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Our mission is to advance the efficiency frontier 
of robust and safe physical AI 

through fully open and reproducible research.



Current frontier: Vision Language Action models
Predicting an expert action conditioned on a visual world state and a 

reasoning trace in natural language
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● Reasoning, rare case handling, arbitration
● Semi-automatic labeling
● Misalignment of reasoning to actions
● Hard to incorporate full sensor suite
● Many parameters dedicated to knowledge 

memorization
● …

Wang et al., Alpamayo-R1 Bridging Reasoning and Action Prediction for Generalizable Autonomous Driving in the Long Tail. ArXiv 2025



The current frontier is inefficient
Vision Language Action models are the dominant paradigm since 2025, but they are

● Data inefficient (80k hours of curated expert data)
● Compute inefficient (e.g., 60k GPU hours for in-domain “Pre-Trainingˮ)
● Inference inefficient (100ms on server GPU after quantization and distillation)
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Wang et al., Alpamayo-R1 Bridging Reasoning and Action Prediction for Generalizable Autonomous Driving in the Long Tail. ArXiv 2025



Open 
Datasets



We need heterogeneity & diversity
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Training LLMs … or generalist robots



http://www.youtube.com/watch?v=vKM6GXbfiFg


OpenDV2kOpenDV2k



Open 
Tools



Driving datasets in a nutshell
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Download and setup various file formats.

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Driving datasets in a nutshell
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Implement and handle multiple sensors and coordinate conventions

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Driving datasets in a nutshell
Adapt various semantic classes for annotations.
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Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Driving datasets in a nutshell
Learn about 1224 different euler angle rotations and coordinate bugs.
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Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Driving datasets in a nutshell
All of your sensor modalities have vastly different rates and synchronizations
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Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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> 3,300 hours

123D: unifying open datasets

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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nuScenes:123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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Waymo Open Dataset123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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Argoverse 2123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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KITTI360123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



20

nuPlan:123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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NVIDIA PhysicalAIAV123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026
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CARLA / L3AD123D: unifying open datasets

> 3,300 hours

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Pipeline
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Parse existing dataset 
from cloud/ local storage

py123d-conversion dataset=...

… or directly collect in simulation

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Pipeline
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Independent timestamped stream per modality
+ Pre-computed synchronization table 

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Pipeline
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3D ViewerPython API

Dauner et al., 123D Unifying Multi-Modal Autonomous Driving Data at Scale. ArXiv 2026



Open 
Simulators
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123Drive + PufferDrive 

github.com/Emerge-Lab/PufferDrive
github.com/vcharraut/123Drive

High Throughput Reinforcement Learning

Cornelisse et al., PufferDrive: A Fast and Friendly Driving Simulator for Training and Evaluating RL Agents.

https://github.com/Emerge-Lab/PufferDrive
http://github.com/vcharraut/123Drive
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* Held-out CARLAnuPlan

WODMotion Av2Sensor

123Drive + PufferDrive 

In-domain evaluated policies perform best in-distribution

Cornelisse et al., PufferDrive: A Fast and Friendly Driving Simulator for Training and Evaluating RL Agents.
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* Held-out CARLAnuPlan

WODMotion Av2Sensor

123Drive + PufferDrive 

Simple mixture generalizes across observed environments

Cornelisse et al., PufferDrive: A Fast and Friendly Driving Simulator for Training and Evaluating RL Agents.



● AlpaSim: open-source, modular, photorealistic closed-loop simulation

● Large-scale held-out evaluation environments for leaderboard

AlpaSim Challenge 2026
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PAIAV Towards Frontier Scale nuPlan Enriching Existing Ecosystem

New dataset 1,700 hours)
Raw real-world driving data without heavy curation

Geographically diverse
25 countries, 2500+ cities

Unconstrained private data & model use
Subject to licensing, disclosure & integrity rules

Established dataset 120 hours)
Open annotations, maps, and curated splits

Only open-source models & tools permitted
Fully reproducible competition entries

Lower entry barrier
Hundreds of community baselines

Cao et al., AlpaSim: A Modular, Lightweight, and Data-Driven Research Simulator for Autonomous Driving.



PAIAV  AlpaSim
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Cao et al., AlpaSim: A Modular, Lightweight, and Data-Driven Research Simulator for Autonomous Driving.

http://www.youtube.com/watch?v=j22YnkRkkFk
http://www.youtube.com/watch?v=Nyf8hBDZOtg
http://www.youtube.com/watch?v=ATTFyMwhoXY
http://www.youtube.com/watch?v=Ih8HzJyOcRw


nuPlan + AlpaSim
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Cao et al., AlpaSim: A Modular, Lightweight, and Data-Driven Research Simulator for Autonomous Driving.

http://www.youtube.com/watch?v=X1NTAX0jG_4
http://www.youtube.com/watch?v=9OufpfD1ITI
http://www.youtube.com/watch?v=UUGD_kEyCVU
http://www.youtube.com/watch?v=NlYdI2LHTco


Thank You!
 
 

kesai.eu/join

Open Science Autonomy Lab

http://kesai.eu/join

