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Abstract  

Liquefied Petroleum Gas (LPG) is widely used in Bangladeshi households, but its high 

flammability makes LPG leakage a critical safety concern. Very few detection systems exist, 

and the conventional ones are often expensive, grid-dependent and limited to alarms. This 

project presents a solar-powered smart gas leakage detection and management system for 

residential kitchens. The prototype integrates dual gas sensors (MQ-2, MQ-6), Arduino Uno 

controllers, GSM-based remote alert, Bluetooth-enabled subsystem communication, automatic 

ventilation through an exhaust fan and linear actuator and a solenoid valve to cut off gas 

supply. The batteries of the entire system are solar-charged and ensure continued operation 

with no human intervention. Testing under simulated leakage conditions confirmed accurate 

detection at a 2000 ppm threshold, rapid activation of safety measures, and stable performance 

for up to three hours on solar backup. Therefore, the system demonstrates a cost-effective, 

sustainable solution to improve household gas safety. 

 

Keywords: Smart Gas Detection and Management; LPG Leakage; Solar-Charged System; 

Pipeline Safety; Kitchen safety 
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Chapter 1: Introduction- [CO1, CO2, CO10] 

1.1 Problem Statement 

In Bangladesh, most households rely on basic human instincts for gas leak detection. For 

instance, people tend to smell the gas and look for hissing sound to detect pipe leakage. 

However, it is often inaccurate and risky and sometimes if the residents are not home, gas could 

leak and accumulate and cause a casualty when a person comes back home and lights on a 

switch. To solve this problem, an automatic gas detection and management system that is 

reasonably priced and locally available in Bangladesh is very necessary.  

Liquified Petroleum Gas (LPG) has replaced conventional fuels in urban Bangladeshi kitchens. 

Even though LPG is portable and efficient, it is also highly flammable as it is composed of 

propane and butane. LPG is very dangerous because it can be harmful for our health not just 

due to its narrow flammability range i.e. 1.8% and 9.5% by volume [1]. For instance, inhalation 

of LPG at a concentration of around 2000ppm can cause nausea, dizziness and other health 

related problems [2],[3]. A study done in 2021 revealed that LPG leakage accounted for 94.7% 

of burn injuries, with 83.4% of it being in domestic settings [4]. These incidents were mostly 

caused by faulty cylinders, deteriorated rubber pipes, poor ventilation or human negligence. In 

Bangladesh, the widespread use of manually operated LPG setups and a lack of safety 

automation make such accidents more frequent and fatal [5]. As a result, safety systems for 

preventing or managing any kind of fire hazard in the households is very important. Even 

though LPG is very commonly used, due to the lack of safety solutions frequent accidents are 

being seen in this country.  

 

1.2 Background Study 

Although gas leak detectors do exist in the global market- studies have shown that they are 

often expensive and not inclusive of a management system [6]. Recently, some attempts were 

made using microcontroller-based systems like ATMega16 - that show promise but often lack 

the automation, scalability, and sustainability needed for urban Bangladesh- where affordable 

systems that both detect gas leaks in real-time and trigger immediate countermeasures remain 

scarce [7], [8], [9]. However, these approaches fall short to deliver a comprehensive 

management solution that can respond by itself to leakage events. Additionally, most of the 
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existing solutions depend on grid power and not self sustaining. Keeping in mind the power 

shortages in Bangladesh, a system that is not reliant on grid power is very convenient. This 

project aims to fill in all the gaps in the household gas safety system in Bangladesh by 

integrating gas concentration monitoring; a pressure-based anomaly detection scheme; 

automatic actuation, GSM-based alarm system and solar backup into an affordable, all-in-one 

solution. 

 

1.3 Literature Gap 

Though existing literature attempts to address LPG safety, gaps are unignorable. Commercially 

available gas detectors only primarily as an alarm provider do not trigger any countermeasures 

such as ventilation or shutting off the gas supply. Very few systems integrate pressure 

monitoring with sensitivity toward gas concentration, which can greatly minimize false alarms. 

Machine learning has already been applied in industrial pipeline monitoring, however minimal 

work has been done in transforming ML-based leakage identification for household-level 

systems, especially in developing countries. Renewable energy integration has also barely been 

considered, thus making most of these systems inactive during power cuts when they are 

needed most, thereby missing the emergency. This project addresses these gaps by merging 

gas concentration monitoring and pressure-based anomaly detection with automatic actuation 

and GSM-based alerts plus solar backup into one unified low-cost system for Bangladeshi 

households. 

 

1.4 Relevance to current and future Industry 

The proposed project coincides with the general trends of the smart home automation industry 

whilst serving a serious issue of safety in urban homes. By reducing reliance on detecting fire 

hazards by humans and reducing human interaction with the device, it increases safety by 

ensuring very quick responses. In broader context and if the project is scaled up, the same 

foundation can be made to adapt to industrial kitchens and even urban gas distribution networks 

where such a robust smart system can play a revolutionary role.  
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1.2 Objectives, Requirements, Specification and constant 

1.2.1. Objectives 

The project’s main objective is to design and create an autonomous, solar powered smart gas 

leakage detection and management system that makes sure that fire hazards due to gas leakage 

are averted. The main aims of this system include automatic activation of systems that will start 

ventilation and cutoff gas flow in the pipeline, real-time gas leak detection, sending remote 

notification to users and it will have a self-sustaining charging system. The system aspires to 

minimise false alarms and provide quick responses by integrating both machine learning and 

multiple input systems. 

 

1.2.2 Functional and Nonfunctional Requirements 

Functional Requirements Non-Functional 
Requirements 

Constraints 

Real-time gas leakage 
detection 

Safe and reliable operation Limited Bluetooth range 

Alerts via LED, buzzer, 
GSM SMS 

Operates in typical kitchen 
environments 

Sim recharge required 

Gas cutoff using solenoid 
valve 

Power-efficient design Microcontroller memory 
limits 

Automatic ventilation (fan, 
actuator) 

Modular and maintainable Dependence on solar 
battery 

Table 1: Requirement & constraint table 

1.2.2 Design Specifications 

1. Data Collection Range: 10m or 32.8 ft radius (~3,380 sq. ft area) 

2. Battery operation time: 2+ hours [full actuator activity], 12+ hours [normal conditions] 

3. Battery charge cycles: 300–500 full cycles 

4. Peak load: 0.06A at 12V (during actuator movement) 

5. Response Time:  ≤ 6s 

6. Recovery Time:  ≤ 3.8s 
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1.2.3 Technical and Non-technical consideration and constraint in design process 

The technological aspects take into account the calibration of sensors, the capabilities of the 

microcontrollers, the rational integration of solar power, and how the actuators perform under 

different loads of power. The other considerations from a non-technical viewpoint include 

whether the system can sell for a price that middle-class families can afford, how readily 

available local suppliers are, and how much effort is needed for a customer to install the system. 

The key issues are the quality of the batteries used, how far the system can communicate, and 

how long it will last in a kitchen environment. 

 

1.2.4 Applicable compliance, standards, and codes 

The project design must adhere to both international and Bangladeshi standards. Some of the 

codes that the project must comply with are as follows: 

1. IEC 6033- household appliance safety 

2. IEC 61010 for measurement systems 

3. BNBC 2020 for fire safety and ventilation, 

4. BSTI BDS 1122:2018 for LPG cylinder safety 

5. BSTI BDS 828:2018 for household electrical installations.  

Furthermore, to ensure that the project is compatible with local regulatory terms of fire hazards 

and electrical protection, the design must be compatible with the Fire Prevention and Extinction 

Act 2003 and BERC Gas Safety Guidelines. 

 

1.3 Systematic Overview/summary of the proposed project 

The system has been designed into three major subsystems. Subsystem 1 is responsible for 

local gas sensing and managing immediate responses such as local alarm, notifying the user 

through GSM, ventilation system, and kitchen power cutoff. On the other hand, subsystem 2 

manages the pressure monitoring system with machine learning for accurately determining 

leakage in the pipe and this subsystem also cuts off the gas flow in the pipe. The subsystem 3 

is the solar charging system which is supposed to charge the LiFePO4 batteries to ensure that 

the system stays autonomous and continues to recharge itself without any human intervention. 

Together, these subsystems create a multi-layered defense that combines affordability, 

reliability, and sustainability. 
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1.4 Conclusion 

Therefore, in this chapter the motivation, problem statement, discussion about the existing 

literature and the objective of this project was discussed. Analysing the existing solutions and 

trying to solve the limitations has helped us to be more sure about our objectives and 

specifications. The project was made more realistic and practical by analyzing and aligning it 

with both international and local regulations. Thus, the project’s aim is to reduce gas related 

hazards in houses and ensure a scalable solution that can be adapted even outside domestic 

kitchens. 

 

Chapter 2: Project Design Approach [CO5, CO6] 

2.1 Introduction 

This chapter presents two feasible architectures for a gas-leak detection and prevention system 

and then describes the final architecture chosen for implementation. The goal of both designs 

is identical: detect gas leaks early, isolate the source quickly, and warn occupants and 

responsible personnel. Design choices were driven by the provenance of our dataset — the 

pressure-based machine-learning model was trained exclusively on simulated pressure traces 

from a 15 m pipeline (12 mm inner diameter, 15 mm outer diameter) containing a single 

modeled leak at 0.532 m — and by practical constraints such as absence of field data, power 

limits, and the need for traceable, auditable safety behavior. 

Because the model is trained on simulated data only, the design places strong emphasis on 

local, fail-safe autonomy and a staged verification path: Hardware-in-the-Loop (HIL) testing, 

a supervised pilot, and then full field deployment. The system must remain testable at every 

stage and default to a conservative safe state if any critical component fails. 
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2.2 Two design approaches (overview) 

During early design exploration we developed two primary architectures: 

 Design Approach 1 — Kitchen-centric dual-Arduino system: a low-complexity, 

kitchen-focused solution that monitors ambient gas concentration and isolates the 

cooker locally. 

 Design Approach 2 — Pipeline + kitchen multimodal system: an integrated 

approach that augments kitchen sensors with real-time pipeline pressure monitoring 

and an on-site ML inference node to detect upstream leaks before gas reaches the room. 

Both are engineered to perform rapid detection, immediate containment, and clear user 

notification; they differ in sensing scope, where processing happens, and how decisions are 

coordinated. 

2.2.1 Design Approach 1 — Kitchen-centric dual-Arduino system 

Fig.1.1: Design 1 block diagram 
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Design Approach 1 keeps all sensing and actuation inside the kitchen and splits responsibilities 

between two modest microcontroller subsystems connected over Bluetooth. 

Hardware and function 

 Primary Arduino subsystem: MQ-2 and MQ-6 combustible-gas sensors monitor 

ambient gas concentration. When the measured value passes a configured alarm 

threshold, this controller triggers a switch-pusher mechanism that physically opens the 

cooker’s power/gas switch rather than relying on a relay. The switch-pusher choice was 

made to reduce electrical arcing and increase isolation between sensing and load 

circuits. The primary unit also drives the exhaust fan, buzzer, and LED indicators for 

immediate occupant warning. 

 Secondary Arduino subsystem: dedicated to mechanical ventilation and notifications. 

It controls a linear actuator that opens windows or vents and hosts a GSM module for 

SMS alerts to the homeowner or emergency contact. It also holds redundant 

buzzer/LED indicators, so warnings remain available if the primary unit fails. 

Communication and operation 

 Two-way coordination is minimal: the subsystems exchange simple status flags over 

Bluetooth to synchronize ventilation and power-isolation actions. 

 The architecture is intentionally offline-capable — it does not require internet access 

and can operate entirely locally. 

Advantages and limitations 

 Advantages: Low cost, simple assembly and maintenance, low computing and energy 

demand, easy to commission and repair. 

 Limitations: Detects only when the leak has already raised kitchen gas concentration; 

it cannot detect upstream pipeline leaks before the gas reaches the kitchen. Limited 

logging and diagnostic capability. 

Design Approach 1 served as a straightforward platform to develop threshold logic, human 

interfaces, and robust local fail-safes, but its detection domain is fundamentally local and 

reactive. 
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2.2.2 Design Approach 2 — Pipeline + kitchen multimodal system  

 

 

Fig.1.2: Design 2 block diagram 

Design Approach 2 enlarges the sensing boundary to include dynamic pressure monitoring of 

the supply pipeline, combining that information with kitchen air sensors to create a 

multimodal, early-warning safety network. This is the design chosen for implementation. 
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Hardware and functional split 

 Kitchen subsystem: an Arduino-based controller remains the authoritative life-critical 

actuator. It directly controls the exhaust fan, local alarms (LED/buzzer), and the 

normally closed solenoid valve that isolates the pipeline. Local safety logic can act 

autonomously if communications fail. 

 Pipeline monitoring unit: a Raspberry Pi Zero or Pi 3/4 collects high-fidelity pressure 

traces from transducers mounted on the pipeline. The unit performs signal processing 

(wavelet-packet decomposition and feature extraction) and runs an XGBoost classifier 

trained on the simulated dataset. When the classifier reports a leak probability above a 

calibrated decision threshold (example: p ≥ 0.98), the pipeline unit requests valve 

closure and issues a GSM alert. All detections are logged locally to support later 

retraining and forensic analysis. 

Power, communications and redundancy 

 Communication between the pipeline unit and the kitchen controller is wireless 

(Bluetooth) for flexibility; GSM provides remote alerts. The system is powered by a 

solar-backed 12 V LiFePO₄ battery (30 Ah) fed by a 40 W photovoltaic panel and an 

MPPT controller to maintain operation during grid outages. 

 The kitchen Arduino retains final actuation authority and defaults to safe states (close 

solenoid, sound alarm) on communication loss. 

By analyzing pipeline pressure dynamics, the system can identify signatures of hidden leaks 

before gas concentration rises in the kitchen. That early detection materially reduces the 

volume of released gas and the chance of a catastrophic incident. Although the approach adds 

complexity and energy demand, it provides superior preventive impact and supports traceable 

data collection for continuous improvement. 

2.3 Comparative analysis of both approaches 

Cost 

Both approaches use many off-the-shelf parts, so baseline component costs are comparable. 

Design 2 requires higher-spec items (Raspberry Pi, higher-resolution ADCs and pressure 

transducers, a solenoid valve, larger battery and PV), producing a modestly higher bill of 

materials. In low-volume prototyping the per-unit cost difference is small, with scale the gap 
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narrows. Example prototyping ballpark: ~9,000–10,000 BDT for consumer-style kits, with 

Design 2 slightly higher. 

Detection & efficiency 

 Design 1: reactive—detects leaks only after gas enters the kitchen using MQ sensors. 

Lower compute and power demand. 

 Design 2: proactive—adds pipeline pressure analysis to detect leaks earlier. Requires 

wavelet transformations and ML inference; implement runtime optimizations to 

control computing and latency costs. 

Usability & maintenance 

 Design 1: minimal owner UI; simple installation and fewer maintenance tasks. 

 Design 2: owner UI remains intentionally minimal to avoid burdening users; 

technicians have access to richer diagnostic outputs. Design 2 requires additional 

calibration and maintenance (pressure sensor zero checks, battery health checks, and 

periodic model updates) but offers richer telemetry enabling remote triage. 

Reliability & safety 

 Design 1: fewer components but limited visibility; Bluetooth link and mechanical 

pusher are potential single points of failure. 

 Design 2: redundant sensing modalities, local autonomy for life-critical actions, and 

logging for auditability produce a more robust, fail-safe architecture. The 

solenoid+relay approach provides cleaner electrical/pneumatic isolation than a 

physical switch-pusher. 

Sustainability 

 Design 1: lower ongoing energy use. 

 Design 2: higher energy draw; mitigate through duty-cycling, adaptive sampling, and 

LiFePO₄ batteries for longevity. 
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Maintenance schedule (recommended) 

 MQ sensor replacement: every 6–12 months. 

 Pressure sensor zero checks and recalibration: annually. 

 Battery and power system health checks: every 6–12 months. 

Comparison between 2 design approaches  

Criterion Design 1 — Dual Arduino, 
Switch-Pusher 

Design 2 — Integrated Pressure–
ML (Selected) 

Topology Two Arduinos, local 
kitchen sensing/actuation 

Kitchen Arduino + Raspberry Pi 
ML node, pipeline pressure 

transducers 

Detection domain Air-phase (MQ sensors) 
only 

Pipeline pressure dynamics + MQ 
kitchen sensing 

Decision logic Fixed-threshold comparator Wavelet feature extraction → 
PCA/SelectKBest → XGBoost 

(probabilistic, p ≥ 0.98) 

Actuation Mechanical switch pusher Normally closed solenoid valve, 
relay-based isolation 

Latency (simulation) Seconds to tens of seconds 
(diffusion + actuator) 

Pipeline detection < 6 s (sim), ML 
inference < 500 ms 

Power needs Low Higher (Pi, ADC, radios, solenoid) 

Data & diagnostics Minimal Local structured logs, model 
manifest, diagnostics 

Scalability Point-to-point, manual Network-ready, supports federated 
monitoring 

Safety isolation Mechanical, potential 
arcing 

Contactless solenoid & relays — 
better compliance 

Maintenance Easier More tasks but better telemetry 

Table.1.2: Approach comparison table 
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2.4 Optimization of the selected design  

Design 2 was selected for its superior preventive safety. The following actionable 

optimizations address practical limitations: limited compute on Pi Zero, constrained 

solar/battery energy, and the need for conservative, auditable behavior while the ML model is 

trained only on simulated data. 

1. Keep life-critical actions local:  

The kitchen Arduino remains the authoritative controller for any life-critical actuation 

(valve closure, alarm), even when the pipeline unit recommends actions. Use the Pi 

only for advisory or confirmed pipeline-based triggers until per-installation validation 

is complete. 

2. Tight feature budget:  

Run offline feature-ranking (ANOVA F-score, permutation importance) on the 

combined simulated + HIL datasets and select a compact set (target 20–40 features) 

for runtime. Prefer aggregated features (energy bands, entropy, statistical moments) 

rather than long coefficient vectors. 

3. Compiled, compact model runtime 

Convert the XGBoost model to a compact compiled format (Treelite or ONNX → 

native binary) to reduce memory and inference time on Pi Zero. Prune the ensemble 

(fewer estimators, bounded depth) and validate accuracy trade-offs. Explore 16-bit/8-

bit quantization if accuracy holds on holdout HIL cases. 

4. Adaptive sampling & event-driven processing 

Implement hierarchical sampling: maintain a low baseline rate (e.g., 20–50 Hz) with a 

lightweight variance detector; on trigger switch to high-rate acquisition (e.g., 100–200 

Hz) and full wavelet extraction, while using a circular buffer to preserve pre-trigger 

data. This reduces average CPU and power consumption while preserving transient 

fidelity. 

5. Efficient runtime transforms  

Store StandardScaler means/variances and PCA projection matrices on the device. 

Implement transforms in efficient native code (C routines or optimized NumPy/BLAS) 
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with a goal of keeping PCA components minimal (target ≤ 10–15 components) while 

explaining variance trade-offs. 

6. Power and peripheral duty-cycling  

GSM module sleeps and wakes for critical notifications or scheduled health checks. 

Bluetooth uses low-duty beacons and only connects during commissioning or events. 

Employ Arduino hardware comparator/interrupts to wake the MCU from low-power 

modes. Define an SOC policy: if battery state-of-charge < 20%, limit non-essential 

telemetry and reserve capacity for at least three valve actuations and alarm actions. 

7. Robust hardware fail-safes 

Use a normally closed solenoid so a loss of power isolates the line. Provide a 

mechanical manual isolation and documented override for trained technicians. Add 

hardware watchdogs that force the system to the safe state (close valve, sound alarm) 

on communications or software failure. 

8. Installer tooling and commissioning automation 

Supply an installer tool (GUI or CLI) that captures a burner-on baseline, can run a 

controlled micro-leak test where allowed, computes PCA projection and issues 

PASS/RETRY for commissioning, and suggests MQ thresholds (example rule: action 

threshold = baseline mean + 6σ). Save a signed commissioning record to standardize 

installs. 

9. Model update, security and governance 

All firmware and model updates must be cryptographically signed; devices verify 

signatures before installing. Maintain an on-device model manifest containing training 

provenance (simulation/HIL/field), sample counts, and per-class metrics to support 

auditability and owner transparency. 

10. Progressive verification and rollout 

 HIL parity tests: reproduce the simulated 0.532 m leak case in HIL and 

measure feature-domain similarity (e.g., PCA overlap or Mahalanobis 

distance). Target ≥ 80% similarity or classifier parity on matched HIL cases. 

 Pilot rollout: supervised installations in ≥ 30 homes to collect diverse, labeled 

events and refine per-installation models. 
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 Gate ML-only actuation: permit ML-only valve closures only after per-

installation holdout recall ≥ 98% on leak classes and false positive rate ≤ 2% 

on non-leak classes. Until those gates are passed, ML outputs remain advisory 

and kitchen MQ voting retains final authority. 

11. Sustainability measures  

Use LiFePO₄ batteries for longer cycle life and safety. Minimize radio and compute 

duty cycles and provide explicit battery recycling/take-back options in manufacturing 

plans. 

2.5 Conclusion 

Design Approach 2 was selected because it materially improves the system’s ability to 

detect hidden pipeline leaks — the highest-risk events that kitchen-only sensors cannot 

reliably detect early. The final architecture preserves a conservative, auditable safety 

posture by keeping the kitchen Arduino as the authoritative lifecare controller while 

delegating heavier signal processing and ML inference to a nearby Raspberry Pi node 

that controls a normally-closed solenoid valve. 

Because the classifier was trained on simulation traces only, the implementation embeds 

conservative safeguards (local autonomy, signed updates, logging) and a staged verification 

plan (HIL → pilot → deployment). The optimization plan (feature-budgeting, compiled 

models, adaptive sampling, peripheral duty-cycling, installer tooling, and signed governance) 

converts the conceptual design into a practical, testable, and field-deployable solution that 

balances early detection with power, maintenance, and safety requirements. 
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Chapter 3: Use of Modern Engineering and IT Tool. [CO9] 

3.1 Introduction 

The Smart Gas Leakage Detection and Management System required a combination of 

advanced engineering methods and IT tools to ensure that the final solution was reliable, safe, 

and effective. These tools were essential in every stage of the project, from circuit design to 

coding machine learning algorithms using simulation data, to lastly tying everything up by 

implementing it in hardware. By combining software and hardware platforms, the project was 

able to validate theoretical models, predict leakage scenarios, and achieve a functional 

prototype capable of real-time detection and response. 

3.2 Select Appropriate Engineering and IT Tools 

A selection of both software and hardware tools was used to design and implement our system. 

3.2.1 Software Tool Selection 

Proteus Design Suite: 

During our planning and design phase, all our electronic circuit design was simulated on 

Proteus. Before building the hardware, all designs and tests were simulated using Proteus. As 

a result, any wiring, logic or sensor calibration mistakes were identified beforehand, saving us 

time and expenses. 

Arduino IDE: 

The Arduino IDE was used to program and compile code for the ESP32 microcontroller, which 

was then simulated using Proteus. 

ANSYS (Computational Fluid Dynamics Simulation): 

During our literature review, we noticed that in previous research with similar simulation 

objectives, where gas leakage experiments were conducted, we noticed severe safety risks and 

a lack of resources if we tried to replicate them. Since we needed gas pressure data to build 

our machine learning model, the best alternative was using ANSYS to simulate gas flow 

through pipelines under different scenarios. The software’s computational fluid dynamics 

(CFD) capabilities allowed us to model pressure variations, flow behavior, and leakage 

characteristics with high accuracy. The datasets obtained captured complex fluid dynamics 

that would be impossible for us to record, given our limitations.  
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Python:  

When developing our predictive machine learning models, we relied on coding them using 

Python in Google Colab. The machine learning model that was finalized was random forest. 

We also used Python to create different metrics that evaluate the outcome of varying pipeline 

gas flows. The output included metrics like accuracy, recall, coefficient matrix, etc. 

Furthermore, during our FYDP demonstration, we communicated with our Arduino Uno with 

Python language. We modified the code in such a way that it replicates the input to simulate 

excess gas flow to activate the threshold. This allowed us to showcase all the countermeasures 

while never actually using real harmful gas, ensuring safety of everyone around.  

3.2.2 Hardware Tool Selection 

Gas Sensors (MQ-2/MQ-5):  

In Bangladesh the kitchen gas is in our pipelines is a mixture of a few gases but primarily: 

butane and propane. The best sensors to identify both are MQ-2 and MQ-5. They are both 

reasonably priced too, which supports our aim to make the system affordable.  

Microcontroller (Raspberry Pi Zero 2W  & Arduino Uno):  

The Arduino Uno is where the input signals are processed. It is here that it decides whether the 

threshold is activated or not. If gas levels are harmful, it then initiates all countermeasures.  

The Raspberry Pi Zero 2W was chosen for its superior processing power, which is why it 

handles the enormous pressure data incoming from the gas pipeline. It is trained on prior gas 

pipeline pressure data, which is used to predict the incoming gas pressure data. It uses the 

given machine learning code to determine if there is a leak in the pipeline or if it is just normal 

ordinary usage.  

Solenoid Valve: 

Among the many countermeasures, especially when there is a leakage detected in the pipeline, 

the solenoid valve is used to automatically shut off the gas supply from its source. The ability 

to cut off gas flow immediately reduces the risks if there is a leak for a long period of time. 
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Buzzer and LED Indicators: 

The buzzer will go off when the threshold is reached, so that it alerts the residents not to enter 

the kitchen, as it might be dangerous for them. The LED acts as a visual indicator for when the 

electricity is centrally cut off, so that if it's at night, the residents can avoid that area when 

evacuating.  

GSM: 

Among the many management techniques we have, a crucial one is notifying the user. We 

achieve this by sending them an sms on their smartphone. This is done with the help of the 

GSM module, which is readily available in the local market.  

Power Supply (Battery and Adapter): 

The system required a reliable power source to ensure continuous operation. A rechargeable 

battery backup was included to keep the system functional during power outages, a critical 

consideration for safety-related applications. 

Solar Panel and Rechargeable Batteries: 

The solar panel charges the rechargeable batteries, which power the overall system.  

Mini Cooling Fan: 

The fan represented the actual fan that would be present in a typical kitchen in Bangladesh. 

When all electric connections are off, the fan will be on, so ensure ventilation takes place.   

Linear Actuator: 

This actuator is meant to be installed with the sliding window that is present in a typical 

kitchen. One of the countermeasures includes turning the linear actuator, which in turn would 

open the window. This would ensure that the piled-up gas in the kitchen can be diffused 

outside.  

3.3 Use of Modern Engineering and IT Tools 

The combined use of these tools created a comprehensive workflow: 

 Simulation and Modeling: ANSYS and Proteus helped test gas leakage flows and 

electronic circuits in virtual environments. Based on these simulations, we were able 

to plan and implement our hardware system.  
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 Programming and Data Processing: Arduino IDE and Python were key 

programming languages that were used for embedded programming and machine 

learning development. 

 Cloud Integration: Google Colab ensured that computational limitations did not 

restrict our machine learning development. Moreover, due to its online platform, team 

members were able to interact with the code in real time and collaborate effectively. 

 Hardware Integration: The assembly of sensors, microcontrollers, actuators, 

communication modules, and other tools created our hardware prototype system. By 

doing this, we ensured that theoretical design could be applied in real-life scenarios.  

 Cross-Validation of Results: Observations from hardware results and simulations 

allowed us to validate data accuracy. We made sure that predictive outcomes matched 

experimental results, so that our final system is considered safe and secure. 

3.4 Conclusion 

By successfully using modern engineering and IT tools, we were able to design, simulate, and 

build a reliable prototype for the smart gas leakage detection and management system. We 

were able to code and simulate using software platforms like ANSYS, Proteus, Arduino IDE, 

Python, and Google Colab. This ensured that our predictive modeling was accurate and 

efficient. Locally available hardware components, such as gas sensors, microcontrollers, 

solenoid valves, and various modules, were used to turn theoretical designs into a practical, 

safety-critical system. After countless trials and errors, we were successful in implementing 

software simulation and machine learning with IoT-enabled hardware and embedded systems. 

This strategic combination in our project demonstrated how modern tools can be used to solve 

complex engineering problems. The overall outcome resulted in robust detection and a fail-

proof management system capable of preventing gas leakage accidents while also providing 

real-time monitoring and user alerts. 
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Chapter 4: Optimization of Multiple Design and Finding the Optimal Solution. 

[CO7] 

4.1 Introduction 

This chapter describes the optimization work carried out on two candidate gas-leak detection 

and prevention architectures and explains how we compared them to choose the best design 

for real-world use. Both architectures meet the fundamental safety requirement — detect leaks 

and autonomously isolate the gas source — but they adopt different philosophies. 

 Design 1 is a hardware-centric, offline system that emphasizes simplicity, mechanical 

reliability, and independence from external networks. 

 Design 2 is a hybrid system that pairs local hardware safety mechanisms with an 

embedded, data-driven analytics layer for earlier detection, decision fusion, and remote 

logging. 

Optimizations were targeted in two main domains: 

 Hardware and system-level improvements — circuitry, actuators, power 

management, and reliability. 

 Algorithmic and model-level improvements — signal processing, classification 

logic, and decision-confidence calibration. 

Our evaluation goals were to maximize detection accuracy and responsiveness while 

minimizing power consumption and complexity, and to ensure robust fault-tolerance with safe 

recovery under component or communication failures. 

4.2 Optimization of Multiple Design Approaches 

A unified sensing and data-processing framework was established to ensure both design 

approaches could be compared under identical operating conditions. Optimization began with 

the signal conditioning and data acquisition subsystems, as they directly affected the accuracy 

and consistency of both designs.  
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4.2.1 Unified data acquisition and signal conditioning 

Both designs utilized the same sensing foundation to maintain consistency in performance 

assessment. MQ-2 and MQ-6 sensors were used for kitchen air-quality monitoring, 

complemented by a differential pressure transducer (0–10 kPa range) for pipeline monitoring.  

Sensors and signal conditioning 

We used MQ-2 and MQ-6 gas sensors for kitchen-area gas concentration monitoring, together 

with a pressure transducer for pipeline monitoring (0–10 kPa differential range). Each sensor’s 

raw output is passed through an analog conditioning stage composed of a precision voltage 

divider, an RC low-pass filter to suppress high-frequency noise, and a unity-gain buffer to 

isolate the ADC input. 

Sampling and processing rates 

Normal sampling runs at 20–50 Hz. When a potential event is detected, the system switches to 

a high-frequency sampling mode (up to 100 Hz). A 20-sample moving-average window filters 

short spikes while maintaining fast response to genuine leaks. 

Data normalization and calibration 

Analog voltages are converted to concentration (ppm) with linear mappings derived from lab 

calibration using certified gas mixtures. These empirical calibration curves are embedded in 

firmware to provide consistent inputs to both the hardware-only and data-driven subsystems. 

These shared optimizations created a stable, low-noise data stream for both design branches 

and reduced variability between comparative tests. 
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4.2.2 Design 1 — Hardware-centric system 

Fig 2.1: Design Approach 1 proteus circuit 

 

Design Approach 1 was modeled in two key subsystems: 

 Subsystem 1: Gas detection, local alerting, and transmission via Bluetooth. 

 Subsystem 2: Remote alerting, window ventilation, and GSM notification. 

Each subsystem was designed and tested separately in Proteus and then virtually linked using 

logic simulators and virtual serial port drivers to model real-world Bluetooth signal flow. 

Subsystem 1 (Gas Detection & Bluetooth Transmission) 

Components Used: 

 MQ-6 Gas Sensor (simulated using a variable voltage source) 

 Arduino Uno 

 Stepper motor with motor driver to simulate switch pusher (for turning off circuit 

breaker) 

 Bluetooth Module (HC-05/HC-06) 

 Battery monitor (potentiometer + led+buzzer) 
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Simulation Flow: 

The MQ-6 sensor was modeled using a variable DC voltage source to simulate varying LPG 

concentrations. 

膆 

When the simulated gas voltage exceeded the 2000 ppm threshold (typically ~2V), the 

Arduino triggered: 

膆 

A buzzer to provide an audible alert. 

膆 

A relay to simulate deactivating the kitchen's circuit breaker. 

膆 

A signal to the Bluetooth module, emulated via a serial port terminal in Proteus, to transmit 

an alert to Subsystem 2. 

膆 

An analog voltage divider circuit was included to simulate battery voltage monitoring for 

reliability. 

 

Subsystem 2 (Actuator & GSM Response) 

Components Used: 

 Arduino Uno 

 GSM Module (SIM800L or equivalent) 

 LED + Buzzer 

 Linear Actuator (simulated using a DC motor) 

 L298N Motor Driver 

 Solar-Powered Battery (DC source + LiPo simulation) 
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Simulation Flow: 

Subsystem 2 receives the gas detection signal through a UART interface (launch virtual serial 

port driver), simulating Bluetooth communication from Subsystem 1. 

Upon receiving the signal, the Arduino: 

Activates a buzzer and LED for local warning. 

膆 

Sends an AT command to the GSM module (modeled using a virtual terminal in Proteus) to 

simulate sending an SMS to a preconfigured phone number. 

膆 

Triggers a DC motor through the L298N motor driver, simulating the opening of a sliding 

window using a 12V linear actuator. 

膆 

Power was supplied via a simulated solar-charged LiPo battery, and current flow was 

monitored to estimate energy consumption during peak activity. 
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Observed Results in Simulation: 

 
Fig.2.2: Design Approach 1- subsystem 1 after simulation 

 

 
Fig.2.3: Design Approach 1- Subsystem 2 after simulation 
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To evaluate the reliability and effectiveness of Design Approach 1, the system was virtually 

implemented and tested using the software, Proteus Design Suite. The simulation focused on 

verifying communication between subsystems, actuator control, and alert mechanisms. Launch 

Virtual Serial Port Driver was used to emulate Bluetooth communication between Subsystem 

1 and Subsystem 2. 

Subsystem 1 Output (Gas Detection and Alert Transmission) 

● Bluetooth Data Transmission: Simulated using a virtual COM port, the HC-06 

Bluetooth module transmitted gas leak signals to Subsystem 2. The serial data flow 

confirmed successful triggering of inter-subsystem communication. 

● Local Audible Alert: The buzzer was activated when gas levels exceeded the 

threshold (2000 ppm), indicating successful sensor-to-controller data handling and 

GPIO triggering. 

● System Activation Logic: The Arduino Uno handled sensor inputs and decision-

making logic, confirmed via serial debug messages and component activations. 

 

Subsystem 2 Output (Response and Notification Unit) 

● GSM Message Confirmation: The virtual terminal displayed: 

○ Initializing GSM... 

○ Message Sent from GSM 

 

● This verified the correct use of AT commands and GSM module (SIM900D) 

communication via the Arduino. 

● Mechanical Intervention: Upon receiving the Bluetooth alert, the L298N motor 

driver activated a simulated motor (representing a linear actuator). This confirms the 

physical window ventilation mechanism was correctly triggered. 

● Buzzer Activation: A second buzzer connected via the ULN2803 driver was 

activated, providing redundant local notification. 

● Power Validation: Subsystem 2 was simulated with a 12V DC source, mimicking a 

solar-charged LiPo battery. Component response confirmed that the power circuit was 

robust under varying loads. 
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To accurately simulate Bluetooth data transmission, a pair of virtual COM ports was created 

and linked. One COM port represented the HC-06 (Subsystem 1), and the other the HC-05 

(Subsystem 2). 

Design 1 targets deployments that must operate entirely offline and autonomously. 

System structure 

A single Arduino Uno is the system controller. MQ-2 and MQ-6 sensors monitor kitchen air 

and the Arduino executes local actuation logic. For gas shutoff we selected a mechanical 

switch pusher (linear actuator) rather than an electromechanical relay to improve mechanical 

isolation and reduce electromagnetic interference that can perturb ADC measurements. 

Optimization highlights 

 Actuator mechanics: The linear actuator was tuned for a repeatable stroke (≈4–5 mm) 

and calibrated contact pressure to avoid wear and ensure reliable switch engagement 

over many cycles. 

 Circuit efficiency: We replaced bulky, noisy relays with MOSFET-based drivers 

where appropriate to lower voltage drop and reduce switching transients that can 

corrupt sensor readings. 

 Power management: The system runs from a 5 V rail and draws 350–400 mA during 

active operation. To reduce average consumption, we implemented deep-sleep states 

that reduce idle current to below 100 mA and used PWM dimming to halve the LCD 

backlight duty cycle. 

 Safety redundancy: A fail-safe mechanical arrangement ensures that loss of controller 

power or a controller fault leaves the gas line in the closed (safe) position. A manual 

emergency override is provided for human intervention. 

 Firmware calibration: Sensor thresholds and gas-type lookup tables were derived 

from controlled exposures and placed in firmware to minimize false positives caused 

by environmental variation. 
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Advantages and limitations 

Design 1’s strengths are simplicity, low-cost deployment, and strong mechanical fallback 

behavior. Its limitations are lack of remote monitoring, no adaptive thresholds, and limited 

scalability when gas types or environments change — thresholds must be reprogrammed 

manually. 

4.2.3 Design 2 — Hybrid adaptive system 

Fig. 2.4: Design Approach 2 proteus circuit 

Design 2 couples the immediacy and safety of local hardware controls with a data-driven 

analytics layer for predictive detection, richer diagnostics, and remote notification. 

System partitioning 

 Kitchen node: Arduino-based, handles real-time actuation and local overrides. 

 Pipeline node: Raspberry Pi (or Pi Zero for field units) running a compact 

classification model and performing data fusion with pressure readings for earlier 

anomaly detection. 
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Hardware optimization 

 Valve and power circuitry 

A normally closed solenoid valve was selected so loss of power defaults to a safe closed 

state. MOSFET gate drivers with back-EMF protection and snubber diodes protect the 

driver stage and the valve coil against repeated switching stress.  

 Power management 

The system was designed for long autonomy with a solar + battery hybrid. Measured 

peak load (Pi + sensors + valve actuation) is about 4 W; idle load is 1.8–2.2 W. A 12 

V, 30 Ah LiFePO₄ battery provides more than three days of autonomy; a 40 W PV 

panel and MPPT controller recharge the battery during sunlight hours. 

 Communications 

Short-range control uses Bluetooth and remote alerts leverage GSM. Both modems are 

placed into low-power sleep between transmissions, coordinated by a watchdog timer 

to limit energy use. 

 Hardware redundancy  

A dedicated watchdog microcontroller monitors the main processors. Any 

unresponsive processor state lasting longer than 3 seconds triggers an immediate safe 

shutdown. A hardware interlock switch allows manual override that bypasses software 

control. 
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Algorithmic and model optimization 

 Feature extraction and selection  

We used wavelet transforms to extract transient features from raw sensor traces. Initial 

feature sets (>1000 features) were reduced to ~40 important features using ANOVA F-

score ranking and PCA to lower inference latency and reduce compute load. 

 Model selection and compression 

An XGBoost classifier was chosen for its balance of accuracy and resource efficiency. 

Model pruning and post-training quantization allowed the model to run with average 

inference times around 0.3 s on a Pi Zero-class device. 

 Decision fusion and confidence gating 

A conservative decision policy requires ML confidence ≥ 0.98 and concurrent MQ 

sensor corroboration before permitting automated valve actuation. The kitchen 

Arduino retains final authority for physical actuation — the analytics layer issues 

recommendations and logs. 

 Fail-safe decision chain 

The software layer is advisory only; actuation is governed by hardware-layer logic and 

the kitchen node to prevent model errors from causing unsafe actions. 

Integrated system capabilities 

 Detect pipeline anomalies earlier than the kitchen sensors alone (preventive mode). 

 Maintain fast local actuation (<1 s) via direct hardware control. 

 Provide structured cloud logging and remote alerts to support diagnostics and audits. 
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ML Pipeline output and optimal solution selection  

 

 

 

 

 

Fig. 2.5 BurnerOff_leak cases 
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Fig. 2.6 BurnerOff_NoLeak_case 
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Fig 2.7 BurnerOn_Leak_case 
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Fig 2.8 BurnerOn_NoLeak_case 
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Fig 2.9 no_leakage_gas_dispersion_case 
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Classifier output  

 

 

 

 

 

 

 

 

 

Fig.2.10: Confusion Matrix 
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Table 2.1: Metrics summary table 

4.3 Identify optimal design approach 

4.3.1 Comparison criteria 

We judged the two designs against technical criteria important for field deployment: 

Criteria Design 1: Hardware-Centric Design 2: Hybrid Adaptive 

Power consumption (avg) 2.5 W 3.8 W 

Response latency < 1 s 0.8–1.2 s (includes fusion) 

Detection scope Kitchen concentration only Pipeline + kitchen 

(multimodal) 

Fail-safe behavior Hardware fallback only Hardware + software 

redundancy 

Scalability Limited — manual threshold 

updates 

High — adaptive retraining 

possible 

Data logging Local only Local + cloud 

Model Precision Recall F1 Score Accuracy 

RandomForest 0.822753 0.822222 0.821958 0.822222 

XGBoost 0.825455 0.826667 0.824610 0.826667 

GradientBoosti

ng 
0.812718 0.808889 0.810294 0.808889 

SVM_RBF 0.778725 0.777778 0.777383 0.777778 

ExtraTrees 0.789086 0.786667 0.787350 0.786667 

KNN 0.746891 0.737778 0.741829 0.737778 
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Actuation mechanism Mechanical switch pusher Solenoid + MOSFET driver 

Maintenance complexity Low Higher 

Early warning capability No Yes (predictive) 

Estimated cost Lower Moderate 

Table.2.2: Design feature comparison table 

4.3.2 Outcome 

Taking all factors into account, Design 2 was selected as the preferred architecture. The 

slightly higher power draw and system complexity are justified by earlier detection, multi-

node fusion, structured logging, remote alerts, and richer redundancy. Design 1 remains a 

strong fallback option for minimal-cost, offline deployments where remote monitoring and 

learning-based adaptation are not required. 

4.4 Performance evaluation of the developed solution 

4.4.1 Test methodology 

 Hardware-in-loop (HIL) simulation to exercise control logic and actuation. 

 Controlled gas-leak test chamber covering 10–1000 ppm exposures. 

 Data logging via serial links and MQTT to capture event traces. 

 Measurements collected for power, latency, detection confidence, and actuation 

success. 
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4.4.2 Key findings 

Parameter Design 1 Design 2 

Detection accuracy 94 % 96 % 

False alarm rate 3 % 1.5 % 

Typical detection time 0.9 s 1.1 s 

Power consumption 2.5 W 3.8 W 

Fail-safe success 100 % 100 % 

Battery backup (days) 3.5 3.2 

Network alert delay N/A 1.8 s 

Actuator cycle life 10,000 cycles 15,000 cycles 

Table.2.3: Result comparison table 

4.4.3 Observations 

● Hardware optimizations reduced system power by approximately 25% compared to 

early prototypes. 

● Feedback from the solenoid driver (coil current sensing) provided reliable actuation 

confirmation. 

● The confidence-based fusion strategy cut false triggers roughly in half when compared 

with threshold-only logic. 

● Both designs default to the safe OFF state on failure. 
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4.4.4 Machine learning model accuracy and evaluation 

The XGBoost classifier was validated with 10-fold cross-validation and a held-out test set: 

Metric Training Validation Test 

Accuracy 98.2 % 96.4 % 96.1 % 

Precision 97.5 % 95.8 % 95.2 % 

Recall (sensitivity) 98.0 % 95.9 % 95.5 % 

F1-score 97.7 % 95.9 % 95.3 % 

AUC (ROC) 0.991 0.982 0.981 

Inference time 

(Raspberry Pi) 

— — 0.31 s (avg) 

Table.2.4: Mectric evaluation table 

Model convergence and interpretation 

Validation accuracy plateaued around 96%, indicating stable generalization without 

pronounced overfitting. Precision–recall balance favors low false-negative rates, which is a 

priority for safety-critical leak detection. The model’s lightweight structure supports sub-

second inference on embedded hardware. 

4.4.5 Experimental challenges and corrective actions 

Challenge Root cause Corrective measure 

Sensor drift with 
humidity/temperature 

MQ sensor aging and 
ambient moisture 

Periodic auto-recalibration 
and digital offset correction 

Mechanical misalignment of 
switch pusher 

Actuator wear and mount 
play 

Redesigned mount with 
spring-centering to maintain 

alignment 

Power sag during valve 
actuation 

Inrush current > 2 A Added 1000 μF bypass 
capacitor and MOSFET 

soft-start 
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GSM alert delay Cellular network latency Implemented dual-path 
alerts (Bluetooth + GSM) 

and persistent retries 

ML false positives with 
cross-gas exposure 

Alcohol vapor and other 
interferents 

Multi-sensor fusion 
(pressure correlation + gas 

signatures) and model 
retraining with 

representative samples 

Table.2.5: Challenges table 

4.5 Conclusion 

Both designs were refined through iterative hardware tuning and algorithmic optimization. 

Design 1 remains an attractive, low-cost, offline option where simplicity and strong 

mechanical fallback are required. Design 2, however, offers superior field performance: 

predictive detection, multimodal fusion across pipeline and kitchen sensors, structured logging 

for diagnostics, and layered redundancy that combines hardware fail-safes with data-informed 

decision support. 

Following comprehensive testing — including a deployed model accuracy of around 96%, 

reliable actuation feedback, and consistent fail-safe behavior — Design 2 was chosen as the 

recommended architecture for field deployment. It strikes a pragmatic balance between 

intelligent analytics and robust hardware design, delivering an extensible, safety-first solution 

suitable for long-term, real-world operation. 

 

Chapter 5: Completion of Final Design and Validation. [CO8] 

5.1 Introduction 

We know, based on the evaluation done on the two simulated design approaches in the previous 

chapters, design approach 2 was selected. In this chapter, we will show the hardware 

implementation of the final design and the adjustments we needed to make, based on our time 

constraints and hardware testing. Through this, we aim to prove that the system is complete, 

functional and meets user requirements. 
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5.2 Completion of final design 

In our hardware design, for design approach 2 - we were forced to make a hardware change 

due to a few constraints. Initially, for subsystem 2, we were supposed to do a transient analysis 

on different pressure drop rates in the pipeline- to compare between usage and leakage 

conditions. However, for that, we would have to connect an actual stove to a cylinder by a pipe 

- then make a leak in that pipe in order to collect data for various cases. Since LPG is highly 

flammable- we were not permitted to conduct this in all the areas we wanted to carry it out. 

Therefore, we resorted to making a different subsystem 2 that would still do the same task but 

differently.  In our plan, subsystem 2 of design 2 had an Intelligent Pressure Module that was 

designed to cut off LPG supply from cylinder/ line to stove. In our prototype, we replaced it 

with a Gas Supply Control Module. 

Fig 3.1. Block Diagram of Design 2  
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System Architecture: 

 

Fig 3.2. Block Diagram of the Working Prototype  

In the final hardware implementation, our system was divided into three main subsystems, as 

shown in the block diagram: 

● Subsystem 1: Gas Detection, Alert, and Ventilation Module: Here, gas sensors MQ-6 

and MQ-2 are detecting LPG. When LPG is detected, the information is sent and processed 

in the microcontroller Arduino Uno and sent to GSM, LED and buzzer to alert the user 

remotely and locally. This subsystem contains 2 relays. When gas is detected relay 1 cuts 

off mains power supply from the switch board and turns on the exhaust fan. Relay 2 turns 

on the linear actuator- which opens the window it is attached to, for ventilation. The 

transmitter side of the bluetooth module sends a signal to subsystem 2. Here, 12V was 

supplied to the gas sensors, arduino uno, exhaust fan, light representing load and linear 

actuator. All the components needing 5V supply, such as GSM, buzzer, LED 
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● Subsystem 2: Supply Control Module: This subsystem has the receiver side of the 

bluetooth module that receives data from subsystem 1. This is then processed through an 

Arduino Uno; when gas is detected, a relay connecting to a solenoid valve turns on, to cut 

off the stove’s gas supply from the pipeline. This change was made due to time constraints 

but still ensures safety by directly controlling gas flow. 

 

● Subsystem 3: Solar-Charged Power Supply: A 12V solar panel is connected to a charge 

controller that is connected to the batteries of subsystem 1 and 2, in parallel.  This system 

provides continuous renewable energy while also ensuring autonomous operation. 

Note: Although we could not show the hardware implementation of our planned system- we 

simulated the transient graphs for pressure drop rate for 5 different cases in CFD ansys. Then 

we turned them into CSV files and passed them through a digital compensator, did wavelet 

transform on them, applied RBF and finally passed them through the machine learning 

algorithm, XGBoost, and found their accuracy. We have also displayed the partial hardware 

connection of the planned subsystem 2.  

 

Components Used in the Prototype 

Gas Sensors 

 
 

Fig 3.3. MQ-6 Fig 3.4. MQ-2 

We selected MQ-6 because it is very sensitive to gases like butane, propane and LPG. MQ-2 

was selected because it is very good in detecting a wide range of gases like smoke, methane 
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and hydrogen. A mixture of these two sensors enhances the gas leakage detection by detecting 

a wide range of gases. Additionally, these two sensors are inexpensive and widely available in 

this country, so they were a good choice for household kitchens. 

Processing unit (Arduino Uno R3) 

 

Fig 3.5. MQ-2 

We chose Arduino Uno R3 as the microcontroller since it is easy to program and has enough 

pins for connecting numerous components such as sensors and relay modules. This device 

offers dependable real-time data processing and can control the signal without consuming a 

high amount of power. It is also easily available in Bangladesh; it is scalable and is more 

appropriate for student friendly prototypes. 

Communication modules 

 

 

Fig 3.6. SIM900A GSM Module Fig 3.7. HC-05 Bluetooth Module 
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The SIM900A GSM module is supposed to send remote alerts by sms to the users to notify 

them about gas leakage in their homes. The HC 05 Bluetooth module makes sure that the whole 

system requires less wiring and that the subsystems can communicate within a shortranged 

distance. This is why both modules were selected.  

Actuators 

  

Fig 3.8. DC Exhaust Fan Fig 3.9. Plastic Water Solenoid Valve 

  

Fig 3.10. 2 Channel Relay Module Fig 3.11. 300mm Linear Actuator 

The linear actuator was selected because it was very easy to integrate into our design. The 

availability of the linear actuator’s perfect size for our prototype window and it’s smooth 

operation is what caused us to use it in the prototype. 
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Power supply 

  

Fig 3.12. Solar Panel Fig 3.13. Charge controller Fig 3.14. 12V Lithium-ion battery 

We used a 12V Lithium-ion Battery as our main power source, we attached a solar panel along 

with a charge controller to charge the batteries automatically. The solar panels also guarantee 

that the system is sustainable and viable for residential use. The battery controller was used to 

ensure that the batteries were not overcharging or discharging. This combination will guarantee 

affordability and reliability of the system.  

Prototype Details 

For better visibility, we simulated a kitchen with a window and we assembled up our complete 

prototype there. 

 

Fig 3.15. Complete Prototype AssemAssembled in Simulated Kitchen 
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Fig 3.16. Subsystem 1: Gas Detection, Alert, and Ventilation Module 

 

Fig 3.17. Subsystem 3: Solar Charged Power Supply Fig 3.18. Subsystem 2: Supply Control Module 

 

The final prototype has the gas sensors MQ-2 and MQ-6 as input. They are connected in 

parallel, in the first subsystem, to detect LPG gas. The output pin of the MQ-2 sensor is 

connected to the A1 pin while the output of the MQ-6 sensor is connected to A0 pin of the 

Arduino Uno. When either of these sensors detect gas levels above 2000 ppm, the threshold, a 

signal is sent to the arduino. This input is then processed by the arduino which in turn triggers 

the whole management and alert systems. 
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The first actuator subsystem was designed around a 2-channel relay (Relay 1) to control the 

exhaust fan and LED. Relay 1’s input pins were connected to D2 and D3 of the Arduino Uno, 

powered through 5V and GND from a buck converter. The relay’s NO pin was connected to 

the positive terminal of the exhaust fan, and the NC pin was connected to the positive terminal 

of the LED, with both devices grounded on their negative terminals. This ensured that when 

the relay is off, the LED remains on and the fan stays off, indicating a safe state. When gas is 

detected and the relay is triggered, the LED turns off and the fan is powered on for ventilation. 

A second 2-channel relay (Relay 2) controls the linear actuator, which opens or closes the 

kitchen window for ventilation. Relay 2 inputs are connected to D5 and D6 of the Arduino. 

The relay’s NC pins are tied to +12V VCC, while the NO pins are grounded. The common 

pins are connected to the actuator: Channel 1 COM to its negative wire and Channel 2 COM 

to its positive wire. This connection is known as the H-Bridge connection, particularly made 

for this system to work. When gas levels exceed the threshold, the relay should activate and 

the actuator should extend to open the window. Once gas levels drop back to normal, the relay 

must reset and the actuator must retract, closing the window. 

For user notifications, a SIM900A GSM module was interfaced with the Arduino with the help 

of a code. Its RX pin was connected to D11 and the TX pin to D10, powered by a regulated 

5V VCC and GND from a buck converter. The GSM module was programmed to send SMS 

alerts to a pre-set number whenever gas concentrations became dangerous. The buzzer 

connected to D8 and an LED connected to D13 through a 220 Ω resistor provided local alerts. 

Both the buzzer and LED turned on when the threshold was crossed and turned off once the 

system reset, with the GSM sending a corresponding update to the user. 

Communication between subsystems was achieved using HC-05 Bluetooth modules. The Tx 

pin of the module in Subsystem 1 sends signals to the Rx pin of the module in Subsystem 2. 

When gas is detected, the Arduino Uno in Subsystem 2 receives a signal via bluetooth. This 

arduino drives a relay connected to a plastic water solenoid valve in the LPG supply line 

(pipeline). When triggered, the relay closes the solenoid valve, cutting off the gas supply to 

the stove. To provide visual confirmation, an LED was connected in parallel with the 

solenoid’s relay connection; the LED turns on when the valve is closed. 

The entire system is powered by a 12V supply, with buck converters providing regulated 5V 

lines to the GSM, buzzer, LEDs and the relays. Once the gas level returns to normal- the system 
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automatically resets, retracting the actuator, switching off the fan and the buzzer, reopening 

the solenoid and notifying the user of the safe condition. 

Note: To process the information received from gas detection, codes were given to both the 

arduino unos- which were troubleshooted multiple times to ensure all the requirements were 

met. Additionally, the hardware setup, specifically the connection of VCC and ground-  of all 

the components, the power supplies and the buck converters, had to be checked multiple times 

- to prevent hardware damage. In our prototype, we used HC-05, a bluetooth module, as the 

mode of communication between the first two subsystems while subsystem 3 connects to them 

through wires.  

Prototype Validation 

Subsystem 1: 

  

  

Fig 3.19. Subsystem 1 when gas is below 

2000ppm 

Fig 3.20. Subsystem 1 when gas is above 

2000ppm 
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Fig 3.21. GSM Module sending Alert to phone when gas is above 2000ppm 

Subsystem 2 : 

 

Fig 3.23. Showing Subsystem 2 when Gas levels are normal [ below 2000ppm ] 

  

Fig 3.24. Solenoid valve is Open when gas 
is below 2000ppm 

Fig 3.25. Solenoid valve is Closed when gas 
is above 2000ppm 
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Subsystem 3: 

  

Fig 3.26. Before solar charging, battery 

charge= 11.8V 

Fig 3.27. After solar charging, battery 

charge= 12.1V 

 

5.3 Evaluation of the proposed solution 

After the completion of hardware integration and troubleshooting, the system was subjected to 

extensive testing to verify whether it met the intended safety, performance and user 

requirements. At first, gas leakage was simulated using lighter gas, near the MQ-2 and MQ-6 

sensors, in order to replicate real-world leakage conditions. A total of fifteen tests and trials 

were conducted under constant environmental conditions to evaluate the response accuracy 

and reliability of the detection and control modules. We observed that the sensors detect gas 

leakage successfully at approximately 2000 ppm and are triggered within 1.2 seconds. 

The relays, GSM module and the linear actuator responded sequentially- initiating ventilation, 

power cut off and alerts for the user. No false triggers occurred during the tests, confirming 

that calibration was stable and that the system had less noise . Once the gas concentration 

became normal, the system automatically reset within 4 seconds, demonstrating fast recovery 

and low power demand during reset. 
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When the communication and control systems were also evaluated- we observed that the HC-

05 Bluetooth module maintained stable communication between subsystems at a range of 

approximately 50 cm, suitable for domestic cabinet or countertop installations. The GSM 

module achieved successful message delivery in most test cases, with a few early delays 

corrected through retry logic in the software. On the other hand, the linear actuator and 

solenoid valve took 6 to7 seconds to respond after detection. Additionally, Power sustainability 

tests were also done and that showed that the solar-charged battery system can support the 

entire operation for around three hours- with the system starting to slow down slightly after 

2.5 hours, indicating effective short-term autonomy. 

Data collection:  

 

 

Fig 3.28. System Latency using Stopwatch                         Fig 3.29. Power measurement using 

Multimeter 

 

Note: All the equipment above helped in collecting data for power and latency measurements. 

The CFD mesh done below helped in the transient analysis of the pressure drop rate in the 

pipeline in case of usage and leakage. 
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Results and findings:  

Fig 3.31. System Latency 

  

 

Pipe_with_No_Leakage Pipe_with_Leakage 

Fig 3.30. CFD mesh 
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Fig 3.32. Power measurement 

 

Below, we have given the CFD ansys simulation done for the 5 possible cases determining 

leakage or usage, as we had planned, that we could not implement in our hardware due to 

time constraint and permit issue: 

 

CFD Simulation Results:  

Fig. Transient graphs of LPG leakage from Pipeline and Stove 

  

Fig 3.33. Leakage_ 

Burner_ON 

Fig 3.34. Leakage_Gas_Dispersion 
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Fig 3.35. No_Leakage_ 

Burner_ON 

Fig 3.36. No_Leakage_ 

Burner_OFF 

Fig 3.37. No_Leakage_ 

Gas_Dispersion 

 

 

5.4 Conclusion 

The evaluation results demonstrate that the developed system effectively meets its functional 

and safety objectives. The response speed, power autonomy and automation accuracy align 

closely with our design targets. Minor issues, such as GSM message reliability, were 

successfully mitigated by the optimization of our arduino code. 

 

Overall, the system is feasible, economically viable and functionally robust. All these features 

make it suitable for mass production and potential commercial deployment in Bangladeshi 

households. In the future, a more compact PCB based system can be made for commercial 

purposes.  
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Chapter 6: Impact Analysis and Project Sustainability. [CO3, CO4] 

6.1 Introduction 

The smart gas leakage detection and management system directly tackles the long-standing 

and recurring gas accidents taking place in Bangladesh. This technological intervention to 

address safety challenges creates a significant impact across various dimensions in our society. 

In this chapter, we discuss these impacts on different stakeholder groups while also evaluating 

the long-term sustainability of our project.  

6.2 Assess the impact of the solution 

6.2.1 Social and Cultural Impact 

● Public safety enhancement: The Majority gas gas-related accidents tend to spread 

across their primary location of origin. This puts surrounding neighbors and 

infrastructure at risk as those accidents not only threaten a singular household but also 

anyone around it. By detecting abnormal gas concentrations, the user can take 

necessary precautions, like calling the apartment security or the fire department in 

severe cases.  

● Educational Impact: Since our system includes hardware components like a solar 

panel, it might encourage users to shift to other appliances that can use solar power as 

well. Moreover, the reliance on notification requires a smartphone; the benefit of such 

a technological tool expands beyond just gas leakage safety and can potentially 

improve other aspects of the user’s life, especially in rural areas of Bangladesh. This is 

especially effective with the elderly population as it will bridge gaps with using modern 

technology, thus making them more tech savvy. 

 

6.2.2 Health and Safety Impact 

● Prevention of Acute Health Hazards: If LPG concentrations above 2000 ppm are 

inhaled, it can cause dizziness and asphyxiation. This is typically evident at 

Bangladeshi kitchens, where the space is very compact and barely has any airflow. 

Even at low levels, prolonged gas leaks can cause long-term respiratory diseases. The 

system’s continuous real-time monitoring ensures early detection and mitigation, 

protecting household members from such harmful effects.  
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● Reduction in Fire Injuries: When a gas leak is exposed to electricity or fire, it can 

cause explosions. That fire spreads and eventually burns people in its vicinity. Even if 

people are not dying from burns themselves, sometimes they are trapped and die from 

the absence of oxygen. By identifying these fire-inducing gas leaks at the source, our 

project directly contributes to reducing burn-related injuries. This is most significant 

because in Bangladesh, the majority of burn patients and deaths are caused by LPG 

accidents.  

● Healthcare System Relief: If gas-related accidents do not occur and those potential 

victims do not go to the hospital, the healthcare facilities are relieved from that potential 

pressure. This can enable them to redirect their time and effort onto other critical health 

emergencies.  

 

6.2.3 Legal and Regulatory Impact 

Since this technology is completely new in Bangladesh, the government and people here are 

unaware of its safety potential. However, due to its low cost, it can be included in the building 

code and safety regulations for LPG installations. With the help of government approval, 

implementing this system can be a requirement for new residential developments as it will 

guarantee to reduce gas-related accidents.  

Moreover, if using this system actually becomes mandatory in case of an actual fire that takes 

place at a house or factory, the documented evidence can be used to apply for insurance. The 

insurance claims and legal proceedings can be made to avoid the allegation of negligence 

because they used our gas detection system.  

6.2.4 Social Impact 

● Public safety enhancement: The Majority gas gas-related accidents tend to spread 

across their primary location of origin. This puts surrounding neighbors and 

infrastructure at risk as those accidents not only threaten a singular household but also 

anyone around it. By detecting abnormal gas concentrations, the user can alert people 

surrounding their home and take necessary precautions.  

● Educational Impact: By introducing a system that requires minimal technological 

knowledge, it encourages digital literacy, especially in rural areas. The introduction of 

greater technological knowledge expands beyond just gas leakage safety and can 

potentially improve other aspects of the user’s life. 
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6.3 Evaluate the sustainability  

6.3.1 Environmental Sustainability 

LPG is a non-renewable energy source which is obtained from extracting fossil fuels. This 

means it is finite in terms of amounts, thus making it extremely valuable for us humans, which 

is why it should not be wasted. By making sure that there is no leak, our project ensures the 

efficient usage of this fuel. Despite LPG being a more environmentally friendly fossil fuel due 

to its comparatively cleaner combustion, it is still a greenhouse gas. So by making sure that it 

is stored properly we are relieved to know that such scenarios will not be contributing to global 

warming. 

We have made our system as such that it lasts a long time of three years and in the scenario 

that a replacement is necessary, only components need to be replaced like the battery. By doing 

this we ensured that we do not contribute to the global electronic waste as our system does not 

require complete replacement of only certain components, such the batteries. Speaking of our 

hardware components, our system is also energy efficient because we use a 12-watt solar cell. 

This minimizes the dependence on grid electricity, thus minimizing the environmental impact 

as well. 

6.3.2 Economic Sustainability 

Compared to the damage caused from gas-related accidents, whether that be health expenses 

or asset destruction, our system of only 29,564 BDT provides exceptional value for investment. 

Speaking of investment, our ROI is 15%, indicating healthy market viability. In fact bulk 

production of at least 100 units will reduce the costs to 7,800 BDT per unit, which is almost a 

21% cost reduction. Speaking of bulk production, if such an order of high amount is made, it 

will create job opportunities in the manufacturing sector. Employment in areas such as 

assembly, installation, manufacture, and maintenance will increase. This will overall 

contribute to the general economy while keeping everyone safe.  

6.3.3 Social Sustainability 

As previously mentioned, where our project helps protect communities and infrastructure, it 

thus promotes unity among neighbors. Knowing that your neighbor has this system installed 

in his house and them know the same for you, both of you will be assured that neither of your 

houses is susceptible to gas-related accidents. The notification sending feature encourages 

users to communicate with their neighbors to mitigate potential accidents in case they are not 
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home. According to recent studies, it is shown that people desire automated services which our 

system provides, thus improving its acceptance into society. Despite the system being 

automated, it is not too complex for the elderly to use and understand. This is why it is 

accessible for everyone, ensuring no one is left behind in our goal of maintaining people’s 

safety.  

6.4 Conclusion 

The Smart Gas Leakage Detection and Management System is proven not only to be 

sustainable but also to bring about positive impacts upon society. Bangladesh’s abundant usage 

of this precious fuel is respected for and ensures that the environment is not harmed by it. The 

analysis done above validates the potential of scalability and its effectiveness in the market.  

The project understands the demographic present in Bangladesh, which is why it tailors itself 

to bridge the gap between innovation and social need. It also respects the cultural practices in 

both rural and city areas while ensuring the safety of its users. We were able to address such a 

complex problem that has been plaguing the citizens of our country. Our solution not only 

ensures the safety but also develops the economy as well.  

 

Chapter 7: Engineering Project Management. [CO11, CO14] 

7.1 Introduction 

Engineering Project management requires the rigorous planning and  supervision of tasks to 

make certain that a project has been completed within its fixed span of budget, schedule and 

scope. To set the steps needed to reach the desired outcome and to allocate resources, a proper 

structured framework is very important. So to keep the project on track and to keep the 

deliverables clear, project objectives and timeframes should be clearly set from the beginning. 

In addition to planning and teamwork, good project management also requires efficient 

communication within the group mates, regular monitoring of the progress and also the 

preparation of contingency plans in case of unforeseen challenges.  

Another key component of project management is the economic aspect of the project. The 

economic analysis can help to estimate the costs and viability of the project, which ensures 

practical and technical decisions are made. 
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7.2 Define, plan and manage engineering project 

 

 Table 3.1.: Estimated Fydp-P Timeline Gantt Chart 

 

Tasks W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 

Project Initiation 
(Topic selection, 
themes, literature 
review) 

           

Concept 
Development (Ideas 
to ATC, draft 
concept note, 
problem statement 
& goals) 

           

Design and 
Standards (Design 
approaches, 
standards & codes) 

           

Proposal 
Preparation 
(Progress slides, 
progress 
presentation, initial 
proposal draft) 

           

Finalization (Specs 
& budget, expected 
outcomes, ethics & 
risks, final 
proposal) 

           

Presentation (Final 
slides, mock & final 
presentation) 
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Table 3.2.: Estimated Fydp-D Timeline Gantt Chart 

 

 

 

  

 

Tasks 

Tasks 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Finalize 

Design 

Workflow 

              

Design 1 

Simulation 

              

Design 2 

Simulation 

              

Compare 

and 

analyze 

              

Selection 

of Optimal 

Design 

              

Final 

Presentatio

n and 

Report 
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Task 1 2 3 4 5 6 7 8 9 10 11 12 

Requirement 
Analysis and 

Planning 

            

Component 
Procurement & 

Verification 

            

Subsystem 1: Gas 
Sensor & Actuator 

Integration 

            

Subsystem 2: 
Pressure Sensor & 

ML Setup 

            

Subsystem 3: Solar 
Charging & Power 

Setup 

            

Communication 
Integration 

(Bluetooth + GSM) 

            

Prototype Assembly 
& Initial Testing 

            

Algorithm Tuning 
(Wavelet + RBF) 

            

System Integration 
(all subsystems) 

            

Optimization & 
Debugging 

            

Final Testing & 
Showcase 

Preparation 

            

Prototype 
Showcase/Presentati

on 

            

 

Table.3.3: Estimated Fydp-C Timeline Gantt Chart 
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7.3 Evaluate project progress 

In FYDP P, our group proposed to work on the project “Cognitive Rehabilitation EEG 

Neurofeedback System using Machine Learning/Deep Learning Algorithm” but we realised 

that the headset needed for that project was not available in Bangladesh and was way outside 

our FYDP time allocation and budget. Consequently, during FYDP D, we started on our new 

idea “Smart Gas Leakage Detection and Management System.” Starting in the middle with a 

new project meant doing both literature review and FYDP P’s work along with FYDP D’s 

software simulations. The tasks were distributed among the members in such a way that some 

of the members were to work on the hardware and simulations, others were to work on software 

and simulations. A new gantt chart was made during FYDP D which was followed all through 

that semester and through FYDP C. 

 

While working on our FYDP, we faced problems in both software simulation as well as during 

hardware completion. During creating the simulation in “Proteus 8 Professional”, we faced a 

challenge while making the bluetooth modules communicate with each other. However, this 

problem was solved in two weeks. The most challenges that we faced were in FYDP C. While 

implementing the hardware, we faced problems in calibrating the gas sensors, debugging the 

two channel relays, sending signals through bluetooth modules, we had to find 2G compatible 

sim for the GSM module and had to change the arduino code a few times to finally send the 

message signal. On the other hand, while working on the pressure detection subsystem, we 

could not train the algorithm or simulate the pressure drop using physical cylinders and gas 

pipes because of safety concerns. So we had to use ANSYS simulation software to simulate 

the different pressure conditions and make a dataset to train our algorithm. Ansys simulation 

was very time consuming and strenuous to learn and create the RBF wavelet model also needed 

quite a lot of effort. Even though we struggled a lot, we managed to procure all the necessary 

components punctually, called for more frequent meetings to improve our teamwork, and even 

worked extra hours when needed. Despite no contribution from one of the group members, the 

task was completed successfully because of effective collaboration of the rest of the members. 
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7.4 Conclusion 

Proper planning and management is important for the success of an engineering project. Even 

though our first idea could not be followed through, we adapted fast by coming up with a new 

project idea and creating a new schedule. By following plans and making practical to-do lists, 

we were able to divide tasks, have a clear coordination among the group, and overcome all our 

challenges. Through this process of creating a project from scratch, we learned that constant 

teamwork, flexibility and efficiency is as important as technical knowledge. Therefore, we can 

say that through proper planning, management, and collaboration, it is possible to turn 

challenges into successful outcomes.  

Chapter 8: Economical Analysis. [CO12] 

8.1 Introduction 

Economic analysis is important in finding out how viable and profitable the project is. This 

includes thorough analysis of the project’s direct and indirect expenditures, while keeping in 

mind the advantages and disadvantages of the existing solutions. In this project, the focus is 

on evaluating the Smart Gas Leakage Detection and Management System. This system uses 

gas sensors, machine learning to classify leaks, automatic ventilation, and a solar-powered 

backup. The project’s estimated cost, return on investment( ROI), cost benefit balance and 

how financially feasible the project is in the context of Bangladeshi homes, will be analysed 

in this chapter.  

8.2 Economic analysis  

The development of the prototype was done by purchasing the components at a retail price , 

which cost us around 29,564 BDT. After optimizing the prototype using LiFePO4 battery, 

custom PCB and ABS casing and after bulk sourcing components for mass production, the 

cost will be reduced significantly. The projected production cost per unit will be approximately 

29,200 BDT.  

To ensure affordability while being profitable, we have estimated 15% ROI. Thus, we set the 

selling price at around 33,500BDT. This price is quite reasonable in comparison to the 

imported gas leak detectors available in the market which don’t even have solar backup or 

machine learning based pipe-leak detection.  
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Subsystem Main Components Prototype Cost 

(BDT, retail) 

Mass Production 

Cost (BDT) 

Subsystem 1 – 

Gas Sensing 

& Local 

Response 

Arduino Uno, MQ-2 & MQ-6 gas 

sensors, SIM900A GSM module, 

12V fan, 12V linear actuator, 

buzzer, relay modules, LED 

indicators, buck converters, jumper 

wires 

13,951 12,000 

Subsystem 2 – 

Pressure 

Monitoring & 

ML 

Raspberry Pi Zero 2, Arduino Uno 

(ADC), stainless steel pressure 

transducers, 2 HC-05 wireless 

modules 

5,633 9,000 

Subsystem 3 – 

Solar 

Charged 

Power System 

12V 20W (prototype) / 100W 

(production) solar panel, charge 

controller, lithium ion for prototype 

and LiFePO4 battery for, wiring 

4,680 7,000 

Casing Prototype: pvc board for enclosure, 

and melamine board and aluminum 

testing frame; Production: ABS 

injection-molded enclosure 

5,300 1,200 

Total System 

Cost 

— ≈29,564 ≈29,200 

Table 3.4. Prototype vs Production Cost 
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8.3 Cost benefit analysis 

The system’s advantage surpasses the initial cost. It notably reduces the risk of explosions and 

fires due to gas leakage which would have otherwise resulted in expensive medical bills, 

property damage and death. The system is also independent of grid electricity since it uses a 

hybrid power system backed up by solar power. This also cuts the budget for electricity which 

will be saved in the long run.  

Profitability hypothesis:  

● Assuming 15% ROI,  

● Selling price = 33,500BDT 

● Production cost= 29,200 BDT 

● Profit per Unit = 4,300 BDT 

● Assuming 100 units are sold in a year: 

● Yearly revenue = 3,350,000 BDT 

● Yearly cost= 2,920,000 BDT 

● Yearly Profit = 430,000 BDT 

Bulk production might reduce the per unit cost more which will allow the future selling price 

to be lower. 

8.4 Evaluate economic and financial aspects 

The project’s overall expenditure can be divided into direct and indirect costs.The hardware 

components that are crucial for building the system like gas sensors, linear actuator, battery, 

microcontroller boards, relays, and solar panel are the direct costs. However, the indirect costs 

are the expenses that come from marketing, promotions, packaging and distribution. So an 

indirect cost must be taken into consideration. Indirect cost will reduce the profit however it 

might get balanced out when the bulk prices will lower production cost. 

8.5 Conclusion 

The economic analysis shows how the chosen approach for the Gas Leakage Detection and 

Management System is an economically viable product for Bangladeshi home owners. It offers 

a plethora of functionalities at a very reasonable price. Moreover, the system can be scaled 

while retaining the safety needs and profitability after analysing the cost-benefit estimation 

and financial evaluation. After conducting economic analysis, we can conclude that the project 

has the potential to be commercially sustainable for a long time. 
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Chapter 9: Ethics and Professional Responsibilities CO13, CO2 

9.1 Ethical Responsibilities 

The design and implementation of the Smart Gas Leakage Detection and Management System 

are guided by the fundamental ethical duty to protect human life and property. Gas leaks pose 

severe health and safety hazards, and the proposed system aims to prevent such accidents 

through early detection, automatic control, and timely alerts. All components and design 

decisions were made to ensure accuracy, reliability, and long-term usability without 

compromising user safety. 

Ethical design also demands transparency and accountability in every stage of the project. The 

sensors used were calibrated to industry-standard safety limits (e.g., 2000 ppm threshold) 

based on credible data sources. Team members ensured that simulations, testing procedures, 

and analyses were conducted with integrity, avoiding data manipulation and adhering to 

academic honesty. The system’s response mechanisms were validated through repeated 

simulations to ensure the alerts would trigger before gas levels reached dangerous 

concentrations. 

9.2 Professional Conduct and Testing Standards 

As future engineers, the project team maintained professional conduct throughout the design 

and development phases. Responsibilities were distributed fairly, and all members actively 

participated in decision-making, testing, and documentation. The team followed proper 

laboratory safety practices and ensured safe working environments when dealing with 

electronic components and power circuits. 

To maintain high professional standards, recognized engineering practices were followed in 

selecting, simulating, and integrating components. The system’s performance was tested using 

Proteus and MATLAB to verify circuit behavior, power usage, and system latency. These tools 

ensured the project met acceptable engineering reliability levels before moving to physical 

implementation. The team also respected intellectual property rights by citing all references, 

datasheets, and code libraries appropriately. 
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9.3 Environmental and Social Impact 

The project prioritizes sustainability by integrating renewable energy through a solar-powered 

subsystem, minimizing dependence on conventional electricity sources. This approach reduces 

the system’s carbon footprint and supports national and global commitments to clean energy. 

Additionally, the hardware design focuses on modularity and recyclability to reduce electronic 

waste. 

Socially, the project contributes to public safety and awareness. By preventing household gas 

accidents, the system helps protect families, especially in urban areas with dense housing and 

limited ventilation. The system’s affordability and user-friendly nature make it accessible to a 

wide range of socio-economic groups, reinforcing the ethical principle of inclusivity in 

engineering design. 

9.4 Data Privacy and User Safety 

Given that the system employs GSM and Bluetooth communication, ensuring data privacy and 

secure transmission was an essential ethical consideration. The design avoids collecting 

personal data and only transmits essential safety alerts. Any stored data are limited to 

operational logs for performance assessment. Users remain fully informed about the purpose 

and behavior of the system, thereby ensuring transparency and trust. 

Safety was the team’s highest priority. Each response module, such as the relay-based power 

cutoff and the actuator-controlled window system, was tested for fault tolerance to prevent 

malfunction during emergency conditions. Battery management circuits were designed to 

avoid overcharging or overheating, ensuring safe long-term operation. 

9.5 Affordability and Equity Considerations 

In Bangladesh, many low- and middle-income households use LPG without advanced safety 

measures due to high costs. Therefore, the team emphasized affordability and scalability as 

key ethical responsibilities. Component sourcing and circuit optimization were carefully 

balanced to keep the total cost below 30,000 BDT without sacrificing reliability. 
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By ensuring that the system is affordable, easy to install, and operable without specialized 

knowledge, the project supports equitable access to safety technology. This aligns with the UN 

Sustainable Development Goals (SDG 11 – Sustainable Cities and Communities) by 

promoting safer living environments through innovation. 

9.6 Summary of Ethical Commitments 

This project upholds the highest ethical and professional standards of engineering practice. 

Every decision—from sensor calibration to communication design—was made to ensure 

human safety, sustainability, and fairness. The team’s collective effort demonstrates 

accountability, transparency, and social responsibility in line with the IEEE Code of Ethics. 

By focusing on inclusivity, environmental consciousness, and professional conduct, the Smart 

Gas Leakage Detection and Management System represent a responsible and sustainable 

engineering solution for modern urban households.  

Chapter 10: Conclusion and Future Work. 

10.1 Project summary and conclusion 

This project started from a simple, urgent problem: people in Bangladesh sometimes face 

dangerous LPG leaks at home, and the usual commercial detectors only shout an alarm — they 

don’t take reliable, safe action. To offer something more practical and affordable, we built a 

two-part system from locally available components and designed conservative, easy-to-

understand rules so the system helps without creating new risks. 

In plain terms, the system has two cooperating units plus a solar power supply: 

● Kitchen unit (Subsystem 1). An Arduino monitors the kitchen air with MQ2 and MQ6 

gas sensors. If something looks wrong it can run a local alarm, switch on ventilation, 

cut mains power to the stove circuit, and send an SMS via a GSM modem. This unit is 

meant to act fast and locally. 

● Pipeline unit (Subsystem 2). A Raspberry Pi Zero watches the internal gas line with 

a pressure transducer. We process the pressure signal with wavelet-packet feature 

extraction, reduce the dimensionality, and feed the result to an XGBoost classifier 

trained to tell six different pipeline conditions apart (including internal leaks). If the 
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classifier confirms a leak, the device can close a solenoid valve to isolate the line and 

it notifies the kitchen unit over Bluetooth so both units can consider the same situation. 

● Solar backup. Everything runs from a small solar + battery setup so the system keeps 

working during power outages — an important practical choice in our context. 

In lab simulations the system behaved reasonably well. On a 15 m pipe (12 mm ID, 15 mm 

OD) with a small leak modeled at 0.532 m, the pressure-based detector typically flagged the 

event in about 6 seconds, and the system returned to steady conditions in roughly 4 seconds. 

Overall power draw stayed between about 2 and 4 watts. Those numbers are useful, but they 

come from simulation: they give us confidence in the approach but not a guarantee for real 

homes. 

Beyond numbers, we treated safety and explainability as primary goals. Key operational 

choices were: 

● Require corroboration: any action that changes the gas flow (for example, closing the 

valve) should be supported by more than one sensor or modality. 

● Be conservative with ML-driven actions: the classifier must be highly confident (we 

set a high-probability threshold) before we allow it to act alone. 

● Keep communications separate from local safety: GSM and Bluetooth are for 

notifying people and other units — they are not required for the device to perform 

immediate safety actions. 

● Keep model training auditable: every change to the model is logged so the system’s 

behavior can be reviewed. 

The design favors safe, explainable behavior over bold automation. With that mindset, the 

prototype shows that a solar-powered, multimodal leak detection and response system built 

from affordable parts is feasible. Moving to household deployment, however, will require more 

testing on real hardware and real pipes. 
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10.2 Future work 

The prototype demonstrates the idea. To make it reliable and safe in actual homes we need 

several practical follow-ups. 

1. Broader, more realistic data and HIL tests 

● Simulate more leak positions and orifice sizes, and introduce elbows, tees, and 

branches into the pipe models. 

● Vary operating conditions (temperature swings, transient flows). 

● Build a hardware-in-the-loop (HIL) testbed with modular piping and controlled leaks 

to measure how simulation results translate to physical hardware. 

2. Stronger validation and robustness 

● When we collect real installation data, hold out entire installations for validation so the 

model does not overfit to one setup. 

● Add stress-case records: cooking disturbances, mechanical vibration, and acoustic 

coupling that might confuse the detector. 

● Put in a controlled, audited process for incremental retraining using field-labeled 

events. 

3. Improve hardware reliability 

● Make enclosures sturdier and add tamper-evident features; write straightforward 

installation standards for technicians. 

● Tune the power electronics for better solar charging and longer battery life. 

● Consider redundancy — a second pressure sensor or an auxiliary flow meter — to 

remove single points of failure. 

4. Better installer / owner procedures 

● Produce a short Installer & Owner Information Sheet that explains system limits, reset 

steps, calibration intervals, and privacy rules. 

● Add firmware safeguards that force periodic calibration, log ambiguous events, and 

prompt technician intervention after repeated resets. 
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5. Regulation and field pilots 

● Coordinate with safety regulators and gas utilities to meet local rules and certification 

needs. 

● Run supervised pilot installations (we suggest thirty or more households), log all alarms 

and failures, and use those logs to tune thresholds and policies. 

● Use pilot outcomes to decide when machine-learning outputs can safely be trusted to 

act without human review. 

6. Scale and long-term goals 

● Explore turning the device into a community-level safety service (centralized 

monitoring of anonymized events) while preserving local autonomy for emergency 

actions. 

● Look at smart-home integration options that never replace the local fail-safe. 

● Study how to cut manufacturing costs so middle-income families can afford the system. 

This project shows a clear path from a simple idea to a practical safety device: low-cost 

hardware, conservative decision rules, and solar backup. The next steps are straightforward 

and practical — more realistic testing, careful field trials, and close work with regulators and 

installers. Followed deliberately, those steps can turn this prototype into a product that 

genuinely reduces the risk of household gas accidents. 
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Chapter 11: Identification of Complex Engineering Problems and Activities. 

11.1: Identify the attribute of complex engineering problem (EP) 

Attributes of Complex Engineering Problems (EP) 

 Attributes Put tick (√) as appropriate 

P1 Depth of knowledge required ✓ 

P2 Range of conflicting requirements  

P3 Depth of analysis required ✓ 

P4 Familiarity of issues  

P5 Extent of applicable codes ✓ 

P6 Extent of stakeholder involvement and needs  

P7 Interdependence ✓ 

Note: Project must have P1, and some or all from P2-P7 

11.2: Provide reasoning how the project address selected attribute (EP) 

P1. Depth of knowledge required: This project requires knowledge from different parts of 

electrical engineering. To build the hardware, skills in digital logic design and circuit 

implementation are required. Data collection and analysis involve sensor handling, 

microprocessor connections, IoT communication, and cloud processing. On top of that, 

algorithms and machine learning are needed to make correct decisions from the input data. 

Therefore, having a broad and clear understanding of these areas is very important for this 

project. 

P3. Depth of analysis required: The system not only collects data but also needs proper 

analysis. To tell the difference between normal gas use and dangerous leaks, we took sensor 

readings to check them against set limits and ran some simulations. Such as the pressure 

module used wavelet and RBF analysis with datasets from ANSYS to find unusual changes. 

This careful checking was very important to avoid false alarms and to make sure the alerts 

were correct and reliable. 
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P5. Extent of applicable codes: When making the solution, we had to follow different codes 

and standards about data security, algorithm design, and wireless communication. But we 

found that many of these rules did not fully match our problem because we were working on 

a system made for Bangladeshi homes. So just applying the codes was not enough. We had to 

understand them in our own way and also sometimes adjust the process to make sure the system 

worked safely and properly. 

P7. Interdependence: Every part of the system depends on the others, so the whole project is 

connected. The microcontroller takes information from the gas sensors and uses algorithms to 

decide if it should turn on the fan or open the solenoid valve or send an SMS alert. Also, the 

solar part helps the system to keep working even if there is a power cut. We learned that it is 

very important to make each part work well with the others, because if one part fails, the whole 

system does not work properly  

11.3 Identify the attribute of complex engineering activities (EA) 

 Attributes of Complex Engineering Activities (EA) 

 Attributes Put tick (√) as appropriate 

A1 Range of resource ✓ 

A2 Level of interaction ✓ 

A3 Innovation  

A4 Consequences for society and the environment ✓ 

A5 Familiarity  

Note: Project must have some or all of the characteristics from attributes A1 to A5 

11.4 Provide reasoning how the project address selected attribute (EA) 

A1. Range of resource: The project needed many technical, material, and financial resources. 

For the hardware we used MQ-series gas sensors, pressure sensors, Arduino Uno and 

Raspberry Pi Zero 2W boards, a GSM module (SIM900A), solenoid valve, linear actuator, fan 

relays LED/buzzer indicators, solar panel with rechargeable batteries and a case . All bought 

and put together for the prototype. On the software side we used tools like ANSYS for CFD, 

Proteus for circuit simulation, Arduino IDE, and Python/Google Colab for machine learning. 
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We also used workshops and lab facilities to assemble and test everything. The team kept track 

of the prototype cost (around 29,564 BDT) and estimated mass production cost (around 29,200 

BDT), thinking about supply chains and manufacturing choices for scaling up. All of these 

need hardware, software, lab access, and budget planning to show how many resources were 

required to make the system. 

 

A2. Level of interaction: The system needs a lot of interaction between its parts and with 

people outside the project. Inside the system, it works well only if the sensors (gas sensors, 

pressure sensors), the microcontroller and machine learning, the actuators (solenoid valve, fan, 

linear actuator), and communication tools (GSM/SMS, Bluetooth) share data quickly so that 

safety actions happen on time. Outside the system, the project involves working with suppliers, 

installation teams, household users, neighbours or building managers (for evacuation) and 

possibly regulators or insurance companies if the system is used in building codes. The design 

also thinks about connecting with emergency services or other platforms, which adds more 

people and organizations to coordinate with. All these interactions technical, commercial, 

social, and regulatory, show how much coordination is needed to run and maintain the system. 

 

 A4. Consequences to Society and the Environment: The project affects public safety, health, 

resource use and the environment in clear ways. By detecting gas leaks early and taking 

automatic actions like turning on fans, closing the gas valve or sending SMS alerts, the system 

lowers the risk of explosions and burns at home and reduces health problems from breathing 

in gas . This also helps reduce pressure on hospitals. For the environment, stopping LPG leaks 

saves fuel and lowers greenhouse gas discharge. The solar backup helps the system keep 

working during power cuts. The project can also create local jobs for manufacturing and 

maintenance if it is produced on a larger scale. Also, the design uses replaceable parts like 

batteries to reduce electronic waste and make the system last longer. All these social and 

environmental benefits explain why the system was designed to be reliable, affordable, and 

solar supported. 
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Appendix 

Hardware Codes: 

 

Subsystem 1 code: 

#include <SoftwareSerial.h> 

// Sensor input pins 

const int mq6Pin = A0; 

const int mq2Pin = A1; 

// Relay control pins 

const int relayLedPin = 2;   // Relay IN1: controls 12V LED 

const int relayFanPin = 3;   // Relay IN2: controls 12V Fan 

// Linear actuator via 2-channel relay 

const int relay2_In1 = 5; // Forward (extend) 

const int relay2_In2 = 6; // Backward (retract) 

// Alerts 

const int buzzerPin = 4; 

const int alertLedPin = 13; 

// GSM Module 

#define GSM_TX 10  // Arduino TX to GSM RX 

#define GSM_RX 11  // Arduino RX to GSM TX 

// Define SoftwareSerial pins for HC-05 

SoftwareSerial BTSerial(8, 9); // RX = 8, TX = 9 

 

// Gas threshold (analog value) 

const int gasThreshold = 2000; 

// ==== State Flags ==== 

bool gasDetected = false; 

bool smsSent = false; 

 

// ==== GSM Serial ==== 

SoftwareSerial gsm(GSM_RX, GSM_TX);  // RX, TX 
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void setup() { 

  Serial.begin(9600); // Optional: for monitoring in Serial Monitor 

  gsm.begin(9600); 

  BTSerial.begin(9600);   // For HC-05 Bluetooth module 

  

  pinMode(relayLedPin, OUTPUT); 

  pinMode(relayFanPin, OUTPUT); 

  pinMode(buzzerPin, OUTPUT); 

  pinMode(alertLedPin, OUTPUT); 

  pinMode(relay2_In1, OUTPUT); 

  pinMode(relay2_In2, OUTPUT); 

 

 

  // Initial state: LED ON (relay off), FAN OFF (relay off) 

  digitalWrite(relayLedPin, HIGH); // Relay OFF → LED stays ON 

  digitalWrite(relayFanPin, HIGH); // Relay OFF → FAN stays OFF 

  digitalWrite(buzzerPin, LOW); 

  digitalWrite(alertLedPin, LOW); 

  digitalWrite(relay2_In1, LOW); 

  digitalWrite(relay2_In2, HIGH); // Retract 

 

  delay(2000); // Wait for GSM to stabilize 

} 

 

void loop() { 

  int mq6Value = analogRead(mq6Pin); 

  int mq2Value = analogRead(mq2Pin); 

 

 

  Serial.print("MQ6: "); Serial.print(mq6Value); 

  Serial.print(" | MQ2: "); Serial.println(mq2Value); 
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  // Gas detection logic 

  if (mq6Value >= gasThreshold || mq2Value >= gasThreshold) { 

    if (!gasDetected) { 

      gasDetected = true; 

      // Relay 1 

      digitalWrite(relayLedPin, LOW); // Relay ON → LED OFF 

      digitalWrite(relayFanPin, LOW); // Relay ON → FAN ON 

      // Alerts 

      digitalWrite(buzzerPin, HIGH); 

      digitalWrite(alertLedPin, HIGH); 

      // Relay 2: sensor exceeds threshold → extend actuator 

      digitalWrite(relay2_In1, HIGH); // Extend 

      digitalWrite(relay2_In2, LOW); 

      // Send SMS once 

      if (!smsSent) { 

        gsm.println("AT+CREG?"); 

        sendSMS("Warning! Gas leakage detected!"); 

        smsSent = true; 

      } 

       BTSerial.println("ALERT: GAS LEAK DETECTED"); 

    } 

  } else { 

    if (gasDetected) { 

      gasDetected = false; 

      // Relay 1 

      digitalWrite(relayLedPin, HIGH);  // Relay OFF → LED ON 

      digitalWrite(relayFanPin, HIGH);  // Relay OFF → FAN OFF 

      // Alerts 

      digitalWrite(buzzerPin, LOW); 

      digitalWrite(alertLedPin, LOW); 

      // Relay 2: safe → retract actuator 

      digitalWrite(relay2_In1, LOW); 

      digitalWrite(relay2_In2, HIGH); // Retract 

      // Reset SMS flag 
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      smsSent = false; 

      BTSerial.println("SAFE: GAS LEVEL NORMAL"); 

    } 

  } 

 // (Optional) Read any data coming from mobile/HC-05 

  if (BTSerial.available()) { 

    char c = BTSerial.read(); 

    Serial.print("Received from phone: "); 

    Serial.println(c); 

  } 

 

  // (Optional) Forward serial monitor input to HC-05 

  if (Serial.available()) { 

    BTSerial.write(Serial.read()); 

  } 

  delay(1000); // 1 second delay between checks 

} 

 

 

void sendSMS(String message) { 

  gsm.println("AT+CMGF=1"); // Set text mode 

  delay(2000); 

  gsm.print("AT+CMGS=\"+880xxxxxxxxxx\"\r"); // Replace with your number 

  delay(2000); 

  gsm.print(message); 

  delay(500); 

  gsm.write(26); // Ctrl+Z 

  delay(5000); // Wait for sending 

} 

Subsystem 2 Code: 

#include <SoftwareSerial.h> 

 

// HC-05 Bluetooth pins 

const int BT_RX = 7;  // Arduino RX to HC-05 TX 
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const int BT_TX = 9;  // Arduino TX to HC-05 RX 

const int valveLedPin = 12; // LED pin to show solenoid status 

 

 

// Relay pin to control solenoid 

const int relayPin = 4;   

 

// Bluetooth serial 

SoftwareSerial BTSerial(BT_RX, BT_TX);  // RX, TX 

 

// State flag 

bool gasAlertActive = false; 

 

void setup() { 

  Serial.begin(9600);        // Optional: for monitoring 

  BTSerial.begin(9600);      // HC-05 Bluetooth 

  pinMode(relayPin, OUTPUT); 

  pinMode(valveLedPin, OUTPUT); 

  digitalWrite(valveLedPin, LOW); // LED OFF initially 

  // Initial state: solenoid OFF (relay OFF) 

  digitalWrite(relayPin, HIGH); 

  Serial.println("Subsystem 2 ready."); 

} 

 

void loop() { 

  // Check for incoming Bluetooth message 

  if (BTSerial.available()) { 

    String message = BTSerial.readStringUntil('\n'); // Read full line 

    message.trim(); // Remove any extra whitespace 

 

    Serial.print("Received via Bluetooth: "); 

    Serial.println(message); 

 

    if (message == "ALERT: GAS LEAK DETECTED") { 
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      // Turn ON relay → Close solenoid valve 

      digitalWrite(relayPin, LOW); 

      digitalWrite(valveLedPin, HIGH); // LED ON when solenoid closed 

      gasAlertActive = true; 

      BTSerial.println("Subsystem2: VALVE CLOSED"); // Send status back 

      Serial.println("Valve closed due to leakage."); 

    } 

    else if (message == "SAFE: GAS LEVEL NORMAL") { 

      // Turn OFF relay → Open solenoid valve 

      gasAlertActive = false; 

      digitalWrite(relayPin, HIGH); 

      digitalWrite(valveLedPin, LOW); // LED OFF when solenoid open 

      //gasAlertActive = false; 

      BTSerial.println("Subsystem2: VALVE OPEN"); // Send status back 

      Serial.println("Valve opened, gas level normal."); 

    } 

  } 

 

  delay(200); // Small delay to avoid flooding serial 

} 

 

ML Pipeline  

# =========================== 

# Full Wavelet + ML Pipeline (5 CSVs) 

# + Wavelet Visualization for ALL 5 files 

# =========================== 

 

import numpy as np 

import pandas as pd 

import pywt 

import os 

from google.colab import files 

from sklearn.preprocessing import StandardScaler, LabelEncoder 

from sklearn.model_selection import train_test_split 
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from sklearn.metrics import accuracy_score, confusion_matrix, classification_report, 

precision_recall_fscore_support 

from sklearn.ensemble import RandomForestClassifier, GradientBoostingClassifier, ExtraTreesClassifier 

from sklearn.svm import SVC 

from sklearn.neighbors import KNeighborsClassifier 

from sklearn.neural_network import MLPClassifier 

import xgboost as xgb 

import matplotlib.pyplot as plt 

import seaborn as sns 

from scipy.stats import skew, kurtosis, entropy 

from sklearn.feature_selection import SelectKBest, f_classif 

from sklearn.decomposition import PCA 

 

RANDOM_STATE = 42 

EPS = 1e-12 

 

# --------------------------- 

# Wavelet packet feature extraction 

# --------------------------- 

def wp_energy(window, wavelet='db4', level=3): 

    wp = pywt.WaveletPacket(data=window, wavelet=wavelet, maxlevel=level) 

    nodes = wp.get_level(level, order='natural') 

    energies = np.array([np.sum(np.square(n.data)) if n.data is not None else 0.0 for n in nodes]) 

    total = np.sum(energies) 

    rel = energies / (total + EPS) if total > EPS else np.zeros_like(energies) 

    return energies, rel, np.array([n.data for n in nodes]) 

 

def wp_features_per_sample(signal, wavelet='db4', level=3, visualize=False, case_id=""): 

    N = len(signal) 

    features_list = [] 

    win_n = min(20, N) 

    hop = 1 

    start = 0 

 

    if visualize: 

        # Plot original signal 

        plt.figure(figsize=(10,3)) 

        plt.plot(signal, label='Original Signal') 

        plt.title(f"{case_id} - Original Signal") 
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        plt.xlabel("Sample Index") 

        plt.ylabel("Amplitude") 

        plt.grid(True) 

        plt.show() 

 

    while start + win_n <= N: 

        window = signal[start:start+win_n] 

        energy, rel, coeffs = wp_energy(window, wavelet, level) 

        feats = {} 

        # Add energy, relative energy, entropy 

        for i, e in enumerate(energy): 

            feats[f'Energy_{i+1}'] = e 

            feats[f'Re_E{i+1}'] = rel[i] 

            feats[f'Entropy_{i+1}'] = entropy(np.abs(coeffs[i]) + 1e-6) 

        # Add statistical features 

        feats['Mean'] = np.mean(window) 

        feats['Variance'] = np.var(window) 

        feats['Skew'] = skew(window) 

        feats['Kurtosis'] = kurtosis(window) 

        # Include raw coefficients as features 

        for i, c in enumerate(coeffs.flatten()): 

            feats[f'Coeff_{i+1}'] = c 

        feats['center_idx'] = start + win_n//2 

        features_list.append(feats) 

        start += hop 

 

    df_feats = pd.DataFrame(features_list) 

 

    if visualize: 

        # Plot energies, relative energies, entropy for first window 

        plt.figure(figsize=(10,3)) 

        plt.bar(range(len(energy)), energy) 

        plt.title(f"{case_id} - Wavelet Node Energies (first window)") 

        plt.xlabel("Node") 

        plt.ylabel("Energy") 

        plt.show() 

 

        plt.figure(figsize=(10,3)) 

        plt.bar(range(len(rel)), rel) 
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        plt.title(f"{case_id} - Relative Energies (first window)") 

        plt.xlabel("Node") 

        plt.ylabel("Relative Energy") 

        plt.show() 

 

        plt.figure(figsize=(10,3)) 

        plt.bar(range(len(coeffs)), [entropy(np.abs(c)+1e-6) for c in coeffs]) 

        plt.title(f"{case_id} - Wavelet Coefficient Entropy (first window)") 

        plt.xlabel("Node") 

        plt.ylabel("Entropy") 

        plt.show() 

 

        # Plot wavelet coefficients for first node 

        plt.figure(figsize=(10,3)) 

        plt.plot(coeffs[0], label="Wavelet Coeffs Node 1") 

        plt.title(f"{case_id} - Wavelet Coefficients (first node, first window)") 

        plt.xlabel("Coefficient Index") 

        plt.ylabel("Coefficient Value") 

        plt.grid(True) 

        plt.show() 

 

    return df_feats 

 

def find_pressure_column(df): 

    candidates = [c for c in df.columns if "pressure" in c.lower()] 

    if not candidates: 

        raise ValueError(f"No pressure-like column found in: {df.columns}") 

    return candidates[0] 

 

# --------------------------- 

# Step 1: Upload 5 CSV files 

# --------------------------- 

print("Upload exactly 5 compensated CSV files") 

uploaded = files.upload() 

if len(uploaded) != 5: 

    raise ValueError("Exactly 5 CSV files must be uploaded!") 

 

case_map = {os.path.splitext(f)[0]: f for f in uploaded.keys()} 

out_folder = "/content/CFD_wavelet_features" 
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os.makedirs(out_folder, exist_ok=True) 

 

# --------------------------- 

# Step 2: Extract wavelet features 

# --------------------------- 

all_features = {} 

min_len = None 

for case_id, fname in case_map.items(): 

    print(f"\nProcessing {case_id} from {fname}") 

    df = pd.read_csv(fname) 

    col = find_pressure_column(df) 

    print(f"Using column '{col}'") 

    signal = df[col].dropna().values 

 

    # Visualize for all files 

    feats = wp_features_per_sample(signal, wavelet="db4", level=3, visualize=True, case_id=case_id) 

 

    feats["case_id"] = case_id 

    all_features[case_id] = feats 

    min_len = len(feats) if min_len is None else min(min_len, len(feats)) 

    out_path = os.path.join(out_folder, f"{case_id}_wavelet_features.csv") 

    feats.to_csv(out_path, index=False) 

    print(f"Saved raw wavelet features -> {out_path}") 

 

# --------------------------- 

# Step 3: Align lengths + Labels 

# --------------------------- 

aligned_dfs = [] 

for case_id, df in all_features.items(): 

    aligned_df = df.iloc[:min_len].copy() 

    aligned_df.reset_index(drop=True, inplace=True) 

    aligned_df["ClassLabel"] = case_id 

    aligned_dfs.append(aligned_df) 

    out_path = os.path.join(out_folder, f"{case_id}_features_aligned.csv") 

    aligned_df.to_csv(out_path, index=False) 

    print(f"Saved aligned features -> {out_path}") 

 

master_aligned = pd.concat(aligned_dfs, ignore_index=True) 

feature_cols = [c for c in master_aligned.columns if c not in ['center_idx','case_id','ClassLabel']] 
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# Normalize 

scaler = StandardScaler() 

X_raw = master_aligned[feature_cols].values 

X_scaled = scaler.fit_transform(X_raw) 

y_labels = master_aligned['ClassLabel'].values 

le = LabelEncoder() 

y = le.fit_transform(y_labels) 

class_names = le.classes_ 

 

# --------------------------- 

# Step 4: Train/Test Split (small dataset safe) 

# --------------------------- 

min_test_samples = len(class_names) 

test_size = max(int(0.25 * len(y)), min_test_samples) 

X_train, X_test, y_train, y_test = train_test_split( 

    X_scaled, y, test_size=test_size, stratify=y, shuffle=True, random_state=RANDOM_STATE 

) 

 

print(f"\nTrain shape: {X_train.shape}, Test shape: {X_test.shape}") 

 

# --------------------------- 

# Step 5: Feature Selection + PCA 

# --------------------------- 

SELECT_K = min(120, X_train.shape[1]) 

selector = SelectKBest(score_func=f_classif, k=SELECT_K) 

X_train_sel = selector.fit_transform(X_train, y_train) 

X_test_sel = selector.transform(X_test) 

selected_idx = selector.get_support(indices=True) 

selected_features = [feature_cols[i] for i in selected_idx] 

 

# PCA 

USE_PCA = True 

PCA_N = 30 

if USE_PCA: 

    PCA_N_eff = min(PCA_N, X_train_sel.shape[1], X_train_sel.shape[0]) 

    pca = PCA(n_components=PCA_N_eff, random_state=RANDOM_STATE) 

    X_train_final = pca.fit_transform(X_train_sel) 

    X_test_final = pca.transform(X_test_sel) 
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else: 

    X_train_final = X_train_sel 

    X_test_final = X_test_sel 

 

# --------------------------- 

# Step 6: ML Models 

# --------------------------- 

models = { 

    "RandomForest": RandomForestClassifier(n_estimators=200, max_depth=10, min_samples_leaf=5, 

random_state=RANDOM_STATE), 

    "XGBoost": xgb.XGBClassifier(n_estimators=200, max_depth=4, learning_rate=0.05, subsample=0.8, 

colsample_bytree=0.8, use_label_encoder=False, eval_metric='mlogloss', 

random_state=RANDOM_STATE), 

    "GradientBoosting": GradientBoostingClassifier(n_estimators=200, max_depth=4, learning_rate=0.05, 

random_state=RANDOM_STATE), 

    "SVM_RBF": SVC(kernel='rbf', C=1.0, gamma='scale', probability=True, 

random_state=RANDOM_STATE), 

    "ExtraTrees": ExtraTreesClassifier(n_estimators=200, max_depth=10, min_samples_leaf=5, 

random_state=RANDOM_STATE), 

    "KNN": KNeighborsClassifier(n_neighbors=5), 

    "MLP": MLPClassifier(hidden_layer_sizes=(50,50), max_iter=500, random_state=RANDOM_STATE) 

} 

 

results_summary = [] 

trained_models = {} 

 

for name, model in models.items(): 

    print(f"\n===== Model: {name} =====") 

    model.fit(X_train_final, y_train) 

    y_train_pred = model.predict(X_train_final) 

    y_test_pred = model.predict(X_test_final) 

    acc_train = accuracy_score(y_train, y_train_pred) 

    acc_test = accuracy_score(y_test, y_test_pred) 

    trained_models[name] = model 

    results_summary.append({ 

        "model": name, "train_acc": acc_train, "test_acc": acc_test 

    }) 

 

    print(f"Train Accuracy: {acc_train:.4f}, Test Accuracy: {acc_test:.4f}") 
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    print("Confusion Matrix (Test):") 

    cm = confusion_matrix(y_test, y_test_pred) 

    sns.heatmap(cm, annot=True, fmt="d", xticklabels=class_names, yticklabels=class_names, cmap="Blues") 

    plt.title(f"{name} - Confusion Matrix") 

    plt.xlabel("Predicted") 

    plt.ylabel("True") 

    plt.show() 

    print("Classification Report (Test):") 

    print(classification_report(y_test, y_test_pred, target_names=class_names)) 

 

# --------------------------- 

# Step 7: Extra Visualizations & Metrics Tables 

# --------------------------- 

results_df = pd.DataFrame(results_summary) 

 

# 1. Feature Importance (SelectKBest) 

plt.figure(figsize=(10,5)) 

scores = selector.scores_ 

top_idx = np.argsort(scores)[-20:][::-1] 

plt.barh(range(len(top_idx))[::-1], scores[top_idx]) 

plt.yticks(range(len(top_idx))[::-1], [selected_features[i] for i in top_idx]) 

plt.title("Top 20 Features by ANOVA F-score") 

plt.tight_layout() 

plt.show() 

 

# 2. PCA Explained Variance 

if USE_PCA: 

    plt.figure(figsize=(6,4)) 

    plt.plot(np.cumsum(pca.explained_variance_ratio_)*100, marker="o") 

    plt.xlabel("Number of Components") 

    plt.ylabel("Cumulative Explained Variance (%)") 

    plt.title("PCA Explained Variance") 

    plt.grid(True) 

    plt.show() 

 

# 3. PCA scatter plot (first 2 components) 

if USE_PCA and X_train_final.shape[1] >= 2: 

    plt.figure(figsize=(6,6)) 

    for lab in np.unique(y_train): 
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        plt.scatter(X_train_final[y_train==lab,0], 

                    X_train_final[y_train==lab,1], 

                    label=class_names[lab], alpha=0.5) 

    plt.title("PCA Projection (Train set)") 

    plt.xlabel("PC1") 

    plt.ylabel("PC2") 

    plt.legend() 

    plt.show() 

 

# 4. Train vs Test Accuracy per model 

plt.figure(figsize=(8,4)) 

x = np.arange(len(results_df)) 

plt.bar(x-0.2, results_df["train_acc"], width=0.4, label="Train Acc") 

plt.bar(x+0.2, results_df["test_acc"], width=0.4, label="Test Acc") 

plt.xticks(x, results_df["model"], rotation=45) 

plt.ylabel("Accuracy") 

plt.title("Train vs Test Accuracy per Model") 

plt.legend() 

plt.tight_layout() 

plt.show() 

 

# 5. Per-class metrics table 

metrics_summary = [] 

for name, model in trained_models.items(): 

    y_pred = model.predict(X_test_final) 

    prec, rec, f1, _ = precision_recall_fscore_support(y_test, y_pred, average="macro") 

    acc = accuracy_score(y_test, y_pred) 

    metrics_summary.append({ 

        "model": name, 

        "precision": prec, 

        "recall": rec, 

        "f1_score": f1, 

        "accuracy": acc 

    }) 

metrics_df = pd.DataFrame(metrics_summary) 

print("\nMetrics Summary Table:\n", metrics_df) 

 



FYDP (C) Summer 2025 Summary of Team Log Book/ Journal 

 

 Final Year Design Project (P/D/C) Spring/Summer/Fall 202_ 

Student Details NAME & ID EMAIL ADDRESS PHONE  

Member 1 Fatema Begum; 22121114 fatema.begum@g.bracu.ac.bd 01791053785 

Member 2 Raiyan Jannat; 22221061 raiyan.jannat@g.bracu.ac.bd 01886986496 

Member 3 Mansia Samrana Khan; 22121115 mansia.samrana.khan@g.bracu.ac.bd 01770676929 

Member 4 Fardeen Rahman; 20221032 fardeen.rahman@g.bracu.ac.bd 01841705705 

    

    

ATC Details:    

ATC 7    

Chair Dr. Md Golam Sorwar Hossain sorwar.hossain@bracu.ac.bd  

Member 1 Md. Saif Kabir saif.kabir@bracu.ac.bd  

Member 2 Junaid Jalal junaidjalal.jnj@gmail.com  

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General Notes:​ 
1.​ In addition to detail journal/logbook fill out the summary/key steps and progress of your work 

2.​ Reflect planning assignments, who has what responsibilities. 

3.​ The logbook should contain all activities performed by the team members (Individual and team 
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Date/Time

/Place 

Attendee Summary of Meeting 

Minutes 
Responsible Comment by ATC 

19.06.2025 

 

Students:  

1.Raiyan 

2.Mansia 

 

 

1.Bought Components for 

Subsystem 1  

 

Tasks 1: Raiyan, 

Mansia 

Progress: 

Task 1: Complete 

 

 

 

N/A as it was a group 

meeting. 

 

 

 

 

23.06.2025 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

 

1.Get ATC Signature to 

book table  

Tasks 1: Raiyan, 

Mansia, Fatema 

Progress: 

Task 1: Complete 

 

 

24.06.2025 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

 

1.Complete subsystem 1 

connection 

Tasks 1: Raiyan, 

Mansia, Fatema 

Progress: 

Task 1: Complete 

 

 

27.06.2025 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

 

1.Write the Arduino Code Tasks 1: Raiyan  

Progress: 

Task 1: Complete 

 

 

29.06.2025 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

 

1.Debugging Arduino Code 

and inputting it in subsystem 

1  

2.Test to see that the 

subsystem works  

Tasks 1,2: Raiyan, 

Mansia, Fatema 

Progress: 

Task 1: Complete 

Task 2: Complete 

 

 

9.07.25 Students:  

1.Raiyan 

2.Mansia 

3.Fardeen 

1. Explained and updated 

the subsystems and 

connection diagrams to 

Fardeen . 

2. Divided the 

responsibilities 

Tasks 1,2: Raiyan, 

Mansia 

Progress: 

Complete 

 

12.7.25 Students:  

1.Raiyan 

2.Mansia 

3.Fardeen 

1.Went to roboticsbd to buy 

components for subsystem 

2 

Progress: 

Incomplete 

 

14.7.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

1.Started building 

subsystem 2 

Progress: Partially 

Complete 

 

15.7.25 Students:  

1..Mansia 

1.Borrowed solar panel and 

charge controller from the 

university 

Progress: 

Complete 

 

17.7.25 Students:  

1.Raiyan 

1.Debugging arduino code Progress: 

Complete 
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2.Mansia 2.Trouble shooting 

subsystem 1 

3.Decided to charge both 

the subsystems with the 

solar pannel 

21.7..25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

1.making of hardware circuit 

of subsystem 2 

 

Progress: 

Complete 

 

21.7..25 Students:  

1.Raiyan 

2.Mansia 

 

ATC Panel member: 

Dr. Md Golam Sorwar 

Hossain 

 

1.Progress update Progress: 

Complete 

ATC suggested us to fix  a 

date for mid progress 

presentation on the 2nd 

week of August 

26.7.25 Students:  

1.Raiyan 

2.Mansia 

1.trouble shooting of the 

entire system 

2.researched about how the 

prototype vs real system 

would look like 

3.started autocad layout 

design 

4.solar panel and battery 

charging circuit design 

Progress: 

complete 

 

4.8.25 Students:  

1.Raiyan 

2.Mansia 

 

ATC Panel member: 

Md. Saif Kabir 

 

1.Progress update Progress: 

complete 

 

6.8.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

1.tested and fixed problem 

with sensor calibration 

2. brainstormed about 

secondary leakage detector, 

decided on pressure sensor 

 

Progress: 

complete 

 

7.8.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

1. Found final connection 

and code for primary system 

2. Found code and 

components for pressure 

monitoring system 

3. Prepared documentation 

for the progress 

presentation 

Progress: 

complete 

 

9.8.25 Students:  

1.Raiyan 

2.Mansia 

1.Progress Presentation 1 

 

Progress: 

complete 

ATC asked to implement  
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3.Fatema 

 

ATC Panel member: 

Dr. Md Golam Sorwar 

Hossain 

Junaid Jala 

10.8.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

4. Fardeen 

1.Bought Components for 

Subsystem 2 

2.Strated CFD Ansys 

simulation 

3. Started making code for 

digital compensator 

Progress: Pending  

17.8.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

 

ATC Panel member: 

Dr. Md Golam Sorwar 

Hossain 

Md. Saif Kabir 

Junaid Jala 

1.Progress Presentation 2 

2. Subsystem 2 - pressure 

subsystem presented 

3. Photos, videos and block 

diagrams shown 

 

Progress: 

complete 

ATC Approved 

24.8.25 Students:  

1.Fatema 

2.Fardeen 

1.Mainly work on CFD 

simulation 

2. ML 

Progress: pending  

26.8.25 Students:  

1.Raiyan 

2.Mansia 

1.Start  Hardware 

Implementation of 

Subsystem 2 

2. Troubleshooting Code 

Progress: 

complete 

 

1.9.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

ATC Panel member: 

Dr. Md Golam Sorwar 

Hossain 

Md. Saif Kabir 

1.Hardware Demo Progress: 

complete 

ATC Approved 

9.9.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

1.Latency test 

2.Power measurement 

3. Completion of CFD Ansys 

4. Completed ML Algorithm 

Progress: 

complete 

 

10.9.25 Students:  

1.Raiyan 

2.Mansia 

1.Make and print Poster 

2. Final testing 

Progress: 

complete 

 

11.9.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

4. Fardeen 

1. Showcase Progress: 

complete 

FYDP Commitee 
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20.9.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

4. Fardeen 

1.Start writing FYDP-C 

Report 

Progress: Pending  

6.10.25 Students:  

1.Raiyan 

2.Mansia 

3.Fatema 

4. Fardeen 

1.complete writing and 

checking FYDP-C Report 

Progress: 

Complete 
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