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On the Errors of the Phased Beam Tracing Method for the
Room Acoustic Analysis
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To overcome the mid frequency limitation of geometrical acoustic techniques, the phased geometrical method
was suggested by introducing the phase information into the sound propagation from the source. By virtue of
phase information, the phased tracing method has a definite benefit in taking the interference phenomenon
at mid frequencies into account. Still, this analysis technique has suffered from difficulties in dealing with
low frequency phenomena, so called, wave nature of sound. At low frequencies, diffraction at corners, edges,
and obstacles can cause errors in simulating the transfer function and the impulse response. Due to the use
of real valued absorption coefficient, simulated results have shown a discrepancy with measured data. Thus,
incorrect phase of the reflection characteristic of a wall should be corrected. In this work, the uniform
theory of diffraction was integrated into the phased beam tracing method (PBTM) and the result was
compared to the ordinary PBTM. By changing the phase of the reflection coefficient, effects of phase
information were investigated. Incorporating such error compensation methods, the acoustic prediction by
PBTM can be further extended to low frequency range with improved accuracy in the room acoustic field.
Key words: phased beam tracing method, room acoustic analysis, simulation error, diffraction, phase of

reflection,

ASK subject classification: Architectural Acoustics (7.1),

(

xHOIX-

|:|
H’iﬂo
et

LME
19909} ol ARE] Bkt vlo] 34 22 7]
4%k ol A A (J.G.IH@kaist.ac. kr) ¥ (ray tracing method) [1,2]0]\} A&A &Y 7|H

A FAT TS SA=1EIE™ 7IASS NoViC
042-869-3035; A 042-869-8211)

ol

(mirror image source method) [3,4]3} 72 7]

]‘%

(
T

e



2 sImgEsiEIR| Mi273 M1= (2008)

o
o
QE
.

(]
i’.
]
>.

(o3
>
|o
U
1A
>,
1,
rlr
oo
rx
ujrt
o
N
|

o 2
i
olo
ot
fijo

2
o
o
e

SRS TIFeEN A

Eé,o\. ofN

rZ
2
|o

o)
1o
4

B2 B0 el 250
$3g 7 e, g
ufeb 1 %W} il

Elo

ik B 4 B 8
oo &2 2

A > o dlo

o

]

3
ja)
iy

lo
X,
10
ofd
N
i
filo
jalt
|o
l-m
V—.~
r
s
H
z
jad
g
< ok

o %o
=

s
Coet

=
o
N
)
rlr
O,
mlo
- o
o
O
X
=)
Mo
X
V
ju(e]
ox
U oo
P‘L

)

>
J
o

Flo PH
b o
[

Eir

of a4 7RI, olgAEls Aol
I AR Wil B AL ot
49) 7]31830} WSl A4 291 71
AE AEY SYY FFORE RAAIA Allehs W
2, AktARtel 52 S Aolo] AlAlgoll vl st
AolA= vlaEAQl @ilo] Sloh 7|skaaret WS
B oy A] Hatks o] gste] 242 5she oldAl
W (energy methods) 2] & F5Folct,

olgfet S s AE ol Ue 73 a4y
(finite element method), A7 24W (boundary
element method), &8t ZHEH (finite difference
method) 59 =& 7] (modal methods)} H|1L5}o]

AL Algro] whEal, AFEukas ok WA et
SHA| A& = Sl ARlo] ok Ak o=
e E—Eol SHE] NEA mE 54 tjilef Fut
T 9 A eE HatE oUAE ASshe 71skeaFet
oy FAIA Aol frasiet, oluA| el
716h23et WHe A AHA HhARE o) AupikEe] of

A5 AR = Q1= F-5F (absorption

o = &2

coefficient)& ©|-88kaL, F7|oNA 9] F52 571 A4
91} (air attenuation factor)E ©]8-3Fo] YepHTE 1
B BE oAl ) eolnE Suje] Az
55 BB AR AT g, ein 2
—AFulpo A o] FH et side flskod

e dh, S8 Tk S e
th 7 Gz, VS aEshAl Y oluAl
L oRL = o] Rt 4970l ekt

o & rfr _IN

L AAh} (standing wave) 9} 22 @ARS UEhd 4= ¢
O}, VS sk a4

sz 3]SIl Sute) e
A SRl S B el 914 71oH
(phased geometrical acoustic method)©]
[5-91, 914 715Kt whe) shel sh
(phased beam tracing method;PBTM)<fA]
oa i el A4, |dd, 2 24 &l 9
U7 28E Yetle 371 4] Q1A [10] tiAle]
‘?_}/\} A4 (pressure reflection coefficient)} &
(complex wave number)S ARESICH E A
Az ke F gelo] mASKS Aejo] ol 24t
Hle A 3L FASl webA Asshe
M (central axis tracing) [11]-& %83}
O e a8 13F 2tk 38 1 oA 29w
1o A2 T A 08 Aokl

22)9] A3t ARS weby S99l F1719} Sel
A=t E3E B HAR= Snell9] HAo oJgt Adt
A} (specular reflection)9He 112{5lo] djj4s19ct &

o
o L2
fijo
E

-
& o
QE, >'1'_.

e,

e d
_QIIE e

2

5

¥
° 42 %2

B dlo b rlr oz
2 o

i Y

é
_L4

e
v
2

- -3
o
%
o
z,

oo & oHeorfr o i

2 ok A (D3} o] AkkEh
p(0;0)= Py ]katorl—[r(g)
7 - 0]

L
&
2
_g
rh:
—LI
2
>
rlr
4o
o
o
o
2
E

Point receiver

Central axis tracing

O3 1. BA% £ YT2ES HSS Y FHHe| YT
Fig. 1. Schematic of beam tracing method adopting the
axis-tracing algorithm.




3 23 54 Mol R WAsls 0 So i 8
HP S AABEIA St

F-HFIR: sine] £ 9%t 291

BAM

W FAE o183 F-AFul sjAA] of27t
A e3F 8.9050] ek AMAR S 7Iskdet
< U A Aole] TlekebRl A= e §
of siAshe o S-TE 1T 4= ek 53,
54 A Fe-5d 2 (8=l I mAfe
T U ) SEERo] Fajt AT
S
EN

B ut ASE 2 S AAT AR 93X
wE WRo] QJuEAg 2% 4 glonz, Juidl ¢
H AR FEES oot diSe Ao ARt &
o}
=

g}\—o

Sstoz, 7 oh.—;, o o] kAR 7171 9]
B @2} (scanning error) &= 314]2Q] AEFAgo
WAC) B oA Be Al oA A
o) s AAsk= WHE (12, 13]0] A= 9N7] o
o B ATeIME thA) Gkt o AFE T

8 4 gl tsto] sid Wile AAEkL, 7]E
ojEmte} AHE We] vwE ool 1 B
et

—lN Mo o= o r{r

N
—_

o ®i} (diffraction)
; tél FAUE o §5hH TEol 1M A
‘ilxl‘ﬂ, =] EHE Aoy WS uhd $9 u}
(wave front) 9] 923} #2ig 34 FARS 118
é —*r glch, 2 g2l viet ol sl o
ofZoL} EAjY] 7| RT} 2 A2 g
AA Yehts @Aer, 3ld dAre 1nesh] YA

1
o

ri ok
= b

(

ALESEE siMS 2ISH 214F Bl FEHO| ARSA| 2X10f| 2510 3

= Fresnel—Kirchhoff &% [14]& o|-&3|AL}, 7|5}
31" o]2 (geometrical theory of diffraction) [15],

o]x} ¢ =4 (secondary source model)
g3t wiEo] Ak wh ot vlsh B4 ojze
Fresenl-Kirchhoff Z&o| H[ajjA] Aito] wr2m o
7t2E 7] (wedge) FLollA eHdo] Frkar defA
QAR [17, 18], 714A 0 ok dolo] {715 71

‘8
T T ‘__‘__
dh 71 B olEe] 3 Wil @ B ol
(uniform theory of diffraction) [1

012 olgal, wiA}
A7 (reflection boundary)®} 15 747 (shadow
boundary)o|A A7]= EHEA AES A D 4

SIEk. TTe, 9 B)HolEL Fu el Mg S
Zropli= WololA], 71&9] 7IskaaFet it Wetst
of AMgsh= Aol olERly] wiZol,
Biot—Tolstoy ®@ [20]& o83t AIZF G99 e o]
ool 312 B4 Telslelct 16, ST S 3
A AE Fout Fapa Gl Alite] RE 7}

stnm, 29 SolEs Wsel SHRYS Tefd

M

715} 814 ol gl Holut S4lo] mAjelL BAS
wES o, A 314 wol AgEle] s Hlow
25, o] o]ZelAs 7t mAjRle] FAolut
o w2 54 AGE s Aol Fasith 29 3
A olze] QlolAl, (-1 o) 2 (12 90j] A
Al mAfEle] S8 A, D= ¥ A%] 3ol del
che3} o] EHH (18, 19]:

D(p,qé;p',vﬁ')——2 o
_cot ”_(¢_¢') F 2kpp' cos_ZHnN__(¢_¢')_ +_
2n (p+p') L 2 |
cot 7=(9+4) F 2kpp! cosizﬂnN77(¢+¢')ﬁ +
2n \l(p+p') i 2 | o
ol 2@ [2keo” | [22N -(2-9) ]|,
2n \/(p+p') i 2 |
ot z+(p+¢) ol [2kep Cosﬁzzznzvt(¢+¢')*
2n (p+p) | 2 |

o7, ke 3H4 0 9 o' B R St 4
S Ael, got g 71Ewe] dhat ST 42
49l 719121 2ehfelida, P Fresnol 34 oo
sttt 4] (209 814 A4 nedt 31 39,

83} 7o Ak

"B
rIo
o



EI=SERIEIR| 27 A= (2008)

I8 2. 3® g2
HstoZ 1000A Ho{Zl 29| H3
= o)

Fig. 2. Right-angle step model for diffraction test. Symbol ¥
designated by S denotes the acoustic point source at 1000\
position in 45° direction, whereas symbols @ designated by
R denotes the receivers (A = wavelength).
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Fig. 3. Calculated diffraction coefficient, D, for source-receiver
combinations in Fig. 2: (a) Real part, (b) imaginary part.
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Table 1. Absorption coefficient of the test room surfaces at
125 Hz octave band.

. Absorption

Surface Material coefficient
Floor Stone 0.03
Ceiling Gypsum 0.20
Wall with door| Concrete and wood 0.04
vmatlelbvggpd Concrete and plastic 0.04
Window Glass 0.10

Ventilation

grating 0.60
Thin panel Steel 0.30
Wall Concrete 0.03
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Fig. 15. A test model for an actual room . Symbol ¥ denotes
the omni-directional source at (2.30, 2.36, 1.20) and
symbol @ denotes the receivers at (5.29, 2.56, 0.65).

TF|
-

0.1 |/

90 100 110 120 130 140 150 160 170
Frequency (Hz)

(a)

Impulse response

0.0 0.1 0.2
Time (s)

(b)
b oo s Metatee 54 H
&gt — — —, PBTM. (a) MEEF, (b) &

J8 16. O3 149

1> 0

2z

Fig. 16. Comparisons of transfer function and impulse response
for a room model in Fig. 14: , Measurement;
— — —, PBTM. (a) Transfer function, (b) impulse
response.

AUKSE SHAS Slst SIA W FRO| AIBA X0 TSI 9

L e o /'V'V*—/ AV
//’/\A ‘K\‘ﬁ//—r/\;i\/‘// N v P
XAl v/

N )/

ITF|

90 100 110 120 130 140 150 160 170
Frequency (Hz)

(a)

IR@ 125 Hz

0.0 0.1 0.2

J8 17. 38 149 g 2E| Cfst et 5Z4SHQ Hu:
— | ASigh — — — PBTM. Meted} MFTke
ZO= 4 Hz 0|5E &= (a) MEER:, (b) SHSE

Fig. 17. Comparisons of modified transfer function and impulse
response for a room model in Fig. 14: ,
Measurement; == = = PBTM. Transfer function in
Fig. 15 is shifted by 4 Hz to low frequency range. (a)
Transfer function, (b) impulse response.

r
ol 1V
90 100 110 120 130 140 150 160 170

Freauencv (Hz)
18 18. 8 16(a)2 O3 17(a)0l| LIEK 34N & —— Al
HIAL Al == == = QIAO| 2NE B2
Fig. 18. Simulation error shown in Fig. 16(a) and Fig. 17(a).
, Real reflection coefficient; == == =
corrected phase.

B2 (9 &0, PU & [613 7P |

AFE ol87t Fute SHo| AFT,R ofFdhe 20

AutAolct WS SIARE ke Wa chEA,
U2 WSS ol §3te] AT S8 oS 7
9, of oAt o] TAFTS el B IS B
Asto] Aeiel ATAS AL 4 ek AHA
o, ZAAE 71EgtoR ANE oAk 19 183 2
on, K BALS HE A% A Wt ASE olg
A9urt QAP 10% 7haste] ek apect



10 SI=SERIER| 272 AI1S (2008)

I Zz
2 AN Sgo] T W FAL o|gtel
Foe 9 A5 el AW 83 A5 o
WAlsHe oxe] €IS HAsld) $ie] melel Y

FAMe T AR AgS 220 Qe
mefsl] uhe], Aele] sHEAe] Al Fiuis
W A slelA 3 wAe] aelet wwe] 4
St 0 ZHAE BiAole) A4
Q7] Slstel, YT P ol g3 24| olgEA]
w, ol R Wels 7S Fuo R snl ge )

R S BHXS

5] 941 237} A slo] Az
=2 %‘Q 7H—’,>—§— o Lok sha, FARIERO] 49 &
5 E3h LA WA AR SN0 et SE

A= BK21T 20079 AE (FE]ER) 9
AUoR hmakelAe] =7kA g AR
2005-000-10112-0)ol| 4] U A 2 HrorsUTH

Y1

b

gl

1. A. Krokstad, S. Stroem, and S. Soersdal, ‘Calculating the
Acoustical Room Response by the Use of a Ray Tracing
Technique,” Journal of Sound and Vibration 8, 118~125,
1968.

2. M. R. Schroeder, ‘Digital Simulation of Sound Transmission
in Reverberant Spaces,” Journal of the Acoustical Society of
America 47, 424~431, 1970.

3. J. B. Allen, and D. A. Berkley, Image Method for Efficiently
Simulating Small-Room Acoustics,” Journal of the Acoustical
Society of America 65, 943~950, 1979.

4. H. Lee, and B.-H. Lee, “An Efficient Algorithm for the Image
Model Technique,” Applied Acoustics 24, 87~115, 1988.

5. E. D. Geest, and H. Patzold, “Comparison between Room

10.

11.

12.

13.

4.

15.

16.

17.

18.

19.

20.

21.

22.

. A. Wareing, and M. Hodgson,

. C-H. Jeong, J.-G. |h, and J. H. Rindel,

. J. S. Suh, and P. A. Nelson,

Transmission Functions Calculated with a Boundary Element
Method and a Ray Tracing Method Including Phase,”
Proceedings of Inter-Noise 96, 3177~3180, Liverpool, UK,
1996.

. H.-C. Shin, and J.-G. |h, “Acoustic Analysis of Interior

Spaces by Using the Phased Geometric Acoustic Model,”
Journal of the Acoustical Society of Korea 17, 54~61,
1998.

“Beam-Tracing Model for
Predicting Sound Field in Rooms with Multilayer Bounding
Surfaces,” Journal of the Acoustical Society of America
118, 2321~2331, 2005.

‘An Approximate
Treatment of Reflection Coefficient inthe Phased Beam
Tracing Method for the Simulation of Enclosed Sound
Fields at Medium Frequencies,” To appear in Applied
Acoustics, 2008.

“Measurement of Transient
Response of Rooms and Comparison with Geometrical
Acoustic Models,” Journal of the Acoustical Society of
America 105, 2304~2317, 1999.

C. M. Harris, “Absorption of Sound in Air in the Audio-
Frequency Range,” Journal of the Acoustical Society of
America 35, 11~17, 1963.

T. Lewers, “A Combined Beam Tracing and Radiant Exchange
Computer-Model of Room Acoustics,” Applied Acoustics 38,
161~178, 1993.

J. H. Rindel, “The Use of Computer Modeling in Room
Acoustics,” Journal of Vibroengineering 3, 219~224, 2002.
S. M. Dance, and B. M. Shield, “The Effect on Prediction
Accuracy of Reducing the Number of Rays in a Ray-Tracing
Model,” Inter-Noise 94, 2127~2130, Yokohama, Japan, 1994.
M. Born, and E. Wolf, Principles of Optics (Cambridge
University Press, London, 1997).

J. B. Keller, “Geometrical Theory of Diffraction,” Journal of
the Optical Society of America 52, 116-130, 1962.

U. P. Svensson, and R. |. Fred, “An Analytic Secondary
Source Model of Edge Diffraction Impulse Responses,”
Journal of the Acoustical Society of America 108, 2331~
2344, 1999.

N. Tsingos, T. Funkhouser, A. Ngan, and |. Carlbom,
‘Modeling Acoustics in Virtual Environments Using the
Uniform Theory of Diffraction,” Proceedings of ACM
SIGGRAPH, CD-ROM, 2001.

Q. Zhang, E. V. Jull, and M. J. Yedlin, “Acoustic Pulse
Diffraction by Step Discontinuities on a Plane,” Geophysics
b5, 749~756, 1990.
R. G. Kouyoumjian, and P. H. Pathak, ‘A Uniform
Geometrical Theory of Diffraction for an Edge in a
Perfectly Conducting Surface,” Proceedings of the IEEE 62,
1448-1461, 1974.

M. A. Biot, and |. Tolstoy, ‘Formulation of Wave
Propagation in Infinite Media by Normal Coordinates with
an Application to Diffraction,” Journal of the Acoustical
Society of America 29, 381~391, 1957.

A. J. Soares, A. J. Giarola, and C. H. Conzalez, “Plane
Wave Scattering by a Step Discontinuity in a Conducting
Plane,” Proceedings of ISAE, 235~240, 1985.

M. R. Schroeder, and H. Kuttruff, “On Frequency Response
Curves in Rooms: Comparison of Experimental, Theoretical,



and Monte Carlo Results for the Average Frequency
Spacing between Maxima,” Journal of the Acoustical
Society of America 34, 76~80, 1962.

23. U. Ingard, “On the Reflection of a Spherical Sound Wave
from an Infinite Plane,” Journal of the Acoustical Society of
America 23, 329~335, 1951.

24. J. H. Rindel, “Modeling the Angle-Dependent Pressure
Reflection Factor,” Applied Acoustics 38, 223~234, 1993.

22 A ¥28 A9

impermeable boundary

12l A1. Geometry of the edge and related parameters.

7Y AeHeh 2ol (e8] 4=E e BAE

019] A% o] B8 A% Do, gio’ ) 2L
xg Colgol aAsiel chest el AN 4 oo
[18,19]:

—jxl4

D(p>¢;p'>¢')=_2nm

X

CO{”*(W!I")]F [2kpp" | [ 200N ~(6-8)]),
2n \j(p+p') L 2 ]
cot(ﬂ7(¢+¢')JF 2kpp cosizﬁnN77(¢+¢v)i +

2n \/(p+p') I 2 |

z+(p=9)) [ [2kpp' | [220N* ~(¢-9")] - an

cot[ ]F Lp cos +

2n \/(p+p') | 2 ]
cot(ﬂ+(¢+¢‘)]F koo cos_ZHnN+_(¢+¢‘)_

2 (e | 2 ]

3A A4 Y 719 cotangent 2} Fresnel A&,
Fo| & 9k gho 2 R HE|=t|, Fresnel 2E8-2> 4
%9] Fresnel 3A@4Y} HHH Fgolrt, o714, k=
B4, 9 o' T8l AloJAS} 2ol EAZIZRE 83
9 2719 AP, gok 42 o zR Yol

(A2a)

1N, N* & 22} thee] 42 7by AR 1k
A7) Heolek

27nN* —(¢pF¢')=x,27nN = (pF¢")=-x. (A3a,b)

NSk N R 27 A e AR 4 gl
4 a0 HEE ool A WA geld N
Hd

2N {g=¢) = & Rl Aol 7

=
=

th A WA a e NTE 2N —(p-4)=x
& WESE Apolw, Y WAl Fo N
T

27nN* —(g+¢')=

R} oF2]

A A 3 (Cheol-Ho Jeong)

2000 2¢: KAIST 7|AIBstnt (Zstah
20024 2¢: KAIST 7|AISET} (SE4AD
20074 8¢Y: KAIST 7|HISEz} (SEffAp
20074 10~ §Ay: otz 3o (DTU) =us
FoARoE AFSE, AUSE, S& Alg2fold

¢ o] A A (Jeong-Guon Th)

S=sEsEX| A 224 M 2% ExE




<<
  /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


