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(iii) Declaration by the applicant(s)
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filed on DD/MM/YYYY under section 16 of the Act

The said invention is an |mprovement in or modification of the invention particulars
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matters slated herein are correct and we request that a patent may be granted to us for the said
invention.
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THE GAZETTEE OF INDIA - EXTRAORDINARY [PART II—Sec 3(ii))

FORM 2
THE PATENT ACT 1970
(39 of 1970)
&
The Patents Rules, 2003
PROVISIONAL/COMPLETE SPECIFICATION
(See Section 10 and Rule 13)

: COMPLETE \\\
| | | 710111798

PREDICTIVE HYGIENE FOR HEALTH MONITORING AND RISK '
REDUCTION USING MACHINE LEARNING ’

1. APPLICANT

(a) NAME: CHALLA SUNDEEP BABU, S. SABIYA SULTANA, PRASADU GURRAM,
PIRANGI HYMAVATHI, SHAIK MUNNISA BEGUM, NELLOJU
PRIYANKA, Dr. A. MANIKANDAN, Mr. A. LAKSHMI NARAYANA

The following specification particularly describes the invention
and the manner in which it is to be performed
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Field of Invention

This system integrates health informatics, environmental monitoring, and artificial
intelligence, with a focus on preventive healthcare. It combines IoT (Internet of Things)
technologies with smart sensing and Machine Learning (ML) to offer intelligent hygiene
management in real-world settings. Common applications include hospital infection control,
public health surveillance, cleanliness monitoring in schools and workplaces, and
transportation hygiene systems. By gathering real-time data on environmental variables,
human activity, and hygiene habits, the system gives predictive insights to lower the risk of
infection and contamination. ML models improve the ability to recognise abnormalities,
predict risk patterns, and make prompt decisions. This multidisciplinary discipline combines
computer science, biomedical engineering, public health, and environmental science to
develop scalable and adaptable solutions that increase h&giene compliance and promote

overall health safety in high-risk and densely inhabited areas.
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Backgrouhd of Invention

Maintaining high hygiene standards is critical for preventing the transmission of infectious
illnesses and protecting public health, especially in highly populated or high-risk areas.
Traditional hygiene monitoring systems frequently rely on physical inspections, periodic

5 audits, and human reporting, which can be ineffective and reactive. These constraints have
hjghlighted the need for more intelligent, data-driven methods to hygiene management. With

' the proliferation of loT devices and aﬂvances in ML, it is now possible to continuously
monitor hygiene-related data and anticipate potential health problems before they occur. ML
algorithms can analyse emormous amounts of sensor data, discover patterns, and predict

10  hygiene infractions with high accuracy. This proactive strategy facilitates faster responses,
increases compliance, and improves overall safety. Using real-time analytics and intelligent
predictions, predictive hygiene systems offer a scalable approach for improving cleanliness

standards in hospitals, schools, industrial settings, and public transit systems.

15

N
[=]

28-Apr-2025/42578/202541040761/Form 2(Title Page)



28-Apr-2025/42578/202541040761/Form 2(Title Page)

b

Object of Invention

e Raspberry Pi 4

¢ Temperature Sensor
e Humidity Sensor
Air Quality Sensor
e Proximity Sensor

¢ Touch Sensor

* Motion Sensor

¢ Bluetooth Module
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Summary of Invention

In recent years, the combination of IoT technology and Machine Learning (ML) has

transformed hygiene monitoring, shifting the paradigm from human inspections to intelligent,

automated solutions. These systems are especially effective in healthcare facilities, public

places, educational institutions, and industrial settings where hygiene directly affects health
and safety. Traditional hygiene approaches frequently rely on reactive cleaning schedules or
visual inspections, which are not necessarily effective. The current technique uses sensor-
based data collecting, real-time monitoring, and predictive analytics to improve hygiene
standards proactively. An embedded IoT sensor network serves as the system's backbone.
These sensors collect real-time data on environmental and behavioural factors influencing
cleanliness. Temperature sensors, such as the DHT22, can identify places where high
temperatures may promote microbial development. Humidity sensors, such as the SHT31,
monitor moisture levels to avoid mould and bacterial growth. Air quality sensors, such as the
CCS811, detect dangerous gases or contaminants that might impair hygiene. Motion and
proximity sensors (e.g., HC-SR501 and VL53L0X) detect human movement in sensitive
areas and can trigger cleaning warnings or record hygiene compliance. Additionally, touch

sensors monitor surface interactions, providing critical information on high-contact areas.

The Raspberry Pi 4 is the system's central microcontroller. Unlike basic microcontrollers,
the Raspberry Pi 4 has extensive computational capabilities, including multi-core processing
and Linux-based OS compatibility, allowing it to execute machine learning models locally
and manage real-time sensor data streams. It also offers edge computing, which is crucial in
circumstances where rapid decision-making is required without the use of cloud connectivity.
The Raspberry Pi 4 is suitable for handling several sensors' data at the same time, interpreting
it, and delivering actionable insights like hygiene alarms or predictive maintenance
schedules. The system communicates via the Bluetooth Module (HC-05). This module
enables reliable, low-power, short-range data transmission between the Raspberry Pi and
nearby devices such as tablets or smartphones. This local communication technique is
especially successful in situations with restricted internet connectivity, allowing hygiene
monitoring to continue continuous. The HC-05 enables authorised users to monitor sensor
data, receive alarms, and configure the system without requiring a continuous online

connection, which improves both security and usability.
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Machine Learning provides intelligence to the system by analysing sensor data and learning
from patterns. Support Vector Machines (SVM) and Random Forest algorithms can be used
on the Raspberry Pi to detect anomalies,‘predict future hygiene hazards, and automate
solutions. For example, the system may forecast when a surface needs to be cleaned based on
5 previous contact frequency, environmental variables, and movement patterns. It gradually
adapts and improves its predictions, minimising unwanted alarms while maintaining high
hygiene standards. It enables rapid hygiene actions, minimises manual monitoring
responsibilities, and promotes data-driven decision-making to keep the environment clean
and safe. By combining low-cost technology with powerful analytics, the system"provides

10  scalable hygiene solutions for both small- and large-scale applications.
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Detailed Description of Invention

The Raspberry Pi 4 is a sophisticated microcontroller that runs a full operating system
(Linux), providing additional versatility for dealing with complicated sensor data, real-time
analytit_is, and machine leaming. It can handle additional processing power, making it perfect
for sophisticated hygiene monitoring systems that demand data storage, cloud integration,

and real-time decision-making. The Raspberry Pi 4 is extremely customisable an
variety of connecting choices. : . '

d provides a

Temperature sensors are critical in detecting aberrant heat levels, which might indicate dirty
surroundings or places suitable to germ growth. These sensors aid in detecting potentially
contaminated surfaces or places at danger of infection. Embedded sensors, such as the

DHT22, provide real-time temperature readings to verify hygiene compliance in a variety of
scenarios.

Humidity sensers are essential for monitoring moisture levels in surroundings, as high
humidity can encourage bacterial or fungal growth. Sensors like the SHT31 detect hygiene
failures or health concerns by continuously detecting environmental humidity. These

embedded sensors provide reliable measurements, which are critical for maintaining hygiene
requirements.

Alr quality sensors detect the presence of dangerous particles, gases, or contaminants in the
atmosphere, which might impact hygiene levels. Sensors, such as the CCS811, use
embedded models to monitor VOCs, COz, and particulate matter in real-time, predicting

contamination hazards and maintaining cleaner, healthier surroundings.

Proximity sensors, such as the VL53L0X, detect the presence of people in hygiene-critical
places like sanitation stations or high-touch surfaces. When these embedded sensors detect
human activity, they automatically activate cleaning systems or alarms, assisting in the

prevention of contamination and ensuring that hygiene practices are followed consistently in

real time.

Touch sensors, such as the TTP223, detect the frequency and position of human touch on
surfaces like doorknobs, handrails, and disinfectant dispensers. These sensors assist track
hygiene practices and detect places that need to be cleaned or disinfected, ensuring that

surfaces remain safe and free of infection.
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Motion sensors, such as the HC-SR501, are installed to monitor human movement in

hygiene-sensitive locations. These sensors measure hygiene compliance in real time by

detecting behaviours such as handwashing and surface touch. They offer valuable data for

forecasting hygiene concerns and providing correct sanitation practices in different

environments.
The HC-05 Bluetooth module enables short-range communication between the hygiene
monitoring system and a nearby device (such as a smartphone or tablet). It is suited for
small-scale deployments or systems that Just require local connection, giving a dependable,
low-power choice for real-time sensor data transmission,
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Block Diagram
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Figure (it) shows the Raspberry Pi 4
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Figure (vi) shows the Proximity Sensor

Figure (ix) shows the Bluetooth Module
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Detailed Description of Drawings
(1) Figure (i) shows the Block Diagram
(2) Figure (i) shows the Raspberry Pi 4

The Raspberry Pi 4 is a sophisticated microcoritrol]er that runs a full operating system
(Linux), providing additional versatility for dealing with complicated sensor data, real-time
analytics, and machine learning. It can handle additional processing power, making it perfect
for sophisticated hygiene monitoring systems that demand data storage, cloud integration,

and real-time decision-making. The Raspberry Pi 4 is extremely customisable and provides a

variety of connecting choices.
(3) Figure (iii) shows the Temperature sensor

Temperature sensors are critical in detecting aberrant heat levels, which might indicate dirty
surroundings or places suitable to germ growth. These sensors aid in detecting potentially
contaminated surfaces or places at danger of infection. Embedded sensors, such as the

DHT22, provide real-time temperature readings to verify hygiene compliance in a variety of

scenarios.
(4) Figure (iv) shows the Humidity sensor

Humidl:ty sensors are essential for monitoring moisture levels in surroundings, as high
humidity can encourage bacterial or fungal growth. Sensors like the SHT31 detect hygiene
failures or health concerns by continuously detecting environmental humidity. These
embedded sensors provide reliable measurements, which are critical for maintaining hygiene

requirements.
(5) Figure (v) shows the Air quality sensor

Air quality sensors detect the presence of dangerous particles, gases, or contaminants in the
atmosphere, which might impact hygiene levels. Sensors, such as the CCS811, use
embedded models to monitor VOCs, CO., and particulate matter in real-time, predicting

contamination hazards and maintaining cleaner, healthier surroundings.
(6) Figure (vi) shows the Proximity sensor

Proximity sensors, such as the VL53L0X, detect the presence of people in hygiene-critical

places like sanitation stations or high-touch surfaces. When these embedded sensors detect
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human activity, they automatically activate cleaning systems or alarms, assisting in the

prevention of contamination and ensuring that hygiene practices are followed consistently in
real time.

(7) Figure (vii) shows the Touch sensors

Touch sensors, such as the TTP223, detect the frequency and position of human touch on
surfaces like doorknobs, handrails, and disinfectant dispensers. These sensors assist track
hygiené practices and detect places that need to be cleaned or disinfected, ensuring that

surfaces remain safe and free of infection.
(8) Fi'gure (viii) shows the Motion sensor

Motion sensors, such as the HC-SR501, are installed to monitor human movement in
hygiene-sensitive locations. These sensors measure hygiene compliance in real time by
detecting behaviours such as handwashing and surface touch. They offer valuable data for

forecasting hygiene concerns and providing correct sanitation practices in different

environments.
(9) Figure (ix) shows the Bluetooth Module

The HC-05 Bluetooth module enables short-range communication between the hygiene
monitoring system and a nearby device (such as a smartphone or tablet). It is suited for
small-scale deployments or systems that just require local connection, giving a dependable,

low-power choice for real-time sensor data transmission.
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Different Embodiment of Invention

i. ‘Wearable Devices: Monitor personal hygiene indicators such as handwashing
_ frequency.

ii.  Smart Dispensers: Monitor sanitiser usage and replenish requirements in real time.

Environmental Sensors: Monitor air quality, humidity, and surface cleanliness.
iv.  Camera-Based Monitoring - Analyse hygiene behaviours using video analytics.
Mobile Hygiene Apps — Offer alarms, reminders, and hygiene score tracking.

vi.  Automated Cleaning Robots - Clean chores based on forecasted risk zones.
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Application of Invention

a) Hospital Infection Control - Hospital infection control detects hygiene breaches to
‘ avoid healthcare-associated illnesses (HAls).
b) Smart Restrooms - Monitors cleanliness and usage trends to ensure timely cleansing.
5 c¢) Public Transportation Hygiene - Monitors surface -contamination risk in buses,

trains and stations.

d) School Sanitation Monitoring - Maintains sanitary conditions in classrooms and
‘common areas.

) Food Processing Facilities: Predicts contamination hazards to ensure safety and
10 compliance.
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We Claim

The invention of Predictive Hygiene for Health Monitoring and Risk 'Reduction Using
Machine Learning comprises of:

1) The technology detects hygiene problems in real time utilising live data feeds.

2) Prevents illnesses by predicting contamination before they arise.
3) Data-Driven decision support enables informed hygiene management with ML
predictions.
4) Scalable across environments, including hospitals, schools, factories, and public
venues.
5) Monitors cleanliness adherence without requiring manual involvement.
6) Connects seamlessly with smart sensors and devices to provide continuous
‘monitoring.
W . Lobin Juloom.
(CHALLA SUNDEEP BABU) (S. SABIYA SULTANA)
(ot — Hhyr—
(PRASADU’GURRAM) (PIRANGI HYMAVATHI)
(SHAIK MUNNISA BEGUM) (NELLOJU ERIYANKA)
(Dr. A. MANIKANDAN) (Mr. A. LAKSHMI NARAYANA)
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Abstract

Hygiene is an important aspect in maintaining public health, particularly in areas prone to
disease transmission, such as hospitals, schools, and public facilities. Traditional hygiene
monitoring systems are frequently manual and reactive, resulting in slow responses and
increased health hazards. Predictive hygiene uses machine learning (ML) to provide real-
time health monitoring and carly danger detection. ML systems like Random Forest and
Support Vector Machines can detect hygiene breaches and predict probable contamination
incidents by processing data from [oT sensors, environmental factors, and behavioural
patterns This proactive method allows for quick interventions, which improves hygiene
compliance and lowers infection rates. The system contmuously learns from historical and
real-time data to adapt to changing hygiene dynamics, resulting in better decision-making.
Predictive hygiene, with its ability to recognise trends and forecast results enables scalable
and effective health risk management. Integrating ML-driven hygiene solutions helps to

move public health efforts towards preventive, data-driven approaches in clinical and
community settings.
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