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Abstract

𝑃𝟑-GRPO Pipeline

We first cold start the base model using 𝑃3-CoT to make up for the gap between 

VLM and autonomous driving and learn the CoT answer format. Next we further 

enhance the VLM’s reasoning capability across all three stages by applying the 

GRPO algorithm to the perception, prediction, and planning modules collectively, 

yielding the 𝑃3-GRPO algorithm. Our approach employs a multicomponent reward 

function to guide the policy model toward generating accurate, coherent, and well-

structured outputs through coordinated reinforcement learning across these cognitive 

layers.

Results

Vision-language models (VLMs) are increasingly being adopted for end-to-end autonomous driving systems due to their exceptional performance in

handling long-tail scenarios. However, current VLM-based approaches suffer from two major limitations: 1) Some VLMs directly output planning

results without chain-of-thought (CoT) reasoning, bypassing crucial perception and prediction stages which creates a significant domain gap and

compromises decision making capability; 2) Other VLMs can generate outputs for perception, prediction, and planning tasks but employ a fragmented

decision-making approach where these modules operate separately, leading to a significant lack of synergy that undermines true planning performance.

To address these limitations, we propose AutoDrive-𝑃3, a novel framework that seamlessly integrates Perception, Prediction, and Planning through

structured reasoning. We introduce the P3-CoT dataset to facilitate coherent reasoning and propose 𝑃3-GRPO, a hierarchical reinforcement learning

algorithm that provides progressive supervision across all three tasks. Specifically, AutoDrive-P3 progressively generates CoT reasoning and answers for

perception, prediction, and planning, where perception provides essential information for subsequent prediction and planning, while both perception and

prediction collectively contribute to the final planning decisions, enabling safer and more interpretable autonomous driving. Additionally, to balance

inference efficiency with performance, we introduce dual thinking modes: detailed thinking and fast thinking. Extensive experiments on both open-loop

(nuScenes) and closed-loop (NAVSIMv1/v2) benchmarks demonstrate that our approach achieves state-of-the-art performance in planning tasks.

AutoDrive-P3 processes video and ego vehicle data through 

structured Perception-Prediction-Planning Chain-of-Thought (𝑃3-

CoT) reasoning, generating interpretable step-by-step rationale and 

structured outputs for perception, prediction, and planning. 
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