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Abstract : The effect of payload on fuel consumption and emission of light duty freight truck during acceleration
driving has been analyzed. Running tests were carried out with various payload conditions on chassis dynamometer. A
typical driving pattern for urban cities was used. Real time emission measurement systems for gaseous and soot
emission were utilized to investigate the real time dynamic of fuel use and exhaust emissions. It was observed that fuel
use and pollutant emissions were increased as payload was increased. Under the same payload condition, the increased
amount of acceleration driving is much higher than that of steady state driving. The results demonstrated the advantages
of eco-driving, which is an environmentally friendly driving manner, could be emphasized in heavier payload
condition. Inertial tractive power was introduced for considering the parameters affecting emission during acceleration
driving, which are speed, acceleration and payload. Fuel use and emission in various driving conditions were expressed
as functions of inertial tractive power. The estimated result by these functions well predicted measured result within 10
% deviation.
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Fig. 1 Correlation of soot emission result from certification
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Fig. 3 Vehicle speed profile of NIER 7 driving pattern

Table 1 Input condition for road load simulation of chassis
dynamometer test

Pay load (kg) 0 300 | 600 | 900
Inertia weight (kg) 1,896 | 2,196 | 2,496 | 2,796
Road load A (N) 250.47 | 290.10 | 329.74 | 369.37
simulation | B (N/km/h) | 3E-14 | 5E-14 | 4E-14 | 3E-14
coefficient |C (N/(km/h)*)| 0.0444 | 0.0514 | 0.0584 | 0.0654

H(Aerodynamic resistance force, F,)2] & o=
e

Ao o] FHAGL FRs] w2 g FYH
Hoe Aee] FaEEe A (1)~(5)9 o] X
2 5 Qe Aol 238 ASES At 234
daAn, B AT F4E A $EAe
2 Hg 7Fe s va EPA AFE AbgEinh
2] 2 -2 0 kg, 300 kg, 600 kg, 900 kg 0.2 W7 5}
21 (6) & Table 1 7} o] == S AlLbalL, o] & o]
&3t AdlEEAY 22 Bat BAF 2105 AA
31

B2

P=v(F,+F,+F+F) (1)

F,=(m+m,)Xa 2

F.= qu><s1n(arctan( 100)) 3)

F,o=mxgx(, “4)

El:%pwx Cy X Ag X v? %)
where, P :total tractive power (W)

F  :resistance force (N)

v :vehicle speed (m/s)

m :vehicle weight (kg)

m, :equivalent weight of rotation (kg)
a :vehicle acceleration (m/sz)

g :gravity acceleration (m/s’)

L - air density (kg/m’)

C,; : drag coefficient (unitless)

C, :rolling coefficient (unitless)

Ay : front area of vehicle (m%)

r  :road grade (%)

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 2, 2011 135



Taewoo Lee

P(kW)= A+ BV+CV?

+ Jihoon Keel

+ Sangjin Jeon -+ Junhong Park - Jongtae Lee

where, 4, B, C : road load simulation coefficient

V
P

3. AlelZnt & 13

: vehicle speed (km/h)
: total tractive power (kW)

.~

3.0 =4 T8 AlQ] odH| B @

Fig. 4o =4 Fa) <

Fuel efficiency (km/L)
[e]
1

|:| Fuel (km/L)
Percentage (%) -

HHLL

300 -

200 +

100

CO, emission (g/km)

CO, (g/km)
Percentage (%) —

Lo
H—H/ I |

NOx emission (g/km)
-
o
1

0.5 +

0.0

t0

NOX (g/km) —

Percentage (%) / =

Tl

0.06

0.05
0.04
0.03
0.02
0.01 A
0.00

Soot emission (g/km)

Soot (g/km)

+ Percentage (%) -

Fig. 4 Effect of pay load on fuel efficiency

0 300 600 900
Pay load (kg)

emission in NIER 7 driving pattern

136 szRI=xIa2tts|=

=27 AM192& 235, 2011

l HH*E&

100

TA}S}H= NIER 7 Tfsﬁﬁﬁﬁ
o Ao Auts A Ak wel YeRATE dAnjo}
SHEA METFS U= FAEF L, A Ee] 0

B3 W] SHRES Ao

ERL TR

Percentage (%) Percentage (%) Percentage (%)

Percentage (%)

and pollutant

+ Jihyung Hong

Aol v E o] A a1 AbstEul iAol o gk 71 A
FEA7HA] A7) el A Al T e o] st
vhehE] o] Aw HE o A A £35S

Av]= A A F Skl whet ofstE vk ) AH
|0 & 3, 300 kg A AA] Q] AAv] o3} =
= 2.9%2A] ¥ LA A2 0, 900 kg A A Aol
22.1%7F4] ofst=| Tt Anl et et Al E
Ef = o]bsteb A v EE A A A STl
= A%s EML A A =] 900 kgl 73
] 28.4% B2 o] rkalEkA

ATk A 2hFe T3 2A9=

Al AastE ) FE AA] wpzkrhA| 73?‘5}%
Atk 53] AaArsE& A A Skl whet74.8
A F7Velke &, AA e daks A v 21
S AT FEE38.5% =718

o
N

o & & o

S

U10

32 % FEn 7% =8 Zo "l

Fig. 53 40 km/h x}<5 R 9]0l A <& F=3 3} 7}
FPo] F9, A5 ANFH o AEL EFE 7
zF wlatgk Foltl “Accel”> 7}5\‘ 3y, “Steady
-State” = 7 <& T3 o] Aol rt F= ol 4 ] “Accel”
2 #AHE Lo, “Steady- State”“ NMEEE X
stelA] e &9 5] 3 ov| gt 1 )
o FAIZ H]&- “Accel” 9] H]&-o]T}

7HE T EE e A4S FY U] mom, F 5
Y= 9] 753~78.5%F AA|StaL Ut AR 4|
2] 66.3~71.1%, ©]4Fsleka vl & 552 66.6~71.3%,
A3 e wlE 3] 85.7-93.2%, FE W& HY]
86.2~88.6% 5 7+ F3 A7}t A 8haL it A
A g STl 2 M-S AW g4 T3 A
= A F7 el whet & WskE HolA| &t 9l
@’ ]_ 6§0]73_1,]_l——‘—]:]] z%aiogtﬂS}
- T At AR A9, S T
Al e S7el whet 2% S7FshEd 1A
& A7=23 w7k E7 ek vk

H

o
=

A

=

N

M

oy
ttlo

o ot K rF &
:\_l,
rr
2

o, 7}

by
N

33 71 T8 Al Hxlgt Hale| ek
Fig. 691 20 + 5 km/h, 40 + 5 km/h, 60 + 5 km/h *}<5
HO oA 714 F8) Ao g AH|Ey 99EZR
W& 38 A A gd 2 sk el itk 53



Effect of Payload on Fuel Consumption and Emission of Light Duty Freight Truck during Acceleration Driving

Power (kW)

Fuel consumption (cc/s)

Il Steady-State
6 1 3 Accel

CO, emission (g/s)

w
o
1

N
o
1

NOx emission (mg/s)

O = 4 A N
© O N MO o
L1 I L

0.6

Soot emission (mg/s)

© o o
o N b
—_ 1

0 300 600 900

Pay load (kg)
Fig. 5 Comparison of the power, fuel consumption and
pollutant emission from steady-state driving and
acceleration driving

& 27 Aol A, Ax An| ) o] 4kstek A
2o A A & Z 7)ol whe}43.1~46.8% %ﬂﬁMﬁP.
2 EY FE miEd2 42 99.7~119.0%,
~51.9% S7FelSith FLd FAHH o m 3
35, A A ST e whet 78 A do] Frte)
1o}, =38 A 3h-& S538t7] 918 Xl Faprt
Z7HEH, o] AE AMEEe] Tl mE Q9 E
A& TU7HE 298A ) sl gl A
A RS A= AT A5

__ 25
0
Q
L 20 -%/
e
S
B 1.5
£
2 1.0 9
o
o
% 0.5
i
00 T T T T
7
2 61
2 54
s
g 4_/
g 34
° 5 —e— 20kmth
8 —v— 40 km/h
11 —=— 60 km/h
O T T T T
50

N
o
1

NOx emission (mg/s)
w H
o o
K&\

10 4

14
12
1.0 4
0.8
0.6 -
0.4 1/
02 1
0.0 . . . .
0 200 400 600 800 1000

Pay load (kg)

Soot emission (mg/s)

Fig. 6 Fuel consumption and emission rate of each speed
range and pay load during acceleration driving

34 715 A9 AE-JIESE BHEt

Ske] 3.179] Fig. 4= 578 Y E(NIER 7)
A o] Aol 7] wiell, 7H Alo] AR A4S 930
M 7k 8 T2 ATREE AAE] A E da
7} Stk Fig. 7l A} AFefol A Z23ke] 70 km/h
7}A] 7HEE & e 1702] 2t F+3Y(Short
trip)oll A o] Z}&-3} 75 I Wslol] 2 AR A
I AR MESS 92 A AL

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 2, 2011 137



CHEE - o|BH - XY

- ARE - WYy

O[El<>

(s/u/w) uoness|e20y

(s/u/ws) uoness|eddy

(S/u/w) uonels|eooy

(s/u/wsy) uonessjEoOY

0
N
oD DD
X X X X
o O o
o O O
om oo
- L L ©
erm o «
3
*
L L [ ©
©
°
L L [ O
=
- - STe)
| . E— T T T T 1 T — T T T T T T ©°
© 1 o © O~ ©OWL YT ®ANT O ot N O ®O YN
N - « o o -~ - - O o0 o oo
s/B) uoissiwa %
(s/99) uondwnsuod [an4 (s/B) uorssi 00 (s/Bw) uoissiwe XON (s/Bw) uoissiwa j00S
3 9 x -
: O s O 8 i O
2 3] z 7]
@. @, )
o ° r o F L
o o o
° o I o o o
@ @® @ o
I T T I T T I T O T I T < T
< N o N < < o o o < < o~ o o < < ~N o o <

40 60 80

Speed (km/h)

20

Inertial tractive power (kW)

Fig. 8 Fuel consumption and emission rate expressed as

Fig. 7 Example of fuel consumption and pollutant emission

function of inertial tractive power

behavior during typical acceleration in urban driving

pattern

of, &

Foll A 74 2

S

h=]
RLN

SRR R

7hek

Kol it 0~40 km/h <5 -

o] &

e
=

V&) a1, =2}

bl ofe 42 271

S

= o8

18
=

3

=99 56.2~

o] XA uj

PAlBh Qi

= =
= A

58.8%

dr

NIER 7 =39 &l 9] 7}

o
L

Fig. 8

~
N

0
i
il

o
.ZTc

golth 24 ee] 2

3k 71

H A

3

o o

T
Y
ol
Nz
)

Pl

B
H

oF
TR
T
Jymo
!
o]

2011

5,

A3Es| =2 M19AH A2

=
=

=Rt

138



28 32 A2 HAjo| It T Al odd| W 2HEH uiEo 0|

Table 2 Coefficients of equation (7)

ER a a ao R,
Fuel (cc/s) 0 0.107 0.295 0.980
CO; (gfs) 0 0280 | 0771 0.980

NO, (mg/s) | 0.091 0.093 5.122 0.876
Soot (mg/s) 0.001 0.048 0.010 0.939

Qﬂ
]
X0,
oo
ttlo

o

o,
&
30,
&
i
ez
[o2e)
2
=5
>
it
oty
R
1>
rlo

Fig. 85 &3 ¥4 9= T=E sk oA
P58 olgstel ole) AAY 2N g &
Ao A anlg MEGS TAYL 5 1oL
o % 9Ivh Fig. 8] S e vl 29 A0S 21
MR LRSI ARG AhRA], T T Ay
o) ARG, A%, H45 e 240N M o) W& ok 3]
o webA o] AnkE Fa 91 Aol 54 7%
AR A 0] A2 A1, A Al AR e} A 2
she] g w27kel MlE kS 7@ 5 QA Ak

ER=a,2” +a,x +a, @)

where, ER : Fuel consumption rate (cc/s) or emis-
sion rate (g/s, mg/s)

x : Inertial tractive power (kW)

= o

O:

Table 31 2] (7)< o] &g vl &F
AlstAct tivde] ¥ 7h: 3
AHEEF AL, o] T ] FF S
= v stk A5 A6 o
9 ApAsl 2 v & oS A &
2F10% oW 2 & | S3kar Aok 5=
= 11.4%2] HXES Bolt) Table 3¢ Z2¥=
2 (NS &8 71 3 Arfe] oFo] 10% AX}

Lo
2

o flo

N 2
%%
£ ooy
2

W
i o

2

[m N o
s
(RO

1o ox
2

=4
=
bl

VR L RIE
B AT dvhs B2 4e FYse Ao A

tlo 4

o
=
2Rl B e AEd WiET

o

Ay
ol
ol

= WEAS

Table 3 Comparison of measured and predicted result in
acceleration driving in Fig. 5

Item Measured Predicted deviation
Fuel (cc) 75.3 72.2 -4.2%
CO2(g) 196.8 188.7 -4.1%
NOx (mg) 1073.6 1153.9 7.5%
Soot (mg) 32.1 35.8 11.4%

W

Al

Wi @y wo o Jn

47" 144 7

mnr

g

T BAASE AME e Ao AT,
3] 71 2] AAHR] MEATE B Al A
W EAFRA L] Z8o] 7]tk WEF A
A3 e A E2g TPk A
i) 4
& Z2H A o] &3 AA m2AdoA 9

B
3} 571 74 ARk D g, o 4w
=
=
=
A=)
KR
=

= 21 = o 22.23)
o838 4,7 1L
X
=

0. ok

B o] M 5 o] 7hx o m A

Aoz 7hEch

my o X

—_
~

2)

3)

4)

4. 2 B

AT 4 shE 2] AAF WSt 7k
A9 AR v F AR wEel M X
& Fotalr] 93 Ao wA, ATE Ea TS
S AES A

A S el et 2 Bha 2] =4 53
Aol AR xnlgt edBd wEEe S
ok A A F7t Ao} e Aol e A
A BT} 7h 8 Ao v & o2 FrhE

40 km/h <o) 2 7he V)02 oo, vt
% Ao dg v QPEA e

F3 o] oF 60~90% 2 A5 ).
el Al E83ke] 70 km/h 74A] 7H453)
3 7] 7312 0~40 km/h -7+ wl
A €] 56.2~58.8% 2 x}A|3}aL Utk o]
T8 Aol 55 7ok o, 7t

AAlsHE 2

fr
o ox,
%

e
o,

1

B

|
12 od Mo

S
o M MY o

Mt
o =

[Ulo )]
1o rlo
fore =3

2
4y o
R
n
Ho
fols
o
2 et
P!

a2

i ol

4, 9
N )
n o
o 2 o

3 x

By
)
&

S,

o & o o2 o
b o2
= oo
o 1M
£y L
R
e o oX
ot 12
N

£
adi L
o

o kI X N
of
ftlo

2 by o L

>,
bl >

o P

ot
ol
il
o
o
o
ol
2
i
2
o X

i, b

o M
i)
=
iyt
ot
=
X

4 o2

=
2 o
N £

o 1 to
3
e >

i
")
£ od s tlo o —.Q
o
e > o

2

o, Hl o
&

=

e

2

+
=

, oo
it
gy o

o Kl on

5
o
)
&
o

s
w2

Ay do 2 pg oo W D
M o o T b
k)
h

2T v
i S
il

-~

doo o )y orf N rQ 3R 1o o Db ol oo
el
i
>

o

to 1 ot nt fr

w1 g
b oftt 1

)
30 I fo

XN
i,
i

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 2, 2011 139



Taewoo Lee - Jihoon Keel - Sangjin Jeon - Junhong Park - Jongtae Lee - Jihyung Hong

A & 5 Ak 5 716 FA9R
A3tk AA ERAel Ao AR S Bl E o e
Fa) A0 A 0] AR Mol whE TpEme] o
el A A% A Eol o,

References

1) H. Wang, L. Fu, Y. Zhou and H. Li, “Mo-
delling of the Fuel Consumption for Passenger
Cars Regarding Driving Characteristics,” Trans-
portation Research Part D, Vol.13, pp.479-482,
2008.

2) L. D. Vlieger, D. D. Keukeleere and J. G.
Kretzschmar, “Environmental Elects of Driving
Behaviour and Congestion Related to Pass-
enger Cars,” Atmospheric Environment, Vol.34,
pp-4649-4655, 2000.

3) E. Ericsson, “Independent Driving Pattern
Factors and Their Influence on Fuel Use and
Exhaust Emission Factors,” Transportation
Research Part D, Vol.6, pp.325-345, 2001.

4) H. Larsson and E. Ericsson, “The Effects of an
Acceleration Advisory Tool in Vehicles for
Reduced Fuel Consumption and Emissions,”
Transportation Research Part D, Vol.l4,
pp.141-146, 2009.

5) T. Lee, J. Keel, K. Park, J. Park, Y. Park, J.
Hong and D. Lee, “Greenhouse Gas and Pol-
lutant Emission from Light-duty Vehicles
Regarding the Relative Positive Acceleration,”
Transactions of KSAE, Vol.18, No.4, pp.31-39,
2010.

6) Y. Takada, S. Ueki, A. Saito, N. Sawazu and
Nagatomi, “Improvement of Fuel Economy by
Eco-driving with Devices for Freight Vehicles
in Real Traffic Conditions,” SAE 2007-01-1323,
2007.

7) Y. Takada, S. Ueki and A. Saito, “Investigation
into Fuel Economy and NOx Emissions of
Light Duty Hybrid Truck in Real Traffic Con-

140 sizxI=Atazsts|=27 M9 23S, 2011

ditions,” SAE 2005-01-0265, 2005.

8) D. Kim, G. Cho, J. Park and J. Lee, “Effect of
Air Conditioning System on Vehicle Fuel
Economy in a Passenger Car,” Transactions of
KSAE, Vol.15, No.1, pp.16-22, 2007.

9) M. Shim, J. Rim, B. Lee, S. Hong and D. Lee,
“A Methodology on Analyzing Fuel Saving
with Idling Stop,” Transactions of KSAE,
Vol.17, No.6, pp.120-126, 2009.

10) J. Bishop, A. Nedungadi, G. Ostrowski, B.
Surampudi, P. Armiroli and E. Taspinar, “An
Engine Start/Stop System for Improved Fuel
Economy,” SAE 2007-01-1777, 2007.

11) M. Matsuura, K. Korematsu and J. Tanaka,
“Fuel Consumption Improvement of Vehicles
by Idling Stop,” SAE 2004-01-1896, 2004.

12) T. Lee, J. Keel, J. Park, Y. Park, J. Hong and D.
Lee, “Speed-based Emission Factor Regarding
Vehicle Specific Power and Acceleration during
On-road Driving,” Transactions of KSAE,
Vol.19, No.1, pp.73-81, 2011.

13) W. Schindler, C. Haisch, H. Beck, R. Niessner,
E. Jacob and D. Rothe, “A Photoacoustic
Sensor System for Time Resolved Quantifica-
tion of Diesel Soot Emissions,” SAE 2004-01-
0968, 2004.

14) T. Durbin, K. Johnson, J. W. Miller and D.
Cocker III, “Evaluation of Portable Emissions
Measurement Systems that Can Be Used for
Emissions Inventory Development and Imple-
mentation of the Heavy-duty Diesel Engine
Not-to-exceed Regulation,” Presentation Material
for California Air Resources Board, October 2,
pp.23-28, 2008.

15) C. Kolodziej, E. Wirojsakunchai, D. E. Foster,
N. Schmidt, T. Kamimoto, T. Kawai, M. Akard
and T. Yoshimura, “Comprehensive Characte-
rization of Particulate Emissions from Advanced
Diesel Combustion,” SAE 2007-01-1945, 2007.

16) Y. Lee, G. Kim, Y. Pyo, M. Sunwoo and M.
Eom, “Development of Chassis Dynamometer
Test Modes to Derive the Emission Factors for
Light Duty Vehicles,” Transactions of KSAE,
Vol.10, No.6, pp.117-124, 2002.

17) e-National Indicators, “Traffic Status in 7 Major



Effect of Payload on Fuel Consumption and Emission of Light Duty Freight Truck during Acceleration Driving

Cities in Korea,” http://www.index.go kr.

18) Y. Gao and D. Checkel, “Experimental Measure-
ment of On-road CO, Emission and Fuel Consum-
ption Functions,” SAE 2007-01-1610, 2007.

19) C. Frey, A. Unal, J. Chen, S. Li and C. Xuan,
“Methodology for Developing Modal Emission
Rates for EPA’s Multi-scale Motor Vehicle &
Equipment Emission System,” EPA420-R-02-
02, US-EPA, 2002.

20) J. Koupal, L. Landman, E. Nam, J. Warila, C.
Scarbro, E. Glover and R. Giannelli, “MOVES
2004 Energy and Emissions Inputs,” EPA
420-P-05-003, US-EPA, 2005.

21) M. Andre, R. Joumard, R. Vidon, P. Tassel and
P. Perret, “Real World European Driving
Cycles, for Measuring Pollutant Emissions from

High- and Low-powered Cars,” Atmospheric
Environment, Vol.40, pp.5944-5953, 2006.

22) C. Thiemann, M. Treiber and A. Kesting,
“Estimating Acceleration and Lane-Changing
Dynamics from Next Generation Simulation Tra-
jectory Data,” Transportation Research Record,
No0.2088, pp.90-101, 2008.

23) V. Kovvali, V. Alexiadis and L. Zhang,
“Video-based Vehicle Trajectory Data Collec-
tion,” 2007 Annual Meeting of the TRB, 2007.

24) PTV Planung Transport Verkehr AG., VISSIM
Version Manual, Innovative Transportation
Concepts, Inc., 2004.

25) Quadstone Limited, PARAMICS Modeler
Version 3.0 User Guide and Reference Manual,
Edinburgh, U.K., 2002.

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 2, 2011 141




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


