1089

A STUDY ON THE REAL-TIME RAMP CONTROL SYSTEM
IN URBAN HIGHWAY WITH GENETIC ALGORITHM

Shigeru MORICHI Tetsuo SHIMIZU

Professor Research Associate

Department of Civil Engineering Department of Civil Engineering
Tokyo Institute of Technology Tokyo Institute of Technology
2-12-1 O-okayama, Meguro-ku, 2-12-1 O-okayama, Meguro-ku,
Tokyo 152, JAPAN Tokyo 152, JAPAN

Fax : +81-3-3726-2201 Fax : +81-3-3726-2201

abstract : The objective of this paper is to construct a real-time ramp control system with
genetic algorithm in order to use the existing highway network effectively and to reduce
traffic congestion. Control options such as entrance control, peak load pricing are considered
in this system. The usefulness of this system is confirmed by application to the urban highway
network of a metropolitan area in Japan, and finally, the applicability to Asian countries is
also discussed.

1. INTRODUCTION

In Japan, the road congestion problem has not been solved yet in spite of many efforts and
there are still no effective method which can improve such situation. This resulted from the
unbalanced investment compared with demand, which means that the increase of the travel
opportunity was much larger than that of the network length. So far, the main measure to
improve such situation has been mainly focusing on the extension of road network, but in
metropolitan areas, the network could not be extended easily because of financial and spatial
constraints. In this background, there is a need to understand how to use the existing network
effectively.

This paper is aiming at ramp control of the highway network in order to use highway
network effectively. Previous studies about ramp control method such as Linear
Programming (LP) control were done in the past 25 years in Japan, but most of them were
based on the static model which could not describe the real-time change of traffic flow very
well, and these later became inapplicable due to the extension of the highway network. In
terms of implementation, the Metropolitan Expressway Authority (MEX) has a method, in
which some ramps are closed when heavy congestion occurs in order to improve such
situation. But this method needs the close cooperation between MEX and the police which
controls the arterial road network and cannot cope with real-time phenomena of traffic flow.
Therefore, the method which uses the specific part of highway network such as on-ramp
should be considered. This means that each on-ramp section of the highway network acts as a
buffer, and during congestion, it becomes a waiting space and some vehicles can be contained
there at that moment. The objective of this study is to construct a real-time ramp control
system (RRCS) based on the consideration mentioned above.

In the construction of the RRCS, main problem was that it took a very long time to evaluate

the result of ramp controls, or in other words, the computation time was much larger than the
unit control time such that the system becomes meaningless. This situation was caused by the
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aspects of not only hardware but software, specifically, the poor performance of computer
and the lack of algorithm which can solve optimization problems fast. Recently, there has
been a rapid improvement in the performance of computers. Genetic algorithm (GA) was
developed about 10 years ago in control engineering field, which improved the solution time
of optimization problems dramatically. These advances enable the construction of the RRCS.
The other main advantage of the GA is that the combination of many ramp control options
can be evaluated. For example, not only entrance control but also peak load pricing can be
evaluated in the RRCS.

In this paper, the concept and structure of the RRCS are discussed in Chapter 2. The
formulation of each model is made in Chapter 3. In Chapter 4, the RRCS is applied to a part
of the Tokyo Metropolitan Expressway (MEX) to confirm the effectiveness of this system.
The possibility of applying the RRCS to freeway networks in Asian countries are discussed in
Chapter 5.

2. CONCEPT AND STRUCTURE OF REAL-TIME RAMP CONTROL SYSTEM

Presently, MEX only uses entrance control as a traffic control method, but it seems that this
doesn’t work well because there are two operational constraints. First one is that this is
operated unsystematically, in which when heavy congestion once occurs at a certain section,
some on-ramps in the vicinity are closed by manual control. Second one is the difference in
the control administration between freeways and arterial roads in Japan. While MEX has its
own traffic control method, arterial road network is controlled by the police, but they are not
coordinated with each other. This shows that it is difficult to cope with traffic flow changes
such as the growth of congestion in real-time, therefore the method which uses the specific
part of the highway network should be considered.

On-ramp is focused on as the specific part in this study. In the case of MEX, most of on-
ramps have few booths at the junction between freeway and arterial road (Figurel), and some
vehicles can be contained in the waiting space if congestion of both highway and arterial road
becomes severe. Each booth can select the “optimal” option in order to improve the “bad”
state of the highway network. Entrance control or booth control was considered as a ramp
control option in previous studies, but in addition to this, many other options can be
introduced if there is a system which can evaluate their effect. For example, peak load pricing
can be regarded as a ramp control option. In this study, it is not assumed that automated toll
collection system is installed at the ramps. Each vehicle is charged peak toll at the booth
directly if network is congested.

An important point when constructing RRCS is the presence of data collection system of
traffic flow parameters. Fortunately, MEX has a system which measures some parameters of
traffic flow such as travel speed and traffic volume with censors set at intervals of about 300
meters on the whole network and at every ramp. Presently, this system is used only for
information service, but this can also be applied to traffic control system.

From the background above, it can be said that the RRCS is a system which optimizes the

future state of traffic flow under adequate ramp control options with real-time traffic data. It
was already mentioned that previous studies about ramp control could not evaluate real-time
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Figure 1. Ramp structure of MEX

~ phenomena of traffic flow because of the constraint about computer and algorithm. But this
situation has been improved dramatically by the development of GA. The GA can solve the
optimization problems with adequate parameter setting in accordance with their property. In
this study, GA is applied to RRCS focusing on the speed of convergence.

RRCS have a hierarchical structure which consists of main model and two sub-models
(Figure 2). The main model solves the optimization problem of the traffic flow state using
GA. One sub-model is the traffic simulation model which simulates the future traffic flow
state in terms of travel speed and traffic volume using the present traffic flow state. Another
is the division rate model which expresses the probability of driver’s choice of using a
freeway in accordance with generalized cost. These models will be formulated in the next
chapter.

3. MODEL FORMULATION
3.1 Traffic Simulation Model

Before the traffic simulation model is formulated, its characteristic should be considered.
There are macroscopic and microscopic approaches to construct traffic simulation model and
it must be decided which is suitable for the construction of model. In the macroscopic model,
the network is divided into segment and the values of traffic flow state are described by
aggregate data. On the other hand, the microscopic model focuses on the movement of each
vehicle. The choice depends on the data collection system. If the road network and vehicles
are integrated, vehicle travel data can be collected directly, and to formulate the microscopic
model is meaningful. In this study, traffic flow data are collected by censors, therefore to
choose the macroscopic model is very advantageous. Many previous studies about the
macroscopic model were done, but these could not describe traffic flow phenomena clearly
especially in congested state. RRCS should work well especially in congested state because it
is in congested state that traffic control method is needed. Therefore the model’s repeatability
in congested state should be confirmed in this study.

Figure 3 shows a segment without on-ramp or off ramp, where segment length is /, and n/ is

the number of lanes. Each segment has at least one censor, and traffic volume and average
travel speed at some time intervals can be known. At this time, density of segment / at time ¢
d/ is
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Figure 3. Segment without ramps
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where g/ is traffic volume, v, is average travel speed of segment 7 at time 7. The number of
vehicles in segment 7 at time 7 Q, is estimated as follows:

O =njld;. 2
At dt time intervals, the number of vehicles in segment ;i will change. We must decide the

number of vehicles q';“" which pass through node j at time interval df as follows:

. 'Ii- + i‘-Ii max 1z
q';."* - mm(qil—l:i‘—l—,Qj-l - Qil-l +q :'-7') > (3)

il i
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where Q7 is the maximum number of vehicles which can exist in segment i-1. Thus, the

number of vehicles in segment / at time t+df Q/** is determined by the equation of continuity
as follows:

O = +q' g @)
Therefore density, traffic volume, and average travel speed of segment i at time t+dt dr*
q, , VI** is expressed as follows:

dt+l Q'ttl /null (5)

g = fldi™), ©)

v - gld ), |

where f{d) is volume-density function and g(d) is speed-density function. Using (3)~(7)
repeatedly, the future value of traffic flow state at time 424, ++3df, --- can be solved.

Figure 4 shows a segment with on-ramp m and off-ramp n. When the number of vehicles
which pass through the toll booths at time t+df u'**, u!** can be known, equation (4) is
substituted as follows:

le - Qi +q'l]-:7l .ud: +u tedt _u:'-o-d(’ : (4)a

The most important point when executing traffic simulation model is that we must do these

calculations above mentioned upstream. This is why traffic state of each segment depends on
that of its downstream one.

3.2 Division Rate Model

In this study, peak load pricing is considered as a ramp control option, therefore a model
which can express division rate by toll of the highway network is needed, but there are two
problems. It can be considered first that each driver generally chooses his route by comparing
generalized cost of freeway with that of arterial road, but the problem is that there are no
traffic data for arterial roads and a model which is a function of both generalized costs cannot
be constructed. Another problem is that the uniformity of toll does not allow the model to be
calibrated with a toll value. Therefore the gravity model is assumed as the division rate model
which is expressed by only generalized cost of the freeway. In the next study, the model of
driver’s route choice behavior will be needed. In this study, the origin is defined as the on-
ramp where the driver enters and the destination is defined as the off-ramp where the driver
exits in this study.

The equation of gravity model is given as follows:
T,, =kG,A4,(C, +at,,), (®)

where T is the O-D traffic volume between on-ramp m and off-ramp n, G,, is trip
generation rate of on-ramp m, A, is trip attraction rate of off-ramp n, C,, is toll of on-ramp
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Figure 4. Segment with ramps

m, t_ is travel time on highway between on-ramp m and off-ramp n, and k,a,r are

parameters. In this study, &=10, a=50(yen/min.), 7= -1.6. In practice, decreasing rate of
highway utility under the change of toll is expressed as follows:

1-T, /Ty = 1= (D /D) )

3.3 Formulation of the Optimization Problem using GA
\

It has already been mentioned that the RRCS is a system which brings the highway network
in some “optimum” state by solving the optimization problem. Therefore, the objective
functions must be defined firstly. Four objective functions are considered in RRSC. First one
is the “maximization of total vehicles which pass through the on-ramps”. This standard is
equivalent to the “maximization of revenue” if toll is uniform and advantageous to the road
supplier.

maxEEu,’_ (10)

The second objective function is the “minimization of total travel time”. This standard is
equivalent to the “minimization of total number of vehicles on whole network” and
advantageous to road users.

min Z(’Zn,.'l,d,.' +2w:,) (11)

where w!, is the number of vehicles which are waiting at waiting space of on-ramp m at time

t. The third one is “maximization of total vehicles kilometer”. This standard can be regarded
as “maximization of momentum”

max 2 2"' 1dv! (12)

The fourth one is “maximization of total traffic volumes”. This standard is aiming at the
effective utilization of the highway network when demand is relatively large.

maxzzqf (13)_

The constraints of the optimization problems are as follows:
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Osw sw™ "meM, (14)
0sd' sd™ VYiel, (15)

where w™ is maximum number of vehicles which can be contained at waiting space of on-
ramp m, M is the set of on-ramps, 4™ is maximum density of segment 7, and / is the set of
segments. Which standard should be taken is important in accordance with the traffic

situation of the highway network, but it is very difficult to decide which is the best standard
without some calculation, so this will be discussed after some calculation in Chapter 4.

In this study, setting of control time interval is very important. If this interval is set large, the
waiting space will be covered with vehicles at many on-ramps and this causes heavy
congestion in the arterial road network. To prevent this, interval should be set short .

In the end of formulation, the method of application of the GA to RRCS is explained. In
traffic engineering or transportation planning field, GA has been used in some studies, but
these were applicable to the static problem. It seems that to apply GA is advantageous to
dynamic optimization studies. GA is based on the principle of survived of the fittest, that is to
say, “strong” living things who have ability to adjust themselves to the habitat can survive
through many processes such as selection and mutation. When GA is applied to the
optimization problems, ability of adjustment means the value of the objective functions. Each
living is characterized by a chromosome which is composed of genes, and adequate setting of
genes and chromosome is needed in accordance with the type of the optimization problem. In
this study, the length of chromosome is equivalent to the number of on-ramps which are
objects of ramp control on the whole applied network, and each gene is expressed by code
number of ramp control option. For example, if there are 8 on-ramps and 8 ramp control
options listed on Table 1, chromosome can be expressed as follows:

0 0207 0 0 0

This shows that if fully opened operation is done at third on-ramp, toll is 500 yen higher than
usual at fifth on-ramp, and fully closed operation is done at the rest. Additionally, adequate
setting of procedures and parameters is needed in order to get a good solution. In this study,
setting of procedures and parameters are done like that shown in Table 2. After doing these
operations, the number of vehicles which pass through booths at on-ramp m at time 7 can be
described as follows:

u', -h(b' wi r'), (16)

m> m >'m

where b/, is the code number of ramp control option at on-ramp m at time 7, and r,, = 2 T, .
n

4. APPLICATION OF REAL-TIME RAMP CONTROL SYSTEM
4.1 Summary of Applied Network
RRCS is applied to Kanagawa network of MEX (Figure 5) in the southern part of Tokyo

Metropolitan area. Total length of the network is 40.0km (one way) in November 1994 (the
new was line opened in December 1994), and 24 on-ramps and 25 off-ramps are there.
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Table 1. The list of ramp control options

CodeNo. |  Ramp Control Option | CodeNo. |  Ramp Control Option
0 Full Closed - 4 Raising 200 yen
1 One Booth Opened 5 Raising 300 yen
2 Full Opened 6 Raising 400 yen
3 Raising 100 yen 7 Raising 500 yen
Table 2. Setting of procedures and parameters
Procedures
Strategy for selection Rank strategy
Crossover method One-point crossover
Convergence condition ‘When best solution didn't change over 10 generations
Parameters
Number of livings 40
Crossover rate(%) 100
Mutation rate(%) 5

To Central Tokyo

Yokohane line

*The b ramp ber in Table 4.

Kariba line

Figure 5. Kanagawa network of MEX

Uniform toll of 500 yen is charged. In peak hours, the Yokohane line is very congested
especially in the direction of central Tokyo and near central Yokohama.

As Figure 5 shows, split rates at junction should be considered in the traffic simulation model.
Usually, these are affected by congestion level and travel time, and varying time by time, but
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there is little difference of travel time between two routes through the day of survey, and

there is also little difference of split rate c same day, so split rates are assumed constant in this
network.

Adequate number of segments should be decided so that RRSC becomes useful in practice. It
takes very long time to execute RRCS if the network divided into too many segments.
Therefore the applied network is divided into 75 segments so that length of each segment is
about 1,000m in this study. The simulation time interval of the traffic simulation model
should be affected by length of segment, that is to say, time interval should be set such that

any vehicle in each segment cannot go through the following former segment. This interval is
decided as 10 seconds.

4.2 Repeatability of Traffic Simulation Model

At first, we must estimate functions about the relationship among the traffic flow variables
expressed in equation (6) and (7) in order to execute RRCS. Figure 6 shows the relationships
between travel speed and traffic volume (Q-V), between travel speed and average density
(K-V), and between average density and traffic volume (Q-K) of the Yokohane line. In
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Figure 6. Relationships among the traffic flow valuables
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general, these relationships are formulated by some functional forms. In this study, speed-
density function is only estimated by actual censor data on weekday because this function is
the most available and the easiest one. The linear function is assumed as follows:

v=v,.(1-d/d,,), (17)

where v__ is maximum speed, 4, is maximum density, d is observed density, and v is
estimated speed. The results of estimation are as follows: v_, is 93.2 (km/h), d_, is 67.5
(vehicles/km), and R? is 0.731.

The repeatability of traffic simulation model is very important in order to evaluate RRCS.
Figure 7 shows the correlations between observed values and estimated values of travel
speed and traffic volume. It can be understood that the gap becomes larger when simulation
time increases and repeatability of this model is only assured during 15 minutes. This
indicates that RRCS cannot evaluate long-term effects of ramp control, therefore, short-term
effects of RRCS will be evaluated in this study.
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Figure 7. Correlations between observed values and estimated values
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4.3 Evaluation of Real-time Ramp Control System

In this section, RRCS is evaluated by applying it to the actual highway network. There are
two items of evaluation, one is its time to converge and another is the improvement between
with and without control. Simulations are done from 7:00 AM to 7:15 AM under three
optimization standards at 1- minute interval using actual data from sensors at 7:00 AM. The
number of vehicles which arrive at ramps is decided by Poisson distribution model in which
the parameter is the observed average number of arriving vehicles per 10 seconds in peak
hours. RRCS is tried three times for each standard. There was no difference between traffic
flow values of with control and without control in terms of the standard of the “maximization
of total vehicles which pass through on-ramps”, so this standard will not be considered.
Additionally, the effects of with and without peak load pricing are compared. In this study,
there is no comparison among optimization algorithms. The Sun SPARC Station 10'is used
for the computation.

Table 3 shows the results of convergence time. It is expected that these do not exceed the
unit control time which is 15 minutes, and the result meets this condition. It takes more time
to execute RRCS when peak load pricing is implemented, but this is where the division rate
model computes the travel time of whole O-D pairs. Table 4 shows the result of the
comparison of the patterns of ramp control options in were comparatively large in the peak
period. This result roughly shows that the possibility of elimination for freeway use is raised
by peak load pricing if drivers tend to pay higher toll. For example, drivers who want to enter
Ramp 2 cannot be permitted in the operation without peak load pricing, but if peak load
pricing is implemented, they can sometimes enter when they can pay about 400 yen higher
than usual. There are some differences of characteristic about the combination of ramp
control options among three standards. On-ramp whose waiting space is very small (like
Ramp 2) is tend to be closed or charged with high toll under “minimization of total travel
time”. This is why this standard is equivalent to the “minimization of total number of vehicles
on whole network”, that is to say, small number of vehicles can wait at such on-ramps. The
aim of the “maximization of total vehicles- kilometer” is the smooth disposition of long
distance trips, so on-ramps which are near the upper stream of applied network are tend to be
opened under this standard. On the other hands, on-ramps which are far from congested
segment are tend to be opened under “maximization of total traffic volumes”, but both
maximization standards are fairly similar because the upper stream of applied network is an
uncongested point. Table 5 shows improvement rates under three standards expressed as
follows:

R = Qo= Ouiou 100 if maximization problem,
without
o Qoo = Ouin 100 otherwise, (18)
without

where IR is improvement rate, O,,, is the value of objective function with ramp control, and
O, is the value without ramp control. If this index is positive, it can be said that RRCS is

effective. Though high improvement rate can be achieved under “minimization of total travel
time”, the rate tends to go negative as control time passes under other two standards. This
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Table 3. Convergence time of RRCS

Without peak load pricing

*minsec.msec

With peak load pricing

1

2

3

2

3

Min. of travel time
Max. of vehicles kilometer
Max. of traffic volume

2:03.56
2:16.00
1:50.89

2:08.25
2:05.56
2:29.04

2:3841
2:42.46]
2:41.72

12:07.12
7:20.08
9:06.65

Table 4. The result of ramp control options

Min. of travel time

Without
123456789

With
123456789

Max. of vehicles km

Without
123456789

With
123456789

90161
8:16.56 " 11:01.02
8:10.15

8:50.42

- 6:37.19

Max. of traffic volume

Without
123456789

With
123456789

7:14

101000220
000021221
201002121
200002012
100011022
210022001
210010021
200012022
100011002
200101001
000010022
110000020
102022000
201012202

211011000
122010221
100021111
101022002
200022211
201010022
102010001
200010120
102021111
001002212
202002222
210002221
122000120
100002112

201022021
002000002
201001022
200001112
000020210
200020011
200001022
100000021
200001220
200011010
101120011
002002000
201102010
100110010

577532445
751060761
375053360
063040703
673076673
373003777
422060550
716060752
415026523
656715275
656657614
767741466
767577674
155047662

466753571
767161672
077714274
576077207
663071637
300065536
506021576
506735034
407764763
405045520
301063437

'606061772
777076422
767051104

417555717
700042754
404075752
627075242
506606321
353756641
167674765
573752465
577747014
577675020
775761724
346765313
565575702
656666736

001222221
000212210
001222201
001022120
000021022
100221220
000111111
001012220
002112222
102211211
000220202
000122211
020022020
110010221

012011121
000020212
002112122
000012221
000211111

011121220
001120111
001011210
000022210
100111121
001222020
000211220
001112122
000221112
002020211
002022211
000010021
020020222
110111211

600632166
304531713
607422453
400511513
602606306
005130445
420622264
751131327
222222222
410214762
040046711
034415223
132127106
002746165

503316332
040725626
076456320
047717515
070223630
070614400
101345667
100652734
601410744
500055644
100132235
204522343
204363363
100031046

222222222
444215224
707713134
006745613
112051214
077325242
062411223
027632220
003211575
071232122
014311217
124621123
123756343
647644740

101110101
000122211

- 1 - - -
~
—

2002222
102122)
0021112
0000212
010002210
0002221
001221
0020111
001220210
0211121
101010222
002111220

002022222.

002212101
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673422005
004423211
002651440
057441475
052214634
006666454
101430743
605356231
404712313
014725261
101513346
607552301
301241253
501636507

576512437
606051712
600022252
600035204
000276513
222222222
510751767
210366162
570456374
222222222
050425517
011132332
045021265
000623517

222222222
010226752
057041425
204433441
701730300
704576272
005647372
000511271
015362470
002237204

001267323

060514534
134225451
071743777
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Table 5. Improvement rate of RRCS

(%)

Standard Min. of time Max. of Veh. km Max. of volume -

Pricing Without  With | Without ~ With | Without  With
Set Time

1 7.05 1.68 2.88 091 0.40 1.32 0.54
7:10 8.09 9.72 375 0.88] 4.11 0.67
7:15 11.84 12.58, 1.50 -3.81 6.48 0.51
2 7.05 212 2.3 1.94 0.18 1.02 0.44
7:10 873 8.03 447 142 1.93 £.10
7:15 11.62 12.33 5.61 -3.25 043 -3.87
3 7.05 6.38 243 1.19 0.38 0.63 0.10
7:10 6.93 9.00! 3.75 1.15 237 .88
145 12.61 10.57 0.86 -4.18 2.38 -3.63

results from short time intervals of ramp control, but long time intervals cannot be chosen
because the concept of this control method does not permit the selection of long time
intervals. But it is insufficient to use the objective function which only uses the traffic
variables of freeway, so a new objective function which uses not only the traffic variables of
freeway but that of arterial roads may be considered.

It could be considered that the effectiveness of RRCS using GA is partially confirmed by the
results of some calculation. Also, it was confirmed that the possibility of elimination was
mitigated by the implementation of peak load pricing. But if algorithm is improved, other
options can be implemented. For example, there is a possibility that each booth can choose
different options at same on-ramp. When there are two booths at some on-ramp, and peak
load pricing is implemented at one of booths and the other is closed, drivers who don’t want
to pay high toll can wait until it becomes more advantageous for them. It will be possible to
construct such system by applying GA.

5. CONCLUSION OF THIS STUDY AND THE POSSIBILITY TO APPLY REAL-
TIME RAMP CONTROL SYSTEM IN ASIAN COUNTRIES

In this study, a real-time ramp control system which evaluates the effects of various ramp
control options are constructed by the application of GA, and its effectiveness is confirmed in
spite of the insufficient repeatability of traffic simulation model. Peak load pricing is applied
as ramp control option and its role, mitigation of the possibility of elimination of freeway use,
is confirmed. But there are still things which are improved as follows.

(1)In terms of modeling, repeatability of traffic simulation model in long periods in
congested situation should be improved in order to evaluate the effects of ramp control
in period longer than 1 hour.

(2)In this study, K-V, Q-V and Q-K curve are considered uniform in each line. But these
may depend on geometric condition such as lane width, so segments should have
different curves.

Journal of the Eastern Asia Society for Transportation Studies, Vol.1, No.3, Autumn, 1995



1102 Shigeru MORICHI and Tetsuo SHIMIZU

(3)The objective of this study is to construct new ramp control system, in which on-ramps
get as a buffer in order to mitigate congestion in arterial roads, but there is no objective
function which is described by some variables of arterial road.

(4)In this study, segments are not divided into lanes. But the characteristics of traffic flow
are different among lanes, so traffic simulation model should be constructed not by
segment level but by lane level. :

(5)In this study, control option is uniform among toll booths, but these may have different
strategies in order to help drivers decide their attributes, waiting or entering with high
fare. It is easy to consider such situation if using GA.

‘Finally, the possibility that such RRCS is applied to the freeway network in developing
countries in Eastern Asia will become important in the future. The reasons are expressed as
follows:

(1)Total stock of road infrastructure is limited and congestion problem becomes serious in
these countries. In this background, the need of effective utilization of urban expressway
is essential in order to maintain economic growth. Therefore, ramp control of the urban
expressway becomes very important.

(2)In these countries, the implementation of the toll policy as demand control has large
effect on driver’s expressway use because the demand for expressway use may be very
sensitive to the change of toll level such as peak load pricing. But people are against its
implementation, so this should be combined with the implementation of usual ramp
control method. .

There are some considerations in order to apply RRCS in these countries. Firstly, the
difference in driver’s behavior may be very large because of the gap of income level, and also,
the behavior of passenger car is quite different from that of heavier vehicles or buses, such
that the segmentation of drivers and analysis of behavior for each segmentation are needed.
Finally, real-time traffic data collection system is needed in order to apply RRCS and the
installation of many traffic counters will be very important and its needs will become urgent.
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