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③ 卷积神经网络的可视化

④ 3D卷积神经网络
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Computer Vision Tasks



How Would You Describe This Image?
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Object Descriptors



Object Descriptors



Convolution Kernels



Object Descriptors



One representation, lots of tasks

https://github.com/facebookresearch/detectron2

https://github.com/facebookresearch/detectron2


Facial expression analysis

[OpenFace: an open sourcefacial behavior analysis toolkit, T. Baltrušaitiset al., 2016]



Articulated Body Tracking: OpenPose

https://github.com/CMU-Perceptual-Computing-Lab/openpose 

https://github.com/CMU-Perceptual-Computing-Lab/openpose
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The issue of MLP
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Convolution Neural Layer

𝒚 = 𝑾𝒙



Convolution Neural Layer
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Convolution Neural Layer
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Convolution Neural Layer

𝒚 = 𝑊 ∗ 𝒙𝒚 = 𝑾𝒙



Convolution Neural Layer

https://medium.datadriveninvestor.com/convolutional-neural-networks-3b241a5da51e 

https://medium.datadriveninvestor.com/convolutional-neural-networks-3b241a5da51e


Predefined vs Learned Kernels



Learned Filters (a.k.a. Convolution Kernels)

https://distill.pub/2017/feature-visualization/ 

https://distill.pub/2017/feature-visualization/


Convolution in Digital Signal Processing

𝑦 𝑛 = (𝒙 ∗ 𝒉)[𝑛]

= ෍

𝑘=−∞

∞

𝑥 𝑘 ℎ[𝑛 − 𝑘]

卷积的运算过程：翻转 —> 平移 —> 相乘 —> 求和

https://quincyaflint.weebly.com/academic-material/discrete-

convolution



Cross-Correlation in Digital Signal Processing

互相关的运算过程：共轭 —> 平移 —> 相乘 —> 求和

𝑟𝑥𝑦 𝑛 = (𝒙 ⋆ 𝒚) [𝑛]

= ෍

𝑘=−∞

∞

𝑥 𝑘 𝑦∗[𝑘 − 𝑛]

https://gfycat.com/brownquickisabellineshrike

Convolution Neural Networks are indeed 

Correlation Neural Networks



Paddings, Strides

https://browse.arxiv.org/pdf/1603.07285.pdf 

https://browse.arxiv.org/pdf/1603.07285.pdf


Paddings, Strides

https://browse.arxiv.org/pdf/1603.07285.pdf 

https://browse.arxiv.org/pdf/1603.07285.pdf


The entire architectures



Pooling Layer



Pixel-wise tasks



Unpooling



Transposed convolution (fractionally-strided convolution, deconvolution)

https://browse.arxiv.org/pdf/1603.07285.pdf 

The transpose of convolving a 3×3 kernel over a 5×5 input 

padded with a 1 × 1 border of zeros using 2 × 2 strides (i.e., 𝑖= 

5, 𝑘 = 3, 𝑠 = 2 and 𝑝 = 1). It is equivalent to convolving a 3 × 3 

kernel over a 3 × 3 input (with 1 zero inserted between inputs) 

padded with a 1 × 1 border of zeros using unit strides (i.e., 𝑖′ = 

5, 𝑘′ = 𝑘, 𝑠′= 1 and 𝑝′ = 1).

https://browse.arxiv.org/pdf/1603.07285.pdf


Common architectures



Common architectures

https://www.rctn.org/bruno/public/papers/Fukushima1980.pdf 

https://www.rctn.org/bruno/public/papers/Fukushima1980.pdf


Common architectures



Common architectures

Alex Krizhevsky Ilya Sutskever Geoffrey E. Hinton



VGGNet



Residual Networks (ResNet)
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Visualizing the Last CNN Layer

PCA, tsne, etc



CAM: Class Activation Mapping [CVPR 2016]

http://cnnlocalization.csail.mit.edu/Zhou_Learning_Deep_Features_CVPR_2016_paper.pdf 

http://cnnlocalization.csail.mit.edu/Zhou_Learning_Deep_Features_CVPR_2016_paper.pdf


Grad-CAM [ICCV 2017]

https://browse.arxiv.org/pdf/1610.02391.pdf 

https://browse.arxiv.org/pdf/1610.02391.pdf
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Modeling Temporal and Sequential Data



3D CNN



3D CNN

https://www.kaggle.com/code/mariuszwisniewski/3d-cnn-2-for-alzheimer-disease-poc 

https://www.kaggle.com/code/mariuszwisniewski/3d-cnn-2-for-alzheimer-disease-poc


总结

• 了解计算机视觉领域的典型任务

• 掌握卷积神经网络的设计及其特点

• 了解3D卷积神经网络
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