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Abstract

The two-wheeled self-balancing car has been used in life mobility, security and other related fields
due to its small footprint, simple structure and high flexibility. From the point of view of
self-balancing car balance in this paper, the STM32F103C8T6 is adopted, a PID controller is de-
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signed to meet the basic control of the car’s own balance, a Kalman filter is designed to optimize
the output data of the attitude sensor MPU6050 to ensure the accuracy of the attitude information
obtained by the car, and the ultrasonic distance measuring module is designed to realize the ob-
stacle avoidance function of the car. Then the system design scheme is designed, the device selec-
tion is performed, and the hardware system is designed. Finally, the software system is designed,
each module program was written and tested, and the control model of the complete balance car
was successfully built. The test results show that the system design can complete the self-balancing
and obstacle avoidance function of the balancing car.
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Figure 1. Balance state diagram of car
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Figure 2. Car left and right wheel force analysis diagram
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Figure 3. Car body stress analysis diagram

B 3. NEEEZHHRE

MR8 ] 3 7T LA 21 4 4411457 75 72 «

My, = F, — Mg
3, =F,Lsin®—F,Lcos®d T ®)
F, = M5,
BN BN 20N, AR BRI AN O, FEARFUOAFRE T (X, Y, ) » B AT AT 5(6)
FRI 1 5 R
X, =X +Lsin®
Y, =L—Lcos® ©)
2 (6) PR P12 (7):
{X‘b =5('1N+L(c'l')cos'CID—dS2 sinCD) @
§, = Ldsin® + ®? cos ®

Hordr x AR IT R R s R, AT hia(8) &R
X =(X +X5)/2 (8)
WAz s(B) M (7) AT il R G e F 5 R 2K(9):
3,0 =M (¥, -g)Lsin®—Ms,Lcosd-T
=M (Ldisincl)+d>2coscD—g)Lsincl)—(MlerML(dﬁcosd)—d)zsincD))LcoscD—T (9)

=M (L®* sin ®cos® + L*®* sind cos ® — L cos 2 — {,L cos® — g ) T

DOI: 10.12677/jsta.2023.111002 12 IR AR S R


https://doi.org/10.12677/jsta.2023.111002

HgEee 4%

X, Fos FRAFMEESKCTIIA LS M: ZEARIRE; F, . RIS ET 1R ERSAET; J,:
R, O FHMERIMEE: T FRAFMGEIHIE; X, FUKTARE; x - SRR,
3. RGXERE

BT PN E AR RG], A S R N REARENIER RS, B8 1 RIEDN G Reik
PR R RS, T AR T 7 AN I 5 T R SR i
3.1. PID ¥F#li&it

FEVCTE PID Ffhiling, SRIBOR A B, K BN RGN RIA, HEMEA RGN A
PR, AR S A FEIE R, A5 OKEh A5 (K B b Lo i A5 B RFEE 2, AT Ik 2 /)
YR H K, PR BTN R R E sl 4 fror

PID PID

Bt
W
al
i
]

Figure 4. Balance car control block diagram
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Figure 5. System overall design block diagram
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Figure 6. Car structure drawing
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Figure 7. Minimum system main circuit of STM32
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Figure 8. Auxiliary power supply circuit
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Figure 9. Motor drive module
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Figure 10. Hall encoder and MPUG050 attitude sensor
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Figure 11. System program main flow diagram
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Figure 12. Flow chart of PID control algorithm and Kalman filtering algorithm
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Figure 13. Flow chart of code velocity and attitude detection program
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