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Artificial Neural Network and Fuzzy Logic Evaluation for Helling Up
and Non-helling Up Furrows Infiltration Simulation in Sugarcane Farms

Mohsen Ahmadee!, Saeed Boroomand Nasab?, Abd Ali Naseri?

Abstract

Sugarcane (Saccharum.spontaneum L.) is one of the high consumption water plants which is
irrigated by both helling up (H) and non-helling up (N) furrow irrigation methods in
Khuzestan. The major water losses in furrows are due to infiltration, however, measuring
amount of infiltration is time consuming and costly. So, it is important to use a method for
determining and management of infiltration in the farms. Regarding that, fuzzy logic (FL) and
artificial neural network (ANN) were evaluated for five sugarcane industrial farms in
Khuzestan. ANN with 12 scenarios (LogSig and TanSig activation functions with 3, 5 and 7
neurons in hidden layer for both N and H farrows) and FL with 8 scenarios (TriMF and
GaussMF with 2 and 3 membership functions for both N and H farrows) were studied. Results
showed that ANN with LogSig-5 activation function had the best error (RMSE=0.12 m®.m™),
accuracy (NRMSE=0.037) and efficiency (d=0.99 and EF=0.99) for simulation of infiltration
in H furrows. ANN with TanSig-5 had the best error (RMSE=0.20 m3.m™), accuracy
(NRMSE=0.11) and efficiency (d=0.99 and EF=0.99) for simulation of infiltration in N
furrows. FL had weak accuracy and efficiency for simulation of infiltration in N furrows,
however, TriMF-2 had acceptable error (RMSE=1.3 m®m™), accuracy (NRMSE=0.052) and
efficiency (d=0.99 and EF=0.98) for simulation of infiltration in H furrows. According to
comparison of all scenarios, ANN accuracy was about 82% more than FL.

Keywords: Furrow Irrigation, LogSig Activation Function, Model Efficiency, TriMF, Volume
Balance Method.
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Artificial Neural Network and Fuzzy Logic Evaluation for Helling Up
and Non-helling Up Furrows Infiltration Simulation in Sugarcane Farms

Mohsen Ahmadee!, Saeed Boroomand Nasab?, Abd Ali Naseri?

Abstract

Introduction: Sugarcane (Saccharum.spontaneum L.) is one of the high consumption water crops
which is irrigated by both helling up (H) and non-helling up (N) furrow irrigation methods in
Khuzestan, Iran. Total area of sugarcane in Khuzestan is 22,600 hectares. So, Sugarcane managers
have to buy a lot of water to irrigate the farms. The major water losses in furrows are due to
infiltration, however, measuring amount of infiltration is time consuming and costly. So, it is
important to use a method for determining and management of infiltration in the farms. Regarding
that, fuzzy logic (FL) and artificial neural network (ANN) were evaluated for five sugarcane industrial
farms in Khuzestan.

Methodology:

The length of furrows was between 268-165 meters and the inflow was between 0.3-0.96 liters per
second. ANN with 12 scenarios (LogSig and TanSig activation functions with 3, 5 and 7 neurons in
hidden layer for both N and H farrows) and FL with 8 scenarios (TriMF and GaussMF with 2 and 3
membership functions for both N and H farrows) were studied. In order to evaluate the accuracy of
ANN and FL, the models were calibrated using 70% of data. The criterion of root mean squares error
(RMSE) was also considered to improve the performance of both methods. Then, their validation was
performed based on the remaining data. For this purpose, root mean square error (RMSE), mean bias
error (MBE), normalized root mean square error (NRMSE), model efficiency (EF) and coefficient of
detemination (R?) were used.

Discussion and Conclusion: Results showed that ANN with LogSig-5 activation function had the
least error (RMSE=0.12 m®.m), and the best accuracy (NRMSE=0.037) and efficiency (d=0.99 and
EF=0.99) for simulation of infiltration in H furrows. ANN with TanSig-5 had the least error
(RMSE=0.20 m®.m™), and the best accuracy (NRMSE=0.11) and efficiency (d=0.99 and EF=0.99) for
simulation of infiltration in N furrows. FL had weak accuracy and efficiency for simulation of
infiltration in N furrows, however, TriMF-2 had acceptable error (RMSE=1.3 m3m™), accuracy
(NRMSE=0.052) and efficiency (d=0.99 and EF=0.98) for simulation of infiltration in H furrows.
According to comparison of all scenarios, ANN in both H and NH furrows had higher accuracy and
efficiency than FL. In General, ANN accuracy was about 82% more than FL. Since much money is
spent on buying water for sugarcane cultivation in Iran every year, it is suggested the managers in
sugarcane farms use ANN. Based on the results, by using discharge and infiltration time, the amount
of infiltration can be easily calculated for each farm. This will help save water on these farms and
reduce the cost of buying water for the sugarcane in Iran.
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