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Abstract The article about pH meter based on Raspberry Pi 3
hasbeen created. Thisinstrument servesasa measure of acid base
levels of solution capable of displaying a GUI ( Graphic User
Interface ) based interface programmed in the Raspberry Pi 3
System On Chip with the Python programming language. The
purpose of this research is to innovate Raspberry Pi 3 based pH
measuring device, to create interfaces and store pH measurement
data based on Raspberry Pi 3 and Python programming language,
find out the results of heuristic analysis on pH meter measuring
instrument innovations, and determine the accuracy of the pH
meter based on Raspberry Pi 3. The method used to pH sensor
chararacterization in making this measuring instrument is
heuristic method.The characterization sensor result show that the
accuracy value of the pH sensor is 99,97%, the precision value of
the pH sensor is99,99%, the sensitivity value of pH sensor is 6,45
mV/pH, the correlation value of the pH meter is99,89%. Based on
the result of the analysis that has been carried out, it can be
conclude the innovation in pH measuring device that are made
have a good accuracy and can measure well.
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. INTRODUCTION

Along with the rapid development of technology in

various fields of science will certainly bring significant
changesfrom any aspect [1] —[3]. Likewise, the technol ogical
development of the field of metrology is no less developed
than other disciplines. PH meter that is used to determine the
acid base content contained in aliquid. pH meters are widely
used in measuring the acidity of water, both drinking and
non-consuming water [4] — [6]. Measuring the pH of aliquid
isdoneto ensurethat the liquid is safe for consumption and to
ensure the acidity of the liquid. PH measurements are
generally till done manually using a specific pH meter. If
measurements are repeated or repeatability with certain
measurement time intervals will certainly reduce the
efficiency in making measurements[7] — [12].
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Based on the above problems, the authors make a pH meter
based on Raspberry Pi 3 [14] — [17] and Graphic User
Interface (GUI) which is expected to solve this problem.
Measuring tool that is made later will display the results of pH
measurements on LCD monitors that have been connected
with Raspberry Pi 3 [18] — [20]. The measurement run when
the amount of data to be taken and the time interval is entered
into the GUI. The measurement results can later be saved also
to the SD card in the .xIs file format [21].

[I. METHOD

The research method in this article is divided into two,
namely the method used in making tools and the method of
analyzing data measuring the pH measurement tools [22] —
[25].

The manufacturing of pH sensor hardware starts with
preparing the tools and materials needed in the manufacture
of measuring instruments and then testing each component to
be used, then making tool designs, PCB designs, and making
the working system of the measuring devices to be made. In
making thistool the sensor used is the pH sensor [25] — [28].

The method used for the analysis of the measurement data
test resultsinthisstudy isthe heuristic analysis. The analytical
method is carried out to find the linear regression value,
accuracy, precision, sensitivity, correlation, and linearity of
the measuring instrument [29] — [31].

Sensor pH |_.| ADS1115 |_.| Raspbexry Pi 3 LCD Monitor |

Fig. 1. Device block diagram.

The following is an explanation of the Block diagram of the
Rasberry-Based Ph measurement system that will be
implemented. The pH sensor is used to measure the level of
acid base solution to be measured.

ADS1115 functions as an analog to digital converter
(ADC), this component is used to change analog signal to
digital, so it can be processed by the processor.

Raspberry Pi functions as a processor, which in this device
functions to process the signal processing from ADS1115.
Raspberry Pi aso functions as a GUI so that the Ph reading
can be displayed on LCD monitor.

A. Hardwaredesign

The hardware design of the pH sensor starts with testing
each component to be used, then makes atool design, designs,
and makes a working system of the measuring instrument to
be made. In making thistool the sensor used is the pH sensor.
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While the test media used are buffer with concentration pH
4,01,6,86; 7,00; 9,18,10,01.

Fig. 2. Overall device visual, sensor not included.

In designing pH measuring devices, the pH sensor is
connected to the circuit contained in the PCB. Then the pH
sensor is connected to ADS1115 which functions as digitizing
the output signal from the sensor that is converting analog
signalsinto digital signals. The ADS1115 and sensor are then
connected to the Raspberry Pi using a jumper cable in
accordance with the path on the PCB that has been made.
ADS1115 is very necessary because Raspberry Pi does not
have components for signal digitization.
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Fig. 3. Device schematic design.
Design of electrical schematic shown on Figure 3

B. Softwaredesign

The design of software on the system is very necessary so
that the system on the device can run well. The design of
software on this measuring instrument uses Python language.

Making a Python program for sensor testing functionsas an
analog signal converter on a pH sensor into a digital signal
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whichwill later be processed using the Python program on the
Raspberry Pi. The results of the pH measurement by the
sensor will then be displayed on the LCD monitor screen and
saved to the SD card in file format .xs.

Based on the diagram in Figure 4, the working system of
this pH measuring device starts from the conditioning of the
Raspberry Pi and a series of pH sensors that are assembled
inside the PCB. This conditioning is done to ensure that all
components used in the measuring instrument can function
properly. After making sure all components can function
properly, then ensure the GPIO system can run well by
running on the Python program. If there is till an error in the
system, then do the re-conditioning on each component.
GPIO that has been installed correctly can display the Ul on

the monitor screen.
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Fig. 4. System flow chart program.

After the Ul is displayed on the monitor screen, then the
input process of measuring the amount of measurement data
and the measurement time interval that has been determined.
Then the pH is read out by pressing the START button.
Execution of the pH reading by the sensor will be repeated as
many as the number of samples entered. In this process
ADS1115 digitizes the signal which is then converted by the
program using the heuristic conversion formula to obtain the
pH value of the solution in actual units. The measurement
results displayed on the Ul are decimal numbers and graphs.
When the program execution is complete, the measured pH
data as much as the specified amount of dataisthen stored by
pressing the SAVE button. The pH data is then stored on the
Raspberry Pi’s SD Card in .xls format.
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I11. IMPLEMENTATION

Making a pH meter using Python on the Raspberry Pi aims
to display the results of pH measurements in the form of a
GUI. The results of the Python Ul program in making the pH
meter innovation tool are shown in Figure 5.

Dete Artrwvimg bomem Lomums P Rocpharry #)

Fig. 5. Ul display on device operational.

Writing Python software programs for Ul display uses
severa features such as frames for displaying graphics,
buttons. START to start data collection, the SAVE button is
used to store pH measurement data in the .xIs format into the
SD Card, and the OPEN button to open the measurement data
in the .xls format that has been saved. For a sensor reading
frame that displays the pH reading results of the measured
solution. In addition there are also several columns such asthe
"amount of data' entry column that is used to enter the
number of measurements taken to be taken. The "data
interval” column is used to enter the measurement data
interval number. In thistest the authors measured 55 datawith
a measurement interval of 5 seconds. Furthermore, the
column "data collection to -" which serves as a display of
measurement numbers in progress. The standard pH reading
is done manually using a standard pH meter then analyzing
using .xls.

- o x

File Edit Shell Debug Options Window Help ‘

18 30405 19.85 4.565
19 30405 19.85 4.565
20 30405 19.85 4.565
21 30405 19.85 4.565
22 30405 19.85 4.585
23 30405 19.85 4.565
24 30405 19.85 4.565
25 30405 19.85 4.565
26 30405 19.85 4.565
27 30405 19.85 4.565
28 30405 19.85 4.565
29 30405 19.85 4.565
30 30405 19.85 4.565
31 30405 19.85 4.585
32 30405 19.85 4.565
33 30405 19.85 4.565
34 30405 19.85 4.565
35 30405 19.85 4.565
36 30405 19.85 4.585
37 30405 19.85 4.565
38 30405 19.85 4.565

2018-08-17  13:52 ]
2012-08-17  13:52
2018-08-17  13:52
2018-08-17  13:52
2012-08-17  13:52
2012-08-17  13:52
2012-08-17  13:52
2018-08-17  13:53
2018-08-17  13:53
2012-08-17  13:53
2012-08-17  13:53
2018-08-17  13:53
2018-08-17  13:53
2012-08-17  13:53
2012-08-17  13:53
2012-08-17  13:53
2018-08-17  13:53
2018-08-17  13:53
2012-08-17  13:54
2012-08-17  13:54
2018-08-17  13:54
2018-08-17  13:54
2018-08-17  13:54
2012-08-17  13:54
2012-08-17  13:54
2018-08-17  13:54
2018-08-17  13:54
2012-08-17  13:54
2012-08-17  13:55
2018-08-17  13:55
2018-08-17  13:55
2018-08-17  13:55
2012-08-17  13:55
2012-08-17  13:55
2018-08-17  13:55
2018-08-17  13:55
2012-08-17  13:55
2012-08-17  13:55

========== RESTART: /home/pi/webpy/ELINDA TA/pH Sensor ubah ubah.py ========== [

Fig. 6. Data displayed on Python Shell.

A. Circuit test

The circuit test is carried out by means of testing the
component voltage value at each connection. Based on the
results of testing a series of innovative pH meter measuring
devices concluded that each component is well connected.
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The measured pH sensor input voltage value is 4.92 V. The
measured sensor output voltage value is 243 V. The
measurement results of the input voltage are then entered into
the pH conversion formula.

B. Static character of sensor

This test is conducted to determine the static of the Ph
sensor. Static characters tested are; regression equations,
accuracy, precision, sensitivity, correlation, linearity.

The sensor linear regression equation is used to convert the
sensor output value in the form of actual units, namely pH.
Testing is done by taking pH measurement data that still can
beet value with a standard tool that is a pH meter. Data
obtained from the measurement results in the form of bit
values. From the results of the analysis that has been carried
out obtained a linear regression equation from the pH sensor
that is:

y = 0,0009x - 7,5192 (1)
with R2 = 0.9965.

Theaccuracy vaue of the pH sensor isobtained in the same
way as the test to determine linear regression. In this test
sensor readings have been obtained with a pH unit which is
then searched for error values at each test point. The results of
the analysis carried out the error value obtained is 0.031% so
that the accuracy value owned by the pH measuring
instrument made is 99.97%.

Testing the pH value to determine the precision value is
done by repeating the test data at least 3 times from each pH
buffer used in thetest. From the results of the analysisthat has
been done, the precision value possessed by the pH sensor in
making measurements is 99.99%. This means that the pH
sensor used has good repeatability.

Sensor sensitivity value is measured to determine the value
of the sensor's reading power. The sensitivity sought isin the
form of the voltage in mV that is read for a 1pH increase
(mVpH). Data collection is done by reading the output
voltage and pH that isread on the sensor in each measured pH
buffer solution. The measurement data is then analyzed so
that the sensitivity value obtained from the pH sensor used is
6.45mV / pH.

Correlation calculations are performed to show the
relationship between the pH measured by the pH sensor
(input) and the sensor output voltage value. From the
calculation of correlation that has been done, it is obtained
that the correlation value owned by the pH sensor is 99.89%.

Output valtage (V|

[ 7
Standars (Ph)

Fig. 7. Corellation between sensor output and standart
reading.
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From the results of the analysis of correlation values that
have been done it can be seen that the pH value of the test
sensor output has a good correlation with standard pH
measuring devices. Good correlation is an indicator of a tool
capable of providing output that is close to the standard value.

Linearity states the relationship between input and output
where the units of the two are aready in actua units, namely
pH. Input isthe pH value that is read by a standard pH meter
and the output is the pH that isthe pH read by the pH sensor.
Linearity analysis aims to find out how linear the sensor
readings are against the standard device. Linearity testing can
provide information about the measurement point farthest by
the test sensor against the linear line.

C. Analysisof Uncertainty

Uncertainty analysis of the pH sensor is carried out after the
sensor characterization. Data retrieval for the uncertainty test
iscarried out 5 readings.

Uscertainty

gl OO (PH)

/\A =) combined [pH)

183 L44 b o4 8.7 9,64
Ph Output Sonser

Fig. 8. Graph of Ph sensor uncertainty.

Table- I. Analysisresult of Ph sensor uncertainty.

Standart Test Correction Standart Deviation Uncertainty repeat Uncertainty readings (Ph) Uncertainty Combined
(Ph) (Ph) (Ph) (Ph) (Ph) (Ph)
3.82 3.83 -0.003 0.0065 0.0008 0.0029 0.0030
6.72 6.44 0.042 0.0074 0.0009 0.0029 0.0031
7.00 6.64 0.051 0.0051 0.0007 0.0029 0.0030
3.00 8.76 0.027 0.0077 0.0010 0.0029 0.0031
9.95 9.64 0.031 0.0051 0.0007 0.0029 0.0030

The following graph is the uncertainty presented in Figure
Based on the graph in Figure 9, the data analysisin Table 1
shows that the sensor readings have a good level of precision
from the 4.01 buffer test value, 6.86 buffer test, 7.00 buffer
test, 9.18 buffer test, and buffer 10 test. , 01. The repeatability
uncertainty value decreases at the test buffer buffer with a pH
concentration of 7.00 this is due to the standard deviation at
the buffer testing point with a concentration of 7.00 and at a
concentration of 10.01 decreases. Large standard deviations
indicate that the test data points on a data overlay have values
far from the data average. The results of the analysis at the
buffer testing point with a concentration of pH 4.01 for the
repeatability uncertainty value is 0.00088, for the combined
uncertainty value that is 0.0030. The results of the analysis at
the buffer testing point with a pH concentration of 6.86 for a
repeatability uncertainty value of 0.00099, for a combined
uncertainty value of 0.0031. The results of the analysis at the
buffer testing point with a pH concentration of 7.00 for the
repeatability uncertainty value is 0.00069, for the combined
uncertainty value is 0.0030.

IV. CONCLUSION

Based on the results of research that has been done using
the heuristic method in making the innovation of a Raspberry
Pi based pH meter made by the author it can be concluded
that:

1) The results of the analysis using the heuristic method that
has been done show that the innovation of pH measuring
instruments made has an accuracy value of 99.97%. The
precision value possessed by the innovation of pH meter
measuring instruments is 99.99%. The sensor sensitivity
valueis6.45 mV / pH. The correlation value possessed by
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the innovation of pH metersis 99.89%.

2)Theresults of the analysis at the buffer testing point with a
concentration of Ph 4.01 for a repeatability uncertainty
value of 0.00088, for a combined uncertainty value of
0.0030. Theresults of the analysis at the buffer testing point
with a pH concentration of 6.86 for a repeatability
uncertainty value of 0.00099, for a combined uncertainty
value of 0.0031. The results of the analysis at the buffer
testing point with a pH concentration of 7.00 for a
repeatability uncertainty value of 0.00069, for a combined
uncertainty value of 0.0030. The results of the analysis at
the buffer testing point with a pH concentration of 9.89 for
arepeatability uncertainty value of 0.0010, for a combined
uncertainty value of 0.0031. The results of the analysis at
the buffer testing point with a concentration of pH 10.01 for
the repeatability uncertainty value is 0.00069, for the
combined uncertainty value is 0.0030.
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