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Abstract: The visual health of teenagers has become the focus of social attention. Good
classroom light environment plays an important role in the growth process of teenagers.
Classroom lamps are the key factor to build a good classroom light environment. This
article is based on the existing common lambert body light distribution curve based on
the classroom light building light environment, to further improve the classroom space
illumination uniformity, visual comfort, and improve the utilization efficiency of the
light, put forward a new type of classroom lamp light distribution curve, and space
environment simulation, light type and lambert with comparing the classroom light
building light environment, from data analysis, the classroom space uniformity, visual
comfort and a considerable improvement of utilization rate of light and verify the
feasibility of this kind of light distribution curve, for the construction of high-quality
classroom light environment has the reality significance.

Keywords: Classroom light environment, Visual comfort and health, Uniformity of
illumination, Light efficiency

1 Introduction

The data show that the overall myopia rate of children and adolescents in China is 53.6%
and showing an increasing trend.The prevalence of myopia generally presents a trend of
younger age "], Studies have shown that a good classroom light environment is conducive to
the protection of myopia among adolescents [ and can improve their learning efficiency 4-°1,
Classroom light plays an important role in classroom lighting. Proper light distribution curve
can build a good light environment. Today's classroom lamps are basically Lambert shaped
light distribution curves, and there is a certain distance between lamps and lanterns, resulting
in low illumination evenness. The overall visual comfort of the classroom needs to be
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improved, and the light utilization is not high. In order to achieve the required illumination
evenness, the number of lamps has to be increased and energy consumption has to be
increased. Therefore, according to the characteristics of the classroom space environment, a
new classroom light distribution curve is designed. Using DIALUX EVO built a typical
spatial layout of the classroom, import IES of the original file, the designed light distribution
curve and lambert light distribution curve for the actual data analysis and contrast of the
lighting effect, discovered in this paper, design of light distribution curve, enhances the
intensity of illumination uniformity of the classroom, reduces glare, so as to improve the
overall visual comfort of the classroom, and improve the utilization rate of light energy,
reduce the overall energy consumption of the space, proves the feasibility of the use of the
light distribution curve, have the practical significance for the construction of high quality
light environment of classroom.

2 Design idea and realization of new light distribution curve

Appropriate light distribution curve plays an important role in building a high-quality
light environment, and can improve the utilization of light. In this paper, according to the
particularity of classroom desk lighting, according to the scope of irradiation target, target
illuminance, illuminance uniformity, the luminescence curve of luminaires in space should be
derived in reverse. According to national standards, the average horizontal illumination of
classroom desks should be above 300Lx, and the uniformity of illumination should be above
0.7. The height of lamp height from desk surface should be no less than 1.7m ®I,

Therefore, this design idea is planned according to the above standards. The simulation
classroom area is 62.1m? (6.9m X 9m), the test range (the area where the desk surface is
located) is 36m?(6m X 6m), and the test height (the high standard of the desk surface) is
0.75m. The luminescent points are arranged 2 m away from the target irradiation surface, and
4 classroom lights are used to illuminate the desk surface. Therefore, the irradiation range of
the target surface of a single lamp is 9 m*(3 m*3 m) square. In order to achieve better
illuminance uniformity, the illuminance is the same everywhere in the range of the designed
irradiation surface. In an ideal state, the uniformity is 1.
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Fig. 1. Calculation diagram
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Where h represents the vertical height of the luminous point from the illuminated surface,
and D represents the spatial distance from the luminous point to each irradiated point. From
the above equation, we get the computational relationship between luminescence intensity I
and illumination, the vertical height of the luminescence point from the irradiation surface h,
and the Angle between the luminescence point and the irradiated point. In this calculation, in
order to ensure the illumination is equal everywhere, E is determined as a constant value, and
H has also been determined as 2m. Therefore, the relationship between light intensity and
Angle can be obtained.

Through this formula, the distribution curve of the same circular area with illumination
can be calculated, but the design needs to realize the illumination distribution within the



rectangular area. Therefore, on this basis, horizontal Angle C is introduced to construct a
cartesian coordinate system along with vertical Angle, as shown in the figure below:
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Fig. 2. Schematic diagram of exposure condition

The irradiation area in this design is symmetrical in accordance with quadrant, so only 1/4
area needs to be calculated and designed. Therefore, ¢=0,3,6... At 90 degrees, according to
different c angles, the maximum amount of can be cut off at different ¢ angles. In order to
ensure the accuracy of calculation, a smaller interval is taken when calculating, =0,0.5,1.0......
The delta theta is computed as follows:
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Then the relation (3) of spatial light intensity I is calculated from above. The light
intensity of each small element is calculated, and the light intensity distribution data of the
whole space is obtained. As shown in the following table, the spatial strength distribution
corresponding to some micro-elements calculated by software is obtained. In the figure,
horizontal Angle C and vertical Angle jointly determine a micro element, form a matrix,
calculate the light intensity of each micro element, and jointly constitute the spatial light
intensity distribution.

The horizontal Anale distribution C
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2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 2400
2400, 274 2400, 274 2400,274 2400,274 2400,274 2400, 274 2400, 274 2400, 274 2400, 274 2400, 274 2400.274
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2417, 626 2417.625 2417.6256 2417.625 2417.625 2417.625 2417, 626 2417, 626 2417.626 2417.626 2417.625

The VQITECEH Ang|ea. 2422, 333 2422.333 2422.333 2422.333 2422.333 2422.333 2422.333 2422.333 2422.333 2422.333 2422.333

0
§
1
5
2
5
3
§
4
5
distribution is 6 5 2427608 2427.608 2427.608 2427.608 2427.608 2427, 608 2427.608 2427, 608 2427.608 2427608 2427.608
5 2433, 456 2433, 456 2433.455 2433.455 2433455 2433. 455 2433. 455 2433. 466 2433455 2433, 466 2433. 465
6 2430,878 2430,878 2430.878 2430.878 2439,878 2430.078 2439.678 2430.878 2430,878 2430,878 2439.878
E 2446, 884 2446.884 2446.884 2446.884 2446.804 2446.804 2446, 984 2446.884 2446.884 2446, 884 2446.864
T 2454, 478 2454.478 2454,476 2454.478 2454.478 2454478 2454, 476 2454, 478 2454, 476 2454, 478 2454.478
§ 262,666 262,666 2462,666 2462.666 2462.666 2462, 666 2462.666 2462, 666 2462, 666 2462, 666 2462. 666
B 2471, 456 2471.456 2471.456 2471.456 2471.456 2471.456 2471.456 2471, 466 2471.466 2471, 466 2471.468
§ 2480, 856 2480, 856 2480.856 2480.850 2480.056 2480,056 2400, 056 2400, 856 2480, 856 2480, 856 2480, 866
9 2490, 872 2490.872 2490,872 2490.872 2490.872 2490, 872 2490.872 2490, 872 2490, 672 240,872 2490.872
§ 2501.515 2501.615 2501.615 2501.515 2501.5615 2601515 2601515 201,515 2601,515 2601.615 2501.518
0 2512, 794 2512,704 2512794 2512.794 2512.794 2512.704 2612.704 212,704 2512,794 2512,794 2512,704
10,5 2524, T18 2524, 718 2624. 718 2524.718 2524.718 2524.710 2624.716 2624.718 2624, 718 25624, 718 2624.T18
11 2537.208 2537.208 2537.298 2537.298 2537.298 2637,208 2537.208 2537.208 2537,208 2537,298 2537.208
11.5 2560.546 2550.540 2550.546 2550.546 2550.546 2550.546 2650.546 2550.546 2550,546 2550.546 2560.546
12 2564, 473 2564,473 2564,473 2564.473 2564,473 2564, 473 2664,473 2664,473 2664, 473 2664, 473 2564, 473

Fig. 3. Light intensity distribution corresponding to partial micro-elements

The above light intensity distribution data will be compiled in the format of IES file.
Classroom lights are designed in this paper, so the data will be integrated in the format of class
C indoor lamps. P'Take a 0.5 degree interval between the angles on the vertical axis 6 ,The
range of points is 0-90 degrees, and the number of points is 181 times. The horizontal axis
Angle is taken at intervals of 3 degrees. The range of points is 0-90 degrees, and the number
of points is 31 times. The two forms a matrix, divides the irradiated surface into 5611 small
elements, and the light intensity of each part forms the light intensity distribution curve.



Fig. 4. 3D distribution of the designed light distribution curve

3 Simulate the effect of classroom environment

After get the light distribution curve, according to the current common classroom layout
model, import the design files of the IES of light distribution curve and the market is more
popular nowadays lambert shape light distribution curve of the classroom light, to build two
kinds of light distribution curve of the indicators of the classroom light environment carries on
the analysis comparison, in addition to energy consumption are compared.

Fig. 5. Lambert type distribution for comparison (left) and design light distribution curve (right)



The simulation classroom covers an area of 62.1m? (6.9m X 9m). According to national
standards, the reflection ratio of each area is set. The reflection ratio of side wall and back wall
is 0.77, the reflection ratio of front wall is 0.6, the ground is 0.35, and the desktop is 0.26. The
test area (desk surface area) is 36m? (6m X 6m), and the test height (desk surface height) is
0.75m. UGR calculation point is set in the middle chair of the last row, with a height of 1.2m,
where the glare of the whole classroom is the most severe, simulating the overall glare
received by the students in the last row. Since there is no clear height regulation for the
installation of classroom lights, it is only required to be no less than 1.7m from the desk
surface. In combination with the design requirements, the height of both lamps is set to 2m to
illuminate the desk surface where the students are. The layout is perpendicular to the
blackboard surface and uniformly distributed in the space. The specific parameters and
lighting effect parameters are shown in Table 1.

Table 1. Comparison of classroom parameters and effects of two kinds of light distribution

Classroom parameters and lighting effects of two types of light distribution

Overall classroom area
Target test area
Number of classroom lights
Luminance flux (Im)/power (w)

horizontal illumination (1x)

Uniformity of horizontal

illumination

UGR

Lambert's light distribution

This design distributes light
6.9m*9m=62.1m?

6m*6m=36m>

9 lamps 4 lamps
20001m/30w 40001m/60w
3071x 3831x
0.73 0.86
19 15




Fig. 6. Renderings of simulated classroom space(reading area)

By analyzing the data obtained from the simulation, it is found that the light distribution
curve is precisely designed according to the environment used in this paper, so that the light
environment of the whole classroom is improved. Compared with the traditional Lambert-type
curving classroom lamps, the illuminance and uniformity of the desks in the classroom are
improved under the premise of the same height of the lamps. The average illuminance of the
desks in the classroom is 3831x and the uniformity is 0.86. UGR glare has also been reduced
from 19 to 15, with some improvement in glare. In addition, the design of light distribution
curve, improve the utilization of light energy, on the premise of reducing the space total light
flux, improve the target surface illuminance. The luminous flux of the whole classroom was
saved by 2000LM and energy consumption was nearly 11%, but the illumination of the target
surface and the uniformity of illumination were increased by 24% and 18%, respectively. The
data analysis shows that the light distribution curve of this design can be well applied to
classroom lighting and play a role in improving the quality of light environment.



Fig. 7. Classroom lighting environment rendering using the light distribution curve lamps

4 Summary

According to the present classroom space environment and actual lighting requirements,
this paper designs a new light distribution curve suitable for classroom lamps. This light
distribution curve was introduced into a typical classroom space, DILUX EVO was used for
simulation, and the average illumination and illuminance uniformity of the target exposed
surface (desk surface) were considered. It was found that the illuminance uniformity of the
target surface was increased by 18% compared with the traditional Lambert-type light
distribution classroom lamp under the premise of the same light distribution height. The
overall UGR of the space is also controlled, and the classroom glare value using this light
distribution curve is 15. In addition, the utilization rate of light energy was improved, the
overall luminous flux consumption was reduced by nearly 11%, and the illumination was
increased by 24%, which verified the feasibility of using the distribution curve. It is of
practical significance to construct high quality classroom lighting environment.

References

[1] The National Health Commission: in 2018, the overall myopia rate of children and adolescents
was 53.6% [J]. Modern Health (second Half),2019,(5):1-2.

[2] Kang P. Optical and pharmacological strategies of myopia control [J] . Clin Exp Optom,
2018, 101(3):321-332.DOI:10. 1111/cxo. 12666.



[3] Jiang Sibin, Wang Zhenghe, Yu Hong, Chen Manman, Xu Jianxing, Ma Jun. Influence of
classroom light transformation on vision and poor vision of Primary and middle school students [J].
Journal of lighting engineering,2019,30(03):15-18.

[4] Govén T, Raynham P, Laike T, et al. The influence of ambient lighting on pupils in classrooms-
considering visual, biological and emotional aspects as well as use of energy[J]. Adjunct proceedings
experiencing light 2009, 2009: 13.

[S] MAO Peng, Wang Wenhan, Li Jie, et al. Effects of classroom illumination on learning efficiency
[J]. Journal of Southeast University (Medical Edition), 2016,37(4):662-666. DOI:10.3969/
J.issn.1671-6264.2018.04.023.

[6] Guo Ya, Zeng Shanshan, HAO Wentao, et al. Effect of LED classroom lighting on human eye
physiological characteristics [J]. Journal of lighting engineering,2019,30(3):7-14. DOI:10.3969/
j.issn.1004-440x.2019.03.002.

[7]1 GB 7793-2010, Hygienic Standards for daylighting and Lighting in classrooms of primary and
secondary schools [S].

[8] Zou Jiping. Light Distribution Curve of Lamps and its Standard format of electronic Document [J].
Building Electric,2008(01):37-41.



