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Fig.2 Thermocouple circuit
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Fig.3 Heating circuit
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Fig.4 Coordinator node program flow
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Fig.5 Diagram of Fuzzy PID control system

PID 435 19255307 Fhy
yk=yk_1+Ay=yA._l+kp(€ =€ A._l)—kle kA T+

A

e—2e,te o
AT
Horp AT 2fg A/D SRAE IR R 4. B0 PID 42

TR SR LR B E by i ko S8, WAELE T8

PID 42 il J5BR AT 5 A5 68 A2 1 Ao ) A

BOR] PID SRR P AR A 6 .

| R IR 1, |

ka

VI’%: C’k:Rk—}'k €C=€—Ck|

+
| evc BHIE ]
¥
5 A PO (L AfEBE PID
ﬁﬂ%%mwwo

[ %ﬁ@gzﬁ |
| PEAT PID $71 |

+
[ ey |

P

6 N PID BIETEFR AR
Fig.6  Fuzzy PID algorithm flowchart



LA

Jo A G M R SR B S S 33

3.3 STM32F103ZE E{u#li2fF

STM32F103ZE AV HLFR T H B F1 3 AL B
TFTLCD ¥ i 53K 8l | SRR B | He S 1 B A B =
BB HR S TR A SO IR (R B LCD
WY T 5T R EE R S s R 1 T B A
Ui N FR AR AN 7 R,

RENE

P
1

Y
e i

[tz | [pimsn |

Bl

LCD Wi &n bt

ﬁ
— =
B

B
B 7 STM32F103ZE B Fifi#2
Fig.7 STM32F103ZE program flowchart
T RE BB R I TR PP 2 B, YR s e
P o B 7 MRS 3 T 6 AT 55 LU o) Y
NN SR TN IR E R

4 BREMR

R Gt ZigBee 17 ML FTH 89 H K W R 2
IAR7.60, F£4H T TI /A Al 9 Z-STACK (B A
CC2530-2.3.0-1.40) PrisFE. STM32F103ZE f# ]
Keil uVisiond 1% . RGN =4 ZigBee 2 8]
S, KRN SEE 0 4, SEge Bds an 3k 1 .

R KEIE

Table 1 Experimental data

BCEIRE/C  RGREESC RE%
A 1 50.0 49.2 1.6
i 2 60.0 61.1 1.8
A 3 75.0 76.3 1.7

B ATHaE |5 STM32F103ZE W i i 7 1 &l 8
FI7R LB A R BN IZ R GESIE T oLk B WA,
TR R MEEE X, RGBT PID 2] IndAiR
FERTAFAE—E A 25 , AR I S A (PR B RS
AT A P B A — 1822, fECPRA ™ |
A, AT LARYESE PRI I BT R g
LA T ISR AR i W

B8 HEETHRE
Fig.8 LCD interface

5 & i&

IR T ZigBee T £ 1% Wi B R AN
STM32F103ZE & it i E 45 R R H & Rk
T O E TSR AL AT R
0 AR SRR . RGUR RO PID 45 i
PWM 22 it 47 I8 072 Jin 44 e P43 R RS, i 1 17—
JREAE T AR (AR R E A8 A i R A8 B
T B RS AT AT B K i s 1], iR LAUR TR A
WFFE 07 ). Bl A JC A% AR A Tl h U 1Y) &
J&  IXFPET ZigBee JoLH AR MRS Wit H A &
AT Z 00N (RN ) i 5.

% 4t

KR LA K R A HE A H AT T K
IS TR T LSO TR &S AT
B

SE

(1] s, M Tl E4GE fE ML Erid [T ] i FRHER

272242,2010(39) : 116-120.
SHEN Xu-jian, ZHOU Yan. Wireless technology at in-
dustrial field Level [J].Journal of University of Elec-
tronic Science and Technology of China,2010 (39).
116-120.(in chinese)

[2] Ergern S C,Varaiya P T. DMA scheduling al—gorithms
forwirelesssensornetworks[J]. Wireless Networks,2010, 16
(4):985-997.

(3] JEAe. BRSSP AR A i S OIS E ) ).
Tk HITH5EHL,2013,26(3) : 115-116.

ZHOU Shi-hua. Research on control strategy in single—
phase AC chopper technology [J]. In—dustrial Control
Computer,2013,26(3):115-116.(in chinese)

(4] ZEWG, 70, ZEARAR RS AR AA ] ZVS ST AC/AC

A RS ()] M I T HOR ,2014,48(6) : 40-



34 R TR K2R 37 4

42, transceivers [M].SHEN Jian—-hua, WANG Wei-Hua.
CAI Peng, TANG Yu, LI Lin-lin. Principle study of Beijing: Beihang University press,2013:27 -30. (in
AC/AC converter in phase —shift control zero voltage chinese)

switchinghighfrequencyLink[J] PowerElectronics2014 ,48 (8] #ifs, 22, Phayii, 55 LT A ERH PID
(6):40-42.(in chinese) S LD IREERI RG], L5 SHOE TR, 2014,43

[5] BRE, REHIJEFFZCER=N)M]LIE . S5H4F (10) :3287-3291.

H Rt , 2011 :190-196. DAI Jun-Ke, JIANG Hai-ming, ZHONG Qi-run, et
CHEN Jian, KANG Yong. Power electronics (T-hird al. LD temperature control system based on self-tuning
edition) [M]. Beijing;Higher Education Press,2011; fuzzy PID algorithm [J]. Infrared and Laser Engineer-
190-196.(in chinese) ing,2014,43(10) :3287-3291.(in chinese)

(61 XI5, WRSCE A A SR T Sah . BT (9] Zchi, Fngs, SERIE TR PID # i F SA RO
ARM Cortex-M3[M]. Jb50: ALAE Tolk t fiAL, 2014, SHRIE RS [) ] WOESL51,2014,1(44) :94-97.
25-36. ZUO Shuai, HE Ting, YAO Si-yuan. Temperat —ure
LIU Yi-Si, CHEN Wen-zhi, HU Wei. Fundame-ntals control system for semiconductor laser base—d on fuzzy
of embedded software with the ARM C-ortex—-M3[M]. PID [J].Laser&infrared, 2014,1(44):94-97. (in chi-
BEIJING: Machinery Industry Press,2014:25-36. (in nese)
chinese) [10]  H[RIEL.ET STM32 MR M R4 ()] Ashik s

[7] shahin Farahani. ZigBee JC4& W45 500 A& % [ M ). ok BN F,2010(1) : 16-18.

e, FYife, PRI, UM MR R CAO Yuan-yuan. Temperature measurement system
2013.27-30. based on the STM32 [J]. Instrumentation Analysis
shahin  Farahani. ZigBee wireless networks and Monitoring, 2010(1)16-18.(in chinese)

Design of wireless temperature monitoring system based on ZigBee

YOU Yang'? ,WEN Xiao-ling',ZOU Yan—hua'
1.School of Electrical and Information Engineering, Wuhan Institute of Technology, Wuhan 430205, China
2.The College of Post and Telecommunication of WIT,Wuhan 430074,China

Abstract; Aimed at the poor extension and complicated overhaul of traditional temperature monitoring system,
a wireless temperature monitoring system based on ZigBee was designed. In the system, the STM32F103ZE
and the CC2530 chip were used to construct coordinator and terminal sensor nodes of star network based on
the Z-STACK protocol. As the controller of a terminal sensor node, CC2530 sent real-time temperature data
from K-Thermocouple into the ZigBee coordinator, received temperature commands from ZigBee coordinator,
implemented fuzzy proportional —integral —derivative control algorithm, and output pulse width modulation
signals to alternating current chopper circuit. The data transceiver between coordinator and STM32F103ZE
was realized by serial port communication, and the real —time monitoring of temperature was accomplished
with the friendly human—computer interface established on STM32F103ZE. Experimental results show that the
temperature wireless monitoring and control precision can meet the desired requirements. Furthermore, the
designed system is characterized by reliable wireless data transmission, simple networking, strong
expansibility and low cost.

Keywords:ZigBee; STM32F103ZE; Z-STACK; fuzzy PID; temperature monitoring
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