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Generative LLM-based Automatic Classification and
Annotation of the Weather environment in Image datasets
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Abstract

We proposed a method for gemerating image-text pair data of image data containing climatic
conditions by utilizing a generative large language model (LLM). We collected images representing
various severe weather conditions and implemented a method to describe the climatic conditions of the
images with text. The proposed technique supports accurate classification of the severe weather
conditions necessary to determine autonomous driving conditions by analyzing the frequency of severe
weather and its impact on autonomous vehicles. This demonstrates that the quality of weather data can
be improved, and the performance of weather prediction systems can be enhanced, significantly
increasing the safety and reliability of autonomous driving technology. Experimental results showed
that the proposed method achieved the highest performance across three quantitative metrics:
Precision, Recall, and Fl-score. The generation of image-text pair data using LLM is expected to
greatly improve the quality of weather data and the safety of autonomous vehicles, playing a crucial
role in the advancement of autonomous driving technology.

Keywords: Adverse Weather Environment, Autonomous Driving, Large Language Model, Computer
Vision, Data Generation
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2.1 Adverse Weather Dataset
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2.2 Large Language Model
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Figure 1. Example images of ACDC dataset (a: night, b: rain, c: fog, d: snow)
9 1. ACDC Dataset o A] (a: night, b: rain, c: fog, d: snow)
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Figure 2. Image-text pair data generation framework
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Table 1. Results of creating image-text pairs using GPT-40
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Clear Fog Rain Snow Cloudy
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Table 2. Compare the results of creating image-text pairs using multiple LLMs
¥ 2,01 LM A o] v A8~ 4 4l A3} o)
Model Recall Precision F1-Score
LLaVA-1.6-mistral-7b 0.936 0.753 0.835
LLaVA-1.5-7b 0.938 0.640 0.761
LLaVA-1.5-13b 0.930 0.731 0.819
GPT-40 0.993 0.792 0.881
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Table 3. Results of creating image-text pairs using LLaVA-1.6-mistral-7b
¥ 3. LLaVA-1.6-mistral-7b & AH8-3F o] W] A]-8)| = E ¢ A/ A}
Prediction
Recall
Clear Fog Rain Snow Cloudy
Clear 2965 30 1 0 4 0.988
Ground Fog 6 994 0 0 0 1
Truth Rain 1 6 993 0 0 1
Snow 0 37 193 770 0 0.979
Precision 1 0.998 0.932 0.837 1
Table 4. Results of creating image-text pairs using LLaVA-1.5-7b
E 4. LLaVA-1.5-7b 5 AH&-gF o|m|X]-E) = E 24 4] A3}
Prediction
Recall
Clear Fog Rain Snow Cloudy Rain_Snow_Fog
Clear 2768 1 1 0 230 0 0.993
Ground Fog 0 1000 0 0 0 0 1
Truth Rain 0 121 870 3 5 1 1
Show 0 9 34 957 0 0 0.979
Precision 1 1 0.884 0.961 0.997 0
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Table 5. Results of creating image-text pairs using LLaVA-1.5-13b
¥ 5. LLaVA-1.5-13b & A} o W] #|-8| = E 4 A A3

Prediction
- Recall
Clear Fog Rain Snow Cloudy
Clear 2665 333 0 0 2 0.993
Ground Fog 0 1000 0 0 0 1
Truth Rain 0 106 894 0 0 1
Snow 0 42 19 939 0 0.979
Precision 1 1 0.675 0.979 1
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