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Water Leakage Detection Sensor
Water leakage detection sensors identify the unwanted presence of water or moisture in areas such as
basements, industrial pipelines, and appliance installations, enabling early warning to prevent property
damage and water wastage.

Types and Working Principles
(a) Conductivity-Based (Resistive) Sensors
Consist of two or more exposed conductive probes/traces. Water bridges the gap between the probes
and, since water (with dissolved impurities/salts) conducts electricity, this reduces the resistance
between the probes below a threshold, which is detected by the associated circuit and triggers an alarm.
(b) Capacitive Sensors
Detect a change in capacitance when water or moisture comes into contact with or near the sensing
surface, useful for detecting leaks even through non-conductive barriers in some designs.
(c) Optical Sensors
Use an infrared LED and photodetector positioned such that, in dry conditions, light undergoes total
internal reflection within a prism back to the detector. When water contacts the prism surface, the
refractive index changes, altering the reflection path and reducing the detected light intensity, indicating
the presence of water.
(d) Float-Based Sensors
A mechanical float rises with water level and actuates a switch (magnetic reed switch or mechanical
lever) when a threshold water level is reached; commonly used in sumps and tanks.

Typical Circuit Operation (Resistive Type)
The probes are connected in a voltage-divider or comparator configuration with a microcontroller's
digital/analog input. In dry conditions, the circuit reads a HIGH (open-circuit) state. When water bridges
the probes, the resistance drops, pulling the input LOW (or producing a proportional analog voltage),
which the microcontroller interprets as a leak event and triggers an alert, notification, or automatic shut-
off valve actuation.

Applications
• Smart home leak detection near washing machines, water heaters, and sinks
• Basement and flood-prone area monitoring
• Industrial pipeline and storage tank leak detection
• Data centre floor monitoring to protect sensitive equipment
• Automatic shut-off systems integrated with solenoid valves to prevent water damage
• Agricultural irrigation channel monitoring

Introduction to Actuators in Automation
An actuator is a device that converts an electrical, hydraulic, or pneumatic control signal (energy) into
physical motion or action, such as linear or rotary movement, thereby enabling a system to act upon its
environment. While a sensor acquires information from the environment, an actuator is the
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corresponding output device that executes control decisions, together completing the
sensor–controller–actuator feedback loop that is central to automation and IoT systems.

Sensor vs Actuator
Aspect Sensor Actuator
Function Converts physical stimulus into an

electrical signal
Converts an electrical signal into
physical action

Direction of Energy
Flow

Input device (environment → system) Output device (system → environment)

Examples Temperature sensor, PIR sensor, RFID
reader

Motor, solenoid valve, relay, servo

Role in Control Loop Provides feedback/measurement Executes the corrective/control action

Classification of Actuators
(a) Electrical Actuators

• DC Motors – convert electrical energy into continuous rotary motion; speed controlled via
voltage or PWM.

• Servo Motors – provide precise angular position control using an internal feedback loop.
• Stepper Motors – rotate in fixed, discrete steps, enabling precise open-loop position control.
• Solenoids – convert electrical current into linear mechanical motion using electromagnetic

induction; used in valves and locks.
• Relays – electromechanical or solid-state switches that use a small control signal to switch a

larger electrical load.
(b) Pneumatic Actuators
Use compressed air to produce linear or rotary motion (e.g., pneumatic cylinders); offer fast response
and are common in industrial automation where cleanliness and speed are important.
(c) Hydraulic Actuators
Use pressurized fluid to generate large forces for linear or rotary motion; used in heavy machinery,
industrial presses, and construction equipment where high force output is required.
(d) Mechanical/Thermal Actuators
Include gear-based mechanisms and thermal actuators (e.g., bimetallic strips, shape-memory alloys)
that produce motion in response to a temperature change.

Role of Actuators in an Automated/IoT System
In a closed-loop automation or IoT system, sensors continuously monitor process parameters
(temperature, level, motion, gas concentration, etc.) and transmit this data to a controller
(microcontroller/PLC/cloud application). The controller compares the sensed value against a desired
set-point and issues a command signal to the appropriate actuator, which then performs the physical
corrective action — for example, switching on a fan, opening a valve, or activating an alarm — thereby
automating the process without manual human intervention.

Examples of Sensor–Actuator Automation Pairs
Sensor Actuator Automated Action
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Temperature sensor Relay + fan/AC compressor Automatic climate control
PIR motion sensor Relay + light/lamp Automatic lighting control
Water leakage sensor Solenoid valve Automatic water supply shut-off
CO2/gas sensor Relay + exhaust fan Automatic ventilation control
Soil moisture sensor Solenoid valve/water pump Automatic irrigation

Applications
• Industrial process automation and robotics
• Smart home automation (smart locks, motorized curtains, automatic valves)
• Automotive systems (electronic throttle control, power steering)
• HVAC control (dampers, compressors)
• Precision agriculture (automated irrigation valves)


