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Abstract 

Due to their structural defects, traditional wheeled robots and bipedal robots cannot meet 

the modern practical needs of high energy efficiency, high mobility, and high traffic capacity 

at the same time. The bipedal leg-wheeled robot combines the flexibility of a bipedal robot 

with the mobility of a wheeled robot, and has strong environmental adaptability and obstacle-

passing ability. It is considered to be a new type of mobile robot with wide application 

prospects. In recent years, more and more domestic and foreign experts and scholars have 

paid attention to the field of bipedal leg-wheeled robots and carried out related research. 

However, due to the late development of bipedal leg-wheeled robots, the research on 

structural design and control scheme is not mature enough, which makes bipedal leg-wheeled 

robots still have a certain distance from practical application. In this design, a prototype of a 

bipedal leg-wheeled robot is designed from the aspects of structural scheme design, 

kinematic analysis, electromechanical system design, motion control and software design. 

In the design and kinematics analysis of the structure scheme, the three aspects of the 

number of degrees of freedom, the mechanism configuration and the overall size are analyzed 

first, and the structure scheme of the bipedal leg-wheeled robot with 4 degrees of freedom 

leg-wheeled fusion type is proposed. Then, the kinematics analysis and static dynamic 

analysis of the leg structure are carried out based on the structural scheme, which provides a 

theoretical basis for the hardware selection and prototyping of the robot. 

In the electromechanical system design, according to the robot structure scheme, three 

aspects are introduced: mechanical design, power system hardware design, and control 

system hardware design. The three-dimensional CAD model of the robot is established and 

the selection of electronic hardware such as hip motor, main control chip and sensor is 



 

completed.  

In motion control design and software design, PID control and its control principle are 

first introduced. Then the robot motion controller is designed based on PID control, including 

upright controller, straight controller, controller, height adjustment controller and so on. 

Finally, the main control board, sensors, control hardware and power hardware are fully 

invoked through software design, and the functions and motion control of the robot are 

realized by the program. 

After completing the structural design, kinematic analysis, electromechanical system 

design, motion control and software design, a series of test experiments and experimental 

analysis were carried out to verify the correctness of the electromechanical system design 

and motion control method of the biped leg-wheeled robot. 

Keywords bipedal leg-wheeled robot, kinematics modeling, mechatronics design, 
locomotion control 
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2-2 A-xy

A-E ଵߠ ଷߠ

 

2-2 A-xy  

[27]

AD  ݈, ଵߠ ݈⃗ AD

ABCDA  

 ݈⃗ + ݈⃗ − ݈⃗ − ݈⃗ = 0  (2-1) 

A ଶߠଵߠ ଷߠ  

(2-1)  

 ݈e୧ఏభ + ݈e୧ఏమ = ݈ + ݈e୧ఏయ (2-2) ݁ఏ = ݏܿ ߠ + ݅ ݊݅ݏ ߠ (2-2)  

 ൜ ݈ܿߠݏଵ + ݈ܿߠݏଶ = ݈ + ݈ܿߠݏଷ݈ߠ݊݅ݏଵ + ݈ߠ݊݅ݏଶ = ݈ߠ݊݅ݏଷ              (2-3) 



 

ଶߠݏܿ + ଶߠ݊݅ݏ = 1 ଶߠ  

 ݈ଶ = ݈ଶ + ݈ଶ + ݈ଶ − 2݈݈ (ଵߠ−ଷߠ)ݏܿ − 2݈݈−ߠଵ (2-4) 

(2-4)  

ܣ  ݊݅ݏ ଷߠ + ܤ ݏܿ ଷߠ + ܥ = ܣ (2-5) 0 = 2݈݈ ݊݅ݏ ଵߠ ܤ   = 2݈݈ଵ (cos ଵߠ − ݈) ܥ  = ݈ଶ − ݈ଶ − ݈ଶ − ݈ଶ + 2݈݈ ݊݅ݏ ଵߠ
 

݊ܽݐ  ቀߠଷ 2ൗ ቁ = ൫ܣ ± ଶܣ√ + ଶܤ − ଶ൯ܥ ⁄ ܤ) −  (6-2) (ܥ

ଷߠ (2-3) ±ଶߠ  

(2-2) t  

 ݈߱e୧ఏభ + ݈߱e୧ఏమ = ݈߱e୧ఏభ (2-7) ߱ ߱  

 ߱ଷ = ߱ଵ ଵߠ)݊݅ݏ − /(ଶߠ [݈ sin(ߠଷ −  ଶ)] (2-8)ߠ
 ߱ଶ = −߱ଵ ଵߠ)݊݅ݏ − /(ଷߠ [݈ sin(ߠଶ −  ଷ)] (2-9)ߠ

(2-7) t  

 ݈݅߱ଶe୧ఏభ + ݈ߙe୧ఏమ + ݈݅߱ଶe୧ఏమ = ݈ߙe୧ఏయ + ݈݅߱ଶe୧ఏయ (2-10) ߙ ߙ  

ߙ  = ಲಳఠమಲಳ ௦(ఏభିఏమ)ାಳఠమಳିವఠమವ ௦(ఏయିఏమ)ವ ୱ୧୬(ఏయିఏమ)  (2-11) 

ߙ  = ିಲಳఠమಲಳ ௦(ఏభିఏయ)ିಳఠమಳ ௦(ఏమିఏయ)ିವఠమವವ ୱ୧୬(ఏమିఏయ)  (2-12) 

CB

E  



 

E A-xy ݈⃗ா = ሬሬሬሬሬ⃗ܧܣ  

 ݈⃗ா = ݈⃗ + ݈⃗ (2-13) 

 

 ݈⃗ா = ݈e୧ఏభ + ݈e୧ఏమ (2-14) 

(2-14) t ாሬሬሬሬ⃗ߥ ாሬሬሬሬ⃗ߙ
 

ாሬሬሬሬ⃗ߥ  = −(݈߱ ݊݅ݏ ଵߠ + ݈߱ா ݊݅ݏ ଶ)                                                          +i(݈߱ߠ ݏܿ ଵߠ +݈߱ா ݏܿ ாሬሬሬሬ⃗ߙ ଶ) (2-15)ߠ = −(߱ଶ݈ ݏܿ ଵߠ + ݈ாߙ ݊݅ݏ ଶߠ + ߱ଶ݈ா ݏܿ ଶ)            +݅(−߱ଶ݈ߠ ݊݅ݏ ଵߠ + ݈ாߙ ݏܿ ଶ)                                                −߱ଶ݈ாߠ ݊݅ݏ  ଶ  (2-16)ߠ

 

CE

A

M F 2-3 

 

 

2-3  



 

1 ଶଷܨ ଶଷ௫ܨ ଶଷ௬ܨ CD D ܯ∑ = 0
 

݈௧ሬሬሬሬሬ⃗ ⋅ ଶଷሬሬሬሬሬሬ⃗ܨ = ݈e୧൫ଽ°ାఏయ൯ ⋅ ൫ܨଶଷ௫ + iܨଶଷ௬൯                  = −݈ܨଶଷ௫ sinߠଷ − ݈ܨଶଷ௬ cosߠଷ                      +݅൫݈ܨଶଷ௫ cos ଷߠ − ݈ܨଶଷ௬ sinߠଷ൯                                                              = 0  (2-17) 

(2-17)  −݈ܨଶଷ௫ sinߠଷ − ݈ܨଶଷ௬ cos ଷߠ = 0 

CE B ܯ∑ = 0  

−݈ଶ௧ሬሬሬ⃗ ⋅ ଶଷሬሬሬሬሬሬ⃗ܨ + ݈ா௧ሬሬሬሬሬ⃗ ⋅ ܨ⃗ = ݈e୧൫ଽ°ାఏమ൯ ⋅ ൫ܨଶଷ௫ + iܨଶଷ௬൯                           +݈ாe୧൫ଽ°ାఏమ൯ ⋅ e୧ఏಷܨ                                                                                   = 0 (2-18) 

(2-18)  ݈ܨଶଷ௫ sin ଶߠ + ݈ܨଶଷ௬ cos ଶߠ − ݈ாߠ)݊݅ݏܨଶ + (ிߠ = 0 

 

ଶଷ௫ܨ  = ଵୱ୧୬(ఏమିఏయ) ቂி ୡ୭ୱఏయಳ ⋅ ݈ா sin(ߠଶ −  ி)ቃ (2-19)ߠ

ଶଷ௬ܨ  = ଵୱ୧୬(ఏమିఏయ) ቂி ୱ୧୬ఏయಳ ⋅ ݈ா sin(ߠଶ −  ி)ቃ (2-20)ߠ

2 ଵଶܨ ଵଶ௫ܨ ଵଶ௬ܨ BC ܨ∑ = 0 ଵଶሬሬሬሬሬ⃗ܨ  − ଶଷሬሬሬሬሬሬ⃗ܨ + ܨ⃗ = ଵଶ௬ܨ݅+ଵଶ௫ܨ − ଶଷ௫ܨ − ଶଷ௬ܨ݅ + e୧ఏಷܨ     = ଵଶ௫ܨ − ଶଷ௫ܨ + ிߠݏܿܨ                 +݅൫ܨଵଶ௬ − ଶଷ௬ܨ + =        ி൯ߠ݊݅ݏܨ 0  (2-21) 

 

ଵଶ௫ܨ  = ଶଷ௫ܨ −  ி (2-22)ߠݏܿܨ
ଵଶ௬ܨ  = ଶଷ௬ܨ − ிߠ݊݅ݏܨ  (2-23) 

3 M AB A ܯ∑ = 0  



 

ܯ = ݈௧ሬሬሬሬሬ⃗ ⋅ ଵଶሬሬሬሬሬ⃗ܨ = ݈݁൫ଽ°ାఏభ൯ ⋅ ൫ܨଵଶ௫ + =                           ଵଶ௬൯ܨ݅ −݈ܨଵଶ௫ sinߠଵ − ݈ܨଵଶ௬ cosߠଵ                               +݅൫݈ܨଵଶ௫ cos ଵߠ − ݈ܨଵଶ௬ sin =                                                                       ଵ൯ߠ 0  (2-24) 

(2-24)  

ܯ  = ݈ܨଵଶ௫ sinߠଵ − ݈ܨଵଶ௬ cos  ଵ (2-25)ߠ

(2-19) (2-20) (2-22) (2-23) (2-25)
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Grashof  

 ݈௫ + ݈ = 80ܿ݉ + 53ܿ݉ > ݈ଵ + ݈ଶ = 80ܿ݉ + 55ܿ݉ (3-1) 

(3-1)
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SolidWorks Motion

3-6 Motion

3-6a 3-6b 0~2s

CAD

Motion

 



 

      

a 0s            b 1s  

3-6 Motion  

- 3-7

0~1s 1~2s

 

 

3-7 Motion  

0~2s 925N mm

473N mm 480N mm

DS3115

3-8  



 

 

3-8 DS3115  

4.8~6.8V 15kg 20 40 40mm

58g DS3115

20ms 3-9

0.25ms~2.5ms -90 ~90

 

 

3-9  

DS3115 3-2  

3-2 DS3115  
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[28]

3-10  

 

3-10  ߮
 

 ݈݉݃ ݊݅ݏ ߮ = ݈݉ܽ ⋅ ݏܿ ߮ (3-2) 

 ݈  ܽ  ݉  

(3-2)  

 ܽ = ݊ܽݐ݃ ߮ (3-3) ܽ  

 

ߥ  = ߱ ⋅  (4-3) ݎ



 

(3-4) ݐ  

 ୢఠୢ௧ = ଵ ⋅ ୢ௩ୢ௧ =  (3-5) ܬ ଵଶܬ ߱ଶܬ  

ܬ  =  ଶ (3-6)ݎ݉
ܬ  = ݉ݎଶ (3-7) ܯ  
ܯ  = ௬ܨ ⋅ ݎ = ߤ ⋅ (݉ + ݉) ⋅ ݃ ⋅  (8-3) ݎ

M  

ܯ  = ܬ) + (ܬ2 ⋅ ୢఠୢ௧ + ܯ2 = (݉ + ݉) ⋅ ݃ ⋅ ݎ ⋅ ߤ2) + ݊ܽݐ ߮) (3-9) 

ଵܯ  

ଵܯ  = ெଶ  (3-10) 

݉ = 1.012 kg݉ = 0.1 kg ݃ = 9.8 m/s2 ݎ  = 35 mm ߤ =0.0165 ߮ = 8 ଵܯ = 0.033N mߥ = 1.2m/s ߱ = 34.28rad/s

 

 ܲ = ଵܯ ⋅ ߱ = 1.13W (3-11) 

GB37-520

3-11  

 

3-11 GB37-520  



 

12V 4.8W 0.1N m

1 30 AB

GB37-520 3-3  

3-3 GB37-520  

      

GB37-520 12V 4.8W 0.1N m 1 30 PH2.0 

 

DS3115

4.8~6.8V

LM2596 3-12 

12V 5 3V 5 5V 5

4  

 

3-12  
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3-13  
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100kHz PWM PWM
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GND  
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PWMA/PWMB PWM  
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AO1/BO1/AO2/BO2  

 

3-14  



 

 

3-14  

 

IMU

 

5 1

ROM RAM 2

3 I/O PWM

4 I2C SPI

5

5 ATmega328P

Arduino Uno 3-15  



 

 

3-15 Arduino Uno 

Arduino

Arduino IDE

Arduino Uno 5V 16MHz

1KB EEPROM 2KB SRAM 32KB Flash

6 14 I/O 6 PWM

Arduino Uno pin2 pin3

pin4 pin5 3-16

 

 

3-16Arduino Uno  



 

 

 

MPU6050 21 16mm

3-17  

    

3-17 MPU6050  

MPU6050 InvenSense

DMP XYZ
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XYZ 2/ 4/ 8/ 16g DMP

400kHz

I2C MPU6050 8

3-5   



 

3-5 MPU6050  

  

VCC  

GND  

SCL I2C  

SDA I2C  

XDA I2C  

XCL I2C  

AD0  

INT  

GB37-520

3-18
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11 AB 1 30

1 30

AB 11 660

6 PH2.0

3-6  



 

3-6  

  

A A  

B B  

VCC  

GND  

M+ + 

M- + 

 

WIFI

HC-06

HC-06 Arduino Uno - -

3-19  

 

3-19  

HC-06 BC417143 2.1 EDR

3.3~6V

HC-06 6

3-7  

  



 

3-7 HC-06  

  

KEY  

  

VCC  

GND  

TXD  

RXD  

STATE  

 

Arduino Uno 3-20  

 

3-20 Arduino Uno  

LM2596 12V 150kHz

1.23V

Arduino Uno MPU6050 GB37
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PID

 

 

 

PID

PID 70

[30]  

PID 4-1  

 

4-1 PID (ݐ)ݎ  (ݐ)ܿ (ݐ)݁ (ݐ)݁(ݐ)ݑ ݐ)ܿ(ݐ)ݑ + (ݐ߂  



 

(ݐ)ݑ  = ܭ ቀe(ݐ) + ଵ் ∫ e(߬) d߬௧ + ܶ ୢୣ(௧)ୢ௧ ቁ (4-1) 

ܭ    

ூܶ  

ܶ  

PID (4-1)  

(݇)ݑ  = (݇)eܭ + ܭ ∑ e(݆)ୀଵ + ݇)ௗ[e(݇),−eܭ − ܭௗܭܭܭ (4-2) [(1 ܭ ௗܭ  

 

ܭ ܭܭ
 

 



 

[31]  

PID

 

 

 

 

[32]

4-2 ܨ  

 

4-2  



 

݉ ܯ ߠ݈ ܨ  

4-3ܰ ܲ -  

 

ܨ  4-3 ݔܨ ߠ  

ݔ  = ݔ + ݈ ݊݅ݏ  (4-3) ߠ
ݕ  = ݈ ݏܿ  (4-4) ߠ

 

ݔ̈  = ݔ̈ − ݈ ݊݅ݏ ଶߠ̇ߠ + ݈ ݏܿ  (4-5) ߠ̈ߠ
ݕ̈  = −݈ ݏܿ ଶߠ̇ߠ − ݈ sin  (4-6) ߠ̈ߠ

 

 ܰ = ݔ̈݉ = ݔ̈)݉ − ݈ ݊݅ݏ ଶߠ̇ߠ + ݈ ݏܿ  (4-7) (ߠ̈ߠ
 ݉݃ − ܸ = ݕ̈݉ = ݉(−݈ ݏܿ ଶߠ̇ߠ − ݈ sin(4-8) (ߠ̈ߠ 

 

ߠ̈ܫ  = ݈ܲ ݊݅ݏ ߠ − ݈ܰ ݏܿ  (4-9) ߠ

 

ܨ  − ܰ = ܯ  (10-4) ݔ̈

(4-7)~(4-10) 4  

ݔ̈  = ൫ூାమ൯ிା൫ூାమ൯ ୱ୧୬ఏఏ̈ିమమ௦ఏ௦ఏ(ூାమ)(ெା)ିమమ௦మఏ  (4-11) 



 

ߠ̈  = మ௦ఏ·ிାమమ௦ఏ௦ఏఏ̈ି(ெା)௦ఏమమ௦మఏି(ெା)(ூାమ)  (4-12) 

ߠ (4-11)

(4-12) ߠ̇ = 0 ߠ݊݅ݏ = ߠ ߠݏܿ = 1
 

ݔ̈  = ൫ூାమ൯ிିమమఏூ(ெା)ିெమ  (4-13) 

ߠ̈  = (ெା)ఏିிூ(ெା)ାெమ  (4-14) 

(4-13) (4-14)  

 ܺ̈ = ߠ̈ߠݔ̈ݔ = ⎣⎢⎢
⎢⎡0 10 0 0 0ିమమூ(ெା)ିெమ 00 00 0 0 1(ெା)ூ(ெା)ାெమ 0⎦⎥⎥

⎥⎤ × ߠ̈ߠݔ̈ݔ + ⎣⎢⎢
⎢⎡ 0൫ூାమ൯ூ(ெା)ିெమ0ିூ(ெା)ାெమ⎦⎥⎥

⎥⎤  (15-4) ܨ

ܽ = ିమమூ(ெା)ିெమ ܾ = (ெା)ூ(ெା)ାெమ ܿ = ൫ூାమ൯ூ(ெା)ିெమ ݀ = ିூ(ெା)ାெమ  

ܥ  = 0 ܿܿ 0 0 ܽ݀ܽ݀ 00 ݀݀ 0 0 ܾܾ݀݀ 0  (4-16) 

ܥ  

 ቮ0 ܿܿ 0 0 ܽ݀ܽ݀ 00 ݀݀ 0 0 ܾܾ݀݀ 0 ቮ = ܾଶܿଶ݀ଶ − 2ܾܽܿ݀ଷ + ܽଶܽௗ = (ܾܿ݀ − ܽ݀ଶ)ଶ ≥ 0 (4-17) 

ܾܿ݀ ≠ ܽ݀ଶ (4-17) ܨ0
4-4  
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 ܽ = ߮ܭ +  ௗ߮̇ (4-18)ܭ

  ܽ  ߮ ܭ  ௗܭ  ݉݃߮ < ߮ܭ + ௗ߮̇ܽܭ PWM ߮ ߮̇ IMU

PD 4-5

 

 

4-5  

 



 

PID

4-6  

 

4-6  

ߠߠ ߠ4-5 ߠ
[33][34][35]  

[36]

PID

PI  

ߠ  = (݇)ଵeܭ + ଶܭ ∑ e(݆)ୀଵ  (4-19) 

ߠ   ଵܭ  ଶܭ  ݁(݇)  



 

(4-18) 0 ߠ  PD

 

 ܽ = ߮)ܭ − (ߠ +  ௗ߮̇ (4-20)ܭ

(4-19) (4-20)  

 ܽ = ߮)ܭ − (݇)ଵeܭ + ଶܭ ∑ e(݆)ୀଵ ) +  ௗ߮̇ (4-21)ܭ

 

 ܽ = ߮ܭ + ௗ߮̇ܭ − (݇)ଵeܭൣܭ + ଶܭ ∑ e(݆)ୀଵ ൧ (4-22) 
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ݕ  =  (23-4) (ݔ)݂

1 ݔ ݕ (ݕ,ݔ)  

ݔ  = ݔ +  (24-4) ݔ߂
ݕ  = ݕ +  (25-4) ݕ߂

2 (ݕ,ݔ)
 

ݕ߂  = ୢ(௫)ୢ௫ ቚ௫ୀ௫బ ·  (26-4) ݔ߂

3 (ݔ)݂ ݔ  

ݕ  − ݕ = ୢ௬ୢ௫ቚ௫ୀ௫బ ⋅ ݔ) −  ) (4-27)ݔ

ݔ ݕ
 

 ቐݕ = ସହ ݔ + 152 10 ≤ ݔ ≤ ݕ35 = ହ ݔ + 131 35 < ݔ ≤ 60 (4-28) 
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 ݊ = ଵ்ಶ⋅ (4-29) 
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1 Banlance_Robot.ino  

1. #include "PinChangeInt.h" // setup()  

2. #include "MsTimer2.h" 

3. #include "BalanceCar.h" // speedout() turnout() pwma()   

4. #include "KalmanFilter.h" //  

5. #include "I2Cdev.h" 

6. #include "MPU6050.h" 

7. #include "Wire.h" 

8. MPU6050 mpu; //  MPU6050  mpu 

9. BalanceCar balancecar; 

10. KalmanFilter kalmanfilter; 

11. int16_t ax, ay, az, gx, gy, gz;   //  

12. #define AIN1 7  //TB6612FNG  

13. #define AIN2 6 

14. #define BIN1 13   //  

15. #define BIN2 12   //PWMA--right--M2 

16. #define PWMA 9    //PWMB--left--M1 

17. #define PWMB 10 

18. #define STBY 8 

19.  

20. #define PinA_left 2  // 0  A

 

21. #define PinA_right 4 // 1 

22.  

23. #define servopin_left A2   //  

24. #define servopin_right A3 

25. int servo_angle_right = 10;  //  

26. int servo_angle_left = 80;  //  

27.  

28. //  

29. float pwm_speed = 0;   // pwm pwma()  

30. float pwm_turn = 0; 



 

31.  

32. float kp =38, kd = 0.48;                     // PID  

33. float kp_speed =3.8,  ki_speed = 0.11;   // PID

0 

34. float kp_turn = 28, kd_turn = 0.29;                     // PID 

35.  

36. float speed_setpoint = 0.00;   // setpoint,  

pulse  speed 

37. float Pitch_setpoint = -7.0; 

38. float Pitch_setpoint_10 = -7.0;    //

10-60 3  

39. float Pitch_setpoint_35 = -11.50; 

40. float Pitch_setpoint_60 = -13.0; 

41.  

42. //***************Kalman_Filter********************* 

43. float Q_angle = 0.001, Q_gyro = 0.005; // ,  

44. float R_angle = 0.5 , C_0 = 1; 

45. float timeChange = 5; //  

46. float K1 = 0.05; //  

47. float dt = timeChange * 0.001; // dt  

48.  

49. volatile long count_right = 0;//

volatile long  

50. volatile long count_left = 0; 

51.  

52. #define run_car   '1'//  

53. #define back_car  '2'//  

54. #define left_car  '3'//  

55. #define right_car '4'//  

56. #define stop_car  '0'//  

57.  

58. //*************** ********************* 

59. int Mode = 0; 

60. int incomingByte = 0;          //  data byte 

61. String inputString = "";         //  

62. boolean newLineReceived = false; //  



 

63. boolean startBit  = false;  //  

64.  

65. int forwordflag = 0;//      //  

66. int backflag = 0;//  

67. int turnleftflag = 0;//  

68. int turnrightflag = 0;//  

69.  

70. void ResetCarState() //  

71. { 

72.   forwordflag = 0; 

73.   backflag = 0; 

74.   turnleftflag = 0; 

75.   turnrightflag = 0; 

76.   pwm_turn = 0; 

77. } 

78.  

79. ///////////////////////////////////////////////

/////////////////////////////////////////////// 

80. void Code_left() { 

81.   count_left++; 

82. } 

83. void Code_right() { 

84.   count_right++; 

85. }                    //  

86.  

87. int pluseright_temp = 0; 

88. int pluseleft_temp = 0;   // ,  count_left 

 balancecar.pulseleft 

89.  

90. void countpluse()  // 5ms inter()

countpluse() 

91. { 

92.   pluseleft_temp = count_left; 

93.   pluseright_temp = count_right; 

94.  

95.   count_left = 0; 



 

96.   count_right = 0; 

97.  

98.   if((balancecar.pwm_right < 0) && (balancecar.pwm_left < 0))       //

 PWM   

99.   { 

100.     pluseright_temp = -pluseright_temp; 

101.     pluseleft_temp = -pluseleft_temp; 

102.   } 

103.   else if((balancecar.pwm_right > 0) && (balancecar.pwm_left > 0))  /

/  PWM   

104.   { 

105.     pluseright_temp = pluseright_temp; 

106.     pluseleft_temp = pluseleft_temp; 

107.   } 

108.   else if((balancecar.pwm_right < 0) && (balancecar.pwm_left > 0))  /

/     

109.   { 

110.     pluseright_temp = pluseright_temp;    //

 

111.     pluseleft_temp = -pluseleft_temp; 

112.   } 

113.   else if((balancecar.pwm_right > 0) && (balancecar.pwm_left < 0))  /

/     

114.   { 

115.     pluseright_temp = -pluseright_temp; 

116.     pluseleft_temp = +pluseleft_temp; 

117.   } 

118.  

119.   balancecar.pulseright += pluseright_temp;   //

balancecar.pulseright  

120.   balancecar.pulseleft += pluseleft_temp; 

121. } 

122. ///////////////////////////////////////////////

/////////////////////////////////////////////// 

123.  

124.  



 

125. ////////////////// PD////////////////////

kalmanfilter.h  

126. void angleout() 

127. { 

128.    

129.   if(servo_angle_right>=10&&servo_angle_right<25) Pitch_setpoint = Pi

tch_setpoint_10; 

130.   else if(servo_angle_right>=25&&servo_angle_right<45) Pitch_setpoint

 = Pitch_setpoint_35; 

131.   else Pitch_setpoint = Pitch_setpoint_60; 

132.   balancecar.pwm_angle = kp * (kalmanfilter.angle - Pitch_setpoint) +

 kd * kalmanfilter.Gyro_x;//PD  

133. } 

134. ////////////////// PD//////////////////// 

135.  

136. ////////////////// 5ms //////////////////// 

137. int speedcount = 0; 

138. int turncount = 0;//  

139. void inter() 

140. { 

141.   sei(); //  

142.   noInterrupts(); 

143.   countpluse();  //  

144.   interrupts(); 

145.   mpu.getMotion6(&ax, &ay, &az, &gx, &gy, &gz);  //IIC MPU6050

 ax ay az gx gy gz 

146.   kalmanfilter.Angletest(ax, ay, az, gx, gy, gz, dt, Q_angle, Q_gyro,

 R_angle, C_0, K1); // angle  

147.  

148. /////////////PID angleout(), speedout(), turnout() pwm_angle

pwma() ///////////// 

149.   angleout(); // PD pwm_angle 

150.  

151.   speedcount++;  

152.   if (speedcount >= 8)   //40ms , pwm_speed 

153.   { 



 

154.     pwm_speed = balancecar.speedout(kp_speed, ki_speed, forwordflag, 

backflag, speed_setpoint); 

155.     speedcount = 0; 

156.   } 

157.    

158.   turncount++; 

159.   if (turncount > 4) //20ms , pwm_turn 

160.   { 

161.     pwm_turn = balancecar.turnout(turnleftflag, turnrightflag, kp_tur

n, kd_turn, kalmanfilter.Gyro_z);  

162.     turncount = 0; 

163.   } 

164.   balancecar.pwma(pwm_speed, pwm_turn, kalmanfilter.angle, AIN1, AIN2

, BIN1, BIN2, PWMA, PWMB);   // PWM  

165. /////////////PID angleout(), speedout(), turnout() pwm_angle

pwma() ///////////// 

166. } 

167. ////////////////// 5ms //////////////////// 

168.  

169.  

170. ////////////////// //////////////////// 

171. void SetServoAngle(int servopin, int angle)// ,

50hz 20000us=20ms=50hz 

172. { 

173.   int pulsewidth=(angle*11)+500;  // 500-2480  

174.   digitalWrite(servopin,HIGH);    // ,  

175.   delayMicroseconds(pulsewidth);  //  

176.   digitalWrite(servopin,LOW);     //  

177.   delayMicroseconds(20000-pulsewidth); 

178. } 

179. ////////////////// //////////////////// 

180.  

181. // ===    setup()     === 

182. void setup() { 

183.   pinMode(servopin_left,OUTPUT);//  

184.   pinMode(servopin_right,OUTPUT);   



 

185.   pinMode(AIN1, OUTPUT);   // 2 01 10

      //  

186.   pinMode(AIN2, OUTPUT);                                         //PW

MA--right--M2 

187.   pinMode(BIN1, OUTPUT);   // 1 01 10

      //PWMB--left--M1 

188.   pinMode(BIN2, OUTPUT); 

189.   pinMode(PWMA, OUTPUT);   // PWM 

190.   pinMode(PWMB, OUTPUT);   // PWM 

191.   pinMode(STBY, OUTPUT);   //TB6612FNG  

192.    

193.   digitalWrite(AIN1, 0);  //  

194.   digitalWrite(AIN2, 1); 

195.   digitalWrite(BIN1, 1); 

196.   digitalWrite(BIN2, 0); 

197.   digitalWrite(STBY, 1); 

198.   analogWrite(PWMA, 0); 

199.   analogWrite(PWMB, 0); 

200.  

201.   pinMode(PinA_left, INPUT);  //  

202.   pinMode(PinA_right, INPUT); 

203.  

204.   Wire.begin();   // I2C  

205.   delay(500); 

206.   mpu.initialize();  // MPU6050 

207.   delay(2); 

208.   balancecar.pwm_right = 0;  // 0 

209.   balancecar.pwm_left = 0; 

210.    

211.   //5ms   timer2  timer2 pin3 pin11 PWM

PWM  

212.   // timer timer pin  

213.   MsTimer2::set(5, inter);   // 5ms inter() --------

 

214.   MsTimer2::start(); 

215.  



 

216.   attachInterrupt(digitalPinToInterrupt(PinA_left), Code_left, CHANGE

);       // attachInterrupt() 

217.   attachPinChangeInterrupt(PinA_right, Code_right, CHANGE);   //pinCh

angeInt  

218.  

219.   Serial.begin(9600); 

220.   Serial.println("CLEARDATA"); 

221.   Serial.println("LABEL,Date,Time,Millis,Angle_x,Angle_y,Gyro_x,Gyro_

z,PWM_left,PWM_right,"); 

222. }  

223.  

224. // ===       loop()       === 

225. void loop() { 

226.   if(newLineReceived) 

227.   { 

228.     switch (inputString[1]) //[0]  

229.     { 

230.       case run_car:   ResetCarState();forwordflag = -250; break; 

231.       case back_car:  ResetCarState();backflag = 250; break; 

232.       case left_car:  turnleftflag = 1; break; 

233.       case right_car: turnrightflag = 1; break; 

234.       case stop_car:  ResetCarState(); break; 

235.       default: ResetCarState(); break; 

236.     } 

237.     if(inputString[5]=='1')Mode = 1;//1 2

3 2 1 3  

238.     if(inputString[5]=='2')Mode = 2; 

239.     if(inputString[5]=='3')Mode = 3; 

240.     if(Mode==1) 

241.     { 

242.       switch (inputString[3]) 

243.       { 

244.         case '1':  SetServoAngle(servopin_right, 10); SetServoAngle(s

ervopin_left, 80);delay(100);servo_angle_right=10;break; 

245.         case '2':  SetServoAngle(servopin_right, 35); SetServoAngle(s

ervopin_left, 55);delay(100);servo_angle_right=35;break; 



 

246.         case '3':  SetServoAngle(servopin_right, 60); SetServoAngle(s

ervopin_left, 30);delay(100);servo_angle_right=60;break; 

247.         default: SetServoAngle(servopin_right, 10); SetServoAngle(ser

vopin_left, 80);delay(100);servo_angle_right=10;break; 

248.       } 

249.     } 

250.      

251.     inputString = ""; 

252.     newLineReceived = false; 

253.   } 

254.   if(Mode==3) 

255.   { 

256.     if(kalmanfilter.angle6 > 3) 

257.     { 

258.       servo_angle_right--; 

259.       servo_angle_left--; 

260.     } 

261.     if(kalmanfilter.angle6 < -3) 

262.     { 

263.       servo_angle_right++; 

264.       servo_angle_left++; 

265.     } 

266.        

267.     if(servo_angle_right>60)servo_angle_right=60; 

268.     if(servo_angle_right<10)servo_angle_right=10; 

269.     SetServoAngle(servopin_right, servo_angle_right); 

270.     SetServoAngle(servopin_left, servo_angle_left); 

271.     delay(100); 

272.   } 

273.  

274.   Serial.println((String) "DATA,DATE,TIME," + millis() + "," + kalman

filter.angle + "," + kalmanfilter.angle6 + "," + kalmanfilter.Gyro_x + "," +

 kalmanfilter.Gyro_z + "," + balancecar.pwm_left+ "," + balancecar.pwm_right

); 

275. } 

276.    



 

277. int BTTrans_flag = 0; 

278. void serialEvent() 

279. { 

280.   while (Serial.available()) 

281.   { 

282.     incomingByte = Serial.read();              //

 

283.     if (incomingByte == '$') 

284.     { 

285.       BTTrans_flag = 0; 

286.       startBit = true; 

287.     } 

288.     if (startBit == true) 

289.     { 

290.       BTTrans_flag++; 

291.       inputString += (char) incomingByte;     // 

// 

292.     } 

293.     if (startBit == true && incomingByte == '#') 

294.     { 

295.       newLineReceived = true; 

296.       startBit = false; 

297.     } 

298.      

299.     if(BTTrans_flag >= 80) 

300.     { 

301.       BTTrans_flag = 0; 

302.       startBit = false; 

303.       newLineReceived = false; 

304.       inputString = ""; 

305.     }   

306.   } 

307. } 

 

2 Banlance_car.h  



 

1. #ifndef BalanceCar_h 

2. #define BalanceCar_h 

3.  

4. #if defined(ARDUINO) && (ARDUINO >= 100) 

5. #include <Arduino.h> 

6. #else 

7. #include <WProgram.h> 

8. #endif 

9.  

10.  

11. class BalanceCar 

12. { 

13. public: 

14.   double speedout(double kp_speed,double ki_speed,int forwordflag,int  ba

ckflag,double speed_setpoint); 

15.   float turnout(int turnleftflag,int turnrightflag, double kp_turn,doubl

e kd_turn,float Gyroz); 

16.   void pwma(double pwm_speed,float pwm_turn,float angle, int Pin1,int Pi

n2,int Pin3,int Pin4,int PinPWMA,int PinPWMB); 

17.  int pulseright = 0; 

18.  int pulseleft = 0; 

19.   float speeds; 

20.  double pwm_angle=0,pwm_left = 0, pwm_right = 0; 

21. private: 

22.  float speeds_filterold; 

23.  float positions; 

24.  int turnmax = 0;                                    

25.  int turnmin = 0;                                   

26.  float turnout_para = 0; 

27. }; 

28. #endif 

29. // 

30. // END OF FILE 

31. // 

 



 

3 Banlance_car.cpp  

1. #include "./BalanceCar.h" 

2.  

3. double BalanceCar::speedout(double kp_speed,double ki_speed, int forwordfl

ag,int backflag,double speed_setpoint) //  

4. { 

5.   speeds = (pulseleft + pulseright) * 1.0; 

6.   pulseright = pulseleft = 0; 

7.   speeds_filterold *= 0.7; 

8.   float speeds_filter = speeds_filterold + speeds * 0.3;         //

 

9.   speeds_filterold = speeds_filter; 

10.   positions += speeds_filter; 

11.   positions += forwordflag; 

12.   positions += backflag; 

13.   positions = constrain(positions, -3000,3000);  

14.    

15.   double pwm_speed = ki_speed * (speed_setpoint - positions) + kp_speed 

* (speed_setpoint - speeds_filter); 

16.   return pwm_speed; 

17. } 

18.  

19. float BalanceCar::turnout(int turnleftflag,int turnrightflag, double kp_

turn,double kd_turn,float Gyroz) 

20. { 

21.   int spinonce = 0; 

22.   float turnspeed = 0; 

23.   float rotationratio = 0; 

24.    

25.   if (turnleftflag == 1 || turnrightflag == 1) 

26.   { 

27.     if (spinonce == 0) 

28.     { 

29.       turnspeed = ( pulseright + pulseleft); 

30.       spinonce++; 

31.     } 



 

32.     if (turnspeed < 0) 

33.     { 

34.       turnspeed = -turnspeed; 

35.     } 

36.     if(turnleftflag==1||turnrightflag==1) 

37.     { 

38.      turnmax=5; 

39.      turnmin=-5; 

40.     } 

41.     rotationratio = 5 / turnspeed; 

42.     if (rotationratio < 0.5)rotationratio = 0.5; 

43.     if (rotationratio > 5)rotationratio = 5; 

44.   } 

45.   else 

46.   { 

47.     rotationratio = 0.5; 

48.     spinonce = 0; 

49.     turnspeed = 0; 

50.   } 

51.   if (turnleftflag == 1) 

52.   { 

53.     turnout_para += rotationratio; 

54.   } 

55.   else if (turnrightflag == 1) 

56.   { 

57.     turnout_para -= rotationratio; 

58.   } 

59.   else turnout_para = 0; 

60.   if (turnout_para > turnmax) turnout_para = turnmax; 

61.   if (turnout_para < turnmin) turnout_para = turnmin; 

62.  

63.   double pwm_turn = -turnout_para * kp_turn - Gyroz * kd_turn; 

64.   return pwm_turn; 

65. } 

66.  



 

67. void BalanceCar::pwma(double pwm_speed,float pwm_turn,float angle, int P

in1,int Pin2,int Pin3,int Pin4,int PinPWMA,int PinPWMB) 

68. { 

69.   pwm_right = -pwm_angle - pwm_speed - pwm_turn; //pwma()  

70.   pwm_left = -pwm_angle - pwm_speed + pwm_turn; 

71.  

72.   if (pwm_right > 255) pwm_right = 255; 

73.   if (pwm_right < -255) pwm_right = -255; 

74.   if (pwm_left > 255) pwm_left = 255; 

75.   if (pwm_left < -255) pwm_left = -255; 

76.  

77.   if (angle > 30 || angle < -30)  // 30°  

78.   { 

79.     pwm_right = 0; 

80.     pwm_left = 0; 

81.   } 

82.  

83.   if (pwm_right >= 0) { 

84.     digitalWrite(Pin2, 0); 

85.     digitalWrite(Pin1, 1); 

86.     analogWrite(PinPWMA, pwm_right); 

87.   }  

88.   else { 

89.     digitalWrite(Pin2, 1); 

90.     digitalWrite(Pin1, 0); 

91.     analogWrite(PinPWMA, -pwm_right); 

92.   } 

93.   if (pwm_left >= 0) { 

94.     digitalWrite(Pin4, 0); 

95.     digitalWrite(Pin3, 1); 

96.     analogWrite(PinPWMB, pwm_left); 

97.   }  

98.   else { 

99.     digitalWrite(Pin4, 1); 

100.     digitalWrite(Pin3, 0); 

101.     analogWrite(PinPWMB, -pwm_left); 



 

102.   } 

103. } 

4 Kalman_Filter.h  

1. #ifndef KalmanFilter_h 

2. #define KalmanFilter_h 

3.  

4. #if defined(ARDUINO) && (ARDUINO >= 100) 

5. #include <Arduino.h> 

6. #else 

7. #include <WProgram.h> 

8. #endif 

9. class KalmanFilter 

10. { 

11. public: 

12.  void Yiorderfilter(float angle_m, float gyro_m,float dt,float K1); 

13.  void Kalman_Filter(double angle_m, double gyro_m,float dt,float Q_angle

,float Q_gyro,float R_angle,float C_0); 

14.  void Angletest(int16_t ax,int16_t ay,int16_t az,int16_t gx,int16_t gy,i

nt16_t gz,float dt,float Q_angle,float Q_gyro, 

15.          float R_angle,float C_0,float K1); 

16.   float Gyro_x,Gyro_y,Gyro_z; 

17.   float accelz = 0; 

18.   float angle; 

19.   float angle6; 

20. private: 

21.  float angle_err,q_bias; 

22.  float Pdot[4] = { 0, 0, 0, 0}; 

23.  float P[2][2] = {{ 1, 0 }, { 0, 1 }}; 

24.  float  PCt_0, PCt_1, E, K_0, K_1, t_0, t_1; 

25.  float angle_dot;                                

26. }; 

27. #endif 

28. // 

29. // END OF FILE 

30. // 



 

5 Kalman_Filter.cpp  

1. //Yiorderfilter()  

2. //Kalman_Filter()  

3. //Angletest() Kalman_Filter() 

4. // angle data Kalman_Filter  

5.  

6. ////////////////////// ////////////////////// 

7. // Angletest() Angletest() 

8.  

9. #include "KalmanFilter.h" 

10.  

11. //////////////////////////Yiorderfilter//////////////////// 

12. void KalmanFilter::Yiorderfilter(float angle_m, float gyro_m,float dt,fl

oat K1)   //angle6 x  

13. { 

14.   angle6 = K1 * angle_m + (1 - K1) * (angle6 + gyro_m * dt); 

15.  // return angle6; 

16. } 

17.  

18. ////////////////////////kalman///////////////////////// 

19. void KalmanFilter::Kalman_Filter(double angle_m, double gyro_m,float dt,

float Q_angle,float Q_gyro,float R_angle,float C_0) 

20. { 

21.   angle += (gyro_m - q_bias) * dt; 

22.   angle_err = angle_m - angle; 

23.   Pdot[0] = Q_angle - P[0][1] - P[1][0]; 

24.   Pdot[1] = - P[1][1]; 

25.   Pdot[2] = - P[1][1]; 

26.   Pdot[3] = Q_gyro; 

27.   P[0][0] += Pdot[0] * dt; 

28.   P[0][1] += Pdot[1] * dt; 

29.   P[1][0] += Pdot[2] * dt; 

30.   P[1][1] += Pdot[3] * dt; 

31.   PCt_0 = C_0 * P[0][0]; 

32.   PCt_1 = C_0 * P[1][0]; 

33.   E = R_angle + C_0 * PCt_0; 



 

34.   K_0 = PCt_0 / E; 

35.   K_1 = PCt_1 / E; 

36.   t_0 = PCt_0; 

37.   t_1 = C_0 * P[0][1]; 

38.   P[0][0] -= K_0 * t_0; 

39.   P[0][1] -= K_0 * t_1; 

40.   P[1][0] -= K_1 * t_0; 

41.   P[1][1] -= K_1 * t_1; 

42.   angle += K_0 * angle_err;  

43.   q_bias += K_1 * angle_err; 

44.   angle_dot = gyro_m - q_bias;  

45. } 

46. ////////////////////////kalman///////////////////////// 

47.  

48. ///////////////////////////// Angle test//////////////////////////////// 

49. void KalmanFilter::Angletest(int16_t ax,int16_t ay,int16_t az,int16_t gx

,int16_t gy,int16_t gz,float dt,float Q_angle,float Q_gyro, 

50.                              float R_angle,float C_0,float K1) 

51. { 

52.   float Angle = atan2(ay , az) * 57.29578;    //

      

53.   Gyro_x = (gx) / 131.00;              

54.   Kalman_Filter(Angle, Gyro_x, dt, Q_angle, Q_gyro, R_angle, C_0);      

      

55.  

56.   if (gz > 32768) gz -= 65536;   //Gyro_z,acclz 

          

57.   Gyro_z = -gz / 131.00;                       

58.   accelz = az / 16.4; 

59.  

60.   float angleAx = atan2(ax, az) * 57.29578;    //

            

61.   Gyro_y = -gy / 131.00;  

62.   Yiorderfilter(angleAx, Gyro_y, dt, K1);  

63. } 


