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OpenAD: Open-World Autonomous Driving
Benchmark for 3D Object Detection

Introduction
Open-World Capabilities to Evaluate:

Motivation & Our Contribution:
• Lack of 3D perception benchmark: We propose the first realworld autonomous 

driving benchmark for 3D open-world object detection, and we design a 
labeling pipeline integrated with MLLM.

• Lack of open-world 3D perception methods: We propose a novel vision-centric 
framework for 3D open-world perception, and further enhance its 
comprehensive abilities through General-Specialized Fusion.

Construction of OpenAD
OpenAD is built upon a semi-automated MLLM corner case discovery and annotation pipeline.

Properties of OpenAD
Examples of corner case objects in OpenAD.
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Online Eval
（2D & MLLM）

Online Eval
（3D）

Domain generalization

Training Testing

Different countries, regions, 
and sensor configuration

Deal with rare objects, corner cases
without user prompt

Open-ended

b) Statistics for 19,761 Objects in OpenAD
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a) Statistics for 2,000 Scenes in OpenAD

Argoverse 2
250

KITTI
309

nuScenes
134

ONCE
1,057

Waymo
250

Karlsruhe,
Germany

309

Day
1,788

Night
212

Sunny
1152

Country & City

Day or Night WeatherSource Dataset

Cloudy
774

Rainy 65
In tunnel 9

Road Scenario

China
1057

Miami, Florida 74
Washington, D.C. 33 
Pittsburgh, Pennsylvania 94 
Detroit, Michigan 32 
Palo Alto, California 10 
Austin, Texas 7 
Boston, Massachusetts 101
Unknown, USA 250

Singapore 33

USA
601
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Expressway
241

Bridge 8
Tunnel 9

Data composition of OpenAD.
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MLLM Semantics and 
“Seen/Unseen" Annotation

This image was taken in a traffic environment. What is the 
object in the red bounding box? answer by at most 3 words. 

Do you think this object belongs to any of {car, pedestrian, 
cyclist}? Among them, car refers to all motor vehicles that can 

be driven on the road… 

Dog.

No…

MLLM Abnormal Filter
Are there any objects on the drivable road that  are not framed by 
the bounding box and may affect driving? If so, please answer 

‘yes’ and give the specific object. If not, please reply ‘no’.

No.

Yes. The trash can and pole 
directly ahead seems worthy of 

attention.

Object: {
 ‘class’: ‘dog’, 

‘in_domain’: {
 ‘nuscenes’: False,
 ‘once’: False,
 ‘kitti’: False,
 ‘av2’: False,
 ‘waymo’: False,
 }
}

Manual 
Correction

Baseline Method of OpenAD
After obtaining 2D proposals from any frozen open-world 2D object detection model, we train a 
2D-to-3D Bbox Converter to predict 3D bounding boxes. It is lightweight and easy to train 
across datasets because each 3D object serves as a data point when training.

OpenAD is the first real-world open-world benchmark for autonomous driving 3D 
perception. Compared to other real-world datasets, OpenAD boasts greater 
category diversity and more instances.

Experiments

OpenAD GT 2D Open-world Method
GenerateU

2D Specialized Method
MaskRCNN (V2-99)+ → OpenAD-Ensemble

OpenAD GT 2D Open-world Method
Yolo-World v2

2D Specialized Method
Co-DETR+ → OpenAD-Ensemble

OpenAD GT 3D Open-world Method 
OpenAD-G (C)

3D Specialized Method
HENet+ → OpenAD-Ensemble

OpenAD GT 3D Open-world Method
OpenAD-Y (LC)

3D Specialized Method
BEVFusion+ → OpenAD-Ensemble

Evaluation of 2D object detection (middle column, bottom) and 3D object 
detection methods (right column, top). Each table shows the evaluation results 
of open-world methods (top), specialized methods (middle), and ensemble 
methods (bottom) on the OpenAD benchmark. 𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛and 𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜demonstrate 
the in-domain and out-domain capabilities, respectively. 𝐴𝐴𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 and 𝐴𝐴𝐴𝐴𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
showcase the detection abilities for common objects and rare objects, 
respectively. General-Specialized Fusion is implemented using NMS.

> Evaluate Your Open-World 
2D/3D Detection Model or MLLM 
on OpenAD Benchmark!
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