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Motivation
Visual–language reasoning, driving knowledge, and value alignment are 
essential for advanced autonomous driving systems. However, existing 
approaches largely rely on data-driven learning, making it difficult to 
capture the complex logic underlying decision-making through imitation 
or limited reinforcement rewards.

Contribution
○ We propose a new autonomous driving system, KnowVal, that enables 
visual–language reasoning through the synergistic interaction between 
perception and knowledge retrieval. 
○ We construct a comprehensive driving knowledge graph 
encompassing traffic laws, principles, and moral considerations.
○ We develop an efficient LLM-based retrieval mechanism for it. 
○ We design a planner that integrates a world model for future-state 
prediction and a Value Model for outcome evaluation.
○ We construct a human-preference dataset is also curated to train the 
Value Model. 
○ KnowVal achieves the lowest collision rate on nuScenes and state-of-
the-art performance on Bench2Drive and NVISIM.
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Experiments
Planning results on nuScenes 

Closed-loop results on Bench2Drive Results on NAVSIM

Closed-loop results on HiDrive (https://github.com/VDIGPKU/HiDrive) 

C8S1A1: Drive slowly through puddles to avoid splashing others. 
Keep a safe distance and avoid sudden maneuvers. Stay in the 
lane center.
C3S3A3: Slow down for pedestrians/cyclists on roads with 
puddles, mud, or gravel.
C3S1: Emergency Lane: Do not drive or park in the emergency 
lane.
C1S1A1: Obey traffic police over signals. With no signals, proceed 
with caution.
C5S4: Icy & Snowy Roads
C5S4A6: Follow existing road tracks (ruts). If none, use road 
edges or landmarks to navigate.
C8S1: Respecting Pedestrians
C1S1A2: Know your vehicle; read the owner's manual.
C3S3: Yielding to Pedestrians & Non-Motorized Vehicles
C5S3A2: On winter bridges, reduce speed early. Watch for ice 
and avoid hard braking.

Input

### Scene Analysis ###
Instances
  Car (4.5x1.9m): 39.8m ahead, 9.2m left.
  Car (4.4x1.8m): 34.6m ahead, 8.2m left.
  Pedestrian: 2.8m ahead, 0.4m right.
  Pedestrian: 28.3m ahead, 5.1m right…
Occupancy
  Drivable Area: Ahead-center.
  Drivable Area: 17.8m ahead, 8.2m left.
  Drivable Area: 35.8m behind, 38.6m right.
  Sidewalk: 10.2m ahead, 9.4m left.
  Sidewalk: 18.6m ahead, 4.2m left.
  Sidewalk: 10.2m ahead, 3.8m right.
  Sidewalk: 12.2m behind, 21.4m right.
  Sidewalk: 26.2m behind, 14.2m right.
  Grass: 5.0m left.
  Grass: 2.6m right.
  Grass: 37.0m ahead, 28.2m right.

Building: 37.4m left.
  Vegetation: 2.2m behind, 
9.0m left.
  Puddle: 0.6m ahead…
Abstract Concepts
  Sidewalks at left-front.
  It’s daytime. Not in the tunnel, 
not on the bridge...
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