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Abstract: Indoor lighting environment significantly impacts students’ concentration and learning
performance. Optimal lighting conditions enhance reading speed, accuracy, and comprehension
abilities. In contrast, poor lighting conditions may lead to decreased concentration and increased
errors in tasks. Therefore, classroom lighting is an important factor to consider in classroom design
to optimize cognitive efficiency of students. Current classroom lighting solutions using LED
systems have met European Norm (EN) standard in terms of illuminance and energy efficiency.
However, although the issue of glare has been addressed, it has not been completely resolved. This
study introduces a solution for glare-free classroom lighting that maintains uniformity while
adhering to existing standards. This approach aims to create a visually comfortable learning
environment, balancing effective lighting with glare reduction.
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1. Introduction

The importance of lighting in classrooms is underscored by its direct impact on students’
concentration and learning efficiency. Research by Barkman et al. highlights the benefits of "focused"
lighting scenarios, which involve adjusting both intensity and color spectrum [1, 2]. These adjustments
have been shown to improve concentration, reading speed, and comprehension, and positively influence
student behavior. Sleegers demonstrated that students' concentration increased with changes in lighting
intensity (300-1,000 Ix) and spectrum (color correlated temperature ranging from 3,000-12,000 K) [3].
Additionally, enhancing lighting intensity in the morning compared to standard not only increased
alertness of students but also helped them sleep deeper and longer at night [4]. Qiang researched the
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impact of LED lighting and fluorescent lighting on visual perception and found differences only in color
perception and atmosphere, with no significant difference to alertness and cognition [5].

Nowadays, students primarily spend their time at schools where artificial lighting is often too weak
in local intensity, disrupted over time, and deviant in spectral structure, causing many visual
consequences such as an increased risk of refractive errors [6, 7], as well as physical, physiological, and
psychological health deterioration [8]. According to the latest statistics, Vietnam has 5 million children
suffering from refractive errors, most commonly among children aged from 6 to 15 years, accounting
for 20-40% in urban areas and 10-15% in rural areas [9]. One of the causes of school myopia is due to
insufficient, unreasonable lighting arrangements, and substandard light quality [10]. To protect eye
vision and health, lighting must satisfy both imaging (IF) and non-imaging (NIF) functions [11],
controlling all important aspects including uniform illuminance, non-glare, reasonable spectral structure,
color correlated temperature, and changing intensity. The European Norm (EN) standard for classroom
lighting requires a minimum illuminance of 500 Ix on desks, 500 Ix on the board, uniformity > 0.7, and
a glare rating (Unified Glare Rating — UGR) < 19 [12]. Current classroom lighting solutions primarily
utilize direct lighting from fixtures to the floor. In classrooms using older solutions with fluorescent
lamps, the average illuminance on the desk surface reaches about 300 Ix, with a uniformity of 0.7,
meeting the EN standard - 2011, but not the EN standard - 2021. In newly built or renovated classrooms
that use LED technology to replace fluorescent lamps, the average desk illuminance is 500 Ix with a
uniformity of 0.7, meeting the EN standard - 2021. However, both solutions fail to meet the glare
standard, with the UGR ranging from 21-23, while the standard requires it to be less than 19.

Ye et al., (2020) demonstrated that a 90° lighting distribution angle achieves maximum uniformity
and an acceptable UGR of less than 19, suitable for classrooms [13]. Yet, despite these advancements,
reducing glare requires the production of larger light boxes (applicable for large LED panels).

Chiang et al., (2015) proposed LED panel design focused on reducing glare while maintaining high
optical efficiency and illumination uniformity. It effectively manages the UGR, keeping it below 19,
which is suitable for indoor environments like classrooms [14].

This study concentrates on evaluating the lighting conditions in schools and proposing non-glare
lighting solutions to enhance the effectiveness of classroom lighting.

2. Methods and Materials
2.1. Current State of Classroom Lighting

The emergence of LED technology has significantly transformed the lighting industry, making
LEDs the preferred choice over traditional sources like fluorescent and incandescent bulbs. This shift is
notably evident in educational settings in urban areas, where LED lighting is increasingly adopted
in schools.

Classrooms designed and constructed according to the standards of the School Design Research
Institute under the Ministry of Education and Training have an area of 50 m? and a ceiling height of 3.2
meters, painted white (with a reflectivity of 85-90%), and walls painted yellow (reflectivity of 75-80%).
The classrooms are generally illuminated by 12 LED tube lamps combined with aluminum troughs,
while the blackboard is lit by 2 lamps of dedicated board lights (Figure 1).

The average illuminance on the surface of desks and on the blackboard was measured using the
Konica Minolta TM-10A illuminance meter, recording values of 340 Ix and 400 Ix, respectively. The
uniformity on the desk is about 0.85.
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Figure 1. The image of the lighting system in classroom: general lighting (a), blackboard lighting (b).

2.2. Calculation the Angle Distribution of Lamp

In classrooms, when students look at the board, they may experience glare if there is direct light
from the lamps into their eyes. Therefore, to minimize glare in classrooms, particularly when students
look at the board, it's crucial to control the light distribution angle from lamps. The ideal maximum
angle should be set to prevent direct light from entering students' eyes, ensuring visual comfort, and
focusing on the teaching:

Omax = 2 X (90° — o) (D
where a is the vertical field of view of the human eye looking upwards (Figure 2).

Figure 2. Calculation diagram of angle Omax.

2.3. Calculation the Illuminance at Student Desks
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Figure 3. The lighting distribution curve of LED tube lamp: a) in Cartesian coordinates, b) in Polar coordinates.

Tube LED lamps consist of a long LED strip combined with a heat sink lamp body and a protective
plate that diffuses light. The angle distribution, or light intensity distribution in space, of the LED tube
lamps follows a Lambertian curve:
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| = l,cos6 (2

Figure 3 shows the angle distribution graph of LED tube lamps in Cartesian coordinates (a) and in
Polar coordinates (b). It is evident that, with the Lambertian distribution of LED lamps, the maximum

peak is at angle 6 = 0°, and the beam angle 120°. Each classroom is illuminated by 12 sets of LED lamps
arranged in 4 rows and 3 columns (Figure 4).
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Figure 4. Lighting arrangement diagram in the classroom.

a)

The lamps are hung 0.6 meters from the ceiling, the height of the student desks is 0.8 meters, the
viewing height of the students is 1.2 meters, and the height from the students' eyes to the lamps is 1.4
meters. To evaluate the effectiveness of lighting, two factors are considered: i) Uniformity of
illuminance on the surface of student desks through illuminance distribution; ii) The angular distribution
of the light beam should be adjusted to minimize the light rays going directly from the lamps into the
students’ eyes that cause certainly glare.

2

Figure 5. Calculation diagram of illuminance.

Figure 5 is a diagram for calculating illuminance and light distribution angle of the light beam
emitted from the four lamps, where h is the height from the lamp to the student desk; & is the angle
between the direction of the light ray and the perpendicular direction to the student desk surface; d is the
distance from the lamp to the calculation point. The illuminance on the student desk is calculated as:

1(8)cos6® _ 1(6)cos36
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With the arrangement of 12 lamps for a 50 m2 classroom divided into 3 rows and 4 columns as in
Fig. 3, to simplify the calculation of illuminance on student desks, it is assumed that only 4 adjacent
lamps illuminate the same area. The illuminance value on the student desk will be equal to the sum of
the illuminance from 4 nearby lamps, calculated as:

E=E1+E2+E3+ E4_
= %(1(01) * c0s30, + 1(0,) * cos30, + 1(83) = cos30; + 1(8,) = cos36,) 4)

Thus, the illuminance on student desks depends on the angular intensity distribution of the lamps
used and the location of the survey point. The goal of this work is to find the appropriate angle
distribution of the lamps so that the illuminance on student desks is uniform at all locations.

3. Results and Discussion
3.1. Calculation the Angle Distribution of Lamp

The normal human eye has a peripheral vision of 50° upwards and 60° downwards [15]. When
students look at the board, the vertical field of view, a is 50°. To ensure that there are no direct light
rays from the lamps into students' eyes, the maximum angle of light distribution should be Omax = 80°.

The used LED lamps have a Lambertian distribution and an angle of 8 = 120° will cause glare when
students look at the board. Therefore, to address this glare issue, it's necessary to narrow the light beam
so that 0 < 80°. The light distribution function will then follow a Gaussian distribution with a standard
deviation corresponding to the angle of distribution 6.

I
T ©
where o is the standard deviation or the half-width at half-maximum of the peak; 6, is the center position
of the peak, 0, = 0°.
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Figure 6. Comparison of angular distribution of Lambertian LED lamps and narrow-angle LED lamps:
a) in Cartesian coordinates, b) in Polar coordinates.

Figure 6 illustrates the angular distribution of LED tube lamps (Lambertian) and the new narrow-
angle LED lamps (Gaussian) on angular coordinates (a) and polar coordinates (b). With the central
position 0, at 0°, the half-width of the distribution peak is reduced (® = from 80°to 70°, 60°), narrowing
the light intensity distribution. However, as the angle of light distribution narrows, the illuminance
distribution on the student desks becomes uneven as some areas are not well-lit. Therefore, when
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designing classroom lighting, a balance must be struck between reducing glare through the angle of light
distribution and ensuring uniform illuminance on student desks.

3.2. Calculation the Illuminance at Student Desks

The illuminance on student desks using LED lamps with Lambertian distribution is calculated as:

I
E= h—"z(cos491 + cos*0, + cos*05 + cos*0,) (6)
The illuminance on student desks using narrow-angle LED lamps is calculated as:

I, , cos6, cos36, cos36; cos30,
E= h_oz( o2 7 T 02 2 (7

exp(ﬁ) exp(ﬁ) exp(;z)  exp(5 )

where:

\/x2+y2) - 0, = arctan (7\/(11_95)2"'3’2)
h ! h !

01-arctan (
[x2 N2 \/ﬁ
03 = arctan (—x +(;2 2 ) ;04= Vo ) h+(lz 2 )

with |4, I being the fixed distances between two adjacent lights in rows and columns (Figure 4). In the
surveyed classroom, l1=1m; l,=2m; h=14m.
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Figure 7. Graph of calculated illuminance distribution on student desks using LED tube lamps
with Lambertian distribution.

Figure 7 shows the illuminance distribution graph in the area between four adjacent hanging lamps.
The graph reveals that with the Lambertian distribution of LED tube lamps, the illuminance on student
desks reaches 0.85, exceeding the uniformity standard for classroom lighting.

Similarly, the illuminance distribution on student desks is calculated using formula (7) for narrow-
angle LED lamps with angles of 80°, 70°, and 60° (Figure 8).
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Figure 8. Graph of illuminance distribution on student desks using narrow-angle LED lamps o = 80° (a),
® =70° (b), ® = 60° (c)

The calculation results show that as the angle of light distribution narrows, the uniformity decreases.
Specifically, with an angle of @ = 80°, the uniformity is 0.74, with o = 70°, it is 0.69, and with © = 60°,
the uniformity drops to 0.58.

Table 1. Summary of calculated results with varied light sources.

. Angle Average . . EN
No Light sources distribgution iIIuminagrme Uniformity Standard
1 | LED tube lamps with Lambertian distribution 120° 0.82 I, 0.85 0.7
2 | Narrow-angle lamps with Gauss 1 distribution 80° 0.63 I, 0.74 0.7
3 | Narrow-angle lamps with Gauss 2 distribution 70° 0.56 I, 0.69 0.7
4 | Narrow-angle lamps with Gauss 3 distribution 60° 0.46 |, 0.58 0.7

Table 1 is a summary of the calculated results for illuminance and uniformity when changing the
lighting intensity distribution of the light sources. It shows that, the conventional Lambertian distribution
provides the highest uniformity but causes glare for students when looking at the board. Conversely,
with lamps narrowed to an angle of < 70°, which does not cause glare when looking at the board, the
illuminance distribution on the desks falls below 0.7, failing to meet the lighting standards. Therefore,
with the same power consumption as the lamps but with different lighting distribution, the results of
illuminance and its distribution on student desks also vary. To balance both factors - avoiding glare and
ensuring uniform illuminance - the solution of narrowing the light distribution angle to around 70 - 80°
meets the lighting standards according to EN standard.

4. Conclusion

This research presents an innovative method for calculating the illuminance distribution on student
desks in standard classrooms, effectively integrating considerations for human peripheral vision. Our
findings reveal that using narrow beam angle lamps, specifically between 70° and 80°, strikes an optimal
balance between achieving uniform illuminance and controlling glare.

Lamps with beam angles larger than 80° ensure uniformity across the desk surfaces but introduce
significant glare, while those with angles smaller than 70° effectively minimize glare at the cost of
reducing illuminance uniformity.
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By optimizing beam angles, we propose a practical approach that adheres to lighting standards and

supports a conducive learning atmosphere.
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