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Abstract 
Now-a-days, the natural irrigation system is under pressure due to the growing water shortages, which are mainly caused by 
population growth and climate change. Therefore, the control of water resources to increase the allocation of retained water is 
very important. It has been observed in the last two decades, especially in the Indian sub-continent, the change of climate affects 
the agricultural crops production significantly. However, the prediction of good harvests before harvesting, enables the farmers as 
well as the government officials to take appropriate measures of marketing and storage of crops. Some strategies for predicting 
and modelling crop yields have been developed, although they do not take into account the characteristics of climate, and they 
are empirical in nature. In the proposed system, a Cuckoo Search Algorithm has been developed, allowing the allocation of water 
for farming under any conditions. The various parameters such as temperature, turbidity, pH., moisture have been collected by 
using Internet of Things (IoT) platform, equipped with related sensors and wireless communication systems. In this IoT platform 
the sensor data have been displayed in the cloud environment by using ThingSpeak. The data received in the ThingSpeak used in 
the proposed Cuckoo Search Algorithm, allowing the selection of appropriate crops for particular soil.  
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1. Introduction 
Increasing business growth is one of the important phenomenon of acountry. The Internet of Things (IoT) or 
wireless sensor networks (WSN) is nowadays widely used in environmental monitoring, agriculture, health 
informatics and disaster management [1-9]. We usually use IoT devices to monitor environmental parameters in our 
day-to-day business. The use of an IoT-based infrastructure allows us to ensure the optimal use of the resources. In 
order to grow, a farmer has to exploit products by port, decomposition due to shortage or development of fertilizers, 
reduce unfortunate gastric risks and experience, especially in very small non-industrial countries, including several 
difficult hectares. To understand. These small-scale farmers mimic the practice of accepted lines and often become 
the burden of heavy set-losses, humble, punk-sized agricultural products, and so on. The use in agricultural aspects 
is very important to use formal techniques of incomplete cultivation for a modified production. In this mortal, the 
IoT has the amount needed to get through the culture more easily than before. By using the IoT, by collecting the 
supported decisions and anticipating the consequences of each choice, a creator can make better use of it and use his 
theater effectively. It is a way to help farmers optimize, minimize signal costs and reduce environmental battles to 
ensure maturation. There has been a lot of poverty to change the parameters that impact on overall abdominal 
development and the demand for food for agriculture. Water vapor monitoring in the diver area of a farm can 
provide overall management of irrigation. Other plants need inappropriate irrigation strategies and use information 
on wet strokes that can be improved by a cook while maintaining the best wet change over a certain range. The 
temperature of eye drops is in itself a sad constant for the regulation of food ontogenesis, which has been initiated 
and which modifies temperatures below 20 ° C to verify that nitrogen leads to a decline in fertility of colonies [10]. 
We offer an intelligent on-the-ground monitoring system for agricultural development. Moisture, temperature, pH 
and soil water are important aspects of plant growth. 
 
2. Related works 
Various researchers’ exhilaration evolved improvement and framework fashions for making plans and limited 
irrigation systems. Some researcher has proven that how records defense organized farming statistics along with 
cuss scouting, liquid utilization and meteoric statistics are salutary for optimization of pesticide survival. Line info 
associated with agriculture which has abstraction attributes became suggested in one of the cares at aimed towards 
discriminating development in agriculture creation with references to the availability of inputs. Ok- variety method 
inverted into used to continue our forecasts of the soiling region the ecosystem [4], the o.k. near neighbour became 
practical for simulating day by day precipitations and different windward variables [11], and characteristic 
executable adjustments of the condition eventualities are analyzed using SVMs [12]. Entropy productions strategies 
are frequently victimized to ask sensing at altering characteristics. As an ideal, the okay-approach model is utilized 
for classifying soil in conglomeration with GPS-primarily based technology [13]. Apples someone has been checked 
the use of special approaches originally than sending them to the industry [14], makes use of a k-method method to 
see influence cores, and a neuronal district is trained for diacritic among tract and frightening apples. In their soul a 
face as they love proven that how records defense merged rural statistics along with persecutor reconnaissance, 
liquid utilization and meteoric statistics are advantageous for optimization of liquid utilisation. Use of melody has a 
special attribute became advisable in one of the examined at aimed towards discriminating development in 
agriculture creation with references to the availability of inputs. ok- sort method upset into victimized to spread out 
forecasts of the soiling part the ecosystem [4], the okay near domiciliation became practical for simulating day by 
day precipitations and incompatible defy variables [11], and characteristic executable adjustments of the condition 
eventualities are analyzed using SVMs[15]. Message production strategies are of times old to guide care at grime 
characteristics. As a representation, the okay-approach skilfulness is utilised for classifying soil in aggregative with 
GPS-primarily based study [16]. Apples score has been checked the use of specific approaches early than sending 
them to the industry [16], makes use of a k-method to investigate embellish cores, and a neurotic vocation is trained 
for incisive among correct and fearful apples. 
 

3. Proposed system 
The improvement concerns many of them with a considerable range of packages. As a case, the payment and the 
sources are always circumscribed, the optimization is bigger and bigger. For example, energy-saving designs and 
plant responses too many business problems require a paradigm shift in questions and organization. Nevertheless, 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2019.08.092&domain=pdf
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fill the shortage of clever and brilliant products, and computer information has become a propitious field with 
undoubtedly state-wide struggle. Nowadays, pedagogical tools often use optimization algorithms to deepen their 
mastery of the show, at the homophonic moment, while optimization also borrows ideas from maneuvers to obtain 
an algorithm of meta formula that is efficient and stimulated by nature. , intended for optimization and calculation. 
In the proposed system, we exploit all wind considerations and, depending on that, we allocate food for crops. 
According to the requirements that we provide them, we provide them H2O water and another target is that which is 
due to the evolution of the environment, the crops are poorly accomplished. So this event is also finished in our 
planned system, it's a real compelling way to manage culture and using it, we dedicate a simple signal. Since the 
climatic facts for the operation of the boiler combination do not exist, it is impossible to execute a celluloid mold 
based on the predicted values of said parameters proportional to one of the possibilities. 
 

Fig.1. Experimental Setup 
 
The irrigation scheme is optimized in status to render irrigation efficiency which provide fig.1 saving installation as 
fit as rising the prepared attribute. The system offers pursuing advantages.  
• Smart irrigation system can enhance browse level and bear with the ply of perception parameters equivalent, 

bemire wetness, air temperature, and wetness and water destruct in the cell.  
• Using irrigation formula, the standard separate informs the wireless device thickening whether to vantage or 

layover watering.  
• The group monitors food point of the containerful via facility destruct device so that if liquid aims beneath 

minimal then irrigation gift may not be started. 
• Removed monitoring and controlling avoids homini an intervention. 
• Reduction in irrigation use reduces the land phthisis and cost. 
 
 
 

4. System architecture and IoT environment 
In this system, the authors have used Dataset to calculate the prediction of crop planning using the hardware sensor 
like temperature sensor and soil moisture Sensor. Senses data is further sent over Arduino to Computer /Machine 
which is shown in fig.2 (a) as a block diagram. We will apply the Dataset and can predict the planning of crops 
platform in the farm or land. 

                         
Fig.2. (a) Block diagram of System Architecture; (b) Complete set of Arduino UNO 

 
The cultivated land near BGC Trust University Bangladesh was selected as study area. The whole IoT environment 
set up is shown in fig.2 (b). This is medium high land and flooded continuously more than two weeks to a maximum 
of 90 cm in the normal flood during rainy season. The soil is loamy consists of sand, clay and silt. It also contains 
enough hummus. It has good water holding capacity and sufficient airing. It is well suited for cultivation. Roots of 
plants get enough water, air and space to grow. That’s why productions are high in this soil. 
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5. Working procedures 
Moisture sensor measures the value of soil moisture and then converts this value from 0-5V to 0-1023. Then the 
moisture sensor sends out the converted value to the Arduino. After getting the value of moisture sensor Arduino 
checks these values according to the code and takes decision to give water or not. In this section water prediction 
algorithm is described in order get accurate result. This algorithm is programmed in Microcontroller as shown in 
figure 4. In first equation where TAW is the total available soil water in the root of the plant [mm], 𝐹𝐹𝐹𝐹 is the water 
level at field capacity for the soil [𝑚𝑚3 / 𝑚𝑚3], 𝑊𝑊𝑊𝑊 is the water level at wilting point of the plant [𝑚𝑚3 / 𝑚𝑚3], RD is the 
rooting depth [m] [14]. In second equation, the percentage soil moisture depletion ratio, 𝐹𝐹𝐹𝐹 is the water level in soil 
at field capacity [𝑚𝑚3 / 𝑚𝑚3], 𝑊𝑊𝑊𝑊 is the water level in soil at wilting point of the plant [𝑚𝑚3 / 𝑚𝑚3], is current soil 
moisture [𝑚𝑚3 / 𝑚𝑚3] [17]. In third equation, where𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is current net irrigation amount [mm], 𝑆𝑆𝑚𝑚 is current soil 
moisture [𝑚𝑚3 / 𝑚𝑚3], RD is root depth [m][18]. In fourth equation, where 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is total water applied [mm], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 
is percentage of 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 and is really needs by a plant [mm], 𝐸𝐸𝐸𝐸° is reference evapotranspiration [mm/day][18]. In 
fifth equation,where CWR is the crop water requirements [mm/day], Kc is the crop coefficient, ETo is the reference 
evapotranspiration [mm/day] [19]. In sixth equation, where CWR is the crop water requirements [mm/day], Kc is 
the crop coefficient, ETo is the reference evapotranspiration [mm/day] [20].In seventh equation where IF is 
irrigation frequency, 𝑆𝑆𝑚𝑚 is soil moisture [𝑚𝑚3 / 𝑚𝑚3], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation requirement [mm] [18]. In eight equation 
where II is irrigation interval (day), 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation [mm], CWR crop water requirements [mm/day] [21]. 
Finally in ninth equation, where T is irrigation time [minute], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation [mm], q is nozzle discharge rate 
[l/s], N is number of nozzles, E is system efficiency and it's for drip irrigation =90% [21]. 
 

We have analyzed some kinds of soil from different places that is shown in fig.3. We have seen that when the value 
is above 700 the soil is dry, so we code the program so that the pump may starts automatically when moisture value 
rise above 700. Temperature sensor measures the value of soil temperature and then Arduino converts this value 
from 0-5V to 0-1023 and then converts it to degree Celsius. After getting the value of Temperature Arduino shows 
that value on LCD display and sends those to cloud for further analysis. We have used a library for converting this 
value to degree Celsius. To measure the value of soil pH, we have used quadratic equation 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝐹𝐹. We have 
found that the linear equation is not so good for maintaining pH. The Quadratic Formula has a, b and c from 𝑦𝑦 =
𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝐹𝐹 where they are the "numerical coefficients" of the quadratic equation. We have solved this quadric 
equation by taking pH 4,6,10 (got voltage about 4.45v, 3.96v, 3.48v) as standard value.  

 
Fig. 3. The Algorithm Flowchart of the Proposed System. 
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In the proposed system, we exploit all wind considerations and, depending on that, we allocate food for crops. 
According to the requirements that we provide them, we provide them H2O water and another target is that which is 
due to the evolution of the environment, the crops are poorly accomplished. So this event is also finished in our 
planned system, it's a real compelling way to manage culture and using it, we dedicate a simple signal. Since the 
climatic facts for the operation of the boiler combination do not exist, it is impossible to execute a celluloid mold 
based on the predicted values of said parameters proportional to one of the possibilities. 
 

Fig.1. Experimental Setup 
 
The irrigation scheme is optimized in status to render irrigation efficiency which provide fig.1 saving installation as 
fit as rising the prepared attribute. The system offers pursuing advantages.  
• Smart irrigation system can enhance browse level and bear with the ply of perception parameters equivalent, 

bemire wetness, air temperature, and wetness and water destruct in the cell.  
• Using irrigation formula, the standard separate informs the wireless device thickening whether to vantage or 

layover watering.  
• The group monitors food point of the containerful via facility destruct device so that if liquid aims beneath 

minimal then irrigation gift may not be started. 
• Removed monitoring and controlling avoids homini an intervention. 
• Reduction in irrigation use reduces the land phthisis and cost. 
 
 
 

4. System architecture and IoT environment 
In this system, the authors have used Dataset to calculate the prediction of crop planning using the hardware sensor 
like temperature sensor and soil moisture Sensor. Senses data is further sent over Arduino to Computer /Machine 
which is shown in fig.2 (a) as a block diagram. We will apply the Dataset and can predict the planning of crops 
platform in the farm or land. 

                         
Fig.2. (a) Block diagram of System Architecture; (b) Complete set of Arduino UNO 

 
The cultivated land near BGC Trust University Bangladesh was selected as study area. The whole IoT environment 
set up is shown in fig.2 (b). This is medium high land and flooded continuously more than two weeks to a maximum 
of 90 cm in the normal flood during rainy season. The soil is loamy consists of sand, clay and silt. It also contains 
enough hummus. It has good water holding capacity and sufficient airing. It is well suited for cultivation. Roots of 
plants get enough water, air and space to grow. That’s why productions are high in this soil. 
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5. Working procedures 
Moisture sensor measures the value of soil moisture and then converts this value from 0-5V to 0-1023. Then the 
moisture sensor sends out the converted value to the Arduino. After getting the value of moisture sensor Arduino 
checks these values according to the code and takes decision to give water or not. In this section water prediction 
algorithm is described in order get accurate result. This algorithm is programmed in Microcontroller as shown in 
figure 4. In first equation where TAW is the total available soil water in the root of the plant [mm], 𝐹𝐹𝐹𝐹 is the water 
level at field capacity for the soil [𝑚𝑚3 / 𝑚𝑚3], 𝑊𝑊𝑊𝑊 is the water level at wilting point of the plant [𝑚𝑚3 / 𝑚𝑚3], RD is the 
rooting depth [m] [14]. In second equation, the percentage soil moisture depletion ratio, 𝐹𝐹𝐹𝐹 is the water level in soil 
at field capacity [𝑚𝑚3 / 𝑚𝑚3], 𝑊𝑊𝑊𝑊 is the water level in soil at wilting point of the plant [𝑚𝑚3 / 𝑚𝑚3], is current soil 
moisture [𝑚𝑚3 / 𝑚𝑚3] [17]. In third equation, where𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is current net irrigation amount [mm], 𝑆𝑆𝑚𝑚 is current soil 
moisture [𝑚𝑚3 / 𝑚𝑚3], RD is root depth [m][18]. In fourth equation, where 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is total water applied [mm], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 
is percentage of 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 and is really needs by a plant [mm], 𝐸𝐸𝐸𝐸° is reference evapotranspiration [mm/day][18]. In 
fifth equation,where CWR is the crop water requirements [mm/day], Kc is the crop coefficient, ETo is the reference 
evapotranspiration [mm/day] [19]. In sixth equation, where CWR is the crop water requirements [mm/day], Kc is 
the crop coefficient, ETo is the reference evapotranspiration [mm/day] [20].In seventh equation where IF is 
irrigation frequency, 𝑆𝑆𝑚𝑚 is soil moisture [𝑚𝑚3 / 𝑚𝑚3], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation requirement [mm] [18]. In eight equation 
where II is irrigation interval (day), 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation [mm], CWR crop water requirements [mm/day] [21]. 
Finally in ninth equation, where T is irrigation time [minute], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is net irrigation [mm], q is nozzle discharge rate 
[l/s], N is number of nozzles, E is system efficiency and it's for drip irrigation =90% [21]. 
 

We have analyzed some kinds of soil from different places that is shown in fig.3. We have seen that when the value 
is above 700 the soil is dry, so we code the program so that the pump may starts automatically when moisture value 
rise above 700. Temperature sensor measures the value of soil temperature and then Arduino converts this value 
from 0-5V to 0-1023 and then converts it to degree Celsius. After getting the value of Temperature Arduino shows 
that value on LCD display and sends those to cloud for further analysis. We have used a library for converting this 
value to degree Celsius. To measure the value of soil pH, we have used quadratic equation 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝐹𝐹. We have 
found that the linear equation is not so good for maintaining pH. The Quadratic Formula has a, b and c from 𝑦𝑦 =
𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝐹𝐹 where they are the "numerical coefficients" of the quadratic equation. We have solved this quadric 
equation by taking pH 4,6,10 (got voltage about 4.45v, 3.96v, 3.48v) as standard value.  

 
Fig. 3. The Algorithm Flowchart of the Proposed System. 
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6. Data analysis 
When we put the moisture sensor on soil it gives the values and sends them to ThingSpeak. We take 6-10 minutes’ 
data. We have put the pH probe to soil which is mixed with di-ionized water and sends those data to ThingSpeak. 
Finally, we have sent temperature data to ThingSpeak which is not changed in a big range as we can see on graph.    
After that we can measure those values with the following charts for the decision of crops selection. Soil pH is one 
of the greatest facts of crops. Crops have a certain limit of pH absorption. Some crops can’t grow in high pH level 
and some can’t take low pH level. Temperature is a very important fact for any kind of crops. At 0-10° Celsius 
temperature photosynthesis decreases at a huge rate. Above 40° Celsius the enzymes which carryout photosynthesis 
lose their shape and the photosynthesis rate declines quickly. At 10-20 degree Celsius, the photosynthesis enzymes 
work well so photosynthesis rates become high. When temperature rises the transpiration rate also increases. If there 
is enough water at soil, it is good but when the water is low, then more transpiration can cause harm for the crops. 
At 0° Celsius respiration rate becomes very slow and at 0-30° Celsius the respiration rate of the plants becomes high 
rapidly. Basically at 20-30° temperature respiration process goes well and so some suitable temperature for some 
crops are given. A graph is plotted with all the values. 
 
7. Experimental results 
The system tested in factual reality. During the irrigation treat, perception devices speak sleuthing the communicate 
conditions. The moisture device situated almost 30 to 50 cm from the root to the maximum extent. The emplacement 
of the organism and its change on the climatic conditions at the put tract predicts the use of temperature and 
humidity sensors, as healthy as the write of begrime and its quality to the lay typewriting and the extent of the 
vessels in the total of nutrient to forbid contamination of pests and diseases. 
 
8. Conclusion and future works 
Smart Agricultural Field monitoring system can play an important role in Agricultural countries. Through this 
system, soil condition can be monitored. This system can help to keep farming land accurately. This system prevents 
the waste of water. Some more sensor with more data analysis can be done as future work of this paper. We can also 
use CO2 concentration sensor, humidity sensor in this system and can work with big data in the future. In this 
context, a multi-criterion based expert system known as belief rule base can be developed allowing the farmers to 
take appropriate decisions under uncertainty by taking the data of the agricultural parameters observed by the IoT 
system developed in this research [22-30]. Our paper can save money and hard work and also helps to grow 
financial condition. The challenge to researchers is to amend economically viable technologies that are pronto labile 
to the rural accord and the technological plane of the farm and creator. An effect of interactive field and 
participatory search mound introduction and adjustment of allotting irrigation planning techniques.Next cooperation 
between researchers, group managers, spreading workers and farmers is necessary to educate and adopt working and 
sustainable scheduling techniques adapted to the specific abstract and multiethnic environment of the irrigation 
system. 
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6. Data analysis 
When we put the moisture sensor on soil it gives the values and sends them to ThingSpeak. We take 6-10 minutes’ 
data. We have put the pH probe to soil which is mixed with di-ionized water and sends those data to ThingSpeak. 
Finally, we have sent temperature data to ThingSpeak which is not changed in a big range as we can see on graph.    
After that we can measure those values with the following charts for the decision of crops selection. Soil pH is one 
of the greatest facts of crops. Crops have a certain limit of pH absorption. Some crops can’t grow in high pH level 
and some can’t take low pH level. Temperature is a very important fact for any kind of crops. At 0-10° Celsius 
temperature photosynthesis decreases at a huge rate. Above 40° Celsius the enzymes which carryout photosynthesis 
lose their shape and the photosynthesis rate declines quickly. At 10-20 degree Celsius, the photosynthesis enzymes 
work well so photosynthesis rates become high. When temperature rises the transpiration rate also increases. If there 
is enough water at soil, it is good but when the water is low, then more transpiration can cause harm for the crops. 
At 0° Celsius respiration rate becomes very slow and at 0-30° Celsius the respiration rate of the plants becomes high 
rapidly. Basically at 20-30° temperature respiration process goes well and so some suitable temperature for some 
crops are given. A graph is plotted with all the values. 
 
7. Experimental results 
The system tested in factual reality. During the irrigation treat, perception devices speak sleuthing the communicate 
conditions. The moisture device situated almost 30 to 50 cm from the root to the maximum extent. The emplacement 
of the organism and its change on the climatic conditions at the put tract predicts the use of temperature and 
humidity sensors, as healthy as the write of begrime and its quality to the lay typewriting and the extent of the 
vessels in the total of nutrient to forbid contamination of pests and diseases. 
 
8. Conclusion and future works 
Smart Agricultural Field monitoring system can play an important role in Agricultural countries. Through this 
system, soil condition can be monitored. This system can help to keep farming land accurately. This system prevents 
the waste of water. Some more sensor with more data analysis can be done as future work of this paper. We can also 
use CO2 concentration sensor, humidity sensor in this system and can work with big data in the future. In this 
context, a multi-criterion based expert system known as belief rule base can be developed allowing the farmers to 
take appropriate decisions under uncertainty by taking the data of the agricultural parameters observed by the IoT 
system developed in this research [22-30]. Our paper can save money and hard work and also helps to grow 
financial condition. The challenge to researchers is to amend economically viable technologies that are pronto labile 
to the rural accord and the technological plane of the farm and creator. An effect of interactive field and 
participatory search mound introduction and adjustment of allotting irrigation planning techniques.Next cooperation 
between researchers, group managers, spreading workers and farmers is necessary to educate and adopt working and 
sustainable scheduling techniques adapted to the specific abstract and multiethnic environment of the irrigation 
system. 
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