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• Take advantage of rich visual information for motion prediction.
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Motivation: Why End-to-End?
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• Avoid error accumulation and data distribution shift.
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Previous End-to-End Prediction Methods

• FaF, CVPR 2018

• The first CNN model for joint detection and prediction, from LiDAR inputs.

• PnPNet, CVPR 2020

• A tracking-in-the-loop model for LiDAR-based trajectory prediction.
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Previous End-to-End Prediction Methods

• Unable able to leverage the abundant visual information from cameras

Suffering from non-differentiable operations

• E.g. Non-maximum suppression in object detection

• E.g. Object association in tracking

• Use convolutional feature maps as their intermediate representations
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Previous End-to-End Prediction Methods

• FIERY, ICCV 2021

• Predicts future BEV occupancy heatmaps from visual data.

• Not modularized, non-interpretable, thus not

engineering-wise friendly

• Output representation is not compatible with

downstream modules like motion planning
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2D image features

+

Transformer decoder

3D boxes

3D-to-2D Projection with

camera intrinsic/extrinsic

sampled

features

positional 

encoding

DETR3D: 3D Object Detection from Multi-view Images via

3D-to-2D Queries, Yue Wang, Vitor Guizilini, Tianyuan

Zhang, Yilun Wang, Hang Zhao, Justin Solomon, CoRL 2021

DETR3D

3D agent queries
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3D agent queries

VectorNet

HD semantic map

multi-future trajectory decoding

GNN

map encoder

Vectornet: Encoding HD maps and agent dynamics from vectorized representation,

Jiyang Gao, Chen Sun, Hang Zhao, Yi Shen, Dragomir Anguelov, Congcong Li, 

Cordelia Schmid, CVPR 2020
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MUTR3D

untracked: exit

tracked: keep

T=0

MUTR3D: A Multi-camera Tracking Framework via 3D-to-2D 

Queries, Tianyuan Zhang, Xuanyao Chen, Yue Wang, Yilun Wang, 

Hang Zhao, CVPRW 2022

new queries

T=1

old query
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Model Architecture
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Queries initialized, updated 

and discarded over time…

Streaming
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Experiments

• Comparison with traditional pipeline and the SOTA model PnPNet.
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• Differentiability is important

• Historical trajectories are no longer necessary, since agent queries
captured these information implicitly

Ablation Study
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• ViP3D is compatible with multiple trajectory decoders.

• Such as TNT (goal-based) and HOME (heatmap-based).

Ablation Study
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Qualitative Results
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