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Abstract:  This article aims to use the MSP430 single-chip to design an intelligent car, which is 

suitable for the precision tracking of various inclined slopes. The patrol car uses infrared sensors to 

collect ramp trajectory information and to adjust the forward direction through the front-axle steering 

mechanism. The gyroscope collects the car status in real time so that the car is controlled to perform 

uphill acceleration, downhill deceleration. Such a design allows the patrol car to be stabilized in the 

ramp with the established route. 

 

Keywords: MPU6050, patrol car, front steering axle, ramp track. 

 

 

I. INTRODUCTION 

 

n recent years, recent years, with the continuous 

advancement of industrialization, the research of 

intelligent tracking car has attracted more and more 

attention. This design has broad application prospects in 

many aspects such as unmanned transportation, 

warehouse intelligent management, and robot motion, 

etc. 

The intelligent ramp patrol car collects the pre-

paved path information through the multiple infrared 

transceiver pair tube, and the ramp car is driven through 

the front steering to correct the driving direction. It 

adopts the MPU6050 six-axis sensor to read the real-

time status of the line-racking car to determine the 

condition of the slope road and perform the operation of 

uphill acceleration and downhill deceleration [1]. 

 

II. THE STRUCTURE DESIGN 

 

A. Brief Introduction of Car Structure 

The basic structure of the intelligent car is shown in 

Figure 1. The front end of the ramp intelligent car is a 

five-channel single-row infrared tracking module which 

can obtain the track information of black lines on the 

ground. The front of the car is an actuator to control the 

front steer axle. The main function of it is to correct 

direction accurately, and the rear of the car is a pair of 

DC gear motors. The single-chip can output the PWM 

(Pulse Width Modulation) signals through the L298N 

motor drive module to control the rotation speed of 

motors. 

 

 
 

Fig.1 Car basic structure 

 

B. Infrared Tracing Board 

        The tracking module on the infrared patrol board is 

composed of five infrared sensors [2], and the object is 

shown in Figure 2. Five infrared emission tubes emit 

the infrared light that is reflected by the ramp and 

received by the infrared receiver tubes. The position of 

the car is judged and the adjustment is made to prevent 
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the car from deviating too much from the black line and 

deviating from the predetermined trajectory. 

 

 
 

Fig.2 infrared tracing panel 

 

C. Front-axle Steering Mechanism Structure 

The structure of the actuator and front-axle 

steering mode is shown in Figure 3. When the actuator 

rotates, the front bridge is used as a steering bridge that 

utilizes the steering knuckle in the axle to deflect the 

wheel of the two ends to achieve the steering of the car. 

 

 
 

Fig.3 Actuator and front-axle steering structure and 

steering mode 

 

When designing the front axle of the car, in order 

to stabilize the steering wheel and simplify operate and 

reduce the steering of the tire, we design the correct 

positioning angle; and in order to improve the 

smoothness of the truck, the front bridge quality is 

reduced and the spring increases buffer is added. 

 

III. HARDWARE CIRCUIT DESIDN 

 

The hardware of the ramp patrol car is composed 

of the MSP430 single chip microcomputer, DC motor, 

MPU6050 six-axis sensor, lithium battery and step-

down module and so on. Its basic hardware architecture 

is shown in Figure 4. 

 

 
 

Fig.4 Minimum system basic hardware architecture 

 

 

A. The Minimum System Module 

The control system is based on the MSP430F5529 

minimum system module as the core, which is shown in 

Figure 5. The MSP430F5529 main control circuit is the 

core of the control processing of the MSP430F5529 

Launch Pad. Its hardware includes the single chip 

minimum system, LED, buttons, USB and host 

computer communication interface circuit and so on [4]. 

 

 
 

Fig.5 MSP430F5529 minimum system module 

 

B. MPU605 Motion Processing Sensor 

The MPU6050 is a 6-axis motion processing 

sensor as shown in Figure 6. It integrates a 3-axis 

MEMS gyroscope and a 3-axis accelerometer, which 

can measure the angular velocity and acceleration of X, 

Y and Z axes. Through the filtering processing, the 

physical quantity is transformed into angle number by 

mathematical method. We connect the SCL and SDA 

on MPU6050 to IIC interface of MCU, and the MCU 

collects the attitude information of ramp patrol car in 

real time through this IIC interface. 
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Fig.6 The 6-axis motion processing sensor module 

MPU6050 

 

C. Actuator 

MG996R steering gear is a kind of common angle 

servo motor. A periodic pulse signal with a period of 

about 20ms is input and a pulse width of 0.5ms ~ 2.5ms 

is output to the actuator. The position of the steering 

wheel changes from 0° to 180° correspondingly [5]. 

 
D. Motor and Its Driving Module 

L298N is used to drive two DC motors to control 

the normal driving of the car on the slope. And the 

L298N contains two H-bridge high voltage and high 

current full bridge drivers, which is controlled by 

standard logic level signals [6]. 

When the gyroscope detects the slope, the single 

chip microcomputer outputs corresponding PWM 

waves according to different angles, and adjusts the 

voltage by changing the size of the duty cycle to control 

the normal speed of the motor. 

 
E. Infrared Sensor Module 

TCRT5000 tracking module is adopted, which is 

shown in Figure 7. The principle of it is that the 

infrared emitting triode of the TCRT5000 sensor 

constantly emits infrared ray. When the emitted infrared 

ray is not reflected, the output end of the module is high 

level at this time. When the detected object appears in 

the detection range, the infrared ray is reflected and the 

output end of the module is at low level. 

 

 
Fig.7 Schematic diagram of TCRT5000 tracking 

module 

F. Battery and Step-down Module 

The entire power supply system is a 7.2V 

rechargeable battery, and the motor is directly powered 

by the battery; the MSP430 single-chip needs a 3.3V 

power supply, and the tracking module is provided with 

a 5V power supply by the single-chip microcomputer, 

so the LM2596 voltage step-down module is used to 

reduce the 7.2V voltage to 3.3V. 

 

 

IV. SOFTWARE DESIGN 

 

The flow chart of the software system design is 

shown in Figure 8. After the system and external device 

are initialized, the collected route and slope information 

is processed. When obtaining a return value, the 

calculated different results are used to establish the duty 

cycle of DC motor and actuator so as to change the 

direction and speed of the car. When the car reaches the 

finish line, it stops and the buzzer keeps ringing. 

 

 

 
 

Fig.8 Software design flowchart 
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G. Tracking Method 

We know that when each infrared module detects the 

black line, it will return "1". When the black line is not 

detected, return the low level "0". The five infrared 

sensors on the infrared panel are numbered from left to 

right respectively, which is shown in Figure 9. 

According to the state of infrared detection, the car and 

the black line position are analyzed, and the angle is 

calculated to adjust the car’s attitude to carry out the 

patrol 

 

 
 

Fig.9 Infrared sensor from left to right numbers 

 

For the front-axle steering mechanism, the 

actuators are used to veer. When the car needs to turn, 

the minimum system outputs the appropriate PWM to 

control the actuators, and the power is transmitted to the 

rudder swing arm. The rudder discharge arm is 

connected to the pitman arm, and the the pitman arm 

turns a certain angle. At the same time, the the pitman 

arm drives the steering knuckle, then the steering wheel 

is deflected, thereby the car is steered. We use the 

position of the steering wheel to change 0° ~ 180°, but 

due to the line limit, the steering angle θ is limited to 

60° to 120 ° during the steering process. After a series 

of transmissions, when the car steering wheel is rotated, 

the mapping front axle adjusts the angle γ, the rotation 

range  β is from -36° ~ 36°. The angle definition is 

shown in Figure 10. 

 

 

 
 

Fig.10  θ、β、γ  angle definition 

 
After testing, the five-way infrared state of the 

ramp car is obtained, and the actuator rotation angle θ, 

the front-axle adjustment angle β, γ (positive represents 

the wheel is to the left, and negative means to the right) 

are shown in Table 1. In order to enable the patrol car 

to meet the ramp during the cruise, and to avoid the 

occurrence of the speed problem when it is 

overwhelmed or downhill, the MPU6050 six-axis 

sensor is used to get the real-time inclination, so as to 

adjust the motor speed to operate stably. 

 

Table 1 Correspondence of each parameter θ, β, γ 

High 

level 

serial 

number 

Car status 

Actuator 

rotation 

angle θ 

Left round 

adjustment 

angle β 

Left round 

adjustment 

angle γ 

③ 
no 

deviation 
90° 0° 0° 

②③ 
right avert 

slightly 
100° 13° 8° 

③④ 
left avert 

slightly 
100° -8° -13° 

①② 
right avert 

seriously 
60° 36° 23° 

④⑤ 
left avert 

seriously 
120° -23° -36° 

①②③ 

④⑤ 

reach 

destination 
90° 0° 0° 

 

We know that the voltage modulation through 

PWM can control the speed of the DC motor and the 

pulse width modulation speed. After testing, it is known 

that the battery voltage is 7.2V, and the PWM 

waveform duty ratio is = 105/255 on the horizontal 

plane, the trailer can be climbed to 30° slope.         

Therefore, we define the voltage that the motor actually 

receives between 0° ~ 30° as 
0U  

 

UU 










30

100




                   (1) 

Where 0  is the PWM wave duty cycle when the 

car is on the horizontal plane. In formula 

(1), 255

105
0 

, and 255

105255
1




. The 

parameter αcan be measured as the ramp angle. “U” is 

the volume value in the formula (1), and its value is 

7.2V. 
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V. EXPERIMENTAL RESULTS 

 

A. Testing Infrared Sensitivity 

After fixation and debugging of the infrared 

module, it is finally determined that the best effect is 

6mm from the ground. The car can accurately 

distinguish the black line and adjust the gesture 

according to different status. As shown in Figure 11(a), 

the car is opposite to the black line, and the left two 

infrareds return high levels and lights. The front-axle 

steering wheels are turned to the left to adjust the 

posture. 

As shown in Figure 11(b), the car is opposite to 

the black line right, and the right two infrareds return to 

the high level and lights, and the front-axle steering 

wheels are turned to right to adjust the posture. 

 

   
(a)                                         (b) 

Fig.11 Sensor sensitivity test 

 

 

B. Gyroscope Angle and Speed Test 

The minimum system is connected to the host 

computer, and the gyroscope dip angle λ is acquired 

every 0.1m, the generator output voltage 0U
from the 

corresponding time is collected. The results are shown 

in Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It can be seen that the gyroscope angle is unstable 

and with a certain fluctuation, the motor voltage 

variation has a certain delay, but the voltage is 

substantially maintained at 5.03V ~ 5.21V. The change 

is not large, and it can operate stably. 

 

C. Fixed Slope Patrol 

The actual effect of the experiment is shown in 

Figure 13, and the inclination angle is 14°. The car can 

adjust direction and complete the patrol in different 

ramp condition. When the end point is arrived, the five 

infrared is high, the car is stagnant, and the buzzer 

keeps ringing. 

 

 

 

 
 

Fig.13 Ramp patrol test 

 

 

VI. CONCLUSION 

The intelligent ramp patrol car designed in this 

paper takes the MSP430F5529 minimum system as the 

control core. The moving direction of the car is detected 

through the five-way infrared module, and it collects 

the moving state of the car with MPU6050. The car 

adopts the actuator and the front-axle to steer.  

Compared with the differential turning, the car has 

fast rotation response and high precision. The car 

changes its speed according to the real-time data of the 

gyroscope so that it can adapt to the tracking task of 

different slopes. After testing, the intelligent ramp 

patrol car runs stably. It is an intelligent car that 

integrates data acquisition 
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