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Abstract

The system is composed of STM32F103C8T6 microcontroller as the core, combined with IM600 six axis sensor module, TR100
Bluetooth module, and TB6612FNG motor drive board module. The six axis sensor module is used to collect the rate of change
of acceleration before and after the user’s movement, and the acceleration data is analyzed by the microcontroller to identify the
user’s gait and exercise intensity; Based on these analysis results, PWM speed regulation is used to control the output voltage of
the TB6612FNG motor drive board module to adjust the speed of the treadmill in real time to meet the user’s exercise needs. The
experimental results show that the system can intelligently adjust the speed according to changes in the user’s exercise status,
improving the user experience of the treadmill while enhancing safety and comfort during the exercise process.

Keywords
Six axis sensor; Treadmill; Speed control; Intelligent fitness

BT MEESRR R MG HLIE E =6 R 5T
R PERE LR
F LR, I - {195 FE T 211167

m E

A G vASTM32F103CSTOMAZ 4 B8 A s, 4AIM6005x #h4 B A3 . TR10015 F B3k | TB6612FNG ¥ HUAK 3 AR AL He 20
Mo NENERBAES A T RER FEFh A2 PAl S ik E 0 TR R ZaE B K WUt heik B HIEHAT oM, R A L E Y
SAaim IR, RIBEX SR & APWMiAE k454 TB6612FNG W HUIK 3 A5 K8 3 6 4y s &, & & 52 B8 37 38 puad ik
B, VERRPWHEHGEERE, FHREREW, ZARRBRER FEHRSOTNERATRE, BRI T 0I5 AR
By, FIEEERTEHE R Pt EsfiEn,

KA
NEERE; YA RS Bk sy

W, MEESARGEE RN, FHRAICRAREDGE
BWRS, EINRE AT K. AT mX R, A
SCREH TR TG RS OB L R Y,
I A P2 shh RS IR b, A EdRIITS
T, R STM32F103C8T6 fzsdi2s i 22 TRkt
HImEEE R AR AL PWM BRI ¥, FEARH PID 56
BRSO E I RS RS, (R HE AR S e

1515

MEERHRI R IR, EREES IR & B A S 4=
TER—HR, REAEAER AL R LIRS, anfAltg i
BHVAERNE . FFEEAZz e, AT . 1%
SE BB WY B R AT P I Fahik Bl
WHIEEIEA, BRI R SRRES TR, (B MER
TR T T TR MR T2 1] .

TR, AMREFIRBIFORTE RN Bah i
QUREUS TIREE R W P B Eh RS TSR R
r, FIDAA M PR B M REah RS . AR, REEL
A BB PHUZH ARG T ERIBAL RN (AHERL)
X AAFE—ERRRLE, Bt SASEMEN R
B, HaERRAR S, ARG R AR - B4

[EZE N #A%E (2002-) , B, PELIABIA, K
B, MBBnHEtHR.

N TR P,
2 BEARIEIT

AR SR B0 B bR 18 5 B s B F T B ke
FERE, 454 STM32F103C8T6 Wiz Hgs oifrdds, Jlr A
PUREEIIRES, SREHEH PWM (2 M e, 15
b TR R AR s, GSEE T DL S
B lgs . fesk, B3 PID RISt ST, 1
PR AR 2e Y, 1T A AR .

KRG RTINS EEER L ZH L. i I 2S (STM32F

31



FEENESTEMNR -$£06%5 - F 041§ - 2025504 A

103C8T6) | JIn i i 1% &%
( TB6612FNG ) A5 Atk (TR100) .

25 (IM600 ) . H, I 9K 5h 1 B
DUF & RS HELA] .

3 TR BRI IT

AR R L2511 L STM32F103C8T6 iz il 25 4 4% 0,
AR AT e RPN B R s . RSt
STM32 K 3.3V i, BTN RSG5 SRR
Hl, 1600 AN LR [2C 82015 STM32 %8:, FAT5L

== PSR A PR RIS Foisk BEA. TR100 15 77 sk R
= e SR 3.3V i, 3T TXD A1 RXD 5185 STM32 #4728
e | Twaw [ i, SRR R AL R, BHIRENE
5>fd F TB6612FNG #bk, HaZage il sv, F A=A
e bl 12V, @ik PWM E5E1— 5 12V, TW 1Y B 70l jdsE
I o LIRS R . N RGBT AR LR
e e ) BB, J42 PID B e U R .
i AN, BT R AT RS AT, R R
1 RGHEE e TIRAE MR 3
TR100
=
: === |
#80 IEENEBHIER " e seEn

E 2 B S E

4 gt Vireadmii(t)o B HUROHE RS (M T A ik B AL,
4.1 BRI SRR AR IR AIT:

4.1.1 AR ZE RS

(EiEs= ﬂﬂéﬁﬁlm@ﬁ%ﬁdt IoiEE Aa(t), WAMK
FEG T M T O Ve (£) ST DI LR TEE AR S

3
B,

Vhyman(L) = Vhyman(t — D) + a(t) - At

;H\:EP H
Vppaman (£ 24 RIS A3
Vhuman(t — 1) A2 A PRROIEE
a(t) 5 SRS ZINONIERRE (bR RE ) o
AUy FRER AR,
4.1.2 3637 puik BIREA X
R A ORI B U (1) TSR LB

32

M NS B U yypaan (£ >0 B C AR )
Vireadmil(£) = Vrreadmil(t — 2) + K - Vhyman()
2 N Vppyan (€) <0 B C AMARREERSIE ) -
Vireadmil () = Vireadmit(t — 2) — k - [Vhyman()]

For,
Vieag(£) 5 AU
kh B R AR, BN 1, T
SRR AR

[ Viyaman () | ZE R AR O 200 (B
4.13 z%\:};%d:‘;ﬂ

L BRI, BRI A AR -



FEEMNESTEMR -$06%5 - F 041 - 2025504 A

Vigman(t) = Viyman(t — 1) + a(t) - 4t
vtreadmil\(t —D+k- vlumn(t)s
Vieadmill(t) = Vieadmill(t — D = K - [Vpyman(D],

vhuman(t)! ifl Uhuman(t)I =€

iV yman(@) > €
ifvhuman(t) <(

4.1.4 An4s Ak
TRIHIRARTZ] =0t = 0t=0 I}, AfRAIRABHL 3D

L

%

Y

Vhyman(&) = O,

4.2 PWM =5l

PWM (fkSEIEE]) B HLaE sl 755, 18
VR s PR B R LB TR . STM32 INERE
IS B T A5 PWM 55

PWM JE

E—ANEERITN, PWM (5589 A
S5RPITHOHERASZSHD, AR

Vyeadmil(D = €

_h

b= T

FrH RV, 5 s EE R IR R -
V, = Viypax XD

BT ESEED , A PSSR AL A ERE (6],
4.3 PID i@l

PID #25HI F T- (A B 2 L P TR T (s P A R
BT SR PWM (55 523 Eb el )N B AR S seRik e
FIfRZ . PID AR A -

u(t) = K, - e(t) +K; - fe(Ddt+ Ky 4e®

dt

Hrr,

e(DAHTIRE ( HIREEE - SEPRfET );

Ko, Ki. Kgob PID (UERG] . RO RISy 2801,
4.4 BRI

ZHEENG, BN STM32 BT ltall, IR eED
B GPIO Wi i, [FAIISERR IM600 7<% /Eesfi1 TR100
ISR RAIL, TR REOER TIE. Ba, RFEA
EAEER, B E AR IM600 (£ ES KA AR RO f
IR, OISR TR R, HI AR AT
dA RS RIERBILES, T PID Skt Tl iy,
IR GG R, Hamd AR R PWM (5S4
IRsiEE (TB6612FNG ) , SEIUSEEAL AR AT,
RSN RIS S, B RIEdER A PID B 714
T, R TIRES . FIEAArES, HiRA
SRR, AR HAR b, SCEL PR B A RS A

5 XWE5 D
R GEREIS R P P S Sh IR E 2R R P WL

B, SROELEIMECRIEED GG . A R T mdaE

RIS, BRI & R RS B & TR

FEPERIRNIRRES o 18 SBEI, 2 ARG RESE L rE T

SERAESER A AR BB AERIEH], B TR E.
DU RIZASEH) MATLAB (7 EE F

N %AE{?@\IQ{D

JEIE (mis)

- ‘ ‘ ‘ . . . ‘ . .
0 2 4 6 8 10 12 14 16 18 20
RF[F] (£)
0 N3 Z AE0Qa R

T (mis)

0.2 ; : : . . . : ; :
0 2 4 6 8 10 12 14 16 18 20
i e (£)
3 NMES MR X b
6 45it

A% T PL STM32F103C8T6 fifl 25 il 8% M %0, 454
IM948 F<ANEREELE L . TR100 15 2 HE0F1 TB6612FNG H,
MUBRBhEER, St T — Pk T ARSI R OB P L 22
HlRG. RGBT RS REMEEAT R AR, FIF%
TIRBIEGHBIAMACIRES:, HLh 4 PID I BEAE R PWM
(S SHEHETI AL, SCESTI R ARSI s
NUEREIRHIThRE . REFRS I, S AIES T, RFRE
FIEIRMER TS, HfR T AGEl T8k, SRIeREA, 1%
RO TRAE, MIRAGE, AR SRR AL AR D) RE
oK, B —TEHEhRR AMER A RIE .

S5 30k
[1] AR 3T B R 7T o iRAIFT SR D] AL s A
2%,2023.

2] FRRTT,ZHR 2, F A, T 51 LE I 25 1 B i f Al

3] FEGE MRl SR, S A AR NI B A R B L
PE ST [I]. 7 5, 2024,31(05):68-72+76.

[4] R Z T H R HLPTDEE ) B i B A LR R 5 5T 0],
FIX AT SR A,2024,20(14):107-109.

[51 XUz, BBE =, Ak R A8 T 000 AR s 2 s AL B 9
PID#SHIE AR]85 R, 2024,30(S1):684-689.

[6] RIBLAETEE. — R TR E R LA A% 05 B
FoAR 515 EA4,2024,(08):119-122.

33



