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Introduction

* Distinctive thermal features with cooler
nighttime temperatures compared to
surrounding regolith [1].

Associated with fresh impact craters and
extended ejecta rays.
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Objectives

Detect Lunar Cold Spots Efficiently

« Automate the identification of thermal anomalies to
replace labor-intensive manual methods.

Leverage Advanced Object Detection Models

« Evaluate and compare the performance of YOLOvS8

:

Manually Identified using the Diviner
radiometer on the Lunar Reconnaissance

Orbiter (LRO) [2].
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This 1image shows a cold spot (blue) near a crater (white arrow) on the Moon at 6.74°S, 109.91°E. On the left is a
high-resolution camera view and on the right 1s a temperature nighttime map (https://quickmap.lroc.asu.edu/ ).

and YOLOv11 in identifying lunar cold spots.
Expand Lunar Cold Spot Catalog
* |dentify previously undetected or overlooked cold

175.00 K

A catalog of 2,282 1dentified cold spots
provided by Bandfield et al. (2011).

Challenges in Detection
e Manual Identification: Labor-intensive and inconsistent, limited by Diviner’s 240-meter spatial resolution.

High-Latitude Variability: Temperature changes due to shadows hinder accuracy.
Need for Automation: Manual methods are time-consuming and prone to errors.

Methodology

spots.
Improve Detection Accuracy and Scalability
« Address the limitations of manual methods.
Facilitate Future Lunar Science Research
* Thermophysical properties, impact processes of the
lunar regolith.

Regolith Temperatures Map 2011
Source: 128-pixel-per-degree (ppd)
rock-free nighttime regolith
temperature maps.

Coverage: Extends to £60° latitude.
Derived From: Gridded brightness
temperatures based on Diviner's
thermal infrared spectral observations.

larger than 250 meters to align with the Diviner radiometer's
resolution of 240 meters per pixel).

-

Annotate 652 cold spots using @roboflow

-

Divide into 384 sub-images (focusing on regions with craters

High-Resolution Nighttime Temperature 2023 [3]
Improved Resolution: ~3.5% longitudinally and ~1.3%
latitudinally.

Coverage: Extends to £70° latitude, gridded at 128 ppd.
Data Span: 13 years of Diviner nighttime brightness

temperature measurements.
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Model Evaluation — Measure models’ performance

Precision (minimize false positives), Recall (maximize detection sensitivity),
F1 Score (balance precision and recall), Mean Average Precision (mAP, evaluate detection accuracy)

Evaluate both YOLO models on unseen data
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Comparison of YOLOvVS8 and YOLOvI11 for Cold Spot
Detection

Results & Conclusions
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