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Abstract— Many traffic signals, intersections, and road sigs
on city roads result in waves of traffic flow. Fewe waves of
traffic flow result in less congestion and reducedfuel
consumption of vehicles. In order to ensure that &de and
commerce in future are rapid, clean, and comfortal®, it is
essential to make city traffic smooth by EcoSmart idving.
However, it is difficult to accomplish EcoSmart driving “for
the benefit of all traffic,” even if drivers can use the me-first
EcoSmart driving system. A control system that autmatically
performs EcoSmart driving for the benefit of all traffic was
designed in this study. The proposed system overces the
aforementioned obstacles by combining algorithms it
consider traffic signals, preceding vehicles, andraffic flow,
respectively. Herein, the details of the proposedoatrol system
are explained and simulation evaluations are repoed.

Keywords-text; EcoSmart driving; vehicle control; intelligent
transportation system; energy saving; platooning; intelligent
driver model.

l. INTRODUCTION

Cities with increasing or dense populations areedac
with the problem of increasing travel time betwegies and
air pollution caused by exhaust gases. Increasipglptions
in cities should be welcomed because it resultsnore
economic activity. However, this also results inavier
traffic in the city. Traffic speed is closely reddt to
economic activities. Therefore, a method to enstmeoth
traffic flow should encourage stability in order aolvance
economic activities in cities sustainably.

Conventionally, traffic flow can be made smoothgr b
focusing on incidental equipment improvements. €utly,
though, this solution does not fulfill the needsexpedite
economic activities, because the population ofegitis
rapidly increasing. For instance, in an intersectioth less
traffic, traffic can be controlled using a stopeliras a
substitute for a traffic signal. On the other hantkrsections
with heavier traffic often use traffic signals tontrol traffic.
Control using traffic signals can impede trafficttie cycle
time of the traffic signals is inappropriate. Traftisually
fluctuates depending on time zones and seasooslifstop
lines are used or if the run time of green signsishort
when the traffic is heavier, more congestion waddur and
the traffic speed would be lowered. Longer cyctaes of
red signals, in spite of less traffic, cause exgesdling and
slow traffic speed.
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Slower traffic speed not only disturbs the economic
activities, but also causes air pollution in citiéoreover,
increasing fuel consumption is a direct out-of-paickost.
The cities with lesser traffic speed than otheiesitwvould
eventually be deserted by the inhabitants, i.ergtlvould be
an outflow of the population of the cities, causthgm to
lose their economic competitiveness. In other wosdsooth
traffic flow is vital for future cities.

This study focuses on improvements in self-drivasga
next generation method to enhance traffic flow.
Improvements in self-driving can be accomplishedihyer
education. However, it is extremely difficult to ayantee
smooth traffic flow through better individual dnng
techniques. Driving techniques, which create a smtraffic
flow, require the reduction of all unnecessary
acceleration/deceleration. This requires that dsiviave less
influence from traffic signals and the precedindickes by
maintaining long vehicle-to-vehicle (V2V) distanc€&@n the
other hand, when a driver tries to create a gredfay
distance, it may become difficult for other drivets
maintain their V2V distances, because the vehictesemes
more traffic capacity. In other words, to reduceegessary
acceleration/deceleration, a “me-first” driving @digm is
required, not one that involves driving “for thenbét of all
traffic.”

This study focuses on a driving system for the fieag
all traffic by vehicle control. The vehicle contqfmoposed in
this study solves two issues: reduction of unnecgss
acceleration/deceleration and saving traffic capacrhe
proposed driving control for city traffic is calldecoSmart
driving control, because it saves energy by reducin
unnecessary acceleration/deceleration.

The EcoSmart driving control proposed in this study
considers traffic conditions that reduce unnecgssar
acceleration/deceleration and traffic flow based on
platooning control, which saves traffic capacitigufe 1 is a
representation of the concept of EcoSmart drivimgtrol.

Many studies in which energy was saved by reducing
unnecessary acceleration/deceleration were coral(itt8].

A driving control system that saves energy by sgvi
optimization problems using model predictive cohtnas
also produced [4]. In these studies, driving cdntm@s
achieved by considering the preceding vehiclesffidra
signals, and fuel consumption characteristics efwéhicle.
The vehicle controls proposed in these studiesnmsdirst
EcoSmart driving. Hence, these systems are obyiousl
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different from that in this study in that they awat EcoSmart
driving systems for the benefit of all traffic.

Devices and Technologies

IDM is suitable for comparative evaluation with Bcoart
driving control.

The EcoSmart driving control proposed in this study EcoSmart driving control based on an IDM incorpesat

aims at EcoSmart driving for the benefit of allffia by
combining me-first EcoSmart driving and platoonaaptrol.
The platooning control is used to clear congestieduce
drivers’ load, and save energy mainly for expresswa
Various methods for platooning control have beeppsed
[5-9]. Generally, the shorter the maintained V2\étalce,
the greater the efficiency, in terms of clearinggestion and
saving energy. Thus, in recent years, control teldyies to
maintain a few meters of V2V distance even in dgvat
high velocity were developed, e.g., California Rers for
Advanced Transportation Technology (PATH) in Amayic
Safe Road Train for the Environment (SARTRE) indp,
and Energy ITS in Japan.

The proposed EcoSmart driving control saves traffic

capacity by following the nearest preceding vehiglth a
short V2V distance using platooning control, assigrthe
driver of the nearest preceding vehicle is drivingth
consideration of the traffic signals and precediedicles.
The proposed EcoSmart driving control can switck th
consideration for traffic conditions and platooniogntrol.
Thus, the driving control accomplishes both a rmartfgir
V2V distance that is not influenced by the precgdiahicle,
which unnecessarily accelerates/decelerates, aed saffic
capacity.

In this paper, details of the EcoSmart driving coindre
explained and simulation evaluations are reported.

EcoSmart

Driving Control V-to-X Communications

~ Roadside Sensor

On-vehicle Sens

T T
Platoon Control Considaration for Traffic Signals
and Preceding Vehicles

|Saving Traffic Capacity | Saving Energy Consumqtion

Figure 1. Concept of Proposed EcoSmart Driving Control.

Il.  ECOSMART DRIVING CONTROL FORCITY TRAFFIC

This section describes the details of the proposedehicle

EcoSmart driving control system. In addition, thesign
approach for the EcoSmart driving control and
formulation are explained. Herein, the EcoSmarvidgi
control is formulated not as an actual driving coltout for
simulation and evaluation of traffic flow. EcoSmdriving
control for actual driving requires several kindsfeedback
controls in addition to the equations in this pap€he
feedback controls are not explained in this papecause
their design is not within the focus of this study.

The EcoSmart driving control formulated in thisdstus
based on an intelligent driver model (IDM). An IDM
simulates driving behaviors of an ordinary driver,
considering the preceding vehicles and the traffjoals. An
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itScommunication.

free road behavior, vehicle consideration behaviatfic
signal consideration behavior, and platooning biav

A. FreeRoad Behavior

The free road behavior simulates driving in a situne
with no traffic signals and no preceding vehicldhe
equation to calculate target acceleration for fread
behavior is shown below:

@)

where v,

behavior, v is velocity of the vehicley; represents the

fixed target velocity of the driverm is a model parameter
of acceleration with efficient fuel consumptiondad is a
model parameter of acceleration exponent.

In a general approach, fuel consumption charatitesis
of the vehicle are considered in order to accorhplis
EcoSmart driving control, where no signals and othe
vehicles are on the road. This study does not denghe
fuel consumption characteristics of the vehicle fao
reasons: one is that it would result in me-firso&mart
driving, and the other is that the optimization kjem of
consideration of fuel consumption characteristiéstie
vehicle explosively increases calculation costsheftraffic
flow simulator.

If no traffic signals and other vehicles are on thad, a
driving style that minimizes fuel consumption oéthehicle
will also minimize fuel consumption of all the tfiaf
However, if there are vehicles following the colied
vehicle, and if the fuel consumption charactersst these
vehicles are largely different from those of thentcolled
vehicle, their fuel consumption would increase. ¢&non
city roads where several vehicles are operatirg difving
style that considers the fuel consumption charisties of
the vehicle is the me-first EcoSmart driving style.

For the benefit of all the traffic, the average Ifue
consumption characteristics of the vehicles on tbad
should be primarily considered, rather than thotehe
itself. It is desirable that the averageelfu
consumption characteristics be calculated using V2V
However, on normal city streets,
consideration of the preceding vehicles and tradfignals
reduces fuel consumption far more than focusingfuai
consumption characteristics of the engine. Thuhigmstudy,
each model parameter of the free road behavicgtisosthe
average value of the fuel consumption of the ergyiok
ordinary vehicles, and online changes of the cheriatics
are not made.

B. Vehicle Consideration Behavior

The vehicle consideration behavior simulates dgvima
situation with preceding vehicles. Equations tachkte the

is the target acceleration for free road
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target acceleration for the vehicle consideratiehdvior are
shown in (2) and (3):

5
1_[ v J v=v ()
. v ¢ e _ @)
t_f B
dt . Sf*(v, AVf_min) i (V>V )
f tf
VAT _min

St ’ (v, Avy _min): Sg + ma{o, (VT +

o
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transferred to the vehicle with amplification, thuke
following control should not be applied for EcoStrdniving.
The proposed vehicle consideration behavior
EcoSmart driving control deals the V2V distancewaen
the vehicle and the preceding vehicle as margin
ecological driving. This control never allows aeration to
higher velocity than that of the preceding vehiciesthe
same lane. Driving at a higher velocity than thecpding
vehicle not only spoils the margin of V2V distanfe
ecological driving, but also vyields unnecessary
acceleration/deceleration. On the other hand, pfexeding
vehicle driving at a lower speed than the vehicleerges,
the vehicle consumes its V2V distance for ecoldgicaing,

of

for

where s, is a model parameter, which determines theusing most of its ecological means (e.g., reduduel
minimum desired gap. This behavior does not make thConSumption and using regenerative braking) acegrdo

V2V distance shorter thas, . s is the V2V distance
between the vehicle and the nearest precedingleghithe

same laneT is a model parameter that determines the

desired time headwayb is a model parameter that
determines the comfortable braking deceleration., is

the minimum velocity of the preceding vehicleshie same
lane, which can be observed using the vehicle's@en
Figure 2 shows an example calculatwng ., . Figure

2-A shows an example of a vehicle, whose speef le18h,
but its driver's desired speed is 60 km/h. The clehi
observes vehicle A, which is driving at 50 km/hidtnot

reasonable that the vehicle accelerates to moreS@&m/h.
Vi min IS thus set to 50 km/h.

Figure 2-B illustrates that the vehicle observekhicle B
in addition to the condition of Figure 2-A. Vehicl is
driving at 60 km/h. However, because vehicle Arisidg
at 50 km/h, it is not reasonable that the vehicleekerates
above 50 km/h. Theny; |, is set to 50 km/h.

Figure 2-C shows that the vehicle observed velticla
addition to the condition of Figure 2-B. Since \@iC is
driving at 40 km/h, vehicle A and B are predictedcatch
up to vehicle C, and decelerate to 40 km/h. Inroth@ds, it
is not practical for the vehicle to accelerate twrenthan 40

the vehicle consideration behavior.
30[km/h]

(Driver's Desired Vehicle A Vehicle B Vehicle C
Speed 60fkm/h)  SO[km/h] 60[km/h] 40[km/h]
£ T /T ﬁ
B wm®, oo =y — &

,,,,,,,,,,,, Calching up with Vehicle A ___eofkmihl

NS ,,,,\Nas‘e
%‘ Velocity of Vehicle A
3
>
,,,,,,,,,, Catching 4p with VEICIe Areiacity of vehicle B
R\ Waste
5 Velocity of Vehicle A
3
>
Catching up with Vehicle Asejocity of Vehicle B _Catching up
S Velocity of Vehicle A _With Véhicle C
k3]
e Velocity of Vehicle C
>

Time

— Driving with the EcoSmart Driving Control
—— Driving without the EcoSmart Driving Control

Figure 2. Consideration for Preceding Vehicles

C. Traffic Sgnal Consideration Behavior

The traffic signal consideration behavior simulates
driving where traffic signals are on the road. Hipms to

km/h. Then,v; ., is setto 40 km/h. calculate target accelerations of the traffic signa
The design approach of the EcoSmart driving, Whichcon3|derat|on behavioy_ is as follows.

considers the preceding vehicles, is that the lekidves at 3

the minimum velocity of all the preceding vehiciesthe 1- \ (v<v )

same lane. A vehicle control that considers theqatimg dv Vi s s

vehicles is generally a following control such asaglaptive y, = ts - - (@)

cruise control (ACC). However, if the V2V distance - dt v )\

increases, the following control ignores the ecicialg min - 1—( ts] v Vs safe (v>vt f)

driving, in order to maintain its target V2V distan Also, v - -

the following control is not directly EcoSmart drig, ) i

because the control transfers unnecessary dv i (S|gnal|sgreer)

acceleration/deceleration of the preceding vehtdethe Vo oo = s_safe _ Se (v) _ ) . (5)

vehicle. Especially, in the following control of AL of S-se dt R (signalisred)

which the string stability is not fulfilled, unnessary s

acceleration/deceleration of the preceding vehidte
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Se (V) =St ma{o, [vT + Z@H ;

wherev, o determines a limit acceleration in order to

stop safely in case the preceding traffic signaladow or
red.v; ¢ is the target velocity to drive in accordance with

the timing of green light of the traffic signals,ithv no
unnecessary acceleration/deceleration. Here, tladfictr
signals are observed using sensors on the vehickdao
communication.

Figure 3 illustrates examples calculating . Figure 3-

(6)

A shows an example of the vehicle, which is drivatg30
km/h but the driver’s desired speed is 60 km/h. Téleicle
observes signal A. First, the vehicle estimatesattia/ing
time at signal A. The vehicle has light timing d&gasignal
A; it is not reasonable that the vehicle acceler&ehigher
speed allowing the vehicle to arrive at signal Aobe its
timing of green light. Thus, the target arrival ¢irat signal
A is set to just after signal A turns to green. Thg ¢ is

calculated from characteristics of the free roaadaer and
the vehicle consideration behavior.

Figure 3-B illustrates that the vehicle observephai B
in addition to the conditions of Figure 3-A. Thehiae
estimates the arrival time at signal B. As the glehhas the
light timing data of signal B, it is not rationarfthe vehicle
to accelerate to higher velocity making the vehaiéves at
signal A before its timing of green light. Thusettargeted
arrival time at signals A and B is set to just mfignals A
and B turn green, respectively. Then . is calculated from

characteristics of both the free road behaviortardrehicle
consideration behavior.

Figure 3-C shows that the vehicle observed signal C
addition to the conditions of Figure 3-B. The véhic
estimates the arrival time at signal C, from thrgeaarrival
time at signals A and B, calculated in Figure 3A3. the
vehicle has the light timing data of signal C, dng at
signals A and B at their target arrival times cause
unnecessary acceleration/deceleration of the \ehihus
the target arrival times of signals A and B isteeany time
in the green light period of each signal, and #rget arrival
time of signal C is set to just after it turns gre€henv,

is calculated from characteristics of the free rbatiavior
and the vehicle consideration behavior.

Figure 3-D shows that the vehicle observed signat D
addition to the conditions of Figure 3-C. The véhic
estimates the arrival time at signal D, from thgéa arrival
time at signal C, calculated in Figure 3-C. As\kaicle has
the light timing data of signal D, arriving at s&rC at its
target arrival time causes
acceleration/deceleration of the vehicle. Alsothié target
arrival time at signal C is set to just beforeutrs red, a
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deceleration is also needed in order to pass ¢fmalsD just
after signal D turns green. Thus, the target artivaes of
signals A and B are set to any time during gregit [phase
of each signal, and the target arrival time of algd is set
to just before it turns yellow. Thew , is calculated from

characteristics of the free road behavior and thbicle
consideration behavior.

If the aforementioned process is calculated wittatied
information of the preceding vehicles and the iredfgnals,
the vehicle can drive reducing unnecessary
acceleration/deceleration. As it would cause act&ldo
pass traffic signals during color transition, theget arriving
time should consider of safety margin.

30[km/h]

L ) Signal A Signal B Signal C Signal D
(Driver's Desired Y Yy Y )
Speed 60[km/h])

VAN
%"-% L) Yy L) &)
777777 1 60[km/h]
60[km/h]

eful fuel consumption

/—\J Wasteful fuel consumptio?

X
— Driving with the EcoSmart Driving Control
—— Driving without the EcoSmart Driving Control
= Timing of Red (and Yellow) signal

,,,,, 60[km/h]

60[km/h]

Velocity @ Velocity H Velocity ﬂ Velocity

Figure 3. Consideration for Traffic Signals

D. Platooning Behavior

The platooning behavior simulates a driving conoditi
where the preceding vehicles are driving under Bw®
driving control. The equation to calculate targetederation
of the platooning behaviok; |, is shown below:

(NOT EcoSmar)
EcoSmart& s, <s; )’

_ th_p )

- dt - {\h

_p
where v, is current target acceleration of the nearest
preceding vehicles, , is the target V2V distance of the

(@)

Vi

unnecessaryplatooning control.

In addition to the equation, in case the nearestquing
vehicle is driving under EcoSmart driving contralchange
is added to the vehicle consideration behavior. The
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equations to calculate; ., of the vehicle consideration
behavior are altered as shown below:

(vsv)

@

. 2
St (v, Av; _min)
bl o)
sf*(V' AVf _min) = S_ p + ma{o, (2\/%]} (3)’

These equations enable a narrow V2V distanc
necessary to execute the platoon behavior.

The platooning behavior simulates the platoonin
control, which maintains V2V distances at a constafue,
by setting the acceleration of the vehicle to maitett of the
nearest preceding vehicle.

When a vehicle group is formed, with each vehicidar
EcoSmart control, only the lead vehicle considesdfit
conditions, and the following vehicles exhibit planing
behavior. In this way, the traffic capacity consuantey the
lead vehicle can be compensated for. In additibrthe
percentage of vehicles under EcoSmart driving obntr
increases in a lane, the average traffic capacitgemption
per vehicle decreases compared to the situatioh wndt
vehicles under EcoSmart control driving in the lddence,
EcoSmart driving control would clear traffic contes.
With the traffic congestion cleared, the efficienaf the
traffic condition considerations, performed by thead
vehicle of the group under EcoSmart control, isased.
Thus, more ecological driving is achieved. In othards,
EcoSmart Driving control proposed in this paper flaas
possibility to generate an ecological progression.

E.

Integration of the Behaviors

A target acceleration
accelerations calculated for the aforementionedatiels.
The equation to calculate the final target accéteray, is as

follows:

v=minly_, Y, V_| ®)
The final target acceleratioy is set to the minimum

value of the target accelerations of all the bebravi

In this study, the proposed EcoSmart driving cdngo
evaluated using a traffic flow simulator. In thensiator, the
statuses of all the simulated vehicles are detexthin
according to the equations as follows.

vit+At) = v(t)+vAt (9)

Xt +t)= x(t)+v(t)At+%\’/(At)2, (10)
s (t+at)=x (t+4at)-x{t+at)-L,, (11)
so(t+At) = x4 (t +At) - x(t +At), (12)

where At is a calculation interval of vehicles modeled in
the traffic flow simulation.s; and s are V2V distances

is selected from the targe

between the vehicle and the preceding traffic signal,
respectively.x, , X5, and x represent the positions of the

nearest preceding vehicle, the preceding signal, and the
vehicle, respectively.L, is the length of the nearest

preceding vehicle.

lll.  SIMULATION EVALUATION

In this study, the aforementioned EcoSmart driving
control was evaluated using a traffic flow simulatohisT
paper reports the following four simulation condition
evaluations and results: a) evaluation of the effigiesfche

ehicle consideration, b) evaluation of the efficiencyhaf t
raffic signal consideration, c) evaluation of plateani
havior, and d) evaluation of the efficiency of the \@ho

e
gtI;coSmart driving control.

Simulation conditions, except for evaluation on the
efficiency of the whole EcoSmart driving control, are
evaluated in the simulator, which simulates a straightd
with an infinite length. Only the evaluation on théaéncy
of the whole EcoSmart driving control is simulatedtlie
ring road, which is 2 km per lap. These roads have aye-w
traffic, single-lane, and flat. There is no inflow/botv of
vehicles anywhere on the roads. The traffic signal iposis
stable.

The vehicle model in the traffic flow simulator has each
vehicle under EcoSmart driving control or vehicle wéth
IDM. The model parameters of the EcoSmart driving céntro
and IDM are set to the common values for the vehiélés.
the vehicles have the same fuel consumption charaicteris
map, which simulates a D-segment car equipped with a 150
kW reciprocating engine. The fuel consumption per interval
is calculated based on the map.

A. Evaluation of Efficiency of the Vehicles Consideration

In this evaluation, three vehicles drive in order ofBA,
fand C on the road. Vehicle A drives at 40 km/h of ahiti
velocity, and at 40 km/h of target velocity, with #DM.
Vehicle B drives at 50 km/h of initial velocity, arsd 50
km/h of target velocity, with an IDM. Vehicle C drivas50
km/h of initial velocity, and at 60 km/h of target veily.
Vehicle C is driven with an IDM and, for comparative
evaluation, under EcoSmart driving control. The aiti
position of the vehicles have vehicle B at 200 m guléwy
vehicle C, and vehicle A is 400 m ahead of vehicl&l@zre
are no traffic signals are on the road.

Figure 4 shows the fuel consumption and velocity of
vehicle C plotted against mileage. The result shithas the
proposed EcoSmart control targets the velocity of vehicle A
and starts to decelerate by running on inertia earlynotiis
way, vehicle C reduces unnecessary acceleration anltsresu
in improved overall fuel efficiency.

The results reveal that the vehicle consideration in
EcoSmart driving control yields a reduction in unneagssa
acceleration/deceleration and that leads to a reduictifurel
consumption.

between the vehicle and the nearest preceding vehicle, and
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70 T vehicle A is 30 km/h, and the target velocity is 60/,
% 60 |..EcoSmart Driving Control driving with an IDM. The initial velocities of vehicle& and
g \'\ C are 30 km/h, and the target velocities are 60 kduiing
250 =TT under EcoSmart driving control. The initial statetaf signal
é 40 1"'—-—-—._.Xg is a red light, and it turns to green after 35 s. Trtikal
> IDM position of the vehicles is as follows: vehicle B280 m
g %0 ahead of vehicle C and vehicle A is 400 m ahead dtleh
= C. The signal is 700 m ahead of vehicle C at the Stae.
Ex _ EcoSmart driving control is shared the light timingtloe
23 R traffic signal.
og - Figure 6 shows a graph of the velocities and control
E — - states of vehicles B and C plotted against mileage.r&sult
* —— shows that vehicle A decelerates and stops because ad
0 500 1000 1500 light, and then vehicle B decelerates. Also, vehicle C

Travel Distance [m] approaches vehicle B in accordance with the timing of

vehicle B’s deceleration, and then the platooning corigrol
Figure 4. Simulation Result enabled. In addition, when vehicle B accelerates, \elcl
follows at the same velocity.
The result shows that platooning behavior in EcoSmart

B. Evaluation of Efficiency of the Traffic Sgnal ) \ )
driving control precisely reproduces the platooning control

Consideration

This evaluation consists of a vehicle and a traffic align = 28 Vehicle C
The initial velocity of the vehicle is 30 km/h, ariwettarget E 50 v T2 SEIL 4 P
velocity is 60 km/h. For comparative evaluation, the vehicl 5 40 [>= o
drives with an IDM and under EcoSmart driving control. The g 28 VEhicle B 1/
signal is initially red, and it turns green after 39se signal 2 10 |
is 300 m ahead of the vehicle at the start time. EcoSmart 0 Platoon is Enabled
driving control is shared the light timing of the tiafignal. = 200 \
Figure 5 shows the resultant fuel consumption and ‘g 150
velocity of vehicle C plotted against mileage. The result § \\
show that EcoSmart driving control considers the turning @ 100 \
timing of the signal, and gently accelerates in order to no 2 50 <
decelerate at a red light. In this way, the vehieduces N 0
unnecessary acceleration and results in improved oYeedl 0 20 40 60 80
efficiency. Travel Distance [m]

The results demonstrate that the traffic signal
consideration in EcoSmart driving control yields a reduncti

of unnecessary acceleration/deceleration, which |¢éads
reduction in fuel consumption. D. Evaluation of Efficiency of the Whole EcoSmart

70 Driving Control

Figure 6. Simulation Result

EcoSmart Driving Control | Traffic Sidjnal

= gg = This evaluation simulates a ring road, which is 2 len p
= 40 N e lap. There are 50 vehicles every 100 m, and 10 trsifficals
230 '—'—'—‘-.'l."-'—\\—'// every 500 m on the road. The initial velocities of &k t
220 DM \ vehicles are 0 km/h, with target velocities of 60 kn30%
> 18 of the vehicles are under EcoSmart driving controfl tre
5 remaining 70% are driving with an IDM. The decision of
‘é which control is applied to each vehicle is determine
2 E _ randomly in each experimental run. The light timingttod
5= > traffic signals is set in normal random numbers inheac
oS i experiment, based on statistical information of lighting
L% —_ = of traffic signals on average city roads in Japan. An
EcoSmart driving control system can obtain the veloof
0 100 Traz\,%? Distangg([)m] 400 500 preceding vehicles up to 400 m ahead and the ligimdiof
) ) ) the preceding three traffic signals. An experimental Bin i
Figure 5. Simulation Result completed with all the vehicles covering 10 km, ahd t
experiment is repeated 100 times. The average fuel
C. Evaluation of Platooning Behavior consumptions and the average velocities are recorded in

This evaluation consists of three vehicles driving ireord €Very test. For comparative evaluation, EcoSmart rgivi
of A, B, and C and a traffic signal. The initial velgcibf
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control can switch,
behavior.

velocity and fuel consumption for all traffic. The dtuation
percentage is calculated in as follows; the valualbthe
traffic, with no vehicles under EcoSmart driving contisl,
divided into that of the value where vehicles undes&nart
driving control are driving on the road. The resultvgfthat
both EcoSmart driving control without platooning aelor  [1]
and EcoSmart driving control with platooning behavior
reduce fuel consumption for all the traffic. However, the
platooning behavior also reduces the average trafficipglo [2]
of all the traffic. That is mainly because EcoSmaiviag
control without platooning behavior reduced fuel
consumption by decreasing the traffic velocity. Ihest |3
words, if the percentage of EcoSmart driving contrichout
platooning behavior increases, traffic congestion ddug
generated, and that influences all traffic. [4]
The results show that the EcoSmart driving control
proposed in this study reduces fuel consumption othell
traffic, saving traffic capacity, and that the control perfs [
with higher efficiency than other vehicle controls in reth
studies.

— < (6]
9 =5
> — c _
=g -1 9
8 = [7]
37 = s I
> ?
o 6 1 5
gs B S T e I s [8]
5 =
[}

z4 e I 0 R I
S 3 ] =
= 5 [o]
g2 1 &1 for] o] ]
-
(8] =
20 So

WITH WITHOUT & WITH WITHOUT

Platoon Platoon Platoon Platoon

Behavior  Behavior Behavior  Behavior

Figure 7. Simulation Result

IV. CONCLUSION AND FUTURE WORK

In this study, we developed EcoSmart driving control in
order to enhance the efficiency of city traffic.

First, the importance of efficiency of city traffic future
cities is explained. Driving needs to be improvedriteo for
the efficiency of city traffic in future cities to be enkad.
This requires a driving control system. The relatedlietu
would negatively influence traffic flow.

Then, the details of EcoSmart driving control proposed i
this study are described. EcoSmart driving control istef
the free road behavior, vehicle consideration behather,
traffic signal consideration behavior, and platooning
behavior. Each behavior is formulated, and the objedtive
explained.

Next, a simulation evaluation of EcoSmart driving
control is reported. Evaluations are conducted basedeon th
following conditions: a) efficiency of vehicle considéoa,

b) efficiency of traffic signal consideration, c) plating
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i.e., enable/disable, the platapninbehavior, and d) efficiency of the whole EcoSmart driving
control system. All the evaluation

Figure 7 shows the fluctuation percentage of averagecoSmart driving control can reduce fuel consumption in
traffic while saving traffic capacity.
Our
application to actual vehicles, and on driving evaluation

future work is on system development for
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