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Problem Overview

Standard 2D or 3D convolutional models cannot capture 
long-range space-time dependencies in the video.

Input Image

3x3 convolutional 
kernel



Potential Solutions

Increase the spatial and temporal kernel size in each or 
at least some convolutional layers.

“ImageNet Classification with Deep Convolutional Neural Networks“, NIPS 2012



Potential Solutions

Attach a graphical model on top of the CNN.

“DeepLab: Semantic Image Segmentation with Deep Convolutional Nets, Atrous 
Convolution, and Fully Connected CRFs“, TPAMI 2017



Potential Solutions

Incorporate operations that can model long-range 
dependencies in the network. 

"Attention is All You Need", Vaswani et al., NIPS, 2017



Non-Local Operation

• A non-local operation computes the response at a 
position as a weighted sum of the features at all 
positions in the input feature maps. 

• The set of positions can be in space, time, or 
spacetime.
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Non-Local Operation
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spacetime.

The unary function that computes a 
representation of the input signal at the position j



Non-Local Operation

• A non-local operation computes the response at a 
position as a weighted sum of the features at all 
positions in the input feature maps. 

• The set of positions can be in space, time, or 
spacetime.

Normalization factor



Non-Local Operation

• A non-local operation computes the response at a 
position as a weighted sum of the features at all 
positions in the input feature maps. 

• The set of positions can be in space, time, or 
spacetime.

Output signal at position i



Non-Local Operation

A non-local operation computes the response at a 
position as a weighted sum of the features at all 
positions in the input feature maps.

The non-local behavior is due to the fact that all positions are considered in the operation.



A Space-Time Non-Local Block



A Space-Time Non-Local Block

1. The initial feature tensor is mapped into three distinct intermediate feature representations.



A Space-Time Non-Local Block

2. We use dot product to compute pairwise similarity between every single pair of features.



A Space-Time Non-Local Block

3. We then normalize the resulting similarity matrix, and perform a weighted feature averaging.



A Space-Time Non-Local Block

4. The resulting feature tensor is then fed through another 1x1x1 convolutional layer.



A Space-Time Non-Local Block

5. The residual connection is used to aggregate information within the block.



A Space-Time Non-Local Block

6. Finally, the output feature tensor of the same dimensionality is produced.



• The residual connection allows inserting a new non-
local block into any pre-trained model, without 
breaking its initial behavior. 

• It is typically initialized to be 0.

The initial input

A Space-Time Non-Local Block
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• The residual connection allows inserting a new non-
local block into any pre-trained model, without 
breaking its initial behavior. 

• It is typically initialized to be 0.

Residual connection layer

A Space-Time Non-Local Block



• The residual connection allows inserting a new non-
local block into any pre-trained model, without 
breaking its initial behavior. 

• It is typically initialized to be 0.

Final output from the 
non-local block

A Space-Time Non-Local Block



Pairwise Similarity Function

• Gaussian:  

• Embedded Gaussian:  

• Dot Product:  

• Concatenation:



Network Architecture

Baseline ResNet-50 C2D architecture for video 
recognition.



Results on Kinetics

Ablating different pairwise similarity functions.



Results on Kinetics

A single non-local block is added into different ResNet-50 
stages.



Results on Kinetics

Comparison with 1, 5, and 10 non-local blocks added to 
the C2D ResNet-50 and ResNet-101 baselines.



Results on Kinetics

Comparing non-local operations applied along space, 
time, and spacetime dimensions respectively.



Results on Kinetics

Comparing a 5-block non-local C2D vs. inflated 3D 
ConvNet (I3D).



Results on Kinetics

Five non-local blocks are added on top of the best I3D 
model.



Results on Kinetics

The model is fine-tuned and tested using longer 128-
frame clips.



Results on Kinetics

Non-local C2D model produces lower training and validation 
errors than the C2D baseline.



Results on Kinetics

• Comparison to the state-of-the-art. 

• The greyed out approaches use an additional audio 
modality.



Results on Charades

• Charades is a video dataset with ∼8k training, ∼1.8k 
validation, and ∼2k testing videos.  

• It is a multi-label classification task with 157 action 
categories. 

• The videos are much longer than in Kinetics.



Object Detection Results on COCO

Adding 1 non-local block to Mask R-CNN for COCO object 
detection and instance segmentation.



Qualitative Results



Contributions

• Very effective mechanism for aggregating information 
over long spatial and temporal extents. 

• Can be integrated easily with existing pretrained 
models. 

• Works well with a variety of different architectures. 

• State-of-the-art results on many tasks / datasets.



Discussion Questions

• What are some of the downsides of the proposed non-local 
block?
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Discussion Questions

• What are some of the downsides of the proposed non-local 
block? 

• How does it differ from the fully connected layer? 

• Does the non-local model learn to incorporate space-time 
relationships between objects in the video?


