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< SUMMARY >

Purpose &
Contents

Development of an analysis tool that is able to evaluate the performances of a
transportation system, such as traffic flow capability and energy consumption of
entire vehicles when future vehicle technologies are applied to the
transportation system

In order to develop the analysis tool, it is needed to have i) a traffic flow
model, ii) high fidelity vehicle models, and iii) high performance computing
environment.

which high
fidelity vehicle models are applied, so that the fuel economies of electrified

vehicles are calculated,

Development of a high performance calculation environment, in

individual results of the wvehicle simulation are
aggregated in order to evaluate the energy consumption of the entire system.
There are three steps to be accomplished for this project. The first one is to

and

develop a traffic flow model that has functionalities, which are described below.

v The tool is able to utilize a geometric information for building a traffic flow
model and to apply user defined conditions into the model

v' Individual routes could be applied to the vehicles, and users could define the
driving situation based on pre-defined routes.

v Vehicles in the flow model respond to the control demands from a central
authority in the transportation system.

High fidelity models will be developed to evaluate the energy consumption of

the wvehicles, so that the entire energy consumption of the transportation

system could be calculated from the individual results, while the following
configurations are considered for the models.

v" Conventional vehicles: vehicle model using internal combustion engine only

v' Electrified vehicles: advanced vehicles such as HEV, PHEV, or BEV

v Vehicles equipped with future technologies: vehicle models

assumptions based on future technology impacts

improved by

High fidelity models developed in this project will show energy efficiencies that

are very close to the real world behaviors obtained from vehicle tests.

In the last step, high performance computing resource will be developed for the

rapid calculation of the vehicle simulations, while the process has the following

capabilities.

v Vehicle compilation will be used, so that rapid simulation is available for the
high fidelity models.




v" The high performance computing is possible by using parallel computing
technology that combines machines on shared networks.

Results

Impact of advanced vehicle technologies like automated vehicle technology and

platoon driving technology on performances of a transportation system can be

evaluated based on an integrated tool of a mesoscopic scale traffic flow model

and a high fidelity vehicle model. The tool developed in this project will have

following functionalities.

v It is possible to allow the users to apply different vehicle technologies and
configurations in a transportation system to analyze traffic flow.

v The flow model utilizes mesoscopic scale in order to produce speed profiles
from the simulation model.

The tool developed in this project is an advanced tool, compared tools based

on microscopic scale, in that a number of individual vehicles could be

considered in the transportation system.

When it comes to the vehicle model, the high fidelity modes will achieve very

close fuel economies, by which the error of the simulation will be less than

5%, compared to the fuel economies obtained from the vehicle test.

Expected
Contribution

The integrated simulation platform can be utilized to analyze the impact of
dedicated lanes for automated vehicles and to establish an optimized strategic
plan for the operation of the transportation system. For instance, a highway
driving model will be developed, and the different scenarios will be evaluated in
the simulation platform, by which it is possible to establish a strategic plan
optimizing the traffic flow and the energy consumption of the entire system
according to the technology penetration. This could not only provide insights
about the new technologies but also provide comparative results, which could
be applied to the optimization process.

The simulation and analysis platform developed in this project could be used to
design a new process that uses microscopic scale, which is needed to evaluate
the communication between individual vehicles and a control authority. By using
the advanced model, the government will be able to build a road map of
vehicle and transportation technology based on the impacts of the new
technologies.

Keywords

Traffic Automated Platoon Driving|Dedicated Lane Green Car
Simulation Driving
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‘,\ * Equations of Motion

YB
Fyy =kFp,Frp = (1 —k)Fp
k=0 rear wheel drive
0< k<1 allwheeldrive
_ k=1 front wheel drive
LT
X, (keoss + (1 —k))F, —sin§Fyy — (mgsmf + C,V=)cosf = —mTf):siﬂ,ﬁ + mucosf
ZFB.H s ksmdFy + cos6F,y + Fa — (mgsing + C.V?)sinf =MTF: cosf + musing

EM.: a ksmbFy + a,cos6F,; — a Fp =1

(2 BEALS I A FPR vl

e =1 1 2
57| M Fdrag:E'p'A'Cd'Sveh
5 T g

. mv . . 5 = 15t
mv = kyFpq — kapirymg — ks R k4w —mgsind — Cyv TEHE B =py-m-g
s IX2: Faymp =m- g -sin@
b il e ((I—k)[a1+a2)5056’+k[a1+n2)) = {agsindcosfi—(a;+as)cosbsinfl) e sind
= 2 (a,+ay)cosficosd +aysinfsing ' 4 (ay+a,)cosfcos +aysinfising * 4 la;+ay)cosBeosd +a,sinfsind

mv?

mv = kyFrq — kaptyymg — kg B ke 0w — mgsin8 — Cyv?

(R-oow,6=F=0) —»  Fpqg = mv+ p»mg + mgsing + Cqv?
[1
= 2_2 a cosfsing — sinficosé 2
O - Fei = il 1C 2_|_ 1 2 ST
(#=w=0,6=0) — fra = #rmg+Lav K+ (1 —K)cosd R

[21

AL 12N 5%
Ww=006«<1p«1) —  [Fpg =mv + p,,mg + mgsing + Cav? + — e )
212\cy; €y /R?

_21_



s m_ ™ e R
[ B T AR s
i X ko_l T &
= ,‘_u.,o..o 4 _
Vi N = i) mﬂo I =2 KIr
£ ~ ‘m«l X o —_— =
-y = X = =~ °  Lsd
i _.43 3 I 57 Q| ™
% , ~ oﬁu o N S mn.ul s
I s 2 &
Y o N © = +
T & g 3 2 = .
woxh L a5 2 &3 RaxE
NE =] - 2 — &
Ao = 2 gz £ T o3 -
= B %Mu o ) MH f.m " rn; 2 2 3 i
5 B T e T e
O I 4 8T F Ui
s N 2 v E nEY
8 ® _.mﬂ o) To " 5 < 58 & g |
= =) o R B g
- T e Mm En_ ap] . (SR . KIr
Vi EE . X iy KIr
i == ﬂwu \_._mo i £ ] S =10 Ol s .
a m_ ﬂwo jans Jl o) @.O 1 A‘ H 5 ﬂl .
s L® Tagw _— o@m : LR
H - \_ﬂﬁ.wo - N 0 ;OU —_— \ Re o
(S =K oy - N ) LS =
= = A s
s P E o i
R I
<° < :i d“_ ™ N = 3
e T e
RGN I I N .
CRRVIG e Jo X T "
w a 1 T — ﬂo ~5 mWO -
- A i <
: 0 T X a
. 2T T o e
g ° 5N 2 ;
g W w D - »
s v A o 1= o K-
| L__w M =< o) T <o X

w2 7)ol

o

=

e o] g A

“J.:ﬂ]
— 22 —

mu

Cs1

2+

[

QCsp —@4Csy
= =,
muv=
2 2
ajcsy +azcsy
Iy

my

Csy + sz
1

B3Csa— 03Cs

:

Bl =

r]

AL,

[




5

[s]

JAAES 7oz ajeko] 7hs:
7S MRS (1] 3-5).

-

Aol o7}

2F

Bl

2=

|
‘Hol ™ o

|

]
B
il

BN

K z °

1—_/| ‘\W o OﬁU
Jl
g

3ol
=1
=
7}
=
1
=
1
=

wr o

A

1 A,
=
A=t
.
7lHko 2 7
g

X &M 22
o
H
T

‘?’—;}
3
2 o] ¥

AEA A7
)
il
A
o

=
A& o]
ol
_<|>__

w}

%_
B
]_

=
] v

LELH] A

1o

4 5 A

3
2L
%
& 7

A
.
al

2}

ol
]
—

ﬁo

K
9]

3

at
2}
s

1
=

7

7

1=

o
(=

ApRFGA S Bl

3
]

],

=
s

b
)

ﬁ

B

o

o

O

1
Z
)
H/H

A
TAoll A A

%
5_]_,
A

ﬂ
&o
mwro nl T
BN W B
p
=

9
prs

—_ i)

nooRr
o
s
W E M

=
el

?_

7]
9] oA

J

o}

._ ) Ho

_23_

-6, 3-7).




2. FIAA s B

7}. Gipps Model

"m PRRUCECTPE ) ’]‘E Y @ evz

V841 (t+T) < Vs () + 250,457 (1 —‘*—*‘”) (0.025 +‘”‘+—*(”]E (1)
Vite Vs
va ()

]1£+l(t+ T) = bu+lT+ Jb121+_1_T2 - bn+l(2[-¥n(tj - JLn — Xn+t1 (E)] o '!5',,+]_(?f)T . n}; ) (2)

Vpr1(t+ T) = min{wg,  (t+T), vl (t + T)} (3)

Ay 4 s Maximum acceleration which the driver of vehicle n wishes to undertake

by, y:the most severe braking that the driver of vehicle n wishes to undertake

L,:effective size of vehicle n

T:reaction time

Viy1:Speed at which the driver of vehicle n wishes to travel

Vnyq(t):speed of vehicle n at time t

Xp41 (t): Location of the front of vehicle n at time t

719] 3-8 Gipps Model
oieks) wE Asaw wEe Awel] fadt AeTa A dnrd A 247
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IDM(Intelligent Driver Model)©] Sli=dl, o] E&e] 9 2o Frapo] A8 v}
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A o AYPAow =Y
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n valy 25
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No Automation Mixed Driving (25% Auto.) Harmonized Speed
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