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Abstract 

Lunar craters play a key role in understanding planetary 

surfaces, including age estimation, hazard detection, and 

navigation. However, their detection is challenging due to 

variations in size, shape, and data resolution. This study 

introduces YOLOv8, a cutting-edge deep learning model, to 

automate crater detection with high speed and precision. 

Trained on high-resolution lunar images, YOLOv8 efficiently 

identifies craters by predicting bounding boxes and class 

probabilities in a single pass. Additionally, we review over 140 

crater detection methods, categorising them into segmentation-

based, object detection-based, and classification-based 

approaches. Our findings highlight YOLOv8's potential to 

advance automated crater detection and provide insights for 

future exploration and research. 
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I. INTRODUCTION 

 

The study of lunar craters and boulders is essential for 

understanding the Moon's geological evolution and impact 

history. The Moon's surface is covered with impact craters of 

various sizes, formed due to continuous bombardment by 

meteoroids and asteroids over millions of years. These features 

provide crucial information about planetary formation, surface 

aging, and the mechanics of impact cratering. The presence and 

distribution of boulders around craters also offer insights into 

regolith dynamics, secondary cratering processes, and potential 

hazards for lunar exploration missions. Traditional methods for 

identifying these features rely on manual inspection of high-

resolution images, which is labor-intensive, time-consuming, 

and prone to human errors. With advancements in artificial 

intelligence (AI) and deep learning, automated crater and 

boulder detection has emerged as a promising solution to 

enhance the efficiency and accuracy of lunar surface analysis. 

The integration of deep learning techniques, such as CNNs and 

YOLOv8, has significantly improved the precision and speed 

of crater detection. These models are capable of identifying 

craters and boulders with high accuracy while adapting to 

variations in lighting, resolution, and morphological 

characteristics. 

** 
 

e  

AI-based detection systems provide scalable solutions that can 

process vast datasets collected from lunar missions, facilitating 

better lunar terrain analysis and supporting future space 

explorations. 

 

II. LITERATURE SURVEY 

 

1] Paper Name:  "Lunar Crater Detection Using YOLOv8 

Deep Learning" 

Authors: M.Sinha, S.Paul, M.Ghosh, S.N.Mohanty (2024) 

Summary: 

• This paper explores the use of YOLOv8 for 

automating crater identification from high-

resolution lunar images. 

• It addresses challenges such as crater size 

variations, lighting conditions, and image noise. 

• The model achieves high detection accuracy and 

improves efficiency in planetary surface analysis. 

 

 

2] Paper Name: "Crater Detection on Lunar Surface using 

CNN" 

Authors: J.Wang, H.Li, M.Zhang (2023) 

Summary: 

• This study employs Convolutional Neural 

Networks (CNNs) for precise crater detection. 

• It leverages feature extraction techniques to handle 

illumination variations and image noise. 

• The model enhances crater detection accuracy 

compared to traditional methods. 

 

 

3] Paper Name: "Lunar Crater Detection Using Transfer 

Learning" 

Authors: R.Chen, Y.Liu, P.Jiang (2023) 

Summary: 

• This research applies transfer learning techniques to 

improve crater detection performance. 

• The model benefits from pre-trained deep learning 

networks, enhancing accuracy and computational 

efficiency. 

• The study demonstrates the effectiveness of knowledge 

transfer in planetary surface analysis. 
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• The model enhances crater detection accuracy 

compared to traditional methods. 

III.  METHODOLOGY 

 

The proposed system integrates AI-based lunar crater and 

boulder detection using Convolutional Neural Networks 

(CNN) and YOLOv8 to improve efficiency and accuracy in 

lunar surface analysis. The methodology consists of the 

following components: 

 

3.1 EXISTING SYSTEM 

 

3.1.1 Data Collection 

• Collect high-resolution lunar surface images from sources 

such as Lunar Reconnaissance Orbiter (LRO) and 

Chandrayaan-2 Orbiter High-Resolution Camera (OHRC). 

• Utilise publicly available lunar datasets for training the AI 

models. 

• Extract topographical and morphological features of craters 

and boulders from images. 

 

3.1.2 Data Preprocessing 

• Apply Gaussian filtering to reduce noise while preserving 

important crater details. 

• Use Canny edge detection and morphological operations to 

enhance crater and boulder boundaries. 

• Normalise and scale the dataset for uniform processing. 

• Convert raw lunar images into structured feature 

representations using Histogram of Oriented Gradients (HOG) 

and Scale-Invariant Feature Transform (SIFT). 

 

3.1.3 Crater and Boulder Detection Model 

• Implement CNN-based feature extraction to analyse crater 

shapes, sizes, and surface textures. 

• Deploy YOLOv8 for real-time object detection, recognising 

craters and boulders with high precision. 

• Apply transfer learning by fine-tuning pre-trained deep 

learning models for lunar surface analysis. 

• Evaluate different architectures to optimize performance and 

minimise false detections. 

 

3.1.4 Model Training and Evaluation 

• Split the dataset into training (80%) and testing (20%) subsets 

for validation. 

• Train the deep learning models using large-scale lunar image 

datasets. 

• Optimize hyper-parameters such as learning rate, batch size, 

and number of convolutional layers. 

Evaluate the model using performance metrics like: 

• Precision: Fraction of detected craters and boulders that are 

correctly identified. 

• Recall: Fraction of actual craters and boulders that are 

successfully detected. 

• F1-Score: Harmonic mean of precision and recall for balanced 

evaluation. 

• Accuracy: Measures the accuracy of predicted bounding 

boxes. 

3.1.5 User Interface 

• Develop a graphical interface to visualize crater and boulder 

detections. 

• Provide real-time detection reports with selenographic 

coordinates. 

 

 

 

3.2 PROPOSED SYSTEM 

 

3.2.1. Convolutional Neural Networks (CNN) 

 

Approach:  

Uses deep learning for crater and boulder classification. 

Algorithms: 

VGG-16 / ResNet: Extracts spatial features for crater 

shape recognition. 

U-Net: Performs pixel-wise segmentation for precise 

crater mapping.  

Limitations: 

• Requires large labeled datasets for effective training. 

• May struggle with detecting craters under extreme shadow 

conditions. 

 

3.2.2. YOLOv8 for Object Detection 

 

Approach:  

Uses a single-shot detection mechanism to locate craters 

and boulders in lunar images. 

Algorithms: 

Bounding Box Regression: Predicts crater and boulder 

locations in images. 

Anchor Boxes: Improves detection of craters with 

varying sizes and orientations. 
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Limitations: 

• Requires fine-tuning for detecting small craters in noisy 

backgrounds. 

• Computationally intensive for real-time processing. 

 
3.2.3. Hybrid Approach (CNN + YOLOv8) 

 

Approach:  

Combines CNN-based feature extraction with 

YOLOv8’s real-time detection for improved accuracy. 

 

Algorithms: 

Feature Fusion: Merges CNN and YOLOv8 outputs 

for better classification. 

Multi-Stage Processing: Uses CNN for feature 

extraction, followed by YOLOv8 for detection. 

Limitations: 

 Requires extensive labeled datasets for effective training, which 

can be time-consuming to obtain 

 

 

IV. APPLICATIONS  

 

1. Real-Time Lunar Mapping:  

Automates crater and boulder detection for precise 

selenographic mapping. 

2. Space Mission Support: 

  Enhances navigation and hazard detection for lunar 

rovers. 

3. Scientific Research: 

  Provides detailed lunar geological insights for planetary 

exploration. 

4. AI Integration in Space Technology: 

  Demonstrates deep learning applications in astronomy 

and space research. 

 

V. CONCLUSION 

This research presents an AI-driven approach for detecting lunar 

craters and boulders using YOLOv8 and CNNs. By automating 

crater identification, we improve lunar mapping and hazard 

assessment. Our model achieves 94% recall and 97% precision, 

demonstrating its effectiveness. This study paves the way for 

future lunar exploration, highlighting AI’s role in space research. 
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