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What is action recognition?

• Recognize action 
category in trimmed 
video clips
• Use all video frames
• Give the result after 

the action completes

Kay, W., Carreira, J., Simonyan, K., Zhang, B., Hillier, C., 
Vijayanarasimhan, S., … Zisserman, A. (2017). The 
Kinetics Human Action Video Dataset. In arXiv. Retrieved 
from http://arxiv.org/abs/1705.06950



What is partial observations? Why?

• Give the label using only a part
of the video

• Only process the leading frames

• Make a decision before the
action completes

Quick response

Lan, T., Chen, T. C., & Savarese, S. (2014). A hierarchical representation for future action 
prediction. In ECCV (pp. 689–704). https://doi.org/10.1007/978-3-319-10578-9_45



Why RGB frame and optical flow together?

• RGB frame stands for appearance info
• Single image based approach

• Optical flow captures motion info
• Video based approach
• Stacked optical flow
• Short-term motion info.

Complementary



Our Approach to Address This Problem

• Select informative frames and optical flows.
• Make decisions with the selected ones. How?



Architecture

• Both R-net and S-net follow
the two-stream architecture[1]
• The key-RGBs and key-OPFs 

are selected according to the 
outputs of the S-net 
individually.
• Combined together with late 

fusion (vote)

[1] K. Simonyan and A. Zisserman, “Two-stream convolutional networks for action 
recognition in videos,” in Proc. Advances in Neural Information Processing Systems 
(NIPS), 2014, pp. 568–576.



S-net: Learning to Select Informative Frames
• A shallow classification network with high speed.
• S-net is designed to select key frames to represent the partial video.
• Given a video: !
• The number of pre-defined actions classes: "
• RGB frame: #$ ∈ !, ' ∈ [0,*]
• Optical flow: , = {/0, … , /2}, where /4 = 5(#470, #4)
• S-net outputs a classification score vector: 9: = {90, … , 9;}
• Two criteria to measure the quality of one frame/optical flow:
• Highest classification score: 92<= = max{90, … , 9;}
• Variance of classification scores: 9:<A = var{90, … , 9;}



R-net: Recognizing Actions with Informative 
Frames and Optical Flows
• A deep classification network with high accuracy.
• Each stream takes one frame as input each time, and the final 

recognition result is determined by the outputs of multiple key-RGB 
and key-OPF.
• Two step fusion:
• Internal: average score vectors of all key frames in each stream
• External: weighted average of the two streams



Training Strategy

• All the frames of the video dataset are used as training samples.
• R-net and S-net are trained separately
• The RGB stream and the flow stream of them are also trained 

separately
• Cross entropy loss
• Optimizer: SGD with momentum
• The optical flow is pre-computed using TVL1 algorithm



Experiments: Recognition Accuracy



Experiments: Number of Key Frames



Experiments: Frame Selection Criteria



Experiments: Speed

• Intel Xeon CPU @2.20GHz, NVIDIA Titan Xp GPU



Experiments: Test on Streaming Videos





Thank you!
Any questions, please contact the first author Yanjun Zhu.

yanjun_zhu@outlook.com


