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Abstract - In order to validate the autonomous driving algorithm, we establish a miniature autonomous driving model 
system. In this paper,a miniature autonomous driving car, including decision module, perception module, control module, 
and execution module,is developed.The decision module,host computer,is designed to process data and execute the control 
algorithm to implement lane recognition, obstacle detection,and localization.Theminiature road traffic surroundings is built 
based on contraction ratio of real road and vehicle.The developed miniature autonomous driving model can provide a 
validation method for the autonomous driving algorithms before real automotive test, in order to save cost and time and 
reduce traffic accident risk. 
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I. INTRODUCTION 

 

With the rapid increase of the automotivenumber in 

the world, problems of traffic safety, urban 

congestion, and environmental pollution becomes 

more and more serious. Autonomous driving 

technology is one of solutions for these problems. 

In recent years, many researchers have done a lot of 

research to develop autonomous driving algorithm 
and implement simulation by means of various 

software platforms.The real vehicle test is an 

important part during the entire development of 

autonomous vehicle,which, however, takes lots of 

time with high risk of traffic accidents and high 

cost.In addition, there are still many difficulties in 

research and development of autonomous driving in 

the real road traffic environment. Therefore, it is 

necessary to implement semi-entity simulation and 

validate the developed autonomous driving algorithm 

beforereal vehicle test, which can reduce time, cost, 
and risk. The miniature autonomous driving 

surroundings proposed in this paper may be a feasible 

and effective solution. This paper introduces 

construction of the miniature autonomous driving 

model, in which the miniature autonomous driving 

car is designed in the section 2 and the miniature road 

traffic surroundings is briefly described in the section 

3. 

 

II. MINIATURE AUTONOMOUS DRIVING 

CAR 

 
A set of miniature autonomous driving car is 

developed in our research, which includea car body 

with driving module, perception sensors, and 

communication between a host PC and a client PC. 

 

2.1. Car Body 

The objective of our research is to focus on 

developing miniature autonomous driving car, so a 

commercial car model is employed as the car body. 

The car body is composed of two driving DC motors, 

a steering servo motor, a motor driver, a PWM driver, 

a Raspberry Pi, and a robot HATS which connects 

Raspberry Pi with other components.The two DC 

motors drive the car ahead and the servo motor is 

responsible for steering. Thus, the motion of three 
motors should satisfy the following relation if car 

slipping is neglected in turning and the bicycle model 

is employed shown in Fig. 1. 

𝛿 ≈ 𝑠𝑖𝑛𝛿 =
𝐿

𝜌
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whereδis steering angle, L is wheel base, and ρ is turn 
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whereωLand ωRarerotary speed of left and right wheel, 

respectively, and b is wheel track. 
 

 
Fig.1. Vehicle bicycle model 

 

2.3. Hardware Architecture 

In order to ensure the safe driving of the miniature 

autonomous driving vehicle, the miniature 
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autonomous driving system must meet the 

requirements of reliability, stability and real-time. 
The entire hardwareconstructionis divided intofour 

parts:decision module, perception module, control 

module, and execution module, as shown in Fig. 3. 

 

 
Fig.2. Hardware architecture. 

 

The perception moduleacquires state and 

surroundings information around the miniature 

autonomous driving car by sensors. The camera is 

used for lane recognition via image processing, the 

IMU and encoder installed on two driving motors 

localize the position of the miniature car, and the 

Lidar is used to detect obstacle.  

Due to large amount of calculation of data processing 

and decision maker, it is hard for the Raspberry Pi to 
implement calculation. As the control module, 

Raspberry Pi sends the surroundings information to 

the host PC by wireless communication and, at the 

same time, transfers command signals to the driving 

motors and steering servo motor. Therefore, the main 

function of client PC, i.e. control module, is to 

transmit data and command among the perception 

module, execution module, and decision module. 

The decision module, host PC, fuses the effective 

information obtained by the perception module 

andextracts the useful information to perform lane 

recognition, obstacle detection, and localization. 
After a series of analysis and processing, it should to 

plan the driving path and generate driving and 

steering commands. 

Following the command signals, the execution 

module generates the PWM signals to drive two DC 

motors and steering servo motor. The robot hat is 

necessary to connect the Raspberry Pi with the PWM 

driver. 

 

2.3. Data Communication System 

The performance of communication among all 
modules directly affects the overall performance of 

the miniature autonomous driving system. The data 

communication requires high universality and 

accuracy of the hardware, as well as high data 
transfer rate. The camera is connected to the 

Raspberry Pi via USB port, the Lidar and IMUare 

connected to USB port viaaserial to USBconvertor, 

and the two encoders attached on the DC motors 

aredirectly connected to GPIO port of Raspberry Pi. 

The data from sensors is sent to the host PC by UDP 

communications. The lane recognition, obstacle 

detection, and the track calculation are 

implementedin the host PC, and the control command 

is sent to Raspberry Pi through TCP 

communication.The entire communication system is 

shown in Fig. 3. The miniature autonomous driving 
system relies on the how fast sensor data acquisition 

and transmission are, as well as the accurate response 

to PC host commands.Fig. 4. shows the completed 

miniature autonomous driving car. 

 

 
Fig.3.Data communication system. 

 

Fig. 4. shows the completed miniature autonomous 

driving car, which has contraction ratio of 1:12.4 

comparing with the real automotive size. 

 

 
Fig.4. Miniature autonomous driving car 

 

III. MINIATURE AUTONOMOUS DRIVING 

SYSTEM 

 
The miniature autonomous driving system is a 

research platform for studying theminiature 

autonomous driving car in sometypical traffic 

scenarios, which mainly include the miniature road 

traffic surroundings and the miniature autonomous 

driving cars. 

 

3.1. Miniature Road Traffic Surroundings 
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Based on the real traffic scenarios, the miniature road 

traffic surroundings isconstructed according to 
contraction ratio of 1:12.4, includingvarious road 

elements, such as straight road, curve road, 

intersections, T-junctions, etc. It can provide a 

repeatable, evaluable and verifiable experimental 

platform for autonomous driving research. The 

miniature autonomous driving cardrives in the 

miniature road traffic surroundingsand realizes the 

autonomous driving. 

 

3.2. Miniature Autonomous Driving System 

The miniature autonomous driving system includes 

the PC host and the miniature vehicle system. The PC 
host can process signals from sensors through UDP 

communication, and implement lane recognition, 

obstacle detection, and dead reckoning of the 

miniature vehicle, and then send control commands to 

the miniature vehicle through TCP communication to 

control the vehicle remotely to implement 

autonomous driving. 

 

IV. CONCLUSION 

 

A miniature autonomous driving model is presented 
in the research, which is to construct miniature 

autonomous driving car and miniature road traffic 

surroundings. The former comprises the decision 

module, perception module, control module, and 

execution model. Camera, IMU, encoder, and Lidar 

are utilized to recognize surroundings. The entire 

miniature autonomous driving model can be used to 

validate the autonomous driving control algorithm in 

order to improve performance and safety of algorithm 

before real automotive test. The next work of the 

research is to find difference between miniature 

autonomous driving modeltest and real automotive 
test. 
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