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Abstract: The necessity of the development of driving assistance functions at merging section
based on information iechnoloeies is-recognized as the key methods to achieve safer, more
efficient and more comfortable?riving conditions. The obje-ctive of the study is to understand
the relationship a.mong driving operation, vehicle movement and circumstances in
experimental informati6n systein at merging.- sections of expressway and to give
reiommendations towards the development afi-d implementation of the system. Several
analyses of driver's behavior with ahd without inlormation are conducted though the
exp6riment of information system at merging section.
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I.INTRODUCTION

The merpins sections of urban exDressway in Japan such as the Metropolitan Expressway
(MEX) h"avi serious problems for iheir safety. effrciency and comfortability because of the^

insuffi'cient seometrii desien condition. the ihcrease of traffic flow rate and the progress ol'
vehicle oerf6rmance. The lmprovement of geometric design is difficult because of space

constraiit in denselv developed urban area. Therefore, the necessity of the development of
drivins assistance functions ht merging section is recognized as the key methods to achieve
safer, inore efficient and more comfortable driving conditions there.

Jaoanese sovemment alreadv started the research and development of Advanced and cruise

-aiiist Hi"shwav Svstem feFtS) to achieve much safer drivini condition at intersections and
fink- 7 miior funitions <if efts are proposed to reduce the nlmber of fatal accidents in the

firit phase 6f implementation. The AIIS functions for merging section is now classified as key
oUjedtiues in thri second phase whose deployment object'ive is the achievement of safe and

effi cient driving condition.

The microscooic traffic flow simulation model is required to analyze the effect of such
assistant svsteirs on traffic flow at merging section. However we nevei have simulation model
itiiican i'xoress the driver's behavior-un-der such systems. In addition, previous simulation
models at mersine section (includine weaving section and work zone) simplify the processes
of mersins beh'avior k.s.. Z:arean an{Nemeth] 1990, Mousa et ql, 1992, Nakamura et al, 199).1,

kita afia"garada, tgg5, Ucnivama, 1999). This results in the inability of.expression.of
comolicated Drocesses of merdins behavioi in detail. An experiment of driving at merging
section was cbnducted in the ireiious studv to grasp the chaiacteristics of merging behavior
bv microscopic views, and we understood ihe rElatibnship among driving operation, vehicle
niovement aird circumstances in detail (Shimizu and Yamada. 2000). The successive study is
required especially for such relationship under the assistant systems.
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The objective of the study is to.understand the relationship among driving operation, vehicle
movement and circumstances in experimental informatiirn systdm at riergine seitions of
expressway aq4 to give recommenditions towards the development and im"plimentation of
such system. The effect of information system at merging seciions on drivei's behaviors is
supposed in Chapter 2. The field experiment of inforinaiion system at mercins sections is
introduced in Chapter 3. Several ana[yses of driver's behavior with and with-out-information
are conducted in Chapter 4. The attendant's acceptance of information systems is introduced
also in Chapter 4. Sev-eral conclusions are given iri Chapter 5.

2.CONSIDERATIONS OF DECISION PROCESSES OF DRIVER'S BEHAVIOR
UNDER THE INFORMATION SYSTEMS AT MERGING SECTION

We assume that the merging section can be divided into three sections, approach section,
advancing give-way sectiori and lane change section (Figure I ) consideiihg the driving
circumstance and lane. At typical merging sections of the MEX. drivers in apploach sectioi
cannot see the status oftraffic flow ofadvancing give-way section and driveis in advancing
give-way section also cannot see the status of trafffc-flow iri approach way.

The. decision processes of merging behavior are,considered as Figure 2 in this study. Driver
decides his/hei speed to enter into merging section to merge smo-other and safer taking into
account his/her diivine skill, and the recbg;'ized seometric dondition and status of traffic"flow
of facing merging seciion. Driver also ta[es into-account the information about the status of
traffic flow on outer lane (or lane connected with merging lane). Driver realizes the status of
traffic flow on outer lane and forecasts the movement oTrelated vehicles repeatedly as soon as
vehicle enters into lane change section. Driver finally decides to merge idto appiopriate gap
after the mutual decision makTng with driver in related vehicle on outer"lane.

The decision processes ofbehavior ofvehicle running in outer lane are considered as Figure 2
as the same iranner as last parasraph. Driver decidEs whether he/she chanses lane to"inner
lane in advance to avoid any co-nflict with merging vehicle or not taking Jnto account the
recognized frequency of meiging vehicle and his/h-er desired speed. Driv"er also takes into
account the information abouf the status of traffic flow on mersins lane. Driver realizes the
status of traffic flow on merging lane and forecasts the mo=veirent of merging vehicle

2)advancinq oive-wav sectioe 3)Lane chanqe section

Figure l. Considered sections at merging area

Figure 2. Decision processes of merging traffic
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repeatedly as soon as vehicle enters into lane change section. Driver finally decides whether
heTshe chlanges lane or makes gap in front or not.

3. EXPERIMENT OF INFORMATION SYSTEMS AT MERGING SECTIONS

3.1 Outline of the Experiment

We conduct the experiment of information system at actual merging sections. The outline is
shown in Table l.'Two survey vehicles thaf can collect data oI ve-hicle movement such as
speed, headway and so on. and'data ofdriver's operation such as acceleration, break, handling
ahd so on in every 0. I second are used (Figure 3). The video images to captue the driver's
face and the movement of surrounding vehicles are also obtained. Besides, video image of
merging sections is recorded from the roof ol roadside building to make time-space data of
sun6un?ing vehicles. l0 drivers with different driving experienles such as drivirig frequency
and licensing years (no professional drivers) attend this experiment. Every driver rides on
survey vehicle and passes focused merging sections repeatedly for both merging vehicle and
vehicle on lanc connected to merging lane. The questionnaire survey is conducted just after
the experiment.

Three merging sections with different geometry and demand condition are selected as Figure 4.
All sites h"avi flat straight advancing*give-'*ay section and lane change section. App-roach
section of Higashi-ikebukuro is downward slope. that of Katsushima is upward slope and that
ol Yokohama"Machida is flat. The length of aiccleration lane of Yokohaina Machida is about
200m, while that of Higashi-ikebukuro and Katsushima is less than 50m. The flow rates of
approach section are aieragely 160 veh/h (Higashi-ikebukuro),60 veh/h (Katsushima) and
7bb veh/h (Yokohama Vachiaa) during survel-tinte from 9 a.m. to 5 p.m..The flow rates of

Table l. Outline of the experiment

Date Seo. 20 to Sep. 29,2000

Sites
1)Hiqashi-ikebukuro, Line 5 of Metropolitan Expressway
2)Katsushima, Line 1 of Metropolitan Expressway
3)Yokomhama Machida, Tomei Expressway

Used devices Survev vehicles, Cellar Dhones, DV cameras

Contents
1)Meroinq behavior with and without information
2)Give-wav behavior with and without information

Attendants 10 (male, aqed from 21 to 33)

Obtained data

1)Vehicle movement data (speed, headwav,.
2)Driver's operation datg (acceleration, break, handle,...)
:)tteart beat data (onlv for merqinq vehicle)
AIn-veh'rcleVdeo image (driver's face, surroundinq vehicles)
S)Video imaqe of merqinq section
6)Evaluation of information syste111

Figure 3. ln-vehicle data collection system
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Yokohama Machida

Figure 4. Geometric conditions of survey sites

Table-2. Service contents of experimental information
Sort Contents

Existence "No encounter"
"Encounter"

Position
"No encounter"
"Qg6ipq pggl-"

"XXX(m) behind (ahead)

Recommendation
"Decrease soeed" (onlv for meroino)

"KeeD sDeed"
"Lane chanqe" (only for oive-wav)

advancing give-way section are averagely I 800 veMh (Higashi-ikebukuro), 2000 veh/h
(Katsushima) and2200 veh,h (Yokohama Machida). Operatine-speeds of advancins give-way
section are averagely 7Okmni (Higashi-ikebukuro). gO l(m/fi (Katsushima) and"tbO tm/r
(Yokohama Machidai.

3.2 Outline of Information System in the Experiment

We consider three types of information siven to drivers for both mersins vehicle and vehicle
on lane connected io merging lane. Thi service contents examinedin-this experiment are
shown in Table 2. "Existenie'rinformation is considered to be easiest service botli for supplier
and driver using simple vehicle detection devices. "Position" information is considered-tb be
more difficult to understand and judge but more valuable for drivers. "Recommendation"
information is considered to be most valuable one if information system is highly reliable for
drivers, however system requires the forecast of vehicle movement.'
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(1) confirm the vehicle's
position and behavior

Timino of Information

______ i (5 second hefqre viEgJe line[

line

(2) give information through
cellar phone

Information Center
(Rmf of building)

Figure 5. Outline of manual information system

We use hands-free cellar phones for primitive information system at focused merging section
like Fisure 5. The ooerator at control center "detects" the status ofrelated vehicles manually
and "glves" some in'formation to driver though cellar phone using the algorithm in Figure 5.
The operator gives information 5 seconds before vehicle will arrive at the beginning of lane
changb sectioil taking into account required reaction time to the informationlDrivdr knows
what kind of information he/she can get previously.

4. ANALYSES OF THE EFFECT OF INFORMATION AT MERGING SECTIONS

4.I The Effect on Running Speed in Approach Section

Table 3 shows the differences ofaverage running speed and its standard deviation in the end
of aonroach section at Hisashi-ikebukur-o. We haie hypothesis that the usage of information is

diff6ient by driver's skill"and driver's reliability towaril information. Averd'ge driving speed is
resarded ai one of the indicator of driver's skill. Table 3(a) shows that driver with higher
ruinins speed in approach section tends to drive at higher speed when he/she knows that
informitirjn is giveh. whereas driver with lower running gpeed te.nd9 to drives at the same

soeed as "withoiut information" case. In addition, the standard deviation in the case of "with
iirformation" for driver with hieher speed becomcs smaller than in the case of "without
information". This indicates that-driver'who has better driving skill will try to merge in better
condition with information. Table 3(b) shows that driver who feels information system
reliable tends to drive at higher spee<i. This indicates that reliable information system will
assist drivers to merge in better condition.

The runnins speed is affected by repeated driving because driver continues to drive though the

mireins seEti6n for over l0 tinies in the experirient. Table 4 shows the difference of averag-e^

soee"d aid standard deviation in the end ofabproach section between first halfand second half
o?eiperiment hours. We can understand thdt'information affects lesser when driver gets used

to this system.

4.2 The Effect on Merging Behavior

We analvze real effect of information on acceleration and break operations firstly. Figure 7
shows tlie comparison of time series driving operation and vehicle behavior with and without
information in'the case of independent me-rging (means no vehicle runs on outer lane near
mereins section) by same driv'er at Higash-i-i[ebukuro. We call such figure as."Driver's
Oojration and Vehicle Movement Diaeiam". Time passed 0(s) expresses the time when
m'ersins vehicle can see the status of outEr lane firstly. Information "No encounter" is given at
time--d.9(s) when driver cannot see the outer lane.- We can understand that driver can stop
L.rt inn oiritker and start acceleratinq quicker to merge into outer lane when information is
siven.fuh that driver can :iccelerate Imbother with th6 information. This result indicates that
information system will possibly helps drivers drive smoother at merging section.
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"No encounter" = If no vehicle is between L2 and L3
"Encounter" = If more than 1 vehicle is between L2 and L3

"No encounter" = If no vehicle is between L2 and L3
"Coming near" = If more than 1 vehicle is between L2 O and L2 1
"XXX(m) behind" is given by 20m unit

"Keep speed" = If no vehicle is between L2 and L4
"Decrease speed" = If more than 1 vehicle is between L2 and L4

a)lnformation algorithm for merging vehicle

0.5 x S1 sec.
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.+n "No encounter" = If no vehicle is between L5 and L6
"Encounter" = If more than 1 vehicle is between L5 and L6

q "No encounter" = If no vehicle is between L5 and L6
"Coming near" = If more than 1 vehicle is between L5 0 and L5 1
"XXX(m) ahead'is given by 2Om unit

A.1.rr**il; rt-'- 

-/ 

--1

"Lane change" = If more than 1 vehicle is between L5 and L6, and
no vehicle is between L4 and L7 on inner lane

"Keep speed" = else "Lane change"

b)Information algorithm for vehicle on outer lane

Figure 6. Algorithm of experimental information system

We analyze the effect of information in the case of passins merqins (means driver oasses
several gaps to merge on merging lane) next. Figure 8 shofs theioiparison of time'series
driving operation. vehicle behavior and heart bEat with and without'information bv same
driver. at Higashi-ikebukuro. We-use moving average of RR-interval value (time from last
heart beat to present heart beat) for heart beit data. It is hypothesized that driver feels some
stress when RR-interval is small in this studv. It is remarkable that driver starts brakins after
"time passed 0" when information is given aid he can choose gap to merge quickei unt?si tre
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Time passed(s)

does not reduce vehicle's speed much. This also indicates that information system will
possibly help drivers smooiher driving at merging section. It is also remarkable that
hR-int6rval 'in the case of "without informatio-n"-is much smaller than that of "with
information" when passing merging lane. This indicates that information system possibly
mitigates the stress for merging behavior.

We check the effect of information on driving operation together with data from all attendants.
Table 5 and 6 shows the effect of informaiioh on the riitigation of driving operation for
independent merging and passing merging at Higashi-ikebukuro. It is remarkable that
infoimation can r-edu-ce totaf brakiig timE significanTly in the case of independent merging.
Table 7 and 8 shows the effect of information on reaction behavior. We can understand that
information can assist driver to react quicker. These results indicate that information system
possibly helps driver behave quicker.

4.3 Attendant's Acceptarrce for Information System

We conduct questionnaire survey that asks whether the information system at merging section

Table 3. The effect of information on running speed in approach section

ifference of driver's skill

of reliance for information

Table 4. The effect ofrepeated practice

First Half Second Half
Without with Without with

Averaoe(km/h) 50.6 53.6 5t.7 52.3
Standard Deviation( km/h) 5. 85 5.26 5.55 6,56

. Speed(km/h)(lb infoamation) a AcceleraUon(o/o)(l.lo informauon)
o Speed(kn/h)(lnformation: l,loencounter) .--o-'.Acceleration(o/o)(lnformation: lrloencounter)

Figure 7. Effect on acceleration and break ofinformation (independent merging)
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Table 5. Total braking time in merging section

Independent Passinq
Without with Without with

Averaqe (sec) 2.7L 1.83 4.6L 4.L7
Standard Deviation (spc) 0.863 1.11 2.23 2.03

Table 6. Total time to watch mirror in merging section

Independent Passinq
Without with Without wirh

Averaqe (sec) 2.40 2.08 4.23 3.4t
Standard Deviation (sec) 0.551 0.681 1.81 t.70

-1 0t2
Time

r0- I- -

-5 -4 -3 -2 -1 0 | 2 3 4 5 6 7 I 9 10
Time oassed(s)

l o speeatimltrl ..

Figure8. Relationship ofdriving operation, vehicle movement and heart beat (passing merging)
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Table 7. Time to stop braking from time 0

Independent Passino
Without with Without with

Averaoe (sec) 1.34 0.594 4.44 4.94
Standard Deviation (sec) 0.888 0.725 2.59 7,86

Table 8. Time to start accelerating from time 0
Independent Passinq

Without with Without with
Averaoe (sec) 1.63 0.948 4.00 3.56

Standard Deviation (sec) 0.969 0.749 t.32 1.66

I rely on givcn inlomtioo (rerging vehicle) I rely on givc intorrution (vehide on outer t.ne)

lrlbsolutely Ag.ce OAgree lAbstain
disa

lAbsolutelyAgree OAOrer
O Sllghtly dlsagree Ct Dasagree

tl€rging becomes Safer witi rnformaUon (mergrng vehicle) X.rrin9 b.cohls 5.hr frth t^lorh.non {v.hirt. on oot.. t.n.)

Agree Abstaan lAbsolutely Agree OAgree trAbstain
OSlightly disaqree ODlsagree

I want to usc info@tion system (rcrging vchkle) I want to uge rnformatron aystefr (vehrcla on outer lane)

40% 50% 80% 100%

lAbrobt.ty A9rc. OAgrc. lAbstah
OSllghtly dis.gEa O OisagEe

!AbsolutelyAgrae trAg.ce
OSliEhtlydls.gru€ ODisaqrce

EAbstain

Figure 9. Attendant's acceptance ofexperimental information system

is useful and reliable after the experiment. Figure 9 shows the acceptance of the information
system examined in the experiment. Information system for merging vehicle is more
acceptable for driver than that for vehicle on outer lane. This reason is considered that vehicle
on outer lane has priority to pass though merging section basically and there is little initiative
to react to given information. We also understand that "Recommendation" information is not
accepted because driver never wants to entrust his/her decision to the system.

0% 20% 40% 60ryo 80% roo%
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This study focuses on the effect of information system at mergins section of urban exDresswav
in order to achieve safer, more efficient and moie comfortable diivins condition. Wd oronosi:
the primitive algorithm of information system at merging section.-A field exoerimerit of
prgposed. info.rmation system is conducted at several merging sections by manuil operation
using cellar phone.

Ttrough the experiment, we oblain several considerations as follows:

(l)Ihe driver.with better driving skill will use information given effectively, and will merge
into a gap in better condition.

(2) The ppposed information system possibly helps drivers drive smoother and reduces the
stress tor mergrng behavior.

(3)The proposed information system possibly helps drivers behave quicker.

(4) Most. of the attendants to this experiment agree the proposed information system only for
merging vehicle.

For further study. we should analyze the effect of information on traffic flow of thoush traffic
lanes including'give-way behavibr. In addition, indepth analysis with data of su#ounding
vehicles coded by image processing system is tequired to understand the effect of information
system better. Moreover, approach based on microscopic simulation is also required to make
such analysls more etllcrent.
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