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Abstract : High oil prices and a treaty on global climate change are driving are driving motor vehicle manufacturers and
suppliers to improve vehicle fuel efficiency through sophisticated and expensive systems and components. However, if the
most efficient vehicle would be used by an aggressive driver, it would have poor efficiency.

Although it is known that driving style strongly affect the fuel efficiency, existing empirical knowledge about the relationship
between driving style and fuel efficiency was limited. Furthermore, driving style is also influenced by other variables such as
the driver parameters, road environment parameters, and vehicle parameters.

Therefore, in order to assess fuel efficiency, a platform which can capture all driving events in synchronized manner is required.
This paper describes real-time monitoring systems for recording driving style, vehicle status and road environment. The
monitoring systems consists of six video cameras (two for driver and four for road environment monitoring), high speed and
low speed CAN logger, driver gaze tracking system, global position system (GPS), real-time fuel consumption measuring
system, vehicle gradient measuring system, image processing system for detecting lane position, and physiological signal
measurement system. All of the data is synchronized by broadcasted master time.

The recorded data will be used to assess driving style and fuel efficiency, and to develop Eco-Drive guidance systems based on

driving style expectation.
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Fig. 2 Various causes of fuel consumption

Fig. 32 CO& =olv vt W
Mckinsey & Company2] Hilxlolt}. &
£2 WA COE Folt
&5 AHEst 7MY = 5nE

(e}
HO

2036



& 395 Yok

Cco, t curve for p ger v
in Europe: Mixed-technology scenario — 2030

B Traffic, Driving behavior
and total distance

[ Biofuels

Abatement cost Fuel efficien

€ per tonne CO.e = <

200 Electric
vehicle
(79, 72)----- A WTI=$150/bl
100 5.8)CNG Plug-in hybrid
157.2) t A WTI=$100/bl
Biofuel l
0 A WTI=$60/bl
200 250 300 | 350 | 400 450 KO0 e
(98, -10) Diesel P4 potential
-100 (27, -13) Gasoline P3 (46, 20) Hybrid MtCOe

(13, -20) Diesel P3
(4, -27) Modal shift
(3,-36) Gasoline P2
(4,-39) Diesel P2
(6, -51) Diesel P1
(4,-79) Gasoline P1
(8. -80) Unit control
(7. -81) Highway smart routing
(7.-97) Road pricing
16, -105) Smart navigation and traffic flow improvement

6. ma
(20, -119) Driving behavior

Source: McKinsey analysis

(81,8)
Gasoline P4

Fig. 3 The costs and benefit of various technologies for

reducing CO,

3}A]9k, Eco-Driving golden rules2 AF8-3lo] &4
£ A% (coaching)sli= WHLS =x1Ake] A
A 7AH,

#
&
5 589 o]
o]
s
o

A Lol w2 Eco-Driving golden rules
theFgk 15l o) A7

o webA, Aol EAApE el Z2E, Ab
B4, w2 S SAsk] sl gk Eco-
DrivingS %95 Eco-Driving Assistant systems<]

)
o o
Mo (T 1T
e
®
5
(¢}
5

2T
Og‘;,"
fi
I
3,

(

N
rlo_ot(ﬂ

521:94

o

R Ase] TEHR AN guls e 2o
$4 34 F eAAe WS mUH &) 9@
slel Ave), 2 84 BUHY &7 9@ 4

el spdekst e AHE R 99
faceLAB®] T-FHU}, 3 F Ao £, RPM,

7101 W< Engine fuel cut-off = AFE -5, A&
SR T A BEE FRIsk7] 9% high speed,
low speed CAN logger, 22| 3 Al 2 ¢4 4
B ER1& 9]%k GPS(global position system), X}&-2]
71€7] B =2 A AL A% 717 55
AA, HALe] 47 % (Electrocardiogram, ECG), I

BA == (skin conductance), A3} & AA A&
=

« Driving Performance &
« HS_CAN/LS_CAN

(&%, RPM, =3

« Vehicle gradient &
« Yaw, Roll, Pitch
* Driver Behavior &
« 3 Cameras
(Driver Face/Activity/Pedal)

« Driver bio & |
cHTE URY mRdEE

* Vehicle Environment &£
+ 4 Cameras

(Front/Rear/Side)
\_* GPS

 Driver eye position &
< |_* X, Y 3{F (faceL AB)
Main Control PC

&7|5t 84
(master time)
mml l N — mI IB‘Q o

<‘ Data & 7|3} {2 >

\r 4

(MEDAC System/3R) ub Control PC

B

master time

Fig. 4 Realtime Driver-Vehicle-Environment monitoring

platform

Main control PCOlA A4 0] master time= high
speed, low speed CAN logger, GPS(global position
system), A2 A 9 s, A AlE Kol A
SA 5= vlolEte] F7)8tel| AREET

Fig. 55 #&l 549 7H2tE S F3 5
A P& 2 ER S-S [3ele BEolt)
Fig. 5-(a)2] Main control PCOlA= &2} A=
vt Aol dwel =3kE v, Fig. 5-(b)2] Sub
control PCI A= &2ke] S5} 2pgFe] @ 2%,
1%, Flo] %3lFT). Fig 5914 x4 AE
9 A FHe ke A4S H3lehe 7hlete] bl
o|E]& Z}Z} Main control PC} Sub control PCOl U7
of Ageli olft: A F AT & Ab AP
Ul pCel 5 AE Held 4 AshE WA
QA7 wg Aol

2037



: [
Master Time Distance. File
Velocity 13375 3 P—
337.397
Wheel Angle : 337.5 .
g Videa? Path
focelAB s

Frame Number : 3374 Latiude :337.2

GSI_WORLD_X: 337.4 Longitude : 337.2

F ] omem

GSI_WORLD_Y : 337.4 Alitude :337.2

State Start

@

(b)
Fig. 5 Screen shots of main control PC (a) and sub control PC

(b) during a driving experiment

faceLAB(version 4.6)> 2] Ao #=rgl
7HietE S8l Ao Al
A Al o] WstE wAE
Fig. 6 42 AlA F2& 918k A= el
A2 faceLAB 7hH|2kel IR P
Pod2 =42k Al FA A 3
E EASIY ddE A A

i

Fig. 6 faceLAB camera and IR Pod

=745 A% Azl F
T@e A Exe Wl

FCO(fuel consumption), RPMS] W3}E <l
Atk ¥k olyE} Fig. 7-(b)ollA &9

2 A 7)o MEe] wiste} dAl
sfel o] WstE A I1E + Ut

2000
1800
———| 1500
1400
] 1200
O
=
= 1000 A
3
o
= 800
30 600
. w {m\ /n.__\ f{m.]“m\ .
ol .ﬂuﬂu} luj -
5 Ll_! L\J .
460.1 465.02 475.86 483.72 49185 49968 50753 51534
----8Speed(Kmh) ——FCO(ul) = RPM
@
20
F==5
18
_r—_—————— T ——— TS — 5
1 | ¢ ' [
18 L | t — i
1 1 | | - o
i g I O O s O . 2
14 i — b=
i H 1 (N 7]
i ! i P Lo i =
— 1z H H ! Py ! | @
= 1l N A H T Tl 2
I | H H [ 1 [ V g
i i 1 |
&0 — t e : &
o i i ' ) I
S i 1 [ Lare g
) H
< s I T o
i v N e I .
4L 1 iy [} : : H Il :
s T o 7 H ] itz §
i i H HE T [
2 1 i i P !
H ! 1 oo H
i | 4 — il HEE Vot
| ! N |
2 1 ]
H 1 i HH H HH i
! P 4 o i
0 P on H [ H i,
460.1 468.02 475.86 48372 49185 493 68 507.53 51534
----Acc_pedal(%) — -Gear —— Gearchange active

Fig. 7 An example of experiment data changes by driving

behavior

2038



AR & PEe] ®WslE Rl F Qe
4%, RPM, FCO(fuel consumption), <4 A}
£ 3|, 7]o] ez e 4 dolHE XA
o] A 2ElYES Hriste dauEse SHES

= ARSEY

(E ol o o off rl

high speed, low speed CAN
logger, AF2e] 917 % o]EAUE sty A%
GPS(global position system), =Z12ke] A 25 ¥
g e A% gu) Fo FHUL. SH-A
87 =UERE 93 2 ey 249 bo|
He 73 8 Wsto] mE 2xxte] &4 2
A B} daelBe] SYwsz AHgHh

6. 8% A&

AARE SRR DU EAES T
549 gd SYASE B8 oAR 94
~Ed W QduelEe FF Fd 84 ws
e z uko. 9

AEETLS I ESA 24 o d
% el Auls g e o7
2] 7w af AT AR FAEY

References

1) GA. Klunder, K. Malone, J. Mak and L.R. Wilmink,

“Impact of Information and Communication

Technologies on Energy Efficiency in Road Transport-

Final Report”, TNO

Commission, Sep. 2009.

report for the European

2) Mckinsey & Company, Inc. “Roads toward a low-carbon
future :
vehicles in the global road transportation system”, Mar.
2009.

3) Haworth, N. and Symmons, M. “Driving to reduce fuel

Reducing CO2 emissions from passenger

consumption and improve road safety”, Proceedings of
the Road Safety Research Policing and Education
Conference, Melbourne, Monash University Conference
Management Office, Clayton, Vic, pp.7. 2001.

4) Eva Ericsson, “Variability in urban driving pattern”,
Transportation Research Part D Transport and
Environment, Vol. 5, Issue 5, pp. 337-354, Sep. 2000.

5) SenterNovem, “Ecodriving-The smart driving style”,
Utrecht for the EC TREATISE project, Sep. 2005.

6) The Auto Alliance, “The EcoDriver’s manual”, 2010.

7) Johannson, H. “Impact of Ecodriving on emissions and
fuel consumption, a pre-study”, Swedish National Road
Administration report 1999, 1999.

8) Preben, T. “Positive side effects of an economical driving
style:Safety
Conference proceedings, Graz, Austria, pp.68-71, 1999,

emissions, noise, costs”, EcoDrive

9) Reinhardt, E. “EcoDrive in Switzerland:A success story
of Energy 20007, EcoDrive Conference proceedings,
Graz, Austria, pp.56-61, 1999.

10) J Van Mierlo, G Maggetto, E van de Burgwal and R
Gense. “Driving style and traffic measures-influence on
vehicle emissions and fuel consumption”, Proceedings
of the Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering, 2004.

11) Suwan Park, Joonwoo Son, “Implementation of a driver
aware vehicle using multimodal information”, 17" ITS
World Congress, Korea, 2010.

12) FaceLAB4 User Manual, Seeing Machines, Canberra,

Australia (2008).

2039



	Main
	Return



