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A Simulation for Irrigated Sugarcane by using Fuzzy Logic Controller
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ABSTRACT

This research applied the fuzzy set theory on designing a fuzzy logic controller and
simulation for drip irrigation system on using the MATLAB Simulink program as compared to
a drip irrigation system for Khon Kaen 3 sugarcane cultivar in Nakhon Ratchasima Agricul-
tural Research and Development Center. A fuzzy logic controller was designed by using soil
moisture content and relative air humidity data which were inserted into that system by sets
of trapezoidal form and a Mamdani and Assilian-type fuzzy inference mechanism in which
the knowledge of an expert was registered through the fuzzy rules. The fuzzy system would
then evaluated the necessary duration of irrigation. The experimental results showed that
there was no significant difference in irrigation duration between simulation for drip irrigation
system and irrigation system based on soil moisture content at Nakhon Ratchasima Agricultural
Research and Development Center. The fuzzy logic controller was reliable and could fully

meet the design goals and criteria.

Keywords: fuzzy logic controller, sugarcane, drip irrigation system
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Controller)
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Figure 1 Design the membership function

of input signal 1
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Table 1 Fuzzy control rule

uazAMatuluMes (D) 0 - 80% LLEAN
Tu (Figure 2)

Figure 2 Design the membership function

of input signal 2
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Rule No. Soil Humidity Relative Air Humidity Pump Time
1 Dry (D) Dry (D) High (H)
2 Dry (D) Wet (W) High (H)
3 Normal (N) Dry (D) Medium (M)
4 Normal (N) Wet (W) Low (L)
5 Wet (W) Dry (D) No Operation (NO)
6 Wet (W) Wet (W) No Operation (NO)
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Figure 3 Design the membership function of
Output signal
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Seuinfinuguilyd
TusunsasmsuAumnmshluuas
feusefauauiladesnuuudielisunsy
MATLAB Simulink (Figure 5) 3x31nuien
AWC data LRE relative air humidity data
ihiddaya % voee AWC uazanaiu
NNANSOIMA (% ) ‘[ma%gamdﬁu%gmﬁu
u‘fluIWéu'maqa xls. Wa¥NNNT export data
Tu workspace URBA Variable Selector 1 LAy
Variable Selector 2 921880 % WavA1 AWC

1_If (Soilhum is D) and (airhum is D) then (pump is H) (1

2. 1f (Soilhum is D) and (airhum is W) then (pump is H) (1)
3. If (Soilhum is N) and (airhum is D) then (pump is M) (1)
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5. If (Sollhum is W) and (airhum is D) then (pump is No) (1)
6. If (Soilhum is W) and (airhum is W) then (pump is No) (1)

Figure 4 Fuzzy control rule table using the
MATLAB Simulink program
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Figure 6 All of the possible Fuzzy results
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Table 2 Sugarcane field parameters

Parameters Value
Side of area 1,620 m’
Distance between row 15 m
Rows of planting 12 rows
Pump flowrate 9,000 1. /hr.
Distance between drip head 0.3 m.
Drip head flowrate 2.5 I/hr.
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Figure 7 Simulation for drip irrigation system
using the MATLAB Simulink at 100% AWC
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Figure 8 Simulation for drip irrigation system
using the MATLAB Simulink at 75% AWC
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Figure 9 Simulation for drip irrigation system
using the MATLAB Simulink at 50% AWC
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Table 3 Test result of pumping time for drip irrigation system using fuzzy Logic controller as

compared to the human labors

Soil Moisture % of Avail- Relative Air Pumping Tim.e Pt.xmping
Date Content able W?ter Humidity of Fuzzy Logic Time of
(% by Volumn) Capacity (%) Cont.roller human_ labors
(%) (mins) (mins)
4 /Apr/ 2022 25.00 51.10 60.40 140.00 141.60
11 /Apr/ 2022 2518 54.40 60.40 136.00 132.00
18 /Apr/ 2022 26.03 70.00 73.50 63.30 64.20
25 /Apr/ 2022 25.68 63.50 63.30 105.00 105.60
2 /May/ 2022 25.41 58.50 76.40 97.80 96.80
9 /May/ 2022 25.85 66.70 64.00 96.20 96.60
16 /May/ 2022 2543 58.90 62.50 116.00 118.80
23 /May/ 2022 2511 53.00 61.10 133.00 136.20
30 /May/ 2022 25.28 56.20 61.80 124.00 127.20
T-test 0.07"°

Note: * = significant at 5% level, NS = not significant
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Figure 10 Rainfall on sugarcane field at Nakhon Ratchasima Agricultural Research and

Development center, Nakhon Ratchasima province during April-May, 2022
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