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on raw pixels.

To navigate and act, a robot must understand context, not just objects:
» Is the view close-up, mid-range, or far-field?

» Is a task currently happening?

 Are humans, tools, or machines involved?

« Is the ground cluttered or navigable?

» [s the scene indoor or outdoor?
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To navigate and act, a robot must understand context, not just objects:

» Is the view close-up, mid-range, or far-field?

Is a task currently happening?

Are humans, tools, or machines involved?

Is the ground cluttered or navigable?

Is the scene indoor or outdoor?

Current datasets mix very different scenes (close/far views) [1-8] without explicit structure. |
As a result, agents struggle to connect perception with planning and decision-making.

We need task- and context-aware datasets, not just more images.
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From Messy Images to Robot-Ready Situations

* Automated pipeline using VLMs + LLM reasoning [9-10]

 From large image pools:
o Retrieve task-relevant images (CLIP-style queries) [11-12]
o Auto-tag context: view range, environment, humans/tools, site conditions, safety
o Generate structured metadata & weak labels
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* Automated pipeline using VLMs + LLM reasoning [9-10]

 From large image pools:
o Retrieve task-relevant images (CLIP-style queries) [11-12]
o Auto-tag context: view range, environment, humans/tools, site conditions, safety
o Generate structured metadata & weak labels
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Image Collection + Dataset for Agent Training
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Overview of the automated pipeline for task-oriented construction dataset creation using
vision-language models (VLMs).
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This project builds an automated pipeline to curate and structure construction image
datasets that reflect how robots reason about construction scenes.

Using vision—language models, the pipeline automatically selects task-relevant images and
generates weak semantic labels (e.g., task presence, environment type, view range, human
involvement).

How do I reason

The resulting datasets are scalable, reusable, and suited for downstream learning, for indoors-only tasks?/

including reasoning agents, task-aware perception, and safety-aware robotic systems.

Students will gain hands-on experience with Python, PyTorch, and vision-language models,
working at the intersection of robotics, computer vision, and dataset engineering.

Supervisor:

The project will be supervised by Panagiotis Petropoulakis
Email: panagiotis.petropoulakis@tum.de

Chair of Computing in Civil and Building Engineering

TUM Georg Nemetschek Institute — Al for the Built World

Panagiotis Petropoulakis | Chair of Computing in Civil and Building Engineering, GNI | panagiotis.petropoulakis@tum.de 6



Chair of Computing in Civil and Building Engineering _
TUM School of Engineering and Design ,".?'
Technical University of Munich 4

References

[1] An, X., Zhou, L., Liu, Z., Wang, C., Li, P., & Li, Z. (2021). Dataset and benchmark for detecting moving objects in construction sites. Automation in Construction, 122, 103482. https://doi.org/10.1016/j.autcon.2020.103482

[2] Chen, X., & Yu, Y. (2025). A real-world visual SLAM dataset for indoor construction sites. In Proceedings of the Sixth International Conference on Civil and Building Engineering Informatics (Vol. 22, pp. 368-379).
https://doi.org/10.29007/csqt

[3] Chen, X., & Zou, Z. (2025). Are large pre-trained vision language models effective construction safety inspectors? arXiv preprint arXiv:2508.11011. https://doi.org/10.48550/arXiv.2508.11011

[4] Gil, D., & Lee, G. (2024). Zero-shot monitoring of construction workers' personal protective equipment based on image captioning. Automation in Construction, 164, 105470. https://doi.org/10.1016/j.autcon.2024.105470
[5] Jeoung, J., Jung, S., & Hong, T. (2025). Zero-shot framework for construction equipment task monitoring. Computer-Aided Civil and Infrastructure Engineering. https://doi.org/10.1111/mice. 13506

[6] Mei, Q., Adil, M., Lee, G., & Gonzalez, V. A. (2025). Using vision language models for safety hazard identification in construction. arXiv preprint arXiv:2504.09083. https.//doi.org/10.48550/arXiv.2504.09083

[7] Song, S., Hong, J., Jeoung, J., Ahn, J., & Hong, T. (2025). Data-centric enhancement of site-specific automated construction equipment detection in wide-angle site images. Automation in Construction, 179, 106483.
https://doi.org/10.1016/j.autcon.2025.106483

[8] Wu, J., Wu, S., Ma, Y., Yu, G., Xu, H., Zheng, L., & Duan, J. (2025). MonitorVLM: A vision language framework for safety violation detection in mining operations. arXiv preprint arXiv:2510.03666. https://doi.org/10.48550/arXiv.2510.03666
[9] Meta Al. (2025). Llama 4 multimodal intelligence: Introducing Scout and Maverick. Al at Meta Blog. https://ai.meta.com/blog/llama-4-multimodal-intelligence
[10] Qwen Team. (2025). Qwen3 technical report. arXiv preprint arXiv:2505.09388. https://doi.org/10.48550/arXiv.2505.09388

[11] Radford, A., Kim, J. W., Hallacy, C., Ramesh, A., Goh, G., Agarwal, S., Sastry, G., Askell, A., Mishkin, P., Clark, J., Krueger, G., & Sutskever, |. (2021). Learning transferable visual models from natural language supervision. Proceedings
of the 38th International Conference on Machine Learning (ICML), 8748—-8763. https://arxiv.org/abs/2103.00020

[12] Cherti, M., Beaumont, R., Wightman, R., & Crowson, K. (2023). Reproducible scaling laws for contrastive language-image learning. Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2818—
2829. https://doi.org/10.48550/arXiv.2212.07143

Panagiotis Petropoulakis | Chair of Computing in Civil and Building Engineering, GNI | panagiotis.petropoulakis@tum.de



	Slide 1: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 2: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 3: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 4: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 5: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 6: Automated Task-Oriented Dataset Creation for Construction Site Images
	Slide 7: References 

