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The development of light sensor technology has enabled better measurement
accuracy. The GY-30 BH1750 sensor, for example, is known for its ability to
detect light changes with high sensitivity. Although this sensor has many
advantages, the accuracy of its measurements greatly depends on the
calibration method used. Without proper calibration, the measurement data
may be affected by bias, which can be detrimental to applications relying on
it. Linear regression methods can extract the mathematical relationship
between the sensor's output and the light intensity on the light sensor. In light
sensor calibration, linear regression helps determine the relationship between
the signal generated by the sensor (e.g., voltage or current) and the measured
light intensity. Thus, we can mathematically map the sensor's response to
changes in light intensity, which is used for measurement correction to get

Accuracy closer to the true value. The implementation of linear regression on the GY-30

Arduino Uno BH1750 sensor is expected to contribute significantly to improving the
measurement accuracy of this sensor. By modeling the sensor's response to
actual light intensity, the generated data is expected to become more consistent
and accurate, making it suitable for applications requiring high accuracy. The
result of this research is more stable light intensity measurements with the
application of linear regression on the GY-30 BH1750 sensor, with
measurement results closely matching those obtained using a measuring
instrument. The error before using linear regression was 1.2%, and after
applying linear regression on the GY-30 BH1750 sensor, the error reduced to
0.54%.
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1. INTRODUCTION

The measurement of light intensity has become increasingly important in various sectors, including
environmental monitoring, agriculture, lighting systems, and home automation [1]. The need for precise
measurements reflects the importance of accurate and reliable data in decision-making processes. For example,
in agriculture, light intensity measurements are used to monitor plant growth and help determine the optimal
harvest time [2]-[4]. Meanwhile, light sensors are often used in urban environments to manage public lighting
systems and save energy. Therefore, sensor calibration becomes a vital aspect to ensure the accuracy of data
obtained from these measurements [5]-[7].

The development of light sensor technology has enabled better measurement accuracy. The GY-30
BH1750 sensor is known for its ability to detect light changes with high sensitivity. This sensor is frequently
used in practical applications that require a quick response to variations in light intensity, such as lighting
automation systems and loT devices. Although this sensor offers many advantages, its accuracy depends on
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the calibration method [8], [9]. Without proper calibration, measurement data may be affected by bias or
inaccuracies, which can be detrimental to applications that rely on it [10].

Sensor calibration is a process necessary to minimize measurement errors by matching the sensor
output to a reference value [11], [12]. A proper calibration method will optimize sensor performance and
improve measurement accuracy [13], [14]. Linear regression methods can extract the mathematical relationship
between the sensor output and light intensity at the light sensor. Through this process, the measurement results
are expected to align more closely with the actual light conditions, providing more reliable data for the end
user [15].

Linear regression is a statistical method that has long been used to analyze the relationship between
two continuous variables, namely the independent and dependent variables [16]. In light sensor calibration,
linear regression helps determine the relationship between the sensor-generated signal (such as voltage or
current) and the measured light intensity. This allows for the mathematical mapping of the sensor's response
to changes in light intensity, which can be used to correct measurements to more closely approximate the true
value [17].

The application of linear regression has been proven to improve the accuracy of light sensor
measurements by producing lower RMSE values and better overall performance [18], [19]. Multiple linear
regression (MLR) is also used to capture complex relationships and enhance the calibration process [18], [20].
This technique is effective in correcting bias in sensor data by comparing measurements to reference standards
[21], [22]. A high coefficient of determination (R?) indicates the model's fit to the data and helps validate
calibration results [23]. However, linear regression has limitations, particularly when facing extreme lighting
variations that affect the model's accuracy [24]. The linear regression equation takes the form Y = aX + b, and
to obtain the sensor input value (X), the formula is X = (Y — b) / a [23].

The application of linear regression to the GY-30 BH1750 sensor, a light sensor, can improve the
accuracy of light intensity measurements. Linear regression helps optimize sensor performance and produces
a more accurate model [18]. Additionally, linear regression enhances data consistency and reduces variability
caused by external factors [25]. Previous studies have been limited, but similar applications in the calibration
of other sensors have also proven effective [26]-[28].

Although linear regression has been widely used in light sensor calibration, the novelty of this research
lies in its application to the GY-30 BH1750 sensor, which has not been extensively explored in the literature.
This sensor has unique characteristics that require specialized calibration methods for optimal performance.
Therefore, this study aims to fill the knowledge gap regarding the use of linear regression methods on the GY -
30 BH1750 sensor and its potential applications under various lighting conditions.

This study will not only test the calibration accuracy of the GY-30 BH1750 sensor using linear
regression but will also examine the effectiveness of this method under various lighting scenarios. By testing
the sensor under different lighting conditions, this research will provide insights into how changes in light
intensity affect sensor performance and the effectiveness of the calibration method used.

Furthermore, this research is expected to serve as a reference for further developments in optical
sensor calibration, particularly in the context of industrial applications and automation. With the growing
demand for more accurate and reliable sensors, this study could make a significant contribution to improving
existing calibration methods and promoting the adoption of the GY-30 BH1750 sensor in various practical
applications.

Practically, calibrating the GY-30 BH1750 sensor using linear regression can help improve
operational efficiency across various sectors. For example, in the agricultural industry, more accurate sensors
can assist farmers in optimizing the light required for plants, thus improving productivity. More accurate
sensors can also reduce energy consumption in home automation sectors by providing more efficient lighting
control.

Through this study, a more accurate calibration model for the GY-30 BH1750 sensor is expected to
be developed. With a calibration model based on linear regression methods, this sensor can be used in various
applications with more reliable results. Thus, this research not only contributes theoretically to sensor
calibration techniques but also has significant practical implications for applications that require accurate light
intensity measurements.

2. METHOD
2.1 Variables of Research

The primary variable of the research is temperature data. This study conducted a literature study of
journals, papers, articles, and so on related to the research. This research uses primary data sources obtained or
collected directly in the field.
2.2 Tool Working System
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The working system of the tool in this study can be seen in Figure 1 below in the form of a block
diagram:

GY-30 BH1750

» Arduino Uno » LCD 20x4
Sensor

Figure 1. Modeling the tool's working system
2.3 Mechanical Design
This mechanical design discusses how to design a box as a place where components are placed,; this
box protects electronic components from damage; the size of this box is 18.5 cm long, 11.5 cm wide, and the

thickness of this box is 6.5 cm. The mechanical design of this research tool can be seen in Figure 2 below.
]

Figure 2. Mechanical Design

Figure 3 is a mechanical design for the location and placement of LM 35 sensor components, 20x4
12C LCD, on the panel box to protect the components from damage.

Figure 3. Mechanical Design Component Layout

2.4 Tool Design
23.1. LCDI2C20X 4

Changing the address of the 12C display module is done by bridging the two contact points provided
on the 12C module with solder, which can be seen in the following image, in figure 4.

Figure 4. 12C module

Change the address of the 12C display adapter is as follows:

- At A0, Al and A2 have nothing to do with analog input or output; here, A stands for address by
finding contact points on some modules and other 12C modules that can change the address.

- In general, the address of this module without bridged contacts is “0x27”. Bridging one, two, or all
three will enable the address change.
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- By bridging contacts A0, Al, and A2 one by one, it will get three sets of addresses.

- Bridging two contacts at a time, A0 and A or A0 and A2 or A1 and A2 will result in another address
inference.

Bridging all three contacts will result in one new address, and without bridging, any contacts will
result in one address, which is the default “0x27”.
2.3.2. 12C 20x4 LCD Circuit

LCD is used to display temperature values. LCD 12C has four pins: SCL, SDA, GND, and VCC. The
connection to the 12C LCD and the LCD pin configuration on the Arduino Uno can be seen in figure 5 below.

Figure 5. Arduino uno pin installation scheme to LCD

The pin configuration used to connect the LCD to the Arduino Uno can be seen in Table 1 below.

Table 1. Arduino UNO pin configuration with 12C LCD
Pin Arduino Uno  Pin Lcd

Vce Vce
SCL SCL
SDA SDA
Gnd Gnd

2.3.3. GY-30 BH1750 Sensor Series

The GY-30 BH1750 sensor measures the light intensity in the lecture hall. The GY-30 BH1750 sensor
has four connection pins that will be connected to the Arduino Uno. The following is an image of the electronic
design and pin configuration of the GY-30 BH1750 Sensor below in figure 6:

Figure 6. Arduino Uno pin installation scheme to the GY-30 BH1750 sensor

The pin configuration used to connect the GY-30 BH1750 sensor to the Arduino Uno can be seen in
the table 2 below.

Table 2. Arduino pin configuration for the GY-30 BH1750 sensor

Pin Arduino Uno  Pin Lcd

Vcce Vce
SCL SCL
SDA SDA
Gnd Gnd

Implementation of Linear Regression Method in Light Strength Measurement Using GY-30 BH1750
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2.5 Program Design
2.4.1. GY-30 BH1750 Sensor

Arduino UNO R3 can be connected to the GY-30 BH1750 sensor, as shown in Figure 6; preparing a
program to be uploaded into the circuit is necessary. The purpose of this design is to verify whether the sensor
can operate accurately or not. The design used on the GY-30 BH1750 sensor is below to find out whether the
sensor is running and accurate in capturing data.
#include <Wire.h>
#include <BH1750.h>
#include <LiquidCrystal I2C.h>

// Initialize BH1750 sensor
BH1750 lightMeter;

// Initialize the LCD with I2C address (usually 0x27 or 0x3F)
LiquidCrystal I2C lcd(0x27, 20, 4);

// Number of readings for average

const int numReadings = 10;

float readings[numReadings]; // Array to store lux readings
int readIndex = 0; // Reading index

float total 0; // Total readings

float averageLux = 0; // Average lux

// Calibration factor to adjust lux readings
float calibrationFactor = 0.76; // Adjust this value based on the
measurement results.

// Variable for the maximum voltage you want to achieve (e.g., 1000 lux =
5V)
float maxLux = 1000.0;

void setup () {
Wire.begin() ;

// Start communication with BH1750 sensor
lightMeter.begin() ;

// LCD initialization
lcd.begin (20, 4);
lcd.backlight() ;

// Initial message
lcd.setCursor (0, 0);
lcd.print ("Mengukur Lux & V...");

// Initialize readings array

for (int thisReading = 0,; thisReading < numReadings,; thisReading++) {
readings[thisReading] = 0;

}

}

void loop () |
// Remove old readings from total

total -= readings[readIndex];

// Read lux from BH1750 sensor and calibrate
readings[readIndex] = lightMeter.readLightLevel () * calibrationFactor;

// Add new readings to total
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total += readings[readIndex];

// Increase the reading index
readIndex++;

/* If the reading index reaches the end of the array, return to the
beginning*/

if (readIndex >= numReadings) {

readIndex = 0;

}

/* Calculate the average lux averageLux = total / numReadings;
Convert the lux value to a proportional voltage */

float voltage = (averageLux / maxLux) * 5.0;

if (voltage > 5.0) voltage = 5.0; // Batasi tegangan maksimum ke 5V

// Display the result on the LCD
lcd.clear();

lcd.setCursor (0, 0);

lcd.print ("Cahaya: ");

lcd.print (averagelLux) ;
lcd.print (" Lux");

lcd.setCursor (0, 1);

lcd.print ("Tegangan: ") ;

lcd.print (voltage, 2); // Display voltage with 2 digits after the comma
lcd.print (" V"),

delay (500); // Wait 500 ms before next reading
}

3. RESULTS AND DISCUSSION
3.1 Mechanical Design Results

The mechanical design results are in the form of a control panel that functions as a protector and a
place to place the components of the tool used. The control panel uses acrylic material with a thickness of 3
mm, a height of 7 cm, a width of 11.5 cm, and a length of 18.5 cm. The front view of the control panel has a
cover equipped with an LCD place measuring 20x4 mm. This box protects electrical components like LM35
temperature sensors, Arduino Uno, and 12C LCDs from unwanted damage. The results of the mechanical
design can be seen in Figure 7 below:

Figure 7. Temperature monitoring panel box
3.2 3.2 Electronic Design Results
The electronic design results are designed according to the temperature monitoring system's design.
The results of this electronic design include LM35 sensors, a power supply, Arduino Uno, and an LCD 12C
20x4.
3.2.1  Design Results of 12¢ 20x4 LCD
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In this design result, where the Vcc pin is connected to the 5v pin on the Arduino Uno, the Gnd pin is
connected to Gnd on the Arduino Uno, the Sda pin is connected to Sda on the Arduino Uno, and the Scl pin is
connected to the Scl pin on the Arduino Uno as in table 1. This study uses 1 12C LCD. In the monitoring
system, temperature data values are displayed. The results of the 12C 20x4 LCD design can be seen in Figure
8 below.

Figure 8. 20x4 12¢ LCD Design Results

3.2.2 GY-30 BH1750 Sensor Design Results

In this study, the GY-30 BH1750 Sensor is used to detect the Light Intensity value in the FT. 04.02.03
and FT. 04.02.04 classrooms. The results of this circuit design use the GY-30 BH1750 Sensor and Arduino
Uno. The GY-30 BH1750 Sensor has four pins, namely VCC, GND, SCL, and SDA, where the VCC pin is
connected to 5v on the Arduino Uno, the Gnd pin is connected to the Gnd pin on the Arduino Uno, the Scl pin
is connected to the A4 pin on the Arduino Uno, and the SDA pin is connected to the A5 pin on the Arduino
Uno and can be seen in table 3. The results of the GY-30 BH1750 Sensor design can be seen in Figure 9 below.

Figure 9. GY-30 BH1750 Sensor Design Results

3.3 Test Results
3.3.1  Test Results of GY-30 BH1750 Sensor

Testing of the GY-30 BH1750 Sensor with the standard Lux Meter LT300 measuring instrument was
first carried out by uploading a unique program to the Arduino UNO IDE and creating a test circuit consisting
of Arduino UNO IDE, Lcd 12c 20x4, GY-30 BH1750 Sensor and the standard Lux Meter LT 300 measuring
instrument, and sufficient connecting cables. The test circuit can be seen in Figure 4.23. The light intensity test
was performed ten times, namely 5 lux, 15 lux, 25 lux, 35 lux, 45 lux, 55 lux, 65 lux, 75 lux, 85 lux, and 95
lux. And measured using the standard Lux Meter LT300 measuring instrument. The following documentation
of the output of the light intensity test results on the measuring instrument and the production of the GY-30
BH1750 Sensor measurement can be seen in Figure 10 and Figure 11 below.

Figure 10. Results of the Light Intensity Test Series
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Figure 11. Light Intensity Test Output Results

From the output results of the light intensity value on the measuring instrument and each sensor tested,
the measurement results data will be recorded, which can be seen in Table 3. After the light intensity output
data is obtained from the ten tests, the error value, average, and measurement deviation are searched with the
addition of Microsoft Excel. The results of the calibration carried out can be seen in the following table 3:

Table 3. Output Results Without Linear Regression of Light Intensity Values

No Voltage Light (Lux)

Average Light Intensity (Lux)

GY-30 BH1750 Sensor

Measuring Instrument

1 0.03 5

2 0.08 15
3 0.13 25
4 0.18 35
5 0.23 45
6 0.28 55
7 0.33 65
8 0.38 75
9 0.44 85
10 0.48 95

10.11
23.05
37.51
50.94
67.10
81.94
95.14
107.21
130.18
141.88

9.12
23.05
39.19
51.27
66.11
80.92
94.85

102.13
122.26
138.47

The overall test results of the GY-30 BH1750 sensor from all ten tests can be seen in Table 4 below.

Table 4. Output Results of Light Intensity Value Testing with Linear Regression

No Voltage Light (Lux)

Average Light Intensity (Lux)

GY-30 BH1750 Sensor

Measurement Instrument

1 0.03 5

2 0.08 15
3 0.13 25
4 0.18 35
5 0.23 45
6 0.28 55
7 0.33 65
8 0.38 75
9 0.44 85
10 0.48 95

6.29
16.35
25.65
35.94
45.16
55.74
65.24
75.58
85.38
95.38

6.36
15.75
26.69
35.47
45.60
55.92
65.45
75.43
87.21
98.32

From Table 4 above, we can see a comparison of the use of the LT300 standard lux meter measuring
instrument with the GY-30 BH1750 sensor used in a graphic image form so that we can analyze it quickly. To

see the comparison, we can see Figure 12 below.
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Comparison of Light Intensity Value
Readings with the Lux Meter LT 300 and
GY-30 BH1750 Sensors
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Figure 12. Comparison Chart of Light Intensity Values Using the Lux Meter LT 300 and GY-30
BH1750 Sensors

Figure 12 above compares light intensity readings with the Lux Meter LT 300 and GY-30 BH1750
sensors. The x-axis shows the voltage (V), while the y-axis shows the light intensity value (Lux). It can be seen
that both measuring instruments show fairly linear results, but there is a slight difference in the measured
values. The Lux Meter LT 300 shows a slightly higher value than the GY-30 BH1750 sensor at the same
voltage.

4. CLOSING

Measurement of Light Intensity by applying linear regression on the GY-30 BH1750 sensor is more
stable. The resulting comparison is just a short distance from the measurement results using a measuring
instrument. The error produced before using linear regression is 1.2%, and when using linear regression on the
GY-30 BH1750 sensor, it becomes 0.54%.
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