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1. Solid Understanding on Capsule Networks
a. Architecture
b. Algorithm
c. Intuition

2. 3D Capsule Networks for Video Analytics
a. Dealing with Video Data
b. 3D Convolution NN
c. 3D Primary Capsules

3. Showcase: Multi-subjects Action Recognition 
4. Takeaways and Summary



Capsule Networks: Architecture



Capsule Networks: Architecture



Capsule Networks: Number of Parameters

(9x9 + 1)x256=20992

(9x9x256 + 1)x8x32=5308672

6x6x32=1152 of 

8-D capsule 

vectors

1152x8x16 + 

1152 (for coeff) + 

1152 (for bias) = 

149760 x 10.

(16 x 10 + 1)x512=82432

Total number of 

parameter: 8238608



Loss Function



Capsule Networks: Algorithm



Capsule vs Traditional Neuron



Squashing Function
Squash the capsules 

sum to have length at 

most 1, but does not 

change its direction.



Capsule Networks: Intuition
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Capsule Networks: Intuition



Capsules



Capsules



Capsules



A Hierarchy of parts



Primary Capsules



Predict Next Layer’s Output



Clusters of Agreement

Orientation

Size



Handling Crowded Scenes



Classification 



Regularization by Reconstruction 



Interpretable 
Activation Vectors 



Encodes Poses



Reconstruct 
Overlapping Images



Multiple-subjects Action Recognition



Actions Categories in the Dataset.



Distribution of the cheating action 
recognition data.



Division of involved actors into groups for leave 
one group out cross validation evaluation.



Overview of our proposed system.



Faster RCNN for people video chunk 
detection.



Two parallel path multiresolution 3DCNN 
scheme.



3D capsule network scheme.



Decoder structure used for reconstruction.



Results for the multi-resolution 3DCNN.



Results for the 3D capsule network.



Head to head comparison of the best multi-
resolution 3DCNN and 3D capsule network model.



Training losses of the 3D Capsule Network 
per Epoch.



Validation losses of the 3D Capsule Network 
per Epoch.



Reconstructed Videos of 3D Capsule Network 
Decoder.



Combined system usage for multiple subjects 
cheating action recognition.



Takeaways

1. 3D Capsule Networks can be realized for video analytics.
2. For video data, we can replace the 2D convolutional primary layer 

with the 3D CNN without need to modify the Digit Capsules.
3. Due to the inherent capability in representing various video 

features and equivariances inside capsules vector,  the developed 
3D Capsule Network shows promising results.

4. Further experiments using Matrix Capsules EM algorithms for video 
analytics still need to be study. 


