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视频动作理解

⚫ 学术界关注视频：实验室环境、电影/电视剧、互联网视
频等等。

⚫ 工业界关注视频：监控场景、工业流水线场景、直播场
景等等。
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Haroon Idreeset al., The THUMOS challenge on action recognition for videos "in the wild", in CVIU, 2017.



相关任务

⚫ Video Action Recognition

– Clip level Classification

⚫ Video Action Detection

– Temporal detection

– Frame-level detection

– Tube-level detection

⚫ Video Object Tracking

– Single object tracking

– Multiple object tracking
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学术界数据集

Kinetics
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具体技术难点

⚫ 视频表征技术

– 时空特征的抽取（静态+动态）

– 语义动作的分类（监督信号）

⚫ 视频检测技术

– 时序定位：镜头切换，边缘歧义

– 空间定位：不同尺度，遮挡，效率

⚫ 视频跟踪技术

– 前后帧的关联（精度、平滑、相似物体）

– 长时跟踪技术（遮挡、尺度，形变）

2020/11/10 5



Two-stream CNN (2014)

Karen Simonyan and Andrew Zisserman, Two-Stream Convolutional Networks for Action Recognition in Videos, in
NIPS, 2014.
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3D CNN (2015)

Du Tran et al. Learning Spatiotemporal Features with 3D Convolutional Networks, in ICCV, 2015.
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Appearance & Relation Net (2018)

Limin Wang et al. Appearance-and-Relation Networks for Video Classification, in CVPR, 2018.



Non-local Net (2018)

Xiaolong Wang et al. Non-local Neural Networks, in CVPR, 2018.



Correlation Network (2020)

Heng Wang et al. Video Modeling with Correlation Networks, in CVPR, 2020.



Outline

⚫ 视频表征模型
– TEINet: Towards an Efficient Architecture for Video Recognition (AAAI 

2020)

– TAM: Temporal Adaptive Module for Video Recognition (arXiv 2020)

⚫ 视频检测框架
– Context-Aware RCNN：a Baseline for Action Detection in Videos 

(ECCV 2020)

– Actions as Moving Points (ECCV 2020)

⚫ 视频跟踪框架
– Fully convolutional online tracking (arXiv 2020)
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Motivation

⚫ Temporal modeling is important for video
recognition.

– Two-stream CNNs

– 3D CNNs

⚫ 2D CNN + Lightweight Temporal Modeling

– Self-attention modeling

– Low computational cost

– Pretrained on Image datasets

– Benefit from the success of 2D CNNs
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Enhance-and-Interact Scheme

⚫ Motion information is able to identify
discriminative moving object and people.
(Channel)

⚫ Temporal evolution of visual features enables 
us to capture dynamic semantics and relate
adjacent features. (Temporal)

⚫ Enhance-and Interact scheme: first enhance 
discriminative features and then capture their 
temporal interaction. 
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Pipeline
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MEM and TIM

⚫ Motion Enhanced Module (MEM)

⚫ Temporal Interaction Module (TIM)

channel-wise temporal convolution

⚫ TEI Block: MEM+TIM
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Experiments

⚫ TEINet for video recognition on several
datasets:

– Something-Something V1 & V2

– Kinetics

⚫ Backbone: 2D ResNet50

⚫ Training: TSN Sampling & C3D Sampling (8
frame)

⚫ Testing: 3 crops + 10 clips or center crop + 1
clip



Ablation Study
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Results on Kinetics
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Results on Something-Something

2020/11/10 19



TEA: Extension of TEINet

Y. Li et al., TEA: Temporal Excitation and Aggregation for Action Recognition, in CVPR 2020
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Adaptive Temporal Modeling

⚫ Motion information is complex and diverse in 
videos.

⚫ TEINet: MEM (Enhancement) + TIM 
(Interaction)

⚫ Temporal adaptive modeling

– Local adaptive modeling (location sensitive)

– Global adaptive modeling (location invariant)
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Overview
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TAM: Local Branch

⚫ Location sensitive weights:

⚫ Weights replication:

⚫ Local enhancement:

2020/11/10 23



TAM: Global Branch

⚫ Location invariant kernels:

⚫ Temporal adaptive aggregation:

⚫ Channel-wise implementation

2020/11/10 24



TANet
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Comparison of Temporal Module
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SOTA Comparison (Sth-Sth V2)
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SOTA Comparison (Kinetics 400)
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TAM Visualization
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Conclusion

⚫ Motion information is complex and diverse in 
videos.

⚫ Temporal adaptive modeling

– Local adaptive modeling (location sensitive)

– Global adaptive modeling (location invariant)

– Self-attention + Dynamic filtering

⚫ Adaptive modeling is useful to handle 
temporal complexity (Kinetics and Sth-Sth)
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Outline

⚫ 视频表征模型
– TEINet: Towards an Efficient Architecture for Video Recognition (AAAI 

2020)

– TAM: Temporal Adaptive Module for Video Recognition (arXiv 2020)

⚫ 视频检测框架
– Context-Aware RCNN：a Baseline for Action Detection in Videos 

(ECCV 2020)

– Actions as Moving Points (ECCV 2020)

⚫ 视频跟踪框架
– Fully convolutional online tracking (arXiv 2020)
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Frame-level Action Detection
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From Video Classification to Person-Level Classification
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Action detection

⚫ Spatio-temporal action detection 

– Localize actors and recognize their actions on 
untrimmed videos

– Datasets: AVA, JHMDB, UCF-Sports

– Evaluation Metrics: frame mAP and video mAP
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Context-Aware RCNN

⚫ Overall framework

We revisit RCNN-styled method to extract actor features 
via cropping and resizing in action detection framework 
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Technical details

⚫ Actor features

– Actor boxes are cropped directly from original 
video clip and resized to one fixed resolution as 
network input

⚫ Scene features

– Use a parameters shared network to extract the 
feature vector of the entire video clip

⚫ Long-term features

– All actor features centered at the current clip 
within window size of 60 seconds
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RoI Pooling vs. Crop+Classification

⚫ Performance comparison between RoI-Pooling 
and RCNN-based methods on the AVA dataset

(b) Performance comparison with different actor box sizes. (a) Performance comparison with different input frames.
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Experiment results

• Per-category performance comparison on the AVA dataset 
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Context feature fusion

⚫ Performance using scene features and long-
term features. 
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Experiment results

⚫ Comparison with state-of-the-arts

(b) Comparison with state-of-the-art on the JHMDB dataset. (a) Comparison with state-of-the-art on the AVA v2.1. 
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Conclusion

⚫ We analyze the drawback of RoI-Pooling based 
pipeline in action detection framework.

⚫ We revisit RCNN-like pipeline for action 
detection

⚫ Context-Aware RCNN: a baseline method

⚫ Thorough ablation experiments provide 
powerful support for our insights

2020/11/10 40



Tubelet-level Action Detection

From Frame-Level detection to Tubelet Detection
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Motivation

Simplify each action instance as a trajectory of moving points
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Overview

A single stage anchor free Tubelet detection pipeline
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Technical details

⚫ 2D backbones for frame wise feature extraction 
+ Customized detection heads

⚫ Center branch: detect instance center at key 
frame

⚫ Movement branch: move center temporally

⚫ Box branch: determine spatial extent at each 
detected center
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Online testing
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Ablation Study
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Ablation Study
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Compare with SOTA
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Runtime Analysis
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Visualization
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Visualization
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Conclusion

⚫ MOC is conceptually simple, computationally 
efficient, and more precise tubelet detector.

⚫ Anchor free is possible for tubelet detection

⚫ Study on different of forms for offset regression

⚫ SOTA performance on JHMDB and UCF24, in 
particular high-IoU video mAP.
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Outline

⚫ 视频表征模型
– TEINet: Towards an Efficient Architecture for Video Recognition (AAAI 

2020)

– TAM: Temporal Adaptive Module for Video Recognition (arXiv 2020)

⚫ 视频检测框架
– Context-Aware RCNN：a Baseline for Action Detection in Videos 

(ECCV 2020)

– Actions as Moving Points (ECCV 2020)

⚫ 视频跟踪框架
– Fully convolutional online tracking (arXiv 2020)
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Video Object Tracking

⚫ Tracking is to estimate the number and state of 
objects in a region of interest. 

⚫ Challenge: appearance variation, background 
clutter, occlusion, deformation.

From Frame-Level or short-term detection to long-term detection
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Motivation

⚫ Online learning is effective to handle object 
appearance variation.

⚫ Current tracking: classification branch + 
regression branch

⚫ Online learning is hard to apply to regression 
branch due to the design complexity in 
regression scheme.

A fully convolutional online tracker
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Method



Regression Model Generator
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Multi-scale Classification

58

• In general, in visual tracking, score map with coarse resolution 
produces robust yet not accurate results, while a high resolution map 
is with a complementary property. Thus, we devise a multi-scale 
prediction strategy for classification branch to handle the issue of 
similar object confusion, and also improve accuracy.
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Ablation Study
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Comparison



61

Visualization of score maps

We can see from the first and the third 
row that the results of just using Score 
Map-72 are deviated from the ground truth 
while trackers that using just Score Map-18 
and using both of them can discriminate the 
positive object from the similar ones. It 
demonstrates that Score Map-18 is helpful 
for the robustness of the tracker. 

While from the second and the last row, 
we can derive that the predicted bounding 
boxes and centers of using Score Map-72
are more precise than only using Score 
Map-18.

In consequence, multi-scale classification 
strategy is helpful for both the robustness 
and accuracy.



Results
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Results
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Conclusion

⚫ FCOT is simple and effective fully convolutional 
online tracker

⚫ Online learning is useful for both classification 
and regression branches

⚫ Multi-scale classification is able to handle 
similar objects

⚫ SOTA performance on several benchmarks.
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总结：表征、检测、跟踪

⚫ 表征：有效的时序运动建模

– Self-attention & Dynamic Filtering （自适应）

⚫ 检测：空间信息和短时时序信息

– Crop vs. RoI pooling (空间信息更富）

– Anchor free tubelet detection（简洁&短时运动）

⚫ 跟踪：长时时序的变化

– Online learning （适应时序变化）

– Target guided anchor free regression （简洁 & 
精确）
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主页：http://mcg.nju.edu.cn/
代码：https://github.com/MCG-NJU/

谢谢大家！
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