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Highway Engineering
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Stochastic Disaggregation and Aggregation of Localized
Uncertainty in Pavement Deterioration Process

ABSTRACT

Precise analysis on deterioration processes of road pavements is not so simple matter due to severe uncertainty originated from a lot
of explanatory variables engaged in. For those reasons, most analytical models for pavement deterioration prediction have often
preferred to probabilistic approaches than deterministic models. However, the general probabilistic approaches that treat overall
characteristics of population or entire sample would not be suitable for providing detail or localized information on their changing
process. Considering the aspects, this paper aimed to suggest a stochastic disaggregation method to analyze the localized deterioration
speeds and its variances changed by time and condition states. In addition, life expectancies and their uncertainty were estimated by
probabilistic algorithm using the disaggregated stochastic process. For an empirical study, pavement inspection data (crack)
accumulated from 2003 to 2010 from Korean national highway network was applied. This study can contribute to securing reliability
of life cycle cost analysis, which is one of the primary analyses in road asset management, with much advanced deterioration forecasting
functions. In addition, it would be meaningful trials as fundamental research for preventive maintenance strategy that demands
essential understanding on changing process of the deterioration speed of pavement.

Key words : Road pavement management, Pavement deterioration speed, Stochastic disaggregation process, Localized uncertainty,
Life expectancy, Crack
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Fig. 1. Disaggregation and reaggregation process by time and states
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Fig. 2. State-basis disaggregation and aggregation process
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Fig. 3. Time-basis disaggregation and aggregation process
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Table 1. Definition of population distribution

Average crack Average Life expectancy | Average annual deterioration («) | Standard deviation of annual Life expectancy to
condition (%) |condition state (year) (%/year) deterioration (0) (%) absorbing state (15%)
2.13 1.72 835 1.29 1.97 11.68
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Condition state Crack (%) Frequency Ui G; D(0) Life expectancy
1 0~0.5 3,003 0.87 1.62 0.29 0.57
2 0.5~5.0 2,743 1.61 2.08 0.22 2.80
3 5.0~10.0 627 1.87 2.41 0.22 2.68
4 10.0~15.0 162 1.91 2.45 0.22 2.61
5 Over 15.0 150 1.90 2.46 0.22 Total=8.67
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Table 3. Transition processes of annual deterioration of crack by state-basis method

Cummulative deterioration of crack (%) Note
Elapse time Minimum Average Maximum (Corresponding condition state)
1 0.00 0.85 1.74 1~2
2 0.08 2.26 4.74 2
3 0.16 3.87 7.94 2
4 0.49 5.54 11.12 2~3
5 1.13 7.23 13.90 3
6 1.38 9.08 15.83 3
7 245 10.99 18.20 3~4
8 3.89 12.87 2131
9 4.70 14.80 2333 4
10 6.34 16.71 25.67 4~5
11 8.25 18.60 28.26 5
12 10.52 20.50 31.09 5
13 11.08 2236 34.33 5
14 12.36 24.23 35.17 5
15 14.37 26.09 38.26 5
16 15.38 27.97 4129 5
17 17.85 29.84 44.44 5
18 18.40 31.72 4548 5
19 19.53 33.61 47.89 5
20 21.36 35.52 50.05 5
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Fig. 6. Variance of deterioration process of crack by state-basis
method
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Table 4. Information of time-basis distribution sets

o
il
2

Shs
N
]

Time-basis distribution set-A (by measurement data) | Time-basis distribution set-B (by deterioration process sampling data)
Elapse time 6 (5T (41, O) 0 (E)~T: (dk, G)~Ci (Z")
Frequency ) O D(0) Samples ) G
1 58 1.00 1.32 0.22 1,000 0.85 0.50
2 250 0.59 1.43 0.34 1,000 1.40 0.88
3 479 0.82 1.77 0.32 1,000 1.62 0.89
4 637 1.15 1.91 0.27 1,000 1.66 0.93
5 682 1.44 2.07 0.24 1,000 1.69 0.98
6 673 1.47 2.15 0.25 1,000 1.86 1.03
7 601 1.38 1.97 0.24 1,000 1.90 1.03
8 573 1.38 1.83 0.23 1,000 1.88 1.05
9 457 1.39 2.07 0.25 1,000 1.93 1.05
10 397 1.40 2.04 0.25 1,000 1.92 1.04
11 398 1.25 1.90 0.25 1,000 1.89 1.07
12 351 1.32 2.04 0.26 1,000 1.90 1.04
13 244 1.40 2.03 0.24 1,000 1.86 1.03
14 196 1.23 1.78 0.24 1,000 1.86 1.04
15 172 1.41 2.02 0.24 1,000 1.86 1.05
16 160 1.42 2.04 0.24 1,000 1.88 1.07
17 101 1.39 1.88 0.23 1,000 1.88 1.08
18 57 1.56 242 0.26 1,000 1.87 1.07
19 46 0.96 1.56 0.27 1,000 1.90 1.05
20 37 1.69 2.07 0.21 1,000 1.91 1.04
Over 20 116 - - - - - -
0.7 0.7
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Fig. 7.
HEHo R 88 32 209 HIVIFO R gtk o= e T PDFe] g2 v)wsk 9ok
15% 743je] Zlejseige] 9~12d 57918 wrefd u) Ftstch Fig. 79 7 REA 7] SEFelh 495 2jo)g Holm
T Table 40l 7F v EXARE 7] F )50 Itk g Fig. 72 BE9] (S, Aedddel sigsle
ue} AL glom, Fig. 7oxle ofE 2-8ste] =3 = gt Aekel Besdoll Froltt - A E vlus) B A5

1660 Journal of the Korean Society of Civil Engineers



2w E83 AR KEEEALAL] it U a1, akEwbe Bt
Ao g A vERaL ltk AR RS =35b] 98l gEY
JekE S Bl A= EEo] Tohgke] visgs AuEgt
tHFig. 732).

Fig. 80X HofRl& AR ERZA-BY] 5435 AajEw o=k
BN SRl ae& Tt STk 2L o) el ekl
&S} AP A FAIE BTk o= Table 204
Bzl vle} o] el w | = 3FEE AP gego]
ojorl= S4E A= HoFar vl B < Stk 9, AR
FEEAAL] IR iH 0 8 R Aof)M] 1 FAIE olort
Ik E=3F 274l wlsgko] AH F7tse

2 ARZIEREA-BS} fARE Bolzt & g Qv Hale,

2.50
& "
_gz.oo T T
(o) 4
5 . /
c 1.50 4 A
] .
: } /\_——W \/
] ;
£ 1.00 V
]
; « =Time basis disaggregation-B (by sampling data)
E 0.50 == Time basis disaggregation-A (by measurement data)
<

Condition basis disaggregation (sampling data)
0.00

123456 7 8 91011121314151617181920

Elapse time (year)

Fig. 8. Comparison of transition processes of annual deterioration
of crack by different disaggregation methods

60

NNVEEZA-AA 13319} 183~20d0] T B3 54
T ], o] BEEe] MESTF 375871
Aersbd(Table 434%), k2] 571 FHE 53 vz}
7Fe/de] EAISITE o] BEES] EAE TREo = vlke] ey
= W 3 AR ANFig. 9%x).

Fig. 99] 5 J#)=Z2 v|wajid ARPIEREA-AT} o =8
&) 2R Fhhs HofErh o7 AR IEEEA-AS]
o] iAo = T Folle(Table 431%) v ESbEAS Hol
= oMfi= 2 EEE2] 0(0)9] #he] Ao =7 wze] 95l
A ZURE CDFe] 99 A AR wizolt) B3k AR R
FALAL] 7| 122900 2 AE7 e e o284 876
TRz TR o7} Jlrk(Table 2 312, o] Aol AR IEE3EAN
-Be] AIEER] 7R 7]Hzko] T 2 FAl 0(0)<]
F= diF o m Fopa Exe] pHloA Ak M= T
219}7] wjio]tiTable 2, Table 4 FA] =)

A7 el FeizAle] tigk A eaks BAskE 7keo R
“OleRng G838 “EENS TR A & Ut Stk
ATNE FEs 8. FalE IS VREe R BAsH
20y 7502 FHo) X3 QAEEE $=502 57 (rotate)
A7 L vZe] PDFE 3REEE0IAM Alsls 3 PDFS] o] 10]

=5 SPAA FH Foi(Han 5, 2012a). oA HH Ex=
ArREEe] 4EE 97 WA 7IdEe golRlE i
AAA ek o] F Hkle] $-9e Bt A Q= $AE 73]
[TEER P Aol AHEI|R Sk vl AR REEEA
-B7} ZJE7IE g UiA|Eo] s ARPHSE friested
TEIE HE Aok AE3ks &8sk o] AlRst @
7REo R BEE TS ARVIEREALAE ko 2 (sl

N

>

=

= =#== Minimum

60

50 50 = === Minimum
—ill— Average —l— Average
40 . 40
Maximum .

— Maximum
& g
§ 30 § 30
s} =}

20 20 ’Av‘.

et
—+-*
10 | 10 =
-t
Sl
0 o P nd
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Elapse time(year) Elapse time (year)
(a) Variance of deterioration process of crack by time-basis (b) Variance of deterioration process of crack by time-basis
distribution set-A(by measurement data) distribution set-B(by deterioration process samples)
Fig. 9.

Vol.33 No.4 July 2013 1661



ARVEREABE AT 5 Qleh o AR REREALAS]
dheige] XaEe] Sk Ae] sk gk ik sk
4 wr) As) Bajsiol AokE mEs Ao ARb)E
HEAAZL O Hole A9Hg Hokechn shbseleh ofel 29
o Zgen e Bkl T AsE 42 o

=Ry =1
iy
nyA

X

f

=

=5

I

] Tl Ak $8s] gekd 7Fsde] EAI%

ok A7t S8 SrEolok ah, 1'dike] s o5
Alel] o] Aol EEERE k] &S FAl 8ok
She 9% WA Eck oo A3t = 5= AT
2 3t

viREke 2 Tz ) QRS tplo 7 aE TR s
(2003~20109= A5Z-g)oM =€ TE 15%7FAY] 7Idis=
He 747t 11.95¢(Kobayashi 5, 2010a), 12.58W(Han 5,
2012a), 8.99\d(Han 5, 2012g)0.2 ARS-H 218, A&7FEHkel
Aot Soll 2po)7t EAgE B ol =EH AveT)
AR ERIskITh

& &

-

X

o

%

I
H

e

ol E 2] A S SEo s skl o5
ele S B, AHS e ki) wslabgst
g3t 7|, 18 ESAAS Yol B3tk
QA FERAL Sl oA ARG HErge F42Q
et & g glow, Aelrmige] 4lEid SR, JEjar A
HI oA T2 gejal Qe A= BT 2y Skls)
© E29eRgS AT 5 ik

ARREAE S5 =] deka=elA] Ad 81:d7H2003~2010)
=X FdE ZAREE B4dlgon, o2 5702 A,
Tdar 20702] AR 7o R Zhzt Bafsle] Ssalgs Adet

2

o]
o]

firom BN

Ak vobl, A iERalatagaN waE HEHYES
B340] o SHE 2 WShe ARVIFREES w59

Rk} o] AFHARI] AoJAHA IERlET) Fojee Y,
= 4Z=53(sample dropping) 2 13} I=5/J0] FH 7]
olee 9ol ek Ao 2ME F83F njyt Ytk
ARG ES B3l Aol AT A= vhad 2ol 895
Eo} A, 1) 7o) sk e el ofEsie] 7 alki=g
b weERE RS ol T 5%E WA H o] ¢ dAg
7V ks eI 018 AR 2 RSP fRlES &
AIARE 6139 Tk 2) AR IE BaE SA] ALK 3%
< Wtk ol dAFE AR Basl, A= Eailsid
B2 o] WSS HolEtal sirbesith ey g

S A7 IEEsl/ 20T o) T WEAl GSE oA

=
=

1662 Journal of the Korean Society of Civil Engineers

Sk el WellA] wslshe sikegel] dis) Rzl ve38HA]
S8l She] IS (REE)E =T oSl AES1] o]
o} FolRthe AR RSl EgRte] sy S AR st
Al Bajste] B3] wjize] B} Ad 5= gl Avte} &
F 9tk 3) B AT w2d 749 15% 7visEe] Hee
(H-H2-H) 22 el B mEze] e 11.684, A7)
TR/ ZFHEL 8760 A(AMIPIEREAL-B), AR RS2
FAA AP IZEEA-A)S 122990 2 GZE|3t) o]5e
T 2/ zFAolN 28 semye) AZES 53 A=
Ho)7] whio] 7|thrge] BAA ATt =3 A o=
T A ARSI itk 3, =EE 2AYE 1 1
tpdo g S ATATE (8.9919~12.58W)7} v]wdt w] A<

FUF FEUS FesHAk

fd

e

i

'z
&
2
>
g
)
K
3o
rr
2
T

3 Al arEeEte] S 7

B oie] Aol el

flo o,

4
r
%

el vl ghke AR
EA7RE Ui frAes
™, 7L 9] a/dwgolt
333 HIEEAR] 54
EES S0l aEekA|
# Sel 2 Aol AAfslaL
e ARk e FdS Bt i Akl S’k 712
TEA SJe7) Atk viRHe R, ¥AuEES sk 1t
B k] me] TSt o] 2] HEe FasBIANE, T
o2 ZRwlEe] Fa a9ls oply] 913 el Asad
Ao} g A g T3 Ao} sPlt). &5 Aell=
TR ARlrE mRisle] R slehiE oS Sgsto R
A, TADF Z2 W3] o)A sisabg el ik Aol

Al=sofof & Zlojtk

e

Zl =

Ao BEE BB WITEEBRE £
TSN AL BB, B A7

g T WARREEZ 42 Ak EeS et

(

o)1=

2
]’l -

o we

References

Bell, J. R. (1968). “Algorithm 334: Normal Random Deviates.”
Communications of the Association for Computing Machinery
(CACM), Vol. 11, No. 7, pp. 498-499.



Bennett, C. R. and Greenwood, 1. D. (2000). Highway Development
and Management Series Vol. 7: Modeling Road User and
Environmental Effects in HDM-4, The World Road Association
(PIARC), La Defense.

Box, G. E. P. and Muller, M. E. (1958). ““A note on the generation of
random normal deviates.” The Annals of Mathematical Statistics,
Vol. 29, No. 2, pp. 610-611.

Chatti, K. and Zaabar, 1. (2012). NCHRP report 720: Estimating the
effects of pavement condition on vehicle operating costs, Trans-
portation Research Board (TRB), Washington, D.C.

Do, M.-S. (2011). “Comparative analysis on mean life reliability
with functionally classified pavement sections.” KSCE J. of Civil
Engineering, Vol. 15, No. 2, pp. 261-270 (in Korean).

Do, M.-S., Han, D.-S., Yoo, I.-K. and Lee, S.-H. (2006). “Performance
and economic analysis for rut-resistance pavement considering
life cycle cost.” J. of the Korean Society of Civil Engineering,
Vol. 26, 5D, pp. 783-796 (in Korean).

Do, M.-S., Han, D.-S., Lee, J.-D. and Lee, Y.-U. (2007). “Economic
analysis for road pavement maintenance by using HDM.” J. of the
Korean Society of Civil Engineering, Vol. 27, 3D, pp. 311-323 (in
Korean).

Federal Highway Administration (FHWA) (1998). Life-cycle cost
analysis in pavement design: In Search of Better Investment
Decisions, FHWA-SA-98-079, Federal highway Administration,
Washington, DC, U.S.

Han, D.-S. and Do, M.-S. (2012a). “Correction of latent errors in
pavement deterioration data using statistical methods.” J. of the
Korean Society of Civil Engineering. Vol. 32, No. 6D, pp.
587-598 (in Korean).

Han, D.-S. and Do, M.-S. (2012b). “Development of budget-ori-
ented managerial accounting information system for pavement
management.” KSCE J. of Civil Engineering (in review) (in
Korean).

Han, D.-S. and Do, M.-S. (2012c¢). “Development of Korean life
cycle cost analysis model for road pavement asset management.”
J. of the Korean Society of Civil Engineers (in review) (in
Korean).

Han, D.-S. and Do, M.-S. (2012d). “Estimation of life expectancy
and budget demands based on maintenance strategy.” J. of the
Korean Society of Civil Engineers, Vol. 32, No. 4D, pp. 345-356
(in Korean).

Han, D.-S. and Do, M.-S. (2012¢). “Life cycle cost analysis on
pavement inspection intervals considering delay in maintenance.”
KSCE J. of Civil Engineering (in review) (in Korean).

Han, D.-S. and Kobayashi, K. (2012f). “Criteria for the develop-
ment and improvement of PMS models.” KSCE J. of Civil
Engineering (Forthcoming, Sep.2013) (in Korean).

Han, D., Kaito, K. and Kobayashi, K. (2012g). “Application of
Bayesian estimation method with Markov hazard model to im-
prove deterioration forecasts for infrastructure management.”
KSCE J. of Civil Engineering (in review) (in Korean).

Han, D.-S., Kobayashi, K. and Do, M.-S. (2012h). “Section-based
multifunctional calibration method for pavement deterioration.”

KSCE J. of Civil Engineering, Vol. 17, No. 2, pp. 386-394 (in
Korean).

Han, D.-S. (2011). Development of Open-source Hybrid Pavement
Management System for an International Standard, A PhD. Dis-
sertation, Kyoto University, Kyoto.

Han, D.-S., Do, M.-S., Kim, S.-H. and Kim, J.-H. (2007). “Life cycle
cost analysis of pavement maintenance standard considering user
and socio-environmental cost.” J. of the Korean Society of Civil
Engineering, Vol. 27, No. 6d, pp. 727-740 (in Korean).

Kaito, K. and Kobayashi, K. (2007). “Bayesian estimation of Markov
deterioration hazard model.” J. of Japan Society of Civil Engineers,
Vol. 63(A), No. 2, pp. 336-355 (in Japanese).

Kaito, K., Kobayashi, K., Aoki, K. and Matsuoka, K. (2012).
“Hierarchical Bayesian estimation of mixed hazard models.” J. of
Japan Society of Civil Engineers (Infrastructure planning reviews
div.), Vol. 68, No. 4, pp. 255-271 (in Japanese).

Knopp, R. (1969). “Remark on algorithm 334 [G5]: normal random
deviates.” Communications of the Association for Computing Mac-
hinery (CACM), Vol. 12, No. 5, pp. 275-281.

Kobayashi, K., Do, M.-S. and Han, D.-S. (2010a). “Estimation of
Markovian transition probabilities for pavement deterioration
forecasting.” KSCE J. of Civil Engineering, Vol. 14, No. 3, pp.
341-351 (in Korean).

Kobayashi, K., Ejiri, R. and Do, M.-S. (2008), “Pavement manage-
ment accounting system.” J. of Infrastructure Systems, ASCE.,
Vol. 14, No. 2, pp. 159-168.

Kobayashi, K., Kaito, K. and Nam, L. T. (2012). “A statistical
deterioration forecasting method using hidden Markov model
with measurement error.” Transportation Research-Part B, Vol.
46, pp. 544-561.

Kobayashi, K., Kaito, K. and Nam, L. T. (2010b). “Deterioration
forecasting model with multistage Weibull hazard functions.” J.
of Infrastructure Systems, ASCE., Vol. 16, No. 4, pp. 282-291.

Korea Institute of Construction Technology (KICT) (2009). Final-re-
port of the national highway pavement management system 2008,
Ministry of Land, Transportation, and Maritime Affair (MLTM)
(in Korean).

Markov, A. A. (1971). Extension of the limit theorems of proba-
bility theory to a sum of variables connected in a chain, Reprinted
in Appendix B of (R. Howard, 2007) Dynamic Probabilistic
Systems, Volume 1: Markov Chains, John Wiley and Sons.

Morosiuk, G. (1998). Derivation of a new rut depth model for the
structural deformation component in HDM-4, TRL Project Report
PR/ORC/610/98, Transport Research Laboratory, Crowthorne,
UK.

Morosiuk, G., Reley, M, J. and Odoki, J. B. (2000). Highway
development and management series: Vol. 6 — Modelling road
deterioration and works effects, The World Road Association
(PIARC), La Defense, France.

Nam, L. T., Kaito, K., Kobayashi, K., Okizuka, R. (2012). “A
Posson hidden Markov model for pavement deterioration prediction.”
J. of Japan Society of Civil Engineers (JSCE), Vol. 68, No. 2, pp.
62-79 (in Japanese).

Vol.33 No4 July 2013 1663



2

NDLI (1995). Modeling road deterioration and maintenance effect
in HDM-4(Final report), Asian Development Bank project RETA
5549, N.D. Lea International, Vancouver.

Odoki, J. B. and Kerali, H. G. R. (2000). Highway development and
management series: Vol. 4 - Analytical framework and model
descriptions, The World Road Association (PIARC), La Defense,
France.

Obama, K., Okada, K., Kaito, K. and Kobayashi, K. (2008).
“Disaggregated hazard rates evaluation and bench-marking.” J.
of Japan Society of Civil Engineers(JSCE), Vol. 64(A), No. 4, pp.
857-874 (in Japanese).

1664 Journal of the Korean Society of Civil Engineers

o
il
2

Shs
N
]

Parkman, C. C. and Rolt, J. (1997). Characterisation of pavement
strength in HDM-III and possible changes for HDM-4, TRL
Project Report PR/ORC/587/97, Transport Research Laboratory,
Crowthorne, UK.

Paterson, W. D. O. (1987). Road Deterioration and Maintenance
Effects, World Bank Publications, Washington, D.C., USA.

Tsuda, Y., Kaito, K., Aoki, K. and Kobayashi, K. (2006). “Estimating
Markovian transition probabilities for bridge deterioration
forecasting.” J. of Structural Engineering and Earthquake
Engineering, JSCE., Vol. 23, No. 2, pp. 241-256.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


