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Abstract - In modern sanitation systems, maintaining air
quality in enclosed spaces such as restrooms/bathrooms is
crucial for hygiene and user comfort. This paper presents an
Intelligent Odor Management System Using PLC, which
automates exhaust fan operation based on real-time
occupancy and odor levels. The system integrates a PIR beam
sensor for occupancy detection and an ammonia gas sensor for
Odor assessment. A programmable logic controller (PLC)
processes sensor inputs and optimally controls the exhaust fan
to ensure efficient ventilation while minimizing energy
consumption. The proposed system enhances air quality
management, reduces manual intervention, and promotes
energy efficiency in public and commercial restrooms.
Experimental results demonstrate the system's effectiveness in
maintaining an odor-free environment. This research
contributes to smart automation in sanitation, offering a
scalable and cost-effective solution for improved restroom
hygiene.
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1.INTRODUCTION

In modern public and commercial infrastructure,
maintaining air quality in restrooms is a critical yet often
overlooked aspect of hygiene and energy management.
Conventional ventilation systems typically rely on manual
control or continuous operation of exhaust fans, which
results in significant energy wastage, higher maintenance
requirements, and accelerated equipment degradation.
These inefficiencies highlight the need for a smarter, more
sustainable solution to odor control.

This research presents the design and implementation of an
Intelligent Odor Management System using a Programmable
Logic Controller (PLC). The proposed system aims to
optimize exhaust fan operation by integrating real-time data
from ammonia gas sensors, which detect odor levels, and
infrared (IR) motion sensors, which monitor occupancy. The
PLC serves as the system'’s brain, processing sensor inputs
and making intelligent control decisions to activate or
deactivate exhaust fans only when necessary

By automating the ventilation process based on actual usage
and air quality conditions, this system minimizes
unnecessary energy consumption while ensuring a
consistently hygienic restroom environment.

2. ENERGY SAVING PRINCIPLE

The Intelligent Odor Management System is designed to
reduce energy consumption by controlling the exhaust fan
operation based on real-time odor detection and usage
patterns. Unlike traditional systems where exhaust fans run
continuously or are manually operated, this system ensures
the fan functions only when required, thus saving energy and
reducing wear and tear.

The central component of this system is a Programmable
Logic Controller (PLC), which processes inputs from two key
sources:

1. Ammonia Sensor: This sensor is responsible for detecting
the presence of odor in the restroom environment.
Whenever any unpleasant smell—particularly ammonia—is
detected beyond a predefined threshold, the sensor
immediately sends a signal to the PLC. Based on this input,
the PLC turns on the exhaust fan to clear the odor and
improve air quality.

2.Infrared (IR) Motion Sensor: This sensor is used solely for
counting the number of people entering and exiting the
restroom. It provides the PLC with real-time occupancy data,
allowing the system to maintain a log of restroom usage
throughout the day.

What makes this system more intelligent is its ability to learn
from historical usage patterns. The PLC logs data from the
last 7 days. Using this stored data, the system can identify
peak usage hours and adjust its responsiveness.

3. SYSTEM ARCHETECTURE

The intelligent odor management system is designed to
automate the operation of restroom ventilation based on
real-time detection of air quality and restroom occupancy.
The system primarily relies on a Programmable Logic
Controller (PLC), which processes signals from sensors and
controls the exhaust fan accordingly. The PLC acts as the
central decision-making unit, programmed to respond to
specific conditions based on sensor input and historical data.

The ammonia sensor plays a critical role by detecting odor
levels within the restroom. When the concentration of
ammonia crosses a predetermined threshold, the sensor
sends an analog signal to the PLC, prompting it to trigger the
ventilation system. Simultaneously, the infrared motion
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sensor counts the number of individuals entering and exiting
the restroom, allowing the PLC to log occupancy data. This
data is used to identify peak usage hours and adjust fan
activation accordingly to maintain a hygienic environment
while minimizing unnecessary energy consumption.

To operate in real-time, the system requires stable
communication between the input sensors and the PLC, as
well as between the PLC and the output relay controlling the
exhaust fan. The system's power supply is managed through
an MCB and a Switched Mode Power Supply (SMPS), which
converts input power to a 24V DC supply suitable for PLC
and sensor operation. The relay module acts as a switching
device that enables or disables the exhaust fan based on
commands issued by the PLC.

The entire operation aims to optimize fan usage by turning it
ON only when Odor is detected or predicted during high-
occupancy periods, and OFF when air quality is within
acceptable limits. This reduces energy waste, lowers
maintenance costs, and ensures effective Odor control.
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Figurel: The block diagram of system
3.1 SYSTEM COMPONENT

A Programmable Logic Controller (PLC) is a crucial
control unit that provides a communication interface and
appropriate Input/Output (I/O) units to interact with
hardware for monitoring and controlling industrial systems.
It executes software programs based on user requirements.
Essentially, it functions as an industrial CPU, replacing
traditional relay-based remote-control systems for
maintenance tasks. With technological advancements, PLCs
have become integral to industrial automation systems.
Modern PLCs support not only logic-based operations but
also advanced mathematical functions, enabling the
execution of more complex monitoring and control tasks as
their command sets continue to expand.

EcoStruxure Machine Expert is used for programming the
PLC ladder diagram. The Schneider Electric PLC

(TM200CE40T) used in the system includes 24 inputs and
16 outputs.

A Photoelectric Sensor is a non-contact device that detects
objects or motion using a light beam. In this system, we used
a Self-reflective photoelectric sensor for reliable object
detection. It sends a digital signal to the PLC when an object
interrupts or reflects the beam, enabling real-time control of
devices like lights or fans. This sensor offers fast response,
high accuracy, and easy integration with the PLC, improving
system automation and hygiene without manual switches.

An ammonia (NH3) gas sensor is a chemical sensor used to
detect the concentration of ammonia gas in the air. In
bathroom applications, it helps in monitoring air quality by
sensing the presence of ammonia, which is commonly
released from urine and cleaning agents. The sensor outputs
a digital signal proportional to the ammonia concentration,
which is processed by the PLC to trigger the exhaust fan
when a predefined threshold is exceeded. Commonly used
ammonia sensors, like the MQ-137 or MQ-135, are cost-
effective and highly sensitive. They help prevent Odor
accumulation and maintain a fresh and healthy environment
by enabling automatic ventilation based on air quality
parameters.

An exhaust fan is a critical component in bathroom
ventilation systems, responsible for removing stale air,
excess humidity, and unpleasant Odor to maintain a clean
and comfortable environment. In this automation project,
the exhaust fanis activated and controlled by a PLC based on
inputs from sensors such as motion detectors and ammonia
gas sensors. For this application, a KRUGER AMP315 axial
flow exhaust fan is used, known for its reliable performance
and compact design.

4.CONTROL LOGIC IMPLEMENTATION

The logic for the intelligent odor management system is
developed using EcoStruxure Machine Expert software,
which enables the creation of ladder logic diagrams for the
Schneider Electric PLC. Several core functions are integrated
to automate the exhaust fan based on sensor inputs and
time-based analysis. A counter is used to detect and count
the number of people entering and exiting the bathroom
using signals from Photoelectric Sensor motion sensors.

To manage and analyze usage patterns over time, a Shift Bit
Register is implemented to store hourly people-count data.
Each hour, the data shifts—removing the oldest record and
inserting the latest—thus maintaining a live history of
bathroom usage. This information helps categorize time
periods as high or low usage.

A Real-Time Clock (RTC) module is used to synchronize
operations on an hourly basis. This enables accurate logging,
real-time decision making, and identification of peak and
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off-peak hours using another counter that evaluates
historical occupancy data.

In addition to motion-based logic, an ammonia gas sensor
is used to detect elevated odor levels inside the bathroom.
When the sensor detects ammonia beyond a set threshold, it
sends a digital signal to the PLC, which immediately activates
a timer. This timer keeps the exhaust fan running for a fixed
duration—regardless of occupancy—to ensure that the odor
is adequately ventilated. This provides an additional layer of
automation to maintain air quality even during low
occupancy hours.

This combination of real-time data processing, sensor-based
triggers, and historical analysis allows for an intelligent and
energy-efficient odor management system. A corresponding
flowchart illustrates the sequential steps and logic
transitions of the entire program.

2.1 FLOWCHART

Figure2: Flow chart of PLC control program.
5.RESULT
5.1 REAL-TIME FAN OPRERATION

With the integration of motion sensors, ammonia gas
sensors, and a real-time clock (RTC), the exhaust fan
responds dynamically to current conditions inside the
bathroom. The fan activates immediately upon detecting a
person or high ammonia concentration and operates for a
preset duration based on timer logic. This real-time response

ensures timely ventilation, better hygiene, and improved
user comfort, especially during high-traffic periods.
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Figure3: Variation of Fan ON Duration
5.2 ENERGY SAVING

The system ensures significant energy savings by
intelligently controlling the exhaust fan based on real-time
occupancy and ammonia levels. Instead of running
continuously, the fan operates only when necessary—during
peak hours or when high odor levels are detected. This
targeted operation reduces unnecessary power
consumption, extends the fan’s lifespan, and promotes
efficient energy use without compromising air quality.

After implementing the optimization strategy, a significant
reduction in both energy consumption and operating costs
was achieved. The real-time control of motor operation led
to an energy saving of 240 kWh per month and a cost saving
0fX2880 per month. This corresponds to a 66.67% reduction
in the total monthly energy cost. The results highlight the
effectiveness of the optimization in enhancing energy
efficiency and achieving substantial operational savings.

6. CONCLUSION

An intelligent odor management control system for
industrial exhaust fans has been developed in this paper. The
system architecture, core functionalities, and
implementation methods are presented along with the
hardware and software design. Using a programmable logic
controller (PLC) as the central control unit, the system
responds to real-time sensor inputs to manage fan operation
efficiently. The control logic effectively reduces unnecessary
fan runtime, thereby optimizing energy usage. The
evaluation confirms that the intelligent control approach
results in notable energy savings, improves overall system
efficiency, and enhances economic performance.
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