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Abstract: In PID the controller parameters are fixed which compromises the required system control. This work presents the
updation of controller parameters by an Intelligent PID selection using Max Min composition for Servo applications. The
controller parameters are obtained by using well known tuning techniques namely Ziegler Nichols and Modified Ziegler
Nichols. The simulation work carried out depicts improved performance of Servo plant for 3 level and 5 level Intelligent PID
compared to Fuzzy logic controller with respect to steady state and transient behavior. It is also observed that the system
performs well to the introduction of disturbance into the plant. The performance analysis is conducted by using MATLAB.
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L. INTRODUCTION
The industrial applications of servomotors include robot manipulators, automotive and aircraft which require superior controllers
where control of position, speed and acceleration is the requirement [1][2][3]. PID controller is one such controller which is seen in
almost 90% of the industries due to its accessibility and practicality. The conventional PID controller is used for the analysis of
system transient response and steady state response [4]. It requires precise and effective tuning of parameters to meet the closed loop
system performance [5].This search has initiated for evolution of intelligent controllers which framed the tuning and design to ease
[4]. The background of fuzzy logic enables required intelligence and its advantages include — no requirement of mathematical
models, it has a flexibility of adjustments and large number of inputs, human experience can be applied [6].
A fuzzy logic controller is a rule based system. Even though this system has notable applications for motor drive for varying system
parameters, it also has the complication of defining rules and shape of membership functions in order to analyze the system behavior
[6].
This paper has following contributions. Firstly, design of Ziegler Nichols tuned PID controller. Secondly the best PID by Modified
Ziegler Nichols tuning is obtained. Thirdly the design of fuzzy logic controller is done. An Intelligent PID selector using Max min
composition with 3 level and 5 level is being proposed. The Max min composition is used to give the relation between fuzzy sets.
This approach is having benefits compared to Fuzzy Inference system.1) The membership functions are eliminated which are used to
give degree of value. 2) The number of rules has been reduced in analysis of the system thus reducing the complexity. 3) No
requirement of Defuzzification, for a Madmani inference the output can is obtained by centroid method.

1. DESIGN OF INTELLIGENT PID SELECTION BY MAX MIN COMPOSITION

A. Step 1: The input used is Step signal and the error which is the difference between output and input is utilized for the analysis of
the system in an Intelligent N level PID controller

B. Step 2: For an Intelligent N level PID controller, each controller parameter is obtained from the Modified Ziegler Nichols tuning
technique and these are considered as the best parameters (Pg, Ig and Dg).

C. Step 3: In this analysis, each controller gain block is allocated with N number of gain blocks

D. Step 4:Now let us consider modulus of error |e| and modulus of rate of change of error|é| to be inputs of Max block as shown in fig
1 and this Max operator gives the maximum of the inputs |e| and |é|.

E. Step 5: The output obtained at the Max block is normalized and it is given to the error selection block refer figl and for an

Intelligent N level PID controller, the error selection is made into regions as 0, %% %
F. Step 6: The selection of gain from a N level gain selection block is made based on the comparison of normalized output with

segmented N level regions and this information is utilized for giving control input to the multiport switch.
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G. Step 7:The mathematical expressions for gains is given as Proportional gain by (1 — i)PB’ Ps,(1+ %l)PB ,where n=1,2,3
H. Step 8: The expression for Derivative gain is given by (1 — ﬁ) Dg,Dg, (1 + ﬁ) Dg, where n=1,2,3
I. Step 9: The expression for Integral gain is given by (1 + ﬁ) Ig, I, (1_%) Ig, where n=1,2,3

J. Step 10: Thus the gain values obtained are fed to plant for monitoring the control of servo system and thus maintaining the
deviation to minimum.

N level
| Error ain
Max selection gain
selection
. Ke |Ki | Ko
o d
Reference & || 7~
o || dt
Input Output
PID
Plant >
Y Controller

Figurel. Block diagram of Intelligent PID selector by Max Min composition

K. Application of Intelligent 3 level PID gain selector
From Step 5 and N= 3, the regions partitioned are given by 0, é% and From the Steps 8&9, respective derivative and integral gains

can be obtained by putting n=3 and proportional gain can be obtained by keeping n=1 in Step 7 and it is tabulated as shown below.
The rules for the selection of forward gain to be added for proportional gain is

Rule 1: f Max (e,-e,e, —é) is > 2/3 then select gain value as (1+§) Ps

Rule 2: If Max (e,-e,é, —é) is > 1/3 then select gain value as Pg

Rule 3: If Max (e,-e,é,— é) is > 0 then select gain value as(1 — %) Ps

Similarly the integral and derivative gain rules can be written as shown in the Table |

TABLE I INTELLIGENT 3 LEVEL PID GAIN SELECTOR

Controller
Gain P I D
(1-)Pe @+l (1-2)Ds
Ps Ig Ds
(1+2)Pe (L=l (1+)Da
L. Application of Intelligent 5 level PID gain selector
From the Step 5, N= 5 the regions partitioned are given by 0, %Eg% and From Steps 8&9 the respective derivative and integral
gains can be obtained for n=2,3 and from Step 7proportional gain can be obtained for n=1,2 it is tabulated as shown below.

The rules for proportional gain is

Rule 1: If Max (e,-e,é, —é) is > 4/5 then select gain value as(1 + %)PB
Rule 2: If Max (e,-e,é, —é) is > 3/5 then select gain value as (1 + %)PB
Rule 3: If Max (e,-e,é, —é) is > 2/5 then select gain value as Pg

Rule 4: If Max (e,-e,é, —é) is > 1/5 then select gain value as (1 — %) Ps
Rule 5: If Max (e,-e,é, —é) is> 0 then select gain value as(1 — %) Ps
Similarlythe integral and derivative gain rules are given below in Table Il
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Table I1: Intelligent 5 Level Pid Gain Selector

Controller
Gain P I D
(1-7)Pe @+l (1-9)Ds
(L-)Pe @+l (1-2)Ds
Ps Ig Dg
(L+)Pe -l (1+2)Ds
(1+)Pe L (1+7)Ds

1. IMPLEMENTATION ON SERVOMOTORS
The requirement of position control is facilitated by DC Servo motors which are nothing but DC motors. They are more suitable for
high-performance system because it has the high starting torque to inertia ratio and fast dynamic response [3].

A. Modelling of a dc servo motor
The air gap flux is proportional to the field current [6]

o= Kf if .............. (3)
The torque is given a
T= Kl Kf if ............... (4)

K; is constant.

Let us keep field current as constant, then T, is given as
TM = KT ia .............. (5)

Ky is motor torque constant,

The motor back emf is proportional to speed,

0
€, = Kb% ............... (6)

where e, back emf constant.
The armature circuit differential equation is

e=L S+ Rl € oo, )
The torque equation is

R 29 0
Tw=Kria =052+ 12 (8)

by Laplace transforms we get,

Eo(S) = Kps O(s)  oviiiiiiits )
|a(s) ( Las + Ra)zE(S) - Eb(s)

0(s) (Js? +£38) = Ky 15(S)  wvvveeveernns (10)
The transfer function can be obtained as

) Kt
= T (11)

TABLE Ill: PARAMETERS OF SERVOMOTOR [6]
Parameters Values
Moment of Inertia (J) 42.6 x 10° Kg-m?
Friction Coefficient(fy) 47.3x 10° Nm/rad/s
Back EMF constant (Kp) 15 x 10 V/rad/s

Torque constant(Kr) 15 x 10° N-m/A
Resistance(Ry) 2 Ohms
Inductance(L,) 1mH
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V. PID TUNING TECHNIQUES
From the literature [7] there are following tuning techniques.
In this work, in order to obtain the PID controller parameters Ziegler Nichols and Modified Ziegler Nichols tuning techniques are
used.

A.  Ziegler Nichols tuning method

It is a practical approach of tuning the PID controller [8]. The approach used here is the Ziegler Nichols closed loop tuning which
has the following steps have been presented below [6].

Step 1: Initiate the procedure by keeping Integrative gain and derivative gain to zero

Step 2: Then gradually increase the proportional gain until the system response tends to instability

Step 3: There seen a continuous oscillation in the response at gain called K, which is used for the determination of period P,.

Step 4: These values are required for calculating the PID controller parameters by using the tabular form given by the Ziegler and
Nichols.

Table IV: Pid Controller Parameters For Ziegler Nichols Method [6]

Controller

K T T
Parameters P ! b
PID KJ/1.7 P./2 P./8

Application of Ziegler Nichols tuning for Servo system
Mathematical illustration of Ziegler Nichols tuning for obtaining gain and frequency

_ 0.015K
G(s) = 4.2x10~853+8.5x10~552+3.1x10~4s
Considering characteristic equation we get
4.2x1078s% + 8.5x107°s2 + 3.1x107*s + 0.015K = 0
From Routh Hurwitz criteria, the range of K for stability for servo system transfer function is
0<K<4138

This implies for K= 41.8 the sustained oscillations occur at ® = 85.9 rad/sec frequency

2 T —

Plant Output

I . I L I . I
0 005 01 015 02 025 03 035 04 045 05
Time(s)

Figure 2. Response of the system

Hence the values for Ku = 41.8, Pu = 27/85.9=0.073 and this information is used for calculating the Kp,K; and Kp values. It is
tabulated and presented as shown below

Table V: Pid Parameters Of Servomotor Using Zn Tuning

Controller
parameters Ke T To
PID 24.58 0.037 0.009

B. Modified Ziegler Nichols tuning

PID control is used to move a point A on the nyquist plot of an unregulated system to an arbitrary point A; on the regulated system
such that the desired phase margin and gain cross over frequency is obtained [7][9].

The complex gain for point A is G(jm,)=r,e/*?) and A, is G(jo,) =r,e/™*?) and PID controller frequency w, is G(s) =r.e%
ei@+0b) = _p _gi(v+0a+0c)
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re =12 and g = 0y- 0,

From the above analysis the tuning values for the design of PID can be given as below

Ko=) 12)
T, = ﬁ (tan(qu — Q)a)\/4a + tan? (Q)b—@a) ........... (13)
To=0Ti woeereereenn, (14)

From the above equation (11) & (12) K, can be calculated as K, = I;—P and Kp is calculated as Kp = Kp Tp
1
Application of Modified Ziegler Nichols tuning for a servo system.

Fig.3 denotes the response of the system at which r,= 0.4, pb is varied from 30° to 70° and@, = 0. From which at pb = 50° system
response was seen better and the values for T, and Tp, are been calculated from egn (13)&(14). For our convenience pb is used as

notation instead of @, in MATLAB.

Step Respanse

FPlant Cutput

Time (seconds)
Figure3. System response for different pb

Fig.4 shown below denotes the response of the system with pb is fixed to 50°,@, = 0 and r, is varied from 0.1 to 0.6 and for rb
0.4 Kp is calculated from the eqn(12).

Step Response

Plant Output

T.\me (s.e-cuﬂds)-
Figure 4. System response for different r,

Table VI: Pid Parameters Of Servomotor Using Zn Tuning

Controller Ko T, T
parameters
PID 24.58 0.037 0.009

V. DESIGN OF FUZZY LOGIC CONTROLLER
The classical mathematics and conventional control theory are restrained for design and regulation of the complex non-linear
dynamic systems. The incentive for using Fuzzy Logic — it is more suitable for controlling a system with varying parameters
[10][11].
Fig.5 represents the block diagram of Fuzzy Logic cntroller and it has the following stages Fuzzification, Inference and
Defuzzification.
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Output
Fuzzy

Controller Plant

Figureb. Block Fuzzy Logic Controller

A. Algorithm for fuzzy logic controller design:

Step 1: The error and derivative of error is considered as inputs for the fuzzy system

Step 2: The inputs have five membership functions each and the output has seven membership functions which are triangular and
trapezoidal. The membership functions are labeled as follows NB (negative big), NM (negative medium), NS (negative small), ZE
(zero), PB (positive big), PM (positive medium), PS (positive small).

Membership function plots  Plot points: 181

NB NS ZE 3 PB

o
input variable "e”

Figure 6. Membership function for input error

Membership function plots  Plot points: 181

NB NS ZE PS PB

s
input variable “de/dt”

Figure 7. Membership function for input de/dt

Membership function plots  Plot points: 131

NB NI NS ZE PS PM PB

L5 i L)
output variable "outputi™

Figure 8. Membership function for output

Step 3: The ranges for the membership function is taken from the best PID error and derivative of error plots.
Step 4: A rule base which directs the control output dependingupn the rules. It can be seen from the Table VII which has rules for
3x3 and Table VIllhas 5x5 rules for the system analysis.

Table Vii: The 3x3 Rule Base Table Of The Fuzzy Controller[11]

MP ZE N

e

P PB P ZE
ZE P ZE N
N ZE N NB
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Step 5: Madmani technique is used as defuzzification, output is obtained by centroid.

Table Viii: The 5x5 Rule Base Table Of The Fuzzy Controller[10]

m NB |NS |ZE |PS |PB
e
NB NB | NB |NB | NS | ZE
NS NB | NB | NS | ZE | PS
ZE NB | NS |ZE | PS |PB
PS NS |ZE |PS | PB |PB
PB ZE |PS |PB |PB | PB
VI.  RESULTS AND DISCUSSION

In the proposed work, the PID controller parameters obtained are as Pg=10, 15=2.5 and Dg=0.55 which are approximately equal to
Modified Ziegler Nichols tuning values.

Fig.9 depicts the comparison of PID, ZieglerNichols tuned PID and Modified Ziegler Nichols tuned PID. The response simulation
time is observed for 2 sec. The proposed PID has better performance as it has better impact on reducing the % overshoot, refer Table

Tracking System Performance

Plant Output

Ziegler
Nichols -

Ziegler PID
Nichols

L I L I L L
2

1
Time(seconds)

Figure 9. Comparison of ZN tuned PID, Modified ZN tuned PID and Proposed PID

A. Intelligent 3 level PID gain selector and 5 level PID gain selector:

Tracking performance of the system with comparison of 3 level and 5 level PID gain selector. The total analysis is conducted for
simulation time of 5 sec in which the transient analysis was observed for simulation time of 0-1sec and steady state response was
observed for 4-5sec.The Intelligent 5 level PID is seen to meet the desired value to a fast rate than the 3 level.

Total Tracking Response of the System
1.5

3 level
- FID
ER
=
[=
= 0_5[ B
o
0 L L L L L L L L L
a 05 1 1.5 2 25 3 35 4 4.5 5
Time(sec)
Transient Response of the System
1.5 T T T T T T 3 level
PID
= 5 level
= 1F PID
=
(=]
= 05} —
o
o L L L L L L L L L
o 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time(seac)
Steady state Response of the System
1.0015 2 level
Y PID
= — S level
& 1.001 | = PID
(=)
S1.0005[ .
1 L L L L s L L L L
4 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5

Time(sec)

Figure 10.Tracking system performance of Intelligent 3 level and 5 level PID gain selector
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B. Intelligent 3 level PID gain selector and 3 level Fuzzy Logic Controller

The tracking response has been observed for the simulation time of 5 sec, the simulation time for transient region is 0-1sec and the
simulation time for steady state part is 4-5 sec. From this, Fuzzy logic controller response is deviated from desired value and hence
the Intelligent 3 level PID gain selector has good performance.

15 . . . Total Tlrar:kinq Fliespnnsna: of Svste:m . .

3 level
= ] PID
=1 [ 3 level
9 Fuzzy
& 05hH e
o

] 1 1 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 4.5 5
Time(sec)
Transient Response of System
1.5 T T T T T T T T T

3 level
= PID
=3 1 3 level
[=] Fuzzy
& 05 B
o

0 L L L L L L L L L
0 0.1 0.2 0.3 04 0.5 0.6 0y 0.8 0.9 1
Time(sec)
Steady state Response of System
1 E T T T T T T T T = 3 level
0.995 - -
= 0991 - PID
g_ﬂbggg - - ___ 3level
80_975 r n Fuzzy
=0 965 - -
0.955 |- -
005 L L L L L L L L L
4 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5

Time(sec)

Figure 11.Tracking system performance of Intelligent 3 level PID gain selector and 3 level Fuzzy logic controller

C. Intelligent 5 level PID gain selector and 5 level Fuzzy Logic Controller
The simulation time is conducted for 5 sec in which transient response is seen for 0-1 sec and steady state response for 4-5 sec.

There seen improved performance of the Intelligent 5 level PID gain selector to Fuzzy system.
Total Tracking Response of System

5 level
15 T T T T T T T T T PID
1 5 level

Plant Output

r Fuzzy

0 1 1 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45 5

Time(sec)
15 . . Tragient Response of System . . .

: 5 level
= PID
g 5 level
=] Fuzzy
& 05 B
o

U 1 1 1 1 1 1 1 1 1

0 0.1 0.2 03 0.4 05 0.6 0.7 08 0.9 1
Time(sec)
. . Steady State Response of System . . 5 level
1.005 - - PID
El 5 level
g 1 Fuzzy
5
& 0.995 B
U-gg 1 1 1 1 1 1 1 1 1
4 41 4.2 43 44 4.5 46 47 4.8 49 )

Time(sec) -

Figure 12. Tracking system performance of Intelligent 5 level PID gain selector and 5 level Fuzzy logic controller
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TABLE IX: TIME DOMAIN SPECIFICATIONS

Settling time

Controllers Overshoot (%) | (5% tolerance
band)

Level 5 PID 1.24 0.058

Level 5 fuzzy | 0.52 0.26

Level 3PID 1.4 0.054

Level 3 Fuzzy | 2.8 0.34

PID 1.32 0.13

MZN PID 37.23 0.09

ZN PID 98 0.41

From the time domain specifications it is understood that proposed model has superior performance with respect to overshoot and
settling time.

D. Intelligent 3 level PID gain selector and 5 level PID gain selector with disturbance

A small step disturbance is been introduced into the system and its performance analysis is observed for a simulation time of 5 sec.
The transient response is observed from 0-0.5 sec with a steady state response of time 2.9-3.2 sec and it is seen that the system
progresses well

. Total 'I:racklng Rlespnnse qu Syslen? 3 level

15 RS
PID
= [ 5 level
& 1 ( PID
=]
= 05 B
o
0 L L L L L L L L L
0 05 1 156 2 25 3 35 4 4.5 1
Time(sec)
15 Transient Response of System
E T T T T 3 level
RID
— i 5 level
= PID
=
S psk B
=
=
o
0 L L L L L L L L L L
o 0.05 01 015 0z 025 03 035 0.4 045 05
Time(sec)
Steady state Response of System
T T T 3 level
14l i PID
2 5 level
s PID
= 12 R
=
o
; . \ . .
29 295 3 3.05 31 315 32

Time(sec)

Figure 13.Tracking system performance of Intelligent 3 level,5 level PID gain selector with disturbance.

VII.  CONCLUSION
This paper presents updation of constant gains of PID controller. In this context PID controller is tuned with well known Ziegler
Nichols and Modified Ziegler Nichols tuning techniques. From the MATLAB simulations, Modified Ziegler Nichols tuned PID
shows the better performance.
The merits of proposed work with respect to Fuzzy logic are — no requirement of membership functions, minimizing the number of
rules and no necessary of defuzzification.
The proposed Intelligent PID selection using Max Min composition exhibits enhanced performance to Fuzzy logic controller is been
presented with the help of simulations. It is observed with Intelligent 3 level, 5 level PID selector model shows improved
performance in terms of overshoot and settling time than 3 level , 5 level Fuzzy logic controller.
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