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Abstract: In recent years, the demand for efficient and sustainable agricultural practices has been
leveraged leading to smart farming practices. These practices aim to enhance agricultural processes,
productivity and minimize resource wastage. One of the crucial challenges faced by farmers is the
uneven distribution of soil humidity and pH across their agricultural land. Further, the irregularity
in soil moisture content and pH can lead to poor crop performance, water wastage, and increased
resource utilization. In this work, an Internet of things based smart sensor node is developed which
consists of humidity and pH sensors to ensure the efficient management of water and soil conditions
across an entire farm. Also, an array of humidity and pH sensors are placed across the farm and
these units work independently as they have their own controller and battery unit. The developed
device is integrated with a solar cell which charges the battery. Further, the data acquired from these
sensors are wirelessly transmitted to the base station and it gathers the information of each unit
including humidity levels, pH values, signal strength and energy supply. This information is pro-
cessed in the base station and a graphical overview of the farm with acquired information is repre-
sented which provides farmers with a real view insight to identify the areas with poor humidity
and pH conditions. The data is transmitted to IoT cloud offering the farmer to monitor their farm
from a remote location and in cases where humidity levels drop drastically and remains unchecked
for more than two hours, the system triggers an alert. This mechanism makes sure that farmers are
notified of potential issues, allowing them to prevent crop damage and optimize resource usage.
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1. Introduction

Agriculture is one of the prominent components of human civilization, supplying
food, prosperity, and an integral means of survival for inhabitants worldwide. As the
world continued to grow, the farming sector and the overall agricultural industry were
faced with significant challenges as they had to produce more food and supplements for
the growing population with limited resources [1]. At the same time, they had to make
sure it did not have a negative impact on the environment. Agriculture in many develop-
ing countries confronted with a lot of complications such as nutrient deficiencies, imbal-
ance of pH and humidity and multiple subterranean pests along with water scarcity [2].
Often, the hidden adverse effects of crops go unrecognized or undetected until it is too
late, and these pose a hidden threat to the farmers and the foundation of the whole pop-
ulation that relies on agriculture for survival. All the efforts and hard work put by the
farmers go in complete vain which in turn affect their livelihood badly as it becomes a
more expensive fix. Abnormalities of pH in the soil also can permanently impair crop
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productivity and yield and, at the same time, affect the overall quality [3]. The implemen-
tation of cutting-edge and groundbreaking technologies in agriculture is serving as a fea-
sible solution for a lot of issues and has helped advance the fields of precision farming and
pest disease management. IoT continues to play a major role in this journey [4].

State-of-the-art technology, specifically the Internet of Things (IoT), has helped to be
an effective collaborator in the attempt to track, regulate, and evaluate in order to enhance
the overall health of the crop and yield [5]. One major advantage of IoT in agriculture is
that it provides access to remote monitoring which can be beneficial to farmers handling
large areas of land [6]. They can easily get updates on their smartphones and other similar
devices.

Accessibility and availability of nutrients, vitamins, minerals, activity of microbial
species etc. are vital for plant growth. The pH of the soil has a direct impact on factors
such as efficiency and yield of the crops [3]. Furthermore, the deviations from normal lev-
els of humidity can have an undesirable impact on the intake of water, transpiration, and
general crop health. These imbalances can lead to various problems such as stunted
growth, increased susceptibility to various diseases, pests, even pollination and photosyn-
thesis. These humidity fluctuations are often overlooked until and unless the crop or har-
vest shows signs of being in distress. In the pre-technology era, farmers made use of the
conventional and manual techniques to keep an eye on their crops. This consisted of mak-
ing decisions based on experience, manual irrigation and visual examination [7].

Recent years, sensor technology came into existence and a single sensor can very well
provide the required data but relying on just one sensor has its own limitations due to
lack of context and inefficiency. Investigations and experiments have been conducted con-
cerning topics such as the health of the soil, tracking and surveillance of diseases, insect
management, and climate-related challenges [8]. The aforementioned initiatives provided
valuable insights and led to the creation of numerous monitoring systems and methodol-
ogies. To avoid the mentioned drawbacks, the scientists have developed highly sophisti-
cated sensors and data-acquisition systems that can gauge moisture and humidity levels,
soil wetness, and systems that can foresee potential hazards to crops. Predictive models
and disease detection techniques were also established [9].

Amidst other challenges, the major difficulty lies in making farmers from rural areas
understand these datasets. The data have to be unambiguous so that the farmers can easily
perceive the data and make wise judgments, as it can be a difficult task for them due to
their low literacy rate and lack of access to technologies [10], [11]. So, there is a need for a
user-friendly interface and assistance tools. These systems should help farmers convert
raw data into understandable and practical insights so that they can improve their farm-
ing approaches [11].

The objective of this paper is to develop an advanced IoT based smart sensor system
which is customized for agricultural practices. This research aims to enhance the decision
making in order to improve crop yields and resource utilization at the same time intends
to eradicate the shortcomings of wired technology and single sensor solutions.

2. Materials and Methods

Figure 1 shows a graphical diagram for the proposed approach. The proposed IoT
based smart sensor system consists of more than two smart sensor modules which is rep-
resented as device 1, device2, device n. Furthermore, these devices are displaced ran-
domly on the agriculture land as shown in the Figure 1.
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Figure 1. Proposed IoT based smart sensor system.

2.1. Proposed System

Figure 2 shows the overall hardware block diagram for the proposed device. Also,
the proposed IoT based smart sensor device is a standalone device which is self-powered
using solar cell and a battery unit.
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Figure 2. Overall hardware block diagram for proposed device.

The entire device components are arranged in three stack structure in which the solar
cell is placed at the top stack; the battery, microcontroller unit, DC-DC converter, battery
charger unit are mounted on the middle stack; and the sensors namely pH sensor and soil
moisture sensor are arranged on the bottom stack. Also, the foam floats are attached at the
bottom stack make the device to float if the land is filled with water.

2.1.1. Solar Cell

The proposed device is a made as a standalone device in which the electrical energy
is generated with the help of solar cell. In general, a solar cell is a device which converts
light energy due to solar irradiance into electricity. In this work, a compact solar cell with
a dimension of not more than 14cm is used which generates output voltage of 12 V and
current of 200 mA. Also, the adopted solar cell is capable to generate the 2.4 Watts of
power.

2.1.2. DC-DC Converter

The output of the solar cell is 12 Volts and all the device components utilized in this
work requires maximum of 5 Volts. So, it is essential to step down the voltage level of the
solar cell and to achieve this operation, the DC-DC converter is used [12]. The XY-3606
based DC-DC converter is used as a step-down converter which reduces the voltage from
12 Volts to 5 Volts and supplies maximum current of 5 A.

2.1.3. Battery

In this work, a solar cell is utilized to generate electrical energy. Also, the solar irra-
diance may not be constant all time and in turn the electrical energy generated varies with
to time. To supply constant source to all the device components, the battery is utilized.
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Further, a Lithium Polymer (LiPo) battery with 3.7 volts, 1000 mAh is used. Also, the LiPo
battery can be charged using LiPo battery charger circuit.

2.1.4. Sensors

In this work, the two different sensors namely pH sensor and soil moisture sensor.
Further, the acidity and basicity of the soil is measured with the help of pH sensor. In
general, the value ranges from 1-14 in which 1 indicates the soil is more acidic and 14
indicates the soil is more basic in nature. Also, the value 7 pH indicates that the soil is
neither acidic nor basic. Furthermore, the proposed pH sensor is capable of operating at
3.3 to 5.5 volt. Also, the same pH sensor module is utilized to measure temperature of the
soil. The soil moisture sensor module has a pair of electrodes and a comparator board
which operates at 3.3 to 5 volts.

2.1.5. Microcontroller Unit

A ESP8266 Microcontroller Unit is otherwise known as Node MCU is utilized in this
work to collect sensor data. Further, the Node MCU operates on 5 Volts power supply
which can be powered by LiPo battery through Pololu U3V70F5 board. The Node MCU
has in-built WiFi module which helps the user to feed sensor data to the IoT cloud. In
general, the ESP8266 has one analog pin in which one sensor can be connected. So, the
external Analog to Digital converter namely ADS1115 is connected to the utilized Node
MCU. Further, the sensor data are converted into digital and these digital data are fed to
Node MCU through Inter-Integrated Circuit (I2C) protocol.

2.1.6. IoT Cloud Platform

The two different IoT cloud namely ThingSpeak platform and the custom designed
IoT platform are used in this work to log the parameters of agricultural land. The Thing-
Speak IoT cloud platform stores the data with respect to time. Also, the custom designed
IoT platform have various features to monitor the wetness, temperature and pH of the
soil.

3. Results and Discussion

Figure 3 shows the ThingSpeak IoT cloud platform. The ThingSpeak account can be
created by any person for free of cost and the sensor data can be logged to the appropriate
account.

[JThingSpeak™ chanels Apps  support- CommercialUse  HowtoBuy €3
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Figure 3. ThingSpeak IoT Cloud Platform.
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Every account is created with an individual read and write Application Programma-
ble Interface (API) key. It is observed that the three different sensor values such as pH,
temperature and moisture of the soil were logged as a graph in the ThingSpeak account.
Also, it is seen that the pH of the soil was logged in field 1 chart and soil moisture was
logged in the field 2 chart. In general, the soil moisture sensor gives values in the form of
analog signal especially 0 to 5 Volts depends on the level of soil moisture. In this work,
the threshold of 60% is set and once the moisture sensor senses beyond 60% produces 5
volts which is considered as 1. Also, if the soil moisture sensor senses below 60% produces
0 volts which is considered as 0. Both the cases were logged at the field 2 chart of Figure
3. The field 3 chart was utilized to log temperature of the soil. Additionally, the location
of the farm is shown as channel location. Figure 4a shows the custom designed IoT cloud
platform designed for smart farming. It is demonstrated that the smart sensor modules
were located on the distinct places as shown in the farm layout of Figure 4a. Also, each
smart sensor module is capable of measuring three different parameters namely pH, tem-
perature and moisture. It is observed that the sensor data of all the smart sensor modules
were logged. Furthermore, the logged data can be visualized by pressing logs icon and
the water pump can be activated by pressing the pump button. And the pump will be
switched OFF once all the three smart sensor modules senses soil moisture in three differ-
ent places of farm land.
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Figure 4. (a) Custom designed IoT Cloud platform for smart farming (b) Custom designed IoT

Cloud platform to monitor status of smart device

In common, the pH of the soil changes due to factors such as rainfall, weather condi-
tions etc. In this regard, it is essential monitor the pH of soil so that the wellness of the
crops shall be ensured. Additionally, the biological activities of soil depend on soil tem-
perature. Figure 4b shows the custom designed IoT cloud platform to monitor the status
of smart sensor modules. Further, it is observed that if the smart sensor module senses
soil moisture will alert the farmer with notification as shown in the Figure 4b. Also, the
Short Messaging Service (SMS) was sent with the help of Twilio service since the smart
sensor modules were connected to the internet. It is clearly seen that the device provides
the low-level moisture alert through SMS to the farmer. Also, the proposed IoT based
smart sensor module is highly efficient which helps the farmer to take care of agricultural
parameters without any deviation.
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4. Conclusions

Generally, Multi modal farming systems consist of a wired data transmission, these
wires can be damaged by rodents or weather conditions which would be hard to assess
the fault, and also the data visualization of the Agricultural IoT Devices fail when people
with low literacy. In this work, a smart sensor based agricultural land monitoring system
was designed and developed in which farmer can visualize agricultural parameters such
as pH, temperature and moisture of the soil through ThingSpeak or custom designed IoT
cloud platform. Results demonstrate that the proposed smart sensor modules are capable
of monitoring agricultural parameters such as pH, temperature and moisture of the soil
which helps the farmer to take necessary actions towards the growth of crops. This work
appears to be of high societal relevance since it can be implemented and maintained easily.
Also, the system is less expensive and self-powered using solar based renewable energy
resource which can be utilized to monitor all the agricultural parameters in uneven land-
scape.
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