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ABSTRACT

Increase in temperature may also lead to an increase
in the number of ions in solution due to the
dissociation of molecules. As pH is a measure of the
hydrogen ion concentration, a change in the
temperature of a solution will be reflected by a
subsequent changein pH. In addition, changes in
temperature will also have an influence on the
measure in sensor used. The temperature sensor and
pH probe are used in conjunction with the
microcontroller circuit to measure various pH levels
and temperature ranges. The Liqid Cristal Display
(LCD) module is interfaced to display the measured
results. Several different testing methods are available
for measuring temperature values. For measurement
of the temperature values, it is crucial to choose the
right DS18B20 Digital Temperature Sensor. A pH
meter measures the potential difference (in mV)
between the electrodes and converts it to a display of
pH.

Keywords: PICI16F887microcontroller, pH sensor,
temperature sensor, The Ligid Cristal Display (LCD)
module.

1. INTRODUCTION

Water quality testing is an important part of
environmental monitoring. Accurate pH measurement
is required by adjusting the pH before sending it to the
community sewer system. (“Definition of pH and pH
Testing Tools,” n.d.).

Almost all processes containing water have a need for
pH measurement. Most living things depend on a
proper pH level to sustain life. This value is typically
between 5 and 9 pH, but can vary from area to area.

The photograph of the KADY pH tester / meter,
Model - MT8060, is shown in Figurel.

Figure: 1 KADY pH meter, Model - MT80

2. The Block Diagram of the Whole System

The block diagram of the constructed system is shown
in Figure 2. It consists of five main blocks. The pH
sensor, temperature sensor, microcontroller circuit,
The Liqid Cristal Display-LCD module and power
supply circuit. The pH sensor (probe) detects the pH
level of a liquid and produces a small voltage. The
voltage is amplified and sent to the microcontroller
circuit. The temperature sensor is used to measure the
temperature of a liquid. Measured data is sent to the
microcontroller circuit. The microcontroller circuit
processes on measured data and then sent to the The
Liqid Cristal Display-LCD module. The power supply
circuit is used to supply necessary voltages to other
sections.
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Figure: 2 the block diagram of the whole system

3. DS18B20 Digital Temperature Sensor

The DS18B20 digital provides 9-bit to 12-bit Celsius
temperature measurements. The DS18B20
communicates over a 1-Wire bus that by definition
requires only one data line (and ground) for
communication with a central microprocessor. Each
DS18B20 has a unique 64-bit serial code, which
allows multiple DS18B20s to function on the same 1-
Wire bus. Thus, it is simple to use one microprocessor
to control many DS18B20s distributed over a large
area.

The DS18B20 output temperature data is calibrated in
degrees Celsius; for Fahrenheit applications, a lookup
table or conversion routine must be used. The
temperature data is stored as a 16-bit sign-extended
two’s complement number in the temperature register.
The sign bits (S) indicate if the temperature is positive
or negative: The DS18B20 can be powered by an
external supply on the VDD pin, or it can operate in
“parasite power” mode, which allows the DS18B20 to
function without a local external supply. Parasite
power is very useful for applications that require
remote temperature sensing or that is very space
constrained. The photograph of the DS18B20 digital
temperature sensor is shown in Figure 3.

Figure:3 DS18B20 Digital Temperature Sensor

4. The pH Probe

The pH probe is an essential component in the
measurement of the pH level (“PH Electrode Probe
BNC Connector for Aquarium PH Control Meter
Sensor,” 2016). For optimal pH measurement it is
crucial to choose the right pH probe for each
application. The most important sample criteria are:
chemical composition, homogeneity, temperature,
process pressure, pH range and container size. The pH
probe (Riddle, 2013) used in this research work is
shown in Figure 4. The ideal pH probe output at
different temperatures is shown in figure 5.
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Figure: 4 The pH electrode probe with BNC
connector
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Figure: 5 the ideal pH probe output at different
temperatures

5. PIC16F887 Hardware

The microcontroller is simply a computer on a chip. It
is one of the most important developments in
electronics since the invention of the microprocessor
itself. It is essential for the operation of devices such
as mobile phones, DVD players, video cameras, and
most self-contained electronic systems. The small
Liquid Crystal Display screen is a good clue to the
presence of an MCU (Microcontroller unit) it needs a
programmed device to control it. Working sometimes
with other chips, but often on its own, the MCU
provides the key element in the vast range of small,
programmed devices of which are now common
place.
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6. PIC16F887 Architecture

Microcontrollers contain all the components required
for a processor system in one chip: a CPU, memory
and input, output. A complete system can therefore be
build using one MCU chip and a few input, output
devise such as a keypad, display and other interfacing
circuits (Bates, 2013).

7. PIC16F887 Pin Out
PICF16887 chip can be obtained in different
packages, such as convention 40-pin DIP (Dual In-

Line Package), square surface mount or socket
format. The PIC16F887 is the 14-bit instruction word
mid-range microcontroller from the Microchip
Technology. The PIC microcontroller architecture is
based on RISC (Reduced Instruction Set Computer)
instruction set (Ibrahim, 2006). The PIC16F887 is a
40-pin device and is one of the popular
microcontrollers used in complex applications. The
pin configuration of the PIC16F887
microcontroller(Ibrahim, 2008) is shown in Figure 6.

RE3MCLRVPP ——=[]
RAANO/ULPWU/C12INO- =— [
RATAN1/C12INT- —— ]
RA2/AN2NVREF-ICVREFIC2IN+ =——[]
RAVANINVREFHCIIN® =—=]
RA4/TOCKICI10UT =—[]
RAS/AN4/SS/C20UT =—=[]
REO/ANS =—[]

RE1/ANG +—=[]

REZANT «— 110

VDD —— [ 11

CCp— E

RATIOSC1/CLKIN =—=13
RAG/0SC2CLKOUT «— []14
RCOMOSOMICKI «——=[715
RC'IJ'THDS”CCP? -— E 16
RC2PIAICCP1 «—[]17
RCY/SCK/SCL «~—[]18

RDO -—]19

RD1 120

O~ W & Wk =

w

\_/  40[] ~— RBTICSPDAT

39[] =— RB6/ICSPCLK
38[] = RB5S/AN13TIG

31 ] =—— RB4/AN11

36 ] =— RBIANY/PGM/C12IN2-
35[] — RB2/ANS

34[] =— RB1/AN10/C12IN3-
33[] =— RBO/AN12/NT
32[] =—— VDD

31[] «— Vss

30[] =— RD7/P1D

291 =— RDG/PIC

28] — RD5/P1B

2] «— RD4

26[] «—— RCTRXDT

25[] «— RCB/TX/CK

24[] «— RC5/SDO

23[] «— RC4/SDISDA
22]-——- RD3

21[] «—— RD2

PIC16F884/887

Figure: 6 the pin configuration of the PIC16F887 microcontroller

8. System Software

In this project two types of softwares are used.
» Software for micro ¢ programming

» LABVIEW

9. Liquid Crystal Display (LCD)

LCDs are alphanumeric displays which are frequently
used in microcontroller-based applications. Some of
the advantages of LCDs are their low cost and low
power consumption. LCDs are ideal in low-power,
battery- operated portable applications.

There are basically two types of LCDs as far as the
interface technique is concerned: parallel LCDs and
serial LCDs. Parallel LCDs are connected to the
microcontroller I/O ports using 4 or 8§ data wires and
data is transferred from the microcontroller to the
LCD in parallel form.

These modules has built-in controller, driver,
character generator RAM/ROM. It is capable of
displaying two lines of 16 characters. The LCD
module provides 4-bit or 8-bit parallel interfaces and
writes data directly. The LCD module conforms to
standard eight-data lines, three control lines and five
power lines.

The connections are laid out a single row of 16 pins.
Pin 1 and Pin 2 are the power supply lines, V and

V- The V__ pin is connected to the positive supply
and V. to the OV supply or ground. V__ or V used to

alter the contrast of the display. Ideally this pin
connected to a variable resistor. The pin description of
the 16 x 2 line LCD module is shown in Figure 7.
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Figure: 7 the pin description of the 16 x 2 line Liquid Crystal Display (LCD) module

10. Design and Construction

Temperature monitoring system is designed and
constructed using a pH probe, amplifier circuit,
DS18B20 one wire temperature sensor, PIC 16F887
microcontroller circuit, 16 x 2 line LCD module and
power supply circuit. The pH probe detects the pH
level of the liquids. The probe acts as a small voltage
cell and produces small voltage at the BNC cable
output. The output signal from the probe is too small
to directly interface with the ADC circuit of the
microcontroller. Therefore small signal amplifier
circuit is used to amplify the signal from the probe.
The amplifier circuit is shown in Figure 9. The IC1
and IC2 used in this circuit are two of the operational
amplifiers. The IC in the circuit is connected as
inverting buffer circuit. The output from the pH probe
is connected with the inverting terminal of the ICI1.
Non inverting input is directly connected with the

output. IC 2 is the non-inverting amplifier circuit. The
resistors at pin 6 input pin and between pin 6 and pin
7 determine the gain of the amplifier. The 100 K
preset reset resistor adjusts the signal level. The 5 K
preset resistor at the output of the amplifier is used to
adjust the amplitude of the output signal. The output
signal from the amplifier circuit is sent to the ADC
input (RAO) of the PIC 16F887 microcontroller
circuit. The complete circuit diagram of the
constructed system is shown in Figure 8.

The output of the DS1820 temperature sensor is
connected with the RE2 pin of the microcontroller.
The port B pins (RBO — RBS5) of the microcontroller
are connected with the RS, E, D4, D5, D6 and D7
pins of the 16 x 2 line LCD module, respectively.
Measured values are displayed on the LCD module.
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Figure: 8 The amplifier circuit for the pH probe.
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Figure: 9 the photograph showing the temperature
measuring circuit and various sample liquids

11. Results and Discussion

Microcontroller based pH level and temperature
monitoring system is designed and constructed using
a pH probe, amplifier circuit, DS18B20 one wire
temperature sensor, PIC 16F887 microcontroller
circuit, 16 x 2 line The Liqid Cristal Display (LCD)
module and power supply circuit. The pH probe
detects the pH level of the liquids. The probe acts as a
small voltage cell and produces small voltage at the
BNC cable output. The output signal from the probe is
too small to directly interface with the ADC circuit of
the microcontroller. Therefore small signal amplifier
circuit is used to amplify the signal from the probe. In
pure water, pH reading is in the range of 5.5-6.9 and
voltage signal is 700-720mV. In coca, pH reading is
2-3 and voltage signal is 620 — 640 mV. In salt water,
pH reading is 9-10 and voltage signal is 780-800 mV.

12. Conclusion

Temperature sensor circuit and the pH sensor circuit
can be assembled together with constructed
microcontroller circuit. The PC interface circuit can

also be constructed to monitor the measured quantities
of the liquid in graphical form. Moreover the other
quantities of liquid such as conductivity, salinity can
be attempted to measure by using Lab make sensors.
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