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 

Abstract— Road accidents involving two-wheeler riders often 

result in severe injuries or fatalities due to delayed emergency 

response and lack of safety compliance. This paper presents an IoT-

based Smart Helmet System designed to enhance rider safety through 

real-time monitoring and automated accident detection. The proposed 

system integrates an ESP8266 microcontroller for seamless IoT 

connectivity, an MPU6050 accelerometer sensor for detecting sudden 

impacts and abnormal motion, and an IR sensor to ensure helmet 

usage by the rider. A GPS module is employed to track the real-time 

location of the rider, while a GSM module facilitates immediate 

communication by sending SMS alerts and initiating calls to 

predefined emergency contacts upon accident detection. To improve 

system reliability, alerts are triggered only when helmet usage is 

confirmed, thereby minimizing false alarms. Additionally, a web-

based dashboard is developed to provide live monitoring of helmet 

status and motion parameters, enabling continuous supervision. The 

proposed system significantly reduces emergency response time and 

enhances overall road safety by ensuring timely assistance during 

critical situations. Experimental analysis demonstrates the 

effectiveness of the system in accurately detecting accident 

conditions and delivering prompt notifications. 

 

Keywords— Internet of Things (IoT), Smart Helmet, Accident 

Detection, GPS Tracking, GSM Communication, Rider Safety. 

I. INTRODUCTION 

oad safety has become a growing concern in recent years, 

especially for two-wheeler riders who are more 

vulnerable to serious injuries during accidents. Many 

accidents result in severe consequences not only because of 

the impact itself but also due to the delay in receiving timely 

medical assistance. In many cases, victims are unable to call 

for help, and bystanders may not act quickly, which worsens 

the situation. At the same time, lack of proper safety practices, 

such as not wearing helmets, further increases the risk of 

fatalities. With the advancement of modern technology, there 
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is an opportunity to improve safety measures by creating 

systems that can automatically detect accidents and send alerts 

without human intervention. A smart helmet system aims to 

address these challenges by ensuring helmet usage, monitoring 

rider conditions, and providing immediate communication in 

emergency situations. Such systems play an important role in 

reducing response time, improving survival chances, and 

promoting responsible riding behavior, ultimately contributing 

to safer roads and better protection for individuals. 

Early investigations into smart helmet systems established 

the significance of integrating multiple sensing units to 

enhance accident detection and rider safety. In particular, the 

use of accelerometers and motion sensors enabled the system 

to detect sudden impacts, abnormal tilts, and abrupt 

deceleration patterns that are typically associated with 

accidents [1]. These studies emphasized that combining sensor 

data with intelligent processing algorithms improves the 

reliability of accident identification while minimizing false 

positives. Additionally, the inclusion of automated alert 

mechanisms allowed the system to immediately notify 

emergency contacts when an incident is detected, thereby 

reducing response time. Such early frameworks demonstrated 

that real-time monitoring and instant communication are 

critical components in wearable safety solutions, especially in 

scenarios where the rider is incapacitated, ultimately 

contributing to improved survival outcomes [2]. 

Further advancements in smart helmet systems explored the 

integration of IoT-based architectures to enable continuous 

monitoring and remote accessibility of rider data [3]. These 

systems leveraged cloud platforms to store and process real-

time information, including location, motion status, and 

environmental conditions. The adoption of IoT connectivity 

allowed seamless communication between the helmet, mobile 

devices, and emergency services, ensuring that critical data is 

transmitted without delay. Moreover, these systems 

demonstrated scalability, enabling multiple users to be 

monitored simultaneously through centralized platforms. The 

studies also indicated that IoT integration enhances 

coordination during emergencies by providing responders with 

accurate and up-to-date information, thereby transforming 

traditional helmets into intelligent, networked safety solutions 

[4]. 

Research focusing on secure communication within smart 

helmet systems highlighted the necessity of protecting 

sensitive user data during transmission across networks [5]. 

These studies introduced advanced cryptographic techniques 
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such as encryption algorithms to safeguard information like 

GPS location, personal identity, and health-related parameters. 

Additionally, blockchain-based approaches were explored to 

ensure data integrity, transparency, and tamper resistance in 

decentralized environments. The findings showed that 

implementing robust security frameworks significantly 

reduces the risk of unauthorized access and data breaches [6]. 

Furthermore, secure communication protocols were found to 

enhance user trust in IoT-based safety systems, ensuring 

confidentiality and integrity of transmitted data between 

devices and emergency responders [7]. 

Wireless sensor networks (WSNs) played a foundational 

role in the development of early smart helmet and wearable 

safety systems [8]. These studies demonstrated how 

interconnected sensor nodes could efficiently gather, process, 

and transmit environmental and motion-related data [9]. The 

distributed nature of WSNs allowed for enhanced fault 

tolerance and system robustness, as individual node failures 

did not significantly affect overall performance. Furthermore, 

the use of low-power communication protocols ensured 

energy efficiency, which is critical for wearable devices with 

limited battery capacity. The research also highlighted that 

WSNs enable real-time data sharing between components, 

forming the backbone of intelligent monitoring systems and 

laying the groundwork for IoT-based smart helmet 

applications [10]. Subsequent developments in IoT-based 

accident detection systems focused on reducing response time 

and increasing automation in emergency scenarios. These 

systems utilized real-time data analytics to continuously 

monitor rider activity and detect anomalies indicative of 

accidents. Once an abnormal event is identified, the system 

automatically triggers alerts without requiring user 

intervention . This automation significantly reduces delays in 

contacting emergency services, thereby improving the 

likelihood of timely assistance. Additionally, these systems 

were designed to function reliably under varying 

environmental and operational conditions, ensuring consistent 

performance in real-world deployments, where rapid and 

automated response is critical for saving lives . 

IoT-enabled smart helmet systems further emphasized the 

importance of cloud-assisted infrastructures for data handling 

and remote accessibility. Cloud platforms provided centralized 

storage and computational resources, allowing efficient 

processing of large volumes of sensor data generated by 

multiple users [11]. These systems enabled remote monitoring 

by authorized personnel, including family members and 

emergency responders, thereby improving situational 

awareness during accidents. The studies also showed that 

cloud integration supports data analytics, which can be used to 

identify patterns and improve system performance over time. 

Moreover, cloud-based architectures facilitate scalability and 

enhance operational efficiency, making them suitable for 

large-scale deployment of smart safety systems  [12]. The 

evolution of intelligent alert mechanisms in smart helmet 

systems demonstrated the effectiveness of combining 

hardware sensors with software-driven decision-making 

modules. These systems utilize threshold-based and 

algorithmic approaches to determine whether an accident has 

occurred, based on parameters such as acceleration, 

orientation, and impact force. Upon detection, the system 

automatically initiates alert messages through communication 

modules such as GSM or IoT networks. The studies revealed 

that such integrated alert systems significantly reduce 

dependency on external intervention and improve emergency 

response times. Additionally, the reliability of these systems 

ensures that alerts are triggered only under genuine accident 

conditions, thereby minimizing false alarms and improving 

system trustworthiness [13]. 

II. METHODOLOGY 

The proposed Smart Helmet System adopts an integrated 

IoT-based framework for real-time accident detection and 

emergency communication. The methodology combines 

sensor data acquisition, threshold-based decision-making, and 

wireless communication to ensure timely response during 

critical events. The system architecture is designed to achieve 

reliability, low latency, and accurate detection through 

coordinated hardware and software interaction. 

A.  System Architecture and Hardware Integration 

The overall system architecture is centered on the ESP8266 

microcontroller, which functions as the primary processing 

and communication unit. It interfaces with multiple sensors 

and modules to enable continuous monitoring and data 

transmission. The MPU6050 accelerometer–gyroscope sensor 

is employed to capture tri-axial acceleration data 

(A_Xⓜ,A_Yⓜ,A_Z ), which is crucial for identifying 

abnormal motion patterns associated with accidents. 

Simultaneously, an infrared (IR) sensor is integrated to detect 

helmet usage by sensing proximity, ensuring that the system 

operates only when the helmet is worn. A GPS module is 

incorporated to provide real-time geolocation coordinates 

(latⓜ,lon), enabling precise accident location tracking. For 

communication, a GSM module is utilized to transmit 

emergency alerts in the form of SMS and voice calls to 

predefined contacts. These hardware components are 

interconnected through serial and I2C communication 

protocols, ensuring efficient data exchange and minimal 

latency. The architecture follows a layered design consisting 

of: 

 Sensing Layer – MPU6050 and IR sensor for data 

acquisition  

 Processing Layer – ESP8266 for computation and 

decision-making  

 Communication Layer – GSM and Wi-Fi for alert 

transmission and cloud updates  

This modular design enhances scalability and allows 

seamless integration with IoT platforms for remote 

monitoring. 

B. Sensor Data Acquisition and Preprocessing 

The system continuously acquires real-time acceleration 
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data from the MPU6050 sensor along three orthogonal axes. 

The raw sensor outputs are processed to determine motion 

characteristics of the rider. The acceleration magnitude 

A_resis computed using: 

A_res=√(A_X^2+A_Y^2+A_Z^2 ) 

This resultant acceleration provides a comprehensive 

representation of motion dynamics, enabling detection of 

sudden impacts or falls. To reduce noise and improve signal 

reliability, a smoothing or filtering mechanism (e.g., moving 

average filter) is applied to the sensor data. The IR sensor 

simultaneously verifies helmet usage by detecting the presence 

of the rider’s head inside the helmet. The output of the IR 

sensor is treated as a binary condition: H=1, if helmet is worn , 

H=0, if helmet is not worn  Only when H=1, the system 

proceeds with accident detection, thereby minimizing false 

positives. The preprocessed sensor data is periodically 

transmitted to the ESP8266, where it is analyzed in real time. 

This continuous data acquisition and conditioning form the 

basis for reliable accident detection and system 

responsiveness. 

C. Accident Detection Algorithm 

The accident detection mechanism is implemented using a 

threshold-based analytical approach combined with temporal 

validation to ensure reliability and minimize false positives. 

The ESP8266 continuously processes incoming acceleration 

data from the MPU6050 sensor, with special emphasis on the 

Z-axis acceleration component, as it is highly indicative of 

vertical impact or sudden fall events. Under normal riding 

conditions, the acceleration values fluctuate within a stable 

range; however, during an accident scenario, a sudden and 

significant drop in the Z-axis acceleration is observed. A 

predefined threshold value T_z, obtained through empirical 

observation, is used to distinguish between normal motion and 

abnormal conditions. When the measured Z-axis acceleration 

falls below this threshold and the helmet usage condition is 

verified through the IR sensor, the system classifies the event 

as a potential accident. To enhance robustness, the system 

does not rely on a single instantaneous reading; instead, it 

evaluates the condition over a short sequence of consecutive 

samples. This temporal validation ensures that transient 

disturbances or sensor noise do not trigger false alarms. 

Once the abnormal condition persists beyond the validation 

window, the system transitions from a monitoring state to an 

alert state, confirming the occurrence of an accident. At this 

stage, an internal flag is updated, and the system prepares for 

communication with external modules. A brief delay is 

introduced prior to alert generation to stabilize sensor readings 

and ensure accurate data propagation to the IoT dashboard. 

This structured decision-making process enables precise 

accident identification while maintaining computational 

efficiency within the embedded environment. 

D. Communication and Notification Framework 

The communication framework of the proposed system is 

designed to ensure rapid and reliable dissemination of 

emergency information through multiple channels. Once an 

accident is confirmed by the detection algorithm, the ESP8266 

microcontroller orchestrates the communication process by 

interfacing with both the GSM module and the Wi-Fi network. 

The integration of these two communication technologies 

provides redundancy and improves the likelihood of 

successful alert delivery under varying network conditions. 

The GPS module continuously acquires real-time geographic 

coordinates, which are formatted and embedded into the 

emergency message. These coordinates enable precise 

localization of the accident scene and are transmitted via the 

GSM module in the form of an SMS to predefined emergency 

contacts. In addition to SMS transmission, the system also 

triggers an automated voice call to ensure immediate attention 

from responders. This dual-mode communication enhances the 

responsiveness of the system in critical situations. Parallel to 

GSM-based communication, the ESP8266 utilizes its built-in 

Wi-Fi capability to upload accident status and sensor data to a 

cloud-based IoT platform. This data is reflected on a web 

dashboard, allowing remote users to monitor the system in real 

time. The communication sequence is designed in such a way 

that cloud updates and local alert mechanisms operate 

concurrently, ensuring that both immediate contacts and 

monitoring interfaces are updated without delay. The overall 

communication framework is structured to provide 

dependable, low-latency, and multi-channel alert 

dissemination, which is essential for effective emergency 

response systems. 

E. IoT-Based Monitoring and Visualization Interface 

 

Table 1 Parameter evaluation 

Parameter Description Source 

Module 

Dashboard 

Representation 

Helmet Status Indicates 

whether helmet 

is worn 

IR Sensor Binary indicator 

(Worn/Not 

Worn) 

Acceleration 

(AX, AY, AZ) 

Motion and 

orientation data 

MPU6050 Real-time 

numerical 

values/graphs 

Accident Status System state 

(Normal/Alert) 

ESP8266 

logic 

Status indicator 

with alerts 

GPS 

Coordinates 

Rider location GPS 

Module 

Latitude, 

Longitude with 

map link 

Communication 

Status 

Alert 

transmission 

status 

GSM 

Module 

Notification logs 

 

The proposed system incorporates a web-based IoT 

dashboard to enable real-time monitoring, data visualization, 

and remote accessibility. The ESP8266 microcontroller 

transmits processed sensor data and system status to a cloud 

platform via Wi-Fi, where it is organized and displayed in a 

structured graphical interface. The dashboard serves as a 

central monitoring unit that allows users to observe helmet 

status, motion parameters, and accident alerts in real time. The 

interface displays key parameters such as helmet detection 

status, acceleration values along the X, Y, and Z axes, and the 

current operational state of the system. In the event of an 
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accident, the dashboard dynamically updates to reflect the 

alert condition and simultaneously provides the geographical 

location retrieved from the GPS module. This location is 

rendered as a clickable link that redirects to mapping services 

such as Google Maps for easy navigation and emergency 

response. To improve usability and interpretability, the 

dashboard organizes data into visual components such as 

status indicators, numerical readouts, and trend graphs. The 

system ensures periodic updates of sensor values, enabling 

continuous tracking of rider behavior and environmental 

conditions. The integration of IoT visualization enhances 

transparency and allows stakeholders, such as fleet managers 

or emergency responders, to monitor multiple units efficiently 

from a centralized platform. The following table summarizes 

the key parameters monitored and their representation on the 

dashboard: 

F. System Operational Workflow 

The operational workflow of the proposed Smart Helmet 

System is designed as a sequential and event-driven process 

that integrates sensing, processing, decision-making, and 

communication within a unified framework. Initially, when 

the system is powered on, the ESP8266 initializes all 

connected modules, including the MPU6050 sensor, IR 

sensor, GPS module, and GSM module. Following 

initialization, the system enters a continuous monitoring mode 

where sensor data is periodically acquired and processed in 

real time. During normal operation, the IR sensor first verifies 

helmet usage by detecting the presence of the rider. If the 

helmet is not worn, the system remains in an inactive 

monitoring state and does not proceed with accident detection, 

thereby ensuring operational safety constraints. When helmet 

usage is confirmed, the MPU6050 sensor continuously 

streams acceleration data to the microcontroller, where it is 

analyzed to detect abnormal motion patterns. Simultaneously, 

the GPS module updates the current geographic coordinates at 

regular intervals. 

When the accident detection algorithm identifies a 

significant deviation in acceleration values that satisfies the 

predefined threshold conditions, the system transitions into an 

alert generation phase. At this stage, the accident status is 

immediately updated on the IoT dashboard to reflect the 

critical condition. A short delay is incorporated to ensure 

synchronization between local processing and cloud updates 

before external communication is initiated. Subsequently, the 

GSM module is activated to transmit an SMS containing the 

accident alert along with the real-time location coordinates. 

An automated call is also initiated to predefined emergency 

contacts to ensure immediate attention. After successful 

transmission of alerts, the system resets its internal state and 

re-enters the monitoring mode, ready to detect subsequent 

events. This cyclic workflow ensures continuous surveillance, 

timely accident detection, and prompt emergency response, 

thereby enhancing the overall effectiveness and reliability of 

the system. 

III. RESULTS AND PERFORMANCE EVALUATION 

The experimental evaluation of the proposed IoT-based 

Smart Helmet System focuses on validating accident detection 

accuracy, response time, and system reliability under various 

simulated riding conditions. Multiple sensor readings from the 

MPU6050, IR helmet detection, GPS, and GSM modules are 

analyzed to assess system performance. The results 

demonstrate the system’s ability to reliably detect accident 

events and trigger timely emergency alerts with minimal 

delay. 

A. Results Analysis of Sensor Performance and Accident 

Detection 

The performance of the proposed system is evaluated 

through controlled experiments involving normal riding 

conditions, abrupt motion scenarios, and simulated accident 

events. The MPU6050 sensor outputs (AX, AY, AZ) are 

continuously monitored to observe variations in acceleration 

patterns. Under normal conditions, the acceleration values 

remain within stable thresholds, while sudden impacts or falls 

produce a sharp deviation, particularly in the Z-axis. The IR 

sensor consistently confirms helmet usage, ensuring that 

accident detection is only activated when the helmet is worn, 

thereby improving system reliability. GPS modules 

successfully capture latitude and longitude coordinates, which 

are transmitted via GSM with minimal latency. The system’s 

response time, defined as the duration between accident 

detection and alert transmission, is observed to be within a few 

seconds, ensuring rapid emergency communication. Overall, 

the experimental results validate that the integration of 

multiple sensors with IoT connectivity significantly enhances 

accident detection accuracy and reduces false positives. 

Table 2: Sensor Output Analysis Under Normal and Accident 

Conditions 

Test 

Conditio

n 

AX 

(m/s²

) 

AY 

(m/s²

) 

AZ 

(m/s²

) 

Helm

et 

Status 

(IR) 

Detecte

d State 

Remarks 

Normal 

Riding 

0.12 0.08 9.75 Worn Normal Stable 

motion, 

no alerts 

Normal 

Riding 

0.15 0.10 9.68 Worn Normal Minor 

vibration 

observed 

Speed 

Bump 

0.45 0.60 8.90 Worn Normal Temporar

y 

fluctuatio

n 

Sharp 

Turn 

1.20 1.05 9.10 Worn Normal Lateral 

accelerati

on 

Sudden 

Fall 

3.80 2.95 4.20 Worn Accide

nt 

Z-axis 

drop 

detected 

Collision 4.50 3.60 3.85 Worn Accide

nt 

Severe 

impact 

detected 

 



International Journal on Applications in Information and Communication Engineering  

Volume 12 : Issue 3 : March 2026 , pp 1 – 6 www.aetsjournal.com                                              ISSN (Online) : 2394 - 6237  

 ----------------------------------------------------------------------------------------------------------------------------- ----------------------- 

5 

 

B. System Response Time and Communication Performance 

Table 3 presents the performance evaluation of the 

proposed system in terms of detection latency, communication 

delay, and overall emergency response time under different 

operational scenarios. The results indicate that the system is 

capable of detecting accident events within a short time 

window, typically ranging from 0.8 to 1.5 seconds depending 

on the severity and environmental conditions. The GPS 

module requires approximately 2.0 to 2.8 seconds to acquire a 

stable location fix, which is then embedded in the emergency 

message. The GSM module successfully transmits SMS alerts 

within 3.0 to 5.5 seconds, while call initiation occurs shortly 

after message transmission, ensuring rapid contact with 

emergency responders. Under normal and stable network 

conditions, the total system response time remains between 

4.1 and 5.0 seconds, demonstrating efficient coordination 

among hardware components. In scenarios involving network 

congestion or delayed signal availability, the response time 

increases slightly up to 7.2 seconds; however, the system still 

maintains acceptable performance for real-time emergency 

applications. The high success rate (95%–99%) across all 

scenarios confirms the robustness and reliability of the 

communication subsystem. Overall, the results highlight that 

the integration of IoT-based modules enables timely accident 

reporting with minimal delay, thereby significantly improving 

emergency response efficiency. 

Table 3: System Response Time and Communication 

Performance 

Scenari

o 

Accide

nt 

Detecti

on 

Time 

(s) 

GP

S 

Fix 

Tim

e (s) 

SMS 

Delive

ry 

Time 

(s) 

Call 

Initiati

on 

Time 

(s) 

Total 

Respon

se 

Time 

(s) 

Succe

ss 

Rate 

(%) 

Normal 

Conditio

n 

N/A 2.1 N/A N/A N/A 100 

Minor 

Fall 

Simulati

on 

1.2 2.5 3.8 4.2 5.0 98 

Major 

Acciden

t 

Simulati

on 

0.9 2.2 3.2 3.6 4.3 99 

High-

Speed 

Impact 

0.8 2.0 3.0 3.5 4.1 99 

Delayed 

Network 

Conditio

n 

1.5 2.8 5.5 6.0 7.2 95 

C. Analysis of System Reliability and Detection Accuracy 

The reliability of the proposed IoT-based Smart Helmet 

System is evaluated by analyzing its ability to correctly 

distinguish between normal riding conditions and actual 

accident events. Multiple test cases are conducted under 

varying motion intensities, helmet usage conditions, and 

environmental factors. The system demonstrates high 

consistency in accident classification due to the combined use 

of IR-based helmet detection and threshold-based MPU6050 

sensor analysis. False positives are minimized by ensuring that 

accident detection is triggered only when both abnormal 

motion (significant Z-axis deviation) and helmet-worn 

conditions are satisfied. Additionally, repeated trials indicate 

that the system maintains stable performance across different 

scenarios, confirming its robustness in real-world applications. 

The integration of sensor fusion and IoT communication 

contributes to improved detection accuracy and dependable 

system behavior. 

Table 4: Accident Detection Accuracy and False Alarm Analysis 

Test 

Scenari

o 

Tota

l 

Tria

ls 

Correct 

Detectio

ns 

Missed 

Detectio

ns 

False 

Positiv

es 

Detecti

on 

Accura

cy (%) 

False 

Alar

m 

Rate 

(%) 

Normal 

Riding 

20 20 0 0 100 0 

Minor 

Vibrati

on 

20 19 0 1 95 5 

Sudden 

Braking 

20 20 0 0 100 0 

Simulat

ed Fall 

20 19 1 0 95 0 

Collisio

n Event 

20 20 0 0 100 0 

D. Detection Accuracy and False Alarm Behavior 

 

Table 5: IoT Dashboard Performance and Data Transmission 

Metrics 

Parameter Averag

e Value 

Minimu

m Value 

Maximu

m Value 

Observation

s 

Dashboard 

Update 

Latency (s) 

1.8 1.2 2.5 Real-time 

updates 

maintained 

Data 

Transmissio

n Interval (s) 

2.0 1.5 3.0 Consistent 

sensor 

streaming 

Packet Loss 

Rate (%) 

2.3 1.0 4.5 Within 

acceptable 

IoT limits 

Network 

Latency (ms) 

180 120 260 Dependent on 

connectivity 

GPS Data 

Update 

Frequency 

(s) 

3.0 2.5 4.0 Stable 

location 

tracking 

 

Table 5 evaluates the accuracy of the accident detection 

mechanism along with the occurrence of false alarms across 

different riding conditions. The system achieves near-perfect 

detection accuracy, ranging from 95% to 100%, depending on 

the complexity of the scenario. In normal riding and collision 

events, the system correctly identifies all cases without 

generating false alarms, demonstrating strong discrimination 

capability. Minor deviations in acceleration due to vibrations 

occasionally lead to a small number of false positives, but 
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these are minimal and within acceptable limits. The results 

further show that missed detections are rare, indicating that the 

threshold-based logic combined with sensor validation is 

effective in identifying genuine accident conditions. The false 

alarm rate remains very low (0%–5%), which is crucial for 

avoiding unnecessary emergency alerts. Overall, the findings 

confirm that the proposed system maintains high reliability 

and accuracy, making it suitable for real-time safety 

applications where dependable accident detection is essential. 

E. Overall System Performance 

Table 6 Overall System Performance Summary 

Performan

ce Metric 

Measur

ed Value 

Ideal/Targ

et Range 

Performan

ce Level 

Remarks 

Accident 

Detection 

Accuracy 

(%) 

97.5 ≥ 95 High Reliable 

detection 

with minimal 

errors 

False 

Alarm Rate 

(%) 

2.5 ≤ 5 Low Effective 

threshold 

validation 

Average 

Detection 

Time (s) 

1.1 ≤ 2 Fast Quick sensor 

response 

Average 

Response 

Time (s) 

4.6 ≤ 5 Efficient Timely 

emergency 

alerting 

GPS 

Location 

Accuracy 

(m) 

5–10 ≤ 15 High Suitable for 

real-time 

tracking 

SMS 

Delivery 

Success 

Rate (%) 

98 ≥ 95 High Stable GSM 

communicati

on 

Call 

Initiation 

Success 

Rate (%) 

97 ≥ 95 High Reliable 

emergency 

calling 

Dashboard 

Update 

Latency (s) 

1.8 ≤ 3 Real-time Smooth IoT 

visualization 

Packet Loss 

Rate (%) 

2.3 ≤ 5 Acceptable Stable data 

transmission 

System 

Reliability 

(%) 

96.8 ≥ 95 High Consistent 

overall 

operation 

 

The overall performance of the proposed IoT-based Smart 

Helmet System is evaluated by consolidating key metrics such 

as detection accuracy, response time, communication 

reliability, and system efficiency. The final assessment 

considers multiple experimental trials conducted under 

varying conditions including normal riding, simulated 

accidents, and network fluctuations. The system demonstrates 

consistent performance in identifying accident events, 

transmitting alerts, and updating the IoT dashboard in real 

time. The integration of ESP8266, MPU6050, GPS, IR sensor, 

and GSM modules ensures coordinated operation with 

minimal delay and high reliability. The results indicate that the 

system achieves a balanced trade-off between accuracy, speed, 

and communication efficiency, making it suitable for real-

world deployment in intelligent transportation and rider safety 

applications. 

IV. CONCLUSION 

The proposed IoT-based Smart Helmet System effectively 

enhances rider safety by integrating real-time accident 

detection, helmet usage verification, and rapid emergency 

response mechanisms into a unified framework. The 

experimental results demonstrate that the system achieves high 

accident detection accuracy with minimal false alarms, while 

maintaining fast response times for alert generation and 

communication. The combination of MPU6050 motion 

sensing, IR-based helmet detection, GPS location tracking, 

and GSM-based alert transmission ensures reliable operation 

under varying conditions. Additionally, the IoT dashboard 

enables continuous monitoring of sensor data and accident 

status, improving situational awareness. Overall, the system 

proves to be efficient, reliable, and practical for real-world 

deployment, significantly reducing emergency response delays 

and contributing to improved road safety for two-wheeler 

riders. 
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