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Implementation of a Wireless
Temperature-measuring Device Using

Thermopile

Student: Wei-Sheng Huang Advisor: Dr. Chin-Fu Tsai

Institute of Electronic Engineering

National Chin-Yi University of Technology

Abstract

Wireless Sensor Networks (WSN) is necessary for an intelligent
house in the future. This paper describes a non-contact thermometer by
detecting an object’s radiant power. We will attempt to design a portable
device for remote measuring temperature and then to develop a sensing
node for WSN. A thermopile equipped with a lens was used to implement
the performance. The detection range is from 0 °C to 300 °C. The average
error is within £3 °C. In this study, Laboratory Virtual Instrument
Engineering Workbench (LabVIEW) software plays an important role for

designing thermistor linearization and data logging. This study may



provide a useful reference for researchers attempting to increase quality

of remote radiometry.

Keywords : thermopile, thermistor, infrared, emissivity, blackbody
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3.4 ZigBee ﬁfﬂ@*ﬁej

ZigBee - >t %4k (Bee) » R F 0VFRBNT AH > FEE
hAE G EEEROE S R LBRFE A ZigBee B NEH Y 2B
= 3\ o ZigBee p 1998 # B 4n3 B 0 ¥t 2001 £ IEEE # % 0 #
ZigBee #H jtri »~ T F % + 1 A2FF £ ¢ (Institute of Electrical and

Electronics Engineers, IEEE) IEEE 802.15.4 #%# .4 ¢ - Zigbee & 4

BRI BB bR R R R RS & (low cost) ~ 42 (low
power consumption) ~ -] #8 4 (low volume) ~ % i 2= (low installation

cost)~ ¥ 425\ i* (programmable) 2 ¥ #: f % = (dynamic building) % & 2
i p $-ZigBee i & ¥ _d |EEE 802.15.4 -] % £ ZigBee Alliance ‘=
S0 A wlRTH RS IR o ZigBee g ARt ¢ 7 B R~ AR

e N Ay et e g B R AR > 4oB] 3.15 frT o

Star Cluster Tree Mesh

. PAN coordinator
O Full Function Device

. Reduced Function Device

Bl 3.15 ZigBee 1 T pLip i = ;¢
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ZigBee R chr i E T B EARRPIEE 2 TR IR EE TR

2 ' 32 (Self-organization) 2. 4§ i@ 4 (Connection) 7 & % *7 2 B % > i
I S R gt B A UL R 2R p B b
BLEE R Y 0 AR MG F RIERE I E N p R T
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3.4.1 ﬁ,fﬂ@ﬁ]fﬁ.@_

AF 3 & * Digi e ZigBee ﬁﬁl;‘;ﬁ%ﬁiﬂ XBee o H fice s 10T

P

‘b @ IR ARIERE ¢ R T iE 1600 2 ¢

fl

FPM/E R BET P00 2 ¢
RF 74+ @ fyig 5 - 250kbps

xR or ¢ 250mA

PEFR H-5N & ook 1] 3 S0pA

BT BagRp B ¢ -100dBm (1%-=h4t @ 45 3%-5)

£ in : 55mA

® & ¢ ¢ ¢ ¢ o o

fe & 1 1200bps~230400bps

XBee £ M@ edk it R E > RF AL BHCHF LE
AID J 3 22 4p T i AR R T 00 R SR B 0 Hfash o0 XBee fiE

o L % F A MAX232 T AR A B - BT
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342 Feird ;N

Digi 2 7 # &

=
9

#- XBee &+ 7 ' COM

COM or USB » # 77 p|3&

@B 3(b)*r # 3

—

%2~ XBee pIRATF F

ID-Modem VID #p % ** -

1

EHE5

¥ > 4B 3.16 &

7R

FRLALE ] A

Modem Configuration »

; SH~SL #_% i XBee p &
K EAARP R SHSL E &

BEETERHCS

X-CTU #c %8 > H # > XBee 1% 5

R T

s @A X-CTU #8502 frg Ben
» 4o @) 3(a)# 7o e
% 3144 T Read ¥

Fdfmamenitig

—S‘L};

SEEE k- 5P AT pAdE

155 ID > 4 ¥ 22 ; DH~ DL
Write =r

Fﬂ\}ﬂ’“t‘ "i‘?’ﬂ’mﬂ}’g_ o

b : BIEIEI 2= ¥.CTD [COM1] EE®
Remote Configuration
FC Settings | Rangs Test] Terminal] Modem Configuration] PC Saltings] Range Test] Terminal | Modem Configuration
Com Part Setup Maodem Parameters and Firmware Parameter Yiew Prafile Wersions
Select Com Part Fead Write: | Restore | Clear Screen Save Download new
EEL IBE‘Ud |SEDD ﬂl I~ Alwayz update firmware Show Defaults Load HESIONS..
Flows Contial [MONE - Modem: XBEE Function Set Wersion
[%B240M | [+BEE DIGIMESH 2.4 - e |
Data Bits g :" = ~
i E [FFFF]ID - Modem D ] r
i MOME =
Parity [C] CH - Operating Channel
Stop Bits 1 - B (%) PR - Mac Reties
B (3 MT - Multi- Transmit
B (0) BH - Broadcast Radius 1
B (1] MR - Mesh Retries
Host Setup B (71 NH - Network Hops
Com test / Query Modem B (3 NM - Metwork Delay Slot:
AP Conrdi
[~ Enabid Communication with modem.. 0K 2 ,.-Ed[u | CE - Coordinator Enable
Modem type = XB24 o i - -
r Modern firmware version = 2048 [ (1342001 SH - Serial Number High
B [4065B139) 5L - Serial Mumber Low
AT comim, B [134200) DH - Destination Address High
B [40R43BF2) DL - Destination Address Low
Command TTHT - Hode 1aenhier
B (82 NT - Mode Discovery Backoff
Guard Tim FRetry QK B (0] NO - Mode Discovery Dptions
B (50000) DD - Device Type Identifier
1000 -1 Security w
Guard Time After [4T) Change netwarking settings
Modem Flash Update
I™ Mo baud change
COM1 | 9600 8-N-1 FLOW NOMNE
= A AL (S Y Y
(a) 3# B~ XBee it f& (b) Bt =

Bl 3.16 XBee 3k %_

—3;%
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3.43 1 fFH;N

AFF R & MSP4A30F2012 i & 17 5L @ e s> 15 3 40 48 UART
2l ;‘i»%'ﬁ“é XBee it {7 TR @iz o @ixehs 34 LR
( Point-to-Point ) 2 2 gLt % ( Point-to-Multipoint ) - = §_2E%4 8L 3 i% >
I‘Tﬁl oS B2 [ ondido B AR #H5 B] &F - B ID-Modem VID

PR Y AST LR & BRLE ST © 4o 317 477 - XBee %k 1 ¥

RO

—~

i

o
=

RN I gperde o 2 ¢ 25 Command §2 Sleep
AFEFUKTA §EN AT TV THERFEpHer

TX( Transmit Mode )22 RX( Receive Mode )fi=5¢ °

Transmit Mode

A
A

Sleep Mode Idle Mode Receive Mode

A 4

A 4

Command Mode

] 3.17 XBee 1 T3¢
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S =S SE TN

— ~ BL¥ERC D XBee A #2 C < DH ~ DL & W[ » XBee B &

D ¢e3SH ~ SL » 4c ] 3.18 #751

XBee A

XBee B

XBee C

O
O

XBee D

B 3.18 BREtERfi

Z S B4 S 55N XBee A DH DL & “vljﬁig?J » 0 4~ FFFF > XBee

B CeDH -~ DLﬁia?J%%ﬁf,éiAﬁ’JSH ~SL > 4 3.19 #7o7 o

XBee A

XBee B

ST
SN

XBee C

B 3.19 Bhit % 5

= ~R 415" 1 XBee A~B~C D 7 DH DL 4 %[ » 0 f FFFF

4r@) 3.20 #11 o

XBee A

-~

XBee B

XBee C

O

XBee D

B 3.20 R i
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344 WG 2 R

& 1 I RIEE XBee o 3Rk s B AR 4o Bl 3.21() 1 0 #

? ID-Modem VID 3% = 5 2222°DH % 0> DL & FFFF> X-CTU 3 p

G

ES @;ﬁi%]iﬁ'léﬁﬂ fv 0 3 ) Terminal 52 51 P &7 > Sof2p 42~ Fr X 21

é VI
,v\f
c v
!
I

(%
%«l
X
vy
D
I}
%
44'3

)
=3

RS T Fr X 4o @) 3.21(b)#rm 0 B P

Fozirr ¥ ABEnL wd 3507 ¥ BOWRNL -

1" ¥ CIU [COML] (=13} = X CIU [COMI1]

Rermote Configuration Lbout
PC Settings ] Range Test ] Terminal PC Settings } Hange Test todem Configuration ]
Modem Parameters and Firmware - — Parameter View - — Profile Wersiong Stah Agsert Clase | 2ssemble] Clear | Show
Read white: ‘ Restore ‘ Clear Screen Save Download new DTR IV [RTS W [Bresk ™ ComPort| Packet | Scieen| Hex
[ Always update firmware Shaw Defaults Load VEISIANS.. Hi -
Modem: XBEE Function Set Wersian Hg] To :‘
[xBza0M =] |XBEE DIGIMESH 2.4 EAETES Mice to meet woul
Mice to meet you tool|
=23 Networking ~
B (C]CH - Operating Channel
B (%) RF - Mac Retries
B (3] MT - Multi-Transmit
B (0)EH - Broadcast Radius
B (1] MR - Mesh Reties
B (71 NH - Metwork Hops
B (31 MM - Metwork Delay Slats
B (0] CE - Coordinator Enable
=429 Addressing
B (1352000 SH - Serial Mumber High
B (40B49BF2) 5L - Serial Number Low
U1 0H - Destination Address High
B (FFFF] DL - Destination Address Low
TTHI - Mode (derther
B (32 MT - Mode Discovery Backoff
B (0] MO - Mode Discovery Options
B (50000) DD - Device Tppe |dentifier
—-423 Security i
Fiead parameters. 0K
=]
COM1 9600 8-N-1 FLOW:NONE *B24-DM Ver804B COM1 3600 8-N-1 FLOW NONE Fix: 28 bytes

(@) B #FH® = (b) XBee i i pl3#

] 3.21 XBee @ R
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TR eh XBee B L ffe b - BACFIFLE AT 5 0 LR
FROGEEA; > Mg % p G UART @i 50 89S51 ek #1 &
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4.2

- B4afr LabVIEW B3 A5 45 praqle

DAQPad-6015

A RS232 e ™ 14 b

Assistant pF § & 1 3,

Bl 4.1 #r7 e

Configuration |Triggering
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|

FRL#EE DAQ i A2

05 F

é%ﬁﬁj * e TR

Advanced Timing | Logaing

LabVIEW #25% £ B chps [ o

245+ NI
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LI HN B B R 0 e
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4.2.1 RS232 $ < ipld

c¢

B 5']@%@?]73— FAE o F R BE S N A N T
PR WAL B2 i TR Eand S RS232 k1
EF e % LabVIEW i e 7] S BT 3% 2 T

RS232 COM Port ~ g& 5 fr il ix 4 'i;bjrﬁ;? LR F AL 4B 4.3 07

|1EIEIEII:I I _
I40 Receive

' COM1 = Buffer mask
-—‘-ElﬁEIEI
) T
E BAGEA @
Mone ™ [4026]
10~ [Set Input Buffer Jize|

|I'I|:|n£ *I
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hits, parity, ztop bits and flow control).
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timeont period for the read operation.
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5.2 DAQ FH#B 2%
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47.7462

48.0811

48.215

48.215

48.215

48.215

48.215
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48.215

49.2864

48.9516

48.3489
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49.5543
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49.5543
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B 5.1250°C = 8 € #|
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99.8452
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100.448

100.783

100.247

100.917

100.448

99.8452

100.448

100.448

100.448

100.247

99.4434

100.448

99.2426

99.8452

100.113

99.1086

99.1086

99.8452

99.5774

99.9122

100.649

100.381
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100.113

100.18
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100.448

101.318

101.988

101.586

101.118

101.051

101.051

100.448

101.653

100.649

B 5.13100°C =_§ & Bl
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152.246

152.123

151.753

152.863

153.234

153.11

152.987

152.185

151.938

151.691

153.604

151.999

152.617

152.863

152.987

151.814

152.678

153.049

151.382
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150.889
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151.691
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151.259

150.765
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B 5.14150°C =§ € ®l

200.382 1200.444 199.765 |199.272 1198.222 199.642 |197.976 [199.704 |199.95 |200.506
199.395 1198.284 1201.061 |198.284 |200.382 1202.296 |198.963 |200.691 1201.123 |200.691
201.185 1201.864 |201.802 |201.802 203.098 |202.542 |202.851 [203.345 |202.11 200.691
202.049 1203.098 201 202913 1202.234 |202.049 1202.11 201.061 1203.777 |204.085
203.098 1200.506 |201.123 |202.296 |200.938 |201.308 |201.864 |202.974 |203.53 |202.419
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249.753 1250.247 1247.593 1249.012 1250.247 |250.74 1249.568 |250.555 (250 250.555
251.111 1251.234 1249506 |251.172 |251.296 |250.679 [251.666 |251.172 |251.234 |252.036
251172 1251.234 1251.296 |253.703 |252.036 |253.332 |250.555 |252.407 |251.357 |250.679
251.851 1251.234 1252.777 |252.962 |250.74 1250.987 |253.332 |252.16 |253.024 |252.962
25216 1250.617 1252592 1252.16 |251.789 1251.357 [252.221 |252.221 |248.704 |253.209

] 5.16 250°C =_§ € Bl

301.568 I E

302.161 302.095 |302.885 [302.885 |301.897 [301.568 (302.819 (302.292 1302.292 |302.885
301.7 302.292 1301.897 |301.568 [301.634 |302.095 |301.897 302.885 |302.292 1301.568
301.568 1301.963 |301.831 1300.975 |301.305 [301.239 (302.095 |(301.7 302.885 1301.897
301.568 1300.909 |301.634 1301.239 |301.765 |301.7 300.975 |302.161 |302.161 [301.568
301.568 1301.568 |301.897 [301.831 |300.975 [302.292 |302.292 |(301.305 [302.095 |301.634

B 5.17300°C =_§ & Bl
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% 5.1 8 B el

RR

50°C | 100°C | 150°C | 200°C | 250°C | 300°C

R

0 477 | 1004 | 1522 | 200.3 | 2497 302.1
1 48.0 99.8 152.1 | 200.4 | 250.2 302.0
2 48.2 99.3 151.7 | 199.7 | 2475 | 302.8
3 482 | 100.1 | 152.8 | 199.2 | 249.0 | 302.8
4 48.2 99.5 153.2 | 198.2 | 250.2 301.8
5 48.2 99.8 153.1 | 199.6 | 250.7 301.5
6 48.2 99.7 152.9 | 1979 | 2495 | 302.8
7 48.2 99.7 152.1 | 199.7 | 2505 | 302.2
8 48.2 99.5 151.9 | 1999 | 250.0 | 302.2
9 49.2 | 1005 | 151.6 | 2005 | 250.5 | 302.8
10 48.9 99.7 153.6 | 199.3 | 251.1 301.7
11 48.3 99.5 1519 | 1982 | 2512 302.2
12 49.5 99.1 152.6 | 201.0 | 2495 | 3018
13 495 | 1009 | 152.8 | 1982 | 251.1 301.5
14 495 | 1004 | 1529 | 2003 | 251.2 301.6
15 495 | 100.7 | 151.8 | 202.2 | 250.6 | 302.0
16 495 | 1002 | 1526 | 198.9 | 2516 | 301.8
17 495 | 1009 | 153.0 | 2006 | 251.1 302.8
18 495 | 1004 | 151.3 | 2011 | 251.2 302.2
19 48.9 99.8 152.9 | 200.6 | 252.0 | 3015
20 489 | 1004 | 1526 | 2011 | 2511 301.5
21 489 | 1004 | 1524 | 2018 | 251.2 301.9
22 495 | 1004 | 150.8 | 201.8 | 251.2 301.8
23 495 | 1002 | 151.8 | 201.8 | 253.7 300.9
24 49.5 99.4 152.8 | 203.0 | 252.0 | 301.3
25 495 | 1004 | 1515 | 2025 | 2533 | 301.2
26 49.5 99.2 151.9 | 202.8 | 2505 | 302.0
27 49.5 99.8 150.8 | 203.3 | 2524 | 3017
28 495 | 1001 | 151.2 | 202.1 | 251.3 | 3028
29 49.5 99.1 152.1 | 200.6 | 250.6 | 301.8
30 49.5 99.1 151.8 | 202.0 | 2518 | 3015
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31 49.5 99.8 152.4 203.0 251.2 300.9

32 49.5 99.5 151.2 201.0 252.7 301.6

33 49.5 99.9 151.5 202.9 252.9 301.2

34 49.5 100.6 151.7 202.2 250.7 301.7

35 49.5 100.3 151.6 202.0 250.9 301.7

36 49.5 99.3 150.4 202.1 253.3 300.9

37 49.5 100.1 150.3 201.0 252.1 302.1

38 49.5 100.1 151.6 203.7 253.0 302.1

39 49.5 99.8 150.9 204.0 252.9 301.5

40 49.5 100.4 151.0 203.0 252.1 301.5

41 49.5 101.3 149.1 200.5 250.6 301.5

42 49.5 101.9 150.3 201.1 252.5 301.8

43 49.5 101.5 151.1 202.2 252.1 301.8

44 48.9 101.1 an ML | 200.9 251.7 300.9

45 49.5 101.0 151.6 201.3 251.3 302.2

46 49.5 101.0 150.8 201.8 252.2 302.2

47 49.5 100.4 151.2 202.9 252.2 301.3

48 49.5 101.6 150.7 203.5 248.7 302.0

49 49.5 100.6 151.7 202.4 253.2 301.6

50 49.5 101.4 15102 202.9 252.3 301.5
T35 & | 49.1°C | 100.1°C | 151.7°C | 201.2°C | 251.2°C | 301.8°C

BiFL | -23°C| 14°C 3.6°C 4°C 33°C 28°C

TigiL | 09°C | 01°C 1.7°C 1.2°C 1.2°C 1.8°C

A F 1.8% 0.1% 1.13% 0.6% 0.48% 0.6%

g4 51477 » Tig { L i ﬁﬁ@ﬁm» S8 2%k ienT 3aip
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8.1 MSP430 #2;¢
#include "msp430x20x2.h"

#define TXD 0x20 /I TXD on P1.5
#define Bitime 0x341 //2400bps=0x0E 9600bps=0x341

unsigned int TXData;
unsigned char BitCnt;
unsigned char Data;

void TX_Byte(void);
void delay(void);

inti,j,sum;

void main(void)

{

WDTCTL = WDTPW + WDTHOLD; // Stop WDT
/IDCO

BCSCTL1 = CALBC1_8MHZ; /I Set range

DCOCTL = CALDCO_8MHZ; /I Set DCO step + modulation */
/IADC10

ADC10CTLO = SREF_3 + ADC10SHT_2 + ADC100N + ADC10IE; // ADC100N, interrupt
enabled

ADC10AEO |= 0x02; // PA.1,2 ADC option select
P1DIR |= TXD; /I Set P1.0 to output direction
[[Timer

TACCTLO = OUT;
TACTL=TASSEL_2 + MC_2; //SMCLK, up mode
P1SEL |- TXD;
/IMain
for (3;)
{

for(i=0;i<9;i++)

{
ADCI10CTLO &= ~ENC;
ADC10CTL1 = INCH_1;

ADCI10CTLO |= ENC + ADC10SC; /I Sampling and conversion start
__bis_SR_register(CPUOFF + GIE); /I LPMO, ADC10_ISR will force exit
TX_Byte();

while(BitCnt != 0);

delay();
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/Il ADC10 interrupt service routing = *xx*ridkkkx
#pragma vector=ADC10_VECTOR
__interrupt void ADC10_ISR(void)

{

if(ADC10CTL1 & INCH_1)
{
sum += ADC10MEM,; /lsum=sum+ADC10MEM
j++,
if(j==9)
{
Data = (sum/10)/4;
i=0;
sum=0;
}
__bic_SR_register_on_exit(CPUOFF); /I Clear CPUOFF bit from O(SR)
}
}

/IFunction Transmits Character from TXData Buffer
void TX_Byte(void)
{
BitCnt = OX0A,;
TXData = Data;
TXData |= 0x100;
TXData = TXData << 1;
TACCTLO = SCS + OUTMODO + CCIE;
while(TACCTLO & CCIE);

/I Timer AOQ interrupt service routine
#pragma vector=TIMERAO_VECTOR
__interrupt void Timer_A (void)
{
TACCRO += Bitime;
if(BitCnt == 0)
TACCTLO &= ~CCIE;
else
{
TACCTLO |= OUTMODZ;
if(TXData & 0x01)
TACCTLO &=~0UTMOD2;
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TXData = TXData >> 1;

BitCnt--;

void delay(void)
{
intij;
for(i=0;i<=9;i++)
{
for(j=0;j<5500;j++)
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