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Fig.1 Overall structure of partition variable irrigation system for
Fritillaria cirrhosa

FEBFENATEEE RS HEBE. HKERK. T
BERRE, ERAROIEZ O SR RERL,
Wi-Fi B, DUKMIREEL, K2k, i, i, FE
HLB o A% o0 b B B3O I H AT AP Bl 4 B2 T (Serial
Peripheral Interface, SPI) Joi 2k 54 REEMHARE, £
PR 5 R 2R e, 3K bR IR 5 R, 5 3 5 42
ML 500 BE AR &Rz, T ERbE . Wi-Fi ALK
WRASEER 73 ) S A% 0o Ab B B e . IR I i R YRR [
JEHLS AR R . 3 RGN & ME BRI R AR PR
FHEE B 5 o0 il s A% DAL HEES -y STM32F103VET6,
BE R ERBCAN S14438, Wi-Fi Bl A ESP8266, LLAM
N W5500, RE:H 2450AT18A100E.

VEBE AL 3% RGUEN G 5485 REWE BRI 1) 52
P e Rz, YRR ML ) VR TR 2 o K B X 5 R L T
R, HEBEEAHLE LML (433 M D) 516
WS, VEEE ML HE K ARG R K I I K R A R,
VEFR RS 23t T4k (Wi-Fi) BA 28 W0 2% 432 N\ PR 9 43
il VE R MURT FR G o, BBl R v i g o 4R
(GPRS/3G/4G/5G+ Wi-Fi £5) HimfE R4 asiEss.

FE R A5 BoRE 2, R K AL HE g . ik
WAL, KRk, B RIRIB LIRSS . omEfE
AR I VR A B DA R A o LR L 2 LI
MZesn KFHRER B de . KomAb B85 SPI M4 5 %
Lo, ZomBuR RS 2o R 20EE,
ORIRNE B AR A L Ot R AR AR I I 4R A H
(Inter-Integrated Circuit, 11C) &2k 5 & un b P38 %z,
- R P A TR A S e AL B e L B 5 K s A B B
e, LRI e R AL, 2 KPBHAE T LA

T a7 L L B S A YR R . AR IR TP I NG
BREALH R RS R S 5 & db B8
4 STM32F103C8T6, Al fE sy S14438, 5
EVRFEARIRES N SHT30, i B AL 8ds  BH1750, 13
TRV REARIRES N LM393, 2 K 28N 2450AT18A100E.

2 NNy REEEBRESTE

KT SEIN Uy XA e, B e ) DIREAE
KB KFRR, Rom ) IRHAEK T RGN . BN
BEREWE Bk 2058, R )1 DU BEREE R KGO0 o3 fe
TN LB A KA 7K AR T E I 5 7K R AR 347 1] DL BE
43 DX A% B VR W 1) SRR A 7T
2.1 NINBEKEKEIRE

H A0 DURE 32 MR AE ey J5 i X Can PO 1R 3L, 7
EEEHD , NIEAERK T KBS W, 51 DUEER)
ARKEL. AR, T, L. FREBESE S, SE
NE5FATHK, FRK LR IRE. RN
AN )P L X 338 ) o L 5 5 A 3 S KR T REANTR],  [RIUE
TEN DB N TR BRI FE, B8 TN IEHEGy . ZF
AT AN B B N DR A K TR KBS . BT R
AR A R, FEARN FAEFE A A AW 2R 2R A
WROEE N AR IS KE, /£ 2018-04-10—
2020-12-31 3[a], KA AR | DUREE F B 25 1 i
RAH, A I REAE KRR K Bl . 29 )1 DL RER F Bk
2L KD I, B EWIRERN, R, HAEY
Ko ENVIFEBE RS, HARN AWK LA G525,
M) DIRE ) AR (il an sk FgoKkat 2 6F, )11 0
BRGSO 2228 38) , ffae 1)1 DURER Bl 25 B 25 (A 7E
—Ja R, I RHE TRAEA KRS, FIH TZS-IT 1%
ARG W AN 25 A FR B VR IRAS N DUREAE K TR K s . did
I RAERIE 2 FER 3 AR AR )1 DL BRAR K TR 7K e W 5 504 42
TF, R B 2 a0l Ay o ) 1| DUREAE K K RS,
YN W)

y =285, 0<x<5

y= 13.75x> =192.25x+702.75, 5<x<8

y =45, §<x<10 (D
y =40x—355, 10<x<l1l

y =85, H<x<12

Aoy NIRRT K, % x NAG.

WK 2 fros, MZORARMER SR 3 FEN N
BEA R K AR o AR 1 DL BEAE P2 AR HFE ) (DBS /T
900—2009), 1| U1 REFiE 25 Pl — 5 900~1 100 #i/m?,
FLAR I S bR A 2 B AR R 2 B, BREERK
HR A BT AR AR 5, 1% WF 70 )1 U1 B A v b A
FEN 1000 #R/m®e FHABFEG 244 )1 DUREA KK
BER 2 3 A R KFAKIEA 5, HHEAAE
KFKZDHFARR. Bk b, B AR I 4,
NI DURFAE K TR S )1 LR S B o, R, K
T Bhah, IR KBS KR 5 H AR 1
M R R, HERMEMAG 5. &0



110 My TFESHR (http://www.tcsae.org)

2021 4

FEA 1 DURE SRR 28 DURE, 33 N HE 7 A HLIE i -
— R DURER RIS [R) R 4 4F, 1 SEAR0 2 4E4E 1| ILREASHF
TALER, 58 3 FIHAEEM, 5 4 FEHHER. )
DUBFRAE K BIR BRI R (4 A i (s
RA¥D « WM (6 A% « BAEW (7 A¥D . 4R
(7 A BRI (8 A¥D « RERIA (10 A BIR4E
4 AVD . 8 AvA], NIUBEFEEI, 29 AR5 4
Wi M 2 mFay, i) DURE S T 3 3080 A R AR K T K
ELHL A A KT AN

LIEEKE
Soil moisture content/%
[3%) = N o0 5
[=) (=} (=} (=} (=)

0 10 12

6 8
H{irMonth
e LR BB K SRR, R )1 I A RS K%, #iZk©@
9N LB & K BT, R B 5 1R [ T8 K3
Note: Curve @ is the growth moisture content model of Fritillaria cirrhosa,
which indicates the better growth moisture content of Fritillaria cirrhosa; curve
@) is the irrigation water content model of Fritillaria cirrhosa, which indicates
the soil moisture content after irrigation.
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Fig.2 Soil moisture content model of 3-year-old Fritillaria cirrhosa
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Note: ® is a comparator to indicates a difference operation between water demand
for Fritillaria cirrhosa growth and irrigation water of planting soil; e is difference
value of soil moisture content after feedback summation, %; c is planting density,
grain~m'2; u is an increment of soil moisture content after irrigation, %; E, C, and U
respectively indicate fuzzy control linguistic variables of e, ¢, and u; K, and K, are
respectively qualification factors of the input variable e and c¢; K, is scale factor of

fuzzy control.
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Fig.3 Variable rate irrigation decision model of Fritillaria
cirrhosa
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Table 1 Fuzzy control rules
MAEEERE
Input linguistic variable E

MAEFEEC
Input linguistic

variable € NB NM NS ZO PS PM PB
NM NB NB NB NB NM NS ZO
NS NB NB NB NB NS ZO PM
70 NB NB NB NB NS PS PB
PS NB NB NM NS ZO PM PB

PM NB NB NS Z0 PS PM PB
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Note: NB, NM, NS, ZO, PS, PM, and PB are respectively indicate lingual values of input linguistic variables E, C, and output linguistic variable U in its corresponding fuzzy set domain.
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Fig.4 Membership function of fuzzy control
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Table 2 Optimized fuzzy control rules
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Input linguistic Input linguistic variable E

variable € NB NM NS ZO PS PM PB
NM NB NB NB NB NB NB 70
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70 NB NB NB NM NS ZO PM
PS NB NB NM NS ZO PM PM
PM NB NB NM NS PM PB PB
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Table 3 Density ratio of irrigation partition

I3
HT
21 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Partition
No.

HRELL
Density 0.96 0.75 1.05 1.25 0.85 1.14 1.07 0.95 1.22 0.91 0.83 0.95 1.02 1.09 1.15
ratio
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Note: SCMI is Fritillaria cirrhosa irrigation demand; SCM2 is increment of soil
moisture content before optimization; SCM3 is increment of soil moisture
content after optimization. Same as below.
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Fig.8 Variable irrigation control results before and after
optimization (density ratio f=1.0)

2) HWPELG p=1.2 B, PUAGHTE )1 DUREAS Sl 25 R
B9, 7EE 9a H1, RACHTFEME TR S /KM BT 12% /40,
ARG HEBE T B KR IE B E 12% LT, SERLE
FEBLF/KA BT RF%. B 9b J2& p=1.2 W2, i 9b
AT, BERRZE A HITEES Y% LA -

it (12) A, p=1.2 B, ARSI UL
VEIEAT KA 4.9%, KT e P 2 B R IR HEIE T K

XTECEE 8 FOIE 9 R, )1 DLUBREEE FH 7K 5 e % B
AR, BEELA, EBAKEZ, S5%EFRERMHENSF. N
T UL DL RERR S R S REE K. TIKERIR R, &
SCHEBEF KL g5 A

_ua,
qﬂ__ua] (13)
A uaps ua) THFTREELA B A1 RRAL SRR
VEEIERER K, %o HHMERTRND, FEBEFKEL ¢ Fon—




114 My TFESHR (http://www.tcsae.org)

2021 4

SE PR 5 5 B v o 3 TS VR P K EE 431

P10 BEBA 1 )1| UL BERAE 25 B SRR K. KR
KZR, HAE 10a RRMEEE S5 REB KPR, B 10b
FORFHE R B SRR R . 7EE] 10a 1, LG
SERB R N 0.975, HJ7HRIRZE RMSE N 0.068, 354
XTiRZE MAE 4 0.055, ZBARE )1 DUREFRE % B L3
R 25 BE S I, B i REE K B K, AR B R
KHR. X5 8 FKE 9458 —5,

» S
ZR%)
2L
a0
o=

—— = N
>
%)
- <
(@]
w

| hAKE
Soil moisture content/%

e R = S
=—Fes T

(=}
(]
ey
ol &
oo
=
I~}

H #rMonth
a. VWL SRS AL AT 5 HEBE LI S K R &

a. Irrigation demand and increment of soil moisture content before and after optimization

101
=X
E 5
-
Fﬁ.g‘) 0 l"l A | 1q | d J‘
S E
=2
5| AU N (OO O 4L I N O
3|
104 2 4 6 g 10 12
H #Month

b. LT SRR ] 1R 2
b. Irrigation error of fuzzy control before and after optimization
B9 #HAHEEERBIEHLER (F~-1.2)
Fig.9 Variable irrigation control results before and after optimization
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Development of the partition variable irrigation system for greenhouse
planting Fritillaria cirrhosa

Liao Min, Su Chao, Zhang Yu, Yang Yajun, Zhang Qiang
(1. Modern Agricultural Equipment Research Institution, Xihua University, Chengdu 610039, China; 2. School of Mechanical Engineering,
Xihua University, Chengdu 610039, China)

Abstract: Fritillaria cirrhosa is one of the most precious traditional Chinese medicines. Some characteristics, like being fond
of humidity and fearing of high humidity, have posed a great challenge to the artificial irrigation of Fritillaria cirrhosa. The
intelligent precision irrigation system can be expected to realize the water-saving irrigation on demand in recent years. In this
study, a partition system of variable rate Fritillaria Cirrhosa irrigation was developed using the wireless sensor network. An
investigation was made on the impact of growth age, planting season, soil, and planting density on the required irrigation water
of Fritillaria cirrhosa in the process of artificial cultivation between April 2018 and December 2020. A capacitance analyzer
was also selected to detect the soil moisture content. The water demand was thus obtained for the Fritillaria cirrhosa growth
and irrigation water in planting soil. As such, the required and planting soil moisture content model was established for the
growth of Fritillaria cirrhosa. The results showed that the required soil moisture content of Fritillaria Cirrhosa growth
increased, with the increase of planting density, in addition to the factor of Fritillaria cirrhosa growth age. A fuzzy control
strategy model was established for the application of partition variable irrigation of Fritillaria cirrhosa. A double-input and
simple-output structure was adopted for the fuzzy controller. The input variables were the planting density ¢ and the difference
value e between the required soil moisture content for Fritillaria cirrhosa growth and the planting one. The output variable
was the increment of soil moisture content u during irrigation. Genetic Algorithm (GA) was utilized to optimize the
quantification factors of fuzzy control, K, and K., the scale factor K,, the fuzzy control rules, as well as the membership
function, in order to achieve an accurate decision on the irrigation water of Fritillaria cirrhosa. The irrigation water was also
applied under the different planting densities, seasons, and growing ages. A field irrigation process was conducted in the
greenhouse of Fritillaria cirrhosa using the partition variable irrigation technology, according to the increment of irrigation
soil moisture content u. The experimental results showed that a better water-saving effect of irrigation was achieved using
fuzzy control optimized by GA. The increment of soil moisture content was distributed between 5% to 7%, and the
consumption of irrigation water decreased significantly. The error of optimized variable irrigation was around £5% under the
specific planting density of Fritillaria cirrhosa, where satisfied the irrigation demand as required water amount of Fritillaria
cirrhosa growth. The required irrigation water also increased linearly, with the increase of planting density of Fritillaria
cirrhosa. Correspondingly, there was a parabolic relationship between the water-saving rate of partition variable irrigation and
the planting density ratio of Fritillaria cirrhosa. The optimum water-saving rate was achieved, where the standard planting
density and the annual water-saving rate reached more than 27.6%. This finding can provide a sound reference and technical
support to the strategy of planting density and water-saving irrigation for Fritillaria Cirrhosa.

Keywords: fuzzy control; genetic algorithms; variable rate irrigation; water saving irrigation; Fritillaria cirrhosa
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