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ABSTRACT

In this paper, a portable high efficiency nondispersive infrared(NDIR) CO, sensor module with a smart device
interface is developed. For low power consumption design, an IR LED was used instead of tungsten lamp for
light source and an optical waveguide optimized to the sensor module is designed. With the smart device
interface, power of the sensor module is applied from the battery of smart phone. The measured data of the
sensor module such as CO; concentration, temperature, and humidity are displayed on the smart phone using
android application. From measured results, the developed sensor module shows +60ppm tolerance error from 0

to 3,000ppm CO, concentration range among -10°C and 50°C ranges.

.M E 7] SdE AbgE T ol

€O, AN A% WA webd =) A543} %

OMEERLACO) ANE 7] 0] ood AlE v} SoE R, AN &Y, Akl gt 5
Sfebr] AT A ASL, A% ols R AEAeE A Asgel e e s slen Beae 4
2e thEol el } 7 ol Apgslel, el ] $A b Skl bk e
A} gl A A T oA el AR vk B Fold WA AHgEE g

M R =Re = arelAed] A Ysls 201495 AFEe1d] 7] e Al (No. C0236822)2] ol t4=sio 2e] 3 AnlEqle v}
¢ First Author : Kwangwoon University Department of Electronics Convergence Engineering, jhkim@kw.ac.kr, £413]<1
°  Corresponding Author : Shinhan University Department of IT Convergence, cjlee@shinhan.ac.kr, %£413]<]

= E D KICS2015-06-173, Received June 8, 2015; Revised July 20, 2015; Accepted August 6, 2015

1606



) 2vtE 71719 A 7Fed LED 39E AMSshe AdH S vl

r‘)‘:l
)

9]A CoAA

NDIR(Non Dispersive Infrared)sA-2 Az} Al
A 5l gleld 7hg wofubek
NDIR(Non Dispersive Infrared) ®]2] 2]+ 1]
Wik Aol F wrloR kA BAEe] Aol

(Infrared lightyol] o3l E4& F= 2~ E=(el: H,0

=4
9] 7% 1.4me} 1.9um CO2] A% 4.7m)= 2= 7
o83l EA AR g o= WS U

t} CO; 7l FE HE vl HojAl Az 2 e
WEE 4.26im T Heo| A7 EeEhe A
oA CO, 7h w=el wie} Fhashes 9o ks FHE
3= vlrlo g o] AHr|Hgl AR wWslele] =4
3= dzjocf, 12

A Pl o gYauE s AMSlE 9 AR
5 Wol &amsla &= melz]E A3l FAR
Hlol| A3FshA] vl TS 7R glck

weta B =l 7122 NDIR WH2)e] whd
< S8l a¥oHAE iAol Hahar ~vhEE
ol A&3te] F7EAQl wielg] ARS- glo] AAIEA] &=
Aol 7Fs’t g 7k Ao s FHoE 3}
Ak

F Bo olzldt Ak Ee] Qle|yle] e we}
A AV ES Z9) Hale] x|<&A <l dlolElE By
El&ol| dh= ool E83h A7 AF) wol Uk
S|a 9lort oA AntEES H43 Ay B
E|A] edghe} B

ol& $I3}e 7|&e] deilE = hile| LEDE
ARg3te] A Aot o WhAje] A2 Alx 2E )
WS slglon, 718 AlA SA7|A B HEE
A g AllA] dlolele] A o A=], HdN-e) 2
2 T8 AA RS ~vhERES] oo R diAlEka, Al
18] g F7H] wiEly] $lo] ~rhES
TS AR

P

. CO, MM BE &AH 3 M

Ao o] =g WEao} sh, %
ok WellA] 2] ol AE 4 2 A
71 o] Photo Detector(PD)ell &3] =3} A
sledof gkc}. NDIR s3All4 ol 2 -8-%]+= Lambert-Beer

[—T:e (€Y)

b zrem, o714 [ {Wim’)i= Aol F=leld] wE
B #e] ol w [[Wm'lE HolAl Z1E7] el
TAlER W] AR, o= 5A7Rse] Aol F
¥, o 7k=wSppm], 2|3 [ FEdiellA]
Aol #13h Moid A7) Aele] # % =(Optical
path)®] Zololr}. 3 A =7} A4 o)Al nkes}
B 7bs BAe) g wowng Avpd o AlMe]
7b =pal Aok sARE 3 ARE A2A sk A
7kAA 8] 37} AR L AERR]Go] STk v
o] glr}.s
£ =FellA= LED Yeo| Hkk
dlode(PD)Oﬂ =daly] Ae] b %%“Pﬂ gre.
2] PDell iAkEl= o] ofe] Fane] BARE A9
sfaL =9 ap7] % 7EE a3 13} 2] AA|

° e
Ji
43
sl
=
=4
o

=

Lapgke] w2 EefaEoln] B Cut Ni
g ol 55 FEgo® A7] AR Alell= Ak A
A= A 2 asks wEste] Azt s
Zo]7} 33.94mm, ¥=°]7} 3.48mm,
23 Yo7t 9.1mme|t}

AlEo]d =23l Tracepros 83} AA|
g % =l w3k W] A wE o 23} 3ke] #l
afoick 1% 2= PDoIA AEE # w92 E TR
F AE Bolrt 3 A7) AlEleld 23t LEDe
A EHw)s Yo Eulte] WAk §31e] 3E PD
of =xtahs 9o ok sk = wabke] A 2o vt

2hx] oF 60% A% AnZ ol & 5 i)

angle of LED light source = angle of IR detector

a7 1. Al A e P

Fig. 1. Schematic of proposed optical waveguide
2 st=Sflof MA|
AU}E Zs 01.9_‘6]- ;q x%e:l 7}/&131/(1 vg‘/] /\47;“
£E55E a9 33 Zok Al 2ES Micro USB
Jejdo] s Fato] Fo H7I=RE AU I
wo} A8l Wgktel AlK wEe] Wagh Aew
w7 Apael

1607



The Journal of Korean Institute of Communications and Information Sciences ’15-08 Vol.40 No.08

(@)

Total - Irradiance Map for Incident Flux
Block 13 Surface 4~ Global Coordinates

nnnnn

200000
180000
160000
140000
120000

100000
80000
60000
40000

-15 -14 -13 -12 -1 -10 9
0 X (millimeters)

Min-0, Max3 6951e+005, Ave 17267
Total Flux-0 62163 W, Flux/Emitted Flux-0 56003, 693 Incident Rays

®)
J7 2. xR Ageld Ak (@) ¥ A (b A%
5 Aol o
Fig. 2. Simulation results of the optical waveguide: (a)
optical path, (b) intensity of detected IR ray

—

A ZEL] Aol oAM= CO, 7k A 917
CO, A9 LED &< Aleisl, NDIR H}]€]
CO, Aol ZA4E dlolelE i wio} &
255 o]83te] A COo, 7k FEE FEIL F
%% d|o|E]+= Micro USB <lEsl|o]~5 B4l Frit
W2 Agsle] FdwbLr]el Co, 7ix FErt B4

L= g} gk 2% 4% AlA(SHT21 £

Measurement Module

NDIR CO; Sensor
| Sensor /0 Control Section Interface

| Power Section

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Neasurenent
Nodu

le

T8 3. AN el mE FAES AnEE S
Fig. 3. The block diagram of CO, sensor module and
smart phone display

B A Ago] Fhsshe

WtEES] Micro USB ©WAlE &
slo] FFE A SVEHE] MIC5203-3.3V(High
Input Voltage, Low IQ uCap LDO Regulator)9]
Ultra - Low Current Adjustable Regulator
Application 3|22 A3l DC 3.3V HLS AF
gt} Alo]t Sokx|2]Ab=]= ARM Coretex-M0+Z
7IHke 2 $9d %= SAMD21 wlo| AR Z2A|XE A}
43}9ick DC 3.3V AdE <7} Wl 70uMEe] A
A 4w|E FEEe 48MHz $52 F2F gk
Full-Speed USB Device?} Embedded HostE |35}
), 12-bit ADC, 10-bit DACE #|g3tcl FoF Az
Z=]2l Atmel SAM D21-> A% Aok 7]%24 CPU
o Aa) glo] F gA7E AR A4 BT 5
Z 3= oMlE AXEHE  FI8IE Atmel
sleepWalkingTM T =+ =gk AP 71551 o]l
Eof diaixlnt CPUS 7h9-22 ANkl A% 4w

2 29 4 9tk

2.2.2 QlEHo|A

dlole] 545 Foto] FtxzA=]<l SAMD21
W54 <] Full-Speed USB Device2} Embedded Host
755 o] 83t 2vtEEF dlole] FAE gl 7]
BAa] dlole] AREE 9600 Baud rate, 8 Data bits,
1 Stop bits®]™ Parity bit®} Flow control< $ich

2.2.3 MM A&EHE

2§ 48k 320 CO, 7k AlA 3l 2= Vb +5V
°] A ol gsle] AHF Aol E s, nvlojam=L
ZAAM oA Ale]=]+= Imsfsec turn ON FAE o]&
sto] 25 13] 1ms 59+ H 941 LEDE AAF 75
A7}, LED®l A9de] el7kEs= 1ms 54 CO9| &



[
Ay > ADC
>
Lep P |~
tmsdaLed Iy Lms36PD-03 MCU

SERTAL DATA USB
N~ 7
(sAaMD21)
_ —I_L PULSE
\\ixi" Ims/s [on time/pericd] |MODULATION

38 4. AN g9 AsAe] T4

Fig. 4. Signal processing configuration of sensor module

Bfedel 4.3ume] 3343 WSS Photo Diode %
ZZ7|+= LEDENE] A 43 35 =93 F
slo] At wh=th & rellA] 7]Ee]] A3kl A
o)A Sz alel] LMSNTAF]InAsSb/InAsSbP 3|l
2 F%Z 7FAE Lms43LED S AMg3}e]om, o] &
Z12] Z =} #9]= 4.10-4.30 ume]w, 1 mW ©]3}
°] AA#-& 4wt} PD Lms43PD-035 AH53}
034[7]

X*“El = J*Ebl BErE 3 Al & AR

7} 323, o] AFZ OP-AMP=S o]-&3}o] Zuh 2%
= %}l g ti FE310] vlo|mz 22 Ax2] ADC
= o882 e dlerh

2% 4 F% AlME SensirionAlelr] FFE
SHT21(Humidity and Temperature Sensor) AlAE-
ARgsle] = °]‘7<ﬂ°']7}7'<]$]r Digital Output, 12C
Interface 3} 2 o8& 1Y wech a9
58 2HE AR 1+ﬂ+i—§— AR AlA el A
% Alolel.

T2l 5. E co, Alx mES] A
Fig. B. Photograph of the developed CO, sensor module

o] =
=

B

. &g

oo

2

0.

3.1 Z2|=8jo|M & CO, gizm
T3 63} 3ro] A A|zis) Fems ol gl
-10°C~ 50°CH9]ellM 2= %ﬂlﬂ_ﬂl 1438 #5)st
q
o

ek 72+ e A on Tk A7k AR Ln

ol
_&
LA
)
L
m\é‘:
ACs
E
L‘i
F
)
=N
N, o
bt
iy
%
e

] L] i_i zr iE“H Zero/Span Vs T3k
A Heo]ds ﬂ%}ml J—;L%l 7t Al 7l

Fslel Aelelold AUEE B Ak A4
A 42 pC 89 mEIE oldsjel Aseln,
T Theo) 1E S 99E TEEe TR
4'[4-3]

el AR MR O 2E SNE B2F
7122 1,000ppm, 2,000ppm 2 3,000ppm-S F=318ked
540) Gees shelselon, AAe 93] 9
slo of gk 2] 717k Ft ¥ 43] SAslaL 1 At

E oA vlasksick
7 7e L5 -10°ColA 50°C7HA] WA
73l FF7F~ 1,000ppmel] thgk 24 ©xje] T2

a2l 6. Alx mEe Azjryeld AF A
Fig. 6. Experimental setup for calibration of the sensor
modules

Meaurement accuracy vs temperature
at 1000ppm

60

—— st
~——2nd
3rd

i Ath

Measurement accuracy[ppm]

-80

Temperature[® C]

2] 7. % wisel w2 opislkr wwe 24 e
(@1,000ppm)

Fig. 7. Tolerance error of CO, concentration with
temperature variation(@ 1,000ppm)

4

1609



The Journal of Korean Institute of Communications and Information Sciences ’15-08 Vol.40 No.08

srole}, FI3 AFL 43 ZHsilon] Ho 24
A= 28ppm o2 LA +30ppmeT el <k

¥ As vehi ik

a7 82 255 -10°CollA] 50°C7HA] W3k
783l %572~ 3,000ppmell thek 54 22ke] el
Zolct o]Hlell:= E*Ml Mz e e mEs =
sl A s Eelslsict mEel wehi
o 4 ek i60ppm(3%)94 AE s et
Wolel 2ol me eabe] Feale flsler] 2
gl 73} mlaste] & o) 52 Fellx] Ao &
Az solvhe Ao &l =ik

A 1SS Sl8ke] & 1870e] mEs AlEtete]

EEE -10°Ceh 50°C7A] WiSIRIA EAlell A

Measurement accuracy[ppm]

Temperature[® C]

J% 8. &% W] wE olikElEa T 4 &3
(@3,000ppm)

Fig. 8. Tolerance error of CO, concentration with
temperature variation(@ 3,000ppm)

3000
y = 1.0004x + 0.1651
R?=1

2500 /

2000 /

1500
—.—_10C

50C

1000

4

Measured Concentration [ppm]

"
a
=) a

o 500 1000 1500 2000 2500 2000

Reference Concentration [ppm]

PP g 1 1000 | 2000 | 3000
Temp
-10°C 6 | 1008 | 2006 | 2992
50°C 4 | 1001 | 1997 | 3001
2 9. -10°C A 50°Ce] 2% W3lolM FFE o}
=4 ¥

Fig. 9. Measured vs. standard CO, concentration with
temperature variation from -10°C to 50°C

1610

ZA3lgde) 13 9= % J
wee] A3 vl :Laﬂi*% 7}2 Paapad
(-10°C) ¢} 71 =& 2% (50°C) TFFlollA] =57 2+

[) tlo

LA sgek RAFS 18 WEsle] £35% @t Al
z2hE) wEe) 12475,]._,] A].J,]_erﬂ]_é_ ;‘5___1_ ol x| sleich

il
J[N)l'

tlolEH fé’ % 1
iiEJ} s IFEHAE TRIeH 2xd
ujeba] =4 W= 04041:} PDE AM3h= Z1E719

7% 20°Colale] w2 Eelli e EAe] 3]
a1, 739 20°ColAe] & oA il Fdark
current)«] oJgfo] I Ao LEix] olr/pw] o}epe)
X 12 AR 20°Celd  EFEFE 1,000ppm,
2,000ppm>} 3,000ppmelA] FFHAE HolFr) &
FHA7} 7 2 795 3,000ppmelA 17.9ppme]
912w %A= 1,000ppme] 75 +0.6% 2 A 1%
ojuje] A3E dsick

= 40

5

— —e=—-10C

c

S 30 ——0cC

[}

H —e—10C

[=]

T —

2 30¢

c

& w0 —a—40C
i 50C

T T T T T 1
0 500 1000 1500 2000 2500 3000
Reference Concentration [ppm]

22 10. vleft Sxsle] wE SAE osiRa
e

Fig. 10. Measured standard deviation of CO,
concentration with temperature variation

E 1. @20 Ol 345 mFaxel 255w vl
Table 1. Comparison of standard deviation for 3 set
CO; concentration levels(@20 °C)

Standar(d@czc())r(l;:ce)ntratlon Standard Deviation(*%)
1,000ppm 120 , (£0.6%)
2,000ppm 16.8, (£0.42% )
3,000ppm 179, (£0.29% )

A 412 7 ZE slalel Freharrlst 7l
/H 2ES A3 |28 E AYS 5
2 7FAA gl 52l (Normal, Idle, Stop,



1/ 2vhE 71719k 23 s’ LED 39S ARSShe A H S vk Aol CoAlA

SMART SENSOR

Temperature 479«

Huridity

93.3%

Il 20140414 Mon  PM 14:14:20

32 11, 2vfE E9] sle] 48 COo, ¥
Fig. 11. CO, gas concentration displayed on the smart
phone display

Sleep)©ll w2t Ale] ONE I, Normal Arel7} ==
7}~E AR} oo ARIE JEaE 24 2 )
FalaL 7l B dolelE gy 2 gt F
bir] s AsE AR delelE 19 113}
Zho] Folisbdr]e] Ao AR o], W, 4,
A, Al 59 A7 AR} GPSE o83 YAARE
A AR gek aa A AR A
v ES]Ze} sl & Aas vle] dAE A
2 HlE AFIES & 5 glck

v.z 2

FellM= A3olw] friAde] Helshar ~vtE
tste] 34 7Fs3k F7H-8- NDIR CO, A4
Jrk. 7180 BagE Ao Z AR 4
S #9)d LED A2 Adsis e
A A2 AEYeldS Fale] 438 B}
Asty, AHH 32 AAR CO, AXE 73
B =ollA] AlgkE Al AL, T]aZ o]
A2 5& ~vhEE Qe 5l s
Fg3sle] g SRR Fgo] rhssich
5 AR Alx = e Ho]Ad Fof] -10°CellA]
60°C7H4] 10°C FHALo R %ol &, &% 2% #
2] A7} o]Fl 0, 1000ppm, 2000ppm = 3000ppm
o] 7] BF Vs I ¥ SAHATR 2AF WS
+ *60ppme]3lE E3}orh
o] 554l Ty ~vtEES 383

pil

ol
(

|
Koz

P Th I
fo oL o

H

N
==

o rf
g
g:O

fijo

L §
NI,
lo,

o
8
& i,

N,
jincd
i)

4

=210
F =4S ol

A, eI 41 VIENZE o] 44 dlo]E] o]
e AR PR ohle} S341), A4k
% AR 9 2] F5ste] GPsst
A AAR 5l RS 4T 5 ok A
% 7L 9)

References

[11 G.-S. Kim, J.-T. Oh, H. S. Kim, and J.-C.
Kim, “A study on CO, sensor module using
NDIR method,” J. IEEK, vol. 46SC, no. 2, pp.
36-40, Mar. 20009.

[21 S. H.Yi, Y. H. Park, S. O. Han, N. K. Min,
E. S. Kim, and T. H. Ahn, “Novel NDIR CO,
sensor for indoor air quality monitoring,”
Technical Digest of The 13th Int. Conf.
Solid-State Sensors, Actuators Microsystems,
pp- 1211-1214, Seoul, Korea, Jun. 2005.

[3] D. Garcia-Romeo, H. Fuentes, N. Medrano, B.
Calvo, P. A. Martinez, and C. Azcona, “A
NDIR-based CO, monitor system for wireless
sensor networks,” 2012 IEEE 3rd Latin Am.
Symp. Cir. Syst. (LASCAS), pp. 1-4, Feb.-Mar.
2012.

[4] D. Gibson and C. MacGregor, “A novel solid
state non-dispersive infrared CO, gas sensor
compatible with wireless and portable
deployment,” J. Sensors, vol. 13, no. 6, pp.
7079-7103, 2013.

[5] J.-W. Kwon, J.-C. Kim, G.-S. Kim, and H.
Kim, “Air quality monitoring system using
NDIR-CO;, sensor for underground space
based on wireless sensor network,” J. IEEK,
vol. 46, no. 4, pp. 28-38, Jul. 2009.

[6] Y. Wang, M. Nakayama, M. Yagi, M.
Nishikawa, M. Fukunaga, and K. Watanabe,
“The NDIR CO, monitor with smart interface
for global networking,” IEEE  Trans.
Instrumentation and Measurement, vol. 54, no.
4, pp. 1634-1639, Aug. 2005.

[71 http://Imsnt.com/datasheets/Standard %20chip/L
ms43LED/Ims43led_series_rev040512.pdf http:
//lmsnt.com/datasheets/PD/Lms43PD/-03/Lms4
3PD-03series_rev070515.pdf Retrieved July, 20,
2015, from http://Imsnt.com/

1611



The Journal of Korean Institute of Communications and Information Sciences ’15-08 Vol.40 No.08

[8] “ANI131-CO2 Sensor Calibration: What You
Need to Know” Retrieved July, 20, 2015, from
http://www.co2meters.com/Documentation/App
Notes/AN131-Calibration.pdf

[91 H. P. Beerman, “The pyroelectric detector of
infrared radiation,” IEEE Trans. Electron
Devices, vol. 16, no. 16, pp. 554-557, Jun.
1969.

21 =
A o

8l (Jong-heon Kim)

19901 64 : 5% Ruhr Univ.
Bochum A28t} F3H4]
A}

199411 8% : =% Dortmund
Univ. Axgets) gehabat
20024 149~200741 44 : A

t} SFU Research Associate

20053 34~2008d 129 : 1T A %F3} A7}

19953 44~ : F2-o3tal ARt} o

<Rl aEg AHFEY], A¥sp], ~HEy]
Z3}, mlo]z R s} AlAl

1612

0| &t = (Chan-joo Lee)
19879 29 : skl A}
415} gaha)

1989 8 : s}t og
J
g

"

- - )
. 199413 84 : FLehstar ot
y A AAHgAl gEhtat
A 199641 39~1997d 24 =

RWTH Aachen -t Post Doctorial research
1993+ 3d~3Af : Al oL IT §3hash
<AlEel ZuFal s|2AA|, Holy 2 v 3]

= A, Azt ] 2 S





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


