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Temporal Characteristics of Air Traffic Controller’s
Communication Activities
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Abstract The voice communication of air traffic controllers is critical to the operating safety and efficiency
of an air traffic management system. Based on the previous human dynamics studies, air traffic controller’s voice
communication data, which were collected from Beijing, Shanghai, Chongqing and Guiyang, are carefully analyzed.
The use of detrended fluctuation analysis finds that controller’s communications are long-rang correlated. Five
typical statistical models are used to model the inter-communication times of controller. The parameters of the
models are estimated by the means of maximum likelihood estimation. Our results show that although the inverse
Gaussian distribution is better to describe all the inter-communication data approximately, the inter-communication
data that fall between 11 seconds and 240 seconds can be better described by the power-law distribution with
exponent « = 1.8. Comparisons on the data from en route sectors and approach sectors further shows that there is
little difference on the power-law distributions, indicating that sector types has little impact on air traffic
controller’s communication activities.

Key words air traffic control;
long-range correlation

communication behavior; heavy-tailed distribution; human dynamics;

AR R, B R o A T X TR AL HI BB A B ARG, TEF A A2 K2 B0

BEA b DXIE LB~ 244 B3, A P — FX) A
5 AT RAATE F AT . WIS AT R A (R
Ay it 20 30 £ ot 2 3 1) A6 S B TR, AR R AT
MIBAT I AN A T fe KR A ME 1) 7%
B YD AR P AR AR, s BT A
ThRHER RIS . R SRRl B AR S
FEnLRE S HARSS, EE 650k BT R4
ote MEARGRIPEMIATHE, B R4 N
LRGN S A BRI Bl 808 il ks X

WA H T 2014 - 03 -26;  &[FIH I 2014 - 09 - 05

oy R A — AT 5 AR 2 . R,
B O RV AR AT AN 2 R HAR N
Wi o 3 A7 7 T SIS 2l AT RO I s, Hid %
FATE T AL B RO A S ), -4y
BrEAEAT AR AR FAT IR R, 2 TS A
GBI . SCHRIOA AR A 545 8 A5 47 0 Al
Emai Bl (545 34T 7047, BN H HAT A i 8] 73
A 55 S ARBENAAR AT AR, BATHERAFIE, WL
WA A HE . M5, BOREZ 178 RILAE

FETH: FEKARFEIES(61304190); Y15 HARFHAIL S (SBK201343292)
YEF MR MER(1988 =), 3, (A, FENFA AT EAERE T 401 R 2 I AT b 40 55 7 IR



618 TR BRI

o 44 3%

SESEAT o 2 TR0 TR D E A R BMLE, R
K AT S T, BFSORBL, T
WSHE LG, TG . THLEE SRSl
) B 44 P S S 28 A 2 P340
GRS T 7R R A H AT
B T R A AR,

JAE N TR T AT, (e
FUATHS S A4 HOAT 0 B AR B E . 1 5
170 55— M7 A AT B, R BB P
AT I A FO I B Sy, 7 A o) ST P B
RSy T o [l 00 2 £ O T A
SSATHEAT THIBGE, IR A0 15 1 N 1 )
SR HOE A A2 K SCLE AT BT T AR i
FRY, BT A5 L. PRI A X
A S B B R A B, R B
AT AT A B AP OBIESE, 50t St
TN W BT T S LA 9 L
1 BT
11 EH RTHEHE

R B IOy AT LR 3 AN B A K AT S AR L
1 ST

1) BT TARBRES . 515110 % F b £
7 A DR RO 222 40 503 H T

IR AE R IBATRE T RN AS I IR L AL R AT
MR Z . BRI E S EJE, 5 AT R 8l
DVRFAE NS ARSI T, R T 4 4
¥ PRSI R DL .

2) BaE, B R IEARRT AL IE 1T I BT
WSS AR ZAT 55, I HATSS IR ) R 0 K. FRIBUR
B T D3 Be 8 70 A B IR IR ) P 78 40 ) P 0% U 58 AT
5o DRI i) 03 A5 FH 1 A SRms vl 7 HAT M

3) 5 RAT BB AT, ST HT R AT B AR
F54 2RO RS 47 N 20 25, KR s A 2
RS VAT RIACH. 4 T R EE T EES,
RIS SURE A EIPN
1.2 EHREBEFBREBEITANEX

B RIRAEAT R O S R T
FE ) WAT MRS G — R, FEA
ZEIRS WA IR A — A e EAT
o WELFTR . 58 EEMT N j ITT AR TA] time™
FNEE S IA] time™ 82 AT LAAF BTk PRI i 4 5
L, =time¥™ —time*™ o ANZKZ) Sy #0rsi bz o i
19 P A i b 43 1) ot A4 () B IS (8] 7 0w )8 B )
7, (AR ) o AR AT R, SO (] B I [
B ) 73 T A P I T AT A TR PR TR T B, i S
) 2 8 1) 03 5 IR — 6 AT G REAT IS AT k1) I T )
B, AN ST (] B I ]

L/
A ] B v g
— I A
time’™" time™ B
AT R A 5 AT B 54T R AT B wrr i its
| | | | | | | | | >
0 5 10 15 20 30 35 40 45
- 7 N fi/s

BT AR AT o SC

2 BIEITASESR
2.1 EBHREZBIEHE

ASCATR B SR A Bl b, wRAIE
PH A HIL DX (1308 23 S A ol Bt DX PR s 04« J {5 I
() 4 T3 K 4R T20124F5 H22H ~5 H25H . 61
12H~6H14H . HILS T81H% N, Wik
134X, 292004 HE,  BEAS ML DX R s 17 ol 1
= AV

Al s B T A T AN S W

JFha i e)y ARG BXRAL XA RR. i
Tl HIAEE R, Al E A A
F1 BERERER

SRl UL
g mfmins wesag Ol EE L

L
(iR P<) IR X)
g 32 14574 6681 3821 2 860
wHR 17 7679 3995 3066 929
Jbm 23 7330 3642 3642 0
59 5064 2287 1268 1019
A3 81 34647 16 605 11 797 4808




4 MHi, %

ST R B B SO T S BT =

2.2 BIEERATE FYIa9ME R
22.1 ERFENSHE

K H 2L a3 8 43 B vk (detrended  fluctuation
analysis, DFA) A Wi 18 {5 ] B% B (8] (1) 5 AH AU IE
23281 DFAS 20 FA RS, . <.
PSR, W T s A FREN LA B B ) gy
1iE o DFA 0] U Hl 25 B ] 8] 2 410 1 ey 3 i 45,
TG TR IS TR) P A B R RRAE OG . AR AR A K AR Hh S
TR KA I 12520280,

BB T RSN {x,,6=1,2,---,N} » DFAZHT 5
R SRR

1) tH5 x KRS ZEFY {y,,t=1,2,---,N} :

!

=Y, =Y (1)

i=1

2) FEIFRIEH y, K53 N, ANASE S X (],
DX AN A EAH R, 9ok s, N, =[N/s] ().
R RF AN A BE N A — e #2 s s, DAtk
ZAE LN 23t O I[P 51 B R A e 4. A
T AR O], RN (R FPA p, 395 ) SRR R4
AP R 2N, B IR ]

3) /N I X A - BT ILE, A3
FIBEEANIX (A [F SR a3, SR [R) 7 81 25 B . 1) SRy
S S R RIS TR) P 510 AE A -

y(d)=y, =y, (r) r=12,-2N, (2)
Kb,y () X FHE 20K RPEE 2 10
FIE, 715y B DFA(DFAL), —BDFA(DFA2)%%,

4) THEARRAN X AR EBIE TT 2%

1
F =— d)* r=12,---,2N 3
,S;UAD r ! 3)

Sy SHTE X W F U IR

FG6) =[5 2 F o)

W, F(s) 2B I TR RE s 3 KT 384
FIH] F(s) FlsflxUa $E 38 log,, F(s) oc dlog,, s » 4%
BT F(s) A s® 026 ¢ &, Al olog,, s —
log,, F(s) PRI, BE 0B ULt W B ] )3 371 2 75
HAKFNZ . 45 0 BB D], ] LU W A
FEB AR o

1) 0<0<0.5: FRoRI ] FHRFEAR S

2) 0=0.5: FoREFHE ST, A
FHOE

3) 0.5<0<1: FRIATFHEKFEA KM

MS<s<N/2W, fhthos

222 oML

WERPR, B dbats SR SRR
I, Be0.8/c 4, B E s HA KEAHGE. BT
S FH PR s B R D, i DA AT e S 30 ) B
FEAT R AR DG 5 FoAth 3 AN Hh X AH LU AEE W 2, (RR)
HAMAE0.64 7047, Ik, B B s AE AT A KR
FHIRH o

3.5

& Fifg: 0.82
+ Jbxt: 0.76

logio(F{(s))

1.0 1.5 2.0 2.5 3.0 3.5
logios

12 S AR IR ] KR AT ek

[, S 7 Bk 25 00 A 1 52 38 A5 5 ) 1) o P
) (R A e, ANAN AR J2 T 44N 3 X PR 455 1] g )
SATAT IS, e, Bl X AT 1244
I, RPN X A 25 0.55~0.85; b Lt
RBEHIRSY, MM AIX R H0.51~0.78;
PRHBIX HEA 7 44 8 51, AHOCHE 23 A1 X (3] 24 0.56 ~
0.80; DiPHHLIX I 64 W, MOHEATIX ]
0.56~0.82, SHHAARZIAHLL, AN A5
AR I K, HIK 0.5, o) WA 2 T 45 ) 52
T A5 1) N PR A A KRR A O, S5 AR J2 1T T AH
Kk —2,
2.3 @{EEREE S

TEARA ST ATRE V2 N FH T 22 AN A ) 140 Bt L
1, WHLAHMPERE . N3 1 2E A A
AT PG A R E A . L b, B
R A AR MRE I 2 A >, K2 HE
BN, A KT S B A 75 & AR

BT NEF) )R 2 i s, oy DAk —
PR ZR v LA ) B3 38 A 1) B N (] 1) 2 A R . SREX
e R AR A 72 Aty T D) B8 e ) £ 43 A 28 20 o % FE Ak
BB E AT R BN R 2R

RIPEH T AN E AR LA 45 R . R
B APLA A R T SCGIRB T I i, LR
Je X B SR B L, AT FH TR 2 SR AR



620 TR BRI

o 44 3%

5y, HAHEDBUN, A SR x,, AR
A1 bR AU I 18] TR B PR PR Prop A2 RF 4 A
R X MBS LEB . DB A Rl 4521,
ANTRIH D[R] SR AL 0 A5 S B 5 2 R B
—EL ARBEIEBN . M ARYES HBAR L AT B,
BEAS X AN [ o S0 AU & 45 R A 2 — 2
(K1, A A, R A LR, AR o A U
BRI 2. 5 ICHRBOIMIWISTE R — 58, B X
ST R T FHE I Bt 4 BB A 5 R 0 A
T HL R T i A R E LE 1 24 550 (B ok A7 15%),
BT LR 73 B A5 1) Bea If T £ 20 A R A AN B 53
Pho WERE G, I I v 23 A1 B e S I
I ATREAIE o
R2 WMESHELY

pre— e
-1 qx
SR ¢ A
x!
M e
_ I (Inx— )’
e )
HHEA A _Nhaﬁm{ T
e ﬂ 1/2 —l x_ﬂz
W oA {E} exp (2#2 ) x
A e

R3 BENEHXRSHUSER

iz 25 i N B9 Gl
RIS A 24.56 28.27 19.41 38.37
s LR, —Inf —Inf —Inf —Inf
Fe % A 24.56 28.27 19.41 38.37
s LR, 2806260 —17185.31 —1444431 —10628.52
sH M 2.69 2.73 2.50 3.06
s o 0.98 1.08 0.89 1.07
s LRy 2729740 -16731.30 -13834.11 —10398.00
W M 24.56 28.27 19.41 38.37
Ity A 15.78 12.92 15.87 19.17
s LRy 2110263 -1311223 -10439.71  -8261.71
a 3.50 2.68 3.04 3.33
S Ko 94.00 48.00 53.00 94.00
s34 Prop /% 3.74 1521 6.95 9.79
LR;  _1280.77 -3053.55 —1246.63 —1162.27

LU il 53 30155 1R) B N 1) = R 23 A P(7) Ay 4k
fitf, 2 SOOI XA, a3 . AN e]
o Bl o A AT S e A ks s, JF
HIBFAT s 280 7 B R

XHE R S RAT GRS BT Se T A B
B AT IR SERE AR F 2 L s, AR DK

WA R T AT B e AT 81 41K
o, B KO A I )R] B DA 240 si, L EBIMER N
99.862 7%, JLT-E G T Fr A [l b iy T i . DAL,
P HGE A TA]BE LE 11~240 sy Bl P9 (05008 F sk A T 7

o mids, dRumEBPRIZEN-1.8HL TR, &
A e s i) S PR pAY 4D BsF 1) ] I 23 A mT FH S o0 A
p= x—l.x i%ZT?o
-1.0
“1spoo, ok
&
-2.0
< s
2
3.0}
35
740 ! L 1 I 1
0 0.5 1.0 1.5 2.0 25 3.0
logio7
FI3 A [A] R I [A] A 2 43 A7 U 45 4]
_10 T
& ’ EEEQ*E‘ . ifjg}*'lﬁ
15t e * X
o Xﬁé "
-2.0
. %,
z o
g

BE=-1.92

0 O.g 1.6 1.I5 2.I0 2.I5 3.0
logiot

B4 A [ 3 DO 135 $e ot

NEF) 1% B W i & fe i, ANJSEAEAT
W TR 48 50 B R A7 S I 2 SRV 73 A, A
U — T MR, 15 SCR[6 R (1 K X
IE T BEFON R BR T 2 A0S gt HE A PS4,
BEALIE A A B FR . M Z A8 AR 3 T
NEBh N E R E . Rk, &R TR &
TR HARIENLAL, B S /AT Rl s, B
S5 PR L AR XA R T A L, T
H B B S B AT 8 ARG, WA R R
+ora B,



43

MHi, %

ST R B B SO T S BT e

F4 REBRBEHHERESHUSER

o BMRW o EE Mk s
- A 27.41 28.98 19.41 43.64
it LR, 67 —Inf —Inf —Inf
676.80
o A 27.41 28.98 19.41 43.64
oA LR, -16 —1322631 —1444430 —6055.91
467.92
u 2.75 2.70 2.50 3.13
A c 1.04 112 0.89 113
IEA&
i LR, 16 -12839.23 -13834.12 -5929.67
062.51
u 27.41 28.98 19.41 43.64
U A 15.54 11.75 15.8723 18.81
i -12
LR, ~10067.32 -10439.7 -4734.95
547.10
a 3.11 3.50 3.04 3.14
= Xonin 67.00 116.00 53.00 88.00
S Prop/% 948 459 6.97 13.96
LR, _1841.03 -731.03 -1246.63 —937.17
#x5 HEBEXBEHEMESAIUSER
SyAiRI S5 F- g HR b
LV A 20.74 25.97 31.82
il LR, 3160651  —12840.62 —Inf
fa ¥ A 20.74 25.97 31.82
paxiiil LR, -11532.22 395473 —4544.85
PR u 2.62 2.81 2.97
L o 0.88 0.94 0.98
vaxiiil LR, -11176.32 ~3867.19 —4450.21
- u 20.74 25.97 31.82
g A 18.38 19.24 20.21
paxitl LR
4 ~8491.95 -3003.52  -351L.75
a 3.50 2.93 3.50
Eaae Xonin 54.00 38.00 85.00
S Prop /% 7.97 20.02 8.15
LR, -1027.78 -869.96 ~409.93

N T BE 2B 3 M AN ) 1 et DX 2R e ) B30
FEAT RIS, R RE A XA ) O3 A B AR
Jo DX SR I AR EL I3 g K, ) s K ABL R A T 20 B
DX 35k gt DX M T X A 3155 1) B8 B 1) 89 93 A4 AL o
I M A RN R AR S T o

Ab b DA Bt o A L X, #ANERRS
A KR4 RS R GRIMATHSHE, KIA
[Fi gt DX SR TR 25 ROF AR AW AR5, R X X
3y DX AN E I et DX DB AT DA 20 A s il AN X 0 B
DRI S REC W), AR L. A T
TS, b X A A i X
Sy DX S % PR A i o B X o % PR A

HH s RO BCAA A i LA T 5 s [0 11 23 A
WIEAFIT 7R o A M) BRI [R) 7 11~240 sy [l A 1 25
A IRER N -1.92, HEB3FRALE R o HHZE
AR, RHASR] B DX I AR AT A7 A o 3

I,
3 & it

Xt P S KR B A AT B T R LRAT
(AR5 GE TR, A B N SRAT N 79 s ORI AL
o ASSCE SGIE T 1 BB R AT 0 IR AR AL 5
FLRAG T @3 AV UE SE T4 BB AE AT W ICHE
RN B8 2 M Al 0 ) O3 FRE A5 47 2 AT SR A8
NREHAT I E L, B AT HAR 19 70 A
FFAIE

AR I i R G0 23 TR PR 2 (1 g it
BORRIEAT S, Wk TR RIEAT . 44T s B
o WAE RGN AR, HEH AR
e P AL AR AR B . A SR B T4 oK
SN TEER M T R AT A, RS R A
By RO REAE, RN, R Ash
SFHRFFCI— AN TE, ST B AN IO A 1 53 (AT
TR B 25 8 R G0 10 22 4 v BOs AT BAT 1 20 32
B

2 £ X M
[1] CARDOSI K. Time required for
time-critical air traffic control messages in an en route

transmission  of

environment[J].  International Journal of Aviation
Psychology, 1993, 3: 303-313.

[2] CORKER K M, GORE B F, FLEMING K, et al. Free flight
and the context of control: experiments and modeling to
determine the impact of distributed air-ground air traffic
management on safety and procedures[C]//3rd USA/Europe
Air Traffic Management R&D Seminar. Naples: [s.n.], 2000.

[3] MANNING C, MILLS S H, FOX C M, et al. Using air
traffic control taskload measures and communication events
to predict subjective workload[R]. Washington: Federal
Aviation Administration, 2002.

[4] MANNING C, FOX C, PFLEIDERER E. Relationships
between traffic
communications, taskload, and traffic complexity[C]//5th
USA/Europe Air Traffic Management R&D Seminar.
Budapest: [s.n.], 2003.

[S] MANNING C, PFLEIDERER E. Relationship of sector
activity and sector complexity to air traffic controller
taskload[R]. Oklahoma, Fedral Aviation Administration, Civil
Acrospace Medical Institute, DOT/FAA/AM-06/29, 2006.

[6] BARABASI A L. The origin of bursts and heavy tails in
human dynamics[J]. Nature, 2005, 435: 207-211.

[71 MALMGREN R D, STOUFFER D B, CAMPANHARO A,

measures of air controller voice



622 TR BRI 9544

B

et al. On universality in human correspondence activity[J].
Science, 2009, 325(5948): 1696-1700.

[8] WU Y, ZHOU C, XIAO J, et al. Evidence for a bimodal
distribution in human communication[J]. Proceedings of the
National Academy of Sciences, 2010, 107(44): 18803-
18808.

[9] OLIVEIRA J G, BARABASI A L. Human dynamics: darwin
and einstein correspondence patterns[J]. Nature, 2005(437):
1251.

[10] MALMGREN R D, STOUFFER D B, MOTTER AE, et al.
A poissonian explanation for heavy tails in e-mail
communication[J]. Proceedings of the National Academy
of Sciences, 2008, 105(47): 18153-18158.

[11] HARDER U, PACZUSKI M. Correlated dynamics in
human printing behavior[J]. Physica A: Statistical
Mechanics and its Applications, 2006, 361(1): 329-336.

[12] ZHOU T, KIET H, KIM J B, et al. Role of activity in
human dynamics[J]. Europhysics Letters, 2008, 82(2):
28002.1-28002.5.

[13] GONZALEZ M C, HIDALGO C A, BARABASI A L.
Understanding individual human mobility patterns[J].
Nature, 2008(453): 779-782.

[14] ZHAO Z D, XIA H, SHANG M 8, et al. Empirical analysis
on the human dynamics of a large-scale short message
communication system[J]. Chin Phys Lett, 2011, 28(6):
068901.

[15] WUCHTY S, UZZI B. Human communication dynamics in
digital footsteps: a study of the agreement between self-
reported ties and email networks[J]. Plos One, 2011, 6(11):
€26972.1- €26972.8.

[16] KAN A, CHAN J, HAYES C, et al. A time decoupling
approach for studying forum dynamics[J]. World Wide
Web, 2012, 1(1): 1-26.

[17] Bk, $hikst, B0 F, F. AR AN =46 st
HFI] BFHEKREFIR, 2013, 42(4): 481-540.
ZHOU Tao, HAN Xiao-pu, YAN Xiao-yong, et al.
Statistical mechanics on temporal and spatial activities of
human([J]. Journal of University of Electronic Science and
Technology of China, 2013, 42(4): 481-540.

[18] WANG P, LEI T, YEUNG C H, et al. Heterogenous human
dynamics in intra-and inter-day time scales[J]. Europhys
Lett, 2011, 94(1): 18005.

[19] A%k, ELeB L35 FHALDHFHEX]]. A4L4%
58 2mA%, 2008, 5(1): 1-5.

ZHOU Tao. Human activity pattern on on-line movie
watching[J]. Complex Systems and Complexity Science,
2008, 5(1): 1-5.

[20] $hik2t, JERE, Bk ARITAH AN L%
b A mAE, 2010, 7(2-3), 132-144.

Han Xiao-pu, WANG Bing-hong, ZHOU Tao. Researches
of human dynamics[J]. Complex Systems and Complexity
Science, 2010, 7(2-3): 132-144.

[21] Z4hdh, A&, RT. AR A FERBE S FiESH
. B4&4%5 8 2&mA%, 2008, 5(2): 16-24.

LI Nan-nan, ZHOU Tao, ZHANG Ning. Concept and
empirical results of human dynamics[J]. Complex Systems
and Complexity Science, 2008, 5(2): 16-24.

[22] ZHAO Z D, ZHOU T. Empirical analysis of online human
dynamics[J]. Physica A, 2012, 391(11): 3308-3315.

[23] POPESCU V, AUGRIS H, FEIGH K M. A stochastic
model for air traffic control radio channel utilization[C]//
4th International Conference on Research in Air
Transportation. Budapest: [s.n.], 2010.

[24] YAN J W, FRIZO V, MING H H, et al. Empirical analysis
of air traffic controller dynamics[J]. Transportation
Research Part C: Emerging Technologies, 2013(33): 203-
213.

[25] KANTELHARDT J W, KOSCIELNY-BUNDE E, REGO
H, et al. Detecting long-range correlations with detrended
fluctuation analysis[J]. Physica A: Statistical Mechanics
and Its Applications, 2001, 295(3): 441-454.

[26] KANTELHARDT J W, ZSCHIEGNER S A,
KOSCIELNY-BUNDE E, et al. Multifractal detrended
fluctuation analysis of nonstationary time series[J]. Physica
A: Statistical Mechanics and Its Applications, 2002,
316(1-4): 87-114.

[27] PENG C K, BULDYREV S V, HAVLIN 8§, et al. Mosaic
organization of DNA nucleotides[J]. Physical Review E,
1994, 49(2): 1685-1689.

28] REE, thvs, IAE. RABANE A7) 69 K4
BB 4 AT M F IR, 2011, 60(1): 019502.1-
019502.7.

WU Jian-jun, XU Shang-yi, SUN Hui-jun. Detrended
fluctuation analysis of time series in mixed traffic flow[J].
Acta Phys Sin, 2011, 60(1): 019502.1-019502.7.

[29] ZHAO Z D, CAI S M, HUANG J M, et al. Scaling
behavior owf online human activity[J]. Europhysics Letters,
2012, 100(4): 48004.

[30] MITZENMACHER M. A brief history of generative
models for power law and lognormal distributions[J].
Internet Mathematics, 2004, 1: 226-251.

[31] CLAUSET A, SHALIZI C R, NEWMAN, M E 1.
Power-law distributions in empirical data[J]. SIAM Review,
2009(51): 661-703.

WoE OB o4




<<
  /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


