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Abstract : Autonomous vehicle technology relies heavily on accurate perception of the surrounding environment in order to make
safe navigation decisions. While significant advancements have been made in urban driving environments, off-road terrain analysis
remains a challenging problem due to irregular surfaces, vegetation, uneven terrain structures, and unpredictable environmental
conditions. This research proposes a deep learning based terrain identification system capable of classifying off-road environments
into traversable and non-traversable regions.

The proposed system uses the YOLOV8 object detection and segmentation architecture to analyze terrain images and identify
important environmental features such as road surfaces, vegetation, and obstacles. A dataset consisting of annotated off-road terrain
images was used to train the model using the PyTorch deep learning framework. The system processes camera input frames and
detects terrain regions in real time using computer vision techniques.

The trained model is capable of detecting terrain elements and providing classification results that assist autonomous systems in
determining whether a terrain is safe, moderate, or unsafe for traversal. The proposed approach demonstrates the potential of deep
learning models in improving perception systems for autonomous vehicles operating in complex off-road environments.

IndexTerms — Autonomous Vehicles, Off-Road Terrain Detection, YOLOvV8, Computer Vision, Terrain Classification.

INTRODUCTION

Urbanization Autonomous vehicles rely on advanced perception systems to understand their surroundings and make navigation
decisions. While significant progress has been achieved in structured environments such as urban roads and highways, autonomous
navigation in off-road environments remains a challenging problem. Off-road terrains often consist of irregular surfaces such as
mud, gravel, rocks, vegetation, and uneven ground, making it difficult for autonomous systems to determine safe traversal paths.
Recent developments in computer vision and deep learning have enabled machines to analyze complex visual data and detect
important environmental features. Object detection models such as YOLO (You Only Look Once) have shown excellent
performance in real-time detection tasks due to their speed and accuracy.

This study proposes a terrain identification system based on the YOLOV8 deep learning architecture to classify off-road terrain
features. The system analyzes terrain images and detects elements such as road surfaces, vegetation, and obstacles to assist
autonomous vehicles in identifying navigable regions. By improving terrain perception, the proposed approach contributes to safer
and more reliable off-road autonomous navigation.

NEED OF THE STUDY.

The While many existing systems perform effectively in structured urban environments, off-road terrains present unique
challenges, and they are as such:

« Difficulty in distinguishing between safe and unsafe terrain regions

* Presence of natural obstacles such as rocks, vegetation and uneven ground

* Lack of clearly defined road boundaries in off-road environments

« Variations in terrain types such as mud, gravel, sand, water, and snow

These issues reduce the reliability and safety of autonomous vehicles operating in unstructured environments.

The need of this study is to develop an intelligent terrain identification system using deep learning techniques that can analyze
visual data and classify terrain types automatically..

The proposed system aims to:

» Detect and classify different off-road terrain types using computer vision

« Improve the perception capability of autonomous navigation systems

« Assist autonomous vehicles in identifying traversable and non-traversable regions

» Enhance navigation safety in complex off-road environments

IJNRD2603397 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) d721



https://ijnrd.org/
http://www.ijnrd.org/

JNRD

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) umamm
© 2026 IJNRD | Volume 11, Issue 3, March 2026 | ISSN: 2456-4184 | INRD.ORG

RESEARCH METHODOLOGY
The methodology section outlines the approach used to develop the off-road terrain detection system for autonomous navigation.
The proposed system uses deep learning and computer vision techniques to detect and classify terrain features from camera images.
The methodology includes the following steps:
Collection of off-road terrain images from publicly available datasets and custom sources
Annotation of terrain images using tools such as Roboflow to label terrain regions
Data preprocessing and augmentation to improve dataset quality and diversity
Training a deep learning model using the YOLOV8 object detection architecture
Testing and evaluating the trained model for real-time terrain detection
6. Deployment of the trained model for real-time terrain detection
The system workflow consists of:
« Input image acquisition using camera sensors
« Image preprocessing and feature extraction
* Terrain detection using the YOLOV8 deep learning model
« Classification of terrain features such as road surfaces, vegetation, and obstacles
« Identification of traversable and non traversable regions for autonomous navigation
« Visualization of detected terrain and classification results through a user interface for monitoring and analysis

agrwhE

Population and Sample
The population of the study consists of all off-road terrain images representing different natural environments used for
autonomous vehicle navigation. The dataset includes terrain images containing various surface conditions such as:
* Dirt or forest roads
* Vegetation and trees
* Rocky or uneven terrain
*Grass-covered surface
These images represent different off-road environmental conditions that an autonomous vehicles may encounter during
navigation.
A sample dataset of annotated terrain images is used to train the deep learning model and evaluate its performance in detecting
and classifying terrain features.
Data and Sources of Data
For this study, image data is collected from publicly available off-road terrain datasets and custom image sources:
* Public off-road terrain datasets
* Roboflow annotated datasets
« Custom collected terrain images
The images are annotated using labelling tools to identify terrain features such as roads, trees, and surrounding obstacles..
Data preprocessing involves resizing images, performing augmentation techniques such as flipping and rotation, and converting the
annotations into YOLO training format for model training.

Theoretical framework
The theoretical framework of this study is based on computer vision and deep learning techniques for terrain detection and
classification:
Terrain Safety Score =
(Safe Terrain x 0.5) + (Obstacle Presence x 0.5)
Where:
Safe Terrain = detected navigable surface such as dirt roads or clear ground
Obstacle Presence = detection of trees, vegetation, rocks, or other obstacles .
Based on the detected terrain features, regions are classified as:
« Safe Terrain
» Moderately Traversable Terrain
*Non-Traversable Terrain
This approach helps autonomous systems identify suitable paths for navigation and avoid hazardous terrain conditions in off-road
environments.

Statistical Tools and Models

This study uses statistical analysis and deep learning techniques to analyze terrain images and perform terrain
classification for autonomous vehicle navigation.

»  Descriptive Statistics

Descriptive statistics are used to analyze the terrain image dataset and understand the distribution of different terrain classes
such as roads, vegetation and obstacles..
Statistical measures such as image count, class distribution and dataset proportions help identify the balance of terrain categories
and improve the dataset preparation process.
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*  Deep Learning Model
The system uses a YOLOV8 deep learning model to detect and classify terrain features from input images, YOLOVS is

chosen because it:
* Provides high detection accuracy
« Supports real-time object detection
« Efficiently handles complex visual environments
The model is trained using the following features:
+ Annotated terrain images from off-road environments
« Labels representing terrain elements such as roads, trees and vegetation
The target output of the model is the detection and classification of terrain is suitable for autonomous vehicle traversal.

RESULTS AND DISCUSSION

The implementation of the off-road terrain detection system demonstrates the ability of deep learning models to accurately
identify terrain features in complex environments. The trained YOLOv8 model analyses terrain images and detects important
environmental elements such as roads, trees, and surrounding obstacles.

The detection system provides insights such as:

* Detection of road and navigable terrain regions

« Identification of trees, vegetation and obstacles

« Classification of terrain features in off-road environments

« Visualization od detected terrain regions in input images

The model successfully identifies terrain features from off-road images, enabling autonomous systems to understand
environmental conditions.

The proposed approach improves navigation safety and contributes to the development of intelligent autonomous driving systems.
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