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Design of green space irrigation fuzzy system

based on semi-tensor product method
ZHOU Linchao', LU Hongli?, FENG June"*

(1. School of Mathematics Science, Liaocheng University, Liaocheng 252059, China;2. Faculty of Business Administration,
Lakehead University, Thunder Bay, P7B 5E1, Canada;3. School of Mathematics,
Shandong University, Jinan 250100, China)

Abstract Aiming at the current situation of the growth of urban green space area and the shortage of fresh
water resources, an irrigation fuzzy system for urban green space based on the semi-tensor product(STP)
method is proposed. The fuzzy relationship matrix is constructed through the STP, and the traditional ab-
stract fuzzy rule language information is quantified and transformed into matrix operation. Using inputs
such as rainfall and soil moisture, the corresponding irrigation water time is obtained by solving matrix op-
eration, thus the intelligent irrigation is realized. Finally, the simulation was carried out by two methods,
fuzzy rules and real data, respectively.

Keywords semi-tensor product; fuzzy relation matrix; green space irrigation fuzzy system; fuzzy control
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Fig. 1 Structure of fuzzy system for green space irrigation
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Fig. 2 Flowchart of the design of green space system based on semi-tensor product approach
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(D) if RQ is SR and SM is VL, then IWQ is MAXI;
(2) if RQ is SR and SM is L, then IWQ is PI;
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(29) if RQ is SRS and SM is RM, then IWQ is MINI;
(30) if RQ is SRS and SM is MED, then IWQ is MINI,
B AL 30 ZRARE RN e AL O ILIN 2, Ak 4 BT

1 ITEREEMTENS *2 BRWEEMTFEINS
Tab. 1 Classification of fuzzy subsets of soil moisture Tab, 2 Classification of fuzzy subsets of rain quantity
Subset Name  Left Endpoint Vertex Right Endpoint Subset Name  Left Endpoint Vertex Right Endpoint
VL 10 10 25 SR 0 5 17.5
L 10 25 10 MR 5 17.5 37.5
DR 17.5 37.5 75
RL 25 40 55
RS 37.5 75 150
RM 40 59 70 DRS 75 150 300
MED 55 70 70 SRS 150 30 300

®3 ERKEEMTEIS

Tab. 3 Classification fuzzy subset of irrigation water quantity

Subset Name  Left Endpoint Vertex Right Endpoint
MINI 0 0 5
DI 0 5 15
LI 5 15 25
MI 15 25 40
PI 25 40 60
B3 tEREREEIHER
MAXI - 60 60 Fig.3 Image of soil moisture affiliation function
B4 FEMEIHER B 5 EBREREERHES
Fig. 4 Image of rain quantity affiliation function Fig. 5 Irrigation time affiliation function image

x4 FMRFGEHHNIR

Tab. 4 Table of fuzzy rules for green space systems

Soil Moisture

Rain Quantity

VL L RL RM MED

SR MAXI PI MI LI MINI
MR PI PI LI DI MINI
DR MI MI DI DI MINI
RS LI LI DI MINI MINI
DRS DI DI MINI MINI MINI

SRS DI MINI MINI MINI MINI
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Tab.5 Comparison of predicted and actual data from the averaging method

Serial Soil Rain Actual Irrigation Prediction Time For Prediction Time Prediction Time
Number Moisture/ % Quantity/mm Time/min 50 Sets Of Data/min For 40 Sets OF For 30 Sets OF
Data/min Data/min
1 34. 31 0. 25 46. 32 41.107 4 41.594 6 41. 934 6
2 38. 89 0. 08 40. 44 39. 601 2 40.073 7 40. 435 2
3 39. 46 0. 40 40. 08 39.454 8 39.924 2 40. 286 9
4 41. 33 3.51 37.6 36. 801 6 37.684 5 38.423 3
5 41,45 2.17 37.6 36.583 1 37.494 5 38. 2659
6 44,48 1.51 32. 96 31.504 1 32.929 3 34. 212
7 45. 66 3.83 31.12 29.729 7 31.226 1 32.591
8 50. 36 0. 38 24. 68 23.573 4 24,8277 25.884 8
9 54.17 6.13 19. 36 19.703 2 19. 806 7 19.914 2
10 57.39 1.17 17. 48 16. 208 4 17.599 1 17.025 1
11 59. 38 0. 00 13.72 15. 882 8 16. 225 2 15,384 7
12 65. 90 2. 64 10. 04 10. 259 5 10. 287 2 9.031 4
13 67. 85 4. 91 6. 88 8.048 8 7.902 7 7.778
14 34. 32 1. 65 42. 96 41.103 3 41.590 5 41. 930 5
15 39. 21 0. 53 40. 72 39.518 1 39.988 9 40.351 1
16 45.71 0. 48 32. 28 29. 656 8 31.154 8 32.5217
17 51. 00 0.17 25. 44 22.8319 24.001 1 25.939 5
18 54. 20 15.59 19. 28 16.329 1 16. 369 4 16.912 3
19 58. 05 11. 90 14. 44 15.457 9 15.529 4 15. 568 6
20 60. 20 1. 16 12. 48 15.292 1 15.609 9 14.672 6
21 66. 04 18. 23 3.72 7.615 6 7.876 9 9.214 5
22 70. 37 1. 05 0 0 0 0
23 75.13 29. 82 0 0 0 0
Average Relative Error 10. 97% 9.79% 11.79%

W% 6 HRT LI B BT AR ) — A0 G AR b SR B i B9 2 O B2 92 50 21 S50 00 A 1 ) AR
SRR R 22 11,229,
* 6 BUFEEMNSIES SREUEILE R

Tab. 6 Comparison of predicted and actual data by the concurrent set method

Prediction Time Prediction Time
Serial Soil Rain Actual Irrigation Prediction Time For
For 40 Sets Of For 30 Sets Of
Number Moisture/ % Quantity/mm Time/min 50 Sets Of Data/min
Data/min Data/min
1 34. 31 0. 25 46, 32 41,188 3 41,188 3 41.188 3
2 38. 89 0. 08 40. 44 39.119 2 39.119 2 39.119 2
3 39. 46 0. 40 40. 08 38.912 1 38.912 1 38.912 1
4 41. 33 3.51 37.6 36.768 7 36.907 2 36. 907 2
) 41. 45 2.17 37.6 36. 595 36.745 1 36.745 1
6 44. 48 1.51 32.96 32.355 6 32.748 6 32.748 6
7 45. 66 3. 83 31.12 30. 776 7 31.240 8 31.240 8

8 50. 36 0. 38 24. 68 24. 854 25.488 5 25.488 5
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(Continued) Tab, 6 Comparison of predicted and actual data by the concurrent set method

Serial Soil Rain Actual Irrigation Prediction Time For Prediction Time Prediction Time
Number Moisture/ % Quantity/mm Time/min 50 Sets Of Data/min For 40 Sets Of For 30 Sets Of
Data/min Data/min
9 54.17 6.13 19. 36 20. 098 6 20. 687 8 20. 756
10 57.39 1. 17 17. 48 17.220 1 17.992 3 17.970 6
11 59. 38 0. 00 13.72 15.262 1 16.071 2 16. 019
12 65. 90 2. 64 10. 04 8.578 6 9.034 8.778 2
13 67. 85 4.91 6. 88 6.495 6 6.675 2 6.318 3
14 34.32 1. 65 42. 96 41.182 8 41.182 8 41.182 8
15 39. 21 0. 53 40.72 39.001 8 39.001 8 39.001 8
16 45. 71 0.48 32.28 30. 710 6 31.177 5 31.177 5
17 51. 00 0.17 25. 44 24.089 8 24,753 1 24,7531
18 54. 20 15.59 19. 28 17.009 4 17.090 8 17. 650 6
19 58. 05 11. 90 14. 44 15.544 7 15.877 9 16.249 1
20 60. 20 1. 16 12. 48 14,4445 15. 251 15.182 5
21 66. 04 18. 23 3.72 8.974 9 8.974 9 9.556 1
22 70. 37 1. 05 0 0 0 0
23 75.13 29. 82 0 0 0 0
Average Relative Error 11.22% 11.52% 12.49%

LRART XN 5 R R R B AR SR LA 2403k 40 BT BIRERY 2RO ¢ AR R LK
(10)

[0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00 0 0 0 O 0 0 0 0 0 0 0 0 0
|00 0 0 0 0 0 0 0 0 0 0 0.0011 0.0011 O
F= 00 0 0 0 O 0 0 0 0 0 0 0.0196 0.0040 O
0 0 00 0 0 0.0226 0.0050 0 0 O 0 0.0661 0.0003 0
o 0 0 0 0 O 0.0183 0.0038 0O 0 O O 0.0150 0.0033 O
0 0 0 0.0025 0.0028 0.0003 0 0 0 0.0122 0.0134 0.0005 0 0 O] 1o
0 0 0 0.0065 0.0157 0.0067 0 0 O 0.0122 0.0307 0.0090 0 0O O
0 0 O 0.0624 0.0285 0.0004 0 0 O 0.0168 0.0037 0.0005 0 O O
0 0 0 0.0392 0.017 3 0 0 0 0 0.0011 0.0004 0 0 0 ol
0 0 0 0.0076 0.0006 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0J

=l L%%'ciﬂﬁﬁﬂﬁ@(ﬁﬂﬁ*ﬁ%%E’\J*ﬁiﬂ Vy :FIXVU] 'XVU2 , :p VU1 7VUZ ﬁ%ﬂ%%ﬂﬁ%%‘iﬁ%@fﬁ*ﬁ
BLE I, Vy AR 2 K & BRI 2P 20, F 2O BRI R R . 1838 Vy 5
A = CO) AR B v] 15 21 e 2 75 B HE R ]

5 g

ARSORE ki BT VRN B S b E RO R i T rh, — O T S PR U O R RE AT R G ok
T AR HTOLA AR KA TR, BRI R G T HE IR TR, 55 it I AR,
G0 T 52 A G2 ARG AU DU A 8 o AJRE % 35 1 2 X o 1 o R A5 ) s A 22 (R SC R . TR B, i )
TR AN ZERBR X — R R B 2 s A Z i 1 W R B, O — 5 T AR TR S e



10 B A7 274k CH SRR D

PR EARASTTBORIALIN , R ke 5 AR 00 X AR A AR AN DU s SR M DU ) B B B 58 A A 4 19
UL T HIE AT DUEARAE R A R Y SE IR B i ] AV D HEBC A I8 AR DG R . R AR SO Ay
TEFR — L8 R FRAE L0 PR AR F) b m SR T 2 i SR TR JBE S IO 14 0 3R A DA B 8 5 v O K — 2 L
ToVk BEFR T SRS o ARSRCKE W] LS Y B O3 S RO I SRAUE R AL 5 R R A B
B

%z % X W

(1] B3 SRl B0 R B O RO AL ] 5 45, 2024(36): 174-177.

(2] skPHiE. STy skt i Fs R B R SO AR AT (D] &« PEALAMFHE R, 2019,

(3] 3&JA, JElbg. B EORTER Y ST (0 F S5 BB LT 1. 2 TR B F, 2025,23(5) : 1688-1693.

(4] A, HOKT. BB 45 SRS AR S IR DI REM (PP A5 — LA atbloll R o B0 ]. 7 BRARMABE . 2014, 55(2): 48-51.

[5] #F. W4E, HUE, BT ESs MI3R1T S EBSE R 55 DRk I8 A PLHILT ], SRR, 2021, 37(3).: 32-37.

[6] HEAA. APRIR SRR A T E AR s . B S SH kI, 27, 2017(1): 64-72.

(7] B, @dlis, IVERF, 45, Tl S LB B e REEFEBOV T ], A28, 2024, 44 (24): 11177-11187.

(81 Wrte, TEM. FETRRBUHRMG B MM B B R G m 0y I e L) ). Tk HEBE, 2007(5): 33-34.

(9] Z=3hl. FERFAARBOR RG] gl 202006): 127-128.

[10] Xysfe, sRocl], B, 28, FRE AR K FEBEROARME i f b A RSSO S [T, R AR# . 2014, 42(10): 3097-3098.

[11] sk, J2ele, Mgy, &5 BT R BRSSO SR R o] WBMER, 2021, 1112): 67-70.

[12] skbe, RAH. WL EYTK BRI RGN TSP ROIEHTF . 2003.25(2): 117-119.

[13] ZEfHAE, VP&M, AREMR. IR e AR R Bk 5 R B[], Yol R, 2017, 45(17): 27-31.

[14] Z3Cle, ASCNI, EZ3C, 55 IRmTaki A TR RS ATFEL) ] TKHERE. 2005(1): 12-13.

[15] KMk, HT ZigBee JLLR M R ORI 4 i 14 % 25 0 e I R e i H(D. Aol Wik, 2011

[16] Britss, Xk, 28ar, 5. TR PID Yl Lt Bt R G vt (T, PREAAKFIKAL, 2024(2): 109-114.

[17] CHENG DZ, QLH S, ZHAO Y. An introduction to semi-tensor product of matrices and its applications[ M |. Singapore: World Scientif-
ic, 2012.

[18] TANG Y., LIL L, LU J Q. Modeling and optimization for networked evolutionary games with player exit mechanism: semi-tensor prod-
uct of matrices method[ J]. Physica A: Statistical Mechanics and Its Applications, 2022, 590; 126710.

[197] LIR, YANG M, CHU T G. State feedback stabilization for Boolean control networks[]J]. IEEE Transactions on Automatic Control,
2013, 58(7): 1853-1857.

[20] Fwe. Balfh. fHi4E.4%5 ZEEERGEHRFE DS RBERRLT ] WIHRAEF0 (A ABERD » 2024, 37(2): 1-8.

[21] WANG X, XIA J W, FENG ] E, et al. Robust stability of Boolean networks with data loss and disturbance inputs[ ] ]. Neural Networks,
2024, 179: 106504.

[22] YUM, XIA J W, FENG ] E, et al. Event-triggered synchronization of multiagent systems over finite fields[J]. IEEE Transactions on
Circuits and Systems II: Express Briefs, 2023, 71(1). 370-374.

[23] CHENG D Z, FENG J E, LU H L. Solving fuzzy relational equations via semitensor product[J]. IEEE Transactions on Fuzzy Systems.,
2011, 20(2): 390-396.

[24] LYU H L, WANG W, LIU X P, et al. Modeling of multivariable fuzzy systems by semi-tensor product[J]. IEEE Transactions on Fuzzy
Systems, 2019, 28(2): 228-235.

[25] X, S8, TR, . B PRSI AR AR A REHEIE R G e S0 ). Sl RS 25, 2024(6): 126-128+145.

[26] LV H L, CHENG D Z, FENG ] E, et al. Construction and optimization of fuzzy relation matrices model based-on semi-tensor product
[C]//Proceedings of the 31st Chinese Control Conference. IEEE, 2012; 3488-3493.

[27] FENG J E, LV H L, CHENG D Z. Multiple fuzzy relation and its application to coupled fuzzy control[J]. Asian Journal of Control,
2013, 15(5): 1313-1324.

(28] #MCIR, Zifpide, SE TR R L okt BRSO B SRR S JR (T, WO~ 4 R (SRR » 2022, 35(D): 9-21.

[297 WANG L X. A Course in Fuzzy Systems and Control[ M|. New Jersey USA: Prentice Hall, 1996.

[30] PEWEER, Bedok, HLLmg, & BT 2P ks B s R S mIa il d e HLC/ /45 26 Jm b a5 e 3 W08 S8, 2014,3508-3513.

[31] LYU H L, WANG W, LIU X P. Universal approximation of fuzzy relation models by semitensor product[J]. IEEE Transactions on
Fuzzy Systems, 2019, 28(11). 2972-2981.

[32] AERIL. 2016-2017 4 [l KM XA E B KB L[ DS]. CSTR: 17058. 11. E0251. 20211011. 00. ds. 1725.

(BTG4 - R TEE2E)



