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Topic

• Digital Image Fundamentals

 Visual Perception

 Image Acquisition 

 Some basic knowledge



http://ivm.sjtu.edu.cn

Visual Perception
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Visual Perception

• Structure of Human Eye

• The human eye is a 
camera!

 Iris - colored annulus with 

radial muscles

 Pupil - the hole (aperture) 

whose size is controlled by the 
iris

 What’s the “film”?

– photoreceptor cells (rods and cones) in the retina
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Two types of light-sensitive receptors

Cones

cone-shaped 

less sensitive

operate in high light

color vision

Rods

rod-shaped

highly sensitive

operate at night

gray-scale vision
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Rod / Cone sensitivity
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Visual Perception

• Why do we have two eyes?

Cyclope vs. Human

http://www.uni-regensburg.de/Fakultaeten/phil_Fak_II/Psychologie/Psy_II/beautycheck/english/durchschnittsgesichter/m(01-32)_gr.jpg
http://www.uni-regensburg.de/Fakultaeten/phil_Fak_II/Psychologie/Psy_II/beautycheck/english/durchschnittsgesichter/m(01-32)_gr.jpg
http://www.uni-regensburg.de/Fakultaeten/phil_Fak_II/Psychologie/Psy_II/beautycheck/english/durchschnittsgesichter/w(01-64)_gr.jpg
http://www.uni-regensburg.de/Fakultaeten/phil_Fak_II/Psychologie/Psy_II/beautycheck/english/durchschnittsgesichter/w(01-64)_gr.jpg
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Visual Perception

• Two is better than one
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Visual Perception

• Depth from Convergence

Human performance: up to 6-8 feet
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Seeing is believing ?

• Mach Bands
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• Cornsweet illusion

Seeing is believing ?
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Seeing is believing ?



http://ivm.sjtu.edu.cn

Seeing is believing ?
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• Penrose stairs

Seeing is believing ?
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• Optical Illusions
Our visual systems play lots of interesting tricks on us

Seeing is believing ?
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What is an image?

• We can think of an image as a function, f, from R2 to R:

 f( x, y ) gives the intensity at position ( x, y ) 

 Realistically, we expect the image only to be defined over a 
rectangle, with a finite range:

 f: [a, b]x[c, d]  [0,1]

• A color image is just three functions pasted together.  We 
can write this as a “vector-valued” function: 

( , )

( , ) ( , )

( , )

r x y

f x y g x y

b x y

 
 
 
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• We usually operate on digital (discrete) images:

 Sample the 2D space on a regular grid

 Quantize each sample (round to nearest integer)

• If our samples are D apart, we can write this as:

f[i ,j] = Quantize{ f(i D, j D) }

• The image can now be represented as a matrix of 
integer values

What is a digital image?
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What is a digital  image?
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What is a digital image?



http://ivm.sjtu.edu.cn

What is a digital image?
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Image Acquisition 

Digital Camera

The Eye

Film
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Pinhole camera model

• Pinhole model:
▫ Captures pencil of rays – all rays through a single point

▫ The point is called Center of Projection (COP)

▫ The image is formed on the Image Plane

▫ Effective focal length f is distance from COP to Image Plane

Slide by Steve Seitz



http://ivm.sjtu.edu.cn

Sensing and Acquisition 

Incoming energy lands on a sensor material 

responsive to that type of energy and this 

generates a voltage. Collections of sensors are 

arranged to capture images

Imaging Sensor

Line of Image Sensors Array of Image Sensors
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Sensing and Acquisition 
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Sensing and Acquisition 
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Sensing and Acquisition 
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Sensing and Acquisition 

• Image Formation

f(x,y) = reflectance(x,y) * illumination(x,y)

Reflectance in [0,1], illumination in [0,inf]
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Sampling and Quantization
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Sampling and Quantization
Remember that a digital image is always only an 
approximation of a real world scene
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Sampling and Quantization
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Sampling and Quantization
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• Radiance:

The total amount of energy that 

flows from the light source, measured

in watts(W).

• Luminance:
A measure of the amount of energy 

an observer perceives from a light source.

Some Basic Knowledge

Radiance

Luminance
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Some Basic Knowledge

• Brightness

A subjective descriptor of light perception, impossible to 

measure.
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• Spatial Resolution

A measure of the smallest discernible detail in 
an image. 

pixels per unit distance 

Some Basic Knowledge
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Spatial Resolution
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Spatial Resolution
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• Intensity Resolution

The smallest discernible change in intensity level.

Common: 8bits

Some Basic Knowledge
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Intensity Resolution
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Intensity Resolution
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• Connectivity 

a) 4-adjacency 

b) 8-adjacency

c) m-adjacency

Some Basic Knowledge
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Image Quality Assessment

• Objective Image assessment
▫ PSNR ( Peak Signal Noise Ratio)

▫ MSE ( Mean Square Error)



http://ivm.sjtu.edu.cn

Image Quality Assessment

• Subjective Image Assessment
 MOS ( Mean Opinion Score)

 Grades

 DMOS ( Difference Mean Opinion Score)
• base on MOS

• range from 1 - 100

 VQEG ( Video Quality Experts Group)

5 4 3 2 1

Excellent Good Medium Not Good Bad
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Thank You!


