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Abstract: This paper presents a new method for convex decomposition of polyhedrons. In comparison with
existing methods, the new method can improve the efficiency greatly with complexities reduced in many aspects of
execution time, storage and added new vertices, and it is more advantageous in treating the polyhedrons with reflex
edges in higher numbers. Its strategy is to gradually decompose a polyhedron in local operations by the occlusion
relationships between facets and edges along certain orthogonal directions. In treating general polyhedrons in
practice, the new method has its time and storage complexities both in O(n) approximately, and its produced new

vertices are in a number not more than O(r+n">

), here n is the vertex number and r is the reflex edge number. By
testing a large number of complex polyhedrons, it shows that, compared with the popularly used “cutting &
splitting” method, this new method can run 14~120 times faster, reduce the storage requirement to 1/2.3~1/7.4, and
reduce the new points to at most 1/28, and even needs no new point in some cases. Because most convex
polyhedrons decomposed by the method are tetrahedrons, the resulted convex polyhedrons by the new method are
more than those by the “cutting & splitting” method. However, if convex polyhedrons are required to be further
decomposed to tetrahedrons, the new method can produce much fewer tetrahedrons, due to much fewer added
vertices for decomposition by the new method. Besides, the new method can be conveniently used to treat the
polyhedrons with holes, or even the non-manifold polyhedrons that contain isolated facets, edges or vertices.

Key words: occlusion; convex decomposition; polyhedron; tetrahedron; polygon
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Fig.2 Decompose a polygon into monotone polygons gradually using occlusion relations among edges
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Fig.3 Handle intersections between original polygon’s edges and new edges induced by concave vertices
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FEWRRE— 20 (AR AE 2 Wi, BATT 56 1 1 G () A DU 08 424 T 2 75 A7 22 T 4k 1 5.
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T 4% P T A8 25 T 5 DA R B 0 75 S T — A AT DXk, ol R BB R 11 3 RT 2 TR I HE B0, LI P A (1 7
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{010:0:,010405}. T2, 5L UEFY 1H1 B 70 55 55 034 1 BT 2 A ) T HE 5 [ 5. T8 { Q1 Q2 P2 P 1,02 03 P3Py, 03 Q4P P,
P40401P1,010304,010405 T AT NS T B 6 — Az pl— AN B2 22 1144, W 22 10 4 v 43 85 ke, T i e 424 1
LT Y 1PN SOl e AR N A A S E AT N S E AR NG U SISO

Wil 6 FroR, MR CA7 TR0 () )5 242350 2 N, N S8 1T 50 50 R s 4 T SR T AEXY T 1 P 8 58 T 72 DX 3 %
HoL M S E S)~EL S(A)A R R TN T SR OG0 N {P, C,P,C,P3C,PyC 5 T £ TH 7 T
{010:0:,010:0; ) HHAZ . A B N 4 55 38 11 010305 1 Q1 Qa Q5 11 AH AL [ ML { P C,P,C, Py C,P4CY 55 B 22 X I3
TSGR ZE R B 10 1 B (ML BN CN CUNS CONG Y L 6(0) T8 SEH1T N N N Ny 3
T2 R R SR 2 DXCHE AT = A A AR BORT = ARTTCR 2 IR ZA040), 40 1] 6(c) 7. 35 5 12 U 6(d) AR
o 7 (14T S 2 T AR A5 R, ST R B T T L T B B AR 2 B TR AN TE B A = L R
BE AR AR, WO, NN 'Oy FIQ, 'Oy ER T 1] E & A () A AT X YA bR TH = A ko — AN Bk 1)
ZHTE IR B = YR A AN = AT OV, O,

s Al Fa

11

P P
A1,
8

Fig.5 Decompose a polyhedron into single layer polyhedrons using occlusion relations

B 5 RR S O 2R H ] B0 20 T P H 23l — L2 00 2 2 TR (1 B AR

© PEBRABRGAFIFURT  httpy/ www, jos. org. cn



1774 Journal of Software #A+% . Vol.19, No.7, July 2008

Fa

Fig.6 Handle intersections between new faces and reflex edges

Bl 6 ST I -y 1113 S A AT R 0 1 A

4.13 R ZTAAMNE 5

hf BB 22 TR IEAT 4 300 o3, AT R A3 4 R — S U i 44

FE 43 1L FE AP0 T 9D 3 B 3 T 2 A T A A I BT R A B AT R AL R A b e, B2 i A
1 35 4 4% N T AN B BRI T

(1) -S43

o A AN NI HT LR IRT, 5 82 B AE XY AR BRTAT b P58 2 5 AT H SR SR e R (R TS 4E XY AT b 4
B RAT 0 LD 2 NI T 2B 78— A DU T A4, I RAIE 43 25 % DU T A4 10 22 1A O S 20 )2 22 1R O T AR A H A
T BRL 7 14 THT AR R AT S 1 A B0 b AR b R AT gl 30 o R AR 22 DU THI A, HL 43 29 5 119 22 TH AR S 2 22 THT 4.

8 UG o3 TR v 5 40 2 H — A D TR A, 12% 04 T A 11 3 216 T gl 222 53 o AT J8 4 423 i 140 2 THT AR LG R 0 3
0BT 2 JEK P 32 B8 T i A 3 35 Ji5 (40 22 T AR PP 3R AT 26 82 R e AT A5 R AT T DA 23 85 HH 22 T4 1T AN 5% 10 22 [T A4
FRITEE AR AT SR B 40 B0, 0 20 135 L 22 A P2 22 A P50 I 88 22 T 44 40 S BEA T HE— 2D B il e i 7 B, e
VY Tfii 4 {CFB,CDF,CBD,FDB} 4} & Jii , J&i 2 T A% (!
B 7)) I 423 oy b B — 4 L2 CF M
{9 P9 A DU i 44 {4BC,CBF,CFA,AFB} 1 {CFD,CDE,
CEF,EDF Y4 (B 7(0) BT 7R), LI A3 CF Akl
TR REAF 253 25 100 5 A DY 1 A4

X P VEAS GE AT IR R 2 T A

Fig.7 An example of separation o ON IR TR T 1 00 R 8 5 S A THD BR G ) T A3 R
7 4B (PR A 8 B2 22 1A, 1 5 ST 1 9(a) o
(2) VI 4

ZERk LA 5 A B 22 TR TP A A A T L R A DA I B [T T il — 26T AT Z Sl T 25 1
Z T B T3 I I 22 TR 1) R L 2/ B DA ERTD) 0 0 AR B 38 TN 23 IR 2,90 B el T3k rU i 2 2 T AR
A 35 22 WU A5 45 UL 300 26 il — A D10 1T 358 6 5 B 22 TR 67 735 4
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S5 THI BRL G R — 28 [ 30 AR AT, I ELARAS AR THT — 5 A2 7 22 B = T (G AR 28 2 MR 3 4 22 T A 26 i o J2 22 T 4
(7 T ). b B SR HE IS A 7 5 A B = A T PR KRS (O S = A THT I 2 1) A8 ). A SR B A X R AL
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A DU B (1) v A R D P T A AT L4302+ 2 T SR, %% (3).
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TAPREREAT 5200 AAS 3040 B9 5 1R 22 144 R T3 28507 A2 1 10 = A1 7R XY ABAR 158 5 TS A T — 4, T e Al
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WA C'B'D'W B F 5 LR A e — AN PU T4 { CBD,CFB,CDF,FDB} AH 1 T-[U111 AE {4745, 57
Il CFB # CDF #4535l 5 AE A8 T 15 G A H, A0 18 8(d) &l 8(e) (Kl 8(d)A XY B IE], H R 1 /s i i, 1] 8(e)
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CGB,CDG,GDB}, W 8(f). B 8()frn(Gti & 8(f)h XY HEE, M. 8(g) A i Hi NS ). 5 PO i A A F 55
ST AR RS BRI R LK 2 10 T A 93 29+ 2

PE S5 T AL SR 2 2R, E T TS AL XY ARARIE 85— A T 2 AR B 11 1 5
AR AR 2 22 AR T ST K NI T BTG HR S 4 2 TR AN 2 A AL I, 7 G TR 0 % 4 2 TR A
SIAHZE 1.

T2, R JH Chazelle [V F 43247 52 & HEAT 1) 73, BIURR 0 N SR 18T B2 50 o — 4 ML T Jl— AN PAT Z 3 i 0 0
I T RS 5 ONG TE T6 v (930 B AN 2 AH A, i 2 G TR G v (9 30 AH A AR Z D) T, vk 22 T
PR 53 B AN B 23 B TX AN TS PAT T Z 6,003 4% M AH S I P AT AE. XY ARKRTH b (W $ e 3efT d&
A, D) HI T 43 ) 5 3K 4% T2 AH DG R W5 AT 1R e S AN 23 K1 180°. T IX S5 1A 43 I I AS 2 Tl AR vh # 7F
paLibvl

L] 3 BIX P A 22 T o, D0 T2 5 56 T BR G R (0 — S8 K A2 T 242 i — 450 a0 X 2 7 1 430 5 5
EC A7) S T 4D TV 320 110 T8 25 R 2 Bl T L A B/ 22 T PR 320 ko1 5 000 S R A ) L S T RT3 A AR R A
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Fig.8 An example of face-vertex decomposition
K8 i s s
NS THT BTG PR THT 3 Ak B 576 5, S T 54 76 PR T3 A1 AT TR A 70 AR B DR B e — A B2 22 1 A1) )
48T 2 T
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W 9a) iR, P EI 4y 44 QR 2 1H {4BC,ACD,ADE} 3 N\ T8 ,1fi {AEB,BED,BDC)} 4 '} i THi , 1 % JL 7
P e — AN B2 2 T AR JE P 3 AD g NS TR G I 1W34,3 BD Sy H S T B G 10 W34 1L ML AD 1 VAT T Z 4
mﬁwﬂﬁﬁﬁ%%mBEwﬁimﬁﬁFMI%m%rﬂﬁ%A%%wmA%ﬁ$ﬁ¢aﬁmmﬂﬁ~

AT 3 AR 1) H BT SR G AR O A7 AR 134 BD, N L F I BD AEPAT+ Z B D) #5300 AC MRS, AL OB s G,
9@%r%¢iﬁ%ﬁ%%%ﬁmtﬁaﬁ“%%ﬁ?%ﬁwwﬂﬂﬁsA&%ﬁ%

rnny

(C)
Fig.9 An example of cuttlng decomposmon agamst a common vertex single layer polyhedron
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Soe U L AT R WA T 22 D0 0 A T A W, BT LA 2% B Dy O(n®) AE A SE L AR BRATT AT LR FH X4 32
TR OC R IR A MR 2 IR B S 20 IR T R ) BEBE5% 10 (R HE R ARBR T D EAT IEBOE SR G 22 T 0%
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5 LWHER

BATA Visual C++7.0 ST T ARSI 2 1A 3] 43 07 75, FRSE L T SCRR[S8] AP 35T 43 9 1) 4 350 43 5 i
5 SR b, BRT A R SCHER9TH (1 4 i, SCHR[ 812 44 H & il o 3] 3 42k (W) Rl 3 2 G ik ) 4 g vk mh 280 Bt i
Tk

BAE— G ML BT 7505, H A & 8 —4 AMD Athlon 3200+(1) CPU 1 1G 47

Sh ARSI 7 g 25 TR P B, FRAT T e T T i 3 TS

(1) IR 22 T8 FRABE B G I, 50925 25 LA A PR AR AR 200, LA SRR B2 2 B A #T

(2) X EEA TR 308 IH SR ) v e

(3) WA 7 V200 52 Z A L 11 51 4315 100

TEREATHE 1 WIS i, RATTH 3DMAX A2 T PSR, — 414 TorusKnot BEAL(LIE] 11 B 7)), 2L 11132 L 43
(B 22 T A 11320 5 A 3 5P T o LA ) PR 3 AE 20%~33%, 111 £ A 200 1K 2] 102 400. 55— 41 g i 253 (F iR B
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K12 F1E 14 fios.

Fig.11 TorusKnot models used by the first experiment
11 T 1 BISEE Y TorusKnot #174!

Decomposition time (second) Storage (MB)

1
|
|
|
|

— Face number

1— Face number
200 102400

169000+

631 — Face number Face number

200 102400 200 102400
Fig.12 Results of the first experiment on TorusKnot models

B 12 45 1 WSz TorusKnot A7 241 I3 45 5

Fig.13 Nested NoiseSphere models which is used for testing decomposing efficiency on polyhedrons including
internal voids. The right model is produced by embedding the middle model into the left model
13 k% NoiseSphere F4Y, HI T 100T A0 35 Py 38 2 ] 1) 22 1A R o1 51 20 2803 A 320 A RY S A e 320 A RY
FRN A H e TRV R 3R T P 3 T A 3
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Decomposition time (second) Storage (MB)
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30700 35 |
24 /\/f—\
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Face number Face number
4000 16000 4000 16000

Fig.14 Results of the first experiment on NoiseSphere models
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Fig.15 NoiseSphere models used by the second experiment. The ratio of reflex edges ranges from 5% to 45%
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Fig.16 Test results of NoiseSphere models whose reflex edge ratio is 35%
and the face number ranges from 2000 to 8000
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Fig.17 Test results of NoiseSphere models whose concave edge number is 2000
and the ratio of concave edges ranges from 5% to 45%
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Fig.18 Common models including bunny, dragon, horse, happy buddha and cow
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Table 1 Statistics of the decomposition of complex models
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Total face  Ratio of reflex ~ Decomposition Storage (MB) Convex polyhedron Ratio of new
number edges (%) time (s) number added vertex (%)
Bunny 15812 37.2 11.5 103.0 31629 21.0
Dragon 19 944 383 70.9 181.6 49 627 53.4
Horse 10 568 389 9.6 67.4 20473 23
Buddha 10 594 40.9 22.9 101.1 27 807 50.9
Cow 9732 37.7 9.4 61.1 18 288 22.6

Y T F R T R0 T I e I ) AR R D 5 s R T LA A o3, i HLERE L s TR G SR AR AR B S
T ] SR T DR ABE IR P 3510 0 S0 AT L REA A 24 85 5 S50 3 T 1 4

6 HRIE

YHT SR 2 AR AR AR B V0 22 AN T 46 im0 28 53 2% 22 1A IR ™ 1) 40 2003, RIS i 351 49 7= AR 1)
SO SCER T — P BN 5 43 7258 U5 2 B A 22 AR HY S AN Oy 1 IE BGEIN e i S 1z w1 S
VA TR 455G 28, R AT RE M HEAT Je FS 45 A DA 1™, 51 23 22 104K E BB A8 7 5 b Ak 391, 5 3 3l 11 22 1 A, 4 2
AL IR ARSI FA7 S FEHE SR E 2 Ak & 5038 3 B, 91 %) B #E Bunny, Dragon,Happy Buddha%i 57 24455 1
TE N (1) 25l 22 T AR A5 R R AT S50 s W] 00587 7 VR RIS (R 2 L 2 ) 2 % 8 B 0 ALK O, 1T 38T st 50 e ok
O(r+n"),IX B ¥ A T CAT (0 7 i A8 e 5 b, 55 H i I B b AR << U0 ) 2 34 D v R B 39 s IR R v T
14~120 5,25 18] N B2 1/2.3~1/7.4, 08738 (¥ 800 5 22 D <181 70 2477310 1/28, L AT LU U0 AN 6 38 Jin
SURIBE S8 R A3 5 A, TR R 43 R 22 T A 45 K 22 0 Y T AR, DRT e ) 3 1 o 22 T A K 1 AR A
O(n), AN HE 2 T DI 53 28 T AR R PR R D7 0530 2043 B 1™ 22 1 A4 it — 20 DY 1 A4 4, DU 5 vk 1) 45 SRAN 4
W2 D T D)y SRR 22 75 TE DY T AR AR Y T A7 3 PR 07 vk RIS 773510 23 202 0] 1100 50 2 1) ek vk 7
A BRIV AR 22 (1) 2 2% 22 AR IS FL AT 50 v 1 280 %

References:

[11] Ehmann SA, Lin MC. Accelerated proximity queries between convex polyhedra by multi-level voronoi marching. In: Proc. of the
Int’l Conf. on Intelligent Robots and Systems. IEEE Computer Society, 2000. 2101-2106. http://ieeexplore.ieee.org/Xplore/
login.jsp?url=/iel5/7177/19356/00895281.pdf?arnumber=895281

[2] Hershberger JE, Snoeyink JS. Erased arrangements of lines and convex decompositions of polyhedra. Computational Geometry:
Theory and Applications, 1998,9(3):129-143.

[3] Feng HYF, Pavlidis T. Decomposition of polygons into simpler components: Feature generation for syntactic pattern recognition.
IEEE Trans. on Computers,1975,24(6):636—-650

[4] LuY, Gadh R, Tautges TJ. Volume decomposition and feature recognition for hexahedral mesh generation. In: Proc. of the 8th Int’l
Meshing Roundtable. 1999. 269-280.

[5] O’Rourke J, Supowit KJ. Some NP-hard polygon decomposition problems. IEEE Trans. on Information Theory, 1983,29(2):
181-190.

[6] Chazelle B. Convex decompositions of polyhedra. In: Proc. of the 13th Annual ACM Symp. on Theory of Computing. 1981. 70-79.
http://doi.acm.org/10.1145/800076.802459

HAHRTSTE httpy/ www. jos. org. en




1782 Journal of Software #A+% . Vol.19, No.7, July 2008

[7] Chazelle B. Convex partitions of polyhedra: A lower bound and worst-case optimal algorithm. SIAM Journal on Computing, 1984,
13(3):488-507.

[8] Bajaj CL, Dey TK. Convex decomposition of polyhedra and robustness. SIAM Journal on Computing, 1992,21(2):339-364

[9] Lien J, Amato NM. Approximate CONVEX DECOmposition. Technical Report, TR03-001, Parasol Lab., Texas A&M University,
2003.

[10] de Berg M, van Kreveld M, Overmans M, Schwarzkopf O. Polygon triangulation. In: Computational Geometry: Algorithms and
Applications, 2nd rev. ed. Berlin: Springer-Verlag, 2000. 45-61. http://www.amazon.com/gp/reader/3540656200/ref=sib_fs_top/
102-5730750-3280164?ie=UTF8&p=S00H&checkSum=nu5Y6vfC4UFG38VkTzuqQSvwuK6HLGbkg8117Ficiys%3D#reader-link

[11] Chazelle B, Palios L. Triangulating a non-convex polytope. Discrete & Computational Geometry, 1990,5(1):505-526.

[12] Dey T. Triangulation and CSG representation of polyhedra with arbitrary genus. In: Proc. of the 7th ACM Symp. Computational
Geometry. 1991. 364-372. http://doi.acm.org/10.1145/109648.109689

[13] Rupert J, Seidel R. On the difficulty of tetrahedralizing 3-dimensional non-convex polyhedra. Discrete and Computational
Geometry, 1992,7(1):227-253.

[14] Below A, de Loera JA, Richter-Gebert J. Finding minimal triangulations of convex 3-polytopes is NP-hard. In: Proc. of the 11th
Annual ACM-SIAM Symp. on Discrete Algorithms. Society for Industrial and Applied Mathematics, 2000. 65—-66.

[15] Chin FYL, Fung SYP, Wang CA. Approximation for minimum triangulation of convex polyhedra. In: Proc. of the 12th Annual
ACM-SIAM Symp. on Discrete Algorithms. Society for Industrial and Applied Mathematics, 2001. 128—137.

[16] Fung SPY, Chin FYL, Poon CK. Approximating the minimum triangulation of convex 3-polytopes with bounded degrees.
Computational Geometry: Theory and Applications, 2005,32(1):1-12.

[17] Jing Li. Research on several fundamental problems in computer graphics and ray tracing techniques [Ph.D. Thesis]. Beijing:
Graduate University, the Chinese Academy of Sciences, 2007 (in Chinese with English abstract).

[18] de Berg M, Katz J, Frank van der Stappen A, Vleugels J. Realistic input models for geometric. Algorithms. In: Proc. of the 13th
Annual Symp. on Computational Geometry. 1997. 294-303. http://doi.acm.org/10.1145/262839.262986

Mt HR 3L S 2 3Tk :
(170 250 VTSN PR 2 o8 M A MO B R (KBS 2 01 S0 At oh 22 5 502 55,2007,

ZEER(1972—), 2o, bt AT B FLAE 50
A SR R B SR = 0 I R =
JLAT.

REEN947 ), H WL AR ELES
Ui, CCF g 25 b1, B 7 ATk g B0 5 I
2 i, K FU IR S R 2 v B R AL

FICAK(1967 —), 5 il £ HF 50 61,CCF &
Y 4s 1, B O B S TR,
REPAIR S T B 2

EBREITST  httpy/ www. jos. org. en




	1   简  介 
	2   相关工作 
	3   二维平面上多边形的凸剖分 
	3.1   多边形的凸剖分方法 
	4   三维多面体的凸剖分 
	4.1   多面体的凸剖分 
	4.2   算法分析 

	5   实验结果 
	6   结束语 



<<
  /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


