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ABSTRACT: The inverted pendulum problem is one of the most important problems in control theory and has been
studied excessively in control literatures. A proportional integral derivative (PID) controller is the most commonly used
controller in controlling industrial loops .

Tuning a PID controller is an important task This Paper present the intelligent methods based on fuzzy logic for tuning
PID controller. Simulation results reveals that intelligent methods provide better performance than the conventional
methods.
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I.INTRODUCTION

The inverted pendulum system has been considered as well as prototype system of representing nonlinear systems for
testing control algorithms. A single input to the inverted pendulum system has to control both the pendulum angle and
the cart position simultaneously It is well established benchmark problem that provides many challenging problems to
control design. The system is nonlinear, unstable, non minimum phase and underactuated. Because of their nonlinear
nature pendulums have maintained their usefulness and they are now used to illustrate many of the ideas emerging in
the field of nonlinear control [1]. The challenges of control made the inverted pendulum system classic tool in control
laboratories.

According to control purposes of inverted pendulum, the control of inverted pendulum can be divided into three
aspects. The first aspect that is widely researched is the swing-up control of inverted pendulum [2,3]. The second
aspect is the stabilization of the inverted pendulum [4-6]. The third aspect is tracking control of the inverted pendulum
[7,8]. In practice, stabilization and tracking control is more useful for application. It is rather surprising that virtually
almost all the technical literature refers to the inverted pendulum with one freedom. Only recently there are a few
references dealing with the inverted pendulum with two or three degrees of freedom [7-10].

Ref. [13] applied interval type-2 fuzzy sliding-mode controller in the inverted pendulum. But the model of the inverted
pendulum did not consider the dynamic of the cart of the inverted pendulum. Ref. [14] applied coupled sliding-mode
control to orbital stabilization of inverted pendulum systems. In Ref. [15], the proposed methodology, which performs
swing up and control simultaneously, uses elements from input—output linearization, energy control, and singular
perturbation theory.

The organization of this paper is as follows. Section 2 will introduce the structure and models of x inverted pendulum.
.In Section 3, we will give the design procedure of the PID controllers for stabilizing inverted pendulum. Simulation
results for inverted pendulum controlled by PID controllers are discussed in section 4. Section 5 gives the conclusions
of the paper.

Copyright to IJAREEIE DOI:10.15662/1JAREEIE.2017.0604059 3071


http://www.ijareeie.com

A

‘6

e L . .

7 i ISSN (Print) : 2320 — 3765
7= |JAREEIE & :

:L_ — .E 3 ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An 1SO 3297: 2007 Certified Organization)

Website: www.ijareeie.com

Vol. 6, Issue 4, April 2017
1. STRUCTURE AND MATHEMATICAL MODEL OF INVERTED PENDULUM

The x inverted pendulum on a pivot driven by horizontal control force is shown in fig 1(a) the control based on the
horizontal displacements x inverted pendulum are the total Kinetic energy and potential energy
K=1/2MXy+1/2(Xp?+Z%), Z= mgzp Let | is the distance from the pivot to the maas center of the pendulum M,m are the
piot and the pendulum (x,z) respectively(x,z) is the position of the pivot in the xoz coordinate is the speed in the xoz
coordinate (x,,z,) and angle © and F is the horizontal control force.

Az

Figure -1

Inverted pendulum system free-body diagrams of the two elements

Figure -2
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free-body diagram of the cart in the horizontal direction Summing the forces you get the following equation of
motion Mx+bx+N=F (1)

forces in the free-body diagram of the pendulum in the horizontal direction, you get the following expression for the
reaction force V.
N = mx + ml©cosO-ml 6%in6 2)
One of the two governing equations for this system is obtained if this equation is substituted into the first equation
(M+m)x +bx+ ml©cos6-ml © sin® = F (3)
To get the second equation of motion for this system, sum the forces perpendicular to the pendulum

PSINO+NCOSO-mg Sin© = mI?6+mxcosO 4)

To get rid of the * and W terms in the equation above, sum the moments about the centroid of the pendulum to get the
following equation

-PISIN® -Nlcoso =16 ()
Combining these last two expressions, the second governing equation is obtained
( 1+ml?) ©+mglsin® = - mixcosO (6)

Let érepresent the deviation of the pendulum’s position from equilibrium, that is, #= 7+ ] Again presuming a
small deviation (‘¥) from equilibrium, we can use the following small angle non linear function

cosO = cos(ITtp) =-1 @)
Sin® =Sin (Il+¢) =- ¢ )
6'=¢’=0 ©)

After substiting the above approximations into our nonlinear governing equations, the two linearized equations of
Motion are obtained. Note u has been substituted for the input F.

(1+ml%) - mglsin ¢ = - mlx (10)

(M+m)x +bx-mlep =u (112)
11l. CONTROLLER DESIGN
A proportional-integral-derivative controller (PID controller) ia control loop feedback mechanism (controller)
commonly used in industrial control systems A PID controller continuously calculates an error value e(t) difference

between a desired set point and measured process variable and applies a correction based on proportional, integral
and derivative terms (sometimes denoted P, I,and D respectively) which give their name to the controller type.

u(t) = kpe(t) + k; f, e(t)dt + k 4 de(t)/dt (12)
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In this paper two tuning methods for PID controller have been used.

4.1. TRAIL ERROR METHOD: - In the first step, we design one PID controller of the x inverted pendulum for The
angle control the pivot position control problem. There are lots of control applied to the inverted pendulum angle
control without consider the dynamics of the pivot. In this step, the goal of the control PID1 controller design is to
stabilize the angle of the x inverted pendulum. The parameters of PID1 controller of the inverted pendulum are given as
following

PID1: P,=85,1,=80, D1=20

4.1.1 The second step with two PID controllers design:

Based on the PID1 controller designed in the first step, we add PID2 controller to control the position of the pivot. The
control structure is given in the Fig. 3(b). In this step, PID1 need not change any more. We can adjust the parameters of
PID2.The parameters of PID2 controller of the inverted pendulum are given as follows

PID2 : P2 =-19, 12 =-19,D2 =-10

PIDI
F

PID2 x

Y Vo

]

— @
0 +ﬁ)‘ PIDI iy :/ >
| "

x inverted pendulum

x inverted pendulum

(a) One PID controller design {b) Two PID controllers design

Figure-3
Structure of x inverted pendulum.[10]

4.2. Fuzzy PID CONTROLLER: The fuzzy PID controller has been implemented using fuzzy logic. It is a closed
loop system the reference signal is taken, fuzzy self tuning controller is governed by two inputs & three out puts. Inputs
used are error & derivative of error .outputs are parameters of PID is K;, ki & kg these parameter are given to PID
controller and further controlling of system is done. Fuzzy self tunning controller if we do not take an account of fuzzy
self tuning controller then.(1) our output will show non linearity .(2) It will be affected by time lagging or time delay.

Fuzzy self-
tuning
— controller

5 E g

3

Output

|

o
Reference %, ' PID Controller |—» Plant

Figure-4
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BLOCK DIAGROM FUZZY PID CONTROLLER [11]
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Figure- 5
Two input three output FLC structure
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Input fuzzy sets (a) error (e) (b) Change of error (Ae)

The output membership functions are shown in Figure 4. For the output fuzzy sets the scaling of range has been done
corresponding to the formulas
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v Kp—Kpmin

Kp= ———-— 1

P Kpmax— Kpnin 13)
Kj—Kimin

[ J— 1

Kl ~ Kimax— Kimin (14)

min
Kd —Kdmin
! —
AAAAAAA Kq = (15)

Kdmax— Kdmin

The minimum and maximum values of various gain have been obtained by analysing the step response using trail error
method.

NE NI z PM PE

o Blp' Br & o

Figure 6(C)

Output fuzzy sets Kp, K; Kp

The rule base for the fuzzy-PID controller is shown in Tablel which can be implemented for tuning the PID
Controller.
Input fuzzy sets (a) error (e) (b) Change of error (Ae)

The rule base is defined as follows:
IF error e is NB and derivative of error de/dt is also NB then output variable i.e. Kp’, Ki, Kd
will be NB and if e is Z and derivative of error de/dt is NS then output will NS and so on.

e NB NM Z PM PB
- Ae
NB N B NB NM NM Z
NM NB NM NS Z PM
Z NM NM Z PM PM
PM NM Z PM PM PB
PB Z PM PM PB PB

Table -1 Rule base for fuzzy-PID controller [11]
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IV. RESULT AND DISCUSSION

4.1 Result using trial and error technique

In trial and error two loop controller scheme is used for controlling x-inverted Pendulum. In this 1* design PID-1 for
controlling the angle then we design position controller for tracking of inverted pendulum. In this method the PID
parameters are obtained by hit and trial. First PID1 is designed for controlling the position x and then the second
controller PID2 is designed for controlling the angle. In figure 7 results of angle controller for tial and error are shown.

position

1.5

0.5

-0.5

4 = 10
time
Figure 7 Angle controller for trial and error
In figure 8 results of position controller for trial and error are shown.
0 1 2 E 2 5 5 7 3 10

Figure 8 position controller

5.2 Result using fuzzy PID control and technique: The fuzzy PID controller has been implemented using fuzzy
logic. It is a closed loop system the reference signal is taken, fuzzy self tuning controller is governed by two inputs &
three out puts. Inputs used are error & derivative of error .outputs are parameters of PID is K, , ki, & ky these

parameter are given

controller for fuzzy PID are shown
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Figure (9) position controller

In figure 10 results of angle controller for fuzzy PID are shown
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Figure (10) angle controller
In table (2) performance parameters of Position controller & angle controller of Fuzzy PID and trail and error are
compared .

Rise time tr 1.29 1.84
Setling time ts 3.45 5.2
Overshoot Mp 43% 30%
Under shoot up 32% 5%
Rise time .54 0.7 Sec
Setling time ts 3.2 3.8sec
Over shoot Mp 18.2% 12%
Under shoot up 80% 18.2%

Table 2 Performance parameters for both tuning techniques
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V.CONCLUSION

The stabilization of inverted pendulum system has done .using PID controllers tuned by trail error techniques are

also by using fuzzy logic controllers . The result have been shown the conclusion which can be drawn from the results
is that the parameter of fuzzy PID controller is better than PID controller tuned by trail error techniques for

position tracking and angle stabilization in terms of overshoot and undershoot.
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