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A Newly Developed Gas Bubble Counter using Raspberry Pi Controller for
Fermentation Process
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Abstract

This research developed a gas bubble counter in which the Arduino mega 2560 controller was changied to the Raspberry Pi3
model B controller. A Photo sensor was also installed in order to provide highly accurate counts at high rate of the number
of carbon dioxide gas bubbles generated from the fermentation process. This gas bubble counter can be set to the desired
value of the number of gas bubbles to be counted. It can also record images of gas bubbles during the fermentation process
by camera and has an alarm (buzzer) activated at the completion of work. The results showed that the error of counting
increased with the increase of the rate of gas bubbles from 0% at gas bubble rate of 0-70 bubbles/minute; 0.1-0.25% at
gas bubble rate of 70-100 bubbles/minute, 0.25-1.5% at gas bubble rate of 100-130 bubbles/minute and remained constant
at 1.5% at gas bubble rate of 130-140 bubbles/minute. The gas bubble counter controlled by the Raspberry Pi3 model B
controller provides higher accuracy of gas bubble count than the gas bubble counter controlled by the Arduino mega 2560
controller. In addition, the number of bubble counted by the gas bubble counter indicated that the rate of bubbles produced

from the fermentation process corresponded to the growth rate of yeast.
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Introduction

The fermentation process is a specific process of
anaerobic microorganism such as yeast mold and some
bacteria. In this process, the microorganism uses organic
substances as hydrogen acceptor or electron in the laSt

Step of the process instead of oxygen'.

Currently, ethyl alcohol is produced from
fermentation by using enzyme from yeast to convert
starch to maltose and glucose sugar by diastase and
maltase enzyme respectively. Then glucose is converted
to ethyl alcohol and carbon dioxide by enzyme as in the

following reaction.

(CeH1405)n

diastase maltase zymase

— C1oH;,0y — CgH 1,05 — CH;CH, (1)
— OH + CO,

This type of fermentation will obtain alcohol 12-
15%. For a complete reaction 1 molecule of glucose will
be broken down to 2 molecules of ethyl alcohol and 2

molecules of carbon dioxide as in the following reaction.

CoHy204 > 2C,Hs — OH + 2C0, )

Glucose Ethyl alcohol Carbon dioxide

There are many kinds of microorganism such as
mold, yeast, algae, and protozoa. Yeast is classified in
the fungi kingdom and mold kingdom. Its growth pattern
divides in to 4 phases: Lag phase (A phase); the first
phase in which microorganisms begin to find new food
and environment, Exponential or log phase (B phase);
a period in which the microbes have increased in the
most number and have a constant rate of divisive cell,
Stationary phase (C phase); a period in which the
microorganism shows no increase in the number, and
Death phase or decline phase (D phase); the last phase in
which the microorganism’s die. The pattern of the growth
cycle of microorganisms (bacteria/yeast) is shown in

figure 1.
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Figure 1 Microorganism: hypothetical Bacterial/
Yeast growth curve’

In previous work, a gas bubble counter us-
ing Arduino mega 2560 as the controller showed that
the average of gas bubble related to carbon dioxide
and ethyl alcohol produced by fermentation as shown
in reaction (2)*, which still provides high error on
counting gas bubbles especially at a high rate of
gas bubble production. In this work, the study of the
relationships of gas bubble, carbon dioxide, and yeast
growth are shown in figure 1 by using the gas bubble
counter controlled by Raspberry Pi3 B. Moreover, in
order to reduce errors at higher rates of gas bubble
production the device had a higher processing speed
than the Arduino mega 2560°.

Design and Experiment

The gas bubble counter controlled by the
Raspberry Pi3 model B consists of 5 important functional
parts: 1) Fermenter or experiment glass, 2) S-shaped
glass tube, 3) Photo sensor, 4) processing cycle counts
gas bubbles, and 5) spherical glass bulb, as shown in

figure 2.
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a) KeyPad is used to input data and the

oPAm HHAH number of gas bubbles desired to be counted.

Displ: . . . .
i b) Controller is a main control unit which

Raspberry Pi3 B is used. It is used as:

Camera

KeyPad

Alarm - a signal receiver from the photo sensor

@ - a signal sector Received from photo

sensor and sent to display the number of bubble at

(a) Diagram of A Newly Developed Seven-segment 4 digits

Gas Bubble Counter - a signal sender to Buzzer in order to

generate alarm when the work is finished.

c) OP-Amp is used to amplify the signal

Received from the photo sensor

d) Display is used as a 4- digit seven-
segment. It displays the result of counting and the number

of gas bubbles.

e) Buzzer is used as an alarm when the

work is finished.

f) Camera is a recording device where the
gas bubbles are generated. These images are used to
compare with the number of gas bubbles counted by the

gas bubble counter.

No.5 Spherical glass bulb is forced to create a
gas bubble in a circular shape with a gas bubble size:

each average bubble is similar to the size of a spherical

glass bulb and has photo sensor installed. The counting

(b) Actual of A Newly Developed Gas Bubble Counter

of carbon dioxide gas bubbles can be divided in to 2 steps

as shown in figure 3.
Figure 2 Structure of the newly developed gas bubble

counter for fermentation process

From figure 2 (a) No.1 Fermenter or experiment
glass is a container with a sealed lid and a hole for

inserting the S-shaped glass tube on the lid above

No.2 The S-shaped glass tube is the passage
for gas bubbles and liquid.

No.3 The photo sensor is used as a photo
sensor: the Opto-diode is a sensor to measure the number
of gas bubbles that occur in the fermentation process. It

consists of 2 parts, transmitter (T) and receiver (R).

No. 4 Counting processing circuit consists of 6

important parts as follows.
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™

Figure 3 Formation of carbon dioxide gas bubble in fermenter take, S-shaped glass tube

When fermentation takes place, carbon dioxide
will be produced as gas bubbles and then flows in to the
S-shape glass tube equipped with the photo sensor at
the spherical glass bulb. The bubble will break up in the
first spherical glass bulb resulting in accumulation of ethyl
alcohol carried by the bubble’s wall as shown in figure 3
(1) position A. As more carbon dioxide is produced and
high pressure is generated, this gas can push through
ethyl alcohol accumulated at the bottom of S-shape tube
and reforms as a gas bubble in the second spherical glass
bulb where the sensor is installed as shown in figure 3 (2)
position C. This bubble will attenuate the light Received by
a light’s receiver (R); this status is called “OFF”. A signal
will be generated using this criterion and this signal is
called “the carbon dioxide bubble count”. Whereas, when

there is no gas bubble present inside the spherical glass

J Sci Technol MSU

Fermenter

@)

bulb, the light of the photo sensor’s transmitter (T) is able
to pass through the spherical glass to the photo sensor’s
receiver (R) as shown in figure 3 (1) position C. This
status is called “ON” which means that gas bubblea are
not present. This phenomenon can be applied to calculate
ethyl alcohol produced from fermentation process as
in equation (2). Moreover, this can also indicate the
relationship between growth rate of bacteria by using
a gas bubble counter controlled by Raspberry Pi3 B
as shown in figure 1.The controller used in this gas
bubble counter, Raspberry Pi, is a small single board
microprocessor with speed of 700 MHz to 1.4 GHz. For
Raspberry Pi3 model B, it is called Embedded Computer®
while Arduino mega 2560 used in previous work is at
speed of 16 MHz’. The main processor, Raspberry Pi3

B controller equipped with camera is shown in figure 4.

(a) Diagram of Raspberry Pi3 B controller

(b) Schematic of Raspberry Pi3 B controller circuit

Figure 4 (a) Schematic diagram of main processor Raspberry Pi3 B: 1) Raspberry Pi3 B, 2) KeyPad 4X3, 3) Photo sensor:

Opto-diode (Transmitter:T and Receiver: R), 4) Display: 4 digit Seven-segment, 5) Buzzer and 6) Camera (Roboplan., 2016),

(b) Schematic of Raspberry Pi3 B controller circuit
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Pin in main controller Raspberry Pi3 B was
defned as following step’: # set GPIO pin numbering
method to BCM import RPi.GPIO as GPIO

GPI10.setmode (GPIO.BCM)
import cv2
# define pins
Keypad4x3:
#define KEYPAD_PIN_COL2 18, COL3 27, COL1 17

#define KEYPAD_PIN_ROW3 24, ROW1 22, ROW2
23, ROW4 25

Photo sensor:
#define IRPSENSOR_PIN_VOUT 0
Seven-segment:

#define S7TSEG_PIN_DIG1 12, DIG2 13, DIG3 19,
DIG4 16

#define STSEG_PIN_A 7,B 0, C 1, D 5, E 26, F 20,
G 21

#define STSEG_PIN_DECIMAL 6
Buzzer:
#define BUZZER_PIN_SIG 4
Camera:
#define Cam_PIN. T2, R 3
#Copyright(C) 2016 Roboplan Technologies Ltd.

The operation of the gas bubble counter runs
the following steps: First, the bubble number value input
from KeyPad is Received. Then the Raspberry Pi3 B
computer processor controller will wait for the signal to
count the gas bubbles from the photo sensor installed on
the S-shaped glass tube. The photo sensor will generate
a signal when each gas bubble is detected then forward
it to the Raspberry Pi3 B. This signal will be counted and
compared to the set count value which shows on display.
The result of counting of the number of gas bubbles will
be shown on a 4-digit 7-segment display. This process
will rerun by returning to check the status and waiting for
new input value as shown in figure 5. When finishing the
task, the controller will turn on the buzzer to generate

an alarm sound. In addition, this gas bubble counter can

A Newly Developed Gas Bubble Counter using Raspberry Pi

Controller for Fermentation Process

also store images during gas bubbles passing through
the camera to bring the real time image to compare the
bubble count with the gas bubble counter and record

number of the gas bubble counted. The operating step

&
rl
&

v

Include Libraries
import RPi.GPIO

#Include "Keypad.h”

#Include "SevSeg.h” v

#Include "Buzzer .h" <
#Include "Cam.h”

< BT
[ True Sub_Program
False J’ Display
< =
True
lFaIse

@ e Ararm_Signal
False Toue

Figure 5 Operating steps of gas bubble

counter program®

of the bubble counter is shown in figure 5.

The experiment was carried out at temperature
of 25 °C and normal ambient light. The fermentation time
was 1-15 days. The average rate of number of bubble
gas is calculated from number of bubbles counted by the
gas bubble counter in every 1 minute for 20 times. The
average rate of bubble counted by the gas bubble counter
(Xm) was compared to human counting bubbles from
image (Xt) obtained from the camera in order to determine
error of the gas bubble counter®. Relative error or

percentage error can be calculated from equation (3).

Xm—Xt
Xt

Percentage error = | x 100 (3)

Where Xm the number is counted by the sensor

and Xt is actual count by human respectively

Results and Discussions

The average rate of bubble counted by the
gas bubble counter and human counting from image by
camera, and yeast growth rate is shown in figure 6 (a)

and 6 (b), respectively.

255
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Rate of gas bubble produced at various date of fermentation

—e—Raspberry Pi 38

==e==counting by Human

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Av. Date/1min

(a) Experimental of yeast growth rate of gas bubble
counter in fermentation process

-

A\ Lag  Exponential Stationary
phase phase phase

Log of numbers of bacteria

-

Time ™

(b) Theory of bacterial growth curve

Figure 6 Rate of bubble counted by Raspberry Pi3 B and human counting, camera recorder (a),

and Bacterial/Yeast growth curve (b)

Figure 6 (a) and 6 (b) showed correspondence
of the average rate of gas bubble and yeast growth rate
which can be divided in to 4 phases; “Lag phase A” at
1-2 day where yeaSt Started to grow and the fermentation
reaction began with low bubble rate of 50 bubbles/minute,
“Exponential phase B” at 2-4 day where the number of
bacteria increased and grew well with higher bubble rate
of 135 bubbles/minute, “Stationary phase C” at 6-10 day
where yeast remained constant in number with constant
bubble rate of 70 bubbles/minute, and “Dead phase D”
at 11-15 day where yeast died and decreased in number
with bubble rate of 30 bubbles/minute. This showed that
the result of the rate of gas bubble was related to
the growth rate of yeast in the fermentation process.
Therefore, the results of the gas bubble counter can be
applied to investigate the progress of the fermentation

process”.

The comparison of the percentage error on the
average rate of gas bubble of the gas bubble counter
controlled by Raspberry Pi3 B compared to human
counting is shown in figure 7. It can be divided in to 3

regions.

% Error of Gas Bubble Counter
16 - by Raspberry Pi 3 B Controller

—8—Raspberry Pi3 B

Av. % Error of Count
)
S

50 60 70

120 130 140

80 90 100 110
Av. Nmber of gas bubble/1min

Figure 7 Percentage error of the rate of gas bubble counter

compare to human counting

From figure 7, it is seen that the percentage error
of the gas bubble counter can be divided into 4 ranges.
At a low bubble rate of 0-70 bubbles/minute there was
no error on counting. At bubble rate of 70-100 bubbles/
minute in region “A” the error was 0.1%. At bubble rate of
100-130 bubbles/minute in region “B” the error increased
to 1.0-1.5%. At bubble rate of 130-140 bubbles/minute
in region “C” the error remained constant at 1.5%. In
comparison with previous work (Wannaprapa, 2018), it
was found that the Raspberry Pi3 B controller provides
higher accuracy on gas bubble count than the Arduino
mega 2560 controller, especially, at higher gas bubble rate
at 130-140 bubbles/minute when the error was at 2.25%
for the Arduino controller. The error reduction by 0.75%
is due to the Raspberry Pi having a higher processing

speed than Arduino.
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Conclusion

The gas bubble counter controlled by Raspberry
Pi3 B provides low percentage error at a maximum of
1.5% while for the Arduino mega 2560 used in previous
work, the percentage error was a maximum of 2.25%
since the Raspberry Pi has higher processing speed
than Arduino. This result is also due to unresponsive or
incompatible photo sensors and controller types. The
results of the gas bubble counted by the gas bubble
counter indicates that the amount of ethyl alcohol
produced from the fermentation process and the bubble
rate produced from the fermentation process corresponds
to the yeast growth rate. In addition, this gas bubble
counter can be applied to monitor other reactions that
produce gas in close system. In future work, the
photo sensor should be changed in order to achieve
higher sensitivity and the synchronous sensor type with
Raspberry Pi3 B controller used for the fermentation
process with higher rate of gas bubbles produce more

efficiently.
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