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Estimation of Heart Rate Variability with an Android Smart Phone Platform
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Abstract — In this study, ambulatory electrocardiogram(ECG) signal and the rhythms of heart beats are visualized in
terms of R-R intervals and Heart Rate Variability(HRV) in the environment of an android plaform. With this aim,
Graphical User Interface(GUI) is implemented by executing multi-thread Java programming modules including ECG,
heart-beats, tachogram and visualization unit. ECG signals are acquired in an android device by receiving the data from

ambulatory ECG sensory system. Finite Impulse Response(FIR)
wandering noises contained in the ambulatory signals and DC-offset level in R-R interval data. With simulating

implemented to eliminate the baseline
the

filters are

normal or stress emotional state of a subject, we can find the fact that HRV can be successfully estimated and
visualized in an android smart phone platform.

Key Words : Electrocardiogram, Heart Rate Variability, Smart phone, Baseline wandering, FIR filter
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Fig. 1 A flowchart for estimating ECG & HRV in an android
smart phone

It

o MM gl Aldbd{o| &

— 1 =
e (=R [= B L)

a9 14 28¥ dugss EdE 2w

WEE 7ol A
A A% GUL(Graphic User Interface)= 18 29} 7t}

ECG D-splay

a8 2 °tEZ0|E ADIEE AHAEF AME Y Aedo|E
GUI gtH +4
Fig. 2 GUI for an android smart phone

g 204 ARE AF, Aubiol el A7k Fug A
soh Qwstel  shtel  FAHUC

SurfaceView 7]H &



TSR, el Fdsd W
(Extensible Markup Language)E ©]-&3}
e wso] WAswe Ao,
2o PRk BE AW eI 2

A ARE AS 7PN S s AR ARE JsE T
Algtetz] 93 stuEs Yot o EAelde] WM
gEEel HAPzdsdA  Ad= HeHE  g5sia
R-peak A% €neFS S8 U2 A-E vlo]H, R-peak
A% HelHE Adesd =g FAlskA dr. 4049
HelB& ol&ste] AXesE 7HAgtel] 51, &3 R-peak?l
AA B AR E i 2¥dlFe 988 FIIT

B. AulE JhA s AP otz 2ol= APIOA A 23t =
ImageView, TextViews XML He|z Al&3te] HuE-E
@At Ak wstE 7HA ey fEiA AR g

2712 BAE SERGY ofvA 24 Wzeh sud =
Aste WWe Agstdon, Andon AgsdsdA
R-peak’t 4% wvttt shE olvA ] W§e WAFow
A Rpeak 4% A%< 7HAI% @k,

C. AAE g3 7HAst s 4udo] o] AIZHY
< 98 R-R A9 A gete g =
oA R-peakE HE3F o] R-peak Al
7ol AolE Abste] R =R dolE
A Ak e =84 949 ZA7E 0 ~ 2 29
Alghstel R-R A& 1 Z 2N 7HA gt

D. Aol Fsig 4o shAsl sds: AubdolEe

A=} o
Fie Gqel BAS AF BNEY sdsot Fue
49 4% A4 R-R 1449 dol8E 5% Bk A
oF gttt A FE delHE ®Y, DC A& AA, FFT <14t
1

3}
=
T 7] "ol BA 48 BAEs o o] #F¢72 Fa
49 s olEdE VIHS AMESh =3 T 99
o] BA& 9d] VLF, LF, HFY WS Az wgow

2 19 304 EA nhe} o), ~ul
EEEE N NE RO PRSI RES

[0 |m
ft g
% 2
ki ol

SR
of Felsz Bgse 49 BY Sws FHAd 5
A AAE 23 5, B ANE g 8, Cogaad
74418 S D, Aubglel® Fue oo} shiow TR
ol%l Hg zizte] ¥ B wSE FUssh o)
WEel Baol webd ARe HE TH GxEF ANT 5
£ 9u, BE 542 44 MAY 5 At AEe b

24 Aurol = Hlole Halwy

241 0|58 Hx MMT HolE &S

M=ol volHE 537 A olFd WA Ad:=

Trans. KIEE. Vol. 61, No. 6, JUN, 2012

54 '3 ol&din. o] FAHAEELS MSP430F247 T2
A~

o
ofy
-
>,
td
|

AANSE ZotEEo] AR BEEA do N mEE
Fawo] ek mepd 2y 34 mAW 29 Y A
AE 54 RN 248 JAE dolHE BREs 4%
WA S o]gale] snjEEow ANTow oFoth
Hu ZHREN AFY T 00 AR FE A
9, AEE Sk AnEE FAAA HoHE Fud %
A3 w AAALe] BAY 5 ek olo] WA Z4 W
B A2d A%y FR5E 10002 A4eQa, ArteE
7404 A8 AAE dolge] 1AM WL AA o)
%ol Ropeak AAES AFshgon oF ol gate] Auw
o HRVE Aitste] ~nf=E siwo] 7hAsa Axw
2 Tastgrh

<«
g

Mixed Signal Bluetooth

Heart !
0| | gy [ ool =y

Smart Phone

a7 30|58 MEEE ZUEZ AlA"EHel A
Fig. 8 Cardiac activity monitoring by an ambulatory ECG
sensory system

242 7| HE HA

doZ & gt} odE W AHAE FF7]9 T-peak #
o] R-peak Kt} 453tH T-peak
2 4% AASHA wrh webA 1 Hz mvke] S5

EAE 2t 2ls RS AASIA AvtEE S A
FIR(Finite Impulse Response) ZEIZ A7 % Fd3ch
FIR dE+= f82s] dgs gEws /X i ey e &
P3t7] wFo] U3 EAFS 738 u) [IR(nfinite Impulse
Response) ZE| 9} HALSH 2p57F ETolba] Aibeko] wrhe
Aol EAEARE g gtk 54 S ztErh

HF-FIR HEE AA87] 98iA= ¥A LF-FIR 9E& A
Al Fotor s 2 (Dol wheby Tt f & A

4t o
7
(o]
D
o
2
i

(APl o754

)

fo =& T +

offi

A (DA B Fohe olFo] gasE Aoy
AU Fais o5e] Ay pamt AHE L

UAE Foke0)E 4 (@)

o
m
o
)
2
i,
o

2 @2elA £ e AEY Fagolth 4 (3% ol &3
LF-FIR ¥ AF hnl& 73

hyln] = sinn®) 3)

nmw

867



M71Es=gX 6138 63 20124 68

LF- FIR -‘]HJ 2k (N, 72 AHE AAsta +9
F 2HEY (leakage)g‘ ZFaA7171 &AM 3
(Window) wln ]° Aestt) 4 (4= FIR 28 AA 3A
X A}€-¥ Hamming &% ?:MF% xdsio

érﬁ}ﬁ

wln] = 0.54+0.46c0s ( [3””1) )

AyH o= LF-FIR e dE2 &9 rhl2 2 )%

o
SR
ol AT

h(n] =h, [n] « win], —

53 31X ECG AFE A&t g53 AA
T 2359 /1A WES AAS 98 LF-FIR ZE Ien
B ks 3 17 o] AAE FArh

v 1 LF-FIR Z& MAE 9/ utztolg

Table 1 LF-FIR filter parameters

SFerel =5
Pass Band Freq. 49 Hz
Stop Band Freq. 50 Hz
Sampling Freq. 100 Hz
Window Type Hamming

4 A4 345

A4 WES AASRI AA HF-FIR 28 Q82 $
Fhy )3 LE-FIR BE 982 S5, )9 84S
4 (6)3 2ol dAgste] T,

hhi_qh [n] = COS(TUT) . hlvw [n] (6)

AAE

weha] 2utEE oA AT 2
< (convolution)

A <
B 1€ A (DOIA QBT oln 3 2B

AME F3 TAIT

N
2
L rx
rE
off

olol g o = 3 l8] By I @

5
o
=~
rir

2914 HF FIR ZE e Qa2 S5 by, ]S
WolFi gon] (AL Fi4 dololA

>
oy

A
T o2
[¥ 18

1 (o

> M
ju)
N
o
B
o

=]
rits}
fllo

< dlolH

=
547

L
S

>

=

o

% g

e
o
\
o
)
lo
>,
2
1

st A
slalA sdel i 9 A5 NwEe b
EAe o dvt. web v st E 6t
Hlolg Axse 3k 4 x No] Hr)
TolAE telH ddEs Eel7] HsiA
ARgsklth 5, A9 2ElEdlAM NIA

NAE uﬂolﬁﬂx. e X B BEF T A 2o 4414
< Ad= dely X W& LF-FIR 28 diS 483

new

2L 1o

e eot om i
N
Rl
N

J

N

e 2
2

o
fin)

o

o

o

U
r,

f

9,
f
:Og
2
F}E
r& }01,

dole o WA

FIR HighPassFilter Inpulse Response

log(HnI)(d3)

FIR HighPassFilter Shape

0 5 10 15 20 25 30 35 40 45 50
f(Hz)

(b)
3% 4 HF-FIR 26 E8A SE Fos g9 22X
Fig. 4 Impulse response and its frequency spectrum of
HF_FIR filter

(@) HF-FIR ZEo| ddx Sg ny, 0]
(b) HF-FIR ZEje| Fals AHEY 232

F AAdE Az 7N E 2" ER ddgen agla oy
AME S AFE A= vlolEE S o] FAIAA A
T T A= FAEE AdE delHe A% FHe wkd
vl 29 58 AAE HolEd AAroR FIR dH g <
A& 719 Al Algke dHiold ol diEES RoFEr)

AAZ HRV F45 94, AHE do 1# A&
Bt F53% thSol, Rpeaket R-R 74 48 93 FIR
dE g Hgo] ~ntEEA FaHT)

a9 594 Xpew HIOTH WS F7FH 02 EFAAA FIR
dEd S 448 AHdE delgz st ueia ~ntE
FolA == FIR ZHY Az 99 3 75 x
Noll Al N9 ditego=z 7HAF

(% x S | K |
| & X T | Yer |
[ % im Tow | Y |

% 5 FIR 2&E M&35t7| flsiAM MotE clolel MZE g4

Fig. 5 Data acquisition algorithm for FIR filtering



kA 29 5ol A B darg|Fa) o] AvntEZ A
FIR 8IS st 25, A 562 <t dogHE g5
S B4g Asdsue AARoR doltE +4 2 Aa
@ ol olFolx aw Y AsAe 4ol S
Hr}.

243 MNME R-R 24 =&

2UEZ A A" AAE 2359 Rpeak IS HE
7] 98 oo e duss HEsAn 2
®)7 Zo] AAE 2% wE A dn)S T3t

dn)=en)—eln—1) (8)

A4 em)e AAE A5E dudch dnel e %
2 @ Foll, 4 (©sh 2ol
542 Fra o

ARAen, A @ e NEew A AFd W9 )
olA deold Hoigt& R-peakzhil sf4 gt &3 R-—p
& d&5HoR HEd7 9, T-peak’t Hebd A&
W7hshel R-peakel A 03% Wol7l A g% ohal wuAo
Z R-peakEs # &3},

R-R A4S F38t7] s 2 91X A wye=
A& Rpeake At #ES R oz FASCF vk 4
(1002 NSO R.Ry,..... Ry o2 o]z dlo]Efolt},

R =[R,Ry..... R] (10)

=, R-R 4 @& 7] AAsiA = ne1id A o] Aol A n
Aol Azke} Aojz & 4= glnh 73 R-R 44 @<
deolBle Autdolel FAE Aates dolHe 24ow
A& SHA €

5317 dlolEolt}, 7]

Koz Huldoln: A #1384 Cubic

Spline WM& AM&3te] U532 R-peak HolEHE St

4 R-peak dlolE® W Azivh & AFoA ARG
o

Cubic Spline R7¥HL F d&
THoR g UHS

245 DC 82 HHAH

Cubic Spline 2.7+ 348 A R-
e gdo R vt DC Adwel th
5 AA ZEEH7] wWEd vE T3
HE A o]d wepx Znf

Rroge

3

SIERO|E 7|Eh ADIEE oF Mutdolz FH

Trans. KIEE. Vol. 61, No. 6, JUN, 2012

4g v EE 7 29 Zo] AAsSih

i 2DC M2 MAHE 2s LF-FIR & mzjolg
Table 2 LF-FIR filter parameters
vy T A
Pass Band Freq. 1.96 Hz
Stop Band Freq. 2 Hz
Sampling Freq. 4 Hz
Window Type Hamming
HE A 345

aa 4 (4) ~ (6= AE&ste] HF-FIR 28| 9E2
T3], ool webd 1Y 7 23k HF-FIR 2E <)

s
JA SHs} Foe ANEYS BelFm Yrh

FIR HighPassFilter Inpulse Response

I HI Il
H\‘HHII‘

ogiHInl) )

FIR HighPassFilter Shape

EU:E(
0 0z 04 06 08 f('_]z) 12 14 16 18 2
(b)
38 6 HF-FIR ZEe| EA SEI Fas AHEH
Fig. 6 Impulse response and its frequency spectrum of
HF_FIR filter
(@) HF-FIR ZE{e| dmA SE i [n]
(b) HF-FIR ZE{e| Ful4y AHEH EX
246 AOEE 15 HRV i
HRVE] F3:el ¢ #4387 9s)d FFTE AL43)
th. FFT+ F8o ¥ At A43sis+g £d + o

dugFo R FFTE Alst7] A e vt=A] o]
Me7t 29 SFME wHo] glojorgtt. -4 5w &
R-R 7tZ 9] Hlo]HZE Cubic Spline ®7H4H, FIR ZH
< AX ¥ FFTE AXRet. FIR ZEH S A dol
A7t 29 42 FAHA &7 Wil 09 o= x
= zero-padding 7|8 <S @835}

AT Ao AMEE HolH= 789 olsd AAE

24

L‘Hr&ﬂk
Hdo 1o o 1o fo | 3@

i
ox

869



2
N
Job
ﬂ

==X 613 6% 20124 68

Alzglg ol gate] ) tEstatel Ajstata 9l o9
AEE ddeR oF 58 F<k 100 Hzol AEY Fos= A
A& delHE g5sidnt. 439 &4& dPase] 44
5o FoF FEE A du SrlTaAE A2E
FE AAstel A¥E s AR kAT
Beh ~EAE e AHE TR Astel d@AEe]
AFE A7 15 Aol A kg G dY ZRE
2 AAsta, o2RH 15U ¥ AFE A=27] vtz A4
of Al 2B G dY ZREIR HAs bol
HE g58kc] ALEstltbl datA o A by, ~E
A gEd wel das RelFr] flsid ' 39 GUI
& wAgske] 19l 79 o] HRV Ao E-S 744 88
}\}\E]'

B A D ew11:24 il 1 () 2% 12:50

g Wl 08 D 22 12:56
ECG Dispiay
£

(c) (d)
d% 7 A0EE dE HRV & ¥ JHAE
Fig. 7 Visualization of HRV in a android smart phone
(a) Subject 12| HRV(MAIX oty Abel)
(b) Subject 12| HRV(HAIM AEz|A AE()
(c) Subject 22| HRV( & oty MEH)
(d) Subject 22| HRV(

X~
A
X

M
M

PS
(=]

A
M3

MA
(=Rt

S|
X A| &
O = T

[>
|rn
|>

el
R

a9 73 o] zutEEMA S HRVE F4stal ol & 7}
Algtg gtk Fo5 digg A dE AE 34
& ¢lste] VLF, LF, HF 99< Z4AXNe® ®A3

rO
_|_,

870

fu
o°
I

=ore
o

e oo g o KM

2
jabal

o
o>
Z

o B Ao
9,

il
N
N,
>

ol
-

B

el

o, o4

g M
g

bt

(

xrﬁ

Jzi 2
©
= >

Lz
©

B of
ich
oy
{o

=
L
4

.
R
E)

e
r2
-1
2
2
Ir
o
offt
b ot
faval
=
i
B\
ol

=z
&
o
fri -
i
o
o
2
o
frtl
al
ot
_Cr>£
T
I
_(?L
s
=
o R = VN 1 = L= [ B oS o [ G )

)
>

X

H

4 >
1o

>

)

N fo -

R
p

2
3 O
il
)
i)

e
>
o
% o
[o
2
>
ol
o

otz

[> ri o
<)
it

39
G fob

tlo 1
rioh
N
By
Lo
2
2

p=)
E
>,
o
(o3
o
v
= o,
(m g

.,d
)
i
9
off
ol
ol
2

2
n
2
e
2 o>
i)
[~

Bt
ki
o
et

[1] Mark Terry,
Diagnostics Team Up with Smartphones,”
TELEMEDICINE and e-HEALTH, vol. 17, no. 5, pp.
320-323, 2011.

[2] Jui-Chien Hsieh, Bo-Xuan Lin, Feng-Ren Wau,
Pei-Chann Chang, Yi-Wei Tsuei, Chung-Chi Yang,

12-Lead Electrocardiography
Transmission via Cell Phone Technology to
Cardiologist,” TELEMEDICINE and e-HEALTH, vol.
16, no. 8, pp. 910-915, 2010.

[3] Sajeesh Kumar, FErh-Hsuan Wang, Michael J.
Pokabla, M.S., Robert J. Noecker, “Teleophthalmology
Assessment of Diabetic Retinopathy Fundus Images:
Smartphone Versus Standard Office Computer
Workstation,” TELEMEDICINE and e-HEALTH, vol.
18, no. 2, pp. 158-162, 2012.

[4] John G. Webster, Medical Instrumentation, 1998.

[5] Kyeong-Seop Kim, Seung-Won Shin, Jeong-Whan

“Telemicroscopes and Point-of-Care

“Ambulance

Lee, Heejung Choi, “The Assessment of Dynamic
Mental Wearable Heart
Monitoring System,” The Transactions of the Korean

Stress  with Activity
Institute of Electrical Engineers, vol. 57, no. 6, pp.
1109-1115, 2008.

[6] P. T. Ahamed Seyd, V. I Thajudin Ahamed,
Jeevamma Jacob, Paul Joseph K. “Time and



Frequency Domain  Analysis of Heart Rate
Variability and Their Correlations in Diabetes
Mellitus,” International Journal of Biological and Life
Sciences, vol. 4, no. 1, pp. 24-27, 2008.

[7] Rajendra Acharya U., Jasjit S. Suri, Joe A.E. Spaan,
S. M. Krishnan, Advances in Cardiac Signal
Processing, Springer, 2007.

[8] Joyce Van de Vegte, Fundamentals of Digital Signal
Processing, Prentice Hall, 2002.

[9] Richard L. Burden, J. Douglas Faires, Numerical
Analysis, PWS, 1993.

A A A A

43 & (& f 48)
2011d Asdista ofEEy 4.
2011d ~&dA Fojskel Ay A€

=

.

A s e (E R T
2005 AwTjsta ejshFet £,
skl A A1H2007). 20073 ~& A o
9 vy A s

o o

.Z_!?_iEH(ﬁgif)
)

=

5.

2 E 5 (F %
d03d AR AT €4,
WEHR AAH2005), F oS SANOOID)
0IIH~@A FASEFA AT,

v

Trans. KIEE. Vol. 61, No. 6, JUN, 2012

43N H®
19799 AAdEn Hr1sdts £49. F
ek A1 AF(1981). The University of
Alabama in Huntsville, Ph.D.(1994).
20019 ~& A Axdstal &gy shy u

o~
.

o & & (= & &)
19924 Axleista 47)89)
ohehel A1AH1994). E B HFAL(2000).
20043 ~ A A ATjstm o shFeLy

w4

e
[l
fol
U
ﬁ
JQL‘
1
>~
L
=
<o)
O
2
offt
5;
ot
rﬁ z
1o o

871




<<
  /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
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (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 [545.000 394.000]
>> setpagedevice


