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Problem Statement

Video tracks

1. A black sedan turns left.
2. A black sedan stops.
3. Cadillac car makes a left 

turn onto the main street.

Input query

Retrieve 
System

Rank list

3



Proposed Method

Video tracks

1. A black sedan turns left.
2. A black sedan stops.
3. Cadillac car makes a left 

turn onto the main street.

Input query

Query 
Analysis

Video 
Analysis

Retrieval 
Model

Rank list

Refinement

4



Outline

1. Problem statement

2. Proposed Method

• Textual Attribute Extraction

• Visual Attribute Extraction

• Retrieval Model 

• Refinement method

3. Result

4. Conclusion
5



Textual Attribute Extraction

• We apply the Semantic Role Labeling (SRL) toolkit [1] to extract three main described 
characteristics of the target object: color, vehicle type, action.

1. A black sedan turns left.
2. A black sedan stops.
3. Cadillac car makes a left 

turn onto the main street.

Query Analysis

color: [black]

vehicle: [sedan]

actions: [stop, turn left]
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Textual Attribute Extraction - SRL Method

Query A white semi truck drives straight up a hill behind so many cars

Preprocessed query a white semi-trailer-truck drove straight up a hill behind so many cars

Extraction result subject action argm_dir argm_loc

Extraction Subject subject: semi-trailer-truck
color: white
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Visual Attribute Extraction

Vehicle 
Boxes
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Image Classifier

Action Detector

color: [black]

vehicle: [sedan]

actions: [stop, turn left]
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Visual Attribute Extraction

Image Classifier module

• Train with multi-label classification strategy to solve the ambiguous categories problem.

• Backbone: EfficientNet-B5

Frame 0th Frame 56th Frame 0th Frame 46th

Frame 0th Frame 19th
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Visual Attribute Extraction

Action Detector module
Turn detection

: Left

: Right

Stop or not

Stop detection

Turn or not
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Retrieval Model
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• Text encoding: pretrained BERT-based model

• Video encoding:

• Text/video embedding layer: Transformer-based embedding layer proposed by the 

COOT framework. 

Retrieval Model

Video F x
frame feature

global context color info vehicle info location info
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Refinement Method
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Refinement Method - Action
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Refinement Method – Color/Vehicle Type
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Result
• Experimental result 
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Result
• Final score on AI City Challenge leaderboard
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Conclusion

Advantages
• Our proposed retrieval system concentrates on vehicle appearance and movement 

attributes by adding local context modeling and hierarchical attribute refinement.
• We provide an efficient method that produces potential results without ensembling 

many models.

Further improvements
• Incorporate action modeling to an end-to-end method.
• Model target-objects relations to enhance current performance.
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Thank you for listening!
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Source code is available at:
https://github.com/selab-hcmus/AI_City_2021

https://github.com/selab-hcmus/AI_City_2021

