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ARTICLE INFO ABSTRACT

Received: 29 Dec 2024  Uttarakhand's challenging terrain and unpredictable weather contribute to a high incidence of

road accidents, with 983 fatalities reported in 2024 alone. To overcome this disparity, we

propose a cloud based application that focuses on collecting, analyzing, and distributing data in

Accepted: 27 Feb 2025 real time to improve the safety of roads in this area. The system will utilize various IoT sensors
that track critical factors such as the speed of vehicles, their surrounding weather, and the
condition of the roads. The collected data is sent to the cloud platform where its machine
learning algorithms scan it for risk and alert the drivers through a mobile application. On a 50
km demonstration along National Highway, the system was able to detect 85% and warn drivers
of the dangers that included sharp turns, possible landslides, and severe change of weather. User
feedback indicated high satisfaction with the systems performance and ease of use for timely
alerts. These result suggests that the application can aid in lowering the chances of road
accidents in Uttarakhand as well as encouraging drivers to be more mindful of their
surroundings.
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1. INTRODUCTION

There has been a worrying rise in the number of road accidents in Uttarakhand which is famous for its hills and
forests. The state reported 1674 road accidents in the year 2022 alone which brought about 851 deaths and 1042
injuries [1]. The region’s geography, speed limits, and some ignorant and reckless driving behavior greatly amplify
the danger of accidents [2].

Modern measures need to be taken in order to effectively approach these challenges which include the adoption of
more sophisticated technologies for ensuring safety on the roads. The Internet of Things has great possibilities for
providing solutions through monitoring and communication in real time between vehicles and other components of
the infrastructure. With the help of IoT, advanced transportation systems can reduce hazards and improve safety on
the roads [3].

This paper presents a cloud-based application designed for Uttarakhand’s topography which aims to minimize road
accidents using frequent data collection and analysis. The system uses IoT sensors to monitor important variables
like the vehicle’s speed, road, and weather conditions. These monitored parameters are sent to the cloud where
machine learning algorithms analyze them to identify possible risks and warn the drivers in advance through a mobile
application. Such measures are necessary in Uttarakhand in India, where the swift change of road conditions and
accidents can be minimized by providing rapid responsiveness [4].

The automation of this system focuses on global applications of technological enhancements in road safety. For
example, the development of IoT includes the creation of smart road infrastructure systems that provide monitoring
and hazard prediction. If Uttarakhand adopts such technologies, road safety is expected to increase, resulting in fewer
incidents and enhanced transportation efficiency [5].
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2. LITERATURE REVIEW

The use of cloud-based integration for road accident prevention has become noticeable of late, especially in the more
remote and rugged parts like Uttarakhand. Many researchers have looked into the integration of IoT, cloud
computing, and machine learning in road safety.

1. The Importance of IoT in Enhancing Road Safety

Gupta and others (2021) focused on how road infrastructure and IoT communication enables vehicles to
communicate with each other in real-time, which signals the possible prevention of accidents [6]. IoT sensors collect
data on traffic conditions, environmental factors, driver actions, and vehicle speed, and post such data onto the cloud
for more sophisticated evaluations. This methodology aids in hazard recognition, and is accompanied by adequate
corrective measures for any probable danger.

2. IoT Accident Detection Systems Revolved Around The Cloud

According to Sharma and Verma (2020), real-time data processing is a trademark feature of cloud architecture, and
can be exploited for improving response time to emergency rescue incidents [7]. Their study provided evidence of
relaying accident occurrences through the use of GPS and IoT modules which employ an accelerometer for uploading
the information to the cloud server within the shortest time possible. This brings speed in assistance to patients
undergoing emergency treatment and increases survival rates.

3. Risk Prediction Through Machine Learning

Singh et al. (2023) studied machine learning in hazard prediction, paying attention to how massive amounts of data
on roads and traffic can be analyzed to derive expenditures on accident hotspots [8]. By using algorithms like Random
Forest and Support Vector Machines (SVM) to run the system, 87% accuracy was achieved in the identification of
high-risk spots.

4. Intelligent Road Networks

Mishra and Nair (2021) researched smart road infrastructures and their role in accident mitigation. Their studies
showed that the installation of IoT sensors in roads to monitor for fog, landslides, and sharp turns helps in reducing
accidents by 30% in the areas tested [9].

5. IoT Integration with Real-Time Cloud Infrastructure

Kumar and Patel (2022) examined the effectiveness of cloud computing platforms and their application in real-time
road monitoring, expressing that cloud technology allows for data collection from different systems without any
issues [10]. Their findings revealed a 40% increase in data processing efficiency when cloud computing was integrated
with IoT.

6. Safety Measures for Roads in the Mountains

Bhatia et al. (2021) studied the lack of road safety in mountainous areas and reported the role of challenging climatic
conditions and weak infrastructure in accidents happening [11]. This analysis emphasized the importance of having
real-time hazard detection systems using the cloud together with IoT technology.

7. Mobile Alerts to Drivers: An Overview

Raj and Menon (2020) studied mobile technology and applications aimed at real time driver alerts with the help of
cloud computation controlled data [12]. Their study found that driver alert applications not only increased awareness
but also led to a 25% decrease in collision rates due to faster reaction times.

8. Advancements in Merging GPS with Cloud Computing

According to Choudhary et al. (2022), GPS-enabled devices can be combined with cloud computing services to
prevent accidents from happening [13]. They showed that having a cloud server receive GPS information allows for
accurate danger location and optimal route selection, thus improving the chances of avoiding mishap in rough
environments.
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9. Applications of AI Technology on Improving Road Safety

Das and Roy (2023) focused on the interaction between Artificial Intelligence (AI) and road safety, particularly the
use of deep learning technology to classify likely collision areas [14]. They found out that models powered by Al
significantly increase the chances of precise predictions owing to their ability to consider the environment and vehicle
data simultaneously.

10. Requirements and Opportunities for Improvement

Jain et al. (2023) analyzed the difficulties in the implementation of cloud applications for road safety in certain parts
of the country like Uttarakhand [15]. Such components as a network, information, and sensor proved to be the most
unsatisfactory and least developed requiring the greatest amount of attention.

3. PROPOSED METHODOLOGY

The proposed methodology aims at reducing road accidents in the Uttarakhand region by employing an IoT-enabled
cloud machine-learning service that actively interacts with users by giving instantaneous moods. It consists of five
aspects: Data Collection, Data Transmission, Data Processing, Hazard Prediction, and Driver Alert
System.

3.1 Data Collection
In order to achieve effective hazard mitigation, the system integrates real-time information from different sources:

> ToT Sensors: Mounted on vehicles and roads to track the speed of the vehicle, rate of acceleration, road
conditions (potholes, wet surfaces), and environmental conditions like fog, rainfall, and landslide.

» GPS & GIS Integration: GPS trackers on the vehicle provide its current location, while terrain analysis
and route optimization is done using GIS maps.

> Weather APIs: Real-time weather data from the cloud aids in forecasting the sharp weather changes like
storms and landslides.

» Traffic Surveillance Cameras: Roadside cameras file footage in real-time which can be used to find out
traffic build-up, accidents, or any other form of blockage on the road.

» Crowd sourced Data: A mobile application option allows users to report hazards they encountered while
traveling.

3.2 Data Transmission

The collected information is sent to a generic cloud platform through secure communication channels like MQTT and
HTTPS. The transfer follows:

e Edge Computing: Preprocessing information at edge nodes like roadside units to remove redundant and
irrelevant data is called edge computing.

¢ Cloud Storage: Data is kept in a distributed cloud environment for increased responsiveness, efficient
retrieval, and scalability. This is called cloud storage.

¢ Encryption & Security: The protection of information during transmission is achieved through AES-256
encryption and access control.

3.3 Data Processing & Hazard Prediction
The cloud service uses the following methods to process data in real-time:

» Machine Learning Models: Random Forests, Support Vector Machines (SVM), and Long Short Term
Memory (LSTM) networks analyze previous and current road conditions to forecast regions with high
potential for accidents.

» Anomaly Detection: Sudden braking, over speeding, or sharp turns are flagged as unusual events which
can be detected using time series analysis.

> Risk Scoring: Every road segment is given a risk score based on sensor data, known accident history, and
other current conditions.
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>

Integration with Government Databases: Obtaining historical accident data for accurate prediction
refinement.

3.4 Driver Alert System

A driver alert system has been created that sends driver alerts via:

>
>

>
>

Mobile Application: Offers users real-time notifications and alternative route suggestions.

Vehicle Dashboard Integration: Alerts for connected vehicles can be shown on the dashboard, or relayed
through voice assistants.

SMS & Push Notifications: For users with no connectivity, alerts are transmitted using SMS.
Emergency Response Integration: The system informs emergency services automatically in the event
of an accident, giving the vehicle's position and details of the collision.

4.5. System Flowchart

Figure 1 depicts the full system workflow of the accident avoidance system utilizing cloud technology. The flowchart
depicts the process involved in the detection of road hazards and issuance of alerts. It commences with the data
collected from various sensors (IoT Sensors, GPS, Weather APIs, Traffic Cameras, Crowd Sourced Data) being
uploaded to the cloud for machine learning model training. The system then predicts possible risks, classifies them,
and generates alerts to be issued to drivers via a mobile application. Finally, traffic control and emergency staff are
alerted to take action to improve control and safety on the roads.

[Sensor Data Collection]

|

[Data Transmission to Cloud]

v

Data Processing & Analysis
(Machine Learning)

v

[Hazard Prediction & Classification]

v

Alert Generation for Drivers
(Mobile App)

|

[Traffic Authorities & Emergency Response]

Figure 1: Road Hazard Detection and Alert System Workflow

The implementation of the system on this scale ensures reduced road accidents and safer travel in Uttrakhand.

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License

61

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(49s)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

4. RESULTS AND IMPLEMENTATION
4.1 Implementation Overview

Integration of the proposed cloud-based accident prevention system was done seamlessly with IoT-based real-time
data collection, cloud computing for data storage and processing, and machine learning for hazard prediction. A pilot
study was carried out on a 50-kilometer section of National Highway 7 in Uttrakhand.

1. System Components
The system includes the following components:

> ToT Sensors: Placed on the highway to watch the changes on certain parameters that include the state of
the road, vehicle speed, weather conditions, and any possible danger.

> Edge Computing Units: These process the sensor signals and transfer the resultant data to the cloud for
additional analysis.

» Cloud Infrastructure: Data is processed and analyzed using a cloud platform (AWS IoT Core & Google
Cloud ML).

» Machine learning model: A trained hazard prediction model based on Random Forest and LSTM that
predicts accident prone scenarios.

» Mobile Application: Based on the analyzed data, the driver is given a real-time alert regarding the danger
ahead

4.2 Results
The performance of the system was analyzed based on distinct, consistent and key indicators.
1. Hazard Detection Accuracy
The system accuracy in predicting hazards was evaluated using real-time data obtained within two months.

The Table 1 shows the detection accuracy of various road hazards monitored by the proposed cloud-based accident
prevention system. It illustrates the aggregate incidents listed, along with the number of successfully captured
hazards and its detection accuracy ratio. Of all the hazards, sharp turns had the highest detection rate (92%) while
sudden weather changes had the least (75%). With these results, it is evident that the system is capable of properly
detecting and notifying drivers of possible danger, thus enhancing safety on the roads.

Table 1: Detection Accuracy of Various Road Hazards in Uttrakhand

Hazard Type Total Incidents Detected Detection  Accuracy
(%)

Landslides 50 44 88%

Sharp turns 40 37 92%

Foggy Conditions 55 46 84%

Over-speeding 60 51 85%

Sudden Weather Change | 40 30 75%

Total hazards recorded 245 208 85%

2. Driver Response Time to Alerts

As an example, driver reaction alert response and times were recorded. The data shows an improvement of 2.5
seconds in response time caused further accidents to decline.

Table 2 indicates the average driver response before and after the expected cloud alert system is in place. It shows
percent improvement for different hazard alert reaction times. The system drastically improved response times for
all categories, especially with landslide and fog alerts which showed a staggering (38%) improvement. This is even
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more significant as it demonstrates the system success of timely warnings enabling drivers to react more quickly to
avert accidents.

Table 2: Impact of the Cloud-Based System on Driver Response Time

Alert Type Average Response | Average Response | Improvement (%)
Time Before System | Time After System (s)
(s)

Landslide Alert 6.8 4.2 38%

Sharp Turn Alert 5.5 3.5 36%

Fog Alert 7.2 4.5 38%

Speed Violation Alert 6.0 3.8 37%

3. Reduction in Road Incidents

The Table 3 shows the reduction in accident rates observed during the two-month pilot study. After implementing
the hazard detection and alert system, the accident rate dropped from 25 accidents per month to 15 accidents per
month, which showed a 40% percentage change relative to safety terms on the road.

Table 3: Impact of System Implementation on Road Safety

Metric Value
Pre-implementation accident rate 25 accidents/month
Post-implementation accident rate 15 accidents/month
Reduction in accident rate 40%

5. GRAPHICAL ANALYSIS

1. Hazard Detection Accuracy

The system shows the highest accuracy for detecting sharp turns (92%) and the lowest for sudden weather changes
(75%). Other hazards, including landslides, foggy conditions, and over-speeding, display detection accuracies ranging
from 84% to 88%, indicating the system's overall effectiveness in hazard identification.
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Figure 2: Hazard Detection Accuracy by System
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2. Driver Response Time Improvement

The analysis of driver response times for different types of alerts appears in Figure 3. The red line symbolizes response
times before the system. After the system, response times are represented by green lines, which reflect the system's
response per alert category. The system clearly shows positive and significant results with lower response times across
all alerts. It is even more impressive with fog alerts where response time improved significantly from 7.2 sec to 4.5
sec. This clearly indicates the effectiveness of the system in improving driver's reaction time and hence road safety.

Driver Response Time Before and After System Implementation
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Figure 3: Driver Response Time Before and After System Implementation
6. CONCLUSION

The proposed cloud application technology for accident prevention in Uttarakhand has outstanding promise for
greater road safety through its real-time data collection, processing, and driver alarm notification functions. IoT
sensors, cloud computing, and machine learning are guiding technologies that aid in monitoring vehicle speed, road
and weather conditions, and detecting environmental and other relevant components that could lead to danger. The
operational test on a 50 km segment of the National Highway 7 was found to be encouraging with Hazard detection
accuracy 85%, while response time to the hazard was reduced by 40%.

User feedback focused on the alerting capabilities of the system and the enhancement of situational awareness.
Predictive and preventive mechanisms were seamlessly integrated through the GPS tracking, mobile alerts, and AI-
based analytics, and makes the system user friendly and cost effective for areas prone to accidents. Though, wider
application of the system will need to overcome network performance, accurate sensors, and cloud slow
responsiveness.

Future changes might involve the inclusion of 5G for quicker data transmission, AI algorithms for predictive analytics
of accident prone areas, and greater extension coverage in the remaining highways of Uttarakhand. This case study
demonstrates how far technology and governance integrated systems can address road safety challenges. It indeed
sets the stage towards improved and intelligent transport systems in the steep hilly regions.
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