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Abstract

This paper decribesthe result of a simulatiostudy abouthe effects ofgreen wave ystemon CO2
emissions Green wave systertypically controls(or give the information off he vehi cl eds
smoothtraffic flow andto improve road traffic environmernhe variousgreen wavesystem hadeen
demonstrated through the field operation tests in various reggspsnding to thexpecation of the
synergistic effecby thecollaboraton with automatedliriving andV2l communicationsThereforewe
focused on the situanh when the automated vehicles would became widely ust taad traffic in

real world, and discussed thenvironmental impactf green wave system using cewaluation tool

that combinedraffic simulation and CO2 emission model
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I ntroduction

The purpose of this study is to describeghgironmental impact of green wave system to road traffic.

In reent years, green wave systemhighly expectedto smooth road traffiand improve the
ervironment Various types of the system have been demonstrated, for example, the field operation
tests in three region&anagawa, Gunma and Aichiere practicedin Japanfrom 2014 to 2015In
addition green wave system is begging to be studied as okeydEchnologies to support automated
driving.| n gener al, green wave system controdt® (oOr
stop atthe signal intersction. The target speed mstimated using the signal timing informatiand

the distane to the signal intersectian real time.On the other handgutomated drivingsysten is
similarly needed tacontrol the acceleration and the speBuereforeit is saidthat hese two systems
havethe complementanstrength of the cooperatidn improvethe environmental of road traffitn

this study, wediscuss the effects of green wave system using the combination of traffic simulation
model and CO2 emission mogbhsed on the assumptithrat automated driving is widely used in the
future.

Evaluation Framework
To discussthe impact ofgreenwave system on CO2 emissions gvapplied an evaluation tdadf the
combination otraffic smulationmodel(TS) and CO2emissionmodel (EM) developed in Energy ITS

g
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Project(from 2008to 2013. Figure 1 shows he framework of the evaluation toolhe modeltype of

TS is mesoscopic scale modielbe able applied various types of. Therefore the interface between

TS and EMis consideredhe data passinigased orthe simplified vehicle behaviowtataconsists on

the short tripor theshort stopwith the average speed profile¥his data is named Stepwise Speed
Function (SSF)On the other hand, EM also modelled byhe statisticabpproach based on the actual
vehicl ebds behavi our docaalate GOR gmissians usimgsSERaflom. #&isi st i ¢ s
framework is verified and validatedsing our benchmark data set c ¢ o r d iGuidglines dor
Assessing the Effects of ITS on CO2 Emissiolgernational Joint Repord (IJR).

Mesoscopic scale model
TS BB Behavior(SSF)

EM CO, Emissions

Calculate ﬁ
fusl consumption P4 LA
i (drive energy)}

L}

Stastical Modelling C02
: Emissions

Speed Short Stop
e Average speed with ace
Short Trip ‘ dec., longitudinal grade, etc.

Time

Stepwise Speed Function

\_ (SSF) -

Figureli Evaluation Framework of CO2 Emissions

Modelling of Green Wave Systm

Reference Model of CO2 Impact

We propose some steps for the impact study of ITS system on CO2 emissions in JIR. thiaking
ARef erence model 0 i s t hdhe évaluatioh targetyseem The feferéenoep | e me n
model aims talescribeand to be understodde impact mechanism from the evaluation tasystem

to CO2 emissionfor everyone involvedFigure 2 shows the reference modafl green wave system

with automated ehicle.We assumed that green wave system consists on automated vehicle (AV) and
signal controller and V2| beacaend traffic sensofor two type of green wave system by signal
control optimizationo r mai nt ai ni ng. Iothis studyh wecfbocexh the serpice efd
mai nt ai ni ng qdndimgemented tbgfeen wavesysterdn TS. The model type of TS

we applied is the micro scale model named MicroAVERUE
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Figure 27 Reference Model of GreerWave Systemwith Automated Vehicle

Implementation of Green Wave System

We implemented the green wave sys{@&iV) to MicroAVENUE accordingto the reference model in
Figure2. Figure 3 showsthe image of the implemented model of green wave sySthegreen wave
system getshe signal timing pan from each signal controller anensl the signal timinghformation

to target vehicleshrough V2I beaconThe target vehiclevith GW find the possile speed to pass

though not tostop at signal intersectiorthen the vehicle maintairs the target speed baseu
decelerat®n the wo assistance options below.

-Passing Assistance:

If the vehicle carpass though without stop at theersection, the device requests the vehicle to
keepthe target speed.
-Stopping Assistance:

If the vehtle cannot pass through, tlievice requestshe vehicle to decefate earlier (no
acceleration)Figure 5 shows the demonstratio
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If the vehicle can pass though without stop at the
intersection, the device requests the vehicle to keep
the target speed.

-Stopping Assistance:

If the vehicle cannot pass through, the device requests

the vehicle to decelerate earlier (no acceleration).

Figure 37 Implemented model of green wave system

The behaviours of the vehicle witBW is verified in the test case of three intersection as shown in

Figure 4. We confirmed that the vehicle trajectories with GW are smooth comparing to the vehicle
trajectories without GW.
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Figure 47 Demonstration of Green Wave Systenfor Verification
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Evaluation of Green Wave System

Figure5 shows the target ardar theevaluaion. We chos&oute 16 in Kashiwa city for about 16 km.
In this studythe traffic census data of Ministry of Land, Infrastructure, Transport and Tourism was
usedto make the input file and the validation dd&tmure6 and Figure Bhowsanexample ofvehicle
trajectories obasecase (without GW)We calibrated the simulation parameters to fit the texdfic

situation andralidatedthereproducibilitycompaing to the census dasaich as traffic volume and
average speed

Figure 51 Target Area(Route 16, Kashiwa)
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Figure 617 An Example ofVehicle Trajectories of Base Case (without GW), from North to 8uth



