1.PROJECT TITLE: IOT-BASED ENVIRONMENT PRIVACY
ENFORCEMENT SYSTEM

1. Introduction

The rapid growth of smart environments driven by Internet of Things (IoT) technologies has led
to widespread deployment of cameras, microphones, and connected sensors in offices, hospitals,
classrooms, meeting rooms, and smart homes. While these technologies enhance monitoring,
automation, and security, they also introduce serious privacy risks, particularly unauthorized photo
taking, video capture, and audio recording without consent.

In many privacy-sensitive environments, individuals are unknowingly exposed to surveillance
through personal smartphones or embedded recording devices. Existing security and surveillance
systems primarily focus on data collection rather than privacy protection, and most rely on manual
control or user compliance. There is limited adoption of automated systems capable of detecting
and enforcing privacy rules in real time.

Therefore, this project proposes an IoT-Based Environment Privacy Enforcement System that
automatically detects privacy-sensitive situations and enforces privacy by blocking unauthorized
image, video and audio recording. The system integrates [oT sensors, embedded controllers, and
enforcement mechanisms to protect individuals’ privacy while maintaining transparency and
accountability within smart environments.

2. Problem Statement

Despite increased awareness of data protection and privacy rights, unauthorized photo and audio
recording remains a significant challenge in smart environments. Privacy violations commonly
occur in places such as hospitals, offices, classrooms, and meeting rooms where confidential
discussions or personal activities take place. The key challenges include Lack of automated
mechanisms to prevent unauthorized photo and audio recording, Over-reliance on manual
supervision and warning notices, Difficulty in detecting covert recording activities in real time,
Absence of physical enforcement mechanisms to disable recording devices, Limited logging and
accountability for privacy violations as a result, individuals’ privacy is frequently compromised,
leading to loss of trust, confidentiality breaches, and potential legal implications. Therefore, there
is a need for a real-time, automated, and enforceable IoT-based privacy protection system.

3. Objectives of the Project
3.1 Main Objective

To design and implement an IoT-based system that automatically enforces privacy by detecting
and preventing unauthorized photo and audio recording in privacy-sensitive environments.

3.2 Specific Objectives
e To detect human presence in designated privacy zones using [oT sensors
e To identify unauthorized camera and microphone activation
o To automatically disable photo and audio/video recording devices in restricted areas

o To provide real-time alerts and notifications to users



o To log privacy enforcement events for monitoring and accountability
4. Scope of the Project
The project will focus on privacy-sensitive environments, including:

e Offices and meeting rooms like in parliament.

o Hospital wards and consultation rooms

o In bridges (ports and ferry crossing)

e Restricted smart area like mtera.

The system will be implemented as a functional prototype using low-cost loT hardware. It will
enforce privacy at the device level without storing personal images or audio recordings. The
project scope includes system design, implementation, testing, and demonstration in a controlled
environment.

S. Significance of the Project
Privacy Protection
e Prevents unauthorized image and audio capture
o Enhances confidentiality in sensitive environments
Technological Impact
e Introduces automated privacy enforcement in loT environments(smart environment)
o Demonstrates practical integration of sensors and control mechanisms
Social Impact
e Builds trust in smart environments
e Protects vulnerable individuals in hospitals and institutions
Policy and Compliance Support
e Supports compliance with data protection and privacy regulations
o Provides accountability through event logging
6. Methodology

The project will follow a System Development Life Cycle (SDLC) approach consisting of the
following phases:

Phase 1: Requirement Analysis

Identification of privacy-sensitive scenarios, system requirements, and enforcement rules through
observation and literature review.



Phase 2: System Design

Design of system architecture, privacy enforcement logic, and communication flow between
sensors, controllers, and enforcement units.

Phase 3: Hardware Development

Integration of ESP32 microcontrollers with PIR motion sensors, camera and microphone modules,
relay units, and alert devices.

Phase 4: Software Development

Development of embedded firmware using Arduino IDE to process sensor data and trigger
enforcement actions.

Phase 5: System Integration and Testing

Testing of presence detection, recording detection, enforcement response time, and system
reliability.

Phase 6: Deployment and Evaluation

Deployment of the prototype in a simulated privacy environment and evaluation of its
effectiveness in preventing privacy violations.

7. System Requirements
7.1 Software Requirements
e Arduino IDE
e Embedded C/C++
e Web technologies (HTML, CSS, JavaScript — optional dashboard)
e Communication protocols (Wi-Fi/ MQTT — optional)
7.2 Hardware Requirements
e ESP32 microcontroller
e PIR motion sensor
e Camera module / ESP32-CAM
e Microphone / sound sensor
o Relay module
e LED and buzzer for alerts

o Power supply



8. Literature Review.

Previous studies on IoT systems have primarily focused on surveillance, automation, and data
collection, with limited emphasis on active privacy enforcement. Research on privacy-preserving
IoT highlights the importance of access control and data security but lacks practical enforcement
mechanisms at the physical device level. Existing solutions do not adequately address real-time
blocking of unauthorized recording activities. This project addresses this gap by introducing an
IoT-based system that enforces privacy through direct hardware control and automated decision-
making.

9. Expected Outputs
e Functional IoT-based privacy enforcement prototype
e Automated photo and audio recording blocking mechanism
e Real-time alert and notification system
e Privacy enforcement event logs
o System architecture and documentation

10. Conclusion

The IoT-Based Environment Privacy Enforcement System will provide a practical and effective
solution to privacy challenges in smart environments. By integrating loT sensors, embedded
controllers, and automated enforcement mechanisms, the system prevents unauthorized photo,
audio and video recording in real time unfortunately has granted a permission and the IoT been
switched OFF. The project contributes to privacy protection, trust building, and responsible use of
IoT technologies, making it suitable for deployment in modern smart environments



2.PROJECT TITLE: DIGITAL MONITORING AND PAY-
AS-YOU-GO LPG SYSTEM

1. Introduction

Access to affordable, safe, and clean cooking energy remains a major challenge for many
households in Tanzania. Although LPG is a cleaner alternative to charcoal and firewood, its
adoption is slowed by high upfront refill costs, lack of flexible payment mechanisms,
unpredictable gas depletion, safety concerns, and limited digital inclusion. Several PAYGo LPG
initiatives already exist; however, most focus only on basic payment unlocking and simple gas
metering without providing advanced consumption prediction, household budgeting tools,
inclusive access for low-literacy users, community energy sharing options, or structured
environmental data monitoring.

Therefore, the Smart Gas will introduce a new-generation of LPG management system that
transforms PAY Go from a simple transaction platform into a Smart Cooking Ecosystem. The
project will combine real-time gas measurement, Pay-As-You-Go micro-payments, Al-based
usage forecasting, voice and USSD access in Kiswahili and English, automated safety shutoff
systems, and climate-impact data tracking. This integrated approach will empower households,
strengthen supplier distribution efficiency, and support government clean-cooking policies with
accurate data.

2. Problem Statement

Despite national promotion of LPG use like ORY X and TAIFA GAS, most Tanzanian households
still depend on charcoal and firewood due to several barriers like: -

Unaffordable full-cylinder refill costs

Lack of financial planning tools to manage cooking fuel expenditure

Unreliable estimation of remaining gas, resulting in unexpected run-outs

Limited safety monitoring, increasing risks of gas leakage and accidents

Digital exclusion of rural and low-literacy populations reliant on non-smartphone devices
Poor availability of clean-cooking data for environmental and policy evaluation.

3. Objectives of the Project

3.1 Main Objective

To design and implement a digitally inclusive, data-driven, smart LPG system that enhances
affordability, safety, accessibility, and monitoring of clean cooking energy in Tanzania through
advanced PAY Go technology.

3.2 Specific Objectives

* To develop loT-based smart LPG meter hardware capable of measuring real-time consumption,
pressure, and leak detection.

* To design a mobile, web, voice, and USSD-based platform accessible to both smartphone and
feature-phone users.



* To incorporate Al-powered forecasting models that estimate cooking duration and refill
requirements.

* To create micro-budget planning tools that translate payment amounts into expected cooking
days and meals.

* To implement automated safety shut-off mechanisms and emergency alerts.

*To establish environmental impact reporting dashboards measuring charcoal displacement and
CO: emission reductions.

4. Scope of the Project

The initial phase of SmartGas will involve:

* A pilot deployment to about 100 households across urban, peri-urban, and semi-rural
communities.

» Installation of smart-meter LPG controllers.

* Development of: -

Android mobile application

Web-based monitoring dashboard

USSD and voice platforms in Kiswabhili

Mobile money payment system integration.

Training households on safety use and budgeting methods.
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* Six months of real-time monitoring and evaluation of consumption behavior and safety
performance.

5. Significance of the Project
» Health Benefits

* Reduction in indoor air pollution.
* Decreased respiratory illness risks.

» Economic Impact
* Increased affordability of LPG via micro-payments.
* Reduced cooking interruption costs.
+Job creation for technicians and field support staff.

» Environmental Protection
* Lower charcoal consumption.
* Reduction in deforestation pressure.
* Carbon emission monitoring for climate-credit initiatives.

» Social Inclusion
* Voice and USSD access support women, elderly users, and low-literacy communities.
» Community-sharing functions enhance energy access for shared households.



» Policy Support

* Provides verified LPG usage datasets to guide energy planning and clean cooking programmes.

6. Methodology

The project will follow a User-Centered Design and Agile Development Framework consisting
of the following phases

Phase 1: Community Needs Assessment

Household surveys, focus discussions, and interviews to determine cooking patterns,
affordability limits, safety concerns, and digital literacy levels.

Phase 2: System Design
Creation of hardware schematics and digital architecture incorporating safety
and smart communication standards.

Phase 3: Hardware Prototyping
Development of IoT controllers including sensors, GSM modules, microcontrollers, solenoid
valves, and battery units.

Phase 4: Software Development

* Mobile app development (Flutter)

* Web dashboard creation (React)

* Al and prediction modelling (Python)

» USSD/Voice integration (Node.js + telecom APIs)

Phase 5: System Integration Testing
Validation of sensor readings, payment triggers, predictive accuracy, and emergency system
response.

Phase 6: Pilot Deployment
Installation and training in participating households.

Phase 7: Monitoring & Evaluation
Consumption analytics, budgeting effectiveness assessment, and safety response tracking.

7. System Requirements

7.1 Software Requirements

* Flutter (Dart)/Java: for Cross-platform mobile app

* React.js / (html, CSS, JavaScript): Web dashboard frontend

* Node.js: Backend API and payment integration

* Python (Flask/FastAPI): Al forecasting and anomaly detection engine
* Firebase/PostgreSQL/MySQL: Data storage



* USSD & IVR Gateway APIs
* MQTT Protocol: IoT communication

7.2 Hardware Requirements

* LPG flow and pressure sensors

* Gas leak detection modules

* Microcontrollers (ESP32 or Arduino)
* GSM/SIM IoT modules

* Solenoid shut-off valves

* Rechargeable lithium battery units

* Protective casing & connector fittings
* Testing and calibration equipment

8. Literature Review (Brief)

Existing research confirms that PAYGo LPG systems reduce upfront cost barriers and increase
household LPG usage (GSMA, 2021). Regional pilot projects such as KopaGas and Circle Gas
demonstrate feasibility but lack strong forecasting tools, safety automation, inclusive interfaces,
and community energy-sharing models (World Bank, 2022). Studies further emphasize the need
for data-driven tracking of clean cooking adoption to support national environmental policy
initiatives. SmartGas directly addresses these documented gaps, contributing original innovations
not yet integrated into most commercial PAYGo LPG systems

9. Expected Outputs

* Operational IoT Smart LPG meter prototypes

¢ Fully functional mobile, web, USSD, and voice platforms
* Integrated PAY Go payment system

» Al-powered gas usage and affordability forecasting models
* Leak detection and emergency safety shutdown features

* Environmental impact monitoring dashboards

* Community-based clean cooking data reports

10. Conclusion

The SmartGas project delivers a next-generation approach to clean cooking in Tanzania. By
combining digital payment flexibility with predictive analytics, safety automation, inclusive
access technologies, community sharing structures, and climate-data monitoring, SmartGas
moves beyond basic PAYGo LPG implementation. The system supports sustainable LPG
adoption while contributing directly to health improvement, environmental protection, and
digital inclusion goals at both community and national levels.



