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ABSTRACT

A closed recycling system has been considered as the most effective system in
hydroponics because the system helps plants absorb fertilizer in nutrient solution and can
contribute environmental pollution by deducing direct discharging of surplus fertilizer in
fields. For the development of a closed recycling system, an automatic control system of
discharged nutrient solution by monitoring rea-time absorption is necessary in order to
control inorganic ions individually and exclude surplus inorganic ions in nutrient solution.
But, the real-time monitoring system has not been put to practicad use because of high
price and low accuracy of sensors such as ion-selective electrodes. A model for predicting
ion-concentrations in discharged nutrient solution can be a alternative method to replace the
real-time monitoring system. This study was carried out to develop a model for the
prediction of ion-concentrations in discharged nutrient solution using an artificial neural
network with the backpropagation learning algorithm. Experiment results showed that the
neural network showed excellent trained results with training data for all macronutrients of
NOs, Ca*, Mg®, K*, SO and PO,”. Coefficients of determination (R?) were over 0.99
for al ions. Also, the trained neural network showed good prediction performance with
verification data for macronutrients of NOs', Ca**, Mg®. The developed neural network can
be applied to the prediction of ion-concentrations for other hydroponic plants and the
replacement of a real-time monitoring system for a closed recycling system in hydroponics.

Additional key words: Prediction, lon-concentrations, Neural network, Backpropagation,
Cucumber
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Fig. 1. Bed and sampler of discharged nutrient
solution.
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Table 1. Compositions of fertilizer used in nutrient solution for cucumber

Fertilizer g/ton Fertilizer g/ton

KNO; 436

MgSO4+7H20 246

5(Ca(NOs)>2H-,0)NHiNOs 540 KH,PO, 91

A KNOs 200 B H3BOs 3.00
Solution Fe-EDTA 20 Solution MnSO44H20 2.00
NH4NOs 16 ZnS047H:0 0.22

CuSO4+5H:0 0.05

NaMoO,2H:0 0.02
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Fig. 2. Structure of the neurd network used in this study.

Hidden

Layer: 3

Table 2. Mean sguare error of developed neural network related to hidden layer's numbers.

Number of hidden layers Epachs
2000 5000 10000
1 5.95E+01 1.13E+01 8.68E+00
2 1.24E+01 8.87E-03 7.05E-02
3 1.76E-02 3.25E-03 6.80E-02
4 9.12E+02 4.18E+03 6.40E+03
5 4.18E+03 6.40E+03 6.40E+03
where, training rate; 0.01, momentum; 0.9
Table 3. Structure of developed neural network =3l #4s}slich Table 3& HE AlAF3| =29
idden Tayar mumbers . siggoll ALgE F8 WAES el Aotk
Epochs 5000
Node numbers of hidden layers| 10, 16, 20 Anp 2l g
Training rate 0.01
Momentum 0.90 1, 202 dsUsH M 0|25 B}
Learning function(MATLAB) Iz:ggm' Hief ol FEE A5 S8 of 293F 2o
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Fig. 3. Weekly ion-concentrations of macronutrients in discharged nutrient solution for cucumber.
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Table 5. Errors for verification results after 5,000 iterations

Day after 1 7 14 | 22 | 20 | 35 | 42 | 50 | 56
transplanting
Real vaue 50.8 | 1155 | 1419 | 875 | 100.5| 104.6 | 234.6 | 222.3 | 126.9
NOs | Predictive output 499 | 1293 | 1350 | 743 | 991 | 952 | 256.8 | 250.1 | 113.6
Error (%) 18| -11.9 49| 151 14 9.0 95| -125 105
Real vaue 80.2 | 202.0 | 3305 | 286.8 | 2489 | 241.0 | 3232 | 2535 | 2124
K* Predictive output 65.8 | 289.7 | 3045 | 2783 | 2249 | 2383 | 339.9 | 363.7 | 163.6
Error (%) 180 | -434 7.9 30 9.6 11 -5.2 35| 230
Real vaue 124 | 268| 342 | 262 | 263 | 261 | 444| 449 | 262
Mg® | Predictive output 98| 3652 | 323| 233 | 240| 246 | 512| 404 | 226
Error (%) 21.0| -31.3 56| 111 8.7 57| -15.3 10.0 13.7
Real vaue 463 | 950| 930| 614 | 800| 721 | 179.8 | 189.3 | 1310
ca® | Predictive output 345 | 996 | 938 | 524 | 69.8| 70.7| 2039 | 1834 | 106.9
Error (%) 255 -4.8 -09| 147 | 128 19| -134 31 184
Real vaue 283 | 500| 800 | 958 | 89| 679 | 723 | 925| 450
SO | Predictive output 233 | 750 | 723 | 101.8| 687 | 753 | 899 | 59.7| 374
Error (%) 17.7 | -50.0 9.6 63| 171 | -109| -243| 355 16.9
Rea vaue 7.0 9.7 131 54 5.2 8.9 154 5.4 9.2
PO,* | Predictive output 6.3 15.2 15.6 6.8 6.7 7.7 6.0 8.9 9.4
Error (%) 100 | -56.7| -191 | -259 | -288| 135| 610 -648 -2.2
—4—po3- Ry Mg2+ —Cal+ —Fs042- FO43- ——no3- Rt Mg2+ —Cal+ —HTL042- PO43-
400 400
E 350 £
=300 & 300
= 200 = 200
£ 150 £
g 100 S 100
S 5o S
o == |
7 14 21 28 35 42 49 56 7 14 21 28 35 42 449 56
Time, day Time, day
(a) Actua values (b) Predictive values
Fig. 5. Plots of actua and predicted values for verification of the developed model.
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