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Abstract: In order to get the smart car running stably in different situations, the article 
come up a control method for servo motor based on improving integral PID together 
with another for driving motor based on indirect PID. It expatiates the main theory of 
the two control method mentioned above. There are special chapters discuss the detail 
actualization of the software, The testing results based on the 32-bit micro-controller 
K60 as hardware system are provided. The results prove that the car is reliable enough 
to steer in the various raceways. 
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1. Introduction of Control Method for Servo and Driving Motor 
 

1.1 Introduction of a method for servo motor based on improving integral PID 
 

PID controller is a kind of controller which has more mature technology in control 
system and the most widely use. It’s structure is simple, that is easy to adjust the 
parameters, so in all areas of industry have applications. PID first appeared in the 
analog control system, the traditional analog PID controller achieves it’s function by the 
hardware (electronic components, pneumatic and hydraulic components). With the 
emergence of the computer, it is transplanted to the computer control system, the 
software has achieved the function, instead of the original hardware, that is resulting in 
digital PID controller, the algorithm is called digital PID algorithm. 

Digital PID controller has a very strong flexibility, which can adjust parameters online 
according to the test and experience, so you can get better control performance [1]. 
Because almost all of the microcontroller has hardware PWM, so the development 
direction of DC motor measurement and control technology based on software PID and 
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hardare PWM technology is digital and high reliability, the servo control described in 
this paper is the use of the control method. Digital PID is divided into position control 
algorithm and incremental control algorithm. In order to reduce the amount of 
calculation and get a stable result, the servo control uses incremental control algorithm. 
The formula is as follows: 

 

   1 1 22k P k k I k D k k kU K e e Ke K e e e                                       (1) 

 
It can be seen from the formula 1, the output increment ∆ Uk only with the current 

deviation ek, the last deviation ek-1, the last deviation ek-2, so the CPU as long as the 
time to know the value of ek, ek-1, ek-2, that can be executed PID formula, and output 
servo control, so as to effectively control the servo steering. 

As the PID controller is implemented in software, and flexibility is very strong, so part 
of the PID control algorithm can be improved according to the specific requirements [2]. 
In the motor control system, the output value of the control quantity is subject to the 
component or actuator performance constraints (such as power supply voltage limit, 
amplifier saturation, etc.), so its changes should be within a limited range, if the control 
amount of the calculation results beyond the scope, then the actual implementation of 
the control amount is no longer a calculated value, and the results are not consistent 
with the expected, known as the saturation effect. Integral in PID control is to eliminate 
static errors, improve control accuracy. However, when the motor starts or stops, the 
system will output a large deviation in a short time, and accumulate a large integral, 
resulting in a strong integral saturation effect, which will cause the system oscillation, 
adjust the time extension and other adverse results [1]. 

In order to avoid the phenomenon of integral saturation in the smart car described in 
this paper, two improvements are made to the integral of PID controller: integral 
separation method and stochastic integration method. 

The idea of integral separation is that when the deviation between the controlled 
amount and the given value is large, the integral is removed to avoid the generation of 
the integral saturation effect. When the controlled amount is close to the given value, 
the integral is reintroduced and play the role of elimination of static error, which not 
only ensures the accuracy of the control and avoid the generation of oscillation [1]. The 
specific implementation of this paper is: the introduction of an amount of X = 24.44 °, 
X value of the smart car is about three photoelectric pairs of the corresponding 
feedback value of the deviation of the tube, that is, when the deviation is less than 
24.44 ° into the integral link, greater than or equal to 24.44 ° ,then remove the integral 
link. For this reason, multiply an factor B by an integral term, as shown in formula 2: 
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After the factor B is introduced, formula 1 can be rewritten as formula 3: 
 

   1 1 22k P k k I k D k k kU K e e BKe K e e e                                         (3) 

 
The idea of weakening the integral method is that once the control amount Uk enters 

the saturation area, the calculation of the integral term is stopped, and only the 
calculation of the reduction of the integral (weakening) is performed. The specific 
process is: before calculating the Uk according to the PID formula, first determine 
whether the previous control amount Uk-1 reaches the limit range, if the limit has 
reached the saturation area, then according to the deviation of the positive and 
negative, to determine that the control amount make the system increase or reduce 
the overshoot, if it is to reduce the overshoot, then retain the integral items, or cancel 
the integral items. The limit weakening method, after entering the limit range, 
conditionally continues to accumulate or cancel the integral, thus avoiding the amount 
of control for a long time to stay in the saturation area [1]. The specific implementation 
of this system is that in the integral term, we introduce a coefficient C again, and C=1 
if we need to keep the integral term after judgment; otherwise C=0. Then the final 
servo PID control formula is as follows: 

 

   1 1 22k P k k I k D k k kU K e e BCKe K e e e                                         (4) 

 
According to the formula 4 can be written to the fully improved servo program PID. 

 
1.2 Introduction to Indirect PID Driving Motor Control Algorithm 

 
The driving motor of the smart car model is a DC motor, and the PID control algorithm 
can be used directly. However, the PID algorithm requires a systematic direct feedback 
value. The feedback value in the servo algorithm is obtained by photoelectric sensing. 
Direct get the feedback value must be designed in the hardware speed sensor, which 
is bound to bring relatively large workload at the hardware selection, hardware design, 
PCB design, software implementation; At the same time, the weight of the smart car 
will increase after add the speed sensor, which will increase the load of the driving 
motor, consume the power fast; at the same time so heavy smart car will also have a 
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negative impact to servo steering, because the hardware of connecting servo and 
connecting rod is made in plastics ,the East servo output control Uk formula is: 
 

1k k kU U U                                                  (5) 

 
Where ∆ Uk is the increment of the servo output control amount, and the Uk-1 is the 

output control of the servo. The Uk as the driving motor input. Let the driving motor 
output control amount of M, it is calculated as follows: 
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In the formula 6, the constant C is the control amount of the driving motor when the 

smart car travels on a straight line. The constant BRV4 is the control amount of the 
driving motor when the smart car travels at maximum right turn. The constant BR4 is 
the theoretical control amount of the driving motor when the smart car travels at the 
maximum right. The constant BL4 is the theoretical control amount of the servo when 
the smart car travels at the maximum left. Then the formula of M in formula 6 is a 
unitary piecewise linear equation. In fact, the function of formula 6 is two straight lines, 
indicating that the control amount of the driving motor in the left hand of the smart car 
is linearly reduced, while the right-hand driving motor control amount is linearly 
increased. The advantage of the linear variation of the driving motor control amount is 
that it can smooth the change in the motor control amount and facilitate the increase 
or decrease of the control amount evenly when the car is turned, so that the car can 
keep a steady speed while turning, and there will be no pause phenomenon. 
 

2. Servo and driving motor control algorithm program implementation 
 

2.1 Integral Link Improved Tuner PID Algorithm Program 
 
The servo described in this paper uses a digital PID control algorithm. Digital PID 
algorithm is divided into incremental type and position type. We use the incremental 
calculation, the position of the output method. At the same time, in order to make the 
car more stable, this paper has improved the integration of PID algorithm, because the 
impact of the differential link on the smart car system is not great, so this article does 
not improve the differential link. Specific PID algorithm and improved in section 1.1, 
here only do a specific introduction on the PID algorithm and improved software 
implementation. Specific procedures flow chart shown in Figure 1. 
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Figure 1 
 
Figure 1 shows the first half of the flow chart for the improve the integration 

algorithm of PID control algorithm, where the integral coefficients B and C for the 
introduced coefficient, we can confirm B and C value according to the program 
determined, the last part is the usual Digital PID control algorithm. 
 

2.2 Indirect PID Driving Motor Control Algorithm Program 
 

The system of motor control using indirect PID control algorithm, its ideas and specific 
description has been described in the previous article. Specific flow chart shown in 
Figure 2. 
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Driving motor indirect PID control algorithm, first use the servo PID output control 
amount as their own indirect feedback value, and then get the final driving motor 
output control amount through the formula 6 after the operation. 
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Figure 2 
 
According to the above two kinds of control algorithms for C programming, K60 

microcontroller as the core control module and model car as the system hardware 
equipment, which execute the algorithm test. First of all, the traditional PID program 
test the speed and stability of smart car, then gradually improve the speed of smart car 
after the car stay stability and ensure that the smart car can run the specified runway, 
write the best results. And then according to the two PID control algorithm described in 
this paper to verify the speed and stability of the smart car speed, stability, after the 
same gradually increase the speed of smart car and to ensure that smart car can run 
the specified runway stably, also note the best results. To compared with the 
traditional PID algorithm results, you can get the results. 
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The results show that the improved PID servo control algorithm and the indirect PID 
driving motor control algorithm can optimize the control algorithm so that the smart car 
can run the game more stable, reliable and fast. 
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