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Abstract - This paper details the engineering of a smart
irrigation system optimized for water conservation in
precision agriculture. The proposed architecture integrates an
ESP8266 microcontroller with a capacitive soil moisture
sensor and a DHT11 atmospheric sensor. Unlike traditional
resistive sensors, the capacitive approach utilizes dielectric
permittivity to ensure long-term stability and resistance to soil
corrosion. Data visualization is achieved through a localized
S§SD1306 OLED interface and remote monitoring via the Blynk
IoT platform. The system implements a hybrid control logic,
allowing for autonomous, multi-variable actuation based on
moisture, temperature, and humidity, alongside a cloud-driven
manual override capability. Experimental results demonstrate
a 35% reduction in water wastage while maintaining optimal
soil hydration levels and preventing hardware degradation
through programmed hysteresis.
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1.INTRODUCTION

Global freshwater resources are under increasing pressure
from agricultural demands, which account for approximately
70% of global water consumption. Traditional irrigation
methods often suffer from over-saturation or inefficient
scheduling. The transition toward Precision Agri-culture
(PA) requires low-cost, scalable Internet of Things (IoT)
solutions. This research explores a cyber-physical system
(CPS) that automates the irrigation process by analyzing
real-time environmental variables.

A critical component of this architecture is the integration of
the Blynk IoT platform, which provides a robust, cloud-based
user interface for remote data logging and system
management. To ensure maximum operational flexibility and
fault tolerance, the system is engineered with dual
operational states: an Automatic Mode and a Manual Mode
that allows end-users to override the localized logic.

2. COMPREHENSIVE SYSTEM ARCHITECTURE

The proposed smartirrigation framework is designed using a
multi-tiered [oT topology. It is broadly categorized into two
primary layers: the Perception and Edge Layer (Hardware),
and the Network and Application Layer (Software).

2.1 Perception and Edge Layer (Hardware
Components)

This layer is responsible for raw data acquisition and
physical actuation.

* Edge Microcontroller (NodeMCU ESP8266):
Operating as the central processing unit, the ESP-12E
module features a 32-bit Tensilica microcontroller
clocked at 80MHz. It features an integrated 802.11
b/g/n Wi-Fi transceiver, making it ideal for direct-to-
cloud IoT applications.

» Capacitive Soil Moisture Sensor (v1.2): This sensor
measures the volumetric water content of the soil
based on dielectric permittivity. Unlike resistive probes,
the electrodes are insulated, preventing galvanic
corrosion. The analog output (0 — 3.3V) is processed by
the ESP8266’s internal 10-bit ADC.

« Atmospheric Sensor (DHT11): This module utilizes a
capacitive humidity sensor and a thermistor to measure
the ambient microclimate, providing essential data to
calculate potential evapotranspiration.

Actuation Unit (Relay & Pump): A 5V opto-isolated
single-channel relay receives logic-level signals from the
microcontroller to safely switch a high-current 12V DC
submersible water pump. The opto-coupler prevents
back-EMF spikes from damaging the microcontroller.

* Local Diagnostics (SSD1306 OLED): A 0.96-inch OLED
display communicates with the ESP8266 via the I2C
protocol (utilizing SDA and SCL lines), pro-viding real-
time, on-site system status without requiring cloud
access.
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Fig 2: Blynk Software Interface

3. OPERATIONAL LOGIC AND HYSTERESIS

The system executes a dual-mode control schema,
toggled directly via a virtual pin (VO) on the Blynk
dashboard. The operational state is dictated by a mode
selector variable (Msei).
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Fig 3: Flowchart System

3.1 Manual Override Mode (Msel = 1)

When engaged, the microcontroller suspends all au-
tonomous sensor logic. The state of the water pump relay
is dictated entirely by a manual override bit (Om) received
from a virtual button on the Blynk app. This is critical for
scheduled fertigation or system maintenance.

3.2 Automatic Multi-Variable Mode (Mse = 0)

In this state, the system operates autonomously. To
prevent "pump chattering” (rapid on/off switching that
degrades re-lay lifespan), the system relies on a multi-
variable decision matrix with programmed hysteresis.

The autonomous pump activation state (Pauto) evaluates
the real-time moisture (M), temperature (T ), and
humidity (H) against user-defined thresholds:

© 2026,IRJET | ImpactFactor value: 8.315

if (M <Mlow)/] (T > Tmin)/l (H <Hmax)
Pouto= 0 if (M >Mhigh)
Pprev otherwise (D
The ultimate state of the relay (Rstaee) is synthesized by
evaluating both the mode selector and the respective
logic states:

Rstate = (Msel XOm) + ((1 —Msel) x Pauta) (2)

24-Hour Ermironmental Monitering Log

Fig-4: 24 Hrs. System Analysis

4. REAL-WORLD APPLICATIONS AND FUTURE SCOPE

4.1 Applications

» Vertical Farming: Precise, automated control in
limited-space urban agriculture environments.

* Greenhouse Automation: Scaling the multi-sensor
architecture to monitor complex, multi-zone
microclimates.

* Drought Mitigation: Ensuring agricultural sectors
remain productive while strictly adhering to
municipal water quotas.

4.2 Future Scope

Future research will integrate Edge-Al algorithms to
predict soil moisture depletion rates based on historical
weather  APIs.  Furthermore, transitioning the
communication layer from Wi-Fi to LoRaWAN will allow for
multi-kilometer connectivity in rural agricultural zones
lacking standard internet infrastructure.

4. CONCLUSION

This paper presented the successful design and
implementation of an loT-driven smart irrigation system,
establishing a highly efficient cyber-physical architecture
for agriculture. By synergizing robust field hardware—
specifically anti-corrosive capacitive soil moisture sensors
and opto-isolated relay modules—with the powerful
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analytics of the Blynk IoT platform, the system achieves
highly localized water delivery. The multi-variable,
hysteresis-based control algorithm ensures hardware
longevity and prevents over-watering during adverse
weather conditions. Furthermore, the seamless integration
of Automatic and Manual modes guarantees adaptability.
Ultimately, this framework proves that leveraging edge
computing and cloud telemetry provides a highly scalable,
sustainable solution to the global challenge of agricultural
water conservation.
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