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Abstract

Conventional farming practices continue to suffer from water mismanagement, high labour dependence, and
inability to respond to real-time field variations. This paper presents a Smart Agriculture Framework that
integrates sensor-based data acquisition, threshold-driven automated irrigation, and loT-enabled remote
monitoring to address these challenges. An Arduino microcontroller acquires readings from a soil moisture
sensor (ADC pin AQ) and a DHT11 temperature-humidity sensor, processes the data against configurable
thresholds, and actuates a motor driver (L293D) to operate a submersible water pump when moisture falls
below the critical level or temperature exceeds 40 °C. A 16x2 LCD display provides on-site parameter
visualisation, while a buzzer generates audible alerts for critical conditions. The ESP32 Wi-Fi module
transmits live sensor data to the Blynk 10T cloud platform via virtual pins VO (moisture), V1 (humidity), and
V2 (temperature), enabling push notifications and remote oversight through a mobile application. Proteus
ISIS simulation validated correct threshold logic and component interaction prior to hardware deployment.
Laboratory trials demonstrated pump activation latency below 2.4 s, approximately 40% water conservation
versus fixed-schedule irrigation, and Blynk cloud latency averaging 320 ms at 99.2% system uptime. The
proposed framework delivers an affordable, scalable, and energy-conscious solution that measurably reduces
manual labour while improving crop-water management efficiency.
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1. Introduction

Agriculture remains the economic backbone of
developing nations, yet traditional irrigation
continues to rely on manual observation and
experience-based scheduling—practices  that
frequently result in over-watering, water wastage,
and reduced crop yield. As per global freshwater
statistics, irrigation-based agriculture consumes
nearly 70% of available freshwater, much of which
is lost due to imprecise application. Against this
backdrop, the convergence of microcontroller
technology, low-cost sensors, and 10T connectivity
presents a compelling opportunity to transform
irrigation management into a data-driven, automated
process [8, 4]. Rathinam Technical Campus under
the academic year 2025-26. It employs an Arduino
UNO microcontroller as the processing core,
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interfaced with a soil moisture sensor, DHT11
environmental sensor, motor driver, buzzer, and a
16x2 LCD. The Blynk platform, running on an
ESP32 Wi-Fi module, extends the system with real-
time remote notifications and a mobile dashboard.
The primary research objectives are: (i) autonomous
pump actuation based on soil moisture and
temperature  thresholds;  (ii)  multi-parameter
environmental monitoring with local LCD feedback;
(iii) real-time 10T alerts via Blynk push notifications;
and (iv) Proteus ISIS simulation-based pre-
deployment validation.

2. Literature Survey

Zhang et al. [1] applied convolutional neural
networks to downscale solar-induced chlorophyll
fluorescence for agricultural drought monitoring,
achieving high spatial resolution but at significant
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computational cost unsuitable for embedded
systems. Li et al. [2] demonstrated that composite
remote-sensing drought indices provide consistent
monitoring across continental scales, though latency
in satellite data acquisition limits real-time field
response. Liu et al. [3] extended composite drought
monitoring using remote sensing, further validating
the role of multi-parameter analysis in crop
management decisions. Han [5] designed a farm
remote monitoring and management system
integrating BeiDou satellite positioning with 10T,
demonstrating a trajectory recognition rate of
96.17% for machinery operations, establishing the
feasibility =~ of large-scale agricultural 0T
deployments. Yongchao et al. [6] proposed an
intelligent environmental monitoring system for
agricultural 10T, demonstrating reliable sensor
integration and wireless data transmission for
greenhouse environments—a design philosophy
closely aligned with the present work. Wang et al. [4]
reviewed intelligent agriculture development in
China, highlighting that sensor fusion and
automation are the two most impactful levers for
productivity improvement. Pitu and Gaitan [7]
evaluated LoRa wide-area network deployments for
agriculture, showing  low-power long-range
transmission as a viable alternative where Wi-Fi
infrastructure is absent. Collectively, the reviewed
literature  establishes that multi-sensor 10T
frameworks with automated actuation and remote
monitoring significantly outperform traditional
methods. The present system contributes an
accessible, Arduino-ESP32 implementation
validated through Proteus simulation and targeted
specifically at small-to-medium farm deployments
shown in Table 1.

Table 1 Comparison of Related Smart
Agriculture Systems

Sensors / Communicat | Limita
Reference | Technolo . .
ion tion
gy
Chlorophy .
Zhang et I . High
Satellite comput
al. [1] fluorescen o cost
ce, CNN
Han [5] BeiDou 4G Large-
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GPS + farm

loT focus

Yongchao | DHT11 No

etal. [6] | Soil, LDR | 'OT (Wi-Fi) | Blynk

alerts

) Environm Low

Pitu & entall | LoRaWAN | data

Gaitan [7]

sensors rate

Soil A

' Wi-Fi

Proposed | DHTLL, Wi-Fi/Blynk | zone

System Buzzer, limit
LCD

3. Existing System

Prevailing irrigation systems fall into three broad
categories. Manual systems depend entirely on
farmer judgement and physical presence, making
consistent moisture management impossible across
large plots or during farmer absence. Timer-based
semi-automatic systems deliver water at pre-set
intervals irrespective of actual field conditions,
frequently causing post-rain over-irrigation or
drought-period under-irrigation. Al-driven smart
agriculture platforms achieve high prediction
accuracy but require large labelled training datasets,
specialised cloud infrastructure, and technical
expertise beyond the reach of typical smallholder
farmers. Furthermore, these platforms commonly
output only advisory recommendations, leaving
pump actuation as a manual step. The absence of
integrated  real-time multi-parameter  sensing,
affordable remote-access capability, and end-to-end
automation in a single low-cost unit represents the
primary gap that the proposed framework addresses.
4. Proposed System

The proposed Smart Agriculture Framework
integrates automated irrigation and real-time remote
monitoring within a three-layer 10T architecture. The
perception layer acquires soil moisture (analog pin
36 / AO) and DHT11 temperature-humidity data
continuously. The processing layer uses an Arduino
UNO microcontroller to compare readings against
configurable thresholds and actuate the L293D
motor driver (GPIO 14, 27) to control the water
pump. The application layer transmits sensor data to
the Blynk 10T cloud over Wi-Fi (ESP32), delivering
live readings to a mobile dashboard and triggering
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push-notification alerts when anomalies are detected.
A 16x2 LCD (pins 23-15) provides uninterrupted
local status display, and a buzzer (GPIO 13) provides
on-site audible alerts for critical events. The entire
prototype cost falls below INR 2 000 (~USD 24),
making it viable for smallholder deployment shown
in Table 2.

Table 2 Proposed System vs. Existing System —
Feature Comparison

Feature Existing Proposed
System Framework
Primary Manual / Threshold auto +
control timer-based 10T remote
Sensor Single- Soil moisture +
integration parameter ~ DHT11 + Buzzer
Remote None / Blynk mobile app
access high-cost (free tier)
cloud
Alerting None Blynk push
mechanism notifications +
Buzzer
Local None 16x2 LCD with
feedback live readings
Response Minutes < 2.4 s (automatic
latency (manual) relay)
Deployment  High <INR 2 000
cost (~USD 24)

5. Methodology
5.1.Hardware Components
Table 3 lists all hardware and software used in the
prototype and simulation.

Table 3 Hardware and Software Used

Hardware Software Tools
Components
Transformer + Arduino IDE (Embedded
Power Supply Unit C)
Arduino UNO R3 | Proteus ISIS Professional
Microcontroller Simulator
ESP32 Wi-Fi Blynk 10T Platform
Module (mobile app)
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Soil Moisture
Sensor (ADC pin
36)
DHT11
Temperature-
Humidity Sensor
L293D Motor
Driver (GPIO 14,
27)
Submersible Water
Motor
Buzzer (GPIO 13)
16x2 LCD Display
(pins 23, 19, 18, 17,
16, 15)

5.2.System Logic And Firmware
The firmware, developed in Embedded C using the
Arduino IDE, follows a continuous acquisition loop.
At each iteration, the analog moisture ADC value is
read from pin 36 and the DHT11 is polled for
temperature (°C) and relative humidity (%). The

LCD clears and displays current MOIST, H, and T
values. The same values are written to Blynk virtual
pins VO, V1, and V2 respectively for remote
visualisation. Three threshold conditions govern
actuation: (i) Moisture ADC > 3000 (dry soil): Blynk
push alert “Moisturing Level Is Low”, buzzer fires,
LCD shows warning, motor driver activates
(forward()). (ii) Humidity > 75%: Blynk push alert
“Humidity is High”, buzzer fires, LCD shows
warning. (iii) Temperature > 40 °C: Blynk push alert
“Temperature Is Too High”, buzzer fires, motor
driver activates. In all other conditions, stop() de-
energises the motor driver, preventing unnecessary
pump operation. Hysteretic behaviour is achieved
because the motor remains off until any threshold re-
triggers, avoiding rapid cycling.

6. Implementation And Simulation Output
Hardware assembly was performed on a breadboard.
The soil moisture probe was inserted 10 cm into a
test soil bed; the DHT11 was mounted in shaded
open air; the buzzer and LCD were positioned for
easy operator visibility. The relay/motor-driver
wiring was validated with a flyback diode across the
motor coil. Firmware was flashed via USB using
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Arduino IDE v2 with the ESP32 BSP, Blynk 2.x
library, DHT library, and LiquidCrystal library. Prior
to physical assembly, the complete circuit—
including the Arduino UNO R3, soil moisture
sensor, DHT11, L293D motor driver, buzzer, and
16x2 LCD—was simulated in Proteus ISIS
Professional (Y12 Simulation Design). Moisture
levels were stepped from ADC value 84 to 130 using
the POT-HG variable resistor. The Virtual Terminal
log confirmed correct parameter display at each step,
as reproduced in Figure 1.
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Figure 1 Proteus ISIS Simulation — Arduino
UNO smart irrigation circuit with soil moisture
sensor, DHT11, LCD, L293D motor driver, and
Virtual Terminal output showing stepped
moisture levels 84—-130 with corresponding
temperature and humidity readings

7. Results And Discussion

7.1.Results
The system was evaluated across 50 controlled trials
and 25 simulated rain-event suppression tests.
Proteus simulation confirmed accurate LCD output
and motor driver actuation at each stepped moisture
level (84-130 ADC units). Table 4 summarises
measured performance metrics from physical
laboratory trials.
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Table 4 System Performance Evaluation Results
Target/
Benchmark

Parameter | Measured Value

Pump
activation
latency
Pump
deactivatio
n latency
Soil
moisture
ADC
accuracy
DHT11
temperatur
e accuracy
DHT11
humidity
accuracy
Buzzer
response to
threshold
breach
Blynk push
notification
latency
Water
saving vs.
fixed
schedule
System
uptime (48-
hour trial)

18savg | 245
max

<5s

16savg | 2.1s
max

<b5s

+3% volumetric | £5%

+1°C +2°C

+3% RH +5% RH

<05s <1s

320 msavg |

487 ms max <500 ms

~40% reduction | >30%

99.2% >99%

7.2.Discussion
Pump activation consistently fell well within
agronomically acceptable latency bounds. The 40%
water saving observed over a 72-hour comparative
trial against a fixed-schedule timer results from two
compounding effects: pump suppression in the stop()
branch under normal conditions, and immediate
deactivation once the soil moisture ADC value drops
back below 3000. Blynk cloud latency averaged 320
ms across 200 transmission events, and the single
uptime interruption—a transient Wi-Fi drop—self-
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resolved within 12 seconds via the firmware
reconnect routine in Blynk.run(). Simulation and
physical prototype results were in close agreement,
confirming Proteus ISIS as a reliable pre-deployment
validation environment for this class of embedded
IoT system. The buzzer's sub-0.5-second alert
response provides farmers with timely on-site

notification well ahead of any crop stress
consequence.

8. Advantages

Water  Conservation:  Threshold-based pump

activation and normal-condition stop() logic reduce
water consumption by ~40% versus fixed-schedule
irrigation. Full Automation: Soil moisture and
temperature thresholds drive pump actuation without
any manual intervention under normal operating
conditions. Dual Alerting: Blynk push notifications
and on-site buzzer provide both remote and local
warnings for all critical threshold breaches. Live
Local Feedback: The 16x2 LCD displays MOIST, T,
and H values continuously, allowing on-site
observation without a smartphone.

Low Cost and Scalability: Sub-INR 2 000 single-
node cost; additional sensor nodes connect to the
same Blynk dashboard without core redesign.
Improved Crop Outcomes: Consistent soil moisture
within the optimal range reduces plant stress and
supports higher yield quality.

9. Applications

Smart Farming: Autonomous irrigation of field crops
(rice, wheat, vegetables) independent of farmer
availability. Greenhouse Management: Precise
multi-parameter control for high-value horticultural
and floriculture crops. Remote Plot Monitoring:
Blynk dashboard enables centralised supervision of
multiple geographically dispersed plots via a single
mobile device. Urban and Rooftop Agriculture:
Compact, modular design suits raised-bed gardens,
vertical farms, and community plots. Educational
Prototype: Clear hardware—firmware integration
makes the system ideal for ECE lab demonstrations
and academic projects.

Conclusion

This paper presented the design, Proteus ISIS
simulation, and laboratory validation of a Smart
Agriculture Framework combining soil moisture and
DHT11 environmental sensing with Arduino-based
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threshold control, L293D motor-driven irrigation,
buzzer alerting, LCD local display, and Blynk loT
remote monitoring. Simulation confirmed correct
logic operation across moisture levels 84-130 ADC
units, and physical trials demonstrated pump
response below 2.4 seconds, 40% water savings over
fixed scheduling, Blynk latency under 500 ms, and
99.2% system uptime. The framework successfully
eliminates continuous manual monitoring while
delivering verifiable improvements in water
efficiency and crop management. Its low component
cost, modular architecture, and straightforward
firmware make it a practical and scalable
contribution to sustainable precision agriculture
accessible to smallholder farmers.

Future Scope

Planned enhancements include: (i) integration of pH,
nutrient, and multi-gas sensors for comprehensive
soil health profiling; (ii) LSTM-based predictive
irrigation using historical sensor logs to transition
from reactive to proactive water management; (iii)
solar photovoltaic power supply to enable off-grid
deployment in remote agricultural areas; (iv) weather
API coupling to pre-emptively suppress irrigation
when rainfall is forecast within a configurable
window; (v) LoRa or GSM communication for long-
range monitoring beyond Wi-Fi coverage; and (vi)
GPS-tagged multi-node deployment for site-specific
precision irrigation across heterogeneous soil zones.
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