Yes 205 No
Protected Actuated 92 242 130 No 93 No
Small Protected Pre-timed 93 165 139 No 103 No
Split Actuated 94 184 158 No 194 Yes
Split Pre-timed 95 153 190 Yes 221 Yes
Dual Actuated 96 250 255 Yes 257 Yes
Protected Actuated 97 245 238 No 154 No
Big Protected Pre-timed 98 215 194 No 158 No
Split Actuated 99 224 238 Yes 238 Yes
Split Pre-timed 100 223 231 Yes 238 Yes
Dual Actuated 101 201 186 No 203 Yes
Protected Actuated 102 227 130 No 116 No
Mix Protected Pre-timed 103 192 167 No 113 No
Split Actuated 104 184 170 No 170 No
Split Pre-timed 105 172 197 Yes 207 Yes
Demand Case F2
Logic with IM Logic w/o IM
Network Phase settings Model | CORSIM Similar or Similar or
grid type (Control Type) ID (Bus Trips) | Bus Trips Improvement Bus Trips Improvement
Dual Actuated 106 167 207 Yes 197 Yes
Small Protected Actuated 107 246 128 No 97 No
ma Protected Pre-timed | 108 161 147 No 105 No
Split Actuated 109 179 148 No 194 Yes
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Split Pre-timed 110 176 163 No 210 Yes

Dual Actuated 111 250 247 No 249 No

Protected Actuated 112 253 180 No 158 No

Big Protected Pre-timed 113 207 204 No 150 No
Split Actuated 114 232 232 Yes 240 Yes

Split Pre-timed 115 227 238 Yes 239 Yes

Dual Actuated 116 188 210 Yes 211 Yes

Protected Actuated 117 229 137 No 118 No

Mix Protected Pre-timed 118 174 175 No 138 No
Split Actuated 119 187 173 No 177 No

Split Pre-timed 120 154 204 Yes 209 Yes
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Table A3.2: Comparative productivity performance of the proposed control system(s) (in Person Trips)

Demand Case A
Network Phase settings Model CORSIM Logic with givlrrﬁlar or Logic w/o Ig/ilmilar o
grid type (Control Type) ID (Person Trips) | (Person Trips) Improvement (Person Trips) Improvement
Dual Actuated 1 6608 6466 No 6499 No
Protected
Actuated 2 6678 6448 No 6502 No
Small | Protected Pre- 3 6552 6396 No 6447 No
timed
Split Actuated 4 6641 6527 No 6532 No
Split Pre-timed 5 6430 6463 Yes 6472 Yes
Dual Actuated 6 6566 6413 No 6433 No
Protected
Actuated 7 6501 6361 No 6398 No
Big Protected Pre- 6373 6323 No 6335 No
timed
Split Actuated 9 6525 6469 No 6474 No
Split Pre-timed 10 6452 6403 No 6391 No
Dual Actuated 11 6589 6454 No 6464 No
Protected
Actuated 12 6615 6445 No 6458 No
Mix Protected Pre- 13 6520 6354 No 6424 No
timed
Split Actuated 14 6634 6502 No 6502 No
Split Pre-timed 15 6490 6444 No 6492 Yes
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Demand Case B

Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) | (Person Trips) Improvement (Person Trips) Improvement
Dual Actuated 16 17680 17412 No 17391 No
Protected 17 17835 17492 No 17424 No
Actuated
Small Protected Pre- 18 17344 17319 No 17381 Yes
timed
Split Actuated 19 17850 17407 No 17482 No
Split Pre-timed 20 17260 17281 Yes 17332 Yes
Dual Actuated 21 17536 17227 No 17444 No
Protected 2 17500 17313 No 17369 No
Actuated
Big Protected Pre- 23 16786 17131 Yes 17193 Yes
timed
Split Actuated 24 17370 17380 Yes 17421 Yes
Split Pre-timed 25 16822 17147 Yes 17198 Yes
Dual Actuated 26 17665 17440 No 17331 No
Protected 27 17783 17466 No 17474 No
Actuated
Mix Protected Pre- 28 17234 17320 Yes 17381 Yes
timed
Split Actuated 29 17745 17466 No 17479 No
Split Pre-timed 30 17123 17245 Yes 17316 Yes
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Demand Case C

Network Phase settings Model CORSIM Logic with giv[milar or Logic w/o Ig/i[milar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 31 28124 27933 No 27979 No
Protected 32 27955 27892 No 27853 No
Actuated
Small Protected Pre- 33 27158 27653 Yes 27670 Yes
timed
Split Actuated 34 27952 27736 No 27738 No
Split Pre-timed 35 27011 27477 Yes 27530 Yes
Dual Actuated 36 27701 27497 No 27550 No
Protected 37 27582 26965 No 26366 No
Actuated
Big Protected Pre- 38 26737 27093 Yes 27131 Yes
timed
Split Actuated 39 27550 27368 No 27484 No
Split Pre-timed 40 26554 27057 Yes 27203 Yes
Dual Actuated 41 27701 27484 No 27549 No
Protected 42 27968 26722 No 27083 No
Actuated
Mix Protected Pre- 43 27009 27154 Yes 27270 Yes
timed
Split Actuated 44 27838 27363 No 27401 No
Split Pre-timed 45 27184 27091 No 27152 No




99¢

Demand Case D

Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 46 42134 41889 No 42001 No
Protected 47 41913 37653 No 32741 No
Actuated
Small Protected Pre- 48 40829 41174 Yes 41000 Yes
timed
Split Actuated 49 41490 41371 No 41423 No
Split Pre-timed 50 40839 41125 Yes 41238 Yes
Dual Actuated 51 41135 41046 No 41112 No
Protected 52 41131 34678 No 29518 No
Actuated
Big Protected Pre- 53 39888 39596 No 36775 No
timed
Split Actuated 54 40708 40269 Yes 40507 Yes
Split Pre-timed 55 39577 40045 Yes 40304 Yes
Dual Actuated 56 41210 40963 No 41158 No
Protected 57 41385 32880 No 29321 No
Actuated
Mix Protected Pre- 58 40009 38961 No 37108 No
timed
Split Actuated 59 40988 41159 Yes 40469 No
Split Pre-timed 60 40107 40022 No 40258 Yes
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Demand Case E1

Network Phase settings Model CORSIM Logic with giv[milar or Logic w/o Ig/i[milar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 61 57722 57678 No 57756 Yes
Protected 62 56789 36683 No 26436 No
Actuated
Small Protected Pre- 63 53181 44480 No 41277 No
timed
Split Actuated 64 53668 55391 Yes 55972 Yes
Split Pre-timed 65 51713 55202 Yes 55743 Yes
Dual Actuated 66 56064 56277 Yes 56321 Yes
Protected 67 55266 37554 No 29736 No
Actuated
Big Protected Pre- 68 51204 49388 No 37371 No
timed
Split Actuated 69 52905 53818 Yes 54299 Yes
Split Pre-timed 70 52278 53562 Yes 54407 Yes
Dual Actuated 71 55488 55474 No 55747 Yes
Protected 7 55568 32577 No 26919 No
Actuated
Mix Protected Pre- 73 50697 44734 No 33124 No
timed
Split Actuated 74 52225 53084 Yes 53628 Yes
Split Pre-timed 75 51045 53038 Yes 53780 Yes
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Demand Case E2

Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 76 57069 56353 No 56370 No
Protected 77 56019 29198 No 19706 No
Actuated
Small Protected Pre- 78 51562 43584 No 31008 No
timed
Split Actuated 79 54181 54808 Yes 55730 Yes
Split Pre-timed 80 50715 53221 Yes 54481 Yes
Dual Actuated 81 55477 55626 Yes 55267 No
Protected 82 54705 32050 No 26424 No
Actuated
Big Protected Pre- 83 50350 47062 No 32592 No
timed
Split Actuated 84 52896 53336 Yes 54372 Yes
Split Pre-timed 85 51392 51833 Yes 53006 Yes
Dual Actuated 86 55354 54085 No 53985 No
Protected 87 55333 29345 No 21908 No
Actuated
Mix Protected Pre- 38 51641 43758 No 29796 No
timed
Split Actuated 89 53482 52522 No 53569 Yes
Split Pre-timed 90 51775 51053 No 52037 Yes
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Demand Case F1

Network Phase settings Model CORSIM Logic with giv[milar or Logic w/o Sni\r/[nilar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 91 63723 63221 No 60109 No
Protected 92 71796 29724 No 20624 No
Actuated
Small | Protected Pre- 93 54502 35620 No 24738 No
timed
Split Actuated 94 57000 42199 No 53137 No
Split Pre-timed 95 48484 53451 Yes 60920 Yes
Dual Actuated 96 75051 76010 Yes 75607 Yes
Protected 97 72204 68646 No 27714 No
Actuated
Big Protected Pre- 98 62776 45675 No 31456 No
timed
Split Actuated 99 66492 65509 No 66932 Yes
Split Pre-timed 100 65523 67507 Yes 68646 Yes
Dual Actuated 101 53859 52387 No 55312 Yes
Protected 102 65168 29129 No 22636 No
Actuated
Mix Protected Pre- 103 55069 39074 No 25456 No
timed
Split Actuated 104 54860 46048 No 47046 No
Split Pre-timed 105 49036 53207 Yes 56142 Yes
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Demand Case F2

Logic with IM Logic w/o IM
Nf':tWOI'k Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 106 63723 59202 No 57761 No
Protected 107
Actuated 72681 27243 No 18266 No
Small Protected Pre- 108
timed 47588 40342 No 24536 No
Split Actuated 109 51719 39023 No 54276 Yes
Split Pre-timed 110 52365 46326 No 57879 Yes
Dual Actuated 111 74838 71664 No 71430 No
Protected 112
Actuated 74297 32867 No 26358 No
Big Protected Pre- 13
timed 62506 47608 No 29405 No
Split Actuated 114 67947 65443 No 68068 Yes
Split Pre-timed 115 66121 66854 Yes 68222 Yes
Dual Actuated 116 52655 57614 Yes 55542 Yes
Protected 117
Actuated 66811 28004 No 21068 No
Mix Protected Pre- 118
timed 50905 40708 No 27652 No
Split Actuated 119 55633 47068 No 49105 No
Split Pre-timed 120 45484 51511 Yes 54839 Yes
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Table A3.3: Comparative efficiency performance of the proposed control system(s) (in Average Delay/Person)

Demand Case A

CORSIM Logic with IM Logic w/o IM
Nf:twork Phase settings Model [Average Delay/ | [Average Delay/ Similar or [Average Delay/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]
Dual Actuated 1 78 193.6 No 195.7 No
Protected Actuated 2 91.5 213.7 No 203.1 No
Small Protected Pre-timed 3 172.3 2354 No 2334 No
Split Actuated 4 1014 168.9 No 162.8 No
Split Pre-timed 5 243 205.1 Yes 198.8 Yes
Dual Actuated 6 79.4 191.8 No 190.6 No
Protected Actuated 7 89.3 225.5 No 2169 No
Big Protected Pre-timed 8 183.1 266.7 No 2519 No
Split Actuated 9 97.7 161.9 No 1553 No
Split Pre-timed 10 226.5 218.7 Yes 204.7 Yes
Dual Actuated 11 77.5 198 No 199.5 No
Protected Actuated 12 88.1 205.9 No 199.5 No
Mix Protected Pre-timed 13 170.2 240.8 No 2279 No
Split Actuated 14 98.6 163.5 No 163.5 No
Split Pre-timed 15 228.5 208.8 Yes 201 Yes
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Demand Case B

Logic with IM Logic w/o IM
Network Phase settings Model CORSIM [Average Delay/ . [Average Delay/ -
grid type (Control Type) ID [Average' Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 16 136.2 206.3 No 2034 No
Protected Actuated 17 138 204 No 201.7 No
Small Protected Pre-timed 18 261.4 237.8 Yes 230.6 Yes
Split Actuated 19 134.2 202.3 No 1974 No
Split Pre-timed 20 285 246 Yes 238.3 Yes
Dual Actuated 21 137.3 203.1 No 200.3 No
Protected Actuated 22 137.9 2239 No 2114 No
Big Protected Pre-timed 23 2624 279.6 No 263.8 No
Split Actuated 24 139.3 204.6 No 192.2 No
Split Pre-timed 25 275.3 267.3 Yes 250.2 Yes
Dual Actuated 26 136.9 207.2 No 205.8 No
Protected Actuated 27 139.6 215.8 No 208.6 No
Mix Protected Pre-timed 28 253.1 255.7 No 247.7 Yes
Split Actuated 29 137.8 205 No 195 No
Split Pre-timed 30 276.1 259.3 Yes 2453 Yes
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Demand Case C

CORSIM Logic with IM Logic w/o IM
Network Phase settings Model [Average Delay/ . [Average Delay/ .
grid type (Control Type) ID [Average' Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 31 176.7 206.9 No 207.1 No
Protected Actuated 32 173.6 2239 No 224 No
Small Protected Pre-timed 33 295.7 266.4 Yes 261.4 Yes
Split Actuated 34 176.5 240.8 No 238.1 No
Split Pre-timed 35 307.7 282.6 Yes 2752 Yes
Dual Actuated 36 177.1 210.7 No 209.1 No
Protected Actuated 37 179.2 269.9 No 246.5 No
Big Protected Pre-timed 38 2912 307.5 No 295.8 No
Split Actuated 39 184.4 2479 No 231.2 No
Split Pre-timed 40 3194 304.6 Yes 281.5 Yes
Dual Actuated 41 179.8 216.6 No 212.6 No
Protected Actuated 42 176.8 250.7 No 2439 No
Mix Protected Pre-timed 43 302.2 289.7 Yes 280.9 Yes
Split Actuated 44 182 250.2 No 2379 No
Split Pre-timed 45 304.8 299.2 Yes 281 Yes
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Demand Case D

Logic with IM Logic w/o IM
Network Phase settings Model CORSIM [Average Delay/ . [Average Delay/ -
grid type (Control Type) ID [Average' Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 46 207.3 225.3 No 221 No
Protected Actuated 47 209.1 285.7 No 256.1 No
Small Protected Pre-timed 48 327 294 .4 Yes 280.5 Yes
Split Actuated 49 247.6 282.8 No 273.1 No
Split Pre-timed 50 330.8 3164 Yes 301.2 Yes
Dual Actuated 51 210.6 225.6 No 2189 No
Protected Actuated 52 220.2 338.1 No 271.1 No
Big Protected Pre-timed 53 347.1 3424 Yes 310.1 Yes
Split Actuated 54 251.8 301.8 No 275 No
Split Pre-timed 55 343 340.4 Yes 309.2 Yes
Dual Actuated 56 2142 2379 No 229.7 No
Protected Actuated 57 220.1 3373 No 299.6 No
Mix Protected Pre-timed 58 352.8 339.1 Yes 305.5 Yes
Split Actuated 59 253.2 294 No 283.8 No
Split Pre-timed 60 341.1 337.3 Yes 313 Yes




GLT

Demand Case E1

CORSIM Logic with IM Logic w/o IM
Network Phase settings Model [Average Delay/ . [Average Delay/ .
. [Average Delay/ Similar or Similar or
grid type (Control Type) ID . Person . Person .
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 61 233 234 No 230 Yes
Protected Actuated 62 237.6 443 No 346.6 No
Small Protected Pre-timed 63 4179 381.9 Yes 370.1 Yes
Split Actuated 64 364 370.7 No 341.3 Yes
Split Pre-timed 65 418.3 394.1 Yes 360.7 Yes
Dual Actuated 66 238 2364 Yes 229.1 Yes
Protected Actuated 67 267.2 4143 No 3054 No
Big Protected Pre-timed 68 4534 4274 Yes 320.6 Yes
Split Actuated 69 364.3 387.5 No 352.8 Yes
Split Pre-timed 70 4199 412 Yes 363.6 Yes
Dual Actuated 71 271.3 281 No 270.2 Yes
Protected Actuated 72 269.8 458.3 No 382.1 No
Mix Protected Pre-timed 73 467 464 Yes 376.5 Yes
Split Actuated 74 379.6 419.1 No 382.1 No
Split Pre-timed 75 4439 442 Yes 397.6 Yes
Demand Case E2
Logic with IM Logic w/o IM
. CORSIM
Network Phase settings Model [Average Delay/ - [Average Delay/ -
. [Average Delay/ Similar or Similar or
grid type (Control Type) ID . Person . Person .
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 76 278.4 279.1 No 279.9 No
Small Protected Actuated 77 282.5 624.2 No 4447 No
ma Protected Pre-timed 78 513.6 573.7 No 4373 Yes
Split Actuated 79 373.2 418.5 No 362.8 Yes
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Split Pre-timed 80 494 4 519.3 No 448 Yes
Dual Actuated 81 288.4 2739 Yes 276.4 Yes
Protected Actuated 82 305.5 502.6 No 356.2 No
Big Protected Pre-timed 83 548.6 5654 No 382.1 Yes
Split Actuated 84 377.8 436.8 No 366.1 Yes
Split Pre-timed 85 509.6 518.8 No 4523 Yes
Dual Actuated 86 306.3 332.8 No 326 No
Protected Actuated 87 300.9 646.4 No 439.2 No
Mix Protected Pre-timed 88 512 621 No 470.8 Yes
Split Actuated 89 376.2 469.6 No 4074 No
Split Pre-timed 90 499.3 556.7 No 496.8 Yes
Demand Case F1
CORSIM Logic with IM Logic w/o IM
Network Phase settings Model [Average Delay/ - [Average Delay/ -
grid type (Control Type) ID [Average' Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 91 568.2 539.6 Yes 536.6 Yes
Protected Actuated 92 4914 752.8 No 407 Yes
Small Protected Pre-timed 93 732.6 653.5 Yes 451.6 Yes
Split Actuated 94 676.7 976.6 No 1030.3 No
Split Pre-timed 95 697.6 923 No 825.3 No
Dual Actuated 96 469 4 461.2 Yes 4514 Yes
Protected Actuated 97 528.8 785.6 No 462.3 Yes
Big Protected Pre-timed 98 829.2 726.8 Yes 448.1 Yes
Split Actuated 99 721.1 869.1 No 830.8 No
Split Pre-timed 100 756.9 836.4 No 785.6 No
Dual Actuated 101 581.8 595.2 No 593.8 No
Protected Actuated 102 476.9 770.6 No 523.5 No
Mix Protected Pre-timed 103 7473 815.5 No 581.7 Yes
Split Actuated 104 686.7 896.6 No 809 No
Split Pre-timed 105 6744 867.1 No 820.8 No
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Demand Case F2

Logic with IM Logic w/o IM
Network Phase settings Model A CORSIMI [Average Delay/ . [Average Delay/ -
grid type (Control Type) D L verage Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 106 568.2 736 No 730.1 No
Protected Actuated 107 497 4 965.3 No 4519 Yes
Small Protected Pre-timed 108 817.5 1090.5 No 607.3 Yes
Split Actuated 109 717.1 1030.5 No 10174 No
Split Pre-timed 110 752.6 943.9 No 853.7 No
Dual Actuated 111 515.7 566.2 No 572.3 No
Protected Actuated 112 5219 758.2 No 511.7 Yes
Big Protected Pre-timed 113 897.6 895 Yes 520.6 Yes
Split Actuated 114 702.9 860.2 No 797.1 No
Split Pre-timed 115 805.9 907.9 No 840.7 No
Dual Actuated 116 591.1 752.1 No 709.8 No
Protected Actuated 117 483.7 1031.7 No 516.3 No
Mix Protected Pre-timed 118 805.7 1018.5 No 649 4 Yes
Split Actuated 119 690.7 887.8 No 888.9 No
Split Pre-timed 120 715.5 897.5 No 896.7 No
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Table A3.4: Comparative efficiency performance of the proposed control system(s) (in Average Trip Time/Person)

Demand Case A

CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 1 157.5 277.6 No 279.8 No

Protected Actuated 2 176.1 297.6 No 287.1 No

Small Protected Pre-timed 3 256.6 319.3 No 3174 No

Split Actuated 4 185.9 253 No 247.1 No

Split Pre-timed 5 326.8 289.1 Yes 282.9 Yes

Dual Actuated 6 248.3 359.7 No 358.6 No

Protected Actuated 7 258.1 393 No 384.7 No

Big Protected Pre-timed 8 351.1 4339 No 4194 No

Split Actuated 9 266.4 330.2 No 323.6 No

Split Pre-timed 10 394.7 386.7 Yes 372.6 Yes

Dual Actuated 11 204 3239 No 325.5 No

Protected Actuated 12 214.8 331.7 No 325.6 No

Mix Protected Pre-timed 13 296 .4 366.3 No 353.8 No

Split Actuated 14 225.6 289.6 No 289.6 No

Split Pre-timed 15 3549 334.6 Yes 327 Yes

Demand Case B
Logic with IM Logic w/o IM
. CORSIM e o
Network Phase settings Model - [Average Trip Time/ - [Average Trip Time/ o
grid type (Control Type) ID [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 16 226.9 297.1 No 294 .3 No

Small Protected Actuated 17 228.1 294.5 No 292.3 No

Protected Pre-timed 18 3519 328.2 Yes 321.1 Yes
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Split Actuated 19 2242 292.8 No 287.9 No
Split Pre-timed 20 375.7 3364 Yes 328.8 Yes
Dual Actuated 21 318.7 384.6 No 380.5 No
Protected Actuated 22 318.4 403.5 No 391.2 No
Big Protected Pre-timed 23 445.8 459 No 4433 Yes
Split Actuated 24 319.7 384.2 No 372 No
Split Pre-timed 25 456.5 447 Yes 430 Yes
Dual Actuated 26 273 3432 No 342 No
Protected Actuated 27 274.9 351.1 No 344 No
Mix Protected Pre-timed 28 388.8 390.8 No 382.9 Yes
Split Actuated 29 273.1 340.3 No 3304 No
Split Pre-timed 30 412.5 394 .4 Yes 380.5 Yes
Demand Case C
CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]
Dual Actuated 31 272.4 302.6 No 302.7 No
Protected Actuated 32 267.5 3194 No 319.5 No
Small Protected Pre-timed 33 390.1 361.9 Yes 356.8 Yes
Split Actuated 34 270.5 336.3 No 333.6 No
Split Pre-timed 35 403 378 Yes 370.6 Yes
Dual Actuated 36 3674 401 No 399.5 No
Protected Actuated 37 367.2 458.5 No 435.6 No
Big Protected Pre-timed 38 480.1 496 4 No 484.8 No
Split Actuated 39 372.2 436.8 No 420.2 No
Split Pre-timed 40 509 493.5 Yes 470.3 Yes
Dual Actuated 41 322.7 359.3 No 3553 No
Protected Actuated 42 317.2 392.5 No 3859 No
Mix Protected Pre-timed 43 443 4 431.6 Yes 423 Yes
Split Actuated 44 323.1 3924 No 380.1 No
Split Pre-timed 45 445.8 441 Yes 423 Yes




08¢

Demand Case D

Logic with IM Logic w/o IM
Network Phase settings Model A CORSI.M . [Average Trip Time/ . [Average Trip Time/ .
grid type (Control Type) D [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 46 304.7 322.6 No 318.4 No

Protected Actuated 47 303.8 382 No 3529 No

Small Protected Pre-timed 48 421.6 391.5 Yes 371.7 Yes

Split Actuated 49 3422 380 No 370.3 No

Split Pre-timed 50 4253 4135 Yes 372.1 Yes

Dual Actuated 51 404.9 419.6 No 413 No

Protected Actuated 52 409.9 531.7 No 463.1 No

Big Protected Pre-timed 53 536.7 535.8 Yes 503.3 Yes

Split Actuated 54 441 4954 No 468.8 No

Split Pre-timed 55 5334 5339 No 502.8 Yes

Dual Actuated 56 360.2 383.9 No 375.7 No

Protected Actuated 57 362.7 482.2 No 443.8 No

Mix Protected Pre-timed 58 4953 484.7 Yes 451 Yes

Split Actuated 59 395.8 436.3 No 429.6 No

Split Pre-timed 60 483.6 4829 Yes 458.7 Yes

Demand Case E1
CORSIM Logic with IM Logic w/o IM
Nf':tWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 61 328 329.1 No 325 Yes

Protected Actuated 62 330.3 5352 No 4404 No

Small Protected Pre-timed 63 510.8 477 Yes 464.9 Yes

Split Actuated 64 457.2 465.1 No 435.8 Yes

Split Pre-timed 65 511.6 488.7 Yes 455.5 Yes
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Dual Actuated 66 4283 4264 Yes 4194 Yes
Protected Actuated 67 4532 597.1 No 489 No
Big Protected Pre-timed 68 639.9 614.6 Yes 507 Yes
Split Actuated 69 5514 576.5 No 542.1 Yes
Split Pre-timed 70 606.6 601 .4 Yes 5529 Yes
Dual Actuated 71 4142 4237 No 413 Yes
Protected Actuated 72 409.5 598.2 No 520.6 No
Mix Protected Pre-timed 73 607 606.2 Yes 516.8 Yes
Split Actuated 74 5199 561.1 No 5243 No
Split Pre-timed 75 584.2 584 Yes 540 Yes
Demand Case E2
Logic with IM Logic w/o IM
. CORSIM - o
Network Phase settings Model A Trin Time/ [Average Trip Time/ Simil [Average Trip Time/ Simil
grid type (Control Type) ID [Average P Lime Person 1mitar or Person mitar or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 76 373.5 3743 No 3749 No
Protected Actuated 77 375.7 714 4 No 537.6 No
Small Protected Pre-timed 78 607 667.6 No 532.1 Yes
Split Actuated 79 466.7 5129 No 457.5 Yes
Split Pre-timed 80 588.2 6139 No 542.8 Yes
Dual Actuated 81 480.3 463.8 Yes 466.7 Yes
Protected Actuated 82 4925 680.2 No 530.1 No
Big Protected Pre-timed 83 736 753.1 No 563.8 Yes
Split Actuated 84 565.1 626.1 No 555.3 Yes
Split Pre-timed 85 696.8 708.8 No 641.8 Yes
Dual Actuated 86 449.1 4755 No 468.7 No
Protected Actuated 87 440.9 783.3 No 573.8 No
Mix Protected Pre-timed 88 652.5 762.7 No 6114 Yes
Split Actuated 89 516.8 611.6 No 549.8 No
Split Pre-timed 90 639.9 698.8 No 639.6 Yes
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Demand Case F1

CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 91 658.9 6294 Yes 627 Yes

Protected Actuated 92 581.8 839 No 4932 Yes

Small Protected Pre-timed 93 824.5 742.1 Yes 539.6 Yes

Split Actuated 94 768 1064.6 No 11191 No

Split Pre-timed 95 789.1 1012.8 No 9139 No

Dual Actuated 96 650.7 642.3 Yes 632.3 Yes

Protected Actuated 97 708.8 966.7 No 622 Yes

Big Protected Pre-timed 98 1009.1 899.2 Yes 612.6 Yes

Split Actuated 99 901.5 1048.2 No 1010.8 No

Split Pre-timed 100 936.8 1017.8 No 966.7 No

Dual Actuated 101 716.7 731 No 728.8 Yes

Protected Actuated 102 612 900.4 No 648.7 No

Mix Protected Pre-timed 103 882.6 946.1 No 711.7 Yes

Split Actuated 104 822.8 1032.3 No 945.6 No

Split Pre-timed 105 809.2 1001.9 No 955.7 No

Demand Case F2
Logic with IM Logic w/o IM
. CORSIM e o
Network Phase settings Model - [Average Trip Time/ - [Average Trip Time/ -
grid type (Control Type) ID [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 106 658.9 825.6 No 820.3 No

Protected Actuated 107 587.8 1049.5 No 5324 Yes

Small Protected Pre-timed 108 907.9 1179.1 No 694.1 Yes

Split Actuated 109 807.3 11194 No 1107 No

Split Pre-timed 110 843.1 1033.8 No 942.6 No
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Dual Actuated 111 697.5 747.1 No 752.7 No

Protected Actuated 112 7024 918.8 No 666.6 Yes

Big Protected Pre-timed 113 1079.2 1067.1 Yes 684.9 Yes
Split Actuated 114 883.7 1040.1 No 977.3 No

Split Pre-timed 115 986.2 1087.8 No 1021.1 No

Dual Actuated 116 727 886.6 No 843 No

Protected Actuated 117 6194 1156.7 No 636.5 No

Mix Protected Pre-timed 118 942.5 1148.0 No 7748 Yes
Split Actuated 119 827.1 1023.6 No 10254 No

Split Pre-timed 120 851.9 1030.6 No 1030.5 No
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Table A3.5: Comparative productivity performance of the proposed control system(s) (in Bus Trips) for various incident conditions

Demand Case D (with Lane 2 Incident)
Network Phase settings Model CORSIM Logic with Ié\;[milar o Logic w/o ISI\i/[milar o
grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 121 108 108 Yes 108 Yes
Small Split Actuated 122 108 108 Yes 108 Yes
Split Pre-timed 123 107 108 Yes 108 Yes
Dual Actuated 124 106 108 Yes 107 Yes
Big Split Actuated 125 105 108 Yes 108 Yes
Split Pre-timed 126 104 108 Yes 108 Yes
Dual Actuated 127 108 108 Yes 108 Yes
Mix Split Actuated 128 105 108 Yes 108 Yes
Split Pre-timed 129 104 108 Yes 108 Yes
Demand Case E1 (with Lane 2 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 130 159 160 Yes 160 Yes
Small Split Actuated 131 146 161 Yes 162 Yes
Split Pre-timed 132 144 156 Yes 160 Yes
Dual Actuated 133 156 157 Yes 158 Yes
Big Split Actuated 134 142 158 Yes 160 Yes
Split Pre-timed 135 140 155 Yes 158 Yes
Dual Actuated 136 153 158 Yes 158 Yes
Mix Split Actuated 137 145 156 Yes 157 Yes
Split Pre-timed 138 140 154 Yes 154 Yes
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Demand Case F1 (with Lane 2 Incident)

Network Phase settings Model CORSIM Logic with ISI\;[milar o Logic w/o ISI\i/[milar o

grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 139 213 205 No 218 Yes
Small Split Actuated 140 184 152 No 198 Yes
Split Pre-timed 141 156 200 Yes 226 Yes
Dual Actuated 142 255 256 Yes 257 Yes
Big Split Actuated 143 227 224 No 230 Yes
Split Pre-timed 144 223 235 Yes 240 Yes
Dual Actuated 145 193 191 No 201 Yes
Mix Split Actuated 146 194 169 No 177 No
Split Pre-timed 147 168 196 Yes 210 Yes

Demand Case D (with Lane 3 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or

grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 148 108 108 Yes 108 Yes
Small Split Actuated 149 108 108 Yes 108 Yes
Split Pre-timed 150 107 108 Yes 108 Yes
Dual Actuated 151 108 108 Yes 108 Yes
Big Split Actuated 152 105 108 Yes 108 Yes
Split Pre-timed 153 104 108 Yes 108 Yes
Dual Actuated 154 108 108 Yes 108 Yes
Mix Split Actuated 155 108 108 Yes 108 Yes
Split Pre-timed 156 105 108 Yes 108 Yes
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Demand Case E1 (with Lane 3 Incident)

Network Phase settings Model CORSIM Logic with ISl\i/[milar o Logic w/o ISl\i/[milar o

grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 157 159 160 Yes 160 Yes
Small Split Actuated 158 149 162 Yes 161 Yes
Split Pre-timed 159 144 157 Yes 159 Yes
Dual Actuated 160 157 156 No 157 Yes
Big Split Actuated 161 142 159 Yes 159 Yes
Split Pre-timed 162 141 156 Yes 158 Yes
Dual Actuated 163 155 156 Yes 155 Yes
Mix Split Actuated 164 143 157 Yes 156 Yes
Split Pre-timed 165 141 155 Yes 156 Yes

Demand Case F1 (with Lane 3 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or

grid type (Control Type) ID (Bus Trips) Bus Trips Improvement Bus Trips Improvement
Dual Actuated 166 211 212 Yes 222 Yes
Small Split Actuated 167 174 155 No 192 Yes
Split Pre-timed 168 148 169 Yes 198 Yes
Dual Actuated 169 253 252 No 259 Yes
Big Split Actuated 170 228 236 Yes 236 Yes
Split Pre-timed 171 229 243 Yes 242 Yes
Dual Actuated 172 187 199 Yes 200 Yes
Mix Split Actuated 173 192 163 No 172 No
Split Pre-timed 174 181 190 Yes 209 Yes




L8C

Table A3.6: Comparative productivity performance of the proposed control system(s) (in Person Trips) for various incident conditions

Demand Case D (with Lane 2 Incident)
Network Phase settings Model CORSIM Logic with H\gimilar o Logic w/o H\gimilar o
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 121 42144 41765 No 41798 No
Small Split Actuated 122 41474 41342 No 41431 No
Split Pre-timed 123 40812 41090 Yes 41211 Yes
Dual Actuated 124 41109 41092 No 41118 Yes
Big Split Actuated 125 40616 40278 No 40491 No
Split Pre-timed 126 39796 40018 Yes 40355 Yes
Dual Actuated 127 41225 41055 No 41205 No
Mix Split Actuated 128 40944 40236 No 40474 No
Split Pre-timed 129 40055 39984 No 40210 Yes
Demand Case E1 (with Lane 2 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 130 57692 57775 Yes 57845 Yes
Small Split Actuated 131 53392 55450 Yes 56017 Yes
Split Pre-timed 132 51902 55224 Yes 55847 Yes
Dual Actuated 133 56084 56246 Yes 56430 Yes
Big Split Actuated 134 52995 53840 Yes 54430 Yes
Split Pre-timed 135 52237 53684 Yes 54420 Yes
Dual Actuated 136 55358 55662 Yes 55917 Yes
Mix Split Actuated 137 52395 53098 Yes 53782 Yes
Split Pre-timed 138 50859 53042 Yes 53737 Yes
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Demand Case F1 (with Lane 2 Incident)

Network Phase settings Model CORSIM Logic with H\;[imilar o Logic w/o H\gimilar o

grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 139 63700 61842 No 63643 No
Small Split Actuated 140 56836 40730 No 54642 No
Split Pre-timed 141 49015 54844 Yes 61485 Yes
Dual Actuated 142 75830 75645 No 75923 Yes
Big Split Actuated 143 66534 64662 No 66763 Yes
Split Pre-timed 144 65712 67192 Yes 69013 Yes
Dual Actuated 145 52140 52954 Yes 54402 Yes
Mix Split Actuated 146 55480 46006 No 49382 No
Split Pre-timed 147 50673 51314 Yes 56713 Yes

Demand Case D (with Lane 3 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model CORSIM Similar or Similar or

grid type (Control Type) D (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 148 42081 42030 No 41956 No
Small Split Actuated 149 41476 41354 No 41465 No
Split Pre-timed 150 40836 41155 Yes 41234 Yes
Dual Actuated 151 41178 41078 No 41128 No
Big Split Actuated 152 40646 40260 No 40481 No
Split Pre-timed 153 39778 39997 Yes 40352 Yes
Dual Actuated 154 41226 41026 No 41114 No
Mix Split Actuated 155 41004 40264 No 40549 No
Split Pre-timed 156 40069 39984 No 40258 Yes
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Demand Case E1 (with Lane 3 Incident)

Network Phase settings Model CORSIM Logic with IM. - Logic w/o IM. :
. . . Similar or . Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 157 57676 57679 Yes 57807 Yes
Small Split Actuated 158 53771 55498 Yes 55913 Yes
Split Pre-timed 159 52290 55160 Yes 55810 Yes
Dual Actuated 160 56112 56196 Yes 56313 Yes
Big Split Actuated 161 52996 53828 Yes 54357 Yes
Split Pre-timed 162 52297 53668 Yes 54373 Yes
Dual Actuated 163 55464 55505 Yes 55553 Yes
Mix Split Actuated 164 52278 53200 Yes 53792 Yes
Split Pre-timed 165 50973 52990 Yes 53806 Yes
Demand Case F1 (with Lane 3 Incident)
Logic with IM Logic w/o IM
Nf':tWOI'k Phase settings Model CORSIM Similar or Similar or
grid type (Control Type) ID (Person Trips) Person Trips Improvement Person Trips Improvement
Dual Actuated 166 65671 63268 No 66091 Yes
Small Split Actuated 167 57535 40190 No 52247 No
Split Pre-timed 168 47369 49261 Yes 57199 Yes
Dual Actuated 169 75124 75366 Yes 76265 Yes
Big Split Actuated 170 66740 65780 No 67092 Yes
Split Pre-timed 171 65810 67866 Yes 68939 Yes
Dual Actuated 172 51867 54437 Yes 55221 Yes
Mix Split Actuated 173 55982 44419 No 46894 No
Split Pre-timed 174 52056 51395 No 56559 Yes
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Table A3.7: Comparative efficiency performance of the proposed control system(s) (in Average Delay/Person) for various incident conditions

Demand Case D (with Lane 2 Incident)
CORSIM Logic with IM Logic w/o IM
Nf:twork Phase settings Model | [Average Delay/ | [Average Delay/ Similar or [Average Delay/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 121 206.8 248.8 No 2472 No

Small Split Actuated 122 249 282 No 2723 No

Split Pre-timed 123 331.5 318.4 Yes 302.6 Yes

Dual Actuated 124 209.4 225.7 No 219.7 No

Big Split Actuated 125 2514 3004 No 2749 No

Split Pre-timed 126 341.2 3394 Yes 309.7 Yes

Dual Actuated 127 214.3 235.3 No 226.6 No

Mix Split Actuated 128 252.1 301.1 No 2824 No

Split Pre-timed 129 342.6 3414 Yes 313.7 Yes

Demand Case E1 (with Lane 2 Incident)
Logic with IM Logic w/o IM
. CORSIM
Network Phase settings Model [Average Delay/ - [Average Delay/ -
grid type (Control Type) ID [Avemge' Delay/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 130 232.8 2344 No 2232 Yes

Small Split Actuated 131 363.9 370.7 No 340.5 Yes

Split Pre-timed 132 4152 3949 Yes 359 Yes

Dual Actuated 133 236.8 2372 No 229.7 Yes

Big Split Actuated 134 363.3 3884 No 350.3 Yes

Split Pre-timed 135 418.6 406.2 Yes 364.7 Yes

Dual Actuated 136 274.2 2782 No 266.9 Yes

Mix Split Actuated 137 3755 418.9 No 380.9 No

Split Pre-timed 138 442.5 439.8 Yes 398.7 Yes
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Demand Case F1 (with Lane 2 Incident)

Logic with IM Logic w/o IM
Network Phase settings Model [ AveC;gReSIDI\;[la / [Average Delay/ Similar or [Average Delay/ Similar or
grid type (Control Type) ID 8¢ % Person . Person .
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 139 557.8 558.1 No 5575 Yes
Small Split Actuated 140 682.7 865.5 No 1047.9 No
Split Pre-timed 141 698 4 882.7 No 804.6 No
Dual Actuated 142 479.1 4534 Yes 446.4 Yes
Big Split Actuated 143 720.6 870.5 No 840.8 No
Split Pre-timed 144 758.2 839.5 No 785.7 No
Dual Actuated 145 569.7 605.9 No 582.3 No
Mix Split Actuated 146 672.8 828.2 No 921 No
Split Pre-timed 147 708.7 776.3 No 834.5 No
Demand Case D (with Lane 3 Incident)
Logic with IM Logic w/o IM
Network Phase settings Model A eCIgReSIDI\;Ila / [Average Delay/ Similar or [Average Delay/ Similar or
grid type (Control Type) ID P verage % Person . Person .
erson (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]
Dual Actuated 148 206.2 224 4 No 223 No
Small Split Actuated 149 2492 282.8 No 271.7 No
Split Pre-timed 150 330 316.1 Yes 302.4 Yes
Dual Actuated 151 210.3 223.5 No 2193 No
Big Split Actuated 152 250.7 301.8 No 277 No
Split Pre-timed 153 341.2 339.8 Yes 308.4 Yes
Dual Actuated 154 214 237.2 No 230 No
Mix Split Actuated 155 2524 299.1 No 281.3 No
Split Pre-timed 156 344 339.8 Yes 314 Yes
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Demand Case E1 (with Lane 3 Incident)

CORSIM Logic with IM Logic w/o IM
Network Phase settings Model [Average Delay/ - [Average Delay/ o

. [Average Delay/ Similar or Similar or

grid type (Control Type) ID . Person . Person .
Person (in Sec)] . Reduction . Reduction

(in Sec)] (in Sec)]

Dual Actuated 157 2339 235.6 No 226.2 Yes

Small Split Actuated 158 362.1 370.2 No 344.6 Yes

Split Pre-timed 159 414.6 395.5 Yes 359.2 Yes

Dual Actuated 160 2394 236.6 Yes 2293 Yes

Big Split Actuated 161 362 391.7 No 353.3 Yes

Split Pre-timed 162 417.8 408.3 Yes 363.3 Yes

Dual Actuated 163 2704 280.8 No 270.5 No

Mix Split Actuated 164 3794 415.8 No 380.3 No

Split Pre-timed 165 4414 439.1 Yes 396.5 Yes

Demand Case F1 (with Lane 3 Incident)
Logic with IM Logic w/o IM
. CORSIM
Network Phase settings Model [Average Delay/ - [Average Delay/ -

. [Average Delay/ Similar or Similar or

grid type (Control Type) ID . Person . Person .
Person (in Sec)] . Reduction . Reduction

(in Sec)] (in Sec)]

Dual Actuated 166 564.9 569.6 No 578.9 No

Small Split Actuated 167 683.4 839 No 1054.9 No

Split Pre-timed 168 680.8 867.8 No 800.7 No

Dual Actuated 169 4729 4574 Yes 4479 Yes

Big Split Actuated 170 715.1 870.7 No 829.3 No

Split Pre-timed 171 756.6 8222 No 781.7 No

Dual Actuated 172 581.3 661.2 No 608.4 No

Mix Split Actuated 173 693.3 791.6 No 810.1 No

Split Pre-timed 174 742.6 801.4 No 843.1 No
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Table A3.8: Comparative efficiency performance of the proposed control system(s) (in Average Trip Time/Person) for various incident

conditions
Demand Case D (with Lane 2 Incident)
CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 121 304.2 346.1 No 344.5 No

Small Split Actuated 122 343.6 3792 No 369.5 No

Split Pre-timed 123 426 415.5 Yes 399.8 Yes

Dual Actuated 124 403.9 419.8 No 414 No

Big Split Actuated 125 441.1 4941 No 468.8 No

Split Pre-timed 126 530.7 5329 No 5034 Yes

Dual Actuated 127 3604 381.3 No 372.7 No

Mix Split Actuated 128 395 446.8 No 428.3 No

Split Pre-timed 129 485.3 487 No 4594 Yes

Demand Case E1 (with Lane 2 Incident)
Logic with IM Logic w/o IM
. CORSIM o o
Network Phase settings Model R [Average Trip Time/ - [Average Trip Time/ -
grid type (Control Type) ID [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 130 3279 3294 No 318.2 Yes

Small Split Actuated 131 457.1 465.1 No 4349 Yes

Split Pre-timed 132 508.2 489.7 Yes 453.6 Yes

Dual Actuated 133 427.1 4274 No 4199 Yes

Big Split Actuated 134 550.2 5774 No 5394 Yes

Split Pre-timed 135 605 .4 595.6 Yes 554 Yes

Mix Dual Actuated 136 4173 420.8 No 409.6 Yes

Split Actuated 137 515.6 560.9 No 523 No
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| SplitPre-timed | 138 | 582.7 | 582 | Yes 5412 | Yes
Demand Case F1 (with Lane 2 Incident)
CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 139 648 648.8 No 647.5 Yes

Small Split Actuated 140 7739 954.8 No 1136.8 No

Split Pre-timed 141 789.8 971.7 No 893.3 No

Dual Actuated 142 660 6344 Yes 627.5 Yes

Big Split Actuated 143 900.6 1051.2 No 1021.9 No

Split Pre-timed 144 938.1 1020.1 No 966.5 No

Dual Actuated 145 704.9 741.4 No 717.1 No

Mix Split Actuated 146 807.8 9634 No 1057.6 No

Split Pre-timed 147 845.1 9109 No 969.2 No

Demand Case D (with Lane 3 Incident)
Logic with IM Logic w/o IM
. CORSIM o o
Network Phase settings Model - Average Trip Time/ - [Average Trip Time/ -
grid type (Control Type) ID [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 148 303.6 321.8 No 320.3 No

Small Split Actuated 149 343.8 380 No 368.9 No

Split Pre-timed 150 424.5 413.2 Yes 399.5 Yes

Dual Actuated 151 404 4 417.5 No 4134 No

Big Split Actuated 152 4404 4954 No 470.8 No

Split Pre-timed 153 530.7 533.3 No 502.1 Yes

Dual Actuated 154 360 383.1 No 376 No

Mix Split Actuated 155 394.8 444 8 No 427.1 No

Split Pre-timed 156 486.5 4854 Yes 459.8 Yes
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Demand Case E1 (with Lane 3 Incident)

CORSIM Logic with IM Logic w/o IM
Nf'ltWOI'k Phase settings Model [Average Trip Time/ [Average Trip Time/ Similar or [Average Trip Time/ Similar or
grid type (Control Type) ID Person Person Reduction Person Reduction
(in Sec)] (in Sec)] (in Sec)]

Dual Actuated 157 3289 330.6 No 3212 Yes

Small Split Actuated 158 455.1 464.5 No 4391 Yes

Split Pre-timed 159 507.7 490.3 Yes 453.9 Yes

Dual Actuated 160 429.6 427 Yes 419.6 Yes

Big Split Actuated 161 5489 580.6 No 542.5 Yes

Split Pre-timed 162 604.5 597.6 Yes 552.6 Yes

Dual Actuated 163 4133 423.6 No 4135 No

Mix Split Actuated 164 519.7 557.7 No 522.6 No

Split Pre-timed 165 581.6 581.2 Yes 538.7 Yes

Demand Case F1 (with Lane 3 Incident)
Logic with IM Logic w/o IM
. CORSIM o o
Network Phase settings Model - Average Trip Time/ - [Average Trip Time/ -
grid type (Control Type) ID [Average T.”p Time/ Person Slmllar' or Person Slmllar' or
Person (in Sec)] . Reduction . Reduction
(in Sec)] (in Sec)]

Dual Actuated 166 655.8 660 No 669.5 No

Small Split Actuated 167 775.6 927.8 No 11434 No

Split Pre-timed 168 772.6 958.3 No 890.2 No

Dual Actuated 169 653.9 638.7 Yes 628.8 Yes

Big Split Actuated 170 895 1050.1 No 1009.7 No

Split Pre-timed 171 935.7 1001.8 No 962.3 No

Dual Actuated 172 7174 796.3 No 743.5 No

Mix Split Actuated 173 828.7 927.1 No 946.1 No

Split Pre-timed 174 877.5 936.3 No 978.1 No
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Figure A3.1: Performance (in Person Trips) of Dual Actuated Setting in Demand

Case F1

CORSIM Logic with IM W Logicw/o IM

Person Trips
[Phase Settings: Dual Actuated, Demand Case: F2 |
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Figure A3.2: Performance (in Person Trips) of Dual Actuated Setting in Demand

Case F2
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Figure A3.3: Performance (in Person Trips) of Protected Actuated Setting in

Demand Case F1
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Figure A3.4: Performance (in Person Trips) of Split Actuated Setting in Demand

Case F1
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Figure A3.5: Performance (in Person Trips) of Split Actuated Setting in Demand

Case F2
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Figure A3.6: Performance (in Average Trip Time/Person) of Split Pre-timed

Setting in Demand Case F1
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Figure A3.7: Performance (in Person Trips) of Split Pre-timed Setting in Demand

Case F2
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Pair-wise Sensitivity of % Change in Person Trips for Dual Actuated [Demand Case F2]
[Average of % change from the adopted base value]
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Figure A4.1: Coefficients Sensitivity Patterns (% Change of Person Trips) for Dual Actuated Control (Demand Case F2)
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Pair-wise Sensitivity of % Change in Avg. Trip Time/Person for Dual Actuated [Demand Case F2]
[Average of % change from the adopted base value]
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Figure A4.2: Coefficients Sensitivity Patterns (% Change of Average Trip Time/Person) for Dual Actuated Control (Demand Case F2)
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Pair-wise Sensitivity of % Change in Person Trips for Split Pre-timed [Demand Case C]
[Average of % change from the adopted base value]
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Figure A4.3: Coefficients Sensitivity Patterns (% Change of Person Trips) for Split Pre-timed Control (Demand Case C)
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Figure A4.4:

Pair-wise Sensitivity of % Change in Avg. Trip Time/Person for Split Pre-timed [Demand Case C]
[Average of % change from the adopted base value]
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Coefficients Sensitivity Patterns (% Change of Average Trip Time/Person) for Split Pre-timed Control (Demand Case C)
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Pair-wise Sensitivity of % Change in Person Trips for Split Pre-timed [Demand Case F2]
[Average of % change from the adopted base value]
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Figure A4.5: Coefficients Sensitivity Patterns (% Change of Person Trips) for Split Pre-timed Control (Demand Case F2)
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Pair-wise Sensitivity of % Change in Avg. Trip Time/Person for Split Pre-timed [Demand Case F2]
[Average of % change from the adopted base value]
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Figure A4.6: Coefficients Sensitivity Patterns (% Change of Average Trip Time/Person) for Split Pre-timed Control (Demand Case F2)



Throughput (vehicles) of Split Pre-timed Control in a Mix Grid Network
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Figure A4.7: Offered load versus throughput for Split Pre-timed in mix grid

network
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Figure A4.8: Offered load versus delay for Split Pre-timed in mix grid network
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Throughput (vehicles) of Split Pre-timed Control in a Big Grid Ne twork
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Figure A4.9: Offered load versus throughput for Split Pre-timed in big grid

network
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Figure A4.10: Offered load versus delay for Split Pre-timed in big grid network
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Delay (seconds/vehicle) of Protected Actuated Control in a Small Grid Network
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Figure A4.11: Offered load versus throughput for Dual Actuated in small grid

network
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Delay (seconds/vehicle)
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Figure A4.12: Offered load versus delay for Dual Actuated in small grid network

Throughput (vehicles) of Dual Actuated Control in a Mix Grid Network
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Figure A4.13: Offered load versus throughput for Dual Actuated in mix grid

network
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Delay (seconds/vehicle) of Dual Actuated Control in a Mix Grid Network
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Figure A4.14: Offered load versus delay for Dual Actuated in mix grid network

Throughput (vehicles) of Split Actuated Control in a Small Grid Network
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Figure A4.15: Offered load versus throughput for Split Actuated in small grid

network
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Delay (seconds/vehicle) of Split Actuated Control in a Small Grid Ne twork
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Figure A4.16: Offered load versus delay for Split Actuated in small grid network

Throughput (vehicles) of Split Actuated Control in a Mix Grid Network
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Figure A4.17: Offered load versus throughput for Split Actuated in mix grid

network
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Delay (seconds/vehicle) of Split Actuated Control in a Mix Grid Network
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Figure A4.18: Offered load versus delay for Split Actuated in mix grid network

Throughput (vehicles) of Split Actuated Control in a Big Grid Network
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Figure A4.19: Offered load versus throughput for Split Actuated in big grid

network
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Delay (seconds/vehicle) of Split Actuated Control in a Big Grid Network
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Figure A4.20: Offered load versus delay for Split Actuated in big grid network

Throughput (vehicles) of Protected Pre-timed Control in a Small Grid Ne twork
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Figure A4.21: Offered load versus throughput for Protected Pre-timed in small

grid network
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Delay (seconds/vehicle) of Protected Pre-timed Control in a Small Grid Ne twork
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Figure A4.22: Offered load versus delay for Protected Pre-timed in small grid

network

Throughput (vehicles) of Protected Pre-timed Control in a Mix Grid Network
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Figure A4.23: Offered load versus throughput for Protected Pre-timed in mix grid

network
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Delay (seconds/vehicle) of Protected Pre-timed Control in a Mix Grid Network
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Figure A4.24: Offered load versus delay for Protected Pre-timed in mix grid

network
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Figure A4.25: Offered load versus throughput for Protected Pre-timed in big grid

network
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Delay (seconds/vehicle) of Protected Pre-timed Control in a Big Grid Ne twork
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Figure A4.26: Offered load versus delay for Protected Pre-timed in big grid

network
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