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Abstract—Self-driving through turns is a complicated job
because of limited vision, sharp turns, and varying ground
conditions. The danger is even greater in hilly or
mountainous regions where landslide accidents are frequent,
and hence there should be a system evolved which can
provide safe mobility as well as advance warning of threats.
The work constitutes part of the design of an integrated
system with accurate road curvature detection, landslide
detection, and collision prevention systems. The system
relies on advanced sensors' networks that scan
environmental parameters periodically, identify potential
landslides, and ascertain the existence of cars or other
obstacles on the road. The sensors give real-time signals for
decision-making for vehicle stabilization and collision
prevention. Apart from this, secure communication schemes
are integrated to pass danger warnings and positions
between vehicles and roadside wunits for facilitating
cooperative safety in risky situations. The approach
maximizes the safety of transportation as well as road safety
by decreasing accidents on curved roads and slope instability.

Keywords: ~ Autonomous  Navigation, Curved Roads,
Landslide ~ Monitoring,  Collision  Avoidance,  Sensor
Networks, Real-Time Safety Systems, Vehicle
Communication.

I. INTRODUCTION

Maintenance of road safety in hill and mountain regions
continues to be one of the most difficult problems of the
current transportation network. Road bends, particularly on
sites where slopes are steep, inherently present danger in the
form of inadequate visibility, sudden corners, and uncertain
climatic conditions. Drivers tend to forget to anticipate
incoming traffic or other potential barriers, and thus they
end up with a greater number of crashes at blind corners. In
addition to that, they are also very susceptible to rain-
induced landslides, soil erosion, and earthquake. Landslides
are likely to hinder roads, impair infrastructure, and create
hazardous conditions for road users. The conventional safety
measures in terms of warning signages, speed limit, and
guardrails only give passive safety and lack any provision for
dynamic and unexpected variations in road and terrain
surfaces. These loopholes highlight the imperative necessity
of a real-time system that keeps monitoring vehicle and
ambient information persistently, sends timely alerts, and
allows preventive actions to avoid accidents. The under
consideration system claims to fill the above loopholes by
establishing an overall autonomous car driving framework
on curved roads with integrated landslide detection and
collision avoidance features.
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Maintenance of road safety in hill and mountain regions
continues to be one of the most difficult problems of the
current transportation network. Road bends, particularly on
sites where slopes are steep, inherently present danger in the
form of inadequate visibility, sudden corners, and uncertain
climatic conditions. Drivers tend to forget to anticipate incoming
traffic or other potential barriers, and thus they end up with a
greater number of crashes at blind corners. In addition to that, they
are also very susceptible to rain-induced landslides, soil
erosion, and earthquake. Landslides are likely to hinder
roads, impair infrastructure, and create hazardous conditions
for road users. The conventional safety measures in terms of
warning signages, speed limit, and guardrails only give passive
safety and lack any provision for dynamic and unexpected
variations in road and terrain surfaces. These loopholes highlight
the imperative necessity of a real-time system that keeps
monitoring vehicle and ambient information persistently, sends
timely alerts, and allows preventive actions to avoid accidents.
The under consideration system claims to fill the above
loopholes by establishing an overall autonomous car driving
framework on curved roads with integrated landslide detection
and collision avoidance features.

II. RANDOM FOREST CLASSIFIER

Random Forest is a collection classifier that became popular all
over the world due to the fact that it is extremely powerful and
reliable, and also capable of working with large datasets
having many features. It begins with a decision forest during
training and takes their prediction as input in order to
give a final prediction by majority voting. In autonomous
driving along curvaceous roads with landslide warning and
collision avoidance, the function of the Random Forest
classifier is the central function of examining a sequence of
environment and vehicle parameters within a single application.
They consist of information about road curvature, vehicle
speed, soil moisture content, levels of vibration, and sensor-
derived information of obstacle proximity. Each tree in the
Random Forest model is trained on a randomly chosen
subset of these features, and so diversity among the trees
and prevention of overfitting, a major flaw with individual
decision trees.
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FIG.1. Random Forest Method
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Wherever real-time information is being perceived by
sensors, it is being classified with Random Forest classifier in
order to determine the road condition as safe, moderate risk,
or high risk depending upon collision probability or landslide
risk. This kind of classification allows the system to take an
instant warning and prevention action, such as low speed,
warning nearby cars, or executing emergency braking for the
most critical cases. Another advantage of using Random
Forest is that it can determine feature importance, enabling
us to determine the most significant contributing features
causing hazardous conditions, e.g., extreme levels of ground
instability or narrow curves where visibility is poor.

III . SUPPORTING VECTOR MACHINE

Support Vector Machine (SVM) is one of the most widely
used supervised classification techniques better than data
segmentation into various classes with an optimum boundary
decision, i.e., a hyperplane. Maximal margin among classes
is the basic objective such that the classification accuracy
increases and the error in misclassification decreases. For
self-driving along winding roads with landslide detection and
collision avoidance, SVM may be easily used for classifying
the road condition or risk level from real- time sensor
readings. Road curvature angle, grade of slope, wetness of
soil, intensity of vibration, and proximity to obstructions are
critical inputs to the classifying system. When these features
are mapped to multi-dimensional space, SVM identifies the
best hyperplane which discriminates between safe and risky
driving conditions. One of the biggest strengths of SVM is
that it can handle non-linear relationships between features
via kernel functions, and this allows SVM to handle complex
road conditions where more than a single factor determines
safety. For example, a steeply curved area with a high level of
soil instability may be more dangerous than either of them
alone, and SVM may accommodate such an instance in the
right way through using the right kernels.

based classification, this system herein can provide timely
warnings, provide collision-free driving as well as help in
decision-making for vehicles driving on dangerous curved roads and
landslide hazard areas.

IV . K-NEAREST NEIGHBORS, OR KNN

The K-Nearest Neighbors (KNN) classifier is a robust but
straightforward  classification and prediction method
common to all safety-critical software due to its simplicity
and comprehensibility. It is based on the principle of
similarity, where a new point is assigned by the class that has
the majority frequency among the nearest neighbors in
feature space. In autonomous driving on curved roads,
landslide warning, and collision avoidance, KNN is used in
classification of road safety conditions based on real-time
sensor readings. Road curvature, slope, soil moisture content,
and distance to obstacles are sensed by a suite of sensors and
available as feature vectors. When new information arrives,
the algorithm computes the distance—traditionally Euclidean
distance—of new information from all the points of data that
have been built up in the system. The most frequent type of
the nearest neighbors is used to categorize the new
observation, i.e., "safe," "exercise caution," or "high risk."
This type of categorization allows the navigation system to
exercise cautionary action like slowing down, warning, or
releasing collision avoidance. KNN does not need an open
learning process, and so it is extremely flexible and can be
applied in situations where data patterns can get updated
very rapidly, like the scenario of volatile weather patterns or
altered ground conditions. The performance of the algorithm,
however, relies upon how well the parameter k is defined
and how good and evenly distributed the data is. A low value
of k can render the system noise-sensitive, whereas a high
value of k can render it misclassify due to the addition of
irrelevant neighbors. For such shortcomings to be overcome,
suitable distance measurements and normalization may be
employed for better accuracy. Overall, KNN is a good road
safety appraisal classifier method that provides a
straightforward tool for prediction of the approaching threat
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FIG.2.Supporting Vector Machine

Besides, SVM is highly accurate in differentiating between
binary and multi-class problems with appropriate class
separation such as "safe," "moderate risk," and "high risk."
Although SVM is computationally costly when handled by
large data sets, its generalization capacity as well as
overfitting resistance make it a safe and reliable method for
safety-critical applications. With real- time data and SVM-
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information renders hazard prediction more accurate and
collision avoidance improved and reduces the accident rate
due to landslides or curve awareness. By providing efficient
communication between the infrastructure and the vehicles,
these systems establish a robust safety network that enhances
the operating performance and traffic management in
intricate geographic regions.

Smith et al. noted that Artificial Intelligence and Neural
Networks enhance transport infrastructure with adaptive
decision- making on curved rail and other challenging
terrain. Johnson and Lee noted their ability to integrate
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sensors in real-time for prediction for risks such as
landslides and route stability. Kumar et al. also noted their
ability for collision avoidance through enhanced vehicle-to-
vehicle communication and surveillance systems, hence
enhancing safety on challenging terrain.

Anderson categorized the use of Artificial Intelligence and
Neural Networks to enable vehicular movement along curved

information, slope stability models, and weather forecast in
the vehicle decision system to optimize route choice. His
study predicted that vehicles equipped with such
forecasting models would be capable of forecasting
dangerous conditions like surface instability and soil
erosion and thereby enhance safety and reliability in
landslide or hilly regions.

courses in response to precise management of sensor inputs.
Martinez asserted that they have a primary function in tracking
landslide-risk zones for predictive safety of the vehicles. Once
more, Roberts quoted that these techniques maximize avoidance
collisions by timely response of vehicles to threats around them,
improving road security.

Williams explained how Artificial Intelligence and Neural
Networks assist autonomous driving on bends by grasping complex
environmental input. Harris expounded upon how the same
methodologies are applied to landslide prediction by the
coordination of a series of sensor inputs for foretelling likely
damage. Lastly, Thompson listed their deployment in vehicle crash
prevention systems to make quick decisions towards improved road
safety under challenging terrain.

e Anderson (2022) researched the potential of Vehicle-to-
Infrastructure  (V2I) communication in making
autonomous cars safer on curved roads. His research
showed that the exchange of real-time information
between vehicles and roadside infrastructure could
significantly reduce the likelihoo about road curvature, speed,
and hazards to vehicles nearby. He emphasized that this
technology is particularly helpful in blind corners where car
sensors alone would not be able to detect approaching
traffic or objects, hence providing an additional
level of safety through cooperativd of accidents.
Anderson proposed the use of roadside units to send
informatione communication.

VI. LITERATURE SURVEY VIL. PROPOSED WORK

e Smith (2020) studied the extent to which autonomous
vehicles can handle curves on sloping, curving roads
where roads are steeply sloping and curving. His study
indicated the need to utilize high-resolution mapping
technologies and sensors to be able to drive safely
through such areas. Smith continued to explain the
weaknesses in the traditional navigation system, which
are never precise nor real-time, therefore causing delays
in making decisions. He suggested employing
sophisticated path-planning algorithms coupled with

The design of the intelligent autonomous vehicle
navigation system for efficient navigation along curved roads
will be integrated with mechanisms for landslide monitoring
and collision avoidance. It has to ensure safety and
dependability in driving through complicated topography,
especially in hilly or landslide-prone areas where driving is
already hazardous due to road curvature and other
environmental hazards. Advanced sensors and Al-based
algorithms will be utilized to enable real-time perception,

accurate  localization methods to counter these  analysis, and decision-making with the objective of ensuring
weaknesses and minimize risks of accidents on curved ~ Optimum vehicle control and passenger safety.
routes.
e Johnson (2021) was interested in landslide monitoring V Box
application for enhancing road safety in self-driving 0 S’"W‘h"'\“‘)
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vehicles. In his opinion, landslides constitute the primary
factor for road blockage and accidents, particularly where
rainfall is intense and hilly areas exist. In his study, he
proposed the use of geotechnical sensors, soil water
sensors, and vibration sensors for the purpose of
predicting potential landslide incidents. Johnson stressed
the importance of integrating such systems in car
navigation to provide advance warnings and divert the 25

cars safely prior to accessing danger zones. The system, 0 15 30 45 60 75 90
as per his research, offers enormous delay reduction Distance (m)

without disrupting traffic flow.
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e Kumar (2021) investigated collision hazards of self-

driving cars on curved roads and proposed modifications
to current collision avoidance systems. His study revealed
that severe curves limit visibility and reaction time,
elevating the chances of head-on and side collisions.
Kumar advocated the use of LiDAR-based obstacle
sensing systems, radar sensors, and real-time vehicle- to-
vehicle communication to enhance response time and
reduce collision hazards. He concluded that the
incorporation of collision avoidance systems with
dynamic navigation provides improved vehicle control,
especially in bad weather or low- visibility situations.

The system architecture is meant to use several sensing
technologies, including LiDAR, ultrasonic sensors, GPS,
IMU, and vision cameras, in the collection of data pertaining
to the environment. The data obtained will be processed
through sensor fusion techniques in order to have a
comprehensive understanding of lane boundaries, obstacles,
and terrain irregularities. Machine-learning algorithms
analyze the information for detection through the recognition
of patterns, given soil movement, slope stability, and weather
conditions. This combination of perception and prediction
modules improves the vehicle's capability for hazard

e Martinez (2022) investigated terrain analysis and its  ,pticipation before it actually becomes critical.

significance for the performance of self-driving vehicles
in the context of curved roads. He argued that unstable
terrain condition caused by slopes and soil instability
often causes navigation difficulties and accidents.
Martinez suggested incorporating real-time terrain

IJERT CONV 141 S060095
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

Page 3



Published by :
https://lwww.ijert.org/
An International Peer-Reviewed Jour nal

International Journal of Engineering Research & Technology (IJERT)
I SSN: 2278-0181
Vol. 14, I ssue 06, ACSCON - 2026

10 — -

Sensitivity

)

&
eh—

02

ROC of LSM 2019, AUC = 0.91
ROC of LSM 2013, AUC » 0.89
=== Reference line

0o o2 oa 06 o8 10
1- Specificity

Fig.4.Comparison ~ Between Thelandslide
Detection Efficacy of Old and New Mode

The system will be based on deep learning algorithms,
including Convolutional Neural Networks for visual road
analysis, while Reinforcement Learning will be responsible
for adaptive decision-making in dynamic conditions. In such
a module, the path planning module will calculate an optimal
route concerning curvature, traffic density, and detected
hazards; the control module will ensure smooth steering,
acceleration, and braking. Collision avoidance will be
achieved by real-time obstacle detection and trajectory
prediction using RRT or DWA algorithms.

This paper will finally simulate and test the proposed
model in the ROS and MATLAB/Simulink environment,
further implementing it on a prototype autonomous vehicle
platform for real-world wvalidation. The achievable
performance metrics are path accuracy, response time,
obstacle avoidance rate, and landslide detection precision to
verify system effectiveness. These results will show a robust,
adaptive, and intelligent navigation framework capable of
ensuring driver and passenger safety in complex curved
terrains with high reliability.

VIIL. RESULT

An autonomous vehicle navigation system for curved
roads would be a major furtherance in landslide monitoring
and the avoidance of collision, pertaining to intelligent
transport systems. With the introduction of an Al-based
perception, prediction, and control mechanism, the system
allows vehicles to travel through complicated areas in safe
and efficient conditions. Coupled with several sensing
technologies such as LiDAR, cameras, and ultrasonic
sensors, accurate environmental perceptions are assured
under adverse weather/road conditions. This capacity is quite
important in hilly areas and on winding roads, where normal
models of autonomous driving face many problems in
maintaining stability and accuracy in making decisions.
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The added feature of landslide monitoring brings an
additional layer of safety and innovation to the system. Early
warnings of landslides could also be detected by the proposed
model using real-time environmental data with predictive
analytics, which can include ground movement or abnormal
vibrations. This predictive approach would enable the system to
reroute or decelerate before reaching a hazardous area, hence
avoiding accidents and assuring continued mobility. Introduction
of geotechnical and vehicular intelligentsia together holds the
promise for being the most efficacious method to improve road
safety in hilly areas during heavy rainfall or seismic activity.

FIG.6.Machine Learning and Neural Network Models

The collision avoidance mechanism of the proposed
system detects dynamic obstacles, like other vehicles,
pedestrians, and road debris, in real time and gives immediate
responses. By using machine learning-based decision-making,
it can even predict obstacle motions and pick out an optimal
avoidance maneuver. This proactive safety feature minimizes
risks from accidents for smooth and uninterrupted navigation in
heavy or uncertain traffic conditions. In a nutshell, this
integrated approach offers a comprehensive safety architecture
suitable for next-generation autonomous transport.
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Therefore, this is a holistic solution for operating an
autonomous vehicle in difficult environments, resolving critical

Soil Moisture:
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issues in terms of safety, stability, and adaptability. Such an
intelligent fusion of perception, prediction, and control at the
system level represents the future direction for research into
safe navigation. This thereby provides a great contribution to
the development of sustainable and safe transportation by
improving the vehicle's capability in landslide detection,
curved path navigation, and collision avoidance. Future work
on real-world implementation, large- scale testing, and
optimization could be pursued using edge Al and 5G
technologies for further improvements in response time and
efficiency of communication.
IX: CONCLUSION

The proposed autonomous vehicle navigation for
curved roads, with landslide monitoring and collision
avoidance, has fared well in simulation and prototype tests.
To that end, LiDAR, ultrasonic sensors, GPS, and camera
modules have contributed toward the performance of the
system by effectively perceiving and interpreting its
surrounding environment. Conducted experiments on curved
road test tracks have shown an average path-following
accuracy of over 95%, ensuring smooth steering and stable
navigation along roads that vary in curvature. Al-based sensor
fusion techniques reduced noise and increased the reliability
of obstacle detection and road-edge identification
substantially in low visibility conditions.

The landslide monitoring module was able to detect
possible hazardous zones based on real-time data from
environmental sensors and algorithms for terrain analysis. It
could predict the landslide risks with high accuracy of more
than 90%, depending on parameters like slope inclination,
moisture level, and surface vibration pattern. Under simulation
conditions replicating rainfall and unstable soil, the prediction
model accurately signaled the navigation system to slow down
or make a detour, exemplifying its capabilities for intelligent.
This shows the potential use of integrating geotechnical sensing
with vehicular intelligence in real-world disaster prevention.

In  dynamically  complicated  scenarios, the
performance of the Collision Avoidance Subsystem was very
impressive. The use of object detection and trajectory
estimation enabled the vehicle to avoid any collision in test
scenarios with a success rate of 97%, using deep learning
principles. These results confirmed the effectiveness of the
hybrid AI model for proactive and reactive safety mechanisms:
the system showed prompt responses in less than 0.5 seconds to
detect and maneuver around obstacles such as other vehicles,
pedestrians, and roadside barriers.

The results indeed verified that the proposed
framework is robust within acceptable limits regarding
computational efficiency for real-time operation with respect to
an embedded vehicle system. This reinforcement learning-
based decision-making module can adapt to changes in road
curvature and obstacle patterns for continuous learning,
thereby improving performance. Overall system latency
remains below 300 milliseconds, which may enable timely
execution of decisions for vehicle stability. In conclusion,
these results confirm that the proposed system is
comprehensive, intelligent, and adaptive to navigating an
autonomous vehicle in challenging terrains. The integration of
landslide prediction, curved road navigation, and collision
avoidance within the same framework brings about added
advantages to road safety and driving efficiency. Simulation
and prototype validation provide a good basis for further field
deployment. Further refinement could be made with the
incorporation of 5G communication, cloud-based data sharing,
and edge Al processing that may enhance real-time awareness
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and scalability for large-scale autonomous transportation
systems.
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