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A Study on Development of a Hearing Impairment Simulator considering Frequency
Selectivity and Asymmetrical Auditory Filter of the Hearing Impaired
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Abstract — In this paper, we propose a hearing impairment simulator considering reduced frequency selectivity and

asymmetrical auditory filter of the hearing impaired,

and we verified the reduced frequency selectivity and

asymmetrical auditory filter affected in speech perception through experiments. The reduced frequency selectivity has
made embodied by spectral smearing using LPC(linear prediction coding). The shapes of auditory filter are
asymmetrical different with each center frequency. Hearing impaired person which has hearing loss was differently
changed with that of normal hearing people and it has different value for speech of quality through auditory filter.
The experiments confirmed subjective test and objective test. The subjective experiments are composed of 4 kinds of
tests: pure tone test, SRT(speech reception threshold) test, and WRS(word recognition score) test without spectral
smearing, and WRS test with spectral smearing. The experiment of the hearing impairment simulator was performed
from 9 subjects who have normal ears. The amount of spectral smearing was controlled by LPC order. The
asymmetrical auditory filter of proposed hearing impairment simulator was simulated and then some tests to estimate
the filter's performance objectively were performed. The objective experiment as simulated auditory filter’'s
performance evaluation method used PESQ(perceptual evaluation of speech quality) and LLR(log likelihood ratio) for
speech through auditory filter. The processed speech was evaluated objective speech quality and distortion using
PESQ and LLR value. When hearing loss processed, PESQ and LLR value have big difference according to

asymmetrical auditory filter in hearing impairment simulator.
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8.0

10

6.0

20

4.0

30

3.0

20

2.0

20

15

15

1.0

10

0.5

10

0.250

10

0.125

10

¢
2]

K-

(kHz)

Loss(dB)

835



M7|1&s =g 593 43 20104 42

A5o] HeA of
WRS 24} 49 7
Aastelr] A4 AE S Qo] EAR 4

=
AS FYA

ol-g H
in
>
ol

413 43 2

WA FJdREe] HAEL S G 9E 25dB G =
T AHpure tone test)& AASAT 19 102 &3AAF
5 FA A@AEY] 7 Foed Fd ZA49AE UERA
t e 93As= A AA9AE P2 Ao 9E
A4 222 A7 3 Aol glvka digstdth

|
=

5 =L Threshald
"R Threshold

30 . . . . L L L . .
185Hz 2B0Hz BOOHz  TkHz 1BKHz 2kHz  3kHz  dkHz  BkHz  SkH:z

a8 10 9H o =3 AL 2

Fig. 10 The results of pure tone test of two subject

S AT AGE 50%E VEoR oeHHGA
(speech reception threshold, SRT)AAIS AA|&tA L o] &
AHGHANA o 3BdB ¥ A AVE #HF 9XH

S

o
= .
A LPC A5E WAsE #4e AR T4 ddEe

i LPC A7 2422 AH&-3HE WRS AAME A A8
STEP 1 STEP?2 STEP 3 STEP 4
Pure tone
analysis SRT WRS :> WRS
1 f
NO LPC LPC order
process process

a7 11 A" "R

Fig. 11 The procedure of experiment

414 M 2o

a9 12+ ZF LPC Aol W& WRS &S YERd
) olF ¥ AYE A %S PSS o]&3 WRS HAF
3} gho] 97.78+1.185% % 7} Ath LPCE A &3kx &2

A2l 2HERE] A AL dhA FkS we] WRS

p

i

836

il

WEgo] Bt 89.78+2.420%°]th. Fut HE®

1 LPC A7} 24749 495 #8-3ho
el eMd slFds wWel WR
00£3.556% = °F 2% & & vl Foke
wol w37l LPC Ab7k 8449 445 483

12
G

2
to do @ of & T

[o
"
peh i HUOE O oox RO (M Hd

f
%!

i

A o
m{o oL
fo o

o mu 83 o fot

sAEYY] FAY AFAS

8378:2.123%% LPC M4 & shel 42 A AFAL
woh o 6% we ghol ugtth ¢ AW AnE ug
<

=
=
wn
=
P

Lot jo

tlo
e

4

N

_'_‘339,

nz."ﬁ‘

b

B R L

R S
y 2
R e

w2}

o
4
th
>4
i)
M
)
%2
1o
N O‘lg
=
X,
o
o2

Average WRS
100.00

95.00

90.00

85.00

80.00

75.00

AP AlZHOIE_Lec 24 A9 AlZHOIE tec 8
w00 W

s

whs| ar7s

a8 12 Zt LPC Ateol| 2 WRS 28
Fig. 12 WRS percentage for each LPC order

42 Aol It A

421 Ay 2 Ity

FHH FAdWIbE Abgel A4S Ex AAE =e A
= Vg god o R we fdske ot F
w4 Wrbe A9 #79 A aclel we Aels B
F flew, 538 FyH @rpggel dae ddsiAn o
HAE wlsta Adsted B2 ARba vjgo] A8He
ol gltk ol welh Fa4 FH Hrke dAE 5 9l
T AR $d9tE A% A9k 8 JAdHol g
Aax FdG7he dd S48 VIEeR §to] Hrhstaz
b= S He] Aels vEhllE HEE ol &d Hed £
ATel= 579 S-S AEstel 2t AR 59 Wrhdd
ol Abgstgiovn FHd FdEE ARH FAR JE 5
9l PESQSH 549 == @7 el LLRe dishe]
Aot

4.2.2 PESQ

A7ke] A7k 54
[¢)

o >
= hl h -
2 aA mEeto® A PSQME o274 oA wmw



o
3o
X

= A
& = 5 3
o} A7l 9= zatslal PSQM ARHAAA welE A
gre vhpg Felel ool dsiME Asst F
% Arp ¥

PESQe¢]t}. PESQ+= 71+ =
o ARANE wAss] g AR o] FrhEa
Fe ol W A 2L s 9!

=5 3 7}
% (validation) 23 EFoA FaAA F7HA 0 MOSS
09359 =& AAEE Hol 1 ¢t Fdd vk
[12]. PESQ A4+ HTHoZ Atd ug gz Favg
2w Fre] A¥xFoz FIA =Y 1 W= 05004
45 Atole ks 7hxIrh 19 1394 PESQe MS-DOS”]

D: 41 TWPESQWPESQ_TESTWPESQ rawdpesqnai

12.rau +16000

PESQ Perceptual Evaluation of Speech Quality. Uersion 1.1 - 15 November 2088.
Reading reference file ; A ne .

Reading degraded file simulated {_LPCi2.raw...done.

Level normalization...

IRS filtering...

Uariahle delay compensation...

ficoustic model processing...

Frediction : PESQ MOS = 1.461

D:1 1 TUPESQUPESQ_TESTHPESQ_ raw),

38 13 PESQ Asistm of Al
Fig. 13 An example of execution window for PESQ

423 PESQ ¥JI A ¥
PESQ #E5< ZA= dAHS AAT A 258 1007

Aol LPC A& A4E wiyrby dgste] 17 1404 1
Az JepE gt LPC A2l & 3hA &2 Al AlEd ey

Trans. KIEE. Vol. 59, No. 4, APR, 2010

£ Boe 940l PESQ @& 4226 ogow AE AL
A%l PESQ B 12591 155 Abole] zkg welth wsh
PR AW, 6704 207 LPC A5 FelAE 298

et AL B 5 vk WA A= w2 PESQ #e 1

= F oAk dAHAE} Ao uat

gele JEE ou S 16739014 0.217=
.

O PEsQ

2

15

1

0.5

0

0.5

EES 58 HE

PESQ 16734 13328 ‘ 0.2176

a8 15 =y MEol w2 PESQ #t
Fig. 15 The PESQ value for hearing impaired degree

a9 16014 7 P Aed BdiY 4 dHE 9% &
4< 953 PESQ #& vl J#=Zs & 5 vk WA,
W B2 dEe B 4 A=k Asidel wek PESQ
grol A4S 9T 5 Jdoen HWA F74 2y 9 o
FAEZE Ao wel PESQ #hol A4S = & AW
B FZEE e PESQ #EY &2 #dde FAT 5 3

)
lo

ulle}

)

o

—>rJ—“

A

b1

A

o T
tilo

© o,
4

30,

o

N

AC)

&

R

e
F& Foe AL . g
Fo 94 Ut Zow ¥ v 19 169 A9REL
=g4oz Bgsitn 4248 + dn

T LecA=0ME PESQ

s
7

LPCO|H S A:4,226

155
!

33 14 LPC A =ol wmZ PESQ #
Fig. 14 The PESQ value for LPC coefficient value

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 60 82 84 86 88 90 92 84 85 98 100

cEelel Fups MeiTot o EN 2 Wel§ Tas oy AIBaole Jiwol Bat olF 837



M7|1&s =g 593 43 20104 42

EG EREAWRGN TR R TP T E R
- J P~ B~ <) o & A5 o T

=z . LIRS TREoTopa_tTIIE

N S w8 N T g W0 et B "B

iy E= T o AR e T S i I T e
o R g L R N m g T Qo Wk

Wy o} S ﬂ%%éuiﬂouﬂmwﬁmm@ﬂ =

_— e o — -~
il Ee - ] RH N o o o - o iy = o AT o T N MW M

H oA o ® %o - Ry W ) :EEO)ﬁ‘DI
o S Ergwdg® it s S

Mﬁﬂ o <R 'S iam_/_m; _I_MlMle.Mo XoATom.M

A o M < [N iy R o N <

CR 5 NEPealslT ot  Foedalf

T T 2 UE o SR @ o Po  EF g

0 fviel X ~

z = T 5 o B NE gy R ma?wo?iweaﬂﬂyl%ﬂ%
o @ N N N N — "L

9 0! ® 4 o) ez wo LN 2y w0l 5 T oo o <y

o _ %”md.muﬁ_zo P W oy hbﬂwf |

L S TEHI R R® BT H e

‘WI < w ﬁOA 1:w| Zm z#o = KA E OE q 1_7|o = = \mW ‘DM

ﬂﬂomﬁ g g B EET ﬂﬁﬁw.@r.x%m%ﬂﬂmﬁ

ool o« HmjﬂLwemnﬂmwﬂwﬁ%%%mm%‘ﬂmoﬁ%?

i d - ma#w..uﬂﬂﬁﬂ1&ua|%i#ﬂﬁ%%ﬂﬁme

T T T X ofp B o T

T 2 mﬁq%numa%%mm%%%uﬂmg%dp%%%ﬂ

= T o o R TR CETE R WAWNE TR

S & . - Mo N TR __ LB T T BT

S : <A P oINPT w o _pm

o % FoRmH TR T do T W o Jo

T M oz i MERT T W W E T T o R R
@ C = —_—— —

ol T AT T W ~ MK P T o T I

Bz c mAr O NE 5 = Onﬂn@awﬁﬂm

8 d T K T o~ i o o - BN

2 NraosLﬂM%w_‘m ﬂmmwmﬂ% = A

S T E L = = N o =

W © i o W B2 o ok T wm X

"8 EE M LEENEE S

= all 3] T 8K A X

=R - SRR

2 MR T S ¥ g B £

5 Tyt S S %frunﬂ%ﬂL

2 BH oo e B E ST o R

v o T S R | STHR TR D

| N g ]E&Lﬂmﬂm o & L%%@%NJWOM

oo GO ST hzxgl e R — D oom T

; 4s R ¥ X B DekHe T3

© w2 ST op Mo I W omE gy BN

o = 5 PR o T < 2 — o W xo =7

- 2 =5 o X ~ ooxﬁRZ o

o= P ETE gh H N - S Aex xS

K g ROE o ® K o NPT 3w

) = X 1_| _—

u & W oﬁepieﬁm.ﬁw_n A R7Anfii%o!Eu:w

i Yo - e P o TR S

=N N o L 3 = N

(0] | PLt ~ & Ty -} — i 1o

N 2 A EET T K TET IR

©o© IO LLTEew w o TN T g &

n 8 ¥ % w o wn ¥ FETww® . ¥ Fe W T

! : 8 Pm o Temuyz o Ny A E R

sung M ST T T KT TR AT MT S

7O 74 F8 82 86 90 94 98

LPCWS original

—#—MNO LPC VS LPC
=1

46 S50 54 58 62
LPC order

e e e o e e e A S A S B
az

ariginal vs MO LPC's LLRva‘I'ué:d-.SJl?JZJ‘ rrrrirtl il L4 + Hhd tt

=8

18 22 26 30 34
LLR 2t

14

=

1111

e I s
10

8

oz

17 The LLR value for LPC coefficient value

3 17 LPC AlZof

Fig.
838



Trans. KIEE. Vol. 59, No. 4, APR, 2010

O T T < | = 4, T 5 o 3 L T | = 0 T =2 g | = TN . - ="} ) >
““““““““““““““““““““““““““““““ STEST g °“555 % fEg ¢ °Sg§ fiEg ":EE (ff:E =F £
— ~ S et = ! = = < n = = ©
e 5883 % g5, o5 E_5 » ¢27 5L EETk LEiii 7L &
- S EE£3¢ g €258 ¢ 7% x £8588 -~ 2282 SEZE £33
oF S o = = . — n N = : n =
I g Sl o mdrS - E o 2 < % wm — Mmm g o 2 . enmmm 5
= S8, % R2Bes 8 ZEY Wt v, “EF EETS 4=2sSHSELE 8
Q 8 = —~
9 EEc28 @ £ 3222 B8 g TLEs.o8 w@” E 8o . & 50 2
g F82 Z 28 22 B8E [ TEE . S,y ©8E% LEwgE g ©
= YLo24 ¥ 4EEE % 2 wefEe BEE LZFEg COF .= -aF 3
g £S5 72 we . 29 P9 ®s5=%3 g4 Mg m EE2 g8k 2
N = S E® S = L E B ST 22 °= =2 =224 = sEEET S Z
B X Bl FE oL 7 g§E . =28 Wg=3TE g 0 mE S g Cfxs s 2
w “E s 88w =8 LT3 =8 E< 8 ETE Swp@A3TE 3
= . JR St ;. g 829 &g £ B 0o 5 < = 2 g . 7 Ea =2 &g a5 g 5
2 o oK 0 9 = o 3 g o S 5] I ®) ; n 3 > Qo s % a o 8§ <
|HTdﬂo o TS < & T B s w & O —~ o0 v K =) o] . g P =gl g
ol =~ 2 = g %OkYum = . 28 < 94 = £ 2 lsW L g o = O B 4o 3 W >
- ® W &g Swn Qe oz . .o 3 = 0,—5 = n T > n = 8 » s m ~
< = B H 2,25 8 _28d¢gs8 S5~ 9., £ s gz ®x*E5o Py
N o T3y me S ESREE S8, N e@gSsz Fg¥ COErS Ly eEgZag,  E
Pre WM g5t JlE®STEs 32 O £ “wEaep TS5 277 Mo SESfigl
S w4 SEESTagUBEEE €523 we, E< yfz25TE © 5 °E3T 228
S o R S s e =°g .23 x Z 8 g . S E S U T 5 e S5 O - 90
Z % = o 5 8 o . B =~ O & A N — S 2 0K 2 - = — &
o B EB oA a s BN st PN SELEd . mmmf_wmmm‘
b T E ¥ A Q © ST 38 x 9 — 9 3 S 2w e 8 ETo 8T g
w2 e S RRET 88 sR g BT M BRGS0 p e B S EEEEE G AL
pasl 2 g 5 2 Do S .o 2 -8 2 = 8 B .o 3 © lae) e.hl.VOOQSDpO 2 8 &% 5.9 7
o SE 0 L alRECEB D E T aS s 2B ~8 82 & .mWWWmam%SDmmeQbJH
=] = T3 E AT madmD s AL a8 iRPPREZFEELE & EEEZI TS 8 Ee Oz ”
B — — — — — — — — — = — ~
= al el = el L = X & = = =
TR RN TUT T UERLTRTOFTITLoRARETFPRPINIPVRRYEBRT T TR
m_mmﬂ%%ﬂﬂﬂ%%ﬁxmﬁﬂﬁ%_dﬂ&c%%HW@M@%%mﬂ%&%ﬁr%ﬂuc%ﬂﬂome_bﬂa_ooﬂaﬂmw?ﬂﬁ
= ~ < T s [ B L)
ﬂoo%ﬂuMo%z.ﬂﬁroweﬂﬁmﬂ_wﬂmﬂ_mlwwi%@g Prorg T D R i - S ol I
%1%5%%o_nau_fc_:ﬂ%ﬂoﬂ R Bagur®red TRNT R AT e R P oy T
~ KO - il 3 o AP < on . W = A 0l oRe K s e No xw XD o o A T = . ) = o o} = Tl
N T R S S L oo ok Y NS I T A B B ® =
— 3 B w OB el N o X T = = D oo — . on R R o RT o o o =
N T Ew T4 = 4 aﬂﬁugaq«o N WK X A aEEiﬂr = W oA o N < m . B o»geéle
NI A B O o B R S P e I S I S NPTl B e S
G I R A R i R el i R s S . e
—_ B i —_——_ = I — — g Ko ! A0 L
@ﬁ%?ﬂsgﬁm%%ﬂa%S@Wﬁ TR AL BRER DTNy R W b T TRy
IR AL AN BTN B e S - i s e Sical S I N I R Al )
T T T I T E T T I R B FR s RN BN BT
e T o %@%?m%a W%HW% ziﬂ R ﬂwmﬂomeﬂgawa?ﬂ
- gl ® N o = o T % = W g o ;
T SR SRR S L g L o e SO L Y
0 _— X oy o T T = X o 2 NE o X7 xE oo AT T X it = AT ) < WO TS
. P — 5 go | e BN 3 oop o < o pa e = M I . N7 o R
0 Jo° LR ,ﬂl” Do &~ By R e Ll mo &3 o — ok o T B A B ol W N 7 I~ o o W
_dahmwarﬂmmmo%%mwm#ﬂ&%%%mﬁmwowu%umﬂ%z%ﬁﬂowﬁﬂ%uﬂﬁqﬂ .%ﬂLﬂﬂ%%WM%zM
o o < ! o = s o ey e o _— i ~A <" o o> al
e i TR Il i i S FWT Tl _Ta e o0 oy
o R o) g KRG T g - I %4% B W e LEA]@au%LmeoE e m-oo%QwrizAuc o Mo
Eime?nmoﬂ_tﬂad%ﬂ.ﬂ%a@ﬁo#wﬁeﬁhﬁmmmﬂﬂﬂﬂ@ouTarﬂm::md_ﬂLﬂAQQwﬂu%ATﬂATMAu%EQWoﬂﬂr.ﬁrow@ujawr
Hr of mo T KO oo i o B T Al = T % _ N ) oo — o AT %
op o ol TR XL Pooy W, BT T oA T gPBRT . gr ME w0 N TOROH D) ot =
& o> o B 2] 1 e ) bR By
%Eﬂo@ﬂ&%sﬂ% .o%uqﬂ%agf%@aﬂ.aMo@o&ﬂu.%zﬂpia.imomngﬂﬂoﬂo%ﬂo#ga%j
%H&Emﬂ.o%%%argfﬂu:fﬂ@ aoo_l#ﬂa%%iWMP%%QW@%M%W@@&%a:g HoR & o
w8 B R E T T BON®BPHETET | R v P T 0 N L KEIDD L, FTH oo Ak %
N5 o 40w o H AR w ) N+ ~ M H o AF o n nh ™ = 9 = o F o T ™ w N o
T TR TFWH o P .97 TRMPTH B oo T et wwm e ) ol " wmwEHP Y RN
TRV WNDETHRET IHTRANTAAR IR TREFEIRETETRTBTDT TN KW B RPF TR

839

(PESQ), an Objective Method for End-to—end Speech



P.862
Quality,”

ITU-T Rec.
Speech

”
)

Narrowband Telephone

of

Prentice-Hall, NJ, pp.47-51, 1988.
il

of

Networks and Speech Codecs

Feb. 2001,
[13] Quackenbush, S.R., Barnwell, T.P., Clements, M.A,,

Measures

A

Quality  Assessment
A

Objective

“«

M7|1&s =g 593 43 20104 42

TR +%X K 2zzrn E © T
a7
o o o X = X g2 B! 3 A
- on B 2 o o} ~ o ~
A TE Ro b e XY o
Brow X B - T . RS N
[y Ho - . o b [
Mo Ho Ho ° w ﬂuﬂuﬂuxh 20 FTER O 0
— K X = )ﬂuw@ 63 — O o ™ X R R e = “n
@ oz Be® , ®rhic & Wpkrw |
) [ R 0 o~ o)
Moo= o T it < X X X
giDE mIy < Kieww? 5 BRRRg -
o < )
- o —
KZZx% ZZ T Krcr:v oz #2FZE 2
RO Bwmw L) = LU 8
— ool o) of iy = = _ x
or T T ° rE=EE 5, < FEEZE 0
W o o %o .. oM R A= T’ T foul
MoZZ&rﬂp! _l_qm._ooﬁohﬁrzu .m.oﬂﬂﬂ~ _rn_Lmr MoﬂLﬂLﬂlenl
oo R = i I I
Kb 2 S = i 7o Wz2z3z3%< ° 52582%R
S8 W ) SIS TR FER TR
o
JI
B
R
"

Psycoacoustic,

Healthcare system design,

20023 4€-2005

2005

200613 9
Brain—-machine interface

840




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


