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Learn the image filtering and feature descriptors

Learn the characteristics of feature descriptors

Learn how to add feature descriptors to CV tasks

Understand the features that basic descriptors bring to CNN
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Outline

Part 1
Image filtering、Feature detectors and 
descriptors

Part 2 Traditional CV Application
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Image filtering

• Image -- A 2D discrete signal
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Image filtering

• Image filtering

point processing

“filtering”

Point Operation

Neighborhood Operation
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Image filtering

• Image filtering - Point processing
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Image filtering

• Image filtering - box filtering

box filtering
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Image filtering

• Image filtering - box filtering example
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Image filtering

• Image filtering - Gaussian filtering
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Image filtering

• Image filtering - box filtering vs Gaussian filtering

box filtering Gaussian filteringoriginal
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Image filtering

• Image filtering - other filters

sharpening
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Image filtering

• Image filtering - Detecting edges

For discrete signals: Remove limit and set h = 2

definition of a derivative using forward difference 1D derivative filter

second-order finite difference
Laplace filter
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Image filtering

• Image filtering - Sobel filter
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Image filtering

• Image filtering -Several derivative filters 

Sobel

Prewitt

Scharr

Roberts
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Feature detectors and descriptors 

• Photometric transformations 
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Feature detectors and descriptors 

• Geometric transformations 

• objects will appear at different scales, translation and rotation 
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Feature detectors and descriptors 

What is the best descriptor for an image feature? 

17



• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 1 Section 3 March 5, 2021 Advanced Computer Vision

Feature detectors and descriptors 

• Image patch 

• Just use the pixel values of the patch

• Pros: Perfectly fine if geometry and appearance is unchanged

• Cons: sensitive to absolute intensity values 
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Feature detectors and descriptors 

• Image gradients 
• Use pixel differences 

• Pros: Feature is invariant to absolute intensity values 

• Cons: sensitive to deformations 
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Feature detectors and descriptors 

• Color histogram 

• Count the colors in the image using a histogram 

• Pros: Invariant to changes in scale and rotation 

• Cons: Insensitive to spatial layout 

20



• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 1 Section 3 March 5, 2021 Advanced Computer Vision

Feature detectors and descriptors 

• Spatial histograms 

• Compute histograms over spatial ‘patch’ 

• Pros: Retains rough spatial layout 

• Cons: sensitive to rotation 
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Feature detectors and descriptors 

• Orientation normalization 

• Use the dominant image gradient direction 

to normalize the orientation of the patch 
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Feature detectors and descriptors 

• Linear Binary Pattern（LBP）

Cruz, J., Shiguemori, E. and Guimaraes, L., 2015. A comparison of Haar-like, LBP and HOG approaches to concrete and asphalt runway detection in 

high resolution imagery. Journal of Computational Interdisciplinary Science, 5(4), pp.121-136.

• common features, such as edges, lines, point, can be 

represented by a value in a particular numerical scale

• the LBP extraction process
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Feature detectors and descriptors 

Cruz, J., Shiguemori, E. and Guimaraes, L., 2015. A comparison of Haar-like, LBP and HOG approaches to concrete and asphalt runway detection in 

high resolution imagery. Journal of Computational Interdisciplinary Science, 5(4), pp.121-136.
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• Linear Binary Pattern（LBP）



• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 1 Section 3 March 5, 2021 Advanced Computer Vision

Feature detectors and descriptors 

• Haar-like feature

Standard Haar-like features Face detection with Harr-like features
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Feature detectors and descriptors 

• Histograms of Oriented Gradients （HOG）

Dalal, Triggs. Histograms of Oriented Gradients for Human Detection. CVPR, 2005 

• Concatenate and L-2 normalization 
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Feature detectors and descriptors 

• HOG for Pedestrian detection 

http://chrisjmccormick.wordpress.com/2013/05/09/hog-person-detector-tutorial/ 
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15 x 7 x 4 x 9 =

3780
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Feature detectors and descriptors 

• Scale Invariant Feature Transform（SIFT）

1. Multi-scale extrema detection 

2. Keypoint localization

3. Orientation assignment

4. Keypoint descriptor 

28



• 正文级别 1

• 正文级别 2

• 正文级别 3

• 正文级别 4

• 正文级别 5

标题文本

Chapter 1 Section 3 March 5, 2021 Advanced Computer Vision

Feature detectors and descriptors 

1. Multi-scale extrema detection 
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Feature detectors and descriptors 

1. Multi-scale extrema detection 
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Feature detectors and descriptors 

• Scale-space extrema 
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Feature detectors and descriptors 

2. Keypoint localization 

• 2nd order Taylor series approximation of DoG scale-space 

• Take the derivative and solve for extrema 

• Additional tests to retain only strong features 
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Feature detectors and descriptors 

3. Orientation assignment 

• For a keypoint, L is the Gaussian-smoothed 

image with the closest scale

• Detection process returns 

location scale orientation 
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Feature detectors and descriptors 

4. Keypoint descriptor 

Image Gradients 

(4 x 4 pixel per cell, 4 x 4 cells) 

SIFT descriptor 

(16 cells x 8 directions = 128 dims) 
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Part 1
Image filtering、Feature detectors and 
descriptors

Part 2 Traditional CV Application
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https://cs.brown.edu/people/pfelzens/papers/lsvm-pami.pdf

36

Traditional CV Application——DPM

Spring-based Models
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https://www.cs.ucf.edu/~bagci/teaching/computervision16/Lec21.pdf

37

Traditional CV Application——DPM
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https://cs.brown.edu/people/pfelzens/papers/lsvm-pami.pdf

38

Traditional CV Application——DPM
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Image Denoise

Gauss-Poisson Noise

Gauss White Noise

39

Traditional CV Application——BM3D
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Reference block

and matched blocks

40

Traditional CV Application——BM3D
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https://www.cs.tut.fi/~foi/GCF-BM3D/BM3D_TIP_2007.pdf

https://zh.wikipedia.org/wiki/%E4%B8%89%E7%BB%B4%E5%9D%97%E5%8C%B9%E9%85%8D%E7%AE%97%E6%B3%95

41

Traditional CV Application——BM3D
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Traditional CV Application——BM3D
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Traditional CV Application——BM3D
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Checkerboard artifact

44

Traditional CV + Deep Learning
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Checkerboard artifact——upsample layer

https://distill.pub/2016/deconv-checkerboard/

45

Traditional CV + Deep Learning
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Checkerboard artifact——upsample layer

46

Traditional CV + Deep Learning
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Checkerboard artifact——downsample layer

47

Traditional CV + Deep Learning
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Checkerboard artifact——downsample layer

48

Traditional CV + Deep Learning
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Traditional CV + Deep Learning

49

From Gauss filter to blurpool——instable examples to shifts
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Traditional CV + Deep Learning

50

From gauss filter to blurpool——anti-aliasing strided layer

https://arxiv.org/abs/1904.11486?utm_source=aidigest&utm_medium&utm_campaign=63
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Traditional CV + Deep Learning

51

From gauss filter to blurpool——anti-aliasing strided layer(MaxBlurPool)
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Traditional CV + Deep Learning

52

From gauss filter to blurpool——Shift-equivariance and invariance
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Traditional CV + Deep Learning

53

From gauss filter to blurpool——Shift-equivariance in CNN
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Traditional CV + Deep Learning

54

From gauss filter to blurpool——BlurPool result


