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Abstract—In the smart car, the speed and direction of 

control is the core of the entire smart car system control. 

Due to the limitations of the system hardware, there is a 

certain delay on the control of speed and direction of smart 

car, which has adverse effects on the control of smart car. In 

this paper, The speed and turning control algorithm was the 

PID algorithm, and the feed-forward and feedback control 

methods are applied to the control of the smart car, and the 

interference caused by the deviation will process in advance. 

In order to improve the dynamic performance of the system, 

the digital PID algorithm is improved and the incomplete 

differential algorithm is introduced into the PID algorithm. 

With this new algorithm, the dynamic performance of the 

smart car system has been greatly improved. 

 

Index Terms—PID,  Feed forward,  Fuzzification,  smart 

car 

 

I. INTRODUCTION 

Smart car system is a time-varying and non-linear 

system. The single feedback control of the traditional PID 

algorithm can cause the system will exist in varying 

degrees of overshoot and oscillation phenomenon, and 

can not get the ideal control effect. In this paper, the feed 

forward control is introduced into the control of the 

intelligent vehicle system, which improves the real-time 

performance and the reaction speed of the system[1]. 

According to the characteristics of the smart car system, 

improved the digital PID algorithm, and introduced the 

first differential and incomplete differential, and the 

dynamic characteristics of the system are improved. At 

the same time, the fuzzy control has the characteristics of 

insensitive and robustness to the parameter variation [2]. 

In this paper, the fuzzy algorithm and the PID algorithm 

are combined to effectively improve the adaptability and 

robustness of the smart car, and a better control 

performance of the system. 

II. IMPROVED PID ALGORITHM 

The control of the smart car is completed by Free scale 

Carle's K60 chip, so we use computer control methods 

for the control of smart car. Aiming at the specificity of 

smart car control, this paper makes some improvements 

to the traditional digital PID algorithm, so that can better 

meet the needs of smart car control. 

A. Incomplete differential PID 

The differential part is introduced into the direction 

and speed control of smart car, which can improve the 

dynamic performance of the system obviously, but it is 

also sensitive to the sudden change of the error 

disturbance, and has some adverse effect on the stability 

of the system. In order to overcome the above 

shortcomings, this paper adds a first-order inertia part to 

the PID algorithm [3], the structure of the incomplete 

differential PID algorithm is shown in Figure 1. 
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Figure 1. the structure of the incomplete differential PID algorithm 

The first-order inertia part directly to the differential 

part, the system can be obtained transfer function: 
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（1） 

The derivative terms of (1) are derived and collated to 

get the following equation: 
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（2） 

For programming convenience, the formula (2) can be 

written as follows: 
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In the formula 
( 1)( 1) (1 ) ( 1)d dH k K eu k k    

 

Analysis (3) shows that after the introduction of 
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incomplete differentiation, the differential output in the 

first sampling cycle is reduced, and then decays in a 

certain proportion[3][4]. The experimental results show 

that the incomplete differential effectively overcomes the 

adverse effects of the disturbance of the intelligent 

vehicle to the speed control, and has better control effect. 

Figure 2 for the incomplete differential PID algorithm 

program flow 

figure.

 

Figure 2.  The incomplete differential PID algorithm program flow 

chart 

B. Differential prior PID 

As the smart car driving on the runway, often 

encounter the situation that need to turn, so the speed 

setting value and direction setting value of the smart car 

will change frequently, which will cause oscillation of the 

system. In order to solve the bad influence of the frequent 

change of the set value on the system, this paper 

introduces the differential PID algorithm in the speed and 

direction control of the smart car, which is characterized 

by only the differential output, that is, only the speed 

measurement and The deflector deflection is 

differentiated, and the set point of velocity and direction 

is not differentiated. In this way, when the set value 

changes, the output does not change, while the control 

amount of change is relatively moderate, which can avoid 

the frequent changes in the set value to oscillation that 

the system caused by, and it obviously improve the 

dynamic performance of the system. 

Figure 3 is the differential prior PID control structure, 

differential prior incremental control formula is as 

follows. 
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Figure 3.  The differential prior PID control structure,Application of 

feed forward control 

III. STRUCTURE OF SMART CAR CONTROL SYSTEM 

Smart car control is mainly reflected in two aspects: 

one is the direction of control, that is, the control of the 

steering gear; the other is the speed of control, that is, the 

control of the servo motor. The mathematical model of 

the steering gear is relatively simple, with good linear 

characteristics, only the feed forward control; smart car 

speed control is relatively complex, the speed model can 

not be accurately established, using feed forward - 

improved PID algorithm for control. smart car control 

system structure shown in Figure 4. 
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Figure 4.  smart car control system structure 

  In Figure 4, 3( )G s
and 5( )G s

and B are the 

mathematical models of the steering gear and servo 

motor respectively. As you can see from the figure, the 

direction control and speed control of the smart car are 

independent of each other, and they are determined by the 

route deviation. The correspondence between the steering 

angle and the deviation of the steering gear is based on 

the mathematical model of the steering gear. In the speed 

control loop, both the feedback loop and the feed forward 

are included. The control amount of the servo motor is 

based on the feed forward compensation, and then 

calculated by the incremental PID algorithm. 

A. Application in direction control 

There are two requirements for the direction control of 

a smart car: the direction is stable on the straight path; the 

direction at the turn needs to change accurately and 

quickly. Only in this way the smart car can be kept in 

high speed and stable running on the runway. In order to 

improve the robustness of the directional control, this 

paper also deals with the blurring of route deviations. 

Figure 5 is the structure of the directional fuzzy feed 

forward control of the smart car. The 
( )ZG s

and 
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( )WG s
 in the figure are the feed forward control 

functions in the two cases of straight path and curve 

respectively. 
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Figure 5.  The structure of the directional control system of the smart 

car 

B. Application in speed control 

In turning, to prevent the smart car from running out of 

the runway, the speed of the smart car must be reduced, 

which requires that the speed control system of the smart 

car has good acceleration and deceleration performance. 

When the smart car passes the continuous turning runway, 

the frequent change in route deviation will cause the 

frequent change of the speed setting, which will lead to 

the oscillation of the speed control system and cause the 

instability of the system. In order to solve the above 

problems, this paper improved the digital PID algorithm, 

and introduced the incomplete differential and differential 

prior into the PID algorithm, which greatly improves the 

dynamic performance of the speed control system. 
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Figure 6.  Structure of speed control system for intelligent vehicle 

  Figure 6 is the smart car speed control system structure. 

In order to improve the adaptability of the system, the 

fuzzy PID algorithm is adopted in the speed control 

system. The speed setting and the actual speed are fuzzy 

sub-file, and the relative optimal PID parameters are 

obtained by debugging, which ensures that the speed 

control system has better control effect under different 

conditions. 

IV.  CONCLUSION 

The improved PID algorithm proposed in this paper is 

an effective method for smart car control. The algorithm 

makes the smart car system not only have good dynamic 

performance and reaction speed, but also improves the 

adaptability and robustness of the system, so that the 

smart car can be in different run on the runway at a faster 

speed. The experimental results show that the control 

algorithm this paper proposed improves the performance 

of the smart car, and the smart car with the new PID 

algorithm is faster than the smart car with the traditional 

PID algorithm when smart car is running on the 60-meter 

race runway, the average time of running a circle is 

reduced by 6.5 seconds, and the algorithm proposed in 

this paper also improves the stability of the intelligent 

vehicle operation and improves the adaptability of the 

intelligent vehicle to the runway. 
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