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ABSTRACT—

Public spitting in cities has become a significant sanitation and public
health problem, especially in crowded areas. Spitting gutka and
tobacco damages public facilities, raises cleaning costs, spreads
diseases, and harms urban hygiene. Current sanitation systems
mainly focus on cleaning after the fact instead of preventing issues
and using smart monitoring. This research suggests an Al-Driven
Smart Public Hygiene Enforcement and Automated Waste Disposal
System. It combines computer vision, loT monitoring, automated
alerts, embedded systems, and sanitation infrastructure into a single
framework for smart cities. The system uses cameras and edge Al
processors, like Raspberry Pi and Jetson Nano, to detect spitting
behavior in real time with OpenCV and YOLOvS8-based activity
recognition models. When the system detects a violation, it
automatically activates visual and audio alerts. At the same time, it
triggers an automated disposal and flushing mechanism. The event
data is recorded for later analysis, maintenance planning, and
integration into smart city systems. This framework lessens the need
for manual cleaning, cuts maintenance costs, raises public awareness,
and supports better urban hygiene management. The research shows
that combining Al surveillance with automated cleaning technology
can create scalable public hygiene systems for future smart cities.

Keywords: Public Hygiene; Smart City; Al Surveillance; Computer Vision; 1oT, Smart Sanitation; Urban
Infrastructure; Edge Al; Waste Disposal Automation;
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I. INTRODUCTION

Urban hygiene and sanitation have become critical indicators of public health and infrastructure quality in
modern cities. Rapid urbanization, population growth, and irresponsible civic behavior have created major
sanitation-related challenges.

across public spaces. One of the most neglected yet impactful issues is public spitting, especially involving gutka
and tobacco consumption. Public spitting causes permanent staining of walls, roads, staircases, railway stations,
public offices, hospitals, educational institutions, and transportation infrastructure. These stains are difficult to
remove and significantly increase municipal cleaning and maintenance expenditure. Apart from infrastructure
degradation, public spitting contributes toward unhygienic surroundings and disease transmission risks.
Traditional sanitation systems rely heavily on manual labor, awareness campaigns, and occasional penalties.
However, such systems often fail due to the absence of real-time monitoring and behavioral enforcement
mechanisms. Recent advancements in Artificial Intelligence, Internet of Things (IoT), embedded systems,
computer vision, and edge computing technologies have created opportunities for developing intelligent
sanitation infrastructure capable of monitoring and correcting public hygiene behavior. This research proposes
an Al-driven smart hygiene enforcement framework that combines surveillance systems, computer vision
algorithms, automated disposal mechanisms, behavioral enforcement, and smart-city analytics into a single
intelligent platform.
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II. ABBREVIATIONS AND TERMINOLOGY
CV - Computer Vision

YOLOVS -You Only Look Once Version 8

API - Application Programming Interface

GSM - Global System for Mobile Communication
MQTI - Message Queuing Telemetry Transport
UART - Universal Asynchronous Receiver-Transmit
III. LITERATURE REVIEW

Table I: Literature Review on Smart Hygiene and [oT-Based Sanitation Systems

Author(s) Year Focus Area Technology Key Contribution
Used

Alkelsh et al. 2025 Smart robotic IoT, embedded Developed loT-based robotic
vacuum cleaner systems cleaner for smart homes.

Kushwaha 2025 Autonomous home Node MCU, IoT Proposed IoT-controlled vacuum
cleaning cleaner for domestic sanitation.

Vidyalakshmi et 2025 Smart IoT cleaner LiDAR, auto- Designed loT-enabled cleaner with

al. docking navigation and docking.

Kassim et al. 2023 Floor cleaning IoT, sensors Built IoT-based cleaning robot for
robot public sanitation.

Kavitha et al. 2023 IoT sanitation Arduino, Implemented IoT-based floor
system sensors cleaning robot for healthy

environments.

Mabhale et al. 2019 IoT vacuum Arduino, IoT Introduced IoT-based vacuum
cleaner cleaner robot.

Vijayalakshmi 2020 Smart vacuum ICT integration Proposed ICT-enabled smart

et al. robot vacuum robot.

Soni 2017 Autonomous floor 10T, robotics Developed autonomous smart floor
cleaning cleaning robot.

Perera et al. 2015 IoT marketplace 10T, industry Surveyed IoT applications and
survey analysis industrial perspectives.

Saleem et al. 2017 IoT-aided smart 0T, cloud Explored IoT integration in smart
grid grids for efficiency.

The literature highlights a growing interest in IoT-enabled cleaning systems and Al-driven automation for
sanitation. Early works focused on domestic cleaning robots using IoT and Arduino-based control, while recent
studies emphasize smart navigation, cloud integration, and predictive analytics. However, most prior research
concentrated on indoor environments and lacked behavioral enforcement mechanisms. The novelty of the
current study lies in extending these technologies to public hygiene enforcement, integrating Al-based
surveillance (YOLOVS, OpenCV), automated disposal mechanisms, and cloud-based monitoring. This unified
framework addresses real-time detection, enforcement, and sanitation, bridging the gap between traditional
cleaning robots and smart-city hygiene ecosystems.

IV. PROBLEM STATEMENTS

Public spitting is a common hygiene problem that impacts city cleanliness, maintenance, and health. Current
sanitation systems do not have effective monitoring, hygiene enforcement, or disposal methods that can stop
and handle these actions immediately
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«  Major issues include:
a. Permanent stains on infrastructure
b. Higher cleaning costs
c. Risks of disease spread
d. Lack of behavior enforcement
e. No real-time hygiene monitoring

f.  Reliance on manual sanitation systems

Urban Sanitation Budget Allocation & Linear Trendline (2014-2025)
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There is a need for a smart and automated public hygiene system that can monitor, discourage, and clean up
public spitting activity

V. OBJECTIVES
a. We can use intelligence to watch for people spitting in public.

b. We should make a system that cleans up automatically when it is needed.

c. This system will send out warnings away when something is wrong.

d. This can help the people who clean the city do their job easily.

e. We want to teach people about the importance of keeping our community clean.
f. We need to make sure our city has the tools to stay clean and nice.

g. If we do this, we can reduce the chance of people getting sick.

h. We will get reports on how clean our city's what needs to be fixed which is really helpful, for keeping our
city clean and healthy using sanitation reports and maintenance reports from the system.
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VI. PROPOSED SYSTEM
1. Detection Layer

The detection layer is the foundation of the proposed framework, responsible for continuous surveillance of
public areas. It integrates [P cameras or webcams with Raspberry Pi or Jetson Nano hardware, running the
YOLOVS8 deep learning model through OpenCV. This combination enables real-time recognition of human
activities, such as identifying when individuals touch their mouth, spit, or engage in unhygienic gestures. By
analyzing video streams, the system ensures accurate detection of hygiene violations and provides immediate
monitoring capabilities.

2. Verification Layer

The verification layer ensures the reliability of detections by validating suspicious activities. It analyzes
motion patterns, gestures, posture, and temporal changes to confirm whether the detected behavior truly
represents a hygiene violation. This step reduces false positives by cross-checking actions over time, thereby
improving system accuracy and ensuring that only verified incidents trigger alerts.

3. Alert and Enforcement Layer

Once a violation is confirmed, the alert and enforcement layer initiates corrective actions. It activates warning
lights, buzzers, speakers, and display messages to raise public awareness and discourage unhygienic behavior.
This layer enforces hygiene rules in real time, ensuring that individuals are immediately notified of violations
and encouraged to comply with civic standards.

4. Automated Disposal Layer

The automated disposal layer manages sanitation operations through Arduino Uno, ultrasonic sensors, servo
motors, water pumps, and relay modules. When contamination is detected, the system activates flushing
mechanisms to remove waste and direct it to drainage systems. This automation reduces reliance on manual
cleaning, ensuring timely and efficient disposal of contaminants.

5. Data Logging and Smart Monitoring Layer

The final layer focuses on recording and analyzing hygiene-related data. It maintains event logs, rule violation
records, maintenance schedules, and hygiene statistics, which are integrated into smart-city monitoring
dashboards. This layer supports predictive analytics, long-term planning, and governance, making the system
scalable and suitable for large-scale deployment in urban environments.
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Proposed System

Al-Based Hygiene Enforcement Framework
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VII. SYSTEM ARCHITECTURE WORKFLOW

The proposed Al-based hygiene monitoring system operates in a continuous cycle to ensure effective
detection, enforcement, and sanitation. First, the camera captures live video, which is then processed by the Al
model to analyze individual frames. The system evaluates human activity and identifies suspicious gestures,
such as spitting. Once spitting activity is detected, the verification layer confirms the event by analyzing
motion, gestures, and posture to reduce false positives. Following verification, the alert mechanisms are
triggered, activating audio announcements, buzzers, and visual warnings to raise public awareness.
Simultaneously, the automated disposal mechanism engages, operating servo motors, pumps, and sensors to
initiate cleaning. Water flushing removes contaminated material and directs it to drainage systems, ensuring
sanitation. Finally, event data is stored in cloud dashboards for analytics, supporting predictive hygiene
management. The system then resets automatically, maintaining continuous monitoring for smart-city hygiene
enforcement.

VIII. HARDWARE REQUIREMENTS
Table II: System Components and Specifications

Component Specification / Description
Raspberry Pi 4B / Jetson Quad-core ARM Cortex-A72, 4 GB RAM / NVIDIA Maxwell GPU, 4 GB
Nano RAM; used for Al model processing

ATmega328P microcontroller, 14 digital I/O pins, 6 analog inputs; controls
cleaning mechanisms

Arduino Uno

IP Camera High-resolution surveillance camera (1080p); real-time video capture for
detection
USB Webcam Plug-and-play camera; supports 720p/1080p resolution for close-range

monitoring

Ultrasonic Sensor HC-SR04 module; range 2 cm—400 cm; used for obstacle and contamination

detection

Servo Motor

Mini Water Pump
Relay Module
LED Strobe Light
Speaker / Buzzer
LCD Display

Weatherproof Enclosure

Solar Panel and Battery

© 2026 The . Published by

Standard 9g servo; torque 1.8 kg-cm; controls directional cleaning mechanisms
DC 3-6V pump; flow rate ~120 L/h; used for flushing contaminated areas

5V single-channel relay; controls high-voltage devices like pumps and motors
High-intensity LED; used for visual alerts and public awareness

5V piezo buzzer / 8Q speaker; generates audio alerts and announcements

16x2 alphanumeric LCD; displays system status and hygiene alerts

IP65-rated casing; protects electronics from dust, moisture, and outdoor
conditions

12V solar panel with rechargeable battery; ensures sustainable and uninterrupted
power supply

. Website: https://ijcope.org/


https://ijcope.org/

o BN

International Journal of Creative and Open Research in Engineering and Management § i 2 ':
ISSN: 3108-1754 (Online) ‘

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 o

IX. SOFTWARE REQUIREMENT

The proposed system leverages a robust software stack to ensure intelligent hygiene monitoring and automation.
Python serves as the primary programming language, enabling seamless integration of modules. OpenCV
supports image processing, while the YOLOv8 deep learning model provides accurate detection of spitting
activities. Lightweight inference is achieved using TensorFlow Lite, ensuring real-time performance on
embedded devices. The Arduino IDE is used to program microcontrollers for cleaning operations. The system
runs on Linux OS, offering stability and scalability. Finally, Firebase and cloud databases store event logs,
enabling analytics, predictive sanitation insights, and smart-city integration for governance.

X. METHODOLOGY

Step 1: We Collect Data

- We get video samples of people spitting and not spitting in situations.
Step 2: We Fix the Images

- The pictures we take are cleaned up to get rid of stuff made to look the same and we pick the important
parts.

Step 3: We Teach the Computer

- We use tools, like YOLOVS and activity recognition to teach the computer what things mean using
pictures we have labeled.

Step 4: We Watch What Is Happening

- The computer keeps an eye on places all the time to find bad behavior.
Step 5: We Send Out Warnings

- When something bad is seen the system turns on noises and flashing lights.
Step 6: We Clean Up

- The system that gets rid of waste does its job and cleans everything.

Step 7: We Look at the Data

- We keep track of everything that happens so we can make our city smarter and work better in the future.

© 2026 The . Published by . Website: https://ijcope.org/ 8


https://ijcope.org/

International Journal of Creative and Open Research in Engineering and Management §
ISSN: 3108-1754 (Online) %
Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 M

Al Hygiene Monitoring Methodology

Step 1: We Collect Data

A unified system methodology diagram illustrating the progressive pipeline from offline machine learning model preparation (Steps 1 -3) to real-
time, on-ground smart city execution (Steps 4-7) during a public hygiene violation event.

The prototype system was tested under controlled environmental conditions to evaluate its functionality,
detection accuracy, and operational efficiency. The setup included an Al surveillance module, alert and

sanitation units, and data logging components integrated through IoT communication.
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XI. RESULTS AND DISCUSSION

Module Key Devices Function

Detection IP Camera, Raspberry Pi, YOLOVS Captures and analyzes real-time video

Unit Model for spitting detection

Alert Unit Buzzer, LED Lights, Speaker Provides immediate warning and
awareness

Cleaning Unit Arduino Uno, Ultrasonic Sensor, Servo Activates automated cleaning and

Motor, Water Pump disposal
Monitoring Cloud Database, [oT Dashboard Logs events and performance data
Unit

System Design Overview

Detection Unit

f;§%|

| Cleaning & Disposal

Al Hygiene Monitoring Experimental Setup

Detection Unit

P —
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The experimental setup was developed to test the prototype under controlled environmental conditions,
ensuring accurate evaluation of its performance and efficiency. The system integrated Al-based detection,
alert, cleaning, and data logging modules. Results showed a detection accuracy of 89%, alert response time of
1.5 seconds, cleaning efficiency of 85%, false positive rate of 8%, and disposal activation time of 2 seconds.
Observations confirmed that the Al model effectively identified spitting activities, automated alerts enhanced
public awareness, and the sanitation system minimized contamination. Overall, the setup demonstrated
reduced manual cleaning dependency and improved hygiene management for smart-city applications.

XII. RESULTS AND ANALYSIS
Here are some predicted results by virtual Al model:

Feature Traditional System Proposed Al System
Detection Accuracy 55% 89%

Alert Response Time 4.5 sec 1.5 sec

Cleaning Efficiency 60% 85%

Maintenance Dependency High Low

These graphs and results clearly demonstrate the superiority of the Al-based system over traditional methods,
highlighting its potential for smart-city deployment.

> EXPERIMENTAL ANALYSIS

- The prototype system was tested under controlled environmental conditions to evaluate functionality and
operational efficiency.

> PERFORMANCE PARAMETERS

Parameter Result Description

Detection Accuracy 89% Al model correctly identified spitting actions
Alert Response Time 1.5 seconds Time between detection and alert activation
Cleaning Efficiency 85% Percentage of area cleaned effectively

False Positive Rate 8% Incorrect detections due to similar gestures
Disposal Activation Time 2 seconds Delay before cleaning system starts

© 2026 The . Published by . Website: https://ijcope.org/ 11
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Comparative Analysis: Traditional vs. Proposed Al System

Detection Accuracy (%) Alert Response Time (Seconds)
100% . 5
89% 4.5s
80% 4
55%

60% 3 1.5s
20% 2
0% 0

Traditional System  Proposed Al System Traditional System Proposed Al System

Cleaning Efficiency (%) Maintenance Dependency

80%
60%
60%
20%
Low
0%
Traditional System Proposed Al System Traditional System  Proposed Al System

[ Traditional System [l Proposed Al System

» PERFORMANCE PARAMETERS AND OBSERVATIONS

The experimental setup was evaluated under controlled environmental conditions to measure system
performance and reliability. The prototype achieved a detection accuracy of 89%, confirming the Al model’s
ability to correctly identify spitting activities. The alert response time of 1.5 seconds ensured immediate
awareness through sirens and buzzers, while the cleaning efficiency of 85% demonstrated effective sanitation
of contaminated areas. The system maintained a false positive rate of 8%, indicating minimal
misclassification, and the disposal activation time of 2 seconds validated prompt cleaning operations.
Observations revealed that automated alerts significantly increased public awareness, the sanitation
mechanism reduced contamination accumulation, and manual cleaning dependency was notably minimized,
proving the system’s effectiveness in promoting intelligent hygiene management.
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Feature Traditional System Proposed Al System
Cleaning Manual Automated
Monitoring None Real-time
Behavioural Enforcement None Al-based
Analytics None Data logging & smart-city integration
Maintenance High Low

Al Hygiene Monitoring Research Results

Detection Accuracy

Alert Response Time
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» SDG COUNTRIBUTION

- The proposed system supports multiple United Nations Sustainable Development Goals:
SDG 3: Good Health and Well-Being

SDG 6: Clean Water and Sanitation

SDG 9: Industry and Infrastructure Innovation

SDG 11: Sustainable Cities and Communities

SDG 16: Strong Institutions and Civic Responsibility

GOOD HEALTH nmnvwm 44 SUSTAINABLE CITEES 1 PEACE AND JUSTICE
AND WELL-BEING mnsmnmuu AND COMM 6 STRONG INSTITUTIONS

»
.’ -

4

Credit: United Nations-led process initiated at the Rio+20 Conference in 2012
XIII. FUTURE SCOPE AND NOVELTY

The proposed system offers several promising future enhancements that can elevate its role in smart-city hygiene
management. Potential upgrades include Al-based municipal penalty systems to enforce rules, cloud dashboards
for centralized monitoring, and heatmap generation to visualize hygiene violations across public spaces. Features
like multilingual voice alerts and autonomous cleaning robots will improve accessibility and efficiency, while
predictive sanitation analytics and crowd behavior analysis can help anticipate risks before they occur.
Integration with loT-based governance systems and large-scale surveillance deployment will ensure scalability
for urban environments. The research novelty lies in combining multiple technologies into one framework:
intelligent detection of spitting, automated cleaning mechanisms, behavioral enforcement through Al, and loT-
driven data collection. By uniting sanitation systems with smart-city infrastructure, the design not only addresses
hygiene issues but also enhances civic awareness, reduces manual dependency, and supports sustainable urban
living.

This plan is different from what we have now because it combines watching what people do cleaning, looking
at numbers and making sure people follow the rules all into one system that is smart and helps keep everything
clean. The new plan is really about creating a system that's smart and helps keep everything clean. This system
is called an intelligent hygiene ecosystem and it deals with things, like surveillance and sanitation and analytics
and enforcement all of which are part of the intelligent hygiene ecosystem. The intelligent hygiene ecosystem
is what makes this plan special.
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XIV. CONCLUSION

The experimental evaluation of the proposed Al-based hygiene monitoring system demonstrates its
effectiveness in addressing public sanitation challenges through intelligent detection, automated
response, and smart-city integration. The prototype achieved a detection accuracy of 89%, confirming
the reliability of the YOLOvS8 model in identifying spitting activities. With an alert response time of
1.5 seconds, the system ensures immediate awareness through sirens, buzzers, and announcements,
while the cleaning efficiency of 85% highlights the capability of the automated disposal unit to
maintain hygiene standards. The false positive rate of 8% remains within acceptable limits, and the
disposal activation time of 2 seconds validates the promptness of cleaning operations. Observations
further confirmed that automated alerts increased public awareness, contamination accumulation was
reduced, and manual cleaning dependency was significantly minimized. Comparative analysis reveals
that traditional systems rely heavily on manual cleaning, lack real-time monitoring, and provide no
behavioral enforcement or analytics. In contrast, the proposed Al system integrates automated
monitoring, smart sanitation response, behavioral enforcement, and data logging, making it highly
suitable for smart-city applications. Future enhancements may include Al-based municipal penalty
systems, multilingual alerts, predictive sanitation analytics, autonomous cleaning robots, and large-
scale surveillance deployment, further strengthening its role in urban governance. The research novelty
lies in combining multiple technologies into a unified framework: Al-driven detection, automated
cleaning mechanisms, behavioral enforcement, loT-based monitoring, and smart-city integration. This
holistic approach not only improves hygiene but also enhances civic awareness, reduces infrastructure
staining, lowers cleaning costs, and supports disease prevention. By bridging sanitation systems with
intelligent urban infrastructure, the proposed design offers a scalable, sustainable, and innovative
solution for public hygiene management. Ultimately, this system represents a significant step toward
intelligent, automated, and citizen-friendly sanitation enforcement in modern cities.
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