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Abstract: BagsSrosTiOs (BST) film doped with RuO, with varying concentrations (0%, 2%, 4%, and
6%) on a p-type (100) silicon substrate has been successfully grown using the Chemical Solution
Deposition (CSD) method and spin coating at a rotational speed of 3000 rpm for 30 seconds. The film
on the substrate was then heated at 850 °C for 15 hours. BST film+RuO, variations were characterized
for their sensitivity as a light sensor. BST film+RuO; variations were tested with a varied light source
and reflective surface colors. Thin films have a range at the visible light wavelength, so LED lights
were used as the light source in the present study. The light source selected was the blue LED because
it had a high contrast in differentiating between dark and light-colored surfaces. Various electronic
circuits assisted sensitivity characterization with the aim to produce a sensor that is highly sensitive to
light. The response of BST film+ RuO, variations differed according to the RuO, doping concentration.
BST film doped with RuO; 6% had a very good response to changes in light, so this film was applied
as the line detector sensor in the line follower-based rice-stalk cutter model with an HC-05 Bluetooth
control. Before being integrated with the microcontroller, the output voltage of the BST film was
strengthened using an op-amp circuit so that the microcontroller could read the output voltage of the
BST film.
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1. Introduction

Rice (Oryza sativa) is the most popular food crop in Indonesia. Most Indonesians
consume rice which grows on rice stalks. The processing of rice is conducted through several
stages, from the cutting of rice stalks to separate the rice grains from the stalks to the packing
stage [1]. The majority of Indonesian farmers process rice manually. Therefore, automated rice
processing tools are needed to accelerate productivity and to make the farmers’ tasks easier
and more efficient in both quality and effectiveness.

A robot is a machine designed to reduce the human workload. Robots are usually
developed to reduce the risk factor and increase convenience in a certain job [2].

Line follower robots can be applied in various fields, including agriculture, especially
in the automatization of rice production. A line follower robot can be made into a rice-stalk
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cutting tool by adding blades to two sides for cutting rice stalks and using a motor to move the
blades so that cutting rice stalks would be faster, more efficient, and could be done
automatically [3].

In the present day, technology in the field of materials has advanced quickly, including
the field of electronic materials. One of the studies that has garnered much attention is the study
of the ferroelectric material Barium Strontium Titanate (BST) doped with a variety of dopes
(one of them being RuO2) which is then applied as a sensor or detector [4—20].

The explanation above has motivated the writers to create an application of
BaosSrosTiOs (BST) film doped with RuO2 (0%, 2%, 4%, and 6%) rice-stalk cutter model
based on a line follower controlled by HC-05 Bluetooth.

2. Materials and Methods
2.1. Research methodology.

The procedure for this study was divided into two parts: (1) the production and
characterization of BST film+RuO2 and the assembly of the rice-stalk cutting robot. Figure 1

presents the research diagram.
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Figure 1. The research diagram.
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2.1.1. The P-type (100) silicon substrate preparation.

In this study, the substrate used was p-type silicon (100) substrate. The substrate that
was originally a circle was cut into pieces with a size of 1x1 cm2 to form a square, as shown
in Figure 2. The p-type silicon substrate (100) that had been cut was then washed using a
mixture of 5% concentration of fluid acid (HF) and 2% concentration of distilled water [10, 11,
21].

Figure 2. P-type (100) silicon substrate that had been cut into 1x1 cm? squares.
2.1.2. The Preparation of the BagsSrosTiOs film Solution doped with RuO».

The method used to make a BaosSrosTiOs film solution doped with RuOz is the CSD
method. The composition of the BaosSro5TiOs solution is made of 0.3512 g of Barium Acetate
[Ba(CH3COOH)2, 99%], 0.2314 g of Strontium Acetate [Sr(CH3COOH)2, 99%)], 0.7105 g of
Titanium Isopropoxide [Ti (C1204Hz28), 99%], and 2.5 ml of 2-methoxy ethanol
[H3COOCH2CH20H, 99%)] as solvents. After the solution mixture is formed, then the solution
IS sonicated using an ultrasonic device (Branson 2210 model). The sonication process was
carried out for 1 hour. The resulting sonicated solution is called a precursor [10, 11, 22, 23].

2.1.3. Growing the BagsSrosTiOs film doped with RuOs.

The growth of the RuO2 doped BaosSrosTiOs film was carried out after the precursor
solution was formed. The tool used in the process of growing the Ba0,55r0,5TiO3 film doped
RuQ2 is a spin coating reactor. In principle, first: P-type Silicon substrate (100) which has been
cut to a size of 1x1 cm2 and washed with a mixture of 5% concentration of fluid acid (HF) and
2% concentration of distilled water then placed on a spin coating reactor plate with 1/3 part.
The surface of the substrate is covered with a solution so that it is not exposed to the precursor
solution when 2/3 of the substrate is dripped with the precursor solution. Second: the precursor
solution given to 2/3 parts of the substrate is 3 drops. Third: the spin coating reactor is rotated
at a rotating speed of 3000 radians per minute for 0.5 minutes. The second and third steps are
carried out 3 times with a break for each repetition of 1 minute [10, 22, 24, 25].

2.1.4. The annealing process.

Annealing is a process of diffusing/activating a precursor solution with a substrate. In
this study, annealing was carried out using a furnace (model VulcanTM-3-130). The annealing
process is shown in Figure 3. Figure 3 explains that the annealing process starts from room
temperature to annealing temperature of 850 °C (increase in annealing temperature: 1.7 °C /
minute). The annealing temperature was held for 15 hours. After being held for 15 hours, the
furnace cooling process is carried out for 12 hours until room temperature is recovered [4, 14,
18, 26, 27]. The annealing process is shown in Figure 3.
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Figure 3. The annealing process.

2.1.5. The Installation of a contact in the BagsSrosTiO3; Film Doped with RuOs.

The making of contact film BaosSrosTiOs doped RuO2 was carried out through the

aluminum (Al) metallization process, as shown in Figure 4. The Al metallization process was
carried out by evaporation in a vacuum air space. After the metallization process, the next step
is making a hidden and installing a fine wire (made from plastic) using silver paste [10-12,21].
The model of BaosSrosTiOs film doped with RuO2 and the results of copper wire installation
are shown in Figure 5.

Si (100) p-type

fine
wires

Gla5§ =
Preparations

(Al) contacts ~ Silver
Paste

" BaosSrosTiOz + RuOz

(a) (b)
Figure 5. (a) The BagsSrosTiO3 film doped with RuO, model; (b) The copper wire installation result.

2.1.6. The robot mechanics assembly.

The robot’s body and frame were made from a plastic square sized 5 cm x 15 cm x 5

cm. The robot’s body was made into two levels; the first level was on the bottom and functioned
as the sensor base, where two line sensors were placed in the bottom of the forepart of the
robot. The motor, gearbox, and power supply were placed in the first level. The second level
was placed above the first level and functioned as the electronic circuit and microcontroller
base. The rice-stalk cutting robot model design is presented in Figure 6.
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(&) Top view (b) Bottom view

(c) Rear view (d) Front view

(e) Side view
Figure 6. The rice-stalk cutting robot model design.

2.1.7. The production of electronic components.

This stage included the assembly of the line sensor circuit and drive motor circuit. The
line sensor circuit consisted of 2 BST+RuO:z2 thin film pieces, hooked up with a Wheatstone
bridge circuit to increase the sensor’s sensitivity. The output voltage signal from the
Wheatstone bridge was amplified by an op-amp circuit. The op-amp used was an LM-324 IC.
An L293D IC was used to operate the DC motor. One L293 IC could control two DC motors
at the same time. The L293D’s working system gave control signals in the form of logic or a
pulse to the input line. The circuitry diagram for the rice-stalk cutter based on a line follower
controlled by Bluetooth is presented in Figure 7.

[

Figure 7. The circuitry diagram for the rice-stalk cutter based on a line follower controlled by Bluetooth.
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2.1.8. Programming.

The program was constructed using the IDE Arduino software. The programming
language used was language C.

2.1.9. Characterization of the BagsSro5TiO3 film doped with RuO; as a line detector.

Characterization of the BaosSrosTiOs film doped with RuO:2 included the
characterization of its sensitivity as a line detector sensor. The Bao.sSrosTiOs film doped with
RuO2’s sensitivity as a line detector sensor was demonstrated by the difference between the
output voltage and input voltage (AV/AI), with V as the output voltage and I like the input light
intensity.

3. Results and Discussion

3.1. BST film+RuO; sensitivity test.

In this study, a sensitivity test was carried out to get the best film. The best film is then
used in the line follower robot. The electronic circuit for measuring the sensitivity of the BST
+ RuO2 film is arranged in series with one resistor. Furthermore, the circuit is paralleled with
two resistors connected in series [10, 12, 21]. The series is usually referred to as a Wheatstone
bridge series. The Wheatstone bridge series is shown in Figure 8.

In principle, measurements are made by providing a stimulus in the form of light. A
good film will certainly respond to this stimulation by issuing an output in the form of a voltage.
The process of measuring the film sensitivity test was carried out in 2 conditions, namely light
(= 637 lux) and dark (£ 0 lux). The results of the measurement of the film sensitivity test are
shown in Table 1 and Figure 9.

1M
embatat
Wheatstone

‘r —
. 100 Q
Film

BagssSross TiO3

Figure 8. The Wheatstone circuit.

Table 1. The data from the measurement of the BST film+RuO,‘s sensitivity as a light sensor.

RuO:2 Sensitivity Measurement
Treatment Concentration Repetition AV AV Al AV/AL
Variation (mv) (mv) | (lux/m?)

Repetition Dark 36.00 35.00 637.00 0.05

Concentration 1 Bright 71.00

0% Repetition | Dark | 20.00

5 Bright 74.00 54.00 637.00 0.08
Repetition Dark 109.00
- 11.00 637.00 0.02
Forward Concentration 1 Bright | 120.00
Bias 2% Repetition | Dark | 127.00
5 Briaht | 174.00 47.00 637.00 0.07

Repetition | Dark 10.00 4.00 637.00 0.01

Concentration 1 Bright 14.00

4% Repetition | Dark 6.00
5 Bright 17.00 11.00 637.00 0.02
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RuO:2 Sensitivity Measurement
Treatment Concentration Repetition AV AV Al AV/AI
Variation (mv) (mv) | (luxim?)
Repetition Dark 8.00
. 1 Bright 12.00 4.00 637.00 0.01
Concentration
6% Dark 74.00
Repetiti . . . .
epe2| ion Bright | 158.00 84.00 637.00 0.13
Repetition Dark 7.00
- 3.00 637.00 0.00
Concentration 1 Bright | 10.00
0% Repetition | Dark 6.00
> Bright 8.00 2.00 637.00 0.00
Repetition Dark 0.00
- 0.02 637.00 0.00
Concentration 1 Bright | 0.02
2% Repetition | Dark | 45.00
5 Bright | 53.00 8.00 637.00 0.01
Reverse Bias Repetition | Dark 7.00
- . 10.00 637.00 0.02
Concentration 1 Bright | 17.00
4% Repetition | Dark | 10.00
5 Bright | 23.00 13.00 637.00 0.02
Repetition Dark 120.00
. 1 Bright | 130.00 10.00 637.00 0.02
Concentration Tk 95.00
6% " ar .
Repeztmon Bright | 11100 12.00 637.00 0.02

The greater the intensity value is given, the more electrons are excited from the valence
band to the conduction band. This proves that the excited electrons from the valence band to
the conduction band will increase the charge carrier, thus increasing the value of the electrical
conductivity [16, 28-30].

The film's sensitivity as a light sensor is demonstrated by the ratio between the voltage
difference and the intensity difference (AV/AI). The greater the voltage difference, the more
sensitive the film is. Table 1 showed that the measurement with the forward bias had a greater
sensitivity value than the measurement with the reverse bias. This was because, during the
forward bias condition (p-type Si was connected to V(+), type-n BST was connected to V(-)),
the charge would flow from the cathode to the anode, making the film act as a conductor.
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Figure 9. The graph for the measurement of the sensitivity of BST film+RuO; as a light sensor.

3.2. Design of the BST film+RuO- 6% as a line sensor.
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In this study, the line follower robot that was built consisted of 2 sensors, namely the 2
best films from sensitivity testing (BST + RuO2 6%). These sensors function as photodiodes
that will read a line on the path. The results of the photodiode readings are used to determine
the direction of motion of the robot. The measurement results in figure 10 show that the output
voltage change of the BST + RuO2 film 6% is still very small, so an amplifier circuit is needed
so that the output of the change in voltage can be read by the microcontroller. The amplifier
circuit used is shown in Figure 11 [10, 21].

014
012
01 ¥
. .
é 0.08 y M Forward Bias
g .
3 0.06 y B Reverse Bias
0.04
0.02 .
4% 6%

0
0% 2%
BST+ variations of RuQ,

Figure 10. The sensitivity of BST+RuO; film (AV/Alux) in the forward bias circuit and the reverse bias circuit.

R
100 K R4

amplifier 3

E g w
Vin2 o
amplifier 2 m

Rz
R
wokS 1M

Figure 11. Amplifying circuit.

The first amplifying circuit was a differential amplifying circuit. A differential
amplifying circuit is a circuit that compares two inputs. A differential circuit was used in the
initial stage because the BST film+RuO2 was assembled with a Wheatstone bridge with two
outputs, vi1 and vz. The differential circuit was a combination between a non-inverting circuit
(OpAmp 1) and an inverting circuit (OpAmp 2) [10,21]. The gain for the non-inverting circuit
was:

Vout _ Ry

vin (1 + Rin) (1)
Whereas for the inverting circuit, it was

vout _ _(Rf

i =) @

In the inverting circuit (OpAmp2), because the reference voltage was fed with a positive
reference voltage (v2), the gain would positively value. Therefore, the total gain for the
differential circuit was:

v = (D) &) @

-(B)E
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_ 1+100k 100k
_( 100k) (100k)
= 2 times.

For the second amplifying circuit, the non-inverting amplifying circuit (OpAmp 3), the
gain was:

Vout=(1+ﬁ) (4)

Vin Rin

=(1+§—j)

= (1+550)

= 11 times

The BST+RuO2‘s working principle as a line detector was capturing the intensity of the
LED light reflected by the reflective surface. The more light is reflected, the greater the
intensity captured by the BST film+RuOz: s, causing the output voltage to become greater. On
the other hand, the less light is reflected, the less light is captured by the BST film+RuO2, and
the output voltage would be smaller. This study employed LED color and reflective surface
variations.

S

0O White
W Black
W Red

H Blue

Reflective Field Voltage (mv)

o N » o ®

Green

White LED Red LED Blue RED Green LED
LED

Figure 12. The film’s output voltage with LED color and reflective surface variations.

This study used a 5 mm-diameter LED as the light source because LEDs produce light
in the visible lightwave range. The LEDs used were white, blue, red, and green. LED lights
were selected because LEDs have a focused, high light intensity. Based on the measurements
using a Luxmeter, the intensity of the white LED was 1880 lux, the red LED 438 lux, the blue
LED 814 lux, and the green LED 1232 lux. The intensity measurements of each color LED
were taken at a voltage of 5 volts and a 330-ohm resistor. The reflective test surfaces were
white, black, red, blue, and green.

Figure 12 demonstrates that the white reflective surface produced the largest output
voltage for all the LEDs, and the black reflective surface produced the smallest output voltage.
This is because the white reflective surface would reflect almost all lightwave lengths, causing
the intensity received by the film to be greater. On the other hand, the black surface absorbs
nearly all lightwave lengths, causing less light to be received by the film.

The red LED was found to have a high voltage on the red reflective surface which was
second only to the white surface. This is because the red surface would reflect red light and
absorb all other light. The red LED emits red light, which is reflected by the red surface, so
much light was captured by the film on the red surface. This is similar to the blue and green
LEDs, which would have a greater output voltage on the reflective surface with the same color
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as its light source. The blue LED had the greatest voltage difference for each of the reflective
surfaces among all the LEDs; therefore, the present study employed a blue LED as the light
source in the line sensor circuit.

3.3. The DC driver motor circuit.

The DC driver motor circuit consisted of an L293D IC. The movement of the two
motors was determined by the input to the IC. The motor speed was controlled by the variations
in pulse width fed by the microcontroller as the PWM input. The test results demonstrated that
there are a number of possible input conditions that could be given and the motor movement
directions. Table 2 presents the results for the input and output possibilities.

Table 2. Results of the input testing on the motor driver and the motor movement directions.

Input
Binary Output
Input 1 Input 2 Input 3 Input 4 Hex i

0 0 1 0 02 Left Motor Forward
0 0 0 1 01 Left Motor Reverse
0 1 0 0 04 Right Motor Forward
1 0 0 0 08 Right Motor Reverse
0 1 1 0 06 Forward
1 0 0 1 09 Reverse

3.4. Circuit control system.

The circuit to control the system was a 10 bit Atmega328 (Arduino Uno)
microcontroller, which would control the supporting circuit in the line follower system. The
output voltage from the line sensor circuit was the input signal for the microcontroller. The
analog signal from the sensor needs to be converted into a digital signal by the ADC, which
has been integrated into the Atmega328 microcontroller so that the microcontroller can enter
it.

The voltage output from the sensor was not constant, so the microcontroller could not
have the voltage reference value directly used to compare bright and dark conditions. To be
able to differentiate lines, first, the line follower is placed on a white surface white, and the
microcontroller would read the input voltage. The initial voltage would be translated as the
sensor is on a white surface. If the input voltage experiences a significant decrease, the
microcontroller would conclude that the sensor is on a black surface. The microcontroller
would then give instructions to the two motors as a response to the input given.

The circuit assembly pattern was made based on the circuit pattern diagram that had
been previously designed (Figure 7). The circuit control system assembly process is shown in
Figure 13 and Figure 14.
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Figure 13. The system controlling the circuit assembly process.

Figure 14. The appearance of the bluetooth-controlled line follower-based rice-stalk cutter model.

3.5. The application programming.

The programming process used the Applnventor software because it was easier to use
and had a fairly attractive user interface display. The functions and elements in the code
program were made based on the entity in the application’s flowchart and used the while-do
logic for each condition. The Applnventor supports the use of a Bluetooth connection, and the
output in this program is a .apk, which could be used directly on a smartphone with an Android

operating system. The coding program is presented in Figure 15. The display of the line
follower rice-stalk cutter application is presented in Figure 16.

when {(ESFWEIE BeforePicking

when -Click
do éa | Elements ~ [RGME BluetoothClient1

don call EMECEREERENRS  SendText
- text [ F ]

~ W AddressesAndNames

when (ESIEEIEEIGN AfterPicking

wfd cal CIETTTIENER -Connect do eVBeI':: thCl n SendText
ca e
address ListPicker1 - B Selection ~

then &et | Elements + G BluetoothClient1 B AddressesAndNames *

text
(-

when [ZFEEE Click
doN| call EMECEGEREiRE Sendlext

5 text (GG
when “Click
do call EINMECEEGISERS IS  SendText

= text (8"

: | BluetoothClient1 ~ |8
set (ELCIND to
| set (EIEIND to |

do -8 BluetoothClient1 ~ BTl logrons

- text

Figure 15. The application code program for the rice-stalk cutter based on a line follower controlled via
Bluetooth.

Line Follower Rice Cutter

Disconnected

Figure 16. The display for the rice-stalk cutter line follower application.

3.6. Testing.
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Overall testing was conducted on the design that had been integrated as a line follower
robot. The testing was a functional test on the sensor and the robot. The robot would run on a
black path on a white surface, controlling the movements to the right or left. Table 3 and Table
4 present the results for the functional test on the sensor and the functional test on the robot
with variations in turning angles.

Table 3. The results of the functional sensor test.

No Testing Scenario The expected outcome Test Result
1 Both sensors on a white surface. Both wheels move forward Success
2 The right sensor on a white surface, and the | The right wheel moves forward, and the | Success
left sensor on a black surface left wheel does not move.
3 The right sensor on a black surface, and the | The right wheel does not move, and the | Success
left sensor on a white surface left wheel moves forward
4 Both sensors on a black surface Both wheels do not move. Success

Table 4. The results of the robot functional with turning angle variations.

No | Turning angle TESt Result
Turn right | Turn Left

1 00 Success Success
2 100 sSuccess success
3 200 Success Success
4 300 Success Success
5 400 Success Success
6 500 Success Success
7 60° Success Success

4. Conclusions

The BST+RuO:2 thin-film demonstrated changes in electric conductivity when the
intensity of light that fell on the film changed. Based on the sensitivity test, BST film+RuOz2
6% was the best film. Therefore, this film was applied as a line detector in the line follower.

An Atmega328 (Arduino Uno) microcontroller was used to control the robot. The input
for the microcontroller was the voltage drop difference in the film due to changes in light
intensity. The differences in the voltage drop were very small, so they needed to be amplified
using operational amplifying circuits. The amplifying circuits used in this study were a
differential amplifying circuit and a non-inverting amplifying circuit. The microcontroller gave
instructions to the two motors as a response to the input given. The film had an absorbance
range at the visible lightwave length; therefore, the present study used an LED light as the light
source. The light source was a blue LED (450 - 495 nm) because it had a high contrast for
differentiating dark and bright-colored surfaces.
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