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The course follows a structured daily format featuring theoretical lectures in the morning and hands-

on laboratory sessions in the afternoon. While_prior Python experience is not required, a basic

understanding of general programming logic is recommended to help you get up to speed.
To ensure a smooth learning curve, lab sessions are divided into two parts:
e Guided Technical Workshop: We will walk through practical examples and review Python

homework assignments. Full source code will be provided, allowing you to follow along during

the session and continue practicing independently afterward.
e Open Lab & TA Consultation: The second half of the lab serves as dedicated "TA Hours." This
is an ideal time to troubleshoot homework, brainstorm project ideas, or collaborate with peers

on development tasks with direct support from the teaching staff.
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Grading Policy & Assessment

Your final grade is based on three core components designed to ensure consistent engagement and practical
mastery of Digital Image Processing (DIP) concepts.
1. Daily Quizzes (28%)
e Timing: Administered from Day 2 to Day S during the first 30 minutes of class (09:00-09:30).
e Scope: These assessments focus on the material covered in the previous days' lecture to ensure
foundational concepts are reinforced.
2. Homework Assignments (50%)
o Distribution: Assignments are posted prior to each lecture.
e Deadline: Submissions are due by midnight the following day, providing a fast-paced feedback loop
for your technical skills.
3. Final Project (22%)
e Collaboration: Students will work in teams of up to 4 members to tackle a DIP challenge and
develop effective computational solutions.
e Submission: A comprehensive project report is due two days after the course concludes.
o Language: Reports may be submitted in either English or Chinese.
e Report Structure: To receive full credit, the report must include the following sections:
o Title & Author Information
o Abstract & Introduction
o Problem Statement & Methodology
o Results, Discussion, & Conclusion
o Individual Contribution Statement (detailing each member's specific role)
o References

%fiéi %%
FHEF R CRFITEEES)
oAz PRt
HEP e FrRAEEAEBET R PERARL K F B FiRR > FIPR
TR BELERPITIERE A SARIEL gl o £ DIt E kB LR 1 E (AD) **975l4a52
ERE  ARES RARA b BMAT F01F EFRAS P X L AZF )k PR R (MRD >
2P SHRE B R

gt AR HE L FRECRGNER P FRER GRS ﬁéﬁﬁti"’ R R R MET
AHB o p o RAPREER RV HEFR 2o E? Python 34 th1 &R TR AR
* o
M4tF @ B, Bis i, BiSER, R L™



H U Bk I K B #E A1 R E
PR E/BY - 115 BEEE 1 BH b NBES
FALPLE (¥

Digital Image Processing (DIP) has evolved into a cornerstone of modern technology, transcending simple

entertainment to become vital in fields as diverse as medicine, industry, and artificial intelligence. Its reach

spans from manufacturing inspections and robotic navigation to advanced scientific research in biology,

astronomy, and physics. Whether it is analyzing aerial imagery or optimizing traffic control systems, DIP

provides the tools to interpret the visual world.

This course offers a comprehensive introduction to the core techniques and algorithms required to acquire,
process, and derive meaningful insights from digital images. We will place a specific focus on spatial-

domain operations, including sampling, quantization, image transformation, and enhancement.

Keywords : Digital Image Processing, Image Analysis, Image Enhancement, Information Extraction
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Day 1: Foundations & Mathematical Framework
Morning (09:00-12:00): Theory & Introduction
e Course Launch: Logistics, syllabus overview, and the diverse
applications of DIP in modern industry.
e DIP Fundamentals: Exploring human visual perception,
image acquisition sensors, and the core concepts of
76(- ) 09:00-12:00 resolution, intensity, and contrast.
13:00-15:30 o Mathematical Toolbox: Essential linear algebra and matrix
operations required for digital image manipulation.
Afternoon (13:00-15:30): Practical Lab
e Environment Setup: Python installation and essential library
configuration (NumPy, OpenCV/Pillow).
o Initial Practice: Hands-on exercises in image creation, array-
based representation, and basic pixel manipulations.
Day 2: Intensity & Color Space Dynamics
Morning (09:00-12:00): Theory
e Intensity Transformations: Mastering histogram processing,
including equalization and histogram matching for contrast
7(=) 09:00-12:00 . eCI:)l;:: ;ilir:::lte;: Understanding color models (RGB, HSV
13:00-15:30 ’ ’
CMYK), pseudocolor processing, and full-color
transformations.
Afternoon (13:00-15:30): Practical Lab
o Implementation: Applying intensity mapping and color space
conversions to enhance real-world datasets.
78(2) 09:00-12:00 (Day 3: Spatial Filtering & Image Enhancement
13:00-15:30 |Morning (09:00-12:00): Theory
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o Spatial Operations: Deep dive into neighborhood processing,

including correlation and convolution.
o Filters: Implementing smoothing kernels for noise reduction
and sharpening filters for edge enhancement.

Afternoon (13:00-15:30): Practical Lab
o Filtering Workshop: Applying linear and non-linear spatial
filters to both morphological and multi-channel color images.

Day 4: Morphological Analysis
Morning (09:00-12:00): Theory
e Morphological Foundations: Exploring set theory-based

operations, including erosion, dilation, opening, and closing.

09:00-12:00
7/9(z ) 13:00-15:30 e Structural Extraction: Using morphology for noise removal,
boundary extraction, and skeletonization.
Afternoon (13:00-15:30): Practical Lab
e Shape Processing: Implementing morphological algorithms
to clean binary images and extract structural components.
Day 5: Segmentation & Feature Detection
Morning (09:00-12:00): Theory
o Image Segmentation: Techniques for partitioning images into
09:00-12:00 meaningful parts via thresholding and region-based growth.

7/10(F
(2) 13:00-15:00 e Feature Detection: Identifying primitives using line/edge

detectors and the Hough Transform for geometric shape

recognition.
Afternoon (13:00-15:00): Project Showcase

FAEF Y PR
1. Deconstruct how images are built, mastering the differences between binary shapes, grayscale
gradients, and color spaces.
2. Master pixel-level enhancement tools to sharpen, filter, and optimize images directly in the spatial
domain.
3. Isolate and identify key data by learning the algorithms behind component detection and image
segmentation.
4. Build a professional intuition for selecting and applying the right image processing tools to solve
practical industry problems.
FALNE B BB AR
Driven by the rapid evolution of computing power and machine learning, Digital Image Processing (DIP)
has become an indispensable technology across nearly every modern industry. Its successful integration is
visible in diverse applications, including high-precision medical imaging, robotic vision, and sophisticated
pattern recognition systems, such as autonomous traffic monitoring and computer-aided diagnostic tools.

Even the everyday convenience of smartphone photography relies on these complex underlying algorithms.
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Upon completion of this course, students will possess a deep understanding of the mechanisms behind digital
imagery. More importantly, they will gain the technical proficiency to implement image processing solutions
within their own academic research, professional projects, and daily technological interactions.
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R.C. Gonzales and R.E Woods, Digital Image Processing 4™ ed.

e Course Prerequisites
There are no formal requirements to enroll in this course. However, to ensure a smoother learning
experience during the technical labs, a foundational grasp of the following is recommended:

(1) Mathematics: Basic Linear Algebra (matrix operations and arrays).

(2) Programming: Familiarity with Python syntax and logic.

o Software & Essential Tools
We might utilize several industry-standard libraries to process and manipulate digital imagery.
1. The Core Language
o Python: The primary environment for all computational tasks.
2. Computational & Image Libraries
o NumPy: The fundamental package for scientific computing, used here for high-performance
matrix and array manipulations.
o Pillow (PIL): A user-friendly library for opening, manipulating, and saving many different
image file formats.

o OpenCV-Python: A powerful real-time computer vision library designed for advanced image

processing and analysis.
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https://www.python.org/downloads/
https://numpy.org/
https://python-pillow.org/
https://pypi.org/project/opencv-python/

