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1. Introduction
Problem: Convolution has two short-comings.
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Computation heavy
- Dynamic filters tackle the first issue while further increasing the 

computational costs.
- Grouped/depthwise convolution reduce the computational costs, which 

usually result in a drop of performance.
Goal: Design a filtering operation that is content-adaptive while also 
being lighter-weight than a standard convolution.

2. DDF Module

4. Computational Complexity

6. Conclusion 
Key idea: Decouple dynamic filters into spatial and channel filters.
- First, predict spatial/channel filters individually via two side-branches.
- Then, combine spatial/channel filters at each pixel and channel.
- At last, apply the combined filter on the corresponding location of the 

input feature.
Formulation:

Table 1. Theoretical computational cost. 

Runtime memory (M).

Table 2. Latency on different resolutions. 

3. DDF-Up Module
Propose a unified DDF-Up module 
for typical/joint upsampling task.
- 4 branches for scale factor 2. 

Stacking multiple DDF-Up for 
larger scale factor.

- Apply spatial/channel branch on 
guided/input feature, respectively

- For typical uspampling,  a depth-
wise convolution is used to 
generate guided feature

5. Experiments

DDF bottleneck block 
for classification

DDF-Up-Net for joint 
depth upsampling

Table 4. Comparisons between filters. 

Table 3. Ablation study on branches. Table 5. Comparison with variants of 
ResNets on the ImageNet 1K. 

We visualize 16 times joint depth upsampling results, where we can see that 
DDF-Up-Net recovers more details compared to PAC-Net and other techniques.

Propose the DDF and DDF-Up modules which have the following favorable 
properties:
- Content adaptive.
- Fast with small memory footprint.
- Consistent improvements on different tasks.
- Can be used as a basic building block.

DDF is a light-weight, high-performing content-adaptive convolution layer that can readily replace standard convolution layers in CNNs. 
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