20264 11 A | A R A= 557 % 21 W)

doi:10.6041/j. issn. 1000-1298.2026.21.034

BT £ 3i8 B 1% 5 HME B 0 B R AR 5

BXE pEET RER L FM g
(L2 TR LA KR TR BE , 2 730050, 2. gall Ak M54 S Al 15 K ETBE S5 4 T 5200 %, %M 7300505
3LREWK(KRHE)ARAF, KE 301712; 4. R P AR K £ AR T AR5, TR 735000)

FEE : o 5 Hh DR Ml VRS R R DR BE AL R Y R, AR SR A R AL T 2 OIS AR S S e
By 38 B K S ST AR Y, I 51 B 1 5 b AR 4R e B AT R AE B ERRR b R 2 RUBE S K R S A R
K435 R AR RS IR 25 S AL R Ak T TR 38 T A N AR 43 5 iR 5 ORI Sl U A S i [ A R0 s 1 2 4l A
T 22 03 FASTR 45 1 R BE Al R e E R D SRS . 25 L3R W] BE B 2% ) B 1% (Broad learning system, BLS) 25 4 4
I 1 5 R BB AR SR R M e TR R @R AR D E R ECR 0. 859 6, iR 22 RMSE 2 0. 037 8 ¢/, F- 1 46 %) i
2 MAE 4 0.0175 g/g; iR & P 8 2500 0.825 8, ¥ 7 MR i% 22 RMSE 3k 0.045 8 g/g, V- 3 48 X} i 2% MAE W
0.018 1 g/g; Z R IR IE TR AL B )5 , Mk 4 R BT} 8. 1% , [ MK 4 RMSE T [% 47.6% ,MAE T[4 7.7% . K&
TG PR SRR TR S G K 43 R S RO S Ok A R 4 1 2%, 52 I E 4 ) A DR AL ; Pearson AH G 43 BT R W, K
4375 A R A AR F R I B3 IEAH G, Pearson AHOC R T 0. 82, B AIE T RE N FE (9 45 3k K 7S ] -
V) T B o TRD S, % 25 A 9 B0RR B 0 BT 488 s R i v TR A T L A 4 BB A0 R ) IO AR T L A R K A B X, URR R B
FRAIG , 9K ) 8 R e ST BT 31X, 388 aek e 5 P 5 ek 0 0 MR K 7 K o0 e 3 DR 5 HEAIR K 43 75 e X R R 4 o ik R
THE R A ) A OO, S IR VRORG WA AL 5 TR D SR A5 R R B TR A L v o G B PRI T o R IR A P AR AL, T 3
WA N AE K HTHARY 1. 8 mm 340 AR KA AT 3. 8 mm, T AEREWE SR MG 7 LU 1% $2TF 5 77. 9% , B4 B (R 15
B A AR Sk SC BT I A T ) AORS L AR SR A5 R T O 5 DORG VA E S B E I R A 9 A Ak 4R
PEHS

KEWE: BRI, 2O6EEAE,; BEIIR; BU W SURR; iR I Ak
hESES: S275.6 XEkARIRAD: A X EHS: 1000-1298(2026)21-0367-11

Decision-making Model of Precision Irrigation Based on
Multispectral Image and Fuzzy Control

Zhao Wenju'?>  Yang Pengtao'> Zhan Guolong’® Ma Hong”' Yu Haiying'*’
(1. School of Civil and Hydraulic Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2. Key Laboratory of Smart Agriculture Irrigation Equipment ,Ministry of Agriculture and Rural Affairs,Lanzhou 730050 , China
3. Dayu Water-saving ( Tianjin) Co. , Lid. , Tianjin 301712, China
4. School of Civil Engineering, Jiuguan Vocational Technical University, Jiuquan 735000, China)

Abstract: In order to solve the problems of low precision of agricultural irrigation and insufficient
intelligence of irrigation decision-making in arid areas, an inversion model of soil moisture content was
constructed based on multi-spectral image and broad learning, and data enhancement technology was
introduced to improve the reliability of the model. On this basis, the water deficit rate was calculated by
using the inversion results of multi-scale soil moisture content, and the spatial differential irrigation
prescription map was generated. Then, a fuzzy controller with water deficit rate and effective accumulated
temperature as double input parameters was established, and a precision irrigation decision-making model

based on deep fusion of multi-spectral and fuzzy control was constructed. The results showed that the
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broad learning system combined with data enhancement technology significantly improved the performance
of the inversion model. The determination coefficient of the original modeling set was 0. 859 6, the root
mean square error ( RMSE) was 0. 037 8 ¢/g, and the average absolute error (MAE) was 0.017 5 ¢/g.
The determination coefficient of the test set was 0. 825 8, the RMSE was 0. 045 8 g/g, and the MAE was
0.018 1 g/g. After data augmentation, the test set Ri was increased by 8. 1% , and the test set RMSE
was decreased by 47.6% , MAE was decreased by 7.7%.

realized the dynamic optimization of irrigation amount by integrating the fuzzy controller constructed by

The precision irrigation decision model

water deficit rate and accumulated temperature parameters. Pearson correlation analysis showed that there
was a significant positive correlation between water deficit rate and irrigation amount during the whole
growth period, and the Pearson correlation coefficient was higher than 0. 82, which verified the rationality
and space-time adaptability of the rule base. At the same time, the error propagation sensitivity analysis
revealed that the precision irrigation model had intelligent hierarchical response characteristics. In the
high water deficit area, the sensitivity was significantly reduced, which drived the irrigation decision to
form an anti-disturbance area, and resisted the risk of water stress through continuous high-order
irrigation. In the low water deficit area, the sensitivity enhancement triggered the dynamic fine-tuning of
irrigation amount to achieve accurate optimization of resources. The results of irrigation decision-making
showed that the irrigation amount output by the model changed regularly with the increase of accumulated
temperature. The average irrigation amount was increased from 1. 8 mm in the early growth period to 3. 8
mm in the vigorous growth period, and the proportion of medium irrigation strategies was increased from
1% to 77.9% , and significant spatial variability was maintained in each period. The results can provide

theoretical support for the optimal design of precision irrigation and intelligent irrigation systems in arid

2026 4

areas.
Key words: precision irrigation; multi-spectral imaging; irrigation decision; fuzzy control; data
enhancement; broad learning system
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Fig. 6 Comparison between measured and predicted soil moisture content values
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