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Optimal control model of greenhouse light gas coupling under limited CO,

resources
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Abstract: Due to the high cost of environmental regulation in greenhouse, an optimal control model of green-
house light gas coupling under limited carbon dioxide( CO,) resources is proposed to reduce the cost of regulation and
control under the condition of meeting the needs of crop growth. Firstly, the photosynthetic rate prediction model based
on least squares support vector machine( LS-SVM) was constructed with temperature, CO, concentration and illumina-
tion as input and net photosynthetic rate as output. Secondly, based on the proposed photosynthetic rate prediction
model, the database of greenhouse carbon dioxide optimal regulation model under limited carbon dioxide resources was
constructed. The optimal replenishment time and unit replenishment amount could be obtained automatically according
to the total amount of carbon dioxide resources input by users. Then, a relatively optimal light replenishment strategy

with the relative value of light growth as the evaluation index was proposed, and light supplement was carried out in a

certain period of time. Finally, the optimal control of
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greenhouse light gas coupling under limited carbon
dioxide resources is realized, which further improves the

accuracy and intelligence level of greenhouse environ-
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Fig.2 Error of prediction results
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Table 1 Regulation and control schemes for air supply under limited CO, resources
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BefeAh TR T Bt ('min) [ pmol/(m? - s) ] [ pmol/ (mol « min) ] (‘pmol /mol)
11 :00-11: 30 30 515.389 7 1 000.000 0 1 000x30
10 : 30-11 : 30 60 585.929 4 500.000 0
11:00-12: 30 90 595.809 8 333.3333
09 : 30-11 : 30 120 601.784 3 250.000 0
09 : 30-12: 30 180 607.244 0 166.666 7
11:00-11:30 30 601.632 8 1 500.000 0 1 50030
10 : 30-11 : 30 60 820.474 3 750.000 0
11:00-12: 30 90 864.864 4 500.000 0
09 : 30-11 : 30 120 876.938 1 375.000 0
09 : 30-12: 30 180 897.799 3 250.000 0
11 :00-11: 30 30 564.908 2 2 000.000 0O 2 000x30
10 = 30-11 : 30 60 998.924 4 1 000.000 0
11 :00-12 : 30 90 1 106.486 0 666.666 7
09 : 30-11 : 30 120 1129.242 0 500.000 0
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Table 2 Data comparison of different light regulation schemes
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R CO, WS
(C) (umol/mol)  JGHE ek R ) R et e
[pmol/(m? = s) ] [pmol/(m? = s)] [pmol/(m® = s)] [pmol/(m® - s)]
24 300 1 700 17.475 19 1350 17.133 65 20.59 1.95
24 500 1700 22.142 65 1355 21.715 33 20.29 1.93
24 700 1 685 26.725 81 1 355 26.184 20 19.58 2.03
24 900 1 665 30.956 94 1 360 30.305 80 18.32 2.10
24 1100 1 655 34.627 82 1 365 33.878 54 17.52 2.16
24 1300 1645 37.618 91 1 370 36.800 83 16.72 2.17
24 1 500 1630 39.897 93 1390 39.150 54 14.72 1.87
27 300 1700 19.296 89 1320 18.825 56 22.35 2.44
27 500 1 680 23.938 76 1320 23.363 72 21.43 2.40
27 700 1 650 28.508 88 1335 27.884 46 19.09 2.19
27 900 1625 32.767 00 1 335 32.051 19 17.85 2.18
27 1100 1 605 36.521 52 1 350 35.810 84 15.89 1.95
27 1300 1590 39.645 09 1 360 38.946 59 14.47 1.76
27 1500 1575 42.072 24 1 380 41.478 71 12.38 1.41
30 300 1700 21.110 90 1 300 20.317 56 23.53 3.76
30 500 1 690 25.606 63 1 305 24.759 23 22.78 3.31
30 700 1650 29.999 49 1315 29.159 08 20.30 2.80
30 900 1610 34.101 93 1320 33.274 30 18.01 2.43
30 1100 1580 37.753 14 1 330 36.990 34 15.82 2.02
30 1 300 1555 40.831 46 1 340 40.150 43 13.83 1.67
30 1 500 1535 43.250 96 1 360 42.721 08 11.40 1.23
33 300 1700 22.746 95 1280 21.430 26 24.71 5.79
33 500 1700 27.009 68 1285 25.697 05 24.41 4.86
33 700 1670 31.102 88 1290 29.886 58 22.75 3.91
33 900 1615 34.914 77 1 300 33.872 57 19.50 2.98
33 1 100 1570 38.332 76 1310 37.479 75 16.56 2.23
33 1300 1530 41.253 39 1320 40.579 13 13.73 1.63
33 1 500 1 500 43.579 37 1335 43.087 94 11.00 1.13
301
E 25F %%iﬁk H
E 27 (1] RIRYE,SEAE A, 45, BRI G A FE O TR E R A2
g 15- AR [ 1] .58 441 ,2003,30(2) 1 157-162.
»E 10 [2] YIN-JIAN Z, YI-TING Z, HOU-CHENG L, et al. Supplemental
% blue light increases growth and quality of greenhouse pak choi de-
0 55 i o 5 0 T30 pending on cultivar and supplemental light intensity[ J]. Journal of
Integrative Agriculture,2018,17(10) ;2245-2256.
BEAH S [3] 3k B ARSI A RHE LSRR i B SE PRT HA b )y
WEBIFEL D] A PLAARHE K2 2019,
E8 AREEEIMNBMERZE (4] SRR, TK B IKHTER, SR EURWIAERDGA R R B

Fig.8 Prediction error of light regulation model

RO SRR )] AU ,2017,48(6) :242-248.



FURB S AR AR T R RS LR s 479

BOBE A AT B BT RESIAM BSOS 1R
JAPEA BRI )] R0k T4 ,2014,30( 17) :220-227.

[ I = N I O 1 R - 9 - o el 1 e R e RS TP o
B HARERERL] )] R ,2016,47 (1) :260-265.
FHPE, K B, TRk, % BT R ALl R R
B CO, PRALTEFEAIRI )] AL B EE 4, 2017,48(6) :249-
256.

S RN BATEL BT YRR R IR ERAE R
B[ 1] AHUALIISE,2016,38(2) :192-196.

WOEE SRR, TEAEREE, . T RBUERMNIRE o, ki
PRI ST [ 1] ALK EE] ,2019,50(9) :337-346.

PR, T4 s S T A5 1 1) 35 IS 1 CO, -6 BR b m) 31
¥ HARSHOREU L[ D). B8 W ILRMAEHE K24 ,2019.
SEPEME. ARG 1R E IR EE £ N 1 Uy [ A P R O vk
FE[D]. #% . FEILARMEHE K% 2019.

ZEPENE A T AE. IRE N A A RN IRy
FERIT T ] R0 T RE24 4 ,2009,25( 1) :171-175.
PR, BT =, IR, OGRS BN oA s R AR

[14]

[15]

[16]

HEHE e RIEIE [ 1] R0l TR 254, 2005,21(5) - 113-
118.

%o W, B O TR, A TN IR S R AL A
R T 5 3 [ ] AR R 1 2020,42( 1) :35-40.

E1\AY N 7B S i N O S L=y Wi it S S RS
SEREABTAMI[ 1] USRI EHE A ,2020,42(2) 1 184-186.

V25, AT, s . BT IR/ N e S R ) AL AR AT
LUYIG YRR ZE Y TR L [ ). 254124 4) ,2019,40(7)
169-173.

INERE, £ SR IMRIR, AE. BENAIHG AR R s R e Y
W o7 53 7 [ 0] 0 AR A2 ,2017,28(5) £ 1603-1610.
TN R N IR 32 1 S B AL SE [ D] 1.
2838 KA ,2018.

FRUBIE, B VT U s 3R, —Fh BB RIS i [ 1] A
KRG 5 A TEHE,2014,27(8) :683-691.

PEEZ%E. BT BP M2 W 45 14 B I O A o 36 0 452 7 1 5%
[ D] #ps . PR MAHE K2 2016.

(W M H)





