201949 A N A1 =S 5§50 4 45 9 W]

doi:10.6041/j. issn. 1000-1298.2019. 09. 039

ETEHHENRE CO, RUAEERARR

WO WRH ERE FAH EFET kERE
(1. PR AR K2 LB 5 T TR 2 B, R VTR 712100
2. R A A B R T S5 %, BT B B 712100
3. BT A Ml £ B 1 B G T S0, B 5 2% 712100)

P R TR RO R B R R E CO, AT G i B S e R R IR R AR IR L CO,
WS AL A7 [ 7 i 13 R M S A 1) BEAIL [T IR 3% (Support vector regression algorithm, SVR) #4738 < Bl
R 5 LLTSUI A5 Y 150 255 Sy B A R EC, R A L 5 il AR 0 SE B C O, i o T 2k v 1500y 48 A 530, ) DN 1 925 4R 45 A [
TRLBE DG HRBE BE 20 & 25 1 1 CO, I 7 il 2k fly 238 d3c R ., LA MG A O R0 5 e O 1 981 455 B AR A, 9F T % 7 SVR #9 & CO,
PEACTRE B B o 25 SR W], R 4% B R A e B AR Bl 0.99 V3 U5 AR iR 22 D 4,42 pmol/mol | - 3 4 X iR 22
3. 17 pmol/mol , AR REF . 5 CO, 1@H & HAREM FEBORIS L& B, Mg B CO, #7551y 1 61.81% ,
oA B 15, 58% 5 B uE B o, AL IR A 4R T OGS R TR 15, 14% ,CO, (5 & R 57.61% ,
BB IR AT G AT R 26.70% o U IR % CO, AU A0 IR 08 L B AT w5 20019 RE AR AL, W B AR W CO, 3K
R TR 4 R A R I T BB SRl

KGR RE; CO, LIRS, SHFm AL BB & eIk ; StE R

FE4ZES: SI126; S625.5"1 X EEARIRAD: A X E4HS: 1000-1298(2019)09-0337-10

Carbon Dioxide Optimal Control Model Based on Discrete Curvature
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Abstract; CO, is one of the main resources for plant photosynthesis. The slope of CO, response curve
represents the effect of CO, concentration on photosynthetic rate. The first curvature maximum point
represents the characteristic point where the effect of CO, concentration on photosynthetic rate becomes
weak. Therefore, the acquisition of this point is the key to realize the optimal benefit control of CO,.
A CO, optimal control model based on discrete curvature algorithm was proposed. Firstly, a
photosynthetic rate experiment was designed. The subject of the experiment was tomato. The experimental
conditions were the different combinations of temperature, photonic flux density and CO, concentration.
In the experiment, temperature, photon flux density and CO, concentration gradients were set as 6, 10
and 20, respectively. Totally 1200 sets of CO, response data were obtained by LI — 6800 portable
photosynthetic rate instrument. And 80% data were used to construct photosynthetic rate prediction model
based on the support vector regression, and the rest of the data were used for model verification. Then,
the CO,response curves under the nested conditions were obtained by using the established photosynthetic
rate prediction model. Next, the discrete curvature value of every response curve was calculated by the
L-chord discrete curvature algorithm. Using hill-climbing method, the maximum curvature value of every
response curve was obtained. The CO, concentrations corresponding to the maximum curvature values
were taken as the control target values. Finally, the CO, optimal control model was constructed based on

the support vector regression. The results showed that the decision coefficient of the control model was
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0.99, the mean square error was 4. 42 pmol/mol, and the average absolute error was 3. 17 pwmol/mol.

Compared with the CO, saturation point, the CO, demand was decreased by 61.81% ,

photosynthetic rate was decreased by 15.58%.

but the

In the verification experiment, compared with the

saturation point regulation, the average photosynthetic rate was decreased by 15.14% by using the

proposed regulation method, the supply of CO, was decreased by 57.61% . Compared with the natural

method without any regulation, the photosynthetic rate was increased by 26.70% with the regulation

proposed method. This indicated that the CO, optimization control model was of high efficiency and

energy saving. This control model could provide theoretical basis for efficient and precise regulation of

CO, for facility crops.

Key words: greenhouse; CO, optimal control; support vector regression; discrete curvature; hill-

climbing method ; photosynthetic rate
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for three modeling methods

) YR 2%/ RESE IR S
ik RERN " ’
(' pmol - mol ) (' pmol - mol )
SVR 0.99 4.42 3.17
BP #iZ M4  0.98 4. 64 3.42
Z i G 0.97 8.70 4.90

Hi 2 2 W WL, SVR #5281y th o R HU &, A
0. 99 ; %77 ML 13 22 F1F- 25 4 X 4= 25 S5 AR, 43 3
4. 42 pmol/molFll 3. 17 wmol/mol, SVR 5 ¥ #4 & 1Y
CO, 4% H b (8 158 B AT 5 i 100RG B2 FHDL 5 2K
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Fig.6 CO, optimal regulation model
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Tab.3 Comparison of characteristic value and conventional value in two methods

- — Qe THEST IR 7 CO, 1 FI T AR HAE B8 07 W A 2/ %
€O, W/ B R/ CO, W JE/ b %/
C  (pmolrm2-s7") CO, W oG R
(pmol-mol™")  (pmol:m™?+s™")  (wmol-mol™') (pmol:m ?:s7")
200 655 5.79 2151 7.03 69. 55 17.74
400 730 11.10 2 146 12. 89 65.98 13.91
600 756 15.00 2189 17. 19 65. 46 12.73
800 763 17.71 2239 20.17 65.92 12. 19
1 000 765 19. 67 2277 22.20 66. 40 11.40
22 1200 768 21.29 2297 23.65 66. 57 9.98
1400 776 22.84 2298 24.83 66.23 8.02
1 600 788 24. 34 2281 25.93 65. 45 6.13
1 800 805 25.67 2253 27.00 64.27 4.95
2 000 824 26.51 2222 27.94 62.92 5.11
2200 845 26. 59 2202 28.53 61.63 6. 80
200 721 7.43 2139 8.82 66.29 15.75
400 784 13.87 2 144 16.01 63.43 13.36
600 806 18. 84 2189 21.92 63.18 14. 04
800 816 22.79 2228 26.95 63. 38 15.43
1 000 824 26. 30 2246 31.54 63.31 16. 63
28 1200 836 29. 83 2241 36. 04 62.70 17.22
1400 854 33.59 2219 40. 57 61.51 17.21
1 600 877 37.43 2186 45.03 59. 88 16.90
1 800 905 40. 98 2154 49. 10 57.99 16.55
2 000 935 43. 68 2131 52.28 56.12 16. 45
2200 965 45.01 2126 54.10 54.61 16. 80
200 651 3.81 2024 5.23 67. 84 27.13
400 710 7.71 2084 10. 05 65.93 23.23
600 731 10. 47 2158 13. 81 66. 13 24.22
800 739 12. 48 2217 16.92 66. 67 26.24
1 000 747 14.29 2253 19.78 66. 84 27.717
34 1200 760 16.29 2269 22.67 66. 51 28. 14
1 400 780 18. 69 2269 25.70 65. 62 27.29
1 600 807 21.43 2260 28.80 64.29 25.58
1 800 839 24.25 2250 31.72 62.71 23.54
2 000 872 26.75 2245 34.13 61.16 21. 64
2200 902 28.48 2252 35.70 59.95 20. 22
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Fig. 8 Flow chart of CO, control Fig.9 Comparison of variation trend of photosynthetic rate
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Fig. 10 Variation trends of temperature and light intensity
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