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Text/ Reference Books and Lecture Notes

 Textbook:
 “Digital Image Processing” by R. C. Gonzalez and R. E. Woods, 

4th Edition, Prentice Hall, 2017. (開發)
 DIGITAL IMAGE PROCESSING has been the world's leading textbook 

in its field for more than 40 years. As in the 1977 and 1987 editions by 
Gonzalez and Wintz, and the 1992, 2002, and 2008 editions by Gonzalez 
and Woods.

 Reference:
 “Digital Image Processing Using MATLAB” by R. C. Gonzalez, R. 

E. Woods and S. L. Eddins, 2nd Edition, , 2011. (開發) 

 Lecture Notes:
 Available before the day of class.
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Course Outline
 1. Introduction to digital image processing

 Examples of Fields that Use Digital Image Processing
 Fundamental Steps in Digital Image Processing
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Examples of Fields that Use DIP
 Images based on radiation from the EM spectrum are the 

most familiar, especially image in the X-ray and visual 
bands of the spectrum.
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Examples of Fields that Use DIP
 X-ray imaging

 X-rays are among the oldest sources of EM radiation used for 
imaging.

 The best known use of X-rays is medical diagnostics.
 They are used extensively in industry and other areas, like 

astronomy.
 CAT (CT) has 3-D capabilities.
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Examples of Fields that Use DIP
 Imaging in visible and infrared bands

 Another major area of visual processing is remote sensing, which 
usually several bands in the visual and infrared regions of the 
spectrum.

 LANDSAT:
 The difference between visual and infrared image features are quite 

noticeable.
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Multispectral Images
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Aerial Photography
 Drone: an unmanned aircraft system; remote-controlled 

pilot-less aircraft; flying thingy without people inside 
controlling it.

 Orthomosaic 
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Google Earth
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Course Outline
 2. Digital Image Fundamentals

 Elements of Visual Perception
 Image Sampling and Quantization
 Some Basic Relationships Between Pixels
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Checker-Shadow Illusion
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Image Sensing and Acquisition
 Image acquisition using sensor arrays

 This is the predominant arrangement found in digital cameras.
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Sampling and Quantization
 Sampling: digitizing the spatial coordinates values.

 Quantization: digitizing of the amplitude values.
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Course Outline
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Aliasing-Moiré Pattern
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Panorama
 Single-row Stitching – Manual
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Course Outline
 3. Intensity Transformations and Spatial Filtering

 Basic Gray Level Transformations
 Histogram Processing
 Enhancement Using Arithmetic/Logic Operators
 Basics of Spatial Filtering (Smoothing, Sharpening)
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Course Outline
 4. Filtering in the Frequency domain

 Fourier Transform and the Frequency Domain
 Frequency-Domain Filter (Smoothing and Sharpening)
 Homomorphic Filtering
 FFT based Image Registration (Optional)
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Periodic Noise Reduction by Freq. Domain Filtering

 One of the principle applications of bandreject filtering is for 
noise removal in applications where the general location of 
the noise components in the frequency domain is 
approximately known.
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FFT-Based Image Registration
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Course Outline
 5. Image Restoration and Reconstruction

 A model of the Image Degradation/Restoration Process
 Periodic Noise Reduction by Frequency Domain Filtering
 Linear, Position-Invariant Degradations
 Inverse Filter
 Wiener Filtering
 Constrained Least Square Filtering
 Geometric Transform
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A Model of the Image Degradation/Restoration Process

 The objective of restoration is to obtain an estimate           
of the original image.

 The more we know about H and     , the closer            will 
be to f(x,y).

),(ˆ yxf

 ),(ˆ yxf
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Minimum Mean Square Error (Wiener) Filtering
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Image Restoration

 High-Resolution Image Reconstruction From
Multiple Differently Exposed Images
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Image Deblurring
 Camera movement during the exposure progress lead to 

blurred images. We can model the blurred image as follow:

 The process of recovering sharp image from blurred image 
is called image deblurring.

nkLI 

© 2025 by Jiunn-Lin Wu NCHU CSE

Robust Motion Deblurring
 Two-Phase Kernel Estimation for Robust Motion Deblurring
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Robust Motion Deblurring
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Experimental Results-Real Blurred Images

 The size of “Flower” is 533x800, and PSF size is 31x31.

(a) Blurred image and PSF (b) Richardson-Lucy

(c) [Levin et al. 2007] (d) [Krishnan et al. 2009] (e) Our result© 2025 by Jiunn-Lin Wu
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Experimental Results-Real Blurred Images
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Course Outline
 6.Color Image Processing

 Color Fundamentals / Color Models
 Pseudocolor Image Processing
 Color Transform
 Color Segmentation
 Color Image Enhancement / White Balance
 Color Image Compression

NCHU CSE© 2025 by Jiunn-Lin Wu

Shadow Removal from A Real Picture
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Tone and Color Corrections
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Course Outline
 7.Wavelets and multiresolution processing

 Multiresolution Expansions
 Wavelet Transform
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Wavelet Decomposition
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Course Outline
 8.Image compression and Watermarking

 Image Compression Models
 Elements of Information Theory
 Error-Free Compression
 Lossy Compression
 Image Compression Standard
 Fractal Image Compression

 More details in the class
“Data Compression”
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Multimedia Compression
 More details in the class  “Data Compression” and 

“Multimedia Systems”
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Image Compression - JPEG

786488 bytes 26614 bytes, Cr=29.55
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Image Compression – JPEG2000

786488 bytes 11738 bytes, Cr=67.0
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Lossy Example: Transform Encoding
 Transform coding 

 Rate-Distortion Curve
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Course Outline
 9.Morphological Image Processing

 Preliminaries
 Dilation and Erosion
 Some Basic Morphological Algorithm
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Textural Segmentation
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Course Outline
 10.Image Segmentation

 Edge Linking and Boundary Detection
 Thresholding
 Region-Based Segmentation
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Global Processing via the Hough Transform

 Note the disappearance of the gaps as a result of linking.
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AOI Using Hough Transform
 Automated optical inspection using Hough Transform
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Image Segmentation
 An Automatic Counting System for Microscopic Images of 

Human Skin Keratinocytes

 Forest Image
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Segmentation by Morphological Watersheds

 The concept of watersheds is based on visualizing an 
image in three dimensions: two spatial coordinates versus 
gray levels. (Topographic surface)
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Watershed Segmentation
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Segmentation by Region Growing
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Course Outline
 11.Feature Extraction

 Boundary feature descriptors
 Region feature descriptors
 Principal components as feature descriptors (More details in the 

PR class)
 Whole-image features
 Scale-invariant feature transform(SIFT)

NCHU CSE

Scale-Invariant Feature Transform(SIFT)
 It is an algorithm used to detect and describe local features in digital images. It 

locates certain key points and then furnishes them with quantitative information 
(so-called descriptors) which can for example be used for object recognition. 
The descriptors are supposed to be invariant against various transformations 
which might make images look different although they represent the same 
object(s).
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Multi‐view 3D Reconstruction
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Multi‐view 3D Reco
nstruction

NCHU CSE

SFM
 SFM = Get the Point Cloud from Moving Cameras

© 2025 by Jiunn-Lin Wu
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Course Outline
 12. Image Pattern Classification

 Expanded coverage of neural networks to include deep neural 
networks, backpropagation, deep learning, and, especially, deep 
convolutional neural networks.
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Deep Learning
 Deep Learning

 Convolutional Neural Networks (卷積神經網路)
 Deep Auto-Encoders
 Residual Net
 Recurrent Neural Networks (RNN/LSTM/GRU)
 Generative Adversarial Networks (GAN)
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Object Localization and Detection
 We can use convolution neural networks to localize and 

detect objects on images.
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Object Detectors
 Two stage object detectors: they have one part of their

network dedicated to providing region proposals followed 
by a high quality classifier to classify these proposals.
 R-CNN
 Fast R-CNN
 Faster R-CNN
 R-FCN
 Libra R-CNN

 One-stage object detectors: doing object detection is by 
combining these two tasks into one network
 YOLO
 SSD
 RetinaNet

© 2025 by Jiunn-Lin Wu
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Two-Stage Object Detectors 
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 R-CNN, or Region-based Convolutional Neural Network, 
consisted of 3 simple steps:
 Scan the input image for possible objects using an algorithm called 

Selective Search, generating ~2000 region proposals
 Run a convolutional neural net (CNN) on top of each of these region 

proposals
 Take the output of each CNN and feed it into a) an SVM to classify the 

region and b) a linear regressor to tighten the bounding box of the object, 
if such an object exists.
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One-Stage Object Detectors 
 YOLO: The input image is divided into an SxS grid, B 

bounding boxes are predicted (regression) and a class is 
predicted among C classes (classification) over the most 
confident ones. Source: J. Redmon and al. (2016)
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Deep Learning - Unet Architecture 
 We used  improved 3D U-Net as the network frame for the 

segmentation of pulmonary fibrosis.  
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台中市環保局違規小廣告
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桌球軌跡追蹤、落點與技戰術分析
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桌球軌跡追蹤、落點與技戰術分析
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台中市環保局亂丟垃圾偵測
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DIP 3E - New Features
 A revision of introductory concepts that provides readers with 

foundation material much earlier in the book than before. 

 A revised and updated discussion of intensity transformation, spatial 
correlation, convolution, and their application to spatial filtering. 

 New discussion of fuzzy sets and their application to image processing.

 A new chapter on the discrete Fourier transform and frequency domain 
processing. 

 New coverage of computerized tomography. 

 A revision of the wavelets chapter. 



NCHU CSE© 2025 by Jiunn-Lin Wu

DIP 3E - New Features
 A new chapter on data compression, including new compression 

techniques, digital video compression, standards, and watermarking. 

 New coverage of morphological reconstruction, gray-scale morphology, 
and advanced morphological algorithms. 

 New coverage of the Marr-Hildreth and Canny edge detection 
algorithms. 

 Expanded coverage of image thresholding. (Otsu’s method)

 New examples and illustrations involving over 400 new images and 
more than 200 new drawings and tables. 

 Expanded homework sets, including over 80 new problems. 

 Updated bibliography. 
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DIP 4E - New Features
 New material related to histogram matching.

 Expanded coverage of the fundamentals of spatial filtering.

 A more comprehensive and cohesive coverage of image 
transforms.

 A more complete presentation of finite differences, with a 
focus on edge detection.

 A discussion of clustering, superpixels, graph cuts, and 
their use in region segmentation.

 New material on active contours that includes snakes and 
level sets, and their use in image segmentation.
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DIP 4E - New Features
 Coverage of maximally stable extremal regions.

 Expanded coverage of feature extraction to include the 
Scale Invariant Feature Transform (SIFT).

 Expanded coverage of neural networks to include deep 
neural networks, backpropagation, deep learning, and, 
especially, deep convolutional neural networks.

 More homework problems at the end of the chapters.

 MATLAB computer projects.
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Grading
 Homework 50%

 Final exam 30%

 Final project 20%


