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Abstract: It is estimated that by 2050, the world’s population 

will increase to 10 billion people and water scarcity is going to be a 
major problem due to an increase number of populations with 
limited water resources. One of the ways to tackle this problem is 
by having a precision irrigation which is by estimating the crops 
water need in which it can improve water utilization. This 
research is very suitable to be implemented for paddy since paddy 
consumed a lot of water compared to other types of crops. In order 
to be able to do it, ANN and Evapotranspiration Rate equation will 
be used to develop a prediction model to estimate water lost. The 
prediction model in theory will analyze the historical data and 
compared it with current data collected in the field and predict 
water needs based on the output concluded. IoT will act as 
monitoring and controlling platform for irrigation by automating 
the irrigation which in result, better water utilization. Prediction 
model and IoT combination proved that better water utilization 
can be achieved. The targeted result will be to achieve better water 
utilization using prediction model and IoT. 

Keywords: Artificial Neural Network, Internet of Things, 
Evapotranspiration Rate, Irrigation, Paddy  

I. INTRODUCTION 

Agriculture is an important sector in the world especially 

for developing countries such as Malaysia itself and other 
neighbouring country around South East Asia (SEA) such as 
Indonesia and Thailand [1], [2]. Most farmers in developing 
countries are economically dependent on agriculture as their 
source of income [3].  

According to the United Nation (UN), by 2050, it is 
estimated that the number of populations will increase up to 
10 billion people. This will have a big impact on the 
agricultural sector as this sector need to step up their 
production. This sector needs to increase by 70% from its 
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current state so that it is enough to feed to world. This makes 
things worst because with the current crop production trend, it 
might not be able to supply the demand as stated by 2018 
Global Agricultural Productivity (GAP) [4], [5]. According to 
2018 GAP Report, today’s consumers expected more foods 

than previous generation due to variety of choices and 
preferences available to be purchased and they now do 
consider the food values such as quality. If not tackled, the 
Sustainable Development Goals initiative number 2 (refer to 
Fig. 1) which is Zero Hunger by 2050 especially for 
small-scale farmers in low-income countries might not be 
achieved. 

 

 
Fig. 1: Sustainable Development Goals 

https://www.un.org/development/desa/disabilities/envision2
030.html 

According to Food and Agriculture Organization of the 
United Nation, agriculture consume on average 70% of world 
freshwater and in some countries, up to at 90% water usage 
[6], [7]. This mean that water is a critical resource for 
agriculture purposes which act as main sources for the farmers 
to grow crops and being mentioned by Forbes too [8]. 
Without water, the farmers cannot grow any crops, thus 
affecting their source of income.  

This research will focus on paddy irrigation as the case 
study since in “Chapter 2: Crop Water Needs” by FAO 

mentioned that even though sugarcane utilize the highest 
amount of water, but then, sugarcane is not a staple food as 
compared to paddy which are consumed by majority of world 
population [9]. Paddy do need a lot of water to grow, so the 
needs to manage its water needs is needed. So, the method is 
by estimating its water lost using evapotranspiration rate 
equations such as Penman-Monteith, Hargreaves and Turc 
with the use of prediction models such as Long-Short Term 
Memory,  
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Feed Forward Neural Network and Multivariate Linear 
Regression in order to fully utilize water use by only watering 
the paddy when needed.  

A. Problem Statements  

Based on previous literature that had been reviewed, there 
are several problems that have been identified: 

1) There is a need for irrigation prediction since it is the 
most important aspect in agriculture because plant need 
water to grow and without water, agriculture is not 
possible. 

2) There is a need to improve prediction accuracy for 
irrigation to improve water utilization to the maximum. 

3)  Paddy’s irrigation needs to be optimized due to its 

irrigation technique which is not possible to change but 
rather its way of supplying water by accurately 
predicting irrigation when needed. 

B. Research Questions  

There are several questions that will be answered in this 
research in order to tackle the irrigation problems: 

1) Can prediction models be used to predict water lost 
estimation? 

2) How accurate the water lost estimation by using 
predictions models and evapotranspiration rate 
equations? 

3) Which prediction models with evapotranspiration rate 
equations combination offer better water lost estimation? 

C. Research Objectives 

Based on the problem statements, the research objectives 
will be: 

1) To study which prediction models and which 
evapotranspiration rate equations combination that has 
highest evapotranspiration rate estimation. 

2) To estimate evapotranspiration rate using 3 prediction 
models with 3 evapotranspiration rate equations 
combination for highest estimation accuracy. 

3) To compare 3 prediction models with 3 
evapotranspiration rate equations combinations to find 
the highest evapotranspiration rate estimation with the 
nearest accuracy to the observed forecast. 

D. Scopes of Research  

This research will focus on prediction using Artificial 
Neural Network (ANN) and controlling based on predicted 
outcome using Internet of Things (IoT) for irrigation of paddy 
field. With IoT, it also will be used as a monitoring platform 
to collect data from the sensors placed on the paddy field.  

This study will cover: 
1) A solution for irrigation using prediction model. 
2) This solution will be a combination of ANN and IoT. 
3) The solution will be applied for paddy crops in paddy 

field. 
4) The location of the research study will be Parit, Perak, 

Malaysia. 

II. LITERATURE REVIEW  

A. What is an Irrigation and its Importance for Paddy? 

There are two ways to cultivate the plant/crops according to 

Centers for Disease Control and Prevention (CDC) which are 
[10]: 

1) Rain-fed 
Rain-fed is a natural way to cultivate plant which is by 

receiving through rainfall while irrigation is an artificial 
technique to cultivate plant by pouring or providing water to 
the plant accordingly or in a systematic way. 

2) Irrigation  
Irrigation is a process to cultivate plant in the field using 

water source for example from water canal or ditches using 
their water reserves, underground water, river and lakes and 
also treated water for their plant.  

A good irrigation can have a good impact to the overall 
yield whereas a bad irrigation will result a bad yield [11]. 
Irrigation provide water to the crops so that they will be able 
to do their daily activities such as photosynthesis, nutrient 
absorption until it is ready to be harvested. It acts as one of 
their sources of food, fertilizer as their supplement and 
nutrient to grow bigger and faster and pesticide as their 
medicine to fight disease.  

There are several ways of irrigation techniques and the 
most basic irrigation technique is hand watering also known 
as manual irrigation according to Centers for Disease Control 
and Prevention (CDC) and Northeast Region Certified Crop 
Adviser (NRCCA). 

According to article Northeast Region Certified Crop 
Adviser (NRCCA), there are 4 ways of irrigation technique as 
in [12]: 

1) Surface irrigation 
- Water is distributed across soil surface by gravity flow. 
- Mostly can be seen implemented on paddy field because 

it is a semiaquatic plant. 

 
Fig. 2: Surface irrigation 

https://climatenewsnetwork.net/rice-puddling-raises-methan
e-threat/ 

2) Sprinkler irrigation 
- Water is distributed using water sprinklers into the air to 

mimic rainfall. 

 
Fig. 3: Sprinkler Irrigation 

https://www.indiamart.com/proddetail/sprinkler-irrigation-6
241827048.html 
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3) Drip/Trickle irrigation 
- Water is directly injected or near to the  roots. 
- The most efficient technique because it reduces 

evaporation rate. 
- The most water saving method. 

 
Fig. 4: Drip Irrigation 

https://www.burpee.com/gardening-supplies/greenhouse-ac
cessories/drip-irrigation-kit-for-palram-greenhouses-prod22

542.html 
4) Subsurface irrigation 
- Water is distributed just under the soil surface. 

 
Fig. 5: Subsurface Irrigation 

http://aridagriculture.com/2017/09/26/water-conservation-a
nd-arid-agriculture/subsurface-irrigation-systems/ 

Additional irrigation technique according to Centers for 
Disease Control and Prevention (CDC): 

1) Localized irrigation 
2) Center pivot irrigation 
3) Lateral move irrigation 

Irrigation is an important process in agriculture and for paddy, 
it is crucial to get optimum irrigation since it will affect the 
growth. According to Facon and Rice Knowledge Bank 
(RKB), paddy consume about 34% to 45% of total water for 
irrigation [13], [14]. Paddy scientific name is Oryza Sativa is 
a semiaquatic plant which mean it is a semi submerged plant. 
It also is very sensitive towards lack or excess of water due to 
its semiaquatic attributes [14]. According to Integrated 
Agricultural Development Area (IADA), Rice Knowledge 
Bank (RKB) and Food and Agricultural Organization (FAO), 
throughout the whole process from planting until 2 weeks 
before harvesting, paddy will be partially submerged [14], 
[15], [16]. Rowshon et al. (2014) explained that, every stage 
of growth period has different level of water submergent as 
shown on Fig 6 with water from 60 days and up to 160 days 
depending on its variety planted [17]. Water is lost nearly half 
from 3600 km³ due to evaporation and transpiration and with 
drip irrigation, farmers can have the most reduction of water 
usage [18]. 

 
Fig. 6: Growth Period to Water Level Stages 

https://www.researchgate.net/publication/257495334_Estim
ated_evapotranspiration_of_rice_based_on_pan_evaporatio

n_as_a_surrogate_to_lysimeter_measurement 

B. Why paddy need a Smart Irrigation? 

Paddy scientific name is Oryza Sativa is a semiaquatic crop 
that need constant flow of water throughout the planting 
process till harvesting process which varies from 60 days and 
up to 160 days depending on its variety. Paddy is sensitive 
toward water shortage and need constant water in the field or 
it will affect the growth which maybe be stunted or even wilt 
to die thus can affect the yield [19]. On average, one (1) 
kilogram of paddy will require 500 litres to 1500 litres of 
waters and some up to 5000 litres of water [19], [20]. Wind 
speed, air humidity, air temperature, solar radiation and 
relative humidity can influence evaporation and transpiration 
rate in which it will translate to the need for extra irrigation 
which equal to extra water need [16], [21]. Some other factors 
that influence the need for irrigation are the paddy variety 
planted, fertilization composition used, regime implemented, 
pest and disease control needed, soil properties and 
geography [14], [19]. Rice can be divided into length and 
shape, texture, colour and aroma. Each of these different 
serves for different purpose for cooking and also depending 
on the region. With current irrigation process, it will need to 
provide the paddy field with 10 mm of water every day until it 
is ready to be harvested without considering of all those other 
factors mentioned in [19], [21]. According to Gulati and 
Thakur (2018), one third of freshwater was used to irrigate 
paddy field only from 70% of the total global freshwater 
which is not sustainable in a long run [21]. This is due to the 
population number that is estimated to increase to almost 10 
billion by 2050. With smart irrigation, it can reduce water 
utilization in which it will directly tackle the irrigation 
problem by considering all those factors mentioned by Gulati, 
Thakur and Bouman. As a result, it will assist the farmers in 
their decision-making process for irrigation. This will 
indirectly save their time and energy doing irrigation work 
because it is an intensive labour work due paddy property that 
is sensitive towards water excess or lost. Drip irrigation is best 
irrigation technique available due to its technique that directly 
supply water to the root zone and it is the most water saving 
technique compared to other irrigation technique according to 
multiple source such as Centers for Disease Control and 
Prevention (CDC), 
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 Northeast Region Certified Crop Adviser (NRCCA) and 
Wikipedia [10], [12], [22].  

This technique reduce water lost due to evaporation and 
transpiration due to its irrigation technique. It also minimized 
the fertilizer and nutrient loss by using this irrigation 
technique [22]. But the drawback of this irrigation technique 
is, it is not suitable for paddy because it promotes weed 
growth in which it can be avoided by submerging paddy. Due 
to high capital investment per hectare, drip irrigation 
technique is not suitable for close growing crops such as rice 
[23], [24]. In Chapter 7 also mentioned that introducing an 
unknown method may lead to unexpected complications 
which in this case monetary loss [24]. 

C. Current Irrigation Techniques for Paddy 

Malaysia is blessed because it is situated in monsoon area 
which mean that Malaysia do get a lot of rainfall which they 
can use it for irrigation. With a good rainfall, the farmers do 
not need to do manual irrigation to irrigate their field which is 
good for them as it is a labour-intensive work [24], [25]. But 
when there is no rainfall, most farmers do get their water 
source for irrigation either from water canal, river and 
underground water or even their water reserves that they 
collect during rainfall.  

As for paddy field, there are currently two irrigation 
techniques applied:  

1) Manual irrigation 
2) Alternate Wetting and Drying (AWD) 

 

 
Fig. 7: Water Gate 

https://www.123rf.com/photo_23812438_canal-water-gate-
in-paddy-field.html 

 

 
Fig. 8: Water Canal 

https://www.123rf.com/photo_39671119_water-canal-for-p
addy-rice-field-irrigation-with-blue-skies.html 

 

 
Fig. 9: Tube Well 

http://tns.thenews.com.pk/watering-cost-rice/#.XUce1vkzbI
U 

D. Proposed Idea 
The use of Artificial Neural Network (ANN) in multiple 

fields were vastly implemented and adopted due to its ability 
to predict the future outcome in which it provide benefits such 
as reducing production cost thus reducing overall operational 
cost and also predicting the future outcome when certain 
inputs were inserted. 

With Artificial Neural Network (ANN), it provides further 
possibilities in which it can learn non-linear pattern which is 
not available in Machine Learning (ML).  
 

 
Fig. 10: Artificial Neural Network 

https://www.researchgate.net/figure/Structure-of-the-Artific
ial-Neural-Network-model_fig2_305432476 

 
Proposed idea would be to compare prediction performed 

by Recurrent Neural Network (RNN) variant 1) Long 
Short-Term Memory (LSTM) prediction model with 
Hargreaves evapotranspiration rate equation with 2) LSTM 
prediction model with FAO-56 Penman-Monteith (PMF56) 
evapotranspiration rate equation and 3) LSTM prediction 
model with Turc evapotranspiration rate equation. Based on 
literature reviewed, LSTM prediction model provide better 
prediction than Feed Forward Neural Network (FFNN) and 
Multivariate Linear Regression (MLR) in terms of its 
accuracy.  

Ahmed (2017) conducted a research on paddy field using 
Multivariate Linear Regression (MLR) to predict water lost 
by monitoring surface water level and weather condition 
using sensors [26]. From the historical data collected, Ahmed 
created a prediction model using MLR to forecast water 
demand. He managed to improve water utilization, but a later 
research done by Tsakiri et al. (2018) found out that MLR is 
not as advance compared to Artificial Neural Network (ANN) 
[27]. Tsakiri et al. (2018) had done a research on Flood 
Prediction using Artificial Neural Network (ANN) and 
comparing it with Multivariate Linear Regression (MLR)  

 
 
 

https://www.123rf.com/photo_23812438_canal-water-gate-in-paddy-field.html
https://www.123rf.com/photo_23812438_canal-water-gate-in-paddy-field.html
https://www.123rf.com/photo_39671119_water-canal-for-paddy-rice-field-irrigation-with-blue-skies.html
https://www.123rf.com/photo_39671119_water-canal-for-paddy-rice-field-irrigation-with-blue-skies.html
http://tns.thenews.com.pk/watering-cost-rice/#.XUce1vkzbIU
http://tns.thenews.com.pk/watering-cost-rice/#.XUce1vkzbIU
https://www.researchgate.net/figure/Structure-of-the-Artificial-Neural-Network-model_fig2_305432476
https://www.researchgate.net/figure/Structure-of-the-Artificial-Neural-Network-model_fig2_305432476


International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249 – 8958 (Online), Volume-9 Issue-4, April 2020 

421 

 

Retrieval Number: C6294029320/2020©BEIESP 
DOI: 10.35940/ijeat.C6294.049420 
Journal Website: www.ijeat.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All rights reserved. 
 

They found out that ANN have better accuracy than MLR 
in prediction with 96% prediction accuracy [27]. ANN can 
provide non-linear relationship between inputs and outputs 
[27]. Mashaly and Alazba (2016) had done research on 
comparing the performance of Multi-Layer Perceptron 
(MLP) also known as Feed Forward Neural Network (FFNN) 
and Multivariate Linear Regression (MLR) on solar still 
under hyper-arid environment. They found that FFNN offer 
better overall performance in precision compared to MLR 
[28].  

A research done by Mustika and Nugrobo (2018) in which 
they incorporate Artificial Neural Network (ANN) as their 
prediction model shows that ANN provide a good prediction 
with 0.1 learning rate [29]. They also mentioned that there 
was no reason to add more hidden layers because it does not 
have any impact in accuracy [29]. This was a crucial 
information as adding more hidden layer may result to more 
cost on computational resources to train the model thus 
increasing time needed to train the model. 

After further research reviews, it was found that Long 
Short-Term Memory (LSTM) offer better accuracy than Feed 
Forward Neural Network (FFNN) and Multivariate Linear 
Regression (MLR). Adeyemi et al. (2018) in their research on 
predicting crops water need found that Recurrent Neural 
Network (RNN) variant LSTM has better performance than 
FFNN since it has the ability to learn in long-term and in 
which it can memorize short-term dependency [30]. RNN has 
one disadvantage which is the vanishing gradient problem 
which is why LSTM is preferable. As the neural network 
keeps on learning, training and storing information, the 
weight keeps on reducing which mean the accuracy will keeps 
on reducing as the neural network keeps on. Adeyemi et al. 
(2018) also found out that adding more than one hidden layer 
will reduce the prediction accuracy for FFNN [30]. They also 
found out that Neural Network outperform Machine Learning 
[30].  

Adeyemi et al. (2018) did not include the use of any 
standard equation for calculating evapotranspiration rate 
which are Penman-Monteith equation or Hargreaves 
equation. Penman-Monteith equation was developed by 
United Nations Food and Agriculture Organization (FAO) is 
also known as FAO-56 Penman-Monteith (PMF56) equation 
that is used specifically to measure water lost due to 
evaporation and transpiration. They also lack automation 
which is made possible with the use of IoT. According to 
FAO in their “Chapter 2: FAO Penman-Monteith equation”, 

they claimed that PMF56 is the best equation when it comes to 
evapotranspiration calculation for living grass crops. 

As for the calculating evapotranspiration rate (ET₀), 

Djaman et al. (2015) found that PMF56 is the most accurate in 
estimating water lost since it is a standard equation which was 
develop specifically by FAO to estimate water lost for grass 
crop [31]. But due to its requirements, some researchers 
consider other alternative such as Hargreaves and Turc 
evapotranspiration rate equation. 

It was found out that Hargreaves equation provide better 
accuracy than PMF56 equation which were supported in 
researches done by in [32], [33], [34]. Research done by 
Fernandes et al. (2012) which compare six evapotranspiration 
rate equations with PMF56 equation found that Hargreaves 

were among the nearest to achieve accurate result [35]. 
However, according to Almorox et al. (2008), Turc equation 
offer better accuracy than Hargreaves equation but 
Hargreaves offer simplicity than Turc equation [36].  

So, further investigation needs to be done between PMF56, 
Hargreaves and Turc equations in order to find which 
equations offer better water lost estimation since there are 
several factors that may affect the result such as location and 
data availability in which the results may vary either having 
small gap or vice versa. 

In conclusion, Recurrent Neural Network (RNN) variant, 
Long Short-Term Memory (LSTM) offer better accuracy 
compared with Feed Forward Neural Network (FFNN) in 
Artificial Neural Network (ANN) league. Since LSTM 
outperform FFNN, and FFNN outperform MLR, it is safe to 
assume that LSTM outperform MLR. Combining LSTM with 
Hargreaves equation for better prediction accuracy. Finding 
the right equation equals to finding better prediction. 

A research conducted by Faisal et al. (2018) shows that 
with the use Internet of Things (IoT) for smart irrigation, the 
farmers can reduce water usage up to 20% [37]. IoT for 
irrigation research were supported by many researchers 
because it can provide better water utilization due to 
automatic irrigation. 

With the implementation of IoT, farmers can monitor the 
field because the sensors that collect the data from the field 
were send to the farmers which provide them with real time 
update to them without actual going to the field themselves 
via messaging [38], website [39] and mobile application [40]. 
With the available data collected through the IoT sensors, it 
will help the farmers in their decision making to control their 
irrigation.  

This show that the combination of Artificial Neural 
Network (ANN) with Internet of Things (IoT) can have a 
significant impact to the overall agricultural process. As for 
irrigation, with the combination on ANN and IoT, this means 
that farmers can reduce water usage for their irrigation 
process which have an overall impact to their operational 
cost. With ANN and IoT, it can provide an automatic 
irrigation process based on prediction model developed. 
From the predicted model, it will provide an overall summary 
on irrigation prediction in which the farmers can monitor and 
have a better control their field. This in result will have impact 
on reduction on human dependency [11], [40], [41], [42]. 
ANN learn and compare between stored action, in this case is 
the prediction outcome based on historical data with the 
current data to predict the appropriate action that can be 
taken. 

Smart agriculture has helped many farmers around the 
world in their farming activities in way that they managed to 
optimize the use of their resources and further reducing water 
and electricity bills and labour services for farming purposes 
while improving overall yield production. It is said that with 
the implementation of smart irrigation, water usage can be 
reduced regardless of any types of crops and plants. 

 
 
 



Smart Irrigation Prediction using Artificial Neural Network (ANN) with Evapotranspiration Rate 
Equations and Internet of Things (IoT) for Paddy Field 

422 

Retrieval Number: C6294029320/2020©BEIESP 
DOI: 10.35940/ijeat.C6294.049420 
Journal Website: www.ijeat.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All rights reserved. 
 

III. METHODOLOGY 

A. Research Activities 

1) Preliminary Activities 
In this stage, in order to have a solid groundwork, 

background study need to be done by reviewing related 
research papers related to the research. The authors divided 
this research into few categories which are: 

a) Irrigation 
b) Evapotranspiration Rate 
c) Artificial Neural Network 
d) Internet of Things 
e) Paddy 
 

The authors also had contacted Mr. Mohd Khalid, 
Research Assistant (RA) form Malaysian Agricultural 
Research and Development Institute (MARDI) in Parit, 
Malaysia regarding paddy and paddy field to get better insight 
and better understanding about paddy in depth. The questions 
asked were: 

a) How was the irrigation been done in Parit? 
b) How frequent was the irrigation? 
c) Are there any factors to irrigate the field? 
d) What paddy variety were grown in the field? 
 

Based on the evapotranspiration rate equations from 
research papers and information from Mr. Khalid, the authors 
had listed few important data which are needed for this 
research. The data are as below: 

a) Wind Speed 
b) Temperature 
c) Solar Radiation 
d) Precipitation 
e) Humidity 
f) Soil Moisture 
g) Rainfall  
 

2) Design Development 
a) Evapotranspiration Rate 

Currently, there are several evapotranspiration rate 
equations available to be used apart from standard equation 
which is FAO-56 Penman-Monteith (PMF56) equation. The 
equations can be divided into three categories [35], [43]. The 
first category is based on temperature which consist of 
Camargo equation, Blaney-Criddle equation and 
Hargreaves-Samani equation. As for the second category is 
based on radiation which consist of Turc equation, Makkink 
equation, Jensen-Haise equation and Priestley-Taylor 
equation. The last category is based on mass-transfer which 
Rohwer equation.  

Hargreaves equation was in temperature category 
according to Xu and Singh (2002) [43] and it also can be in 
radiation category according to Fernandes et al. (2012) [35]. 
The reason why those equations were more favourable than 
PMF56 equation was due to their flexibility in calculating the 
evapotranspiration rate while still having the best near result 
while having less meteorological data. The reason why all 
those alternative equations exist was because to accommodate 
with lack of meteorological data needed by PMF56. With 

those alternative equations, it will cater with what 
meteorological data available on the regions as it may not 
always available on the regions due to several reason such as 
weather stations were not available on that particular region 
or the weather station do not have particular set of data set 
which were required by PMF56. It also can reduce 
computation time for prediction model development while 
still having an accurate result even with less meteorological 
data according to Arif et al. (2012) as cited in [44].  

Those equations were developed for that sole purposes to 
accommodate different use case. The end results showed that 
Hargreaves equation achieved the nearest accuracy with 
PMF56 equation as the benchmark of the study while having 
less meteorological data [35], [43]. 

 
b) Artificial Neural Network 

The historical data collected will be used to develop Long 
Short-Term Memory (LSTM). Based on the reviewed 
literature, the training and testing ratio can be divided into 
either 70:30 [29] and 75:25 [30]. Ponraj and Vigneswaran 
(2019) implemented 60% for training, 25% for validating and 
15% for testing [45]. From the ratio data for training and 
testing, it can affect the prediction model accuracy. If the ratio 
for training is high, it might suffer for over fitting and if the 
ratio for testing is high, it might suffer inaccuracy. 

In order to achieve one of the best performances in 
developing prediction model is by setting up the batch size by 
2^n. According to Sato (2017), by using the batch size by 2^n 
equation, it can have the best performance compared to the 
smaller batch size due to the same iteration number [46]. He 
also added that by using Nvidia CUDA® Deep Neural 
Network library (cuDNN), the computing time improved by 
more than 50% faster than without using the library on most 
test done. cuDNN is a GPU-accelerated library that is tuned 
specifically for developing LSTM prediction model. 

The prediction models will be evaluated with Root Mean 
Squared Error (RMSE), Mean Absolute Error (MAE), Mean 
Squared Error (MSE) and R-squared (R²) to measure their 
prediction accuracy. 

c) Internet of Things (IoT) 
IoT will be used as to monitor the field by collecting data 

through the sensors placed on the field. The data collected 
were analyzed by the prediction model to control the 
irrigation based on the output of the model.   

B. Preliminary Results 

LSTM was found that to offer better prediction accuracy 
compared to FFNN and MLR [30]. Hargreaves equation for 
calculating evapotranspiration rate was found to have less 
error rate when used compared to FAO-56 Penman-Monteith 
(PMF56) equation thus having better accuracy [32]. Another 
research had a different outcome which they found that Turc 
equation had better accuracy than Hargreaves equation, but 
Hargreaves equation offers simpler equation than Turc 
equation [36]. 

With IoT implementation, it was found that it can reduce 
water usage up to 20% [37].  
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Combination of LSTM with Hargreaves equation and IoT 
will achieved better water utilization for irrigation. 

C. Architecture Configuration 

 
Fig. 11: Conceptual Architecture 

 

D. Flowchart 

 
Fig. 12: Algorithm Development 

 

 
Fig. 13: Algorithm Deployment 

IV. RESULT AND DISCUSSION  

The proposed solution in theory, will achieved higher water 
utilization with the use of Artificial Neural Network (ANN) 
which is Long Short-Term Memory (LSTM) and Hargreaves 
evapotranspiration rate for better water lost estimation and 
better requirement flexibility and with the addition of Internet 
of Things (IoT) to monitor and control the irrigation 
automatically according to the output generated by the neural 
network. As for the result, since this research is an ongoing 
research, the actual result may change in the future and the 
proposed solution might be not achieved as the theories 
suggested on the reviews done. 

V. CONCLUSION 

Smart agriculture is highly recommended research field by 
researchers and because this sector provides food resources, 
the way of managing those processes need to be highly 
efficient and effective. Based on the reviews done for paddy, 
there are three problems which are quality and quantity, 
diseases and water management or irrigation. Irrigation is 
focused because water scarcity will become a major problem 
in near future as the water demand increases proportionally to 

the population. Smart irrigation is developed as a better 
alternative to the current traditional irrigation technique since 
it can provide future information of irrigation by prediction. 
With prediction model, farmers will have a better information 
and insight on their paddy field.  

Smart irrigation can reduce water usage and provide 
automatic irrigation based on the prediction model developed. 
This indirectly reduce human dependency to monitor and to 
control the irrigation. Farmers can control their irrigation 
either in manual mode or in automatic mode depending on the 
predicted summary of the day. With smart irrigation, it can 
directly improve crops quality and increase crops yield 
quantity with optimum water usage and it is better for the 
environment in the long run.  

The main challenges are to find the right algorithm to 
achieve better prediction accuracy which need to be tackle. 
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