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system is activated, it lowers the average speed,
thereby retaining the traffic inflow entering the
jammed section and delaying the activation of a
downstream bottleneck.
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:)lem Statement

SL system needs a high coverage of vehicular detectors.

advancements in positioning, information and
1 technologies, any vehicle that carries a GP’S enabled
A mobile sensor able to provide cost-effective and

Need extensive coverage GPS enabled device
Expensive!!! Low cost
Provides speed information in the vicinity. Excellent coverage






VEID ‘the Study

ndidate variable speed limit (VSL) system
> mean speeds (SMSs) from probe vehicles
(example connected Ve

ze the improvements that may result by comparing
e-based control algorithm to the traditional
n that uses data from point detectors.

To carry intensive sensitivity analysis to investigate the
impact of the increased proportion of vehicles carrying GPS-
enabled devices and the types of vehicles acting as probes for
the proposed probe-based algorithm.
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demand L distrurbance

Input Parameters:
- Speed data from vehicle probes
- Length of vehicle queue on-ramp

Traffic State Estimation/Prediction on the
freeway:
- Estimation of densities and flows
Control input: - Short term travel time prediction over Horizon
Speed Limits from m*""e"“‘m' , T
early time step t+1
are implemented

System Wide Optimization at each time step
t (Rolling Horizon)

| Prodietion rerm 4

' "l ~i i red b

-Optimization is conducted for the short-term
Rolling Horizon (t+T)
- Rolling horizon is shifted after each time step

—'




= Using MPC approach, the algorithm used SMS data directly
extracted from vehicle probes as main input.

= Paramics microsimulator was used to model the study area,
monitor the demand and extract traffic data from the
simulated probe vehicles.

= One check-in traffic detector and one check-out detector were
installed on the on-ramps to capture the queue length and the
flow entering the freeway.

Detector/ P ——" N Detcctor =/
/’/ \\
Detector .0 ./ \ Detactor ./
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o's traffic flow model was used to convert the SMS

U - average SMS speed Uy - free speed (km/h)

. U, - speed at capacity (km/h)
C; - fixed distance headway constant (km)

q. - flow at capacity (veh/h)

C, - first variable distance headway constant ( km’/h)

k; - jam density (veh/km)

(s - second variable distance headway constant (h) m - constant used to solve for three headway constants (h/km).
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culates the speed of the shockwave between
, , starting with the downstream and
e upstream ones

Calculate speed of shockwave
between section i and i+1:

Qivr — qi
Wiy =

kH—l - ki

VSL is not activated. Apply VSL where
In this case, the displayed speed limit U (t) € (60,70,80,90,100)
is the default speed limit. '
Or the previously implemented VSL
sign.

and a system wide objective function is
optimized.
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= Mean density using conservation law:

T
ki(t+1) = ki(t) +E(fh—1(t) — qi(t))

= Evaluation of mean speed: -
vit +1) = v (6) + = (V(ki(®) —vi(®)) +

%vi(t)(vi-1(t) =L (t)) =

U_Tki+1(t) — ki(t)
L ki(t) +

Where: T =30 (sec) - estimation time step size used in this work
L =8 (km) - total length of the highway stretch

7= 0.005 (h) - constant that indicates the drivers’ swiftness (large T

indicates slower reaction) 7 - speed anticipation term parameter (km:/h).

K = 40 (veh/km/lane) - speed anticipation term parameter



= Evaluation of mean speed:

vi(t + 1) = vy (£) + %(V(ki(t)) —vy(8)) +

'I‘vi(t)(vi-1(t) =L (t)) =

W ki1 (8) = ki)
L ki(t) +

@ Where:

V(k;(t)) is presented as:

V(ki(£)) = min ((1 + @)veery i (t), Vyreeexp [—%(w) D

k crit

Veert,i(£) - VSL value implemented on segment i at time step t
Urree - free-flow speed of traffic

Kerie - critical density:

a - parameter of the fundamental diagram, taken to be 1.867 (Hegyi,

2004)

(1 + &) - non-compliance factor, where a is taken to be 0.05




ork sections that include on-ramps, the length of the
ne next time step w, (+1) is obtained as the current
s the demand, d,(t), minus the outflow, :

wyp(t + 1) = w (t) + T(d,(t) — q,(t))

1and and outflow can be extracted from the simulation
| by placing two detectors on each on-ramp.

= It is important to note that w,(?) is indirectly a function of the
control value of VSL at time step t as the number of vehicles
that are discharged from the on-ramps to the freeway
depends on the capacity of the freeway at time ¢, which in
turn is dependent on the posted speed limit at time ¢.
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Np Number of sections Number of on-ramps

TTS(t) = TZ Z k(OLA+ T z w, ()
t=1

=1 r=1
Nc Number of activated VSL

+ Aspeea z 2 (vctﬂ,i(t) ~ Verrri(t — 1))

v
t=1 free

subject to: |V (C+ 1) = Vi (2) ] = 10,
[Veerii (8) = Veerinn ()] < 10.

where: k;(t) - section density on segment / at time ¢ transformed from SMS, which are estimated
from probes,

L - length of the segment,

A - number of lanes on the highway.

wy-(t) - queue on ramp 7,

Ui (t) - control variable to be determined related to the VMS value indicating the speed
limit on section 7 at time 7,

Usree - free flow speed of traffic, taken to be 100 km/h, and

a,,.., = 2 -a non-negative parameter, expressing the importance of each term (Hegyi et al.,
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= A rolling horizon control strategy will be adopted for the control
action.

=@ This means that only the anticipated decision variables
corresponding to the early horizons will be considered final and
implemented.

= The remaining steps will be re-estimated in the succeeding steps
in a rolling horizon fashion as new observations become available.

Prediction Horizon

I em tion
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Examined Scenar:

under thee levels of traffic conditions (i.e.,
of 80%, 100% and, 120%);

oorithm under non-recurrent traffic
o to one lane blockage;

senetration rates \ber and composition of probe
n the network) of 2.8%, 6% 10%, 20% and, 40%);

ta collection frequencies of 1, 5 and 10 seconds; and

aince of the probe-based VSL compared to the
ased VSL.
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Measures of Effe

y (sec/veh),

variance (km/h),
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Scenario Description

Uncontrolled Case
V&L Case
Change (%)
Uncontrolled Case
WVSL Case
Change (%)
Uncontrolled Case
V5L Case
Change (%)

80%
loading

100%
loading

120 %

loading

Mainline Delay Traffic Flow
4001
3975
-0.6%
4315
4320
0.1%
4223
4245
0.5%

Average Speed
(km/h)
58
93

Varnance of
Speed (km/h)
9.59
9.56
-0.3%
239
-1.24%
298
30.6
2. 7%

= Similar to their detector based counterparts, probe-based VSL
systems were shown to be effective for only a limited range of traffic

conditions.

@  When the freeway conditions are not close to critical (80%), the role
of VSL is mainly confined to reducing the speeds and their variance.

@ The probe-based VSL was efficient at improving traffic flow for
nearly saturated (100%) and saturated ( 120% )tratfic conditions.
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Scenario Description

Uncontrolled Case
V5L

% change
Uncontrolled Case
VaL

% change
Uncontrolled Case
V5L

% change

80%
loading

100 %%
loading

120%

loading

Mainline Delay

Average
Speed (km/h)
63
68
0.00%

57
53
-7.02%

57
52

-8.77%

Vanance of
Speed (km/hr)
298
27.2
-8.72%
356
33.6
-5.62%
36.1
347
-3.88%

m This effectiveness was consistent for all traffic loading levels.
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REsults

Tratfic flow distribution under “no control” (left) and "VSL
conditions" (right) at 80% demand
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@ The figure shows that the probe-based VSL substantially suppressed
the variation of the traffic flow value.
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With data extracted from commercial vehicles , the probe-based
VSL system was not able to effectively manage traffic .

Relying on commercial vehicles to report traffic state seemed to
send erroneous messages due to the relatively lower speed of heavy
vehicles, resulting in the VSL being triggered unnecessarily.

20% penetration rate was shown to result in the best performance
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=@ Inrecurrent congestion , the probe-based VSL system demonstrated
the ability to improve traffic conditions.

= In the scenarios of a minor accident , the detector-based VSL showed
higher levels of improvement .
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Conclusions

indings from this paper indicate the efficiency of
in harmonizing speed for the examined
itions.

ent in delays and throughput were
me traffic conditions.

to be limited to

ased VSL always result in significant and consistent
ment at a 20% penetration rate.

on commercial vehicles to report traffic state seemed
to rroneous messages due to the relatively lower speed

\ of heavy vehicles, resulting in the VSL being triggered
- unnecessarily.

~

= Finally, probe-based data collection proved to be a strong
alternative to that of the classic point detector.
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re Work
to examine the performance of a VSL algorithm that
ing data from both detector and probe sources. A

both static (loop detectors) and mobile sensors
 phones) is expected to provide significant
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