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experiments of control system for smart shoes based on
STM32

XU Hui, TANG Huohong, CHANG Xiaoting, ZHU Hongsheng
(School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei
230009)

Abstract: The temperature control system of existing electric heating shoe adopts the traditional
PID control algorithm. Due to its low precision of temperature and humidity control, it cannot
meet the customers’ requirements for shoes comfort. In our study, the fuzzy PID control algorithm
is utilized in temperature and humidity control system for smart shoes taking STM32 Micro
Control Unit (MCU) as the core processor. The prototype is developed to do simulation and
experiments. The results show that the fuzzy PID control algorithm, compared with traditional
PID algorithm, has a stronger adaptability with simpler parameter tuning process. Its dynamic
response ability and system stability are also improved. The design can meet the requirements of
customers for setting temperature and humidity of the smart shoes. It’s intelligent and safe, which
leads to better application prospect and larger market value.

Key words: temperature; humidity; fuzzy PID; Simulink simulation; STM32 microcontroller

0 51§

Bl A AL 25 PR T s AT 10 0 A 2 SRR SR B sy, T TR 508 14— 3R Mk 8 0 2 S 7
T E SR AE . WP BRI 24-33°C UL TE 60-73%, I Bz Ik E A 28-33°C2
F) o ST Mo AR BEA T 22°C ot 23 i S 3B ML VR 2R, A N BANET AR o BSR4
EEREEE, FESEFRPU TR, R RE KRR, SURSFIE, R AR
B FE S W B E AT M H T3 L P 1 IF R T — e H A F Yt rE B A 7o v
3 B3 T 6 el At DA R G e SR 38 SRR AN I A A 2507 ik BB SO B =
ETT b (B 22 o VLB T ol H T e M R s, sl s e i T, R
155 125 T Bl U 717 B B B 455 20 AN T A A AN 7 (8 o« HL T3 b W SR S 4 215 TS
KR JBIE AN, T HARAS A IR S SRAN[R], SO VA PR R T T 1 B AN i A2

fEZfET: MR (1991-) , 4o, WEAFTTE, seibflis R
WBIEBRREA: B (1973) , 9, EI#ER, ScubfldgsA. E-mail: tanghh@ustc.edu.cn



45

50

55

60

65

70

m“&i&iﬁﬁ http://www.paper.edu.cn

JIEEPNE B

ARM 2 m]2E77 (1] ARM RN AC LS, HATRIIRE . (RBA . S dbBEAE 7 s A 5K
R VSR A R — R IR P R R G R PID FhIvE, B HORREBHIR 2R
TSI B, RIS X i) 2 BA B, B AR [ ) SR S B FEE (RS sl
P2 T (R DE R AN A2 0 R KR iR 2R, o o) X LS SRS A M AR R [ 0 R S B
Mgzl Ik, o TR PID FEHRIASRAT FAENAE S, XFIAR, ARLME R G i
RAEENE, RRGRH THEMEARY PID &SRS & ¥EmlE, $&e T
ARGIERE . IR IIIZ AR ST rT LIRSS F ™ 6 Rl i L% ™ s 1847 B0E Bk PRI B, ¢
SE (R I A e AR AR 45 4 Y 1) STM32F103 il s S IR P AR RE RS, [ I 25 g
A DLSEI {7 8 P AU R DU ) SRS o A2 1 AT DR A 8 & PE AN P A ¥ 8 FR
K, HATRERAAEHIOE

1 THERE R

BRERLE UL T AR IR SIS AR G P B AR DA T SRS R A Rz,
JfG B ST P A R, T S IR P R S I R A . R R A 1 R R S B
STM32F103 = ilas Jok%ty, WA THLE 7 S BOE IR IR, 45 il it A% T R AR 21 1
U 0 J5E S IR S S LR BE M . R R D R ) SR e 1 ok, R T
STM32F103 ffef% il d B4 T A FE LR (0 Jie, AR Wity MR EEARIRAS . iAo /I XUB
WA 4.0 BEHUNHZ LT O S 78 ra R o

T-HLAPP

| ]

W 4.088

BT «T l I
stm32f103c8t6 i B A SR

R

FERIT R S e v
L2°S

I

it

Kl 1 RGBEH R
Fig. 1 System architecture diagram
T M T APP B PRI R I 28 55 A Al 380 ) S IR, X/
PR FT L AR R eI I, SEEILE T AR B TR R o AR T LA i AN AT DA S T P
I T LA A A A PRSI P R IR AR F e S At LA SR i 2 24 /N INFl 8 BEAR S A7t

2 REHREMTT

A B GE (FIBE L R 2 stm32F103C8t6 fl sl 2L 0 70 . LN RER I B 70 . W WA BT
R R FE BTG /N KU B G RT F B BT A
2.1 stm32f103c8t6 I HIR AL

RARGER T stm32f103c8t6 147 Hill 4 » 1 il #s /& — 2k 3E T ARM 32 £i7 [¥) Cortex M3
WIZIEA P, 2.0 ~3.6 V FI5EHRAL ISR, CPU TAEMURE KA 72 MHz, HAf5H



75

80

85

90

95

100

105

m“&i&iﬁﬁ http://www.paper.edu.cn

JA A i) A FREAERRE, LA RALSE T iR ) rh W R 4. RN e it 245 64 KB 1 Flash
frft#s 5 20KB 1) SRAM frfifi#s » 3 AMEEE R T AR5 35 1 v WA, an 2 A~ 12 A7/ ADC.
3ANEH 16 A7 E#RAT 1A PWM ER 4%, EShrvERCEEfEfGERE O £k 2 4 12C
BRI SPI 210, 34 USART #1101, —A~ USB # I F1—/~ CAN #1045, HAT AL,
FEBR . PR AR Y, AT L E SR A T LU AR R R . ARGRMIE
2057 STM32F103CBT6, i T Wil ADC £idli RAEThAE, WBEIT Il rilg, Wk O
Dhfg, WIANFERAT Dhag. nf LSS B A5 5 AR AR . b3, 50 s A 22 i 5 KU (138 1T
[ i) R W 4.0 SEE R ALY BALHLZ 8] £ 1 T

22 BEERERS

DHT11 K7 B AL A o DU A5 5 i i B S A At e
I P P A B B HCR AR BOAR AN AR TR, i O™ it AT Wl vt (4 P S By o A 3
FesE Tk o ARG — Al B BB TR — A NTC IR IT i, IR 5 —Amitkhe 8 ALy
PURIE S o DRI i AT e ey R R Y. LT P RE o PEU LA S Il vl 7= dh
A BFRHEGAERSER T, il A HL LA 10 Ee /AR AR ZhAE, N
FIHESR IR A 2R G TR A% B 2 58 AT AL PERE 200K o A R el 1 MCU SRR E 15 L
R R s T XUt S A2 (K TP e 2 der DN BRI T BEE(H, MCU 47 HOT i &%
S, MOS B S4BT AT I F gy, ARG RER OB PID A S
PR o TFREAY RS I B A K T € (. MCU 45 MOTOR i & i i1, MOS 4% S3 3l
NPT SR AT HRE -

23 FEHEEBARL

KRRGEK 3.7V H it b, T4 A RN KU A LS, FE RO RN JRUB 17
HLUR B R AR st fe . MCU i, B Bk A 3.3V it . SR AT ME6211 1 4 [ &8s
s SRR b R, ST HE Y 3.3V Rk B W E Y6,
i1 MCU [ ADC R4 FFRA 3.3V, #CRH R RE % ARG K H micro USB
FEHEE, SR TP4056 fE 4 A L FL BG4 T FRS i R R IS, 7R H s
(1) VCC 51 B3 0.450 ( faBH, RIS R FH S O FiL i, mlSEIRARPEFF ML FF ML I
HL PR A 2, ekt S1 45—, Q1 FIBHEAN R Gi15, MCU % CONTORL 10 3ifi A& 3% i HE
Q2 Sl I RGeSt i . S1 FKI% N, DETCET 10 S ko S 1% v~ e 40 b e B vk
BIEATHI N I R IR B, 24 S1 K34t 1S, MCU # CONTORL 10 i B, ¥4 R4
PG, I 2 0 3 2 B S I N 1) TR DL B I 1

DETECT |0

VCC Battgry QL N3906 vce
R11
10K D3
\\RED
D5 R10 R4
1N4148
h. 4 3K K
D6
GND
1N4148
S|s1 R13.,, _ CONTROL 10
73
Noos  RISK
] 10K
GND GND GND

Bl 2 JFSCHLAz il v i St B

Fig. 2 Switch machine control circuit principle diagram
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Fig. 3 Temperature and humidity control program flow chart

BRI, A AT RIAA G, — A ) R B AR B K S BRI, e
BEEL SPI () 1D, BEEOCHURT I 7 S i, R i B AR R DA B B A 10 40815 i RAM
— o X E I A8 DL T IS AT IGAG, R SRR A3 e, Heaa o) B i fife
JEAS WL, HRE e SR 2B VR B S d T I T R T F e B T B, TR) I s6e Pl Ho Bl it 1F
AT RARAE o HS I AR I 06 5 A7 it 11 B DAL o i ) A T S A 0 280 P et e DA % F il
TP AR EAT LA, Y AR 1 ) A 36 vy P2 JE BN, 5 KT U W) i
P 20 XU o R S N 0 A0 e 26 v I H P T D A 5 R (R SE T o e s R P A
Kl 3 fios.

4 50 PID #EHIEERNGRSHE

WRIENAELEH I PID AR, KX AT E L vt SN URTE I
SEBRE L A SRR L) R AL Kpy B R Ki R R85 Kd, 3307 552 o o e g o et ol 42
SPGB, SR A RE R PID i,

4.1 M PID Z BB BT

AR GUL L HOROR PID 12 1 85 2 A P ASOR) 2 R0, AR e AGr DI 88 5 e s (B I )R 7% E
ARZEAALH Ec M, FELRIIEIE PID 24, SCHAR AL I i S i PP Aa il o A8
B PID #= B AN B 4 o . BOBIAE R AR oI A0 . ORI IR | SO HE AT s A
Bt 4 IATERSEHL



135

140

145

150

155

m“&iezﬁﬁ http://www.paper.edu.cn

Ec
= PR ) 2%
Kp* Kl* Kd*
dexdt Add Kp0=Ki0 Kd0
Kp| Ki| Kd
Hn NI . . 3 3 i L L
= %{; PID#% i 4% W3t B >

P 4 f55R PID Fs il J 22 1
Fig. 4 Fuzzy PID control principle diagram

H IRk B — AN HAT BT RE DD R B, DRI — AT — BB I PR SR R Ui A5
X G B R T TR 0 St o R S B SRR A s G Rkt
SR B BRI, SRS B SR e Y e il 2 T R A A B A% 0 e Bl . B R R R
(Cohn-Coon)
Oy AT A 35 R K
> 0ot BEyH R IR (1 N _K'eim_O.B'eflos
JITLL, A8 Rk R AL e K G (S) = 751 - 995 41
A KRR A i
T -0 G IS T £
TR G Al e I 1]
ARG PID FEHER I 5 PID 2415005, HiH s PID Sk HH R A
Xh: Auk) = K le(k) —elk — D]+ K.ek) + K,le(k) — 2e(k — 1) + e(k — 2)]
Au(k) = u(k) — ulk - 1)
Kp, Ki, Kd AR R:
K, = K,0 +1{E, Eclk, = K,0+ K,
K, = K,0+{E ESK, = K,0+ Kk,

K, = K,0 +{E, Ec}k, = K,0+ K,

A, K0, K0, K0 K, K, K;W¥I6S%, s miEmasl.

B PID #h R Geili L R 22 FR 22 A8 A 2 4 il ok E FH Ec, BBy [-3,3]
BUHOCh 7 AN, BOIE S0 0 A {UR(NB), frT(NM), /NNS) ,%(Z), 1E/MPS), iF
FI(PM), 1EK(PB) }o MUMISZHIZS 4 A PID S50 ARL R Kp*. Ki*Fl Kd*, B
WHCh [0,6] , WEECY 7 ANEH, BOMNE SRR e 55 ec MUSRJE BRI W& 5a s,
i PID S50 AR (I i Kp*. Ki* AT Kd* 3 i e Bt AR A 41 B 5b Foi .




160

165

170

175

m“&iezﬁﬁ http://www.paper.edu.cn

Nh NI NS Z PS5 Fi PB

o n n
-1 0 1
input variable "E”

a Hi ) B E e TR B

Nh NI NS Z PS5 Pi PB

£

output variable "Kp"

b Hi TR EEE

Pl S AL i SR s e A

Fig. 5 The input and output membership functions
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Fig. 7 Fuzzy PID and conventional PID simulation results
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