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Optimal Model of Blueberry Greenhouse Light and Temperature Coordination

XU Lihong XU He WEI Ruihua
(College of Electronics and Information Engineering, Tongji University, Shanghai 201804, China)

Abstract; Photosynthesis directly affects the quality and growth of blueberries, and the rate of crop
photons is mainly influenced by temperature and photon yield density. At present, most greenhouse
control did not consider the coordination of light temperature, and the actual energy consumption of
greenhouses, not only resulting in meaningless waste of energy, but also creating a greenhouse small-
climate environment which reduced the efficiency of blueberry photosynthesis. In order to solve the above
problems, considering the photosynthemum and greenhouse cooling energy consumption during the spring
and summer when blueberry was in flower fruit period, and the temperature and lighting control value of
greenhouse were optimized by multi-target optimization algorithm. Firstly, the blueberry photosynthing
rate model with temperature correction was established, which was based on the results of the temperature
and photon pass density nesting test. Using a right-angled bi-curve correction model with temperature
correction to model the blueberry photosynthetic rate. The model fitting results had a coefficient of
determination (R*) of 0.983 6, an average square root error of 0. 570 1 wmol/(m*+s), and an average
relative error of 3. 86% , which can better reflect the relationship between blueberry photosynthing rate
and temperature and light. Then a greenhouse energy consumption model was established, and the
optimal solution of Pareto was solved by using NSGA — II multi-objective optimization algorithm with
greater net photosynthing rate and energy saving as the optimization goal. In order to further illustrate the
optimization effect, different selection strategies were adopted for the optimization solution, which can
reduce the energy consumption by about 21. 3% while maintaining the photosynthetic rate of blueberries
basically unchanged; under the premise of giving priority to planting benefits, the energy consumption
can be reduced by 8. 6% while the average increase of the photosynthetic rate by about 28. 9% . The
results can provide a theoretical basis for analyzing the physiological characteristics of crops and
optimizing the greenhouse light temperature regulation setting. Greenhouse decision makers or control

algorithms can use this method to set greenhouse temperature, light regulation settings. At the same time,
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the research method can also be applied to the setting value optimization of other crops which missing

yield models in greenhouse production.

Key words: greenhonse; blueberry; photosynthetic rate model; light and temperature coordination;

economic benefit; multi-objective optimization
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Tab.1 Test values of photosynthetic rate pmol/ (m*+s)
i/ 6T % B/ (pmol »m 72571
C 0 30 50 100 200 300 400 500 600 700
16 -0.98+0.01 0.39+0.07 1.12+0.03 2.62+0.01 3.91+0.05 4.79+0.03 5.29+0.05 5.60+0.08 5.79+0.09 5.97 +0.06
20 -0.33+0.00 0.71 £0.01 1.32+0.12 2.84+0.02 4.56+0.04 5.99+0.01 6.66+0.11 7.18+0.10 7.13 +£0.00 8.29 +0.04
22 -0.36+0.01 1.12+0.03 1.97+0.08 3.40+0.05 5.47+0.01 6.70+0.07 7.27+£0.04 7.64 +0.03 7.94+£0.02 8.20+0.07
24 -0.34+0.01 1.15+0.06 2.11+0.02 4.80+0.09 8.02+0.04 9.90+0.06 11.02+0.09 11.70 £0.03 12.01 +0.07 12.55 £0.03
26 -0.73+0.03 1.08 £0.02 2.14+0.01 4.46+0.06 8.04 +0.09 10.10+0.01 10.76 +0.04 12.12 +0.01 12.74 +0.06 12.99 0. 11
28 -0.77+0.00 1.04 £0.03 2.14+0.05 4.43+£0.02 7.89+0.02 10.15+0.08 11.48 +0.03 12.37 £0.04 12.93 +0.07 13.38 £0.02
30 -0.99+0.02 1.21 £0.01 1.92+0.02 4.19+0.04 7.67 +0.11 10.07 £0.05 11.60 +0.02 13.89 +£0.06 13.16 +0.04 13.52 +0.08
32 -1.14+0.05 0.64+0.09 1.73+0.10 3.94+0.10 7.99+0.01 9.76 +0.02 11.31 +0.08 12.30 £0.09 13.11 £0.09 13.61 £0.09
35 -0.20+0.00 0.23 +£0.11 1.42+0.09 3.54+0.08 7.08+0.00 9.92+0.03 10.97 +0.05 12.08 +0.05 12.81 +0.03 12.63 £0.05
383 -1.18+0.01 0.69 £0.04 1.68 £0.03 3.47 £0.03 7.14+0.05 9.42+0.12 10.92 +0.00 11.68 £0.07 12.61 £0.05 13.05 £0. 10
41 -1.57+0.01 -0.41 £0.05 0.83 +£0.05 2.09 +£0.05 6.11+0.02 8.07 £0.07 9.50 +0.07 10.49 +0.04 11.09 £0.06 11.32 +0.07
44  -1.67+0.03 0.26+0.06 1.20+0.00 2.44+0.07 4.81+0.05 6.70+0.04 7.96+0.01 8.83+0.08 9.93+0.04 10.38 +0.11
R/ 6Tl B/ (pmol-m "2 s ™)
800 900 1 000 1100 1200 1300 1 500 1700 1900 2100
16 6.23+£0.02 6.62+0.05 6.79+0.06 6.85+0.06 7.06+0.03 6.97+0.07 7.15+0.08 7.21+0.09 7.12+0.04 7.22+0.08
20 7.92+0.10 8.11+0.09 8.50+0.01 8.69+0.02 8.77+0.11 9.28 +0.04 9.07 £0.11 9.37 +0.08 9.55+0.03 9.78 +0.06
22 8.43+0.06 8.61+0.00 8.82+0.10 8.94+0.01 9.00+0.05 9.18+0.02 9.39+0.09 9.65+0.02 9.77 £0.01 10.10 £0.05
24 12.63 £0.05 12.79 £0.10 12.96 £0.08 12.94 0.5 13.04 £0.10 12.96 £0.04 12.80 +0.09 12.85 +0.03 12.75 +0.05 12.59 +0. 01
26 13.38 +0.03 13.64 +£0.04 13.83 £0.06 14.04 +0.12 14.05 £0.09 14.21 £0.05 14.23 +0.06 14.54 +0.07 14.75 +0.03 14.16 £0.07
28  13.81 +0.01 13.97 £0.04 14.12 £0.00 14.32 +0.13 14.39 £0.05 14.57 £0.02 14.64 +0.08 14.63 +£0.04 14.62 +0.07 14.59 £0.04
30 13.92+0.08 14.15+0.03 14.43 £0.09 14.56 +0.03 14.66 £0.06 14.75 +0.03 14.85 +0.05 14.90 0. 11 14.68 +0.06 14.27 £0.03
32 13.97 +0.06 14.13 £0.06 14.37 £0.05 14.51 £0.08 14.55 £0.01 14.40 0. 11 14.67 £0.01 14.62 +£0.07 14.50 £0.02 14.47 £0.02
35 13.63 £0.02 13.87 £0.07 13.53 £0.04 14.05 £0.05 13.63 £0.15 13.77 £0.07 13.66 +£0.02 13.40 £0.03 12.95 +0. 13 11.94 +£0. 11
38 13.22+0.04 12.54 £0.03 13.05 +£0.05 12.52 +0.07 12.33 £0.04 11.37 +0.03 10.88 +0.03 9.87 +0.01 8.71 £0.11 7.24 +0.07
41  11.43 £0.06 10.55+0.01 10.65 £0.10 10.43 +0.03 10.06 £0.06 9.27 +0.12 8.29 £0.07 6.89 +0.04 5.51+0.05 4.19 +£0.09
44 10.51 £0.10 10.82 +0.05 10.92+£0.03 9.79 £0.11 9.38 +0.07 8.35+0.00 7.18+0.05 5.41+0.06 4.69 +£0.09 3.85+0.10
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A 33 e 0.56
BB R - 0.79
BEEEMRERAER ¢/ (W-m 2 K™") 2.28
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Tab.3 Comparisons of actual and predicted daily

cooling energy consumptions in greenhouse

1K BF 48 G = 5L bR .
- EL MR o e HRTIR
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LI/ C ” /%
(kW-h-m (KW-h)
05 -25 1. 127 27.98 35.510 5.83
05 -26 1. 808 24. 65 24.713 4.61
05 —27 2. 694 26. 24 47.160 7.38
05-28 1. 956 24.71 27. 849 11. 86
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05 —30 1. 640 26. 34 37.428 5.79
05 -31 0. 495 24. 08 5.397 12.35
06 — 01 1. 296 30.26 19.185 9.25
06 —02 0. 880 26. 69 10. 151 1.92
06 —03 1. 158 28. 90 13. 186 15.24
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Fig.5 Optimal results of greenhouse multi-objective

considering blueberry photosynthesis
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Tab.4 Pareto optimal solution
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pnol-m2+s71) (¢, pamol-m s 71)
1 (0, -10.52) (36.27.432.79) (100, —0.35)
2 (0.01,-10.56)  (36.27.437.38)  (99.66.0.03)
3 (0.12,-11.04)  (36.26.495.83)  (95.86.4.57)
4 (0.15,-11.17)  (36.27.,514.23)  (94.83.5.80)
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6 (0.46,-11.85)  (36.04,613.50) (84 14,12.24)
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13 (3.36,-14.04)  (31.79.884.00) ( —15.86,32.99)
14 (4.24,-14.32)  (31.01,1122.11) ( —46.21,35.64)
15 (4.83,-14.37) (30.00.1128.62) ( —66.55,36.11)
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Fig. 6  Sub-period multi-objective optimization

algorithm application steps
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