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Course Information

▪ Objective
Study fundamentals of digital image processing

▪ Textbook
R. C. Gonzalez and R. E. Woods, Digital Image 

Processing, 2nd edition, Prentice Hall, 2002

▪ Reference 
A. K. Jain, Fundamentals of Digital Image 

Processing, Prentice Hall, 1989



Course Information

▪ Prerequisite
Engineering Mathematics

Signals and Systems

Computer Language 

▪ Assessment

Mid-tem Exam 50 %

Final Exam 50 %



Course Schedule

▪ Mid-term exam: 17 OCT 2022



What is Digital Image Processing?

▪ Image
Two-dimensional function f(x,y)

x, y : spatial coordinates

Value of f : intensity or gray level

▪ Digital image
Both coordinates and value are discrete

A set of pixels (picture elements, pels)

Pixel means

pixel coordinate 

pixel value

or both



▪ e.g. 640 x 480 8-bit image
0 640

0

480

0 (black) ….. 255 (white)

Different coordinate conventions



Examples of Digital Images

▪ X-ray
Chest 

Angiogram 

Computerized 
Tomography (CT)

Circuit board

Cygnus Loop



Examples of Digital Images

▪ Light microscopy
Anticancer medicine 
(250x)

Cholesterol (40x)

Microprocessor (60x)

Nickel oxide film (600x)

CD (1750x)

Organic 
superconductor(450x)



Examples of Digital Images

▪ Multispectral Imaging
Satellite images of the Washington, D.C.

blue           green (plant density)        red

near infrared       middle infrared   thermal infrared  middle infrared

(biomass)            (soil moisture)                            (mineral density)



Examples of Digital Images

▪ Infrared images of 
the Americas

Nighttime lights

Human settlements



Examples of Digital Images

▪ Imaging in the radio band.



Examples of Digital Images

▪ Ultrasound images
1. Transmit ultrasound 

(1 to 5MHz)

2. Sound pulses are 
reflected from tissues

3. Compute the 
distance using the 
speed 

4. Display the distances 
and intensities of the 
echoes

•unborn babies

•thyroids            injured muscle



Examples of Digital Images

▪ Artificial images



Examples of Digital Images

▪ Automated visual 
inspection

Unconnected circuit board

Missing pills

Unfilled bottles

Air pockets in plastic

Burned flakes in cereal

Defects in replacement 
lens

structured lighting



Examples of Digital Images

Lena (512*512) Baboon (512*512) Boat (512*512)

▪ Famous images in image processing society



Digital Camera

Lens Digitizer Memory card

PC Hard disk

MonitorE-mail

▪ Digital Image Processing 
Processing of two-dimensional data by a 

digital computer

▪ Typical DIP system

What is Digital Image Processing?

Imaging

system

Sample 

and 

quantize

Digital

storage

Digital

computer
Display

Record

Network



Developments of DIP

▪ 1920’s: Analog image transmission

Transatlantic picture transmission

London – New York

▪ 1960’s: Space program

Invention of digital computer hardware 

and software

Source data is very expensive

▪ 1970’s: X-ray imaging (CT)

▪ Nowadays: Cheap computing

Lots of DIP applications



Computational Complexity of DIP

▪ HDTV quality video
Resolution : 1024 x 768 

786,432 pixels

Refresh rate : 30 pictures/s

Compute average gray level of each picture

786,432 x 30 = about 23 million additions/s

▪ Digital video processing had not been 

possible for a long time



Selected Topics in DIP (Course Overview)

▪ Sampling and Quantization (Chap. 2)

▪ Image Enhancement (Chaps. 3-4)

▪ Image Transform and Related Maths (Chap. 4)

▪ Image Restoration (Chap. 5)

▪ Color Image Processing (Chap. 6)

▪ Image Compression (Chap. 8)

▪ Advanced Topics as time allows



Sampling and Quantization



Sampling and Quantization

▪ Sampling 
Digitization in Spatial Domain



Sampling and Quantization

▪ Quantization
Digitization of pixel levels



Image Enhancement

▪ Objective

to accentuate certain image features for 

subsequent analysis or for image display

▪ Subjective process

•g(x,y) = 255 – f(x,y)



Image Enhancement



Image Restoration

▪ Objective

to remove or minimize known/unknown 

degradations in image

▪ Objective process



Image Restoration



Color Image Processing



Color Image Processing

•one-to-one mapping



Image Compression

▪ Objective
to reduce the amount of data to represent 
images

From the bit stream, the approximate copy of 
the original image can be reproduced

Input image (8 bits/pixel)
Output : bit-stream data

“010100101100110101001 . . . .”



Image Compression

(a) 0.125 bits/pixel

64:1

(b) 0.25 bits/pixel

32:1

(c) 0.5 bits/pixel

16:1

▪ JPEG compression

1000 x 1000 RGB picture = 3 MB

16 MB memory card can store only 5 pictures

With JPEG, the same card can store more than 80 
pictures



Image Compression

▪ Video compression
HDTV quality video 

1024 x 768 x 3 x 30 x 8 = 566 Mbits/s (Mbps)

Video compression standards

MPEG-1: Video-CD, 1-2 Mbps

MPEG-2: HDTV and DVD, 2-15 Mbps

H.263: Low bit-rate applications,

10-2048 Kbps 

MPEG-4: similar to H.263

H.264/AVC : new video coding standard 



Image Processing and Computer Vision

•Image Processing •Computer Vision

Image Analysis

- Classification
- Recognition
- Segmentation

Making sense
of recognized
objects

- AI (vision)
- e.g. modern 

missiles



Image Segmentation

▪ Edge detection



(a) Aerial Image (b) Segmented Image

Image Segmentation



Image Segmentation



Image Description

▪ Objective
interpret or describe the meaning contained in  

image

▪ Output is not image

Input : image Output : description

“KAISION”

“circle”



Image Description



ModelModel image

Input scene

Scene matching result

Scene Matching



Stereo Vision

Left eye view Right eye view

True disparity map

(red: occlusion)

Obtained disparity map



▪ Image retrieval

Find similar images 

from image database

▪ Used features

Color

Texture

Shape

Query

Retrieved

Image and Video Retrieval



▪ Video retrieval
Scene change detection and key frame extraction

Extract key frames from a movie clip

Image and Video Retrieval



▪ Key frame extraction example
Automatic indexing of a news sequence

Image and Video Retrieval



Graphic Image Processing

(a) Original `bunny’ mesh model (b) Voxel surface of resolution 5123 (c) Shading of (b) using normal vectors

Voxel 

(volume element)


