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Oxygen Meter
Mr.Thiti Kungkaew ID.56010607
Mr.Pongsatorn Tantinantakul [D.56010777
Assoc.Prof. Somsak Cheersirikul
Education Year 2016

Abstract

In the present, Microcontroller has used to control a various device increasingly because
it can program with many command, easy to use and practice programming skill to
modernize of many things are controlled by microcontroller. This Oxygen meter used
Arduino for working control with oxygen sensor and temperature sensor.Communicated by
12C and amplify asignal by instrument amplifier.

From the interoperability of each device. An oxygen meter that can accurately
measure oxygen and temperature is theoretically possible. Used to measure oxygen content
in water. Analyze bile or wastewater.
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® 1MP91000 wieldludalsiiuoxyeen sensor WM 1 M

® Thermistor 10kQ UMW 1 62

® | CD dmiudaniua $1e7u 1 Ty

® |nstrument amplifier MCPEN11 U 1 57

® ADC MCP3423 U 167

® fuvu uagsaiuUseq U 1 ya

o aeln W 1 99

® U9V U 1 Ny

1.6.2 ¥aNAWIS

® Arduino 167 LfluIUsaLﬂiuﬁﬁw%’uL%EJ‘LJT‘LJiLLﬂium‘uﬂuﬂﬁﬁwmwawa%m Arduino

microcontroller
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2.1 Dissolved Oxygen : DO
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2.2 wann1sasvineandnuluaisazasuuuneudalswasn

Tunsiadsmesndiauluarsazatsuvuneuelswasnlaslddluiuuy - 2 43 way
ansazawdidnlaslayi 0.1 M KCl delésunisludalnihauils kel Fansunndadulnunaidoy
lesauuazaaslsalesaunszareiivlluarsazas sandwuluasazansazunsluialuiualyanys i
laimimuaxﬂau%'qﬁmidﬂEJm&é"nmaumnlaimwasmauiﬂé’qiuLaqafuaufw sadulslnsiausznenuy
Rawihveunysazuanalszquandamiloutunisialeailariawisidnasey iWeluanavesiuay
pendlaulasudianasewiliiiaufiseddnduinsuandinareduleasenledlossy (OH) faunis

0, + 2H,0 + 4e~ ——> 40H~™

iy OH - Allusyaavasunsludatalnit Ag Afidndlnilvanyuiiseeendinduivezneuves Ag

o = - o L4 .:jq"’_, =
lngn1sfudianaseuain OH vildnatelu Ag, 0 ingitilwinelunuaziinnisinazes
nssualniailuszuuiiu

4Ag + 40H™ 4e~ —> 24g,0 + H,0
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00 laeld Arduino Uno R3

2.3.1 Arduino

Arduino fislalaseeulnsataesiiannsalfifuiesielunismunugunsaididnnseindiiield
NUMNTLIIFEINTT ansaideudenuinneidinisdevaty UsB  deuseidfuuada
lilasneulnsaiaes Arduino Tnelélnidssanans USB (+5v) il Arduino Sedaldinduguuuunis
vinUssiavlamugesa ausadenlduiaivlavsdmeteasmnldaumugaussasisdomnisis
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JUN 2.3.1 wamanmwuasa Arduino wuusna qifleuld

2.3.2 99fva4Ud3a Arduino
| d o W ¢ Al
- s llunadiafsuivnalulasreulnsaaessiindun
- Wsunsumslgsuannsaldalavaraunwanwasy 19 Windows | Linux wag MacOSX

—wrmwmﬁm‘%*u;ﬂ"u’muﬁuﬁmﬂmmﬂ%weju‘lum‘s’bﬂ'muﬁqLﬁulauw“fsiﬁaqLﬁaazmn’luﬂﬁﬁaﬂiﬂz?mu
Waridueinee)

- Wangrasalan way ihluRmuiresenls — Usunsy Arduino ARuAkuuDawesesaldn wazause
Lﬁmﬁummmmmchu C++ library, a1unsatuluiau AVR C %uﬂuﬁmmwﬂaa Arduino, LagauIsn
Wiadin AVR - C Tanldlrensadndoanis

- Wae995 way drluimuvey hardware 19 - Arduino Mlulaspeulnsalaasves Atmel 2995909
voiaaRuiLuudaNg 199301816 Creative Commons License Aaanunsntlufnudassorensuaziiiv
UsgAnsam iednwnsviauvesiuldns



2.3.3 Arduino UNO
" ¢ ol ﬂ; aa -
Arduino UNO iululasmeulnsaieesiildlulasnoulnsaaed Atmega328 dsiliinoadumnn/
wwinm 14 wesn (1 6 wasnannsal®ilu PwM wowiwm), 6 wesmewrdendumm, 16 Mhzceramic
5 5 ' ¢
resonator , USB Connection , power jack , ICSP Header wa Reset Button LAZANNIINUDINDUS
=1 T R .
wsnzluvesanlidl usb-to-serial

as

d1915UU9n Arduino UNO R3 fis18azi8nueasiuasnaadl

A3 NLAAITIBAZI8A Ardruino UNO

Microcontroller Atmega328

Operating Voltage 5V

Input Voltage (recommended) | 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (Atmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (Atmega328)

EEPROM 1 KB (Atmega328)

Clock Speed 16 MHz

gﬂf/i 2.3.3 LAAINIWUDSA Arduino Uno R3



2.3.3.1 Mi28A2149

] L

Atmega328 fividiga11udn 32 KB (Iaw 0.5 KB 14d 3y Bootloader) &eil 2KB @Sy SRAM
wag 1 KB d1su EEPROM

2.3.3.2 wasnduwnuazioving

WOINDUNALALLEIAWAYDY Arduino UNO fiviaviua 14 1 anansaldifuriadunwauaziosive s
Ingldfeandu pinMode() , digitalWrite() , digitialRead() Tngldusesiuln 5v usazwnaiunsasunszua

lasnan 40 mA

ATmega328P pin mapping

OO Arduino function Arduino function OO
reset PC6 PC5 analog input 5
digital pin 0 (X3 PDO PC4 analog input 4
digital pin 1 4EE® PD1 PC3 analog input 3
digital pin 2 PD2 PC2 analog input 2
digital pin 3 PD3 PC1 analog input 1
digital pin 4 PD4 PCO analog input 0
vCC VCC GND GND
GND GND AREF analog reference
crystai PB6 AVCC AVCC
crystal PB7 PB5 digital pin 13
digital pin 5 PDS PB4 | digital pin 12
digital pin 6 PD6 PB3§ EES) | @ digital pin 11
digital pin 7 PD7 PB2 | %é% digital pin 10
digital pin 8 PBO PB1 g;"f digital pin 9
.

gﬂﬁ 2.3.3.2 UAMYINDIAYDY Atmega328

= =l J L3 a dy
AZLINYDELD sa’iuumas‘u TWBIRNAIU

- Serial : 0 (RX) uag 1 (TX) T¥dmsusu (RX) uazds (TX) TTL Serial data wiazanazaansatuiy
U1VDY Atmega8U2 USB-to-TTL Serial ship



- External Interrupt 2 uag 3 wiazviaunsaUiuiUAsumvesdumesiniliidy low value |
rising w3e falling edge WialAsuAlneldwaridu attachinterrupt()

- PWM3,5,9,10and 11 Wiewinn 8 U0 PWM Tagldfandu analogWrite()

- SPI10(SS), 11 (MOSI), 12 (MISO) , 13 (SCK) wmaiazatuayumsieanstagld spl

- LED 13 Jlaleawdwasiitlsiegluveiaiinesnd 13 eifiuaedn High avain wazdniu
Low AU

- TWI Ad w30 SDA usz A5 w3 SCL atfuayunisdeansuuu TWI Tneldlausn wire

- AREF. \Ju Reference Voltage w3 analog input 1#ilsridu analogReference()

- Reset fufuandn LOW azifunissdvlulasreulnsaans

2.4 \GULYDS

2.4.1 LMP91000

sl 2.4.1n LMP91000

Wugunsaliawrsadunussyndlilunisindeendiou war gungiluth  Tasndsld
lulasmeulvsaiaeinuaumsiuvesgunsalfil Tngldlwibes 5V dyaranevinnazesnuniu
wseAulwi
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TAseas1999sneluves LMP91000 (Juseil

LMP21000
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2-wire Sensor
such as Oxygen
CE
A

Bol A
& s }“

]
=l

JUN 2.4.1% uana3993neluves LMP91000

2.4.1.1 Transimpedance Amplifier

M

I -

J:—i-

—a Vout

gﬂﬁ 2.4.1.1 wamgTransimpedance Amplifier

Kout = '=1I;,, xR
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2.4.1.2 Buffer Amplifier

out

gﬂﬁ 2.4.1.2 uansBuffer Amplifier

Veut-=-Win

2.4.2 \wuwasingumugll (Thermistor)

gﬂﬁ 2.4.2 uansgunsal Thermistor

a ¢ A e o v o ) a d o Y =

weillawmes Ao gunsaliviminiinsadugaumgil (Temperature Sensor) fvianianansia
shhsemsdsundawesgamail nanie Wegamgilreseudsuulaniisndntosardmalvian
v a ' =3 s o aa al o e =
ANAUUUAsULalUsgwTInEuazsHun s usnmg il aeyly lngaunsathanldingamgdl
aziBoausiug lurrsiidiia (Usvana -40 i 125 esmwaiioa) wesliamesaziiogseiu 2 sz

AB WuUPositive Temperature Coefficients (PTC) wazliUUNegative Temperature Coefficients (NTC)
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at

2.5 2997 wlasdrgyraueundon \u dygraRinea (A/D Converter)

5UM 2.5 wamagunsal MCP3423

U

v

Analog to Digital Converter (A/D) ¥wthiiwdasdayandoyad uywdsud dudals Wudeya
ymalwit Wetoudhgnisuseaona Fudusuauniswilsvesnissuieya (Input Unithiunszuiunis
Sidnvseiind Adynyuusiudeios (analog) lasumsudadlidudyyraninea lnglifinisauteys
drfnynadnsued ADC danvnzasstnu fis MvupseiuvSeaniuy siavasausinasdiunisonids
101 2 0 2, 4, 8, 16 1wy dyyniddneaiiugiud 2 anusiasidendt binary flaviunanunsa
wanslugurasiuing lugrusderuves nilwazgud
westldlunsuasdyeuasniudineaiiinnnevatein Tneiluudnsuasdoyyiod
suaeniiuiinea (A/D converters) Hldausguszann 7 winfe

1. Parallel Comparator, Simultaneous, #38 Flash A/D converter
Single = Ramp 3@ Single - Slope A/D converter

Dual — Slope A/D converter

Charge balance A/D converter

A/D converters using Counters and D/A converters

Tracking A/D converters

N oo s woN

Successive — Approximation A/D converters
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2.6 Instrument amplifier

UM 2.6 uansgUnsal MCPEN11

o < s Yo o L] s Q‘j = i =l 1

asmnnszuavieussiuiildFudyynneumeitivuadnumn dafu Suieeiiinnsds
ot 1 Ei( A 1 A v =l 1 s s =
dryqyrauvanilludagunanisingg wielidiygrademumunusedyyusunu dyagrumnisuesesias

! 1 1 s aa ket s aa v o -1

gnuenenevdssie Taefveneideuld Ae fwerenlnuaniise

- Sgunmduiivaudgeann uloadusudaeidunmduiiuaudgunnusiilereuuugulaagyiili
duUNNAUNLAUTANAS

- fignsrdunisidndyaainunsiugs

o
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3.1 AN YANIAUAIILAZNITIVLAITNAADS

sendiauliine’ Usznaumemsvhauesgunsalrneg vieusuiu degunsalusazsdiagh

v fu o a & Ha wad g v = v & o o ¢

Tigunsaiinuinnueendiauiuiiinuaudandulumudenis WRDUIUANWINITYINIUYBIRUNTR
I o o A 5 a L3 I s 1 L . -

wiazAlnees msdmmumamimanay sntuheunsaludazdundedideiuluiessu e

v L] m‘d o = 1 =f s 1
lﬁadﬂiiumLtaa%maamaﬁm'lLflulUmuﬂmawmwmwmmalu wanFausuwnsaly

3.2 ANWULNITODNLUUNDS

- 3 ) 2
Sensor Cireuit
Instrument
ADC
Thermistor Amplifier
MCP3423
MCP6EN11
Micra controller
|
Voltage
Oxygen === Potentiostat
T e Reference
sensor LMP91000 '
LM4040 3v
Display

‘gﬂﬁ 3.2 Block diagram w83 Oxygen Meter

3.3 d7Ur1999890xygen Meter
d2ufl 1 N15Y19IUYaY Arduino Uno R3 auiiumauiimes

Tuduil 9wvimsileu code Togldlusunsy Arduino 1.6.7 wadwinislusunsuluveds

Arduino Uno R3 LfieAIuANN15vnaIuees LMPI1000 Lagaauandnin
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I2C INTERFACE
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E 5V
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38.55 38 1.44
36.13 36 0.36
34.58 34 1.70
32.44 32 1.37
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27.56 28 1.57
26.59 26 2.26
24.80 24 .32
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R3 and RS are gain resistors of instrumentation amplifier
R1 and C1l are gain resistor and filter capacitor of potentiostat
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