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Abstract—A PID controller is a versatile feedback mechanism in most of the industrial process due to
its simplicity in structure and reliability, while the I-PD controller and PI-D are the variants of PID
controllers which are particularly designed to reduce the influence of changes in the reference signal on
controlled output. In this paper the one of the variants, I-PD is tuned with a modified approach of firefly
algorithm. It has been implemented in Arduino (genuino UNO) board so that the controller can be used
as a standalone controller with the processes where space as a constraint. Also the cost of the controller is
very much reduced.The I-PD controller has been implemented in Arduino board for the first order,
second order and higher order systems. In all the cases the response of Arduino is compared with the
MATLAB response.
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I. INTRODUCTION

The dominancy of PID control still continues even during this modern time, because of its simplified
structure and robustness. However the tuning of PID controller still faces many challenges not only due to the
complexity in the design of the controlled systems but also due to changeability in external disturbances.

In PID controller, an impulse signal or a spike is generated in the controller output and in the output
response for a sudden change in the set point. This spike or impulse signal is called the proportional or
derivative kick which is shown in Fig.1(a).
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Fig. 1(a) proportional derivative kick plot

This kick leads to serious problems if it is given to final control elements such as control valve or
motor.

I-PD controller is one among the variants of PID controller which is particularly designed to reduce the
influence of sudden change in the set point over the controller output and the controlled output thereby.The PID
controller performance can be improved by customizing its structure.

The controller output is given by
de(t)
dt

For tuning the PID[17] and I-PD, researchers [1-8] proposed various tuning procedure through
optimization techniques to control various stable and non-linear system by different methods to improve closed
loop response. Still the tuning of controllers faces many challenges. In [14] various tunig rules for PID structure
had been discussed. Among all the heuristic algorithms the Firefly algorithm takes less computation time. It
surpasses all the 11 meta heuristic algorithms[15][18].

u(t);—pp = Kpe(t) + K; j e(t)dt + K,
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For the basic structure of I-PD is shown in Fig.1(b)
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Fig.1(b) Basic I-PD controller

The modern technology not only focuses on the better control but also on the reduced physical size,
better CPU performance and of course less price. These factors influences in almost entire human activities.
Also with some processes the computers cannot be used due to the space constraint. In those processes
embedded controllers can be worked as stand-alone controllers. This leads to implement I-PD controller
function on microcontrollers. Researchers [9-13][19] proposed how to design and implementPID controller on a
microcontroller.

In the paper in section 2 the PID & I-PD tuning by the modified firefly algorithm and the
corresponding results were discussed. The same were implemented in Arduino IDE environment and the results
were discussed in section 3.

I1. PID AND I-PD CONTROLLER TUNING USING MODIFIED FIREFLY ALGORITHM

Inspired by the behaviour of fireflies Xin-She Yang formulated the firefly algorithm. The brighter fireflies
attract all the other flies and the brightness is always get associated with the objective functions.

The features of the algorithm is:
* All the flies are unisexual.

* Attraction and the brightness are associated with each other and the less bright one  will be attracted
towards the brighter one.

* All the fireflies move randomly when all are with the same brightness.
The Pseudocode for firefly algorithm[16] is
While(s<maxgeneration)
for i=1:n(n-number of fireflies)
for j=1:n
if(li>1h)
firefly; move towards firefly;;

The brightness of firefly; is changing with respect to the distance r using the expression

exp™ "
Get the new velocities and obtain the new solution;
End j;
End i;
End while;
End;

The velocity updation formula for any two fireflies is
2
Xt =xf + BexP_mj(xjt - xlt) +acg
Where

The initial population of fireflies is Xi ;p order is one;y is absorption coefficient; a,is the parameter controlling
the step size ande,is the vector.

Usually a; is constant ranging from 0.1 to 1.In the modified algorithm the a; is modified by the following
equation.
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(min(I)

mean(l) )*
mean(l)

Anew = Amin 2emax (1, (max

Where i, is 0.1 and @,y is 1;Here I is the intensity of light of all fireflies taken together.

The algorithm is implemented in MATLAB and Simulink environment for various transfer functions.
The objective functions here are PO and ITAE.The modified approach is run for several times and the optimized
values are noted down.
2.(a).Example 1:

In example 1 the process considered here is a stable second order system. From table I(a)& table I(b) it
is inferred that the I-PD controller outperforms the PID controller in all the aspects. The performance indices
such as ISE, ITAE and PO and t, are less for I-PD controller.

Table: I(A) Performance Results for PID of Example 1

Transfer Function | PID Parameters | PO t ISE ITAE
2e(-19) K,=2.6696 1.48 40 | 9.7990 | 99.428
(10s + 1)(5s + 1) | Ki=0.2458
K4=2.0396
Table: I(B) Performance Results for I-PD of Example 1
Transfer Function | I-PD Parameters | PO ts ISE ITAE
2e(19) K,=-0.9817 1.13 50 | 9.4235 83.169
(10s + 1)(5s + 1) | Ki=0.0711
K=0.1025
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Fig.2(a) MATLAB Response for the Example 1

2(b).Example 2:

In example 2 the process considered here is a second order non minimum phase system. From table
[I(A)&tablell(B) it is inferred that the I-PD controller outperforms the PID controller in all the aspects. The
performance indices such as ITAE and PO and t; are less for I-PD controller.

Table:1I(A) Performance Results for PID of Example 2

Transfer Function PID Parameters PO t ISE ITAE

(—0.25 + 1)e-019) K,=1.2624 0 10 3.444 372.12
S+DE+1D K=0.5324
K¢=0.0999
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Table:1I(B) Performance Results for I-PD of Example 2

Transfer Function PID Parameters | PO ts ISE ITAE
(—0.25 + 1)e=019) K,=-0.8347 0 8 3.7145 333.88
S+DE+1D K;=0.4480
K&=-0.2276
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Fig.2(b) MATLAB Response for the Example 2
I11. PID & I-PD CONTROLLER ON ARDUINO

S Meena et al. / International Journal of Engineering and Technology (IJET)

The PID and I-PD controller is implemented on Arduino board using Arduino IDE.The controlled output is
obtained on the board at the specified pin.It can be viewed through the serial port and also can be logged in a

excel file.

From the file the obtained controlled output is exported to MATLAB so that it can be compared with the

existing output in the MATLAB environment.
(8).ALGORITHM OF PID CONTROLLER:
1.Initialize the PID parameters

2.Set the initial conditions as zero;

3.Set the setpoint as 1;

4.Compute m(n),e(n) and c¢(n ) using the following
Equations

m(n) = cosp + Kc {e(n) + (Tz) err_accu + (TD/T)(e(n) —e(n— 1))}
I

e(n) = y(n) — setpoint
Where m(n) is the manipulated variable and c(n) is the controlled variable
(b).ALGORITHM OF 1-PD CONTROLLER:
1.Initialize the PID parameters
2.Set the initial conditions as zero;
3.Set the setpoint as 1;
4.Compute m(n),e(n) and c(n ) using the followingEquations

m(n) = cosp+ Kc {—e(n) + (TZ,) erlycey — (TD/T)(e(n) —e(n— 1))}

e(n) = y(n) — setpoint

Where m(n) is the manipulated variable and c(n) is the controlled variable.
3.(a).Arduino output:
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The program is written in arduino IDE environment and it is downloaded through the serial port to the
arduino ATMEGA 328 board.The output can be obtained at the COM port and also at the specified pin.The
obtained output is then loaded in MATLAB workspace and thus the results can be shown in the form of graph.

The PO,t;and the performance indices for the example 1 is shown in Table III(A),which are evaluated
in Arduino environment.On observing the results it is infered that the PO of I-PD is considerably less than that
of PID. From table III(B) it can also be said that the PO is less in I-PD than PID

Table:III(A) Performance Results for PID in Arduino for Example 1

Transfer Function PID Parameters PO ts ISE ITAE
2e(19) K,=2.6696 1.95 55 9.19 232.47
(10s + 1)(5s + 1) | Ki=0.2458
Ks=2.0396
Table:111(B) Performance Results for I-PD in Arduino for Example 1
Transfer Function I-PD Parameters PO ts ISE ITAE
2e(19) K,=-0.9817 1.84 67 12.15 | 294.18
(10s + 1)(5s + 1) | Ki=0.0711
Ks=0.1025
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Fig.3(a). Arduino output for the example (1)

The table IV(A) and table IV(B) shows the results of PID & I-PD controller for example:2 respectively. From
table IV(B) it is well known that not only PO but also all the performance indices are less comparatively.

Table:IV(A) Performance Results for PID in Arduino of Example 2

Transfer Function PID Parameters | PO t ISE ITAE
(=0.28 + 1)e(‘°-13) K,=1.2624 1.73 | 10 2.24 11.12
S+DE+1D K=0.5324
K=0.0999
Table:IV(B) Performance Results for I-PD in Arduino of Example 2
Transfer Function PID Parameters | PO t, ISE | ITAE
(—0.25 + 1)e(-019) K,=-0.8347 1.56 | 10 1.96 | 7.45
C+DE+1D Ki=0.4480
K=-0.2276
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Fig.3(b).Arduino output for the example 2
IV.CONCLUSION:

Thus the parameters of PID and I-PD (a PID variant)are found out with the firefly algorithm and are
implemented in Arduino platform. From the obtained results it can be said that the I-PD controller is better in
both the set point and disturbance rejection. The implementation in embedded platform leads to a formation of
standalone controller in the places where space and cost is a main constraint.In both the cases the I-PD
outperforms the PID.
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