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ABSTRACT: Automation of industrial process parameters plays a crucial role in process industries. The measurement
and control of certain process parameters like Temperature, Level, Flow rate and Relative Humidity are the widely used
in process industries. In the present work developed an integrated hardware system with software program for FPID
algorithm using Arduino by using embedded ‘C’ for develop total integral Automation system for certain industrial
process parameters.
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I. INTRODUCTION

Most of the industrial processes run with different degrees of non-linear parameter variability and uncertainty of
mathematical model of the system. In the present work a system developed and implemented by manual tuning
method of PID control with mean of maxima fuzzy logic and maintained critically damped oscillation so that there
is no overshoot takes place. The industrial process parameters such as Level, Temperature, Flow and Humidity
automated by using embedded ‘C* with Arduino software.

Il. PROCEDURE

The control architecture is implemented with the FPID logic to control the process parameters, due to its excellent
control characteristics. The Fuzzy [1] and PID [2] controllers are successfully applied to many practical process control
applications involving the physical parameters like liquid temperature, liquid level, liquid flow, pressure, humidity,
rotational speed of motor etc. The methodology encompasses the design of FPID controllers [3] for process parameters
controlling with less rising time, settling time as well as steady state error. Fuzzy with PID control is the best algorithm
compared to PID and Fuzzy control algorithms. Result of it is reducing the rise time as well as settling time and steady
state error. It improves robustness, good dynamic response, rising time, overstrike characteristics.

The advantage of the designed model over the available auto tune PID using tuning methods is that, it does not requires
any mathematical modeling of the process. While conventional PID [9] [10]controllers are sensitive to variations in the
system parameters, fuzzy controllers do not need precise information about the system variables in order to be effective.
However, PID controllers are better able to control and minimize the steady state error of the system. Hence, a FPID
system was developed to utilize the advantages of both PID controller and fuzzy controller[11] [12].The development
of present system the time, labour drastically will be reduced and the quality and accuracy of the system is enhanced.

I1l. HARDWARE SYSTEM

In this work, Arduino MEGA2560 microcontroller [4] [6] [7] is used to its advantages such as high speed, low cost
and flexibility for programming. The Figure 1 shows total integrated automation system for industrial process
parameters.
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Figure 1 Circuit of Total integrated automation system for industrial process parameters

Engineering and Technology

(An 1SO 3297: 2007 Certified Organization)

Vol. 5, Issue 10, October 2016

—s

L1V

I;.'-..T YE-5201
b
f ¢ Flow

Sensor

SSR Relay
i - LN 200 ”I”"
" [a hm 5 Mator 1
2l T
x | b ] Motor 1
I N
3 L i |, (ot ] v
' S s J v
E.l_{:_hH—] "
1, it
g'a\: hHJ_ B
| 12

RID

Temparature
Sensor

HEATER

AAAANAA

1

e An Ultrasonic sensor (HCSR-04) is used for level measurement and controlled by a DC motor using ULN
2003 as a driver using PWM of microcontroller .

e RTD temperature sensor is used for temperature measurement and controll with SSR relay through

the PWM of the microcontroller signal which is decided by software program

control depending on the error.

implementing FPID

o Hall effect flow sensor (YF-S201) is used for flow measurement and controlled by a DC motor using ULN
2003 as adriver through PWM of microcontroller.
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e The humidity sensor (HRT-393) is used for humidity measurement system and controlled by implementing
FPID control software program using ULN 2003 as a driver through PWM of microcontroller.

e A DC Motor which operates on +12V / 1Amp power supply for pumping the liquid. It consists of one inlet
and one outlet for maintaining the humidity in a closed system by pumping water. In this work the motor
controlled by a controller line of PWM which operates with 5V/12V by using Fuzzy with PID software. The
application software for the present work developed through communication interfacing with PC and USB.

e When a current flows through a conductor of resistance, heat is produced and there is temperature rise of
conductors in electrical circuits. Temperature rise is undesirable and must be limited by design to avoid
overheating of the conductor or its electrical insulation. This is often termed as permissible surface loading of
a conductor. The conductor could be in the form of wire, strips or any other shape. Permissible surface loading
is often a prime consideration in choosing the best size of the conductor or heating element.
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Figure 2 Snapshot of Total integrated automation system for industrial process parameters
IV.EXPERIMENTAL RESULTS

The results very simple hardware system which is the best choice of obtaining more efficient to achieve this

ARDUINO processor be better choice suitable as it is having ADC and PWM as inbuilt features implementing FPID

control [5] [8] for reducing the steady state error for temperature as +0.04 °C, level of + 9.3ml, Flow rate achieved
+1ml and Relative humidity is of £1%.
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Table 1. Temperature measurement and control implementing FPID

5et PID FPID
Temp | RT | ST cv SSE | RT | ST v SSE | RT | ST v SSE
() [ fsec) | fsec) | (C) | (°C) |fsec) | (sec) [ (2C) | () [(sec) | biec) | (O | (°C)
40 | 61 | 64 | 40.056 | 0.056| 65 | 77 | 40.066 | 0.066 48 | 54 | 40.039 | 0.039
70 f!lﬁ- 283 | 70.068 | 0.068 | 275 | 296 | 70.078 | 0.078 | 226 | 240 | 70.042 | 0.042
90 | 436 | 450 | 90.058 | 0.058 | 464 | 480 | 90.068 | 0.068 | 374 | 350 | 90.038 | 0.038
93 [ 452 | 473 | 93.069 | 0.069 | 498 | 512 | 93.079 | 0.079 | 405 | 415 | 93.049 | 0.049
Table 2. Level measurement and control implementing FPID
Set FD FPID
LEVEL | RT | ST cv S5E | RT | ST cv S5E | RT | ST cv S5E
() [Gec) | e | () | (o) | (sec) | sec) | () | (Re) |fsec) [Gsech | () | (o) |
1 | 2| B8 1039 (0039 26| 32 1049 |0.043) 19 | 22 1.009 | 0.009
2 41 | 47 2016 | 0.016| 53| 62 2036 |0.036) 28] 3 2016 | 0.016
3 aln| 58 3.028 | 0.028| B4 | 72 3048 (0048 47 | 51 3.008 | 0.008
6 | 112|120 | 6021 [0.021| 2325 136 | 6.031 |0.031 [ 108 112 | 6001 | 0.001
Table 3. Flow measurement and control implementing FPID
Set PID FLIZ FPID
Flowrate | RT | ST oV 55E RT 5T oV 55E RT 5T cv 55E
{ml) (sec) | (sec) | (mil) {mi) | [ec) | [sec) (ml} {mij | (o) | fe=c) (mi} {ml)
60 10 | 13 o4 4 12| 15 o4 4 B 10 60 0
50 |18 2| 53 3 | 19| | =4 4 | 14| 16| 51 1
40 | 24| 2| 4 8 | 29| 23 12 2 | 2| B 40 0
30 |8y | 3 |4 [8]a]| B | 4|8 n| N 0
20 8 | 42 24 4 4 | 49 pli| 4 M | 37 20 i
Table 4. Relative Humidity measurement and control implementing FPID
Set PID FPID

RH | RT | ST | CV | SSE | RT | ST | CV | SSE | RT | ST | CV SSE
(e) | fsec) | lsec) | (%) | (%) |(sec)| [sec)| (%) | (&) |(sec)| fsec)| (%) (%)

30 9 1 32 2 | 10| 13 3 3 5 | 8 30 0
0 | 11| 14 B 3 13 | 16 8 3 9 1 40 0
50 | 19 2 53 3 21 | 25 5 3 15 | 20 51 1
60 | 25 | 31 63 3 2 3 b2 2 |2 2% b1 1
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Tables show the results of Automation for Process Parameters like Temperature, Level, Flow rate and Relative
Humidity by using FPID algorithm.

The graph represents the relation between realtime and present value of different parameters.
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Figure 3 Graph for Total integrated automation system for industrial process parameters

V. CONCLUSION

The ARDUINO based certain process parameter control using software FPID logic presented in this thesis yields a
better dynamic performance as compared to all other existing microcontroller based parameter control. The simple
designing flexibility of the FPID controller is observed to be the principal attraction. The application of ARDUINO
based controller as a programmable controller for drives is found to be efficient, yielding the following advantages:

1. The hardware design for controlling data acquisition has been reduced, since ARDUINO based controller has
built-in 10 bit A/D and PWM generator. This has allowed high precision in measurement and achieved high
precision of control in combination with the FPID control.

2. The manual tuning PID method and Mean of Maxima method of Fuzzy control is highly immune to external
disturbances of oscillations and exhibited better performance in Process parameters control.

3. There is no overshoot by implemented critically damping technique for controlling all the parameters.
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