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Abstract: The traditional plant lighting design only evaluates the uniformity of a single reference surface, and it
is difficult to meet the light intensity and light quality requirements of different stages of plant growth. Aiming at
this problem, first, a space lighting uniformity evaluation system was proposed, and based on this system, a three-
dimensional lighting system with a composite light source module was proposed, in order to construct a plant
lighting space with uniform lighting. Further, the Taguchi method was used to optimize the experimental process,
and the optimal structural parameters were obtained on the basis of ANOVA analysis. Finally, the lamp beads
shape analysis and the lighting effect test during the plant growth process were performed on the obtained optimal
solution. The experimental results show that the optimal structure can provide a uniform illumination space with
horizontal reference plane illumination uniformity of 87.22%, color mixing uniformity of 90.11%; vertical
reference plane illumination uniformity of 93.02%, and color mixing uniformity of 91.43%. The plant light source
system can meet the requirement of a uniform space lighting environment during plant growth.

Key words: applied optics; spatial illumination uniformity; Taguchi; plant light source; optics
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Tab.1 Effect of factors and its control levels of plant

culture shelf

Code nameFactor nameNumber of levelsLevel 1Level 2Level 3Level 4

A D/mm 4 400 450 500 550
B h/mm 4 10 15 20 25
C L/mm 4 100 150 200 250
D a 4 0.2 0.4 0.6 0.8
E I/mm 4 10 15 20 25

4 45 Im/W, 640 nm £L¢ LED S5 F 4 90 Im/W . 3
B ilisE 2 WA T W, BN R & 10000 502k
SINAE (fF M L) T AR i BURF R, Ho 52 g
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Tab.2 L,;(4°) orthogonal array

Experiment Horizontal/ Illumination Color-mixed S/N of illumination S/N of color-mixed

number A B ¢ b E Vertical uniformity uniformity uniformity uniformity
1 1 1 1 1 1 Horizontal 76.900 8% 74.6193% 37.7186 37.4570
Vertical 91.3002% 71.8227% 39.2094 37.1252

2 1 2 2 2 2 Horizontal 87.6265% 86.6183% 38.8527 38.7522
Vertical 90.2956% 90.0000% 39.1133 39.0849

3 1 3 3 3 3 Horizontal 73.3094% 74.4289% 37.3032 37.4348
Vertical 76.5618% 80.6504% 37.6802 38.1321

4 1 4 4 4 4 Horizontal 59.3363% 90.0000% 35.4664 39.0849
Vertical 70.6207% 81.5623% 36.9786 38.2298

5 2 1 2 3 4 Horizontal 75.7509% 76.897 1% 37.5878 37.7182
Vertical 79.1110% 81.4826% 37.9647 38.2213
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Continued Tab.2
Experiment Horizontal/ Illumination Color-mixed S/N of illumination S/N of color-mixed

number B ¢ b E Vertical uniformity uniformity uniformity uniformity
6 2 2 1 4 3 Horizontal 69.5528% 68.8260% 36.8463 36.7551
Vertical 84.8666% 80.6880% 38.5747 38.1362

7 2 3 4 1 2 Horizontal 73.307 1% 79.248 6% 37.3029 37.9798
Vertical 90.4582% 87.8421% 39.1290 38.8741

8 2 4 3 2 1 Horizontal 80.3125% 61.3495% 38.0957 35.7562
Vertical 93.603 1% 76.3883% 39.4258 37.6605

9 3 1 3 4 2 Horizontal 74.3324% 87.2168% 37.4236 38.8120
Vertical 83.2272% 84.2542% 38.4053 38.5118

10 3 2 4 3 1 Horizontal 82.8161% 72.4249% 38.3623 37.1978
Vertical 91.661 6% 81.2238% 39.2437 38.1937

11 3 3 1 2 4 Horizontal 68.5804% 88.9663% 36.7240 38.9845
Vertical 93.1065% 80.3089% 39.3796 38.0953

12 3 4 2 1 3 Horizontal 70.208 9% 86.0483% 36.9278 38.6948
Vertical 93.1065% 84.9398% 39.3796 38.5822

13 4 1 4 2 3 Horizontal 86.8233% 80.860 1% 38.7727 38.1547
Vertical 93.4749% 76.9877% 39.4139 37.7284

14 4 2 3 1 4 Horizontal 81.4725% 83.0723% 38.2202 38.3891
Vertical 94.556 9% 84.9398% 39.5139 38.5822

15 4 3 2 4 1 Horizontal 73.4857% 61.5852% 37.3241 35.7895
Vertical 90.931 0% 80.8429% 39.1742 38.1528

16 4 4 1 3 2 Horizontal 69.5711% 79.7158% 36.8486 38.0309
Vertical 80.0277% 75.6580% 38.0648 37.5771
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Tab.3 Contribution of different factors to illumination uniformity and mixed-color uniformity

Impact Contribution to horizontal plane

Contribution to vertical plane

Contribution to horizontal plane Contribution to vertical plane

factor illumination uniformity illumination uniformity color-mixed uniformity color-mixed uniformity
A 4.763 8% 21.097 6% 27.909 5% 6.4361%
B 36.649 1% 9.9159% 3.1440% 24.6564%
C 11.2826% 1.1566% 3.3579% 34.1685%
D 32.8398% 51.8429% 4.8867% 4.5342%
E 14.4647% 15.9870% 60.702 0% 30.2049%
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uniformity of vertical plane
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Fig.6 Variation curves of various attributes with factor D
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Fig.7 Variation curves of various attributes with factor E
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Fig.8 Illumination map, chromaticity map, and the final mixed-color map of the final optimization result of plant growing shelf
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Fig.9 Variation curves of various attributes with the shape and size of light-emitting surface of the lamp bead
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Fig.11 Illumination uniformity, color uniformity at different heights of plants
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