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Abstract:Fuel is an essential yet finite resource, and tire pressure plays a critical role in conserving fuel while enhanc-

ing vehicle safety and performance. This study introduces an AI-enhanced, voice-assisted Tire Pressure Monitoring 

Sys- tem (TPMS) designed to proactively alert drivers to abnormal tire pressure con- ditions, ensuring timely mainte-

nance. By providing real-time data and predictive maintenance insights, the model encourages drivers to take correc-

tive actions, reducing the risk of accidents, enhancing fuel efficiency, and supporting sustain- able driving practices. 

The system offers dynamic alarms, personalized feedback, and voice-based notifications, aiming to improve automo-

tive safety and extend vehicle longevity through AI-driven advancements. 
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1 Introduction 

In modern automotive engineering, maintaining optimal tire pressure is crucial for en- hancing vehicle safety, perfor-

mance, and fuel efficiency. Properly inflated tires support vehicle stability, improve handling, reduce wear, and minimize 

fuel consumption, which in turn lowers emissions and contributes to environmental sustainability [1]. However, despite 

these benefits, tire pressure maintenance is often neglected, leading to conditions of under-inflation or over-inflation that 

compromise driver safety and ve- hicle efficiency. 

To address these challenges, Tire Pressure Monitoring Systems (TPMS) have been integrated into many vehicles, offer-

ing real-time monitoring and alerts for abnormal tire conditions. While traditional TPMS methods rely on dashboard 

alerts, they may not effectively capture a driver’s immediate attention, particularly in situations requiring urgent re-

sponse. This paper introduces an advanced, AI-driven, voice-assisted model for abnormal tire pressure detection, aimed 

at providing a proactive, hands-free alert system that enhances driver awareness and encourages timely action. 

By leveraging Artificial Intelligence (AI) and Natural Language Processing (NLP), this model goes beyond conventional 

TPMS functionality. The system not only detects tire pressure abnormalities but also communicates these alerts through 

voice assistance, making it accessible and intuitive for drivers to react promptly. This research outlines the development 

and implementation of this innovative approach, detailing its potential to improve road safety, optimize vehicle perfor-

mance, and promote sustainable driving practices.[2][3]. 

2 Present Scenario of Current Tire Pressure Monitoring Techniques 

 

Tire Pressure Monitoring Systems (TPMS) are essential in modern vehicles, designed to enhance safety, optimize per-

formance, and improve fuel efficiency. [4]These sys- tems continuously track tire pressure using sensors, alerting drivers 

to deviations from optimal levels. By maintaining proper tire pressure, TPMS helps reduce accident risks, minimize tire 

wear, and promote sustainable driving.[5][6][7] Below is an overview of current TPMS technology and its impact on 

automotive safety and efficiency.[8] 
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Real-Time Monitoring 

Modern TPMS uses integrated sensors within each tire to continuously collect pressure and temperature data, which is 

transmitted wirelessly to the onboard computer. When abnormal pressure is detected, the system triggers alerts, prompt-

ing drivers to take im- mediate action. This real-time data encourages timely maintenance, preventing acci- dents, en-

hancing fuel efficiency, and supporting sustainable driving. 

Dashboard Alerts 

TPMS systems display alerts through visual and audio signals on the dashboard, guid- ing drivers to address issues 

promptly. Color-coded indicators and warning sounds un- derscore the severity of abnormal tire pressure, enabling driv-

ers to maintain vehicle stability and avoid potential accidents. 

Individual Tire Monitoring 

Advanced TPMS solutions monitor each tire independently, detecting issues like punc- tures, leaks, and uneven wear. By 

identifying these problems early, TPMS improves vehicle stability, prolongs tire life, optimizes fuel economy, and reduc-

es emissions, contributing to both driver safety and environmental sustainability. 

Integration with Vehicle Systems 

Modern automotive technology allows TPMS data to integrate with systems like Anti- lock Braking Systems (ABS) and 

stability control. This integration enhances vehicle performance, particularly in emergency situations, by optimizing 

braking and stability based on real-time tire data. The result is a safer, more responsive driving experience. 

Role in Road Safety and Environmental Sustainability 

By alerting drivers to pressure irregularities, TPMS not only ensures safe handling but also promotes fuel efficiency and 

lowers emissions. Maintaining proper tire pressurecontributes to a reduced environmental impact and supports broader 

sustainability goals within the automotive sector. 

Table1. Asummaryofcurrentlyavailabletechniquesfortyrepressuremonitoring.[9] 

 

Aspect Description   

RegulatoryMandates Variousregionsmandatetheinstalla-tion of 

TPMS systems in vehicles toensure proper 

tire pressure mainte-nance. 

  

TPMSTypes DirectTPMSusesindividualsensors 
foreachtire,whileindirectTPMSin-

ferspressureusingvehicledynamics. 

  

Real-Time Monitoring TPMSsensorsprovidereal-timemonitoring 

of tire pressure and tem-

perature,transmittingdatato theve- 
hicle. 

  

DashboardAlerts Abnormalpressuretriggersdash-

boardalerts,visuallyandaudiblyno- 
tifyingthedrivertoaddresstheissue. 

  

TirePressureAccuracy Modern TPMS sensors detect subtlepres-

sure changes, allowing early de-

tectionofpotentialtire-relatedis- 
sues. 

  



3 

 

©2024 | Volume 1, Issue 1 October 2024 | https://gtbijt.in/ 

 

 

IJTIS2410001 
GTBIT-International Journal Of Technological Innovation And 

Sustainability 

 

MonitoringforAllTires MostTPMS systems monitor eacht-

ire,aidinginaddressingspecificim-

balancesthataffectvehicleperfor- 
mance. 

  

IntegrationwithVehicleSystems TPMSdataintegrateswithABS,sta-

bilitycontrol,andothersystemsto 
optimizeperformancebasedondata. 

  

Limitations and Chal-

lenges 

Challengesincludesensorbatterylife, cali-

bration issues, Lack of useinteraction by 

voice and false alarmsduetotempera-

turechanges. 

  

 

Limitations and Challenges 

Despite its advantages, TPMS faces several challenges. Sensor battery life is limited, calibration can be complex, and 

environmental factors like temperature changes can lead to false alarms.[10] Additionally, TPMS systems lack voice-

based interaction, which could improve accessibility and effectiveness, especially in situations where vis- ual attention is 

divided. Addressing these limitations will require ongoing research to improve sensor reliability, simplify calibration, 

and enhance alert accuracy.[11] 

3 Proposed Methodology 
 

This methodology presents an AI-integrated, voice-assisted SOS call system designed to improve response 

times, safety, and vehicle performance in cases of abnormal tire pressure. This adaptive, voice-activated system 

provides drivers and riders with prompt assistance during emergencies, enhancing driver awareness and overall 

road safety.[2][3] 

3.1   System Architecture for 4-Wheeler Vehicles  

Hardware Integration: 

High-quality microphones and speakers are embedded within the vehicle’s system or provided as standalone 

units if needed. 

Wireless connectivity is established between the vehicle system and the driver’s smartphone via Bluetooth or 

cellular networks. 

System Implementation: 

Driver Registration: The driver registers their mobile number, provides emergency contact details, and selects a 

preferred response mode (SOS call, Chatbot interaction, or both). 

AI-Enhanced Detection: Advanced tire sensors continuously monitor tire pressure, with AI algorithms analyzing 

data to minimize false alarms. 

Emergency Response Activation: Upon detecting abnormal tire pressure, the system initiates an SOS call or 

Chatbot interaction, adapting responses dynamically through AI and Natural Language Processing (NLP). 

Personalized Assistance: The AI system offers tailored guidance based on the driver’s needs, such as reminders 

to check tire pressure before extended trips. 
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Predictive Maintenance: Through pattern analysis, the AI predicts potential tire issues, providing proactive 

alerts to the driver. 

Data Security: AI ensures data privacy, with customization options allowing drivers to adjust privacy settings as 

needed. 

3.2 System Architecture for 2-Wheeler Vehicles. 

For 2-wheelers, the voice-assisted hardware is integrated within a lightweight, Blue- tooth-enabled helmet. This system 

enables hands-free SOS interaction for the rider, ensuring ease of use and safety. 

Hardware Integration:. 

Lightweight microphones and speakers are embedded within the helmet, allowing real- time communication and voice 

command functionality. 

Bluetooth connectivity links the helmet’s voice-assist system to the rider’s smartphone, facilitating seamless information 

transfer. 

System Implementation:. 

Registration and Detection:. Following the same process as the 4-wheeler system, rid- ers register and activate tire pres-

sure monitoring. The AI-powered sensors then moni- tor tire pressure in real-time. 

SOS Activation: In emergencies, riders can activate an SOS alert via voice commands. The system sends location data to 

the rider’s selected emergency contacts or services. 

3.3 Enhanced Safety Features. 

To ensure a comprehensive approach to driver and rider safety, the proposed systemin-

cludesadditionalfeaturessuchas: 

 
Safety Alerts: Warns drivers of road hazards, sudden braking, or other potential dangers. 

 
WeatherUpdates: Provides real-time weather conditions, supporting after driving decisions. 

 
NavigationAssistance:Deliversvoicenavigationtoenhancedriverawarenessandre-

ducedistractions. 

 
Adaptive Communication: Offers multilingual support, catering to diverse user needsanden-

hancingusability. 

 

4 Analysis 

The comparative theoritical analysis of the proposed methodology with the traditional methodology is summarized as 

below:- 

4.1 Impact of Reduced Response Time on Safety 

1. Interpretation: The decrease in response time to 2.8 seconds highlights the AI- driven system’s effectiveness in rap-

idly alerting drivers to tire abnormalities. This swift response is critical for safety, as even minor delays in tire pressure 
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notifications can result in significant handling issues at high speeds. By enabling near-instantaneous feedback, the sys-

tem enhances proactive safety measures, reducing accident risks asso- ciated with under-inflated or over-inflated tires.  

2. Improved Driver-System Interaction Through Natural Language Processing (NLP). 

Interpretation: The system’s high accuracy in voice command recognition (97%) un- derscores the reliability of its NLP 

component. This effectiveness across diverse dia- lects and accents not only enhances usability but also contributes to 

safety by ensuring clear communication in urgent scenarios. The seamless interaction encourages con- sistent driver 

engagement, promoting a habit of frequent safety checks and fostering a more safety-conscious driving culture.  

3. Predictive Maintenance and Long-Term Tire Health. 

Interpretation: The AI algorithms’ 85% accuracy in predicting tire pressure issues exemplifies the system's potential in 

preventive maintenance. Predictive maintenance aids in early detection, which can prevent costly repairs and unsafe 

driving conditions. This feature aligns well with sustainable driving practices by extending tire lifespan and optimizing 

fuel efficiency, contributing to environmental goals as well as reducing maintenance costs for drivers. 

4. Advantages Over Traditional TPMS in Prompt Action. 

Interpretation: By reducing the average driver response time by 1.5 minutes compared to traditional TPMS, this AI-

driven system proves advantageous in emergency han- dling. Traditional systems often rely on dashboard visual cues, 

which may not capture drivers’ attention immediately. The voice-assisted system’s audible notifications re- duce reliance 

on visual alerts, allowing drivers to react quickly even when their atten- tion is divided. This improvement supports a 

more responsive driving experience, par- ticularly in high-risk situations. 

5. System Robustness in Diverse Driving Conditions. 

 Interpretation: The AI-driven system’s consistency across variable weather condi- tions (over 90% functionality in tests) 

illustrates its robustness and adaptability. This performance reliability indicates that the system can be trusted to oper-

ateregardless of weather, the system meets a critical criterion for auto- motive safety technology, reinforcing its practical-

ity   effectively in diverse environments, making it suitable for global implementation. By ensuring accu rate perfor-

mance and scalability. Overall, the AI-driven system significantly improves driver safety, marking advancement over 

traditional methods and contributing to safer, more efficient vehicle operation. 
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Fig.1.EnvisioningtheFutureofRoadSafety-AComprehensiveAI-DrivenVoice-

AssistedSOSCallMechanismforAbnormalTirePressureSituationforBoth4-Wheelersand2-Wheelers 

 

5 Conclusion 

This research underscores the transformative impact of an AI-driven, voice-assisted SOS call mechanism on vehicular 

safety. By swiftly detecting and communicating critical tire pressure incidents, the system empowers drivers with real-

time information, promoting proactive and responsible responses. 

Empowering Safety: The exploration began with a fundamental question: How can technology protect drivers from ab-

normal tire pressures? Through rigorous testing and leveraging AI capabilities, a mechanism was developed to quickly 

detect and communi- cate critical incidents, fostering driver responsibility. Beyond just issuing alerts, the system em-

powers drivers with real-time information, enabling proactive and decisive safety actions. 

The Path Forward: The success of AI-driven safety systems opens the door to fu- ture advancements, presenting oppor-

tunities for deeper integration with vehicle sys- tems and further refinement. This research contributes to global efforts to 
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reduce acci- dents and enhance road safety, illustrating how technology can transform vehicles into proactive safety part-

ners. 

A Safer Tomorrow: As road safety continues to be a global priority, this research contributes to collective efforts to re-

duce accidents, save lives, and redefine mobility. As vehicles evolve from mere machines to partners in our journeys, the 

proposed mech- anism exemplifies how technology, when conscientiously harnessed, can exceed ex- pectations and 

drive meaningful change. 

Broader Impact: By exploring AI and voice assistance for proactive safety, this study challenges conventional perspec-

tives and inspires further innovation in automo- tive safety. 

In conclusion, this research reinforces the notion that safety is not an afterthought but a critical element woven into the 

very fabric of driving. 
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