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Problem & Background
In autonomous driving, when Vision-Language-Action Models

(VLAs) are used for reasoning and planning, most methods rely on

a textual Chain-of-Thought (CoT). This approach has key

limitations:

• High-level abstraction leads to a loss of spatial detail.

• Modality shifts (vision to text) can introduce semantic gaps.

• Difficulty representing spatiotemporal relationships, such as

the motion of dynamic objects.

This leads to the core question posed by FSDrive: Can

autonomous vehicles visually imagine the future, instead of

relying solely on linguistic logic?
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Motivation
Core Idea: We propose the "Spatio-temporal Chain of Thought":

1）Represent future states as images, capturing both space 
and time.

2）A VLM acts as a "world model" to predict these future 
images.

3）It then serves as an "inverse dynamics model" to plan the 
trajectory.

In a nutshell: Enable the model to "see the future" before 
deciding how to act in the present.

Contribution
• Proposed a Spatio-temporal Chain-of-Thought (CoT) method for 
visual reasoning, enabling the model to visually "think" across future 
time and space to enhance trajectory planning.

• Proposed a unified pre-training paradigm for visual generation and 
understanding, featuring a progressive generation method that starts 
by imposing physical constraints and then gradually adds details.
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Method

Stage 1: Unified Pre-training for Understanding and Generation

• Visual Understanding: Preserve the MLLM's existing semantic understanding 
capabilities through VQA tasks.

• Visual Generation: Activate the MLLM's image generation capabilities by 
leveraging the shared vocabulary space between images and text.

• Progressive Generation: Employ a coarse-to-fine approach: first, generate 
coarse-grained perceptual maps (e.g., lane lines, 3D detections) to enforce 
physical constraints; then, render complete future frames to fill in fine-grained 
details.
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Method

Stage 2: Spatiotemporal CoT: Thinking Visually

VLM as a World Model:
1)Generates unified image frames to predict future world states.
2)Future Spatial Relationships: Represented by predicted lane lines and 3D 

bounding boxes, guiding the model to focus on drivable areas and key objects.
3)Temporal Evolution: Depicted through standard future frames, intuitively 

illustrating the dynamic changes in the visual scene.

VLM as an Inverse Dynamics Model:
1)Plans trajectories based on current observations and future predictions.
2)The unified image format effectively conveys spatiotemporal relationships, 

enabling end-to-end visual reasoning.
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Experiments 

Quantitative Evaluation
On the ST-P3 and UniAD benchmarks, FSDrive, both with and 
without ego status, outperforms current state-of-the-art (SOTA) 
methods.

Qualitative Analysis
Even with faulty navigation instructions, FSDrive can correct its 
plan and avoid collisions by visually predicting the future.
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Experiments 

Performance comparison on NAVSIM 
using only images as input

Future frames generation results
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Demo Video

Demo Video
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🌟Code Available

Conclusion and Future Work
Conclusion: FSDrive introduces the "Visual Chain-of-Thought" (Visual CoT) concept, which uniformly represent
s intermediate reasoning steps with images. It also proposes a unified pre-training method that unlocks the im
age generation capabilities of Vision-Language Action Models (VLAs), achieving state-of-the-art (SOTA) results 
in trajectory planning, image generation, and scene understanding.

Future Work: We plan to extend this work to surround-view future frame generation for more comprehensive 
environmental perception. We will also explore stronger physical constraints and causal reasoning by leveragi
ng larger-scale training datasets, incorporating closed-loop control, and utilizing more advanced unified archi
tectures for generation and understanding.
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