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Trajectory Prediction

• Input: historical trajectories and scene map

• Output: future trajectories ❑ Temporal relation

❑ Human-human interaction

❑ Human-scene interaction
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Related Works on Human-Scene Interaction
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CNN

• Every pedestrian is represented by a 3D tensor
• Difficult to model human-human interactions

…

Heat Maps

⊕: Concatenation

RNN

CNN

• Two feature types are not well aligned
• Difficult to align pedestrian coordinate and 

corresponding local scene
…
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Scene Patch
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Patch TSC Features

Trajectory-Scene-Cell Representation

1. Decouple both trajectory and scene in to cells
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2. Build a joint feature space for trajectory and scene cells

𝒇

Step TSC Features

𝒇: Coordinate Embedding Network 
𝒈: Scene Embedding Network

⊕: Concatenation Unify trajectory and scene features into one feature space

Trajectory-Scene Joint Space
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Prediction Framework – Goal Prediction

Predict goal by cell classification: which scene cell is the most probable location?
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Self-Attention for modeling:
 Temporal Relation
 Human-Human Interaction

Goal 
Encoder

Cross-Attention for modeling:
 Human-Scene Interaction
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Step TSC Feature 𝒛 ∈ 𝓡𝑻×𝑫
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Decoder Layer Predict:
• Confidence Score
• (x,y) Coordinate Offsets

 Unify all types of interaction modeling with one operation

𝝐 (from CVAE)
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Sampling

Others’ Step TSC Feature



Prediction Framework – Next Step Prediction

Predict next step by cell classification: which scene cell is the most probable?
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 Unify all types of interaction modeling with one operation

Step TSC Feature 𝒛 ∈ 𝓡𝑻×𝑫 Predicted Goal Feature 𝒛 ∈ 𝓡𝟏×𝑫

Next Step 
Sampling

Others’ Step TSC Feature



Prediction Framework – Hybrid Goal Sampling

• Two-Step Goal Sampling with CVAE:

• Generate m goal output grid by CVAE

• Pick n cells from each goal output grid with highest confidence score

• Hybrid Goal Sampling

• Larger m performs better on short and smooth trajectories

• Larger n performs better on long and non-smooth trajectories

• Train a separate classifier, with historical trajectory as input, best (m,n) choice as output
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𝑚, 𝑛 = (4,5), results in 𝑚 × 𝑛 goals.



Prediction Results (ADE/FDE)
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Results with Short-Term Prediction Setting (8 frames observation, 12 frames prediction, 2.5 fps) 

Results with Long-Term Prediction Setting (5 frames observation, 30 frames prediction, 1 fps) 



Prediction Results – Irregular Speed

• Compute velocity difference                                                  for each trajectory sample

• Evaluate the trajectories with top x% largest velocity difference
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Results with Long-Term Prediction Setting (5 frames observation, 30 frames prediction, 1 fps) 

 Our method is good at predicting goals for sudden change of velocity.

Y-Net Ours

History
Ground Truth Future
Sampled Goals
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