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Abstract 

Nowadays water scarcity is a major threat to our society, in the name of 
development, depletion of water increases. The developing technologies had 
decreased the wealth of the soil. Advancement in agriculture brought artificial 
fertilizers to eradicate diseases, it turns the soil infertile. This could be overcome by 
an efficient method called “HYDROPONICS”. This plantation had brought 
smartness in agriculture. By this, we could achieve lesser space, less man power and 
10% of water consumption compared to conventional method. The monitoring and 
control techniques could be  implemented using Internet of Things (IoT) for proper 
and advance maintenance.   The major parameters to be handled in Hydroponics are 
monitoring temperature, humidity, PH of water, water flow, nutrition level, pump 
motor speed and efficiency. The collected data are uploaded into cloud using IoT 
module. The data  can be processed in cloud or local server. Remote user can also 
control the system through Android/Web Application. The present work focused on 
the energy meter automation using Arduino. When the load is given to the energy 
meter the CAL led blinks and the blinking pulse is triggered using Opto coupler 
(4N35). The 5v impulse is given as digital HIGH input to any one of the Arduino 
digital pin. The pulse is counted in the Arduino and the power calculation  is 
processed in the program. 

Keywords:  Cloud, Hydroponics, Internet of Things, PH, Web Application  

I.  Introduction 

The development of technologies had decreased the practice of agriculture in 
India. Most of the agricultural lands are being converted to urban areas[IV]. Water 
scarcity is also gradually increasing. Considering the above factors agriculture 
decrease is going to be a major problem in the future. These problems could be 
overcome by a new technology called Hydroponics. It is a method of growing plants 
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without soil using nutrient solution in water, where the roots of the plants are dipped 
in the solution. This method could be done in many ways such as in bucket, pipe 
shallow stream etc… Growing plants without soil was introduced by Francis Bacon in 
earlier 1672 and he published a book Sylva Sylvarum, Later  it became popular in 
1699.In 1960, “Allen cooper” of England developed Nutrient Film Technique(NFT) 
.Shallow stream of water with dissolved nutrients flow past the bare roots of plants in 
a watertight gully channels .This technique has constant flow of nutrient solution, 
hence adequate amount of water, oxygen,nutrients which are required for plant 
growth are available in abundant.NFT also termed as “Productive 
Technique”[IV],[VII]. 

URBAN CONVERSION STATISTICS 

 

YEAR 

TOTAL POPULATION 

(BILLION) 

URBAN PERCENTAGE 

(%) 

1980 0.69 23.10 

1985 0.77 24.35 

1990 0.86 25.55 

1995 0.95 26.59 

2000 1.05 27.66 

2005 1.13 28.70 

2010 1.22 30.07 

2015 1.30 31.91 

Table1: Conversion of Agriculture Lands 

 The above statistics shows the gradual increase of the urban population. Due 
to the population increase most of the agriculture lands are converted into urban areas 
[VIII]. 

II.  Hydroponics 

The term Hydroponics is derived from greek word “Hydro” means water and 
“Ponous” means work. It is a method of growing plants without soil, using nutrient 
solution in the water solvent. The roots of the plants are exposed directly to the 
nutrient solution with a holding medium such as rock wool, coco coir, pebbles 
etc…This system supplies required amount of nutrient to all the plants individually. 
The plants grows healthier and faster compared to conventional method. This method 
could be implemented in a greenhouse which requires very smaller space could be 
constructed in the terrace of the houses, buildings of the urban areas. More plants 
could be cultivated in a smaller space. The plant grows without soil borne diseases 
such as Fusarium, Pythium and Rhizoctonia [IV]. 
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There are various types of plantation: 

 Wick Systems 
 Deep Water Culture(DWC) 
 Nutrient Film Technique(NFT) 
 Aeroponics 

Wick Systems is a basic method of hydroponics and it is also called as dutch bucket 
system where the plant is cultivated over the top of the bucket cover with a cap and 
the nutrient solution is poured inside. as shown in the figure1. Deep Water Culture: 
This method is similar to Wick systems. The plant is grown in a bucket or a reservoir 
that could hold some water with nutrient solution 

 

Fig. 1: Wick System (Dutch Bucket System) 

Nutrient Film Technique is quite popular technique used in most of the hydroponics 
farm. It could be implemented in two ways circulating and non-circulating method as 
shown in the figure 2 and 3. In Circulating method the channel has to be 
constructed with a proper slope, with a defined rate of flow of nutrients to plants. 
Since the water flows continuously the algae formation in the pipes could be avoided.
  The water stays stagnant in the channel where the roots are dipped in it in 
Non Circulating method. The water is refilled using a water pump as it evaporates or 
absorbed by the plants.  

 

Fig. 2: NFT (Circulating Method) 
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Fig. 3: NFT (Non Circulating Method) 

 The nutrients are directly sprayed as a mist to the roots of the plants. The roots get 
more oxygen and plants grow rapidly in aeroponics. This system generally use less 
water compared to other type of hydroponics. 

 

Fig. 4:Aeroponics Plant Roots   

 Of above methods implementation of Nutrient Film Technique (NFT) is 
easier and prescribed for the urban farming. The automation could be implemented 
for NFT method easily compared to other methods. 

Needs of Hydroponics 

 pH of  the water should be maintained between 5.8-6.5. 
 Temperature must be between 20- 30 degree Celsius. 
 EC of the water must be maintained between 1.5-2.5 ds/m. 

pH 5.8-6.5 

Temperature 20-30 degree Celsius 

EC  1.5-2.5 ds/m 

Light 14-16 hours/ day 

Table 2: NEEDS OF HYDROPONICS 

 The above parameters can be controlled or automated using Internet of 
Things (IoT).The parameters are measured using respective sensors. pH of the water 
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is monitored continuously and  if it is not in the range it can be brought down by 
adding some water and same as if the EC is not at the prescribed range [VII]. 

III.   Automation of Hydroponics 

The concept of IoT is evolving over the last few years, it means anything in 
this world could be hosted through the Internet [I],[II],[III]. It involves several 
amount of devices connected together. The devices such as sensors, mobile phones, 
computers, smart watches, house, buildings, and every IoT enabled devices. These are 
connected through a network and the data is stored in the server which is popularly 
called as Cloud. Cloud Computing is also an evolving technology which is used for 
storing and analyzing the data. This concept has been implemented in many fields. 
Encryption and decryption of data are done to avoid the data loss  while transmission. 
We use IoT to link the hydroponic farm through mobile/web application where we 
can control the basic parameters of hydroponics and monitor the plant growth[V].  

The arrangement of sensor network is made to collect the data from the hydroponic 
system. The sensors such as pH, EC, temperature, humidity, and water level are used. 

i. pH sensor: Used to measure the pH of the water and the nutrient solution . It must 
not exceed the range 5.8-6.5. If the pH is not at prescribed range the arrangement of 
adding water automatically is made. 

ii. EC sensor: The nutrient in the solution is measured in terms of Electrical 
conductivity. It measures the salt content in the solution and finds the amount of 
nutrients. 

iii. Water Level Sensor: The amount of water in the reservoir must be monitored and 
should be refilled automatically if the water level decreases. 

 

 

 

 

 

 

 

 

Fig. 5: Sensor Network 

iv. Temperature Sensor: The temperature of the farm must be in the range 20-30 
degree Celsius. A cooling set up of fan or mist fogger can be made if the temperature 
goes above the range. 

v. Humidity Sensor: The humidity must also be monitored along with the temperature 
and similar cooling set up is to be made. 

vi. “Raspberry pi 3”module can be used for IoT implementation and it is preferable. 
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The programming of raspberry pi can be made using Python language. In this 
work we are using NFT method for the Hydroponics system. The data of the above 
sensor parameters are collected. These collected data is transmitted to the cloud using 
IoT module or Raspberry pi. The data gets updated for each interval of time. A 
temporary storage is set up in the system to store the data which avoids the data loss 
while transmission. The data is analyzed and transmitted through the network to the 
user. End to End encryption and decryption is done to protect the data. The user could 
be able to monitor the details through the mobile/web application[VII]. 

Mobile applications are popular for IoT in android device. Several applications are 
available for the automation.  

 The farmer or user will have individual account in which they could be able 
to monitor their farm details. 

 User will have login credentials for protection. 
 Notification will be sent through SMS or through the application if any error 

occurs in the system. 
 User can also control the electrical appliances through the app. 

 

Fig. 6: Data Analysis 

IV.     Design of Energy Meter Data Automation 

The automation of energy meter needs some parameters such as impulseof 
the meter, voltage and current. This automation is done using 

 Single phase energy meter  
 Optocoupler 
 Arduino 



 

 

 
J. Mech. Cont.& Math. Sci., Vol.-15, No.-4, April (2020)  pp 162-170 

Copyright reserved © J. Mech. Cont.& Math. Sci. 
Meenu D. Nair et al 
 

168 
 

The pulse from the energy meter is given to the Opto coupler so as to trigger the 
voltage of the pulse to 5v as shown in the figure 7. The triggered pulse is given to the 
Arduino and the pulse is counted using Arduino program.  

 

Fig.7: Circuit Diagram for pulse reading 

To calculate energy consumption costs, simply multiply  the unit's wattage by the 
number of hours you use it to find the number of watt hours consumed each day. For 
example, let's say you use a 125 watt television for three hours per day. Power is 
always represented in watt (W) or kilowatt (KW). A thousand (1000) watts make one 
kilowatt. So if any appliance is rated 1.5 kW then it means that it consumes electricity 
at a rate of 1500 W. Poweris the rate at which electricity is consumed and not the 
actual electricityconsumed , Watt or Kilowatt just represent the rate at which 
electricity is consumed per hour. Which means that when you buy a 100W bulb 
,itdoes not consumes 100units of electricity but consumes at a rate of100W. 

Electricity and Units 

A unit is mention in kWH or kilowatt Hour. This is the actual electricity or 
energy used. If you use 1000 Watts or 1 kilowatt of power for 1 hour then you 
consume 1unit or 1 kilowatt-Hour (kWH) of electricity. So the reading on the 
electricity meter represents the actual electricity used. So a 100- Watt bulb I fkept on 
1 hours will consume: 100 x 10 = 1000 Watt-Hour = 1 kilowatt-Hour (kWH) = I units 
(on meter). Daily Units = (Wattage x Usage hours per day)/ 1000 Monthly Units = 
Units x 30 ( or based on month). 

The unit calculation based on the energy meter impulse differs to the individual 
Energy Meter as shown in the fig 8, 9 , 10. 

 

Fig. 8: 1600 impulse per kWh 
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Fig. 9: 3200 impulse per kWh 

 

Fig. 10: 2400 impulse per kWh 

 

V.   Conclusion 

Hydroponics farming automation is new wave of technology which takes the 
agriculture to the future in a new way. This technology can be implemented anywhere 
needed. The hydroponics plant grows effectively and produces healthy food. The 
implementation of this system is easier and cost efficient as it needs some initial cost. 
When the load is given to the energy meter the CAL led blinks and the blinking pulse 
is triggered using Optocoupler (4n35). The 5v impulse is given as digital HIGH input 
to any one of the Arduino digital pin. The pulse is counted in the Arduino and the 
power calculation  is processed inthe program. 
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