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Abstract ;: The omnidirectional mobile platform has three degrees of freedom that make it widely applicable to all areas
of industry, while the Mecanum wheel has the disadvantages of large vibration, the trajectory precision of Mecanum
wheel omnidirectional mobile platform is always difficult in the omnidirectional mobile platform. To control the
trajectory of the omnidirectional mobile platform better, this paper proposes a fuzzy self-tuning PID control model,
through establishing the motion model of omnidirectional mobile platform in Adams software, then combined with
Simulink simulation, analysis of fuzzy PID controller to improve the accuracy of the speed control of omnidirectional
mobile platform, improve the control method of a precise trajectory of the omnidirectional mobile platform motion.
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1 Introduction

The omnidirectional mobile technology is a new technology from mobile robots development, omnidirectional
mobile platform is the application results of the omnidirectional mobile technology, omnidirectional mobile
platform can be achieved and rotated three degrees of freedom motion. Because a translational and rotary motion
is independent of each other, so it can be more convenient to adjust the robot motion, to solve the traditional
mobile platform in a narrow space within the radius, not accurate positioning and difficult to adjust the pose
problem'". Because of its good motion characteristics, omnidirectional mobile platform has been widely used in
production and processing as well as people’s daily life'?’. However, the positioning accuracy of the existing
omnidirectional mobile platform is not very satisfactory, increase of the freedom of the omnidirectional mobile
platform also leads to the deviation of the speed and direction of movement'**. In this paper, according to the
deviation of omnidirectional mobile platform movement speed and direction of motion, it shows fuzzy self-tuning
PID control model, controller to eliminate the deviation of the platform motion, reduce the fluctuation of the
steady-state speed, improve the stability of motion. The motion error of omnidirectional mobile platform is
inevitable. Therefore, it is very important to know how to improve the motion accuracy and reduce the error of
trajectory tracking. The speed control is a key link in the control system of the omnidirectional mobile platform,
and the speed control includes the control of the servo motor and the speed control of the mobile platform. Only

by improving the precision of the mobile platform speed control, we can control the trajectory of the platform.

Received 16 March 2017



Motion Control of Omnidirectional Mobile Platform based on Fuzzy PID 151

2 Overall speed control design of omnidirectional mobile platform

Proportional , integral and differential control is one of the most widely used control methods in engineering,

referred to as PID control

. PID controller has the advantages of the simple structure, easy realization of
hardware and software, good stability, high reliability and good robustness to model an error'” | which is widely
used in industrial process controlling. Fuzzy control is a method, based on rules, it directly uses language control
rules and expert control phenomenon in engineering related experience as the starting point, it is a method of
artificial control, strong adaptability, and certain degree of intelligence'® . The fuzzy controller needs to establish
the relevant reasoning mechanism, and does not need to know the exact mathematical model of the controlled
system. The omnidirectional mobile platform is a multi-input and multi-output nonlinear system, showing

influence of wheel slippage, uneven load distribution, motor control deviation and other factors in the process of

movement, so fuzzy control algorithm is adopted.
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Figure 1  The mobile platform speed control overall structure diagram

As shown in Figure 1, the speed control of omnidirectional mobile platform adopts the idea of fuzzy PID control to
improve the motion accuracy of the system. First of all, the difference between the actual platform speed from the
external sensor detects the initial velocity, and the amount of output as the input of fuzzy controller, fuzzy
controller with the corresponding mobile platform after processing, the speed sensor gets the input speed of each
motor through the inverse kinematics transformation matrix of the system. At the end, the kinematics matrix

obtained the theory of output speed which is for omnidirectional mobile platform by each wheel speed.
3 Outer loop fuzzy PID control of omnidirectional mobile platform

Fuzzy self-tuning PID '’ is based on the PID controller, according to the input error e and error rate of change
e,, the application of two-dimensional fuzzy control method for the PID with the three parameters in real-time
setting' ™!, The controller combines the advantages of fuzzy control and conventional PID, when the input error

faster response speed, and when a small error can improve the stability of the system, the controller structure is

shown in Figure 2.
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Figure 2 Structure of fuzzy self-tuning PID controller

3.1 Design of fuzzy self-tuning PID controller

When the platform moves longitudinally, speed steady-state error and speed fluctuation of mean achive minimum;
during the horizontal movement, there is a certain bias speed steady state mean and the theoretical value, the
speed fluctuation is small; with the platform along the 45 degree oblique motion, longitudinal and transverse
velocity fluctuation, the motion precision is low''”’. Due to the relatively large error of V., the longitudinal

velocity of V, is relatively large. It has been shown, the fuzzy self-tuning PID controller is used to improve the

speed control accuracy.

1) Fuzzy variable
Signal input device for the fuzzy input velocity deviation of delta V, e, variation of transverse velocity deviation
rate; the output parameters of the fuzzy PID controller are k,, &, and k,. The total output of the fuzzy self-tuning

PID controller is u, which provides the adjusted speed control signal for the mobile platform.

The error e of the value space is [ —20,20], the error e of the fuzzy language for { NB, NS, ZE, PS, PB/|, the
value of the error is quantified to [ =2,2], the quantization factor k, is 10. Steady state velocity fluctuations
around the mean, the data sampling period is smaller, the slope velocity curve (error rate e,) greater value space
position, error rate of e, is [ =12 001 200], the value space of fuzzy language is { NB, NS, ZE, PS, PB/|, the
value of error rate is also quantified to quantify [ —=2,2] factor k, is 600. Input error e and the input error rate of
e, membership functions are shown in Figure 2 and Figure 4, the membership function of the common triangle
function, convenient and relatively simple calculation.
Membership function plots Plot points: 181 Membership function plots Plot points: 181

LokNB NS ZE PS PB o8 NS 7E PS PB
g o

0 ¥ I I ] {_J = I T I
=2 -1 0 1 2 =2 -1 0 1

Input variable "e" Input variable "e."

ra Ll

Figure 3 Membership chart of input deviation e Figure 4 Membership degree of input deviation rate e,

The value space proportional coefficient k, is [0, 3], fuzzy language value space for {PS, PM, PB/; interval
integral parameter k; is [0, 15], the value space of fuzzy language is {ZE, PS, PB/!; interval differential

parameter k,is [0,0.01], the value space of fuzzy language is {ZFE, PS, PB}. k,, k; and k, three output
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variables of the membership function is also taken as a triangular function, as shown in Figure 5, Figure 6 and

Figure 7.
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Figure 7 Membership degree of differential coefficient of k,

2) Fuzzy control rule base design

The parameter adjustment model of PID is usually based on the step response characteristics of the two order
system. In order to make the longitudinal motion of the omnidirectional mobile platform more rapid and sTable,
combined with the practical experience of setting PID parameters and the step response characteristics of the two

order system, the following control rules are proposed under:

Rule 1: in the initial state, the error e is larger, can take a larger proportion of k,; in order to shorten the

response time, reduce the steady-state error, can take the appropriate integral coefficient £, ;

Rule 2: when the error e is of moderate size, in order to reduce overshoot, smaller k, and k; coefficients can be

obtained ;

Rule 3: when the error e is small, in order to increase the stability of the system, the k, coefficient of moderate

size and the k, coefficient of moderate size can be taken into account;

Rule 4. when the error e is small, k, is also based on the error rate of change in the size of e, to be adjusted, the
larger the e, takes a smaller k,, the smaller the e, takes a larger k,.

According to the above rules, select the "if e e, then u" form, the establishment of the output variables &, £,

po i

and k, 25 control rules, and the establishment of the corresponding query table. k,, k; and k, parameters

corresponding to the fuzzy output space are shown in Table 1, Table 2 and Table 3.
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Table 1k, on e and e, fuzzy control rule table

e

c

& NB NS ZE PS PB
NB PM PB PB PB PB
NS PS PS PM PM PB
e ZE PM PM PS PM PM
PS PB PB PM PM PS
PB PB PB PB PB PM
Table 2 & on e and e, fuzzy control rule table
€,
,
NB NS ZE PS PB
NB ZE ZE ZE ZE ZE
NS PS PS ZE ZE ZE
e ZE ZE PS PB PS ZE
PS PB PB PS ZE ZE
PB PB PB PB PB PB
Table 3 fuzzy control rule table of &, about ¢ and e,
e,
kd
NB NS ZE PS PB
NB PD PB PB ZE ZE
NS PS PB PS ZE ZE
e ZE PS PB PB PB PS
PS ZE ZE PS PB PS
PB ZE ZE ZE PB PB

3) Defuzzification method
In this paper, the weighted average method ( discrete centroid method) is used to solve the fuzzy sets of output

parameters k,, k; and k,. The output of u can be expressed as:

_ zl"’z( ui)“’i
zluﬁ( ui)

In the formula, a point in the fuzzy space of the output variable, which is the membership degree of the point.

u

(1)

According to the formula( 1), the real time parameters of k,, k; and k, of the PID controller can be calculated at

different time.
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3.2 Simulation of fuzzy self-tuning PID control for omnidirectional mobile platform

This paper adopts mechanical model of omnidirectional mobile platform in the ADAMS as shown in Figure 8, the
model is added to the fuzzy self-tuning Simulink to create PID control diagram, simulation diagram as shown in
Figure 9, in which the input signal for the V| lateral velocity step signal, velocity for 300 mm/s, the input
angular velocity and longitudinal velocity V, around its center of rotation were 0. Speed mobile platform input
through the inverse kinematics equation module into the motor speed of the four wheels; motor and reducer
module can be simplified into a typical K, /order system (T, , s+1), according to the motion characteristics of
common servo motor, and the time coefficient Tm is 0. 01, the driving signal is input to the last mechanical
model of the wheel. The measurement module in ADAMS can be used as a sensor module, the output
platform of the longitudinal velocity and lateral velocity of V, and V, around its center of rotation angular
velocity, the transverse velocity feedback V and the ideal combination of input speed as the input signal of
fuzzy controller.
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Figure 8  Virtual prototype of mobile platform
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Figure 9 Block diagram of fuzzy self-tuning PID controller for mobile platform
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From Figure 10 and Figure 11 following results can be obtained, when the speed of order of omnidirectional
mobile platform lateral input 300 mm/s step signal, the steady-state mean open loop curve is 293.3 mm, and
2.2% of the error value, and the speed fluctuation is 5. 7%, and the previous simulation results in ADAMS are
introduced ; PID method that can eliminate the steady-state error. The steady-state mean conventional PID
algorithm is 300. 03 mm/s, and the relative error between the theoretical values is 0.01%, the steady-state
maximum speed of V__=306.53 mm/s, minimum speed V . =294.84 mm/s, small fluctuation rate about
3.90% ; fuzzy self tuning PID algorithm of the steady-state mean was 300.02 mm/s, and the relative error
between the theoretical values is 0. 007% at steady state, the maximum speed V,  =304.87 mm/s, minimum
speed V . =295.22 mm/s, small fluctuation rate about 3.22%. The steady-state error of the two control
algorithms is very small, no more than 0. 2%, and the fluctuation amplitude of both the control algorithms is less

than 5%. Therefore, after adding PID and fuzzy self-tuning PID algorithm, the moving speed of the mobile

platform can reach a higher precision standard
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Figure 10  Fuzzy self-tuning PID step response curve
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Figure 11  Normal PID step response curve

In the beginning of the conventional PID control, there is an overshoot process, the overshoot is about 7. 3%,
and the fuzzy self-tuning PID controller adjusts the proportion and integral coefficients of the PID to avoid the
overshoot phenomenon. Under the influence of motor performance and mobile platform of mechanical system

inertia and other factors, the fuzzy self-tuning PID control time is about 0.2 s; due to the overshoot, the
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conventional PID control system reaches the steady state in long periods of time, the adjustment time is about
0.4 s. Finally, the speed response characteristic of the fuzzy self-tuning PID controller is better than that of the
conventional PID controller, which reduces the response time of the platform while eliminating the lateral motion

error of the moving platform.

In summary, in this paper the fuzzy self tuning PID controller designed to control the overall performance is
good, the design requirements of precision mobile platform lateral movement, the deviation between the mean and
minimum steady-state speed, the theoretical value is less than 0.2%, and the speed fluctuation can be controlled

within 5%.

4 Conclusions

This paper proposes a fuzzy self-tuning PID control model, through the establishment of omnidirectional mobile
platform and the speed of fuzzy self-tuning PID controller, and the combination of ADAMS and MATLAB
simulation experiments to verify the performance of the controller. After adding the controller, can eliminate the
speed deviation of lateral movement, and control the speed fluctuation in steady state within 5%, solve the
precision control problem of motion velocity of the omnidirectional mobile platform, using a method of precise
trajectory control of omnidirectional mobile Mecanum wheel, which is based on the reference and help for the

accurate logistics application of omnidirectional mobile platform in the industry.
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