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ARTICLE INFO ABSTRACT
Article history This paper presents the design and implementation of a Global System for
Received 03 February 2025 Mobile Communications (GSM)-based smart irrigation system that is powered
Revised 29 March 2025 by solar energy. The system incorporates a microcontroller as the smart
Accepted 04 April 2025 component and uses the drip irrigation method to reduce water usage. The
Available online 13 April 2025 objective of the proposed system is to reduce human intervention in crop
maintenance and provide an affordable solution to rural farmers. Use of the
Keywords combination of solar panel and Li-ion battery enables the system to run 24x7,

while using a moisture sensor and electric relay helps to remotely control

GSM communication Lo } -
irrigation through water pumps. The system automatically and periodically

Solar energy checks for soil condition and suggests to farmers the appropriate action.
Microcontroller Incorporating drip irrigation takes care of the environment compared to the

N ) ) conventional method. This study effectively demonstrates automation and smart
Capacitive moisture sensing control in agro-management. It also portrays the significance of integrating
Drip irrigation renewable energy and wireless communication in a low-cost setup, an approach

to integrate farmers from developing countries into modern technology.

Introduction buted uniformly on different parts of the planet (Chen et
al. 2018). On the other side, inadequate management and
improper use of water for irrigation have reduced
production and harmed the environment. Traditional
irrigation systems still dominate the agricultural of
Bangladesh (Rasul & Thapa 2003; Belay & Bewket
2013), characterized inefficient water usage (Schulze et
al. 2013). These conventional systems often depend on
manual operation (Abioye et al. 2020), where farmers
determine irrigation timing based on their personal
preferences and emotions rather than data (Meempatta et
al. 2019), resulting in either over-irrigation or under-

Agriculture is the foundation of human civilization
and the backbone of many developing countries’
economies like Bangladesh (Coleman et al. 2004;
Workie et al. 2020; Mishra & Pradhan 2023).
Traditional agricultural practices have become
inadequate (Jha et al. 2019), particularly when it
comes to irrigation, due to many challenges such as
climate change, water scarcity, and limited energy
(Hanjra & Qureshi 2010; Misra 2014; Elmahdi 2024).
Water is a crucial agricultural input, but it is not distri-
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irrigation (Teshome et al. 2018; Kidane 2023). This
leads to a waste of water and also affects soil health
and crop yield. Additionally, much of the irrigation
water gets lost through evaporation or seepage due to
the absence of targeted irrigation techniques such as
drip or sprinkler systems (Varman 2025). To overcome
these problems, there is a pressing need for more
energy-efficient,  sustainable, and  user-friendly
irrigation methods (Sheline 2024). Researchers and
technologists have been inspired to investigate smart
solutions that combine electronics, automation, and
communication technologies (Obaideen et al. 2022). In
recent years, the advent of microcontrollers, wireless
communication networks, sensors, and renewable
energy sources has created new opportunities to
transform traditional irrigation into a smart, efficient
system (Bouali et al. 2021; Qian et al. 2024).

GSM has appeared as a viable option, as it has huge
rural connectivity due to the widespread reach of
mobile networks in Bangladesh (Siddiquee 2016; Li et
al. 2020). At the same time, solar energy is also a
sustainable and cost-effective power source in regions
that suffer from unreliable electricity supply or a
complete lack of grid access (dos Santos lsaias et al.
2019; Salehin et al. 2023). This study proposes the
design, execution, and assessment of a low-cost,
Arduino- and GSM-based, solar-powered smart
irrigation system. The primary objective of the system
is to empower farmers in rural and off-grid areas by
offering a user-friendly, automated irrigation solution
that can be remotely controlled through mobile phones
(Sabo et al. 2023). This system includes a few core
components working together. An Arduino Pro Mini
acts as the brain, managing everything, while a
SIM80OL  GSM  module  handles  wireless
communication (Akwu et al. 2020). A capacitive soil
moisture sensor keeps track of real-time soil conditions
(Liao et al. 2021) which is powered sustainably using a
small solar setup, includes a mini solar panel, a charge
controller circuit, and a lithium-ion battery (Wazed et
al. 2018; Manfo & Sahin 2024). The water pump is
powered by the main electrical supply and controlled
through an electric relay module (Deveci et al. 2015).
The system architecture assists farmers in operating
the irrigation pump and receiving real-time soil
moisture updates by sending simple SMS commands
(Olujimi et al. 2022; Nsoh et al. 2024). Based on the
command received, the system responds accordingly,
turns the pump on or off automatically, and informs
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the user about the current soil moisture level (Yasin et
al. 2019; Ahmed et al. 2021). Moreover, the system
runs an automated loop that checks the soil condition
every ten seconds and sends proactive SMS alerts to
the farmer, and can suggest irrigation actions when
needed. This dual mode of operation- manual control
via SMS and automatic monitoring — makes the
system highly practical and efficient (Akwu et al.
2020). The system remains affordable and practical for
smallholder farmers by using low-cost and readily
available components. GSM, in contrast, provides a
more feasible communication option for low-resource
settings due to the ubiquity of mobile networks (Van
de Zande 2023).

The capacitive soil moisture sensor, which is used in
this system, is low-cost yet efficient in reliably
detecting moisture levels when correctly adjusted. The
GSM module, renowned for reliability and widespread
usage, communicates with the Arduino via UART
using conventional AT instructions for wireless
communication (Suman et al. 2017; Akwu et al. 2020).
Due to its simplicity, reliability, and low cost,
especially in areas where internet access is limited or
unavailable, the SMS-based control system was chosen
over internet-based platforms (Baumiller 2015).
However, some difficulties, such as weak GSM signals
and cloudy weather, affected solar charging. In the
Future, this may include the following developments,
such as integration of loT systems for web-based
monitoring, Al algorithms for predictive irrigation
scheduling, and more powerful sensors for multi-
parameter environmental monitoring. This study not
only addresses the immediate needs of rural agriculture
but also sets the framework for future scalable,
intelligent irrigation systems.

Quite a few approaches and demonstrations of smart
irrigation system development have been done in
recent years, integrating various technologies such as
GSM, Zigbee, Wi-Fi, and Internet of Things (loT).
Among them, systems utilizing GSM technology are
particularly suited for rural deployment due to the
wide availability of mobile networks.

A promising work (Prasad et al. 2017) was done on a
GSM based smart agriculture system with auto solar
tracking that is automated and incorporates an ARM
microcontroller and GSM technology. It includes a
solar tracking system to maximize energy capture,
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which is stored in a DC battery and used to power the
irrigation pump based on sensing soil condition.

Another work on ARM7 (Pergad & Patil 2015) and
GSM based water management in irrigation systems
presents several automatic watering ways using soil
moisture and temperature sensors placed at plant roots.
They use microcontrollers, solar power, and GSM or
internet technologies for real-time monitoring and
control. One novel idea presented here was using
acoustic sensing to detect soil moisture based on sound
speed variation.

The study by (Bhole & Chaudhari 2016) uses a single-
axis solar tracker with four LDRs to capture maximum
sunlight, generating electricity stored in a DC battery
to power an irrigation pump. LDR and soil moisture
sensor-based data are converted to digital signals via
an ADC and processed by an AVR microcontroller,
indicating a cheaper solution. The system
automatically starts the pump when soil moisture is
low and notifies the farmer via GSM.

The paper presented by Yadav et al. (2014) shows
various designs of automatic irrigation systems using
microcontrollers (ARM7, 8051, ATmega328) and
solar power. Key features include soil moisture,
temperature, and humidity sensors placed in the root
zones, with GSM and internet (Zigbee, Android,
GPRS) technologies enabling remote monitoring and
controlling via SMS or mobile apps. The systems use
algorithms to control water supply based on sensor
thresholds, ensuring efficient irrigation and water
conservation. Some models use IR sensors, LCDs, and
buzzers for real-time status updates.

An android mobile-based work was done by Pavithra
& Srinath (2014), which discusses a greenhouse-based
irrigation system in India using Android and GSM
technologies for remote control and monitoring. The
system can maintain uniform temperature and
humidity conditions across large farms, addressing
variability due to changing atmospheric conditions. An
Android app using GPRS connection allows users to
send commands via SMS, while the system, based on
ARMY7, receives sensor data, processes it, and controls
irrigation accordingly. It uses drip irrigation and
monitors soil moisture and water levels, automatically
turning off the motor once optimal conditions are
reached. The system provides feedback to the user via
SMS and uses LCDs for real-time data display.
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Methodology

The methodology adopted in this study includes the
design, development, implementation, and evaluation
of a low-cost, GSM-based, solar-powered smart
irrigation system by using an Arduino microcontroller.
Based on soil moisture levels, the system architecture
integrates both hardware and software components to
ensure real-time remote monitoring and control of
irrigation. At first, an Arduino Pro Mini was chosen as
the central processing unit due to its affordability, low
power consumption, and ease of programming (Akwu
et al. 2020; Ali et al. 2024). A SIM800OL GSM module
was used for mobile communication, allowing users to
send SMS commands ("on", "off", "status™) to control
the irrigation pump and receive soil condition updates.
To determine moisture thresholds (dry, moist, wet), a
capacitive soil moisture sensor was adjusted manually
by using various soil samples, which were then
programmed into the microcontroller as a reference
table. The Arduino’s analog-to-digital converter
(ADC) acquires the sensor readings. To ensure off-
grid, sustainable operation, a mini solar panel
connected to a charge controller was used to recharge a
3.7V, 5000mAh lithium-ion battery. The system
operates a relay-controlled water pump linked to the
mains supply. The software component was created in
Arduino IDE, utilizing AT commands to interface with
the GSM module for reading and transmitting SMS.
The system monitors incoming signals, soil conditions,
and pump functioning at 10-second intervals. Field
testing was performed in a rural environment to verify
system operation, communication dependability,
energy sustainability, and soil moisture monitoring
precision. Data was gathered to evaluate the system's
efficacy and pinpoint any operational constraints in
real-world scenarios.

System architecture

The proposed system comprises both hardware and
software components integrated to provide remote
irrigation capabilities (Fig. 1). At the center is a
Microcontroller that controls the smart aspects. An
Arduino Pro Mini serves as a cheap and available
solution here. For the GSM based mobile
communication part, a GSM module, SIM800L, has
been used, which can encode and decode SMS
(Artawan et al. 2018). It is connected via a UART
(Pefia & Legaspi 2020) communication channel with
the Arduino. Exploiting the ADC (Gray 2006)
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capability of the Arduino, a low-cost capacitive sensor
(Eller & Denoth 1996) senses the moisture of the soil
for monitoring purposes and to take appropriate
actions. To power up the system, a mini solar panel,
along with a charge converter circuit and a Li-ion
battery, has been used. The Arduino board can turn on
or off a water pump with the help of an electric Relay
module. The Water pump takes power from the mains.
Below is shown a complete system architecture
diagram.

AR

GSM Module Arduino Pro Mini %
)1 : i
.
.

Water Pump

Moisture Sensor  Li-lon Battery ~ Battery Charger

Fig. 1. Proposed system architecture for low-cost
and solar-powered smart irrigation system

Operation

A fully recharged Li-ion battery is deployed with the
setup. During the day, the solar panel absorbs sunlight,
and energy is stored in the battery. At night, the Li-ion
battery keeps the system running. At startup, the
Arduino first initializes and prepares the GSM module
for mobile communication. The GSM module needs to
be already equipped with a functional SIM card. The
Arduino checks the network condition and the SMS
buffer for any latest SMS. If there is any, it takes
necessary actions and empties the buffer. All of these
are done using the industry standard AT (Attention)
command (Alam 2015). For example: <AT+CREG?>
Command is used to check network registration status.
<AT+CMGF=1> is used to set SMS mode to text
mode. With each command, the GSM module either
responds with “OK” or other text strings, which can be
found in the datasheet for writing proper algorithms.
<AT+CMGL="ALL"> command lists all messages.
<AT+CMGR=1> command reads message at index 1.
<AT+CMGD=1> can delete message at index 1.
Below is an example of sending an SMS:
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AT+CMGS="+8801xxxxxxxxx" > Hello from
SIMB00L!<Ctrl+Z>

A user/farmer can send “on”/“off” text as SMS from
their mobile phone to either turn on/off the water
pump, or send “status” to check soil condition. Upon
sending “on”/“off”, the system sends a return SMS
writing “pump is on”/“pump is off” and when the
status query is sent, the system texts back the soil
moisture condition as, “soil is dry”/“soil is moist”/“soil
is wet”. Apart from that, the system automatically
checks for soil condition every 10 seconds and sends
the user an SMS reminding them to turn on or off the
pump according to the situation. Upon electrical
startup, the microcontroller takes over the whole
system logically. At first, it initializes the GSM and
other modules for communication/operation and then
runs a continuous loop of approximate 10 seconds.
Within each visit in the loop, receiving SMS requests,
soil monitoring, and SMS responses are handled (Fig.
2).

| Initialize System and GSM module

v
| Check SMS Buffer I

“status™ |

L J hd
Turm on Pump Measure soil Turn off Pump

moisture
|
hd

Send reply SMS
(pump/soil status)
T
3

Empty SMS Buffer

“off” and “dry” Check pump “on” and “wet”

and soil status

v
Suggestion =
Turn off Pump

v

Suggestion =
Turm on Pump

—>| Send SMS with Suggestion |--

!

| Wait 10 seconds } ........................................ _

Fig. 2. Flow chart of the algorithm for low-cost and
solar-powered smart irrigation system operation
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Results and Evaluation
Cost estimation

The smart irrigation system that has talked about so far
offers a viable, low-cost solution for farmers,
particularly in rural or off-grid areas of Bangladesh.
The costs of the components used to construct the
smart irrigation system are summarized in Table 1. It
is worth noting that the prices of these devices vary
depending on the supplier chosen. The given prices are
based on locally available renowned suppliers. The
total cost is approximately 5000 BDT or 42 USD
which indicate the system’s simplicity and cost
effectiveness.

Table 1. Affordability and simplicity of the systems

Component Quantit Price

P Y usD BDT
Arduino Pro Mini 1 41 500
microcontroller
SIM800L GSM 1 33 400
module
Capacitive soil
moisture sensor (555 1 2.3 280
IC based)
Relay module (5V) 1 0.8 100
Solar panel (5V 10W) 1 16.5 2000
Battery charger
Module (TP4056) ! 04 50
Li-ion battery (5Ah) 1 8.25 1000

PCB, cables, and

: as needed 6.6 800
accessories

Total price 4225 5130

(Price source: store.roboticsbd.com, bdtronics.com, daraz.com.bd)

After the initial development was done and the
prototype was wired up together, it was tested using a
pre-recharged Li-ion battery (5000 mAh) and a SIM
card that already had credit in it. The system could
successfully turn the irrigation pump ON and OFF
based on user SMSs, and it also texted when the soil
condition was inquired. Using the capacitive moisture
sensor, the smart suggestion function was also tested
successfully. The sensor was calibrated manually using
different samples of moist/dry soil, and the calibration
values were saved as a lookup table in the code. In
terms of power, the battery capacity of 5000 mAh
results in 5 Ah x 3.7V = 18.5 Wh, which could be
easily fulfilled by a 10W or 20W solar panel. This
battery backup can ensure up to 8 hours of operation
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during nighttime. It could be increased further by using
a bigger solar panel and battery. The panel provided
sufficient charge during the day. The system was
tested in rural Bangladesh, which is mostly covered by
the GSM network; thus, the system achieved 100%
reliable mobile communication. With this setup, some
challenges could be encountered, though. A poor GSM
signal strength affects reliability, and the battery might
run out of power during prolonged cloudy weather. In
a practical sense, this setup reduced manual
intervention by automating the irrigation based on
remote control and reduced water wastage by applying
a drip irrigation system, which offers a promising tech
combination.

Power budget estimation and system feasibility

Northern Bangladesh, particularly during the pre-
monsoon month of March, receives substantial solar
irradiance averaging 5.0-5.5 kWh/m?/day, with 5-6
peak sun hours under typically clear skies interrupted
by occasional cloud cover (Akand et al. 2015; IDCOL
2016). Regional climate data from the Bangladesh
Meteorological Department, specifically from Rajshahi
and Rangpur weather stations, indicate ambient
temperatures averaging 30-35°C during this period
(Shamsuzzoha et al. 2014). These conditions are
favorable for photovoltaic (PV) operation, though
thermal derating and environmental factors must be
considered.

Solar panel characteristics and realistic output

A 10W-rated PV panel at 5V (maximum 2A)
theoretically generates up to 55 Wh/day under ideal
conditions (10W x 5.5 hours). However, several real-
world loss factors reduce this output-

Panel efficiency: 80-85% in optimal sunlight
Temperature derating: ~0.4-0.5% per °C above 25°C,
leading to 2-5% efficiency loss at 30-35°C
Dust/pollution accumulation: 5-10% loss (Sharif et al.
2018)

Non-optimal  alignment/positioning:  5-15%  loss
(Stoffel et al. 2010)

Charge controller efficiency: ~85-90%

System power demand

Based on data sheet specifications and system
profiling, the power consumption of the embedded soil
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monitoring and irrigation advisory device is
summarized below-

Idle current (Sleep mode): ~2 mA

Active sensing (10-second loop, soil moisture ADC
readout): ~20 mA

Average daily consumption without networking: ~23
mA

Over a 24-hour period at 4.2V system voltage (typical
for Li-ion systems), the baseline energy requirement is

Epgse = 4.2V X 23mA x 24h = 2.32Wh

Network and actuator operations

The GSM module (SIM800L) draws ~200 mA during
communication  events, and each  message
transmission/reception takes ~2 seconds. If the system
handles 4 SMS requests (Tx + Rx) and sends 4
recommendation messages per day, total networking
consumption is

E _ (8 X4.2V X200mA X2s
net 864005

) X 24h ~ 3.73 mWh

The relay controlling the water pump (50 mA) is
estimated to operate for 4 hours daily

Erelay =42V X 0.05A X 4h = 0.84 Wh

Total daily energy demand

This daily energy demand is significantly lower than
the expected usable energy output (32-40 Wh/day),
confirming the sufficiency of the PV system to meet
operational requirements even under suboptimal
conditions. Summing all components

Eorar = 2.32Wh + 0.00373 Wh + 0.84 Wh ~ 3.16 Wh

It is further assumed that user interaction (e.g., SMS
inquiry) occurs predominantly between 6:00 AM and
10:00 PM. During nighttime, the system remains in
low-power mode with periodic checks and occasional
automated message transmission.

Conclusion

This work proposes a practical, cost-effective solution
for tackling irrigation difficulties both in rural and
resource-constrained agricultural regions, which
involves the development of a GSM-based, solar-
powered smart irrigation system with Arduino. By
integrating low-cost components with widely available
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mobile networks and sustainable solar energy, the
technology allows farmers to efficiently regulate
irrigation and monitor soil moisture conditions via
simple SMS instructions. The incorporation of a
capacitive soil moisture sensor facilitates data-
informed irrigation choices, remarkably diminishing
water waste and manual effort. Field testing revealed
that the system operates consistently, featuring
efficient remote communication and sustainable power
provision from a small solar configuration. Despite
several drawbacks, including reliance on GSM signal
strength and solar charging efficacy in overcast
conditions, the system presents a viable approach for
improving agricultural output in off-grid regions. The
system's modular and scalable architecture facilitates
future integration with 10T platforms, Al-driven
decision-making, and web-based interfaces. This effort
advances smart agricultural technology, promoting
sustainable farming methods and enhanced resource
management in poor countries.
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