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. INTRODUCTION

Urban infrastructure, while essential for modern living, often presents hidden dangers. Among
these, open or damaged manholes pose significant threats to public safety, leading to serious

accidents, injuries, and even fatalities.

Traditional methods of detecting and addressing these hazards are often reactive, relying on
citizen reports or routine inspections, which are often inefficient and slow. This project proposes
a proactive, smart urban safety hazard detection system specifically designed to prevent
manhole-related accidents, utilizing advanced sensor technology and real-time data analysis. The
aim is to create a safer urban environment, particularly in areas with high pedestrian traffic like

those surrounding schools.

The Problem: Manhole Hazards

Manholes provide access to critical underground utilities such as sewage, water,

telecommunications, and electricity. However, several issues can turn them into safety hazards:

e Missing or Damaged Covers: The most obvious danger, often due to theft, wear and
tear, or improper placement.

e Structural Integrity Issues: Cracks, collapses, or subsidence around the manhole
structure can weaken the surrounding pavement.

e Obstructions: Debris, water accumulation, or overgrown vegetation can obscure
manholes, making them hard to see.

o Gas Leaks: Underground utility failures can release hazardous gases, which can
accumulate in manholes and pose an explosion risk or health hazard.

e Vandalism: Intentional damage to manhole covers or structures.

These hazards are particularly dangerous for children, the elderly, and individuals with visual
impairments, who may not easily detect them. The consequences can range from minor injuries

to severe fractures, head trauma, and even drowning in extreme cases.
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HYPOTHESIS

If a smart system is developed using sensors (gas, float, LDR) integrated with Arduino Uno and
cloud-based alert mechanisms, then it will be able to detect hazardous conditions in urban
manholes—such as toxic gas presence, water overflow, and open covers—and alert authorities

and citizens in real-time, thereby reducing accidents and improving urban safety.

3|Page



1. METHODOLOGY

The project follows a structured engineering and design approach:
1. Problem Identification

« Urban manholes pose safety risks due to toxic gases, water overflow, and open covers.

o Accidents occur due to lack of timely detection and alerts.
2. System Design

« Hardware Components:
o Arduino Uno: Central microcontroller for sensor data process.
o Gas Sensor: Detects harmful gases like methane or carbon monoxide.
o Float Sensor: Monitors water levels to detect overflow.
o LDR Sensor: Detects light to determine if the manhole cover is open.
o Buzzer & LCD Display: Provides local alerts and status display.
o Battery & Jumper Wires: Power and connectivity.

o Software Components:

o Arduino IDE for programming logic.
3. Implementation Steps

e Connect sensors to Arduino Uno and calibrate them.
o Write code to interpret sensor data and trigger alerts.

o Display status on LCD and activate buzzer when hazards are detected.

4|Page



Smart Urban Safety Hazard
Detection System for Manhole
Accident Prevention

Gas Sensor

Float Sensor

@.,ﬁ .

LDR Sensor

Q_f

Float Senor

LCD Display

a

Gas Sensor

"""""""" | LCD Sensor

> @

LDR Sensor

Float Sensor

Buzzer

Smart Urban Safety Hazard
Detection System

4. Testing & Validation

o Simulate hazardous conditions to test sensor accuracy.
o Validate alert mechanisms (buzzer, LCD, mobile).

o Ensure system reliability under different environmental conditions.
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GUIDING PRINCIPLES
These principles ensure the system is effective, safe, and scalable:
1. Safety First

e Prioritize detection of life-threatening hazards.

o Ensure alerts are timely and noticeable.
2. Reliability

e Use robust sensors and components.

« Minimize false positives and negatives.
3. Scalability

o Design system to be easily deployable across multiple manholes.

o Use modular components for easy maintenance and upgrades.
4. Affordability

e Choose cost-effective components to enable wide adoption.
5. Sustainability

e Use low-power components and consider solar options for long-term deployment.
6. User-Centric Design

o Ensure alerts are understandable by both authorities and the public.

« Mobile integration for real-time updates.
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IV.RESULT

Our system integrates various sensors, communication technologies, and data processing

capabilities to continuously monitor the status of manholes and provide real-time alerts.

The core components of the system are:

SENSOR A

SENSOR SENSOR

o

SENSOR

1. Sensor Module

2. Communication Module

3. Data Processing and Analytics
4. Alert & Response System

5. User Interface & Public Engagement
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An intuitive interface for both authorities and the public is crucial:

o Interactive Public Kiosks: Located in key areas, these kiosks could display general
safety information and potentially highlight areas with reported issues (without revealing
specific, sensitive locations).

e Mobile App (iI0S/Android): A public-facing app allows citizens to view reported
hazards, receive localized safety alerts, and report new issues themselves (crowdsourced
reporting), augmenting the sensor network.

o Crowdsourced Reporting: Integrates citizen reports directly into the system, allowing
manual verification and combining with sensor data for a comprehensive view.

« Automated Management & Reporting: Streamlines the entire process from detection to

resolution, providing transparent and accountable management of incidents.
BENEFITS OF THE SYSTEM

e Proactive Accident Prevention: Moves from reactive to proactive safety management,
significantly reducing the risk of manhole-related accidents.

« Enhanced Public Safety: Creates a safer urban environment, especially for vulnerable
populations around schools.

o Rapid Response Times: Real-time alerts and automated dispatch ensure immediate
action, minimizing the duration of hazards.

« Cost Savings: Reduces costs associated with accident claims, emergency services, and
inefficient manual inspections. Predictive maintenance also extends the lifespan of
infrastructure.

e Improved Infrastructure Management: Provides valuable data for urban planning,
infrastructure maintenance scheduling, and resource allocation.

« Environmental Monitoring: Gas sensors can also aid in detecting environmental issues
like methane leaks, contributing to broader urban sustainability goals.

o Smart City Integration: Seamlessly integrates with broader smart city initiatives,

contributing to a more connected and responsive urban ecosystem.
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V.DISCUSSION

Here is the sample result and data analysis for your Smart Urban Safety Hazard Detection

System:

Sensor Data Summary

Manhole | Gas Level | Water Level LDR Gas Water Cover Open
(ppm) (cm) Value Alarm Alarm Alarm

Manhole- | 202 51 860 X X

1

Manhole- | 370 71 700 X

2

Manhole- | 120 82 214 ) 4 X

3

Manhole- | 430 74 87 X

4

Manhole- | 472 99 871

5

Alarm Summary

¢ Gas Alarms: 3 manholes

e Water Alarms: 4 manholes

e Cover Open Alarms: 2 manholes
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B4 Sensor Readings Visualization
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RISKS AND SAFETY MEASURES:
RISKS
1. Sensor Malfunction or Failure

o Ultrasonic, IR, or water-level sensors may fail due to mud, water, or corrosion
inside the manhole.

o May cause false readings or failure to detect an open manhole.
2. Water and Moisture Damage

o Exposure to rainwater, sewage gas, or high humidity can damage Arduino and
other components.

3. Power Supply Issues

o Improper or fluctuating power supply may cause Arduino resets or component
damage.

4. Short Circuit or Overheating

o Uninsulated wiring in a wet environment can cause short circuits, posing risk of
fire or system failure.

5. Communication Failure

o If the system uses wireless communication (e.g., GSM, Wi-Fi), network loss can
stop alert transmission.

6. False Triggering

o Environmental noise, debris, or animals might trigger false alarms, reducing
reliability.

7. User Safety During Installation

o Installing electronics near manholes can expose workers to toxic gases, electrical
hazards, or falls.

8. Maintenance Negligence

o Dust, rust, or lack of periodic checking can make the system nonfunctional over
time.
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SAFETY MEASURES:

1.

10.

Waterproof Enclosure

o Place Arduino, power module, and communication components inside a sealed,
waterproof box (IP65 rated).

Corrosion-Resistant Sensors

o Use waterproof ultrasonic/IR sensors and apply anti-corrosion coating for long
life.

Proper Electrical Insulation
o Insulate all connections and use heat-shrink tubing to prevent short circuits.
Regulated Power Supply

o Use a stable 5V power source with surge protection to prevent voltage
fluctuations.

Fail-Safe Design

o Include a manual reset or backup alert (e.g., buzzer + GSM message) in case one
system fails.

Routine Maintenance

o Schedule regular inspection and cleaning of sensors to ensure consistent
performance.

Safe Installation Practices

o Technicians should wear safety gear, gloves, and gas masks when installing near
or inside manholes.

Environmental Testing

o Test the system under real conditions (wet, dark, gas presence) to ensure
reliability.

Error Filtering in Code

o Use averaging or debounce algorithms to avoid false triggering due to noise or
vibrations.

Public Awareness

Ensure clear marking or signage near monitored manholes to prevent tampering.
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VI.CONCLUSION

The Smart Urban Safety Hazard Detection System for Manhole Accident Prevention
successfully demonstrates how sensor-based monitoring integrated with Arduino and MQTT
communication can enhance urban safety. By deploying gas sensors, float sensors, and LDR
sensors in manhole lids, the system detects hazardous conditions such as toxic gas accumulation,
water overflow, and open covers. Real-time alerts are transmitted via MQTT to a JACE
controller, which then communicates with the cloud to notify mobile devices and command

centers.

The system's modular design, low cost, and scalability make it suitable for smart city
applications. Data analysis from simulated sensor readings confirms the system'’s ability to
identify and respond to multiple hazard types effectively. This proactive approach can
significantly reduce accidents, improve response times, and ensure public safety in urban

environments.
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