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Background

• WSAL methods:

• Top-down: learns a video-level classifier and then obtains frame attention by checking the produced temporal class 

activation map;

• Bottom-up: temporal attention is directly predicted from raw data. Attention is optimized in the task of video 

classification with video-level supervision.
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Motivation

• Above methods result in the action-context confusion issue: context frames near action clips tend to be recognized as 

action frames themselves, since they are closely related to the specific classes.

• With the observation that the context exhibits notable difference from the action at representation level, a probabilistic 

model, i.e., conditional VAE, is learned to model the likelihood of each frame given the attention.
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Method

• Feature: 𝑋𝑋 = 𝑥𝑥𝑡𝑡 𝑡𝑡=1
𝑇𝑇 , xt ∈ ℝ𝑑𝑑

• Video-level label: 𝑦𝑦 ∈ 0, 1, 2, … ,𝐶𝐶 , 𝐶𝐶 is the number of classes and 0 corresponds to background

• Attention: 𝜆𝜆 = 𝜆𝜆𝑡𝑡 𝑡𝑡=1
𝑇𝑇

• In attention-based action localization problem, the target is to predict the frame attention, which is equivalent to solving 

the maximum a posteriori (MAP) problem:

• By discarding the constant term, the optimization problem becomes:
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Method

• The first term log𝑝𝑝(𝑦𝑦|𝑋𝑋, 𝜆𝜆) prefers 𝜆𝜆 with high discriminative capacity for action classification, which is the main 

optimization target in previous works.

• The second term log𝑝𝑝 𝑋𝑋 𝜆𝜆 forces the representation of frames to be accurately predicted from the attention 𝜆𝜆, this 

objective encourages the model to impose different attentions on different features.

5



Architecture

Discriminative Attention Modeling:  learn the frame attention by optimizing the video-level recognition task.

Generative Attention Modeling:  generate the representation based on the attention.
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Discriminative Attention Modeling

Video-level foreground feature: utilize attention 𝜆𝜆 as weight to perform  temporal average pooling over all frames in the 

video.

Video-level background feature: utilize attention 1 − 𝜆𝜆 as weight to perform  temporal average pooling over all frames 

in the video.

Discriminative loss: encourage high discriminative capability of the foreground feature and simultaneously punish any 

discriminative capability of the background feature.
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Variational Auto-Encoder:  learn the mapping between probability distributions.

Loss function:
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CVAE

Conditional Variational Auto-Encoder:  learn the mapping between probability distributions.
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Generative Attention Modeling

GAM: generate the representation based on the attention. By assuming independence between frames in a video, we get:

CVAE: introduce a latent variable 𝑧𝑧𝑡𝑡, and attempt to generate each x𝑡𝑡 from 𝑧𝑧𝑡𝑡 and 𝜆𝜆𝑡𝑡.

Loss function: 
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Optimization

Temporal class activation maps: given a video with label 𝑦𝑦, the TCAM are computed by

Loss function: The generated �̂�𝜆𝑡𝑡
𝑓𝑓𝑓𝑓 and �̂�𝜆𝑡𝑡

𝑏𝑏𝑓𝑓 are expected to be consistent with the bottom-up, class-agnostic attention 𝜆𝜆, 

hence the loss function can be formulated as:
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Training process

1. Update attention and classification modules with loss 𝐿𝐿 = 𝐿𝐿𝑑𝑑 + 𝛾𝛾1𝐿𝐿𝑟𝑟𝑟𝑟 + 𝛾𝛾2𝐿𝐿𝑓𝑓𝑔𝑔𝑖𝑖𝑑𝑑𝑟𝑟, where 𝛾𝛾1, 𝛾𝛾2 denote the hyper-

parameters. 𝐿𝐿𝑟𝑟𝑟𝑟 only has the first term of 𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶.

2. Update CVAE with loss 𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶.
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Experiments

• THUMOS14 contains videos from 20 classes for action localization task. Each video contains 15.5 action clips on 

average. Length of action instance varies widely, from a few seconds to minutes. Video length also ranges from a few 

seconds to 26 minutes, with an average of around 3 minutes.

• ActivtyNet1.2 contains 100 classes of videos with both video-level labels and temporal annotations. Each video 

contains 1.5 action instances on average.

• Evaluation Metrics: mean Average Precision
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Ablation Studies
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