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Abstract

Contemporary communication and information technology have led to the use of the
new traffic control approaches for the alleviation of traffic congestions on urban
freeways. Such an approach being used in freeway traffic control systerns is maintained
by using variable message signs (VMS). In this approach, traffic information are
delivered as text messages, which allow drivers the freedom to decide for themselves on

their clioice of route, as well as their speed limiting requirements. Because the quality of
information content is a decisive factor in driver satisfaction, the content of VMS
messages should be determined carefully, so that, it must reflect the real traffic ..

situations with time and space related to traffic flow. This sitnation hag a special
importance for the efficiency of the traffic control actions in Istanbul urban freeways
connected with the two Bosporus bridge crossings, on which some VMS panels have
been installed in recent years. In this study, a fuzzy reconstruction method has been
suggested for obtaining the qualified VMS information about the space related real time
speed limits. VISSIM simulations have shown that the time saving by this way is
satisfied.

- Keywords: Freeway traffic control, fuzzy logic, variable message sign, VMS/DMS

Introduction

To determine the traffic jams on main arterials using real time observations and prevent
the jams spread out from the starting point to backward is the main aim of the traffic
control applications in metropolitan cities. So, it is well known that the outflow in case
of congestion is lower by some 5-10% than the freeway capacity (Papageorgiou, 2000).
Because of this fuct, the steadily increasing traffic congestions on urban freeways have

led 1o the use of several traffic control mechianisms. Basically, these are formed by
using ramp metering and variable speed control actions.

In the variable speed confrol action, the conirol mechanism is maintained by limiting
the free flow speed of the vehicles between specified freeway sections. This method
could help to minimise the effect of traffic jam that we face on the first and second
Bosporus bridge crossings. Likewise the claim about this method is supported by

¢
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" another study using simulation-based tests. In,the study, first of all, the variation of .-
speed along the main arterial are measured with the real time techniques and then, the :

traffic flow information is changed according to this information, Finally, expectations

on the improvement of the traffic flow performances on the main arterial are increased
(Akbas, 2003). But in this study, the fuzzy control system is proposed for the variable
speed control on the main arterials of Istanbul’s highway network.

Variable message signs (VMS) have been installed along the collector roads of the first
and second Bosporus Bridges to warn drivers about any incident or traffic jam since the
year of 2000. Today, these signs are displaying limited information such as whether the
traffic jam is intensive or not, bridge is open or not, and there is an accident or not. The
better utilization of the VMS system would be realised by using variable speed
information to contro] the traffic jam. These signs will support driver’s decisions by
advising them to change their course and the following signs will be giving information
about their speed limit, finally, these will result in the development of the traffic
performance of the road seciion. The proposed system is tested by a simulation model.

To fix the expected speed limit for congestion analysis, the information about the
average velocity of traffic flow near ‘the VMS must be collected with real time
measurements. With this objective, the microscopic traffic flow information collected
from the near side of each VMS panel is evaluated in different time intervals. The
velocity information collected from all VMS panels transferred to the main traffic
control centre and these raw data will be used as mput to fuzzy controller. Fuzzy
controller processes data and reconstructs the desired vehicle speed limits as traffic
{low data and finally sends the information to the related VMS panels.

The average velocity of traffic flow near the each VMS panels is fixed by thie
occupancy time and flows collected from the detectors using an algorithm developed in
{his study. The time interval for the measurement of the microscopic flow parameter is
chosen as 10 minutes as generally used.

In the following, first the basic properties of main traffic revised briefly. Then, the
information related to raw speed limits which is calculated using the microscopic traffic
flow parameters and fuzzy control method is introduced. At the end of the study, the
improvements on the main arterial (one-way freeway) segmented into four sections
(four VMS panels), provided by proposed fuzzy control method are tested in the
VISSIM simulation environment.

Basic Considerations on Freeway Traffic Flows

Traffic flow process on a freeway is characterized by three basic macroscopic . -
~ parameters: flow (volume), ¢, density, p, and velocity, v. Flow is defined as the number: .. ..

of vehicles passing a specific point in a lane basis and in an hourly rate (veh/h/lane).

* Density is defined as the number of vehicles oceupying per kilometre of the way in a L

- lane basis (vel/km/lane). Velocity is defined as the average rate of mation, It is

expressed in kilometres per hour (ki/k). As shown in Figure 1, all of the flow

 paramieters are the function of time and space, g(x.1), px,1), vi). - o
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up stream V(lx, t) . down stream

0 3 L distance
Figure 1. Macroscopic flow parameters of the freeway traffic flow

The basic relation between the macroscopic flow parameters is expressed by the
following model (May, 1990}

) q(x.0) = plx.f) * v(x.1) 1y
Besides this b‘aé’_ic relation, the static relationship between the velocity and density
parameters can be expressed, due to the Greenshield model, as following,

v=v,{-plp,.) L )

Here v is the free flow speed, pum is the jam density (Greenshield, 1934). By
substituting (2) to (1), it can be easily shown that relations g=f{g) is a parabolic
function, :

q = v_f (p-plfpjum) (3)
So, the static relationship between the macroscopic flow and density parameters, |

g=flp), can be illustrated as in Figure 2. This relationship is referred to as the
fundamental diagram of traffic flow, for designing a control process (Zhang, 1996).

—
=%
A
B A
=] y
Z A o

(veh/km/ilane)
density )

23 Prax P jam

Figure 2. Static relationship between the macroscopic flow parameters, g=f{o).

From these relationships it can be clearly stated that, each freeway flow has its optimum
average velocity, v, which corresponds to a critical value of its density, o, at any time
and position along the way. The flow which corresponds to these velocity and density
has its maximum value, gumas, Which is equal to the flow capacity, geep™gmar. Similarly,
each freeway flow has its critical average velocity, v, which corresponds to the

-
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- ximum value of its density, Pi. When dedisity exceeds the critical density, or when.
fie average velocity falls behind the optimum average velocity, flow begin to decrease, ¢ -
" thiat, at the jam density, o= pjam, both flow and average velocity become zeto. R
If the average velocity becomes smaller than its critical value, v<v, then traffic
Gongestion begins to occur. So, the capacity usage and the performance of the freeway
hecome worst. Because of that, a control action must be taken into consideration for
these conditions. According to this fact, the control aim is to ensure that:

(4)

vx ) > v, ,VxelLtel’

be achieved by having a critical average velocity value, v,

}S'd,' the confrol aim can
which is close to the maximum flow depsity, as the

helow the optimal velocity, % ,
‘{arget average velocity.

Measuring the Average Velocity of Traffic Flow

‘Consider a one-way freeway traffic system as shown in Figure 3. Each VMS in the
‘gystem is denoted by 2 double-dotted line, VMS; (1 i < N). Let d; denotes the pumber
' of lanes, so that, each has its own traffic detector, Dy {15/ < 47, in vicinity of the signal
VMS;. Then, the lane based densities within the time period [£T, (k+1)T] are calculated
- as follows,

.

41T
Pyk) = Pan [ERCE N EVELY | )
kT

. Where, T is sampling period in terms of seconds, k denotes discrete time index,
denotes the space index corresponding to VMS number, and j is the number of lane, py
> represents the {ane based density measured at time period [kT, (k+1)T}, 0y is the
*corresponding occupancy parameter that is 2 measurable logical function of the time,
which has a value of 1 or 0 at any time, depending on the occupation of the traffic

" detector by any vehicle, and jun denotes the jam density, which is constant.

o

? ’-"'“-"‘: A -'

; ”\%’“@GS o e D e mﬁ&m “"I'%AL
5 %ﬁﬁ_&%‘;ﬁ@hégggﬂﬁwﬁ&%? =
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VMS, . VMS;

Figure 3. One-way free'Way' traffic system with VMS panels.
 The lzihf_:"based averdgemacroscomc density of tiaffic flow near the VMS; 15 calculated g
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Let n; denotes the number of vehicles passing through the detector Dy within the g
period [kT, (k+1)T] in terms of seconds. Then, the lane based macroscopic flow, i
calculated as follows,

1 (k) )
g (k) = 3600——?—:-- . 1= <A,

The lane based average macroscopic fow near the ¥AS; is calculated as following;

&
ijl q"!' (k)
A

i

g;{k) =

Substituting the equations (6) and (8) to equation (1), the average macroscopic velocity:
of traffic flow realized within the time period [AT, (k+1)T] is calculated as following, .

v, (k) = q,{k) - Z:‘i]gy(k)
’ #u (k) 'Z_:.:;py(k)

WENEYN @)

Fuzzy Reconstruction of Vehicle Speed Limits
o _

The input data for fuzzy controller is the raw average velocity data gathered from all
VMS panels along the road segment at the end of each [XT, (k+1)T] separate time
period. Fuzzy controller process and.evaluate these data and send the new speed limits .
to the VMS panels to display at the following time period. The block diagram of the .
fuzzy controller is shown in Figure 4 for the main arterial road system with limited four
VMS panel number.

RieBase
vl ¥ S
VoK) Fuzzification |»| Tference | Defifiction—> A<

vk —> Engine —> S (k)
ngkg) - - _ — sﬁ-w)

'Fignre\ 4. The block diagram of the fuzzy controller.

In this figure, v;(%), va(k), vafk) and v(k) 'represent the realized average velocity of
traffic flow at time index &, near the corresponding VMS panel, s;k+1), sik+1),
s3(k+1) and sy(k+1), represent the reconstructed speed limits for the next time index.

The inference engine of the fuzzy controller is formed by Mamdani method and for the
defuzzification, Centroid method is used. In the fizzy controller, four input variable
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. vk, va(k) dre called as V1, V2, V3, V4 respectively. For the each variable,
oz sets [called a6 Slow (V1S, V2S, V3S, V4S) and Fast (V (F, V2F, V3F, VAE)]
 sied as shown in Figure 5. The speed intervals of the all variables are between 0. -

o' lon/h. The input membership function shape is chosen as S shape with the
alies: énﬂeen 0and1.

Mainbership funclion picls

T T T H T T T T

WS YiF

a3 \

J 1 i _iJ//l !\Q i | 1 |-

I 00 % % £ 3 @€ W o0 W oW
pud variohls V1"

Figure 5. Fuzzy controller input membership functions for V1.

Thie four output variables, s,(e+1), s2(fc+1), sa(le+1) and sy(k+1), are called 81, 52, S3,

For the each variable, two fuzzy sets [called as Low (S1L, S2L, S3L, S4L) and High
1H; S2H, S3H, S4H)] are defined as shown in Figure 6. The speed intervals of the all
stiables are between 0 and 90 km/h. The input membership function shape is chosen as
S'shape with the values between 0 and 1.

Memhership funclion plots

T ) 3 [ F 7 F ]

il S
1
Q—\-\\\
4
5t X
U ) L 1 ol i \|\‘\ ‘T‘ ] !
8 W W N H Ho@ @ w0 W
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Figure 6. Fuzzy controller output membership functions for S1.

Fuzzy controller rules are created by using Mamdani method and 16 rule bases are
showninTa_bi:e'l.'-_'- o ST L i
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Table 1. Fuzzy controller rule base

[ade input variable autput variable
k%! V2 V3 V4 S1 s2 a3 L)
1 VIE | V2F | VIF | vaF | SIH | S2H | S3H | S4H
2 b VIF | VP vaF | vas | siH | s} S3L ] Ss4L
3 VIF | vaF | vis | wF | SIL 2L | s3L | sS4
4 1 VIF | V2F | Vv3S | w48 | SIL SaL | SiL 841
5.} VIF | vas { V3IF | V4F | BIL S2L | s3H | s4d
6 | VIF | V8 v3F | ws | SIL 2L | S S4L
7| VIF | V28 vis | wF | SiL | S2. | SiL | S4H
8 | ViF | VS vis | V4§ | SIL s | s3L S41,
o | vis | vaF | wvig | WF | SIL | S2 | S3H | S4H
10| VIS VIF | V3F | v4§ | SIL S20, | SIL | S4L
{L] VIS | V2F | V38 | W4F | SIL $2 | siL | S54H
1z vis | var | vis | was | SIL | S2L | SIL | 4L
34 vVis | Vs V3F | w4F | SIL SH, | SIH | sS4
14| VIS VI8 ViF V48 SIL S2L S3L S4L
151 VIS | vis V3S | W4F | SIL | Sz | SiL | s4H
6 vis | vas vis | ws | Sl ] SL ] SiL | s4L

Simuiation Based Test Studies

Simulation based test studies have been realized in the VISSIM simulation environment
to compare the effectiveness of the fuzzy reconstructed variable speed control process,
with respect to the uncontrolled conditions. VISSIM traffic simulator is a microscopic
traffic simulation program based on Weidmann statistical model including the car
following and lane change logic. The result of the simulation on-line is the animation of
traffic. operations and off-line the generation of output files gathering statistical data

(Vissim, 2000).

Traffic control program can be transferred to the VISSIM test environment by using an
additional Vehicle Activated Programme module (VAP). For this aim, the control
model is written as a text file by using the functions and commands of VAP. The fuzzy

controller has been programmed in this way.

Two different tests have been completed under the same traffic conditions: Testl for
uncontrolled (without any control systern) case; Test2 for fuzzy reconstructed variable
speed control case. For this aim, all the hardware elements of the freeway traffic system
including 5.45 km length of the main-link have been configured in VISSIM. The VMS
positions on the main-link have been chosen 0.75 km, 1.95 km, 3.15 km, and 4.35 km

- respectively. The vehicle speed reduction to 40 kmv/h has been applied at 4.75 km

position of the link, due to time table shown in Table 2. The traffic scenarios and
related assignments have also been chosen as shown in this table, through the 7200

“seconds (2 hours) of simulations, for both controlled and uncontrolled cases.
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Table 2. The traffic scenario and measures chosen for tests <

simulation time main-link input frae-flow speed | speed desc. pus. | perd. meas. diél.
{seconds) g ;, (veh/nlane) Vv, tknuh) X, {ken} Xy = X, (k)
0- 3000 1000 110 no spead dosc. | 5.4-0.35 =505
3001 - 3600 1200 110 4,76 5.4.035=5.05
3601 - 5400 1400 110 no speed desc. | 54+0,35=5.05
5401 - 7200 1500 116 4,75 54-0.35=505

Assignments for the traffic generator and test conditions in the simulator are as follows:
the nurnber of lanes along the main-link, 4; =3; the free flow speed of the vehicles is
= 100 km/h, its distributions are between 80-100 km/h for cars and heavy good
ehicles (HGV); vehicle length distributions are between 6-10 meters; HGV ratio is

:20; Lane based flow capacity §,.=1800 veh/h., 0,60, and p,=130 vel/km/lane;
=10, and v=50 km/h for all the main-link segments.

“Through the simulations the average vehicle speeds and average delays have been
established from the VISSIM's off-line analysis results in 10 minutes basis and
arranged as ditferent graphics to show the performance developments.

Results

The performance data have been evalnated as the average vehicle speeds and the
" average delay per vehicle along the 5.05 km. section of the main-link between the 0.35-
‘5.4 km positions of the link. These data have been gathered through the VISSIM
simulations. For this length, the results obtained about the average vehicle speeds and
the average delays per vehicle through the 2 hours of simulations have been shown in
«Flgure 7 and 8, respectively. Total number of vehicles passed through the 5.05 km of
‘main link is acquired from VISSIM data files. They are realized as 6273 for Testl, and
6192 for Test2.

ri

Avgraga Veh, Speed

] g 2000 0% 4000 5040 680t Tu00 000

Simuzallon Time {sée) -

F igure 7 Test 1csults on Ehe average vehicle speeds
aiong the 5.05 km of hnlc Iength
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F igure 8. Test results on the average delay per vehicle,
- along the 5.05 km section.

Due to these results, the average delay is decreased 77% by the fuzzy reconstructed
speed control, with respect to uncontrolled conditions. The average vehicle speed is
increased 23% by the fuzzy reconstructed variable speed control, with respect to
uncontrolled conditions. Average capacity usage has decreased 1.3% by the fuzzy
reconstructed variable speed control, with respect to uncontrolled conditions. The test
result shows that even there is a small decrease in the capacity usage, the average speed
of the vehicle are increased satisfactorily and the average delay per vehicle decreased
satisfactorily. Consequently, the projection of the decreasing of the delays from the
traffic jams by using this proposed fuzzy reconstructed variable speed control method is
fulfilied.

Conclusions

Test results show that the fuzzy reconstructed speed control is decreased the average
delay satisfactorily. Thus, average speed is increased approximately 25%. However,
there is a small decrease in the average capacity usage.

In the variable speed control method, the fuzzy reconstruction approach is the suitable

choice for the traffic control fact as shown in tests. This control method can help to
solve the traffic problems of the cities.
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