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ABSTRACT

In this research, the BH1750 light sensor was used
to measure the amount of blue light emitted from
smartphone through various types of screen protectors,
including ultra-clear glass, privacy filter, matte, ceramic,
paper- like, anti- blue, and hydrogel. This sensor was
calibrated with the EKO spectroradiometer model MS-710,
which is a standard measuring device. Then, the
researchers used the calibrated BH1750 sensor to measure
the amount of blue light from smartphone with different
types of screen protector at various distances according to
the criteria of IEC/EN62471. The experimental results
showed that privacy filter screen protectors could reduce
blue light the most, followed by anti-blue screen protectors
and hydrogel screen protectors, which could reduce blue
light the least.
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1. INTRODUCTION

Currently, the use of information technology devices is
rapidly increasing, such as the use of computers, mobile
phones, and tablets. The bright light emitted from the
screens of these devices still contains blue light that affects
human eyes. Prolonged exposure to blue light may lead to
eye fatigue, blurred vision, damage to the eye's optic nerve,
and even contribute to sleep disturbances, impacting
human circadian rhythm [1].

Blue light is part of the sunlight spectrum with a
wavelength range between 400-500 nm [2]. Human eyes
do not respond uniformly to blue light, as illustrated in
Figure 1, depicting the response values based on the
IEC/EN62471 standard [3,4].

According to Figure 1, it can be observed that the blue
light most responsive to the human eye in the range of 435-
440 nm. Within this wavelength range, it has been
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identified that the light emitted from Light Emitting Diode
(LED) displays, commonly found in devices such as
smartphones, tablets, and laptops, contributes significantly
to blue light exposure. As a result, many researchers have
endeavored to develop displays that reduce blue light
emission or create tools capable of measuring blue light
from information technology devices [1, 5-8].
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Figure 1. Graph of Blue Light Response Hazardous to
Human Eyes.

For example, Moyono et al. [1] conducted a study on
blue light emitted from various information technology
devices, including 10 devices such as smartphones (5
devices), tablets (4 devices), and laptops (1 device). They
compared the blue light emitted from these devices with
sunlight. The findings revealed that the blue light emitted
from technology devices ranged from 0.008-0.230 W/m?,
whereas sunlight emitted blue light in the range of 14.5-
35.5 W/m?. However, the blue light from the sun depends
on location. In Thailand, the sunlight from the sun is 800-
1000 W/m? approximately [6] and consist of blue light
about 25% [7]. It is evident that the blue light from
technology devices is significantly lower than sunlight.
However, even in these lower quantities, it has a
considerable impact on human eyes, potentially leading to
eye diseases and sleep disturbances, especially with
prolonged screen exposure.

Furthermore, Navarrete et al. [7] studied the blue light
spectrum of LEDs from various devices, such as light
bulbs, smartphones, tablets, and displays from different
brands. They established standard equations to calculate
the blue light intensity for each device. These equations are
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linear equations, allowing for the quantification of blue
light from each device.

There are many types of screen protectors in the
market. This research tried to measure blue light intensity
using developed BH1750 sensor [12] that passes through
different types of screen protector in order to find what type
of screen protector is the best in blue light reducing.

2. MATERIAL AND METHOD

In this research, the researcher utilized the BH1750
sensor for measuring light intensity, a sensor known for its
versatile applications [9-11]. This choice was made due to
its easy availability in the market and reasonable pricing.
Additionally, it can be easily interfaced with Arduino or
other boards, making it convenient for usage and further
development. The independent variables of this research
are the different types of screen protector, and the
dependent variable is the amount of blue light passed
through the screen protectors.

2.1. Screen Protector

Screen protectors for smart phone come in various types
according to their usage characteristics. This research
experiments with the properties of reducing blue light of 7
types of screen protectors, as follows:

2.1.1 Ultra-clear glass screen protector

This type of screen protector is hard, providing good
protection for the screen, and allows a lot of light to pass
through.

2.2.2 Privacy filter screen protector
This type of screen protector has a large number of tiny
slits to control the light path straight to the user's eyes only.

Light scattered in other directions is blocked to prevent
peeping from surrounding people.

2.2.3 Matte screen protector

This type of screen protector has a smooth surface,
reducing fingerprints effectively, but allows minimal light
transmission.

2.2.4 Ceramic screen protector

This type of screen protector is similar to ultra-clear
screen protector but made from ceramic material,
providing durability and good scratch resistance.

2.2.5 Paper-like screen protector
This type of screen protector has a paper-like surface,
suitable for writing or drawing on the screen.

2.2.6 Anti-blue screen protector
This type of screen protector is designed specifically to
reduce the amount of blue light.

2.2.7 Hydrogel screen protector

This type of screen protector has a special thin profile,
capable of self-healing scratches, and allows ample light
transmission.

2.2. Sensor Calibration

The calibration of sensor war carried out at Silpakorn
University, Nakhon Pathom (13.820N, 100.040E) during 6
to 21 September 2022. The data was separated to two
groups, The first group for modeling and the second group
for validation as the following details.

Step 1: Choosri, P. & Solos, S. [12] presents blue light
intensity measurement using BH1750 sensor. According
to their research, BH1750 sensor is connected to the
Arduino Uno R3 board, linking it to the A4 and A5 pins.
The sensor was also connected to the power supply with a
voltage of 5 V. Subsequently, the Arduino Uno R3 board
was interfaced with the Narrow Band Internet-of-Things
(NB-IoT) board called AIS NB-lot shield. This connection
facilitated the transmission of sensor data to the Magellan
platform, where the researcher could access and download
the measured data. The configuration of the device
connections is illustrated in Figure 2.
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Figure 2. Proposed circuit of sensor and microcontroller.
a. Connection of AIS NB-lot Shield and Arduino Uno R3
b. Diagram of sensor (BH1750) and microcontroller board

Step 2: The calibration is proceeded by installing the
sensor connected to the control board. The calibration
setup involved placing the sensor alongside a standard
measuring instrument at the open sky area. The EKO
spectroradiometer (MS-710) was selected due to its
precision, accurately covering the wavelength range of
350-950 nm, and providing detailed measurements for each
wavelength, including the blue light spectrum. The
configuration of the equipment for calibration is depicted
in Figure 3
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Figure 3. Configuration of the calibration tool
positioning.

Step 3: For data collection during the calibration
process, the researcher chose days with clear skies, no
clouds covering the entire sky, or rainy periods, as clouds
significantly impact sunlight intensity changes, leading to
variable measurements.

Step 4: The data quality is controlled by using sky
images to select days with clear skies, no clouds, or clouds
covering less than 2/10 of the sky for analysis. Sky images
were obtained from the Sky view device.

Step 5: Before proceeding with the analysis of the
calibration results, the spectrum of sunlight obtained from
the EKO spectroradiometer (MS-710) is converted into the
blue light spectrum. In this step, the researcher will
multiply the blue light response values (Figure 1) by the
measured spectrum values at each wavelength. This
process is represented by Equation (1) [3].

500
BL = f400

LAA)R)dA (1)
where BL = The quantity of blue light (W/m?)
L(#) = The quantity of light at each wavelength
(W/m2um'?)
R(4) = The response values at each wavelength

¢

After converting the spectrum of sunlight from the
standard measuring instrument into the form of blue light,
the next step involves plotting a graph comparing the
quantity of blue light obtained from the standard
instrument with the light quantity measured by the sensor.
This is done to observe the relationship and establish an
equation for correcting the values from the sensor.

Step 6: Once the correction equation for the sensor is
derived, the researcher will proceed to validate the
accuracy of the sensor measurements. This involves
conducting additional measurements of blue light intensity
and comparing them with the readings from the standard

measuring instrument. This validation step ensures the
reliability of the sensor measurements before its actual
deployment.

The relation between EKO spectroradiometer (MS-710)
and BH1750 sensor is presented by Choosri, P. & Solos, S.
[12] The blue light intensity from BH1750 sensor is
compared EKO spectroradiometer (MS-710) shown in
equation (2) [12].

BL = 0.001683(Lux) — 0.125892 (2)

where BL = The quantity of blue light (W/m?)
Lux = Hluminance from BH1750 sensor (Ix)

Therefore, equation 2 was used to convert illuminance
to blue light intensity.

The calibration schedule, BH1750 sensor will be
calibrated every two years and during the experiment the
sensor was verified by intermediate check.

Process of intermediate check, the sensor measured the
blue light intensity emitted by a black and white screen in
a dark room. The sensor must have a maximum permissible
error of measurement (MPE) values less than =5 mW/m?2,

2.3. Measurement of Blue Light Intensity

When the sensor is successfully calibrated, it was
assembled into a box and a display screen. Subsequently,
this prototype uses to measure the blue light emitted from
mobile phones, tablets, and computers. The specification
of smartphone used in this experiment is OLED 5.8 inch of
display which has 625 cd/m? maximum brightness. The
measurement process involves the following steps:

Step 1: To quantify the blue light from the smartphone,
it is measured in two scenarios. First, it is measured the
light in a typical room lighting condition, simulating
everyday usage with the lights on. Second, it is measured
in a completely dark room, considering only the light
emitted from the screen of the smartphone.

Step 2: The researchers measured the blue light from
smartphone at various distances—10, 20, 30, 40, 50, and
60 cm. The selected distances adhere to the criteria of
IEC/EN62471 and Moyono et al [1], as depicted in Figure
4.
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average of each measurement is shown in Table 1 and
Table 2.

smartphone L
Table 1. The average and standard deviation value of blue
light intensity passed difference type of screen protector in
typical room lighting condition.

Type of Average blue light intensity ymW/m?(

screen
protector 10ecm SD 20cm  SD  30cm SD 40cm SD 50cm SD 60cm SD

No protector 61417 2259 35612 665 29849 529 289.16 323 290.56 323 290.56 2.14
Ultra-clear 601.64 1558 34653 1640 296.16 565 282.63 140 28123 140 283.56 3.52
10 e¢m, 20 cm, 30 ¢m, 40 cm, 50 ¢cm and 60 cm Privacy filter 40203 21.69 28590 1086 26258 855 26397 1.62 275.17 2.14 28357 215
Matte 596.04 36.19 33627 662 28122 422 26631 529 26724 505 27337 574
Ceramic 59744 3227 33766 582 28263 140 26724 242 26817 3.52 276.57 3.52
Paper like 599.78 4247 350.19 653 289.16 3.52 27750 427 27843 140 282.63 420

Anti-blue 57459 14.15 33393 352 28170 291 26444 370 26724 641 27377 081
Blue light Hydrogel 60923 454 35465 583 28916 323 27704 000 27610 352 28263 140
BH1750 sensor According to Table 1, the data can be plotted between

blue light intensity (mW/m2) and distance (cm) shown in

Figure 4. The different distances at which the blue light Figure 6.
from smart phone was measured.

700.00

—a—No screen protector
Step 3: Before measuring the blue light, the screen 60000 o Ut clear glass
brightness must be set to 100%. Each type of screen D
protectors is placed on the smartphone screen. Then, g s e Corumic
measure the blue light from device passed through the Emm o Puperlike
screen protector. Perform 3 measurements for each type of ) :;d':;“j
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obtained. 2
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Figure 6. Relation between blue light intensity (mwW/m?)
and distance (cm) in typical room lighting condition.

Table 2. The average and standard deviation value of blue
light intensity passed difference type of screen protector in
dark room condition.

Type of Average blue light intensity ymW/m?*(

screen
protector 10ecm SD 20cm  SD  30cm SD 40cm SD 50cm SD 60cm SD

No protector 22340 1359 6809 352 2985 081 1772 081 1119 000 840 000
Figure 5. The different distances at which the blue light Ultra-clear 19555 250 6389 352 2891 081 1586 162 979 000 7.00 000

from Smartphone was measured Privacy filter 10634 610 3871 081 1819 000 1119 000 700 000 560 0.00
Matte 22340 1206 6489 150 3031 162 1586 081 1072 081 7.00 0.00

Ceramic 20787 569 6463 110 2938 140 1726 162 11.19 000 840 0.00

3. RESULTS Paper like 20659 704 6589 114 3078 140 1679 000 1072 081 793 081
Anti-blue 17769 280 6110 661 2798 242 1632 081 1036 098 747 081
Each type of screen protector has difference of features. Hydrogel 17764 862 6543 090 3031 214 1772 081 1119 000 793 081
This research measures blue light intensity passed 7 types
of screen protector which are ultra- clear glass, privacy According to Table 2, the data can be plotted between
filter, matte, ceramic, paper like, anti-blue and hydrogel. blue light intensity (mW/m?) and distance (cm) shown in

Each type of screen protector is measured 3 times. The Figure 7.
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Figure 7. Relation between blue light intensity (mW/m?)
and distance (cm) in dark room condition.

The appropriate distance between the smart phone and
the eyes often depends on several factors such as the size
and resolution of the screen, the proportion of screen
brightness, and many other factors. However, there are
recommended guidelines that suggest the suitable distance
is between approximately 40 to 60 centimeters. Therefore,
the distance of 40 cm. is set to the reference point which is
the shortest suitable distance for smartphone using, and the
blue light radiated without screen protector is set to control.
The blue light intensity from each type of screen protectors
is compared to control in order to find blue light reducing
efficiency of each screen protector.

Table 3. The blue light reducing efficiency of each screen
protector at 40 cm. (Typical room lighting condition)

The percentage of blue

Type of screen protector light reducing efficiency

No protector )control( -
Ultra-clear glass 2.26%

Privacy filter 8.71%
Matte 7.90%
Ceramic 7.58%
Paper like 4.03%
Anti-blue 8.55%
Hydrogel 4.19%

Table 4. The blue light reducing efficiency of each screen
protector at 40 cm. (Dark room condition)

The percentage of blue

Type of screen protector light reducing efficiency

No protector )control( -
Ultra-clear glass 10.52%

Privacy filter 36.85%
Matte 10.52%
Ceramic 2.61%
Paper like 5.25%
Anti-blue 7.88%
Hydrogel 0.00%

4. DISCUSSION

According to result, in typical room lighting condition,
the privacy filter screen protector is most effective in
reducing blue light because it has numerous tiny ridges to
allow only straight-line light to pass through to the user.
Light dispersed in other directions is completely blocked,
including blue light. At the distance of 40 cm., the results
in the privacy filter screen protector having the maximum
ability to reduce blue light (8.71%). The anti-blue screen
protector is the second effective in reducing blue light
(8.55%). However, it is designed to reduce blue light, the
light from screen still radiates more than privacy filter type.
The hydrogel screen protector is the lowest blue light
reducing efficiency because it is very thin comparing with
other types of screen protector. Therefore, the light from
screen can pass through easily. From a distance of 40 cm.
onwards, the measured blue light intensity values are
relatively close to each other and remain constant because
there is blue light from the external environment interfering
with the BH1750 sensor.

According to dark room condition, there are no other
lights to interfere the sensor which is the appropriate
condition for blue light measurement. In this condition, the
privacy filter screen protection also has the most
effectiveness in reducing blue light significantly. At the
distance of 40 cm., it reduces 36.85% of blue light
intensity. The matted screen protector is the second in blue
light reducing (10.52%) because it has a frosted appearance
and low light transmission. The anti-blue screen protector
is the third in blue light reducing (7.88%) because it has
more light transmission than matte screen protector. The
blue light intensity measured in dark room condition is the
only blue light values that radiate from screen of
smartphone without interfering.

At 30-centimeter of dark room environment, the blue
light value of paper like, Matte and Hydrogel screen is
higher than no screen protector. This is the error caused by
the experiment such as distance and angle between
smartphone and sensor. Moreover, the paper like, matte
and hydrogel have low blue light reducing. Therefore, the
amount of blue light passed these screen protectors closes
to the amount of blue light of smartphone without screen
protector. However, it is small error that is not over 1
mw/m2,

The results of this research experiment enable the
selection of a suitable screen protector for devices,
including the intensity of blue light that passes through
different types of screen protectors. According to the result
in Table 3 and Table 4, at distance of 40-centemeter the
privacy filter screen protector is the best in blue light
reducing efficiency both in typical lighting and dark room
conditions. In typical room lighting, ultra-clear glass
screen protector is the lowest blue light protection, but in
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dark room condition, the hydrogel is the lowest blue light
protection. This information allows users to safely use
smart phone without harming their eyes.

5. CONCLUSION

This research use BH1750 sensor to measure blue light
passed the screen protector of smart phone. The BH1750
sensor is calibrated by standard EKO spectroradiometer
(MS-710). The results show that privacy filter screen
protector is the most effective in reduce blue light. The
hydrogel is the lowest blue light reducing efficiency. In the
future, more devices using screen protector such as tablet
and laptop are planned to be experimented.

REFERENCES

[1] Moyano DB, Sola Y, Gonzélez-Lezcano RA. Blue-
Light Levels Emitted from Portable Electronic
Devices Compared to Sunlight. Energies 2020; 13: 1-
9.

[2] Shibuya K, Onodera S, Hori M. Toxic wavelength of
blue light changes as insects grow. PL0oS One 2018;
13: 1-19.

[3] European Committee for Electrotechnical
Standardization (CENELEC). Photobiological
Safety of Lamps and Lamps Systems; IEC: Brussels,
Belgium 2009: 62471.

[4] ICNIRP. (1997) Guidelines on limits of exposure to
broad- band incoherent optical radiation (0.38 to 3
Im). Health Phys; 73: 539-54.

[5] LiH, Zhang M, Wang D, Dong G, Chen Z, Li S, et
al. Blue Light from Cell Phones Can Cause Chronic
Retinal Light Injury: The Evidence from a Clinical
Observational Study and a SD Rat Model. Biomed
Res Int 2021: 1-13.

[6] Janjai, S., Masiri, I., & Pattarapanitchai, S. (2013).
Mapping global solar radiation from long-term
satellite data in the tropics using an improved model.
International Journal of Photoenergy, 2013, 1-9.
[DOI: 10.1155/2013/210159]

[7] Navarrete EG, Aguilera J, Solis A, Victoria MG,
Ramon JA. Herrera-Ceballos E, et al. The potential
role of UV and blue light from the sun, artificial
lighting, and electronic devices in melanogenesis and
oxidative stress.J. Photochem. Photobiol.B: Biology
2022; 28: 1011-1344.

[8] Chellappa SL, Steiner R, Oelhafen P, Lang D, Gotz T,
Krebs J, et al. Acute exposure to evening blue-
enriched light impacts on human sleep. J Sleep Res
2013; 22: 573-580.

[9] Gao J, Luo J, Xu A, Yu J. Light intensity intelligent
control system research and design based on
automobile sun visor of BH1750. CCDC 2017: 3957-
3960.

[10] Desnanjaya IGMN, Ariana AAGB, Nugraha IMA,
Wiguna IKAG, Sumaharja IMU. Room Monitoring
Uses ESP-12E Based DHT22 and BH1750 Sensors.
JRC 2022; 3: 205-211.

[11] Sahu HS, Himanish N, Hiran KK, Leha J. Design of
Automatic Lighting System based on Intensity of
Sunlight using BH-1750. CCGE 2021: 1-6.

[12] Choosri, P. & Solos, S. The Development of a sensor
for Measuring Blue-Light from Portable Electronic
Devices. J Advanced Science 2023; 23: 1-13.

P Navapadol Kittiamornkul was

== bornin Pichit, Thailand in 1982. He

received the B. Sci. in Applied

Physics from King Mongkut’ s

University of Technology

. Thonburi ( KMUTT) , Bangkok,

“ Thailand in 2005, M. Eng. in

Electrical and Information

Engineering (international program) in 2006 and Ph.D. in

Electrical and Computer Engineering in 2016 at the same

university. He received Assistant Professor in 2020.

Currently, he is an instructor of biomedical department at

Christian university of Thailand. His interests include

electromagnetic wave and non- destructive microwave
inspection.

Pranomkorn Choosri graduated
Bachelor of Science ( B. Sc.),
Master of Science (M. Sc.) and
Doctor of Philosophy (Ph.D.) in
Physics from Silpakorn University
(SU), Nakhon Pathom, Thailand in
2011, 2014 and 2017, respectively.
She received a scholarship from
The International Research Network ( IRN), Thailand
Research Fund under the Office of the Prime Minister, the
Royal Thai Government during 2014 to 2017. Currently,
she works as a lecturer in biomedical engineering at
Christian university of Thailand. Her interests include
physics, atmospheric physics, solar energy and internet of
thing.




