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A Study on the Marker Tracking for Virtual Construction
Simulation based Mixed-Reality

Ji-Woong Baek
Division of Architecture, Silla University
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Abstract The main object of this study was to find a way to operate the marker for simulating a virtual construction
using a MR(mixed reality) device. The secondary object was to find a way to extract the form-data from BIM data,
and to represent the virtual object by the MR device. A tiny error of scale causes large errors of length because the
architectural objects are very large. The scale was affected by the way that the camera of the MR device recognizes
the marker. The method of installing and operating the marker causes length errors in the virtual object in the MR
system. The experimental results showed that the error factor of the Virtual object's length was 0.47%. In addition,
the distance between the markers can be decided through the results of an experiment for the multi-marker tracking
system. The minimum distance between markers should be more than 5 m, and the error of length was approximately
23mm. If the represented virtual object must be less than 20mm in error, the particular mark should be installed within
a 5 m radius of it. Based on this research, it is expected that utilization of the MR device will increase for the
application of virtual construction simulations to construction sites.
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1.1 H7e| A

Pl
JHJ

#2, IEAG(AD, AR U(loT) 71 7HE 1.3 FAH A7 S
2(Virtual Reality; ©]3} VR), Z7@%(Augmented 7Aool MR 7]%3} #aske] oA QaE o

Reality; ©|3} AR), §FAE(ZS EFA4, Mixed L5 2% ot} b &4 AR 7|&3 B&Este] o)

Reality; ©]3F MR)°ll #3F 7]&2o] 42} A4S o] o4 g A7ES o3 2k Lee et al(2012)S

94 Vs or e 2al gk 53] VR, AR, MR BIM3} ARS ©]-8-8lo] H]v}7] 7]uke] HZFAL obdA|

52 7Pd(Virtuality)Z} A Al(Reality)e] 7t 224 A5 ] A|2=ElS AekstdtH1]. Moon et al.(2015)
i=]

oo

Eo] #3 7]&EA, OﬂAl e e 2okl A3 BIMI ARE o] 4519 HlulA suke] AN FRE §X
FAskA] gtk 56] A5, AAYolH, (el AEC)  whe] Z83F WerS AIrEFtH2). Ryu et al.(2010)E
Hoke B Al v‘i—olfoﬂ H3l] Mock-upo|vt AAIFS  FAA x| A o] AR 7|9 T-gHote] U
WEo]l B B, AN B B o Fe] o & 7% AFE SaEtdt3]. Kim et al.(2013)2 }A
W A7 Hlgo] WAlshE 50 R QlE] AlgElold wpal ARV|W o] AL Lol Tale] ATE AT}
R 7Pl tig 7ieEe] deAde] At & 4= 0tk 9JrH4). Jung ea al.(2009) ARS o] 83 715 HUE]

53], < AEC Aol A AAIs L tAdstd A g 719 o] el AT-E K aAEATHS).

B A|2~H] BIM(Builidng Information Modeling)<] 2o A= BIMZ MR §3telte] Ay e
Ag % Fgo] F7Istl whe, 33 4 ARE ©]§ ot} Hirasawa(2017)= A& o] A48 A] MR
ato] shdE ASES ARl & ©f A3Fe)al 44 Agatdol] siA AFE s ti6]. Fomnet et
o IRl o = vlede] &Eal glaL, A al2017) 3ol fA#Eel el BIM7uHe
7148 o2 VR, AR, MRO| 553 k. MR 7]%29] Ago] el AT7E FAATHT]. Jad
B el A P ARl S MRS A o al(2018)2 1715419 Al YolA] MRE] A &1
& W BIM &7 HlolHE o]&dto] MR FHI= 7 el tiate] AatSiThs].
AN F e PHES TEstaat gvh e AYs o] ATEe EASS AR ofge}l 2
ot MR 7|uke] 7P AlEold S fE) AREE & FEHS 7 ek HA, BIM 7]uke] ARS Ao
= A EFAQL -8t diEiA] AAStA gtk slam gln) o) BIMo] AAMR oluE} A1E, §X| 7]
ol 49402 2893 A S 287 Aol
1.2 Ao TIH o’d% 7] WEolgka weElth 53] BIMO 5740l
B ATe A e 4, A9, o2 5o a3 ol 3Ak A ARE ARS Tl g
o] ¥l frelgh ojdelet & & Stk B, unpA 7]wke] AR
wdxi 71E9] £3S B35ko] VR, AR, MR9| 574, 2 & AASEAL tk of= v o] A4 5 ARl A 2
olf¥} o]F Fok 7MY A AlEH oI, nhA F4 ] AT F gl QAR o] 59 FE ol uhE FEe| &
of tiafA vk T og SHs] A Alkd & 5 Qv
F AR BIMO| @7 HloJElE MR 4| E 913 dl oldel dtet & Aol Aol vt 2 A
olH R HFA7IE WHES Ak i ofgA A, ¥ A= ARC] obd MRS 7|wte® sfar Qit
A3k dolHE vy FAYAE B3 4 AAlel T+ ARo| HIERE AU JMFAAE e Vselgd
ks PHES Al MRS #E2E Eo 23] 7Md s bee Ve
A WAR 7 QBAES FEEy] g v vl B4 AREU F T kst s3] Vel & 5
9t wpAL] A Ao E A48S Fote] vk 2Pal SujellA = ob4 AECECRF MR V)&
Aot o] HEol et A7E LxE Ho] glrh E3k 7]E]
npA et 2 A Ans npeo® sPdzid AlEde] A= AR BIM HoE Atole] AA7F FAAem o
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AEC AFJellA
T o] F glon, npA e 4 el fjdA = Kim
et al.(2013)¢] A& AYstie ATFEA FUTE =
g Kim et al.(2013)= @ mlA] 8o tis) dF+&
s w2 A= o 9] 80 s ATE
13y

2. 0|EH ¥

2.1 8884 (Mixed Reality)

MR W& olafstr] HsiA 32 VR ARl
G olaf ¢t o]F Abole] FHEo] F2Eth MR, VR, AR
of digk Ao UWtHo=® Paul  Milgram®)
Reality-Virtuality Continuum 2|7} 7} o] £45
H(Milgram et al. 1994). 1] A 2] Fig. 1914 B 0]
3 H A (Reality)d 9813 71 d(Virtuality) S & =
ol Fi1 71 AlelE AAshe AE4AS 7t aga
AAA A 713 245 Z3A17]1W AR(Augmented
Reality)©] W 7Pdd Aol AAe @45 ZsiA7|d
AV(Augmented Virtuality)7} ¥t} 1831 o]} o] 7}
&3 dAo] E3tEo] e AElE MR(Mixed Reality)
2kl A g9

Mixed Reality
MR ‘
Augmented A ented
REAL AT T Virtual
Reality Virtuality
Woekd Compbeiely

Urmod ke d \ ‘Warld Partally Modelled Pt led

Fig. 1. Milgram’s Reality-Virtuality Continuum

Fig. 2. Difference in VR, AR and MR

x|k, H ol Milgrame] A olS wigro g oju}
o]0 FiHit £ Vo] WA Wo w2t VR, AR,

MR& Z= T2 Jodth Fig. 29} o] VRS ¢4
3 7] AAE vl o g Jhike] QHAEZS AT
= A& ¥ahH, ARS A9 It taE ol o
&3t 7Hde] QEAES FHAA APATE AE 9
u] gkl W MRS AR FARHAl @ €] F3to) vl
Yol & ol gate] 7o QBAES FHAIIH, dA
o] FZHE Q1EtaL @A) I3 Fo 7MY oln A&
1A Aer A 2L £9E REr webs] MRo|
ARl Hl3} £ ©] @dzto] Hoju, ¢35 W 7]

Fejolt}. & =iollA AHE-E= MR £0]& Milgram®
goy7} opd, H el AREE AL Qle A oo wE Aot

2.2 MR7[EF| 7pAt
=5

714 7d(Virtual Construction) 24| 744do] =

24E AHE olgsto] 7HEe w3l

HPE QS ARG AE Wi, o] Aol

24 Al=2|ol:dzt otAH

OH_L‘F_\A(_‘

h - = =
“(Locating) ¥} 27147 (Scaling)°] £ 23}T}, wje}A
A3t 9 x)o] A3t A2 MY QHAEES 133

% gleh. BTk olsh e A shgel F3b
A57] mo] AAlel @gAel gl wilel Ark

W, ARSH MRS] 24 A7) g7 bge] ond
S ] A Aol s F. ol e
B0 hge] QHAES JAL 9A) AL 2|2

T-#A7]= Locating@ ScahngO] o) - =g st 1w
1 o]2]3} Locating®} Scaling2 &Alel a]4317] 93
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3. BIM-MR Z} G|O|E| 17 L Ot
o WHE HA|

3
M
. @A 9] ABECAIE o)A BIM S/W=Z
Revit, ArchiCAD, Allplan, Bentley 5 v-¢- thst
SIWE©] AMEH T AT Lee, Seo & Son(2009)7} %
AREE ASAAYT okl 28%7F %2 BIM S/W
of tigt Al M= Fig. 49} 2], Revite] A-E H]
o] AA W2 60%E W AR Yehde w2
AFAME 7 AR =7} & RevitS BIM S/WE AL
|3kt 10].
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Fig. 4. Top Criteria for BIM S/W
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EAREE

BIM S/W¢t 2], MRGH]= Adee] Fo] &2
d], o] o} MR 7|8 o] gAe] wWEH 917] o
woltt. AA, w22 Z(Magic Leap)Ate] ‘Magic Leap

ne’, UFo|Z 24X E(Microsoft)A}] ‘Hololens’, °f %
(Apple)AF2] ‘Smartglasses’, T-=(Google) 2] ‘Google
Glass’7} F-&3tE]o] gle FF¢] gujsolth o] ]
£ 7201610l 71 WA 483l ‘Hololens’ 7} Ul
£ "ol 7 reb, w34 B S0l bl
Ao HriAn, wa] 2 AT A% Hololens(Fig.
5)2 MRAH 2 A elst9it) Hololenste =419 92
o Farg Fhvl|eprt ARt o] A& I3E 2l
AL 7Hde] QBAE om|A & ARRAL weke]
t2=Zg o] ol $E3te] HA| oA e} 7Hde] o]u]]
S FRHA7IE dE2 A EohFig. 6) Hololens©ll 4]
7Hg $83 HaE ook Al 9] AR Table 139+ 2t

Fig. 5. Hololens Fig. 6. Principle of Hololens

Table 1. Hololens Hardware Details

Parts Specifications

-See-through holographic lenses

-2 HD 16:9 light engines

-Automatic pupillary distance calibration
-Holographic Resolution: 2.3M total light points
-Holographic Density: >2.5k radiants (light points
per radian)

Optics

-1 IMU

-4 environment understanding cameras
-1 depth camera

Sensors -1 2MP photo / HD video camera
-Mixed reality capture

-4 microphones

-1 ambient light sensor

3.2 BIM—MR H|O|E{ tH&tof| 26t HitH=
2 A= HololensE 53 7MY LB HES F8&
Q3 AZEY O] 2= Unity3dS AHE8HIth Unity3dE

Izl 7)o)A} F37IEEH (Integrated  Development
Enviroment, IDE) 2. 24 MR #1} olz} ARS ©]-&3h
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Fig. 10. Imported Model in Unity3d of Method 2
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o

Table 2. Test Result of Detection rate By Marker’s
Size and Distance

FBX format

REVIT = 3ds MAX = Unity3d

Fig. 9. Workflow of Method 2

Marker No. Distance
size test 2 4 6 g 10
1 O O x X x
2 O x x x x
10x10 3 O x x x x
(mm) 4 O O x x x
5 O O X x x
rate | 100% 60% 0% 0% 0%
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30M, A= 15M, ol 6Me] A5uA e nAES A & Real Wold Measuring
she Aoz ARSI Fig. 125 Revit Woll A #<kd
QBAEM SBHAEE AHS folgtA 7] 3l 4.2 SNy U QXAS
WL g HE ST AR Revit HlolEE 9 3 WA AW Fig 167 o] 9 whlg HA@
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GEE UES T Unin3d QAR AHE 5 oy onaes sasa 1 AdE Sgsac 2
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H %\— ?IW3d . /\]'0 o]-Oi F;gﬂl}‘*} ZEO] x'“ﬁ% Zj:'T 7334_% Table 334 ZELD]'
2 oHAEOS 2 X ol x5t == F _ . - -
= —J————_I———‘/] Sl 1E] Tl_.oﬂ ‘l’]xlol' = o]'%]\‘;]' /\E]?joﬂ Eq_% ”é'ﬂ' E’_Z]—(Average Error) ‘%‘ _Q_Z]—-%
- ‘ . (Error Factor)i= U3} 2t}
ol o T AE2 (AE)
? L _
= SN EAR AW @-ARA)
i=1
g = 163.50mm
L2k (B)

= [o] 23— S AR+ o] E%k < 100%
= AE~+ o] 2%k % 100%
= 0.55%

Fig. 12. Model in Revit
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Virtual Object

Black Box for measuring

i

step1. Tracking the Marker
step2! Set the black box Marker
at the end of virtual object \

Fig. 16. Image of Test 1 (Single Marker)

Table 3. List of Length Measurements (Single Marker)

No. Length(mm) No. Length(mm)
1 30079 11 30047
2 29732 12 29945
3 29747 13 30154
4 30276 14 29957
5 30086 15 30255
6 30076 16 30027
7 30196 17 30292
8 29890 18 29783
9 30142 19 30167
10 29713 20 29760

4.3 O30t A 2xHES

WA AR Fig. 173 o] 7P B AN A

Houkgko g 74z 15M, 10M, SM 7t o8 A& thE
wAE AXsta Az A A A RE AR epA] et

wAZA] Q1418 sHHA dolg Sgsi9ith 1 A¥e
Table 4, Table 5, Table 63} Zow Z}7+e] H Q219
QA& Table 73 Zth.

Virtual Object

Black Box for measuring

!

stepl. Tracking the Marker

Marker !

step2. Set the black box
at the end of virtu:

a!bjea t

Fig. 17. Image of Test 2 (Multiple Marker)
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Table 4, List of Length Measurements (Multiple

Marker-5M)

No. Length(mm) No. Length(mm)
1 5015 11 4990
2 5029 12 5027
3 4985 13 5020
4 4968 14 5017
5 4970 15 4978
6 5004 16 4968
7 4980 17 5018
8 5030 18 5028
9 5012 19 4976
10 5026 20 4981

Table 5. List of Length Measurements (Multiple
Marker-10M)

No. Length(mm) No. Length(mm)
1 29963 11 30059
2 29991 12 30052
3 29934 13 29927
4 29946 14 29930
5 29975 15 29927
6 30001 16 30001
7 30036 17 30031
8 29968 18 30093
9 29988 19 29990
10 29996 20 29947

Table 6. List of Length Measurements (Multiple
Marker-15M)

No. Length(mm) No. Length(mm)
1 14882 11 15089
2 15096 12 14943
3 15044 13 15023
4 14974 14 15110
5 15006 15 15094
6 15115 16 14933
7 14934 17 14902
8 15086 18 15098
9 14968 19 14898
10 14863 20 14933

Table 7. Average Error & Error Factor of Test

M 10M 15M 30M
AE 21.50 39.55 76.55 163.50
E 0.43 0.40 0.51 0.55




SREAY 7Nk FPFAd AlEF oIS AR uHA FF Al Bdt AT
9 Azt wEd mFe 7AW 0A&L H4 MEE Kim et al(2013)9] A7 AR} FALH 7L
0.40%(10M 7+2) ZHt0.55%30M 3HE) Afele] #he&  HAEQ] Locating ¥ ScalingS 245t e T8
Holv] A0 2 047%2] AL 7 Ao U gtk
ERgrl F7b 02 sM 7] 49 Adske gl
A 547 Anh Uk, MR 47k SM 114 9)
F A9l viAS BAlel AXste] QHAETL oFoR 5.4 =
AdE = 077 A r:} whebA] SM 7o) A
A e mAE QA7 Bot BE mAE 71 2 7= MR 71E¥E o]gst 7 dA AlE
T WAo® Ay WeEginh oS szl lojA wirle] S8l mE oA}
of WA A=S Gohwan uieAd 8ol thelA
44 A= ATsigon, B Ao ARe Byt 2k
9 A7 Az npE 9l vprncks o opizk 3V BIM HOTHE vRge 2 MR w8 7F
M oBAEe AEe] FHOAI e AL o g o /P G HolHE Al ¥y B EAdS 9
ok S EE QAgS W|5E ke wolw, o)z Aa MR TR Revitel A Al wlelH = A Srepe) o5
gule] who QAN g BAZ A Aok gy, = J3] A3 3ds MaxE F9 FBX I F4ef A
g APzl uhE B 08047 vigor  ° BRT AT LR Unity 3dF Sote] MR M=
obajsh 2o ABS W 4 Sk, Aol 7 At
=4, MR A1 & o] &3 7Hd A4 Algdold &&
LE = 273 93a A ob 34 ) e by enaEe) ole] o5
= 7| 3t 7%?4 &2 °F 047% YRR e oH, o]& nlgo R AlE
— (LEX 100) /047 Aol e 913 o7 oA we A v 7ke] A
g5 7 4 ASTh =3 MR Al e] vhA XA E
AT, whok FPb o HAES} A A%E 7re] oxp  LElste] MRS Ha A AL sMelder A
AAE Imm2 AAAGA A APE 202mm g ¥ BE7F Q0w o) of 3mme] Hol L A7F AR
b et ol A4 vl SgolA e Byee = AEsorEy
o] W) E Aol EH Kim et al.(2013)2] A7z}l A, 7P LBAES 20mm olske] el A
Wz u e 27)o) ule} Aol = 9wk MR % oml Ak sfaal & v s L HAES V]Fo
Wl SM 9] el vk e] o1k HEge] o, o] W SMUl A% enAES 7 e vilE
A3te] oJuliz M o] HW} tgor EA e EAE A AT
MR AH)= o] mlAZ BE oAs] frs Ae 71E9] B AFEe] BAE 7o R ALY TS
aai), o] u) w77} H]z‘si/\al o ghusA A5 HuAE 7|HEo 2 S73328 A Fofol| glojA ojd
o] 97 = & spte] omAES} Gror paye Al FE TFeAC] 2Ao] BtEolA gl Wk, & AT
oF7h A Bk webd oleld Ak getgkvp  F TPAE TNbeR SRSl Tk enARe) A4
A9 A A AelE SM=E AH4s9L 1, o 23mm A 3 28790 FHS Tk ks FE Ao
o] o= 7olsorai. SHAA vige] 7P A Alg oA v
wphA] whek 7hak AA A Bgo| S 9E Aake] o BETE FUE IRl F50] ohd AR -8
HAEZ 20mm ]3¢ 037 ARoA A Wey e HES Ao 7RI Aval & 4 Qlek =3 Bt
ol A4 A% QBAE F9 sMoldle] virlg dxg MO BIM HOHE MREME S1et dlelr = Weks)
Ha7}t 9on Imm o5tz AT Bast o= Ao  © WS WR AR A7 A slvta & £ Sl
L o HAEZRE 200mm ool TS AxE Do 3, 2 A= 71 vl 4 Z2adS o] 83
7} 9tk ol o]e] gk ASo= npAe] 9 MAz=  Tho A BIM HOHE MR ] dlolE 2 W ghshe

667



HERE TP

sajie2x) A9 A1235, 2018

_\_I_i_jan.g. 7]k

Az

o] 7§43} 34 MR ] €]
AH) 2 o] g3t 71 A4 A EH oA

L
L

(1]

(2]

(3]

(4]

(3]

[6

—_

[7

—

8

=

[9

—

[10]

=
—{o

4 2942 129 2eagse
=3

daelgths @A 7

=

il ‘%01 Xé%‘%ﬁﬁﬁ}“ﬂ
3

ol

Ao dAgtdr)

References

J. H. Lee, J. W. Choi, H. C. Seo, J. H. Kim, J. J. Kim,
“A Basic Study on the BIM-based AR(Augmented
Reality) System for Safety Management”, Journal of the
Korea Institute of Building Construction, Voll2, No.l,
Pp.147-148, 2012.

S. Y, Moon, S. Y, Yun, H. S, Kim, L. S, Kang,
“Improved Method for Increasing Maintenance
Efficiency of Construction Structure Using Augmented
Reality by Marker-Less Method”, Journal of the Korean
Society of Civil Enineers, Vol.35, No.4, pp.961-968,
2015.

DOI: https://doi.org/10.12652/ksce.2015.35.4.0961

Ryu, J. R., Choo, S. Y. and Jo, J. S. “An Application
Method of Augmented Reality Technology for Layout
Planning of Housing Complex.” Journal of the Korean
Housing Association, The Korean Housing Association,
Vol. 21, No. 4, pp.89-97, 2010.

DOI: https://doi.org/10.6107/jkha.2010.21.4.089

S. Y. Kim, H. S. Kim, H. S. Moon, L. S. Kang, “Field
Applicability of Augmented Reality Technology by
Marker Mapping for Construction Project (Focused on
Measurement Process of Rebar Work)”, Journal of the
Korean Society of Civil Enineers, Vol.33, No.6,
pp.2509-2518, 2013

DOI: https://doi.org/10.12652/ksce.2013.33.6.2509

S. S, Jung, J, Heo, S. K, Woo, “Development of
Building Monitoring Techniques Using Augmented
Reality”, Korean journal of construction engineering and
management, Vol.10, No.6, pp.3-12, 2009.

HIRASAWA Gakuhito, “Mixed Reality in AEC Industry
[in Japanese]”, Journal of the Japan Society for Precision
Engineering, Vol.83, No.6, pp.509-513, 2017.

Adrien Fonnet, Nelson Alves, Nuno Sousa, Miguel
Guevara, Luis Magalhdes, “Heritage BIM integration
with mixed reality for building preventive maintenance”,
2017 24° Encontro Portugués de Computagdo Grafica e
Interagdo (EPCGI), pp.168-178, 2017.

DOI: https://doi.org/10.1109/EPCGI.2017.8124304

Chalhoub Jad, Ayer Steven K, “Using Mixed Reality for
electrical ~ construction  design  communication”,
Automation In Construction, Vol.86, pp.1-10, 2018.
DOI: https://doi.org/10.1016/j.autcon.2017.10.028

Milgram, p., H.Takemura, “Augumented Reality : A
Class of Displays on the Reality-Virtuality Continuum,
SPIE: Telemanipulator and Telepresence Technologies”,
MA, Boston, pp.282-292, 1995.

DOI: https://doi.org/10.1117/12.197321

J. Y. Lee, M. R. Seo, B. S. Son, “A Study on the

668

[11]

[12]

[13]

Exchange Method of Building Information Model
between BIM Solutions using IFC File Format”, Journal
of the Architectural Institute of Korea Planning &
Design, Vol.25, No.3, pp.29-38, 2009.

Sanni  Siltanen, “Theory and Applications of
Marker-Based Augmented Reality”, JULKAISIJA -
UTGIVARE, pp.38-40, 2012.

Mariano  Alcafiz, Jorge Dorribo Camba, Manuel

Contero, Jeffrey Otey, “Visualization and Engineering
Design Graphics with Augmented Reality”, SDC,
England, 2014.

Xiangyu Wang, Marc Aurel Schnabel, “Mixed Reality In
Architecture, Design, And Construction”, Springer, USA,
2008.

[14] Yuichi Ohta, Hideyuki Tamura, “Mixed Reality:
Merging Real and Virtual Worlds”, Springer, USA,
2013.

U X| S(Ji-Woong Baek) [H3| ]

02005 29 FAbtheral A5E
7} (F3Ah
02007 2¢ : FAkoistal dyieys)
e 9 AFF (T
02015 8¢ : FAlohstal dyies)
A AF WY SR
02015 3¢9 ~ AA : At





<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


