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Topic
- Digital Image Fundamentals

= Visual Perception
» Image Acquisition

= Some basic knowledge
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Visual Perception

—E FIGURE 2.3
gy Graphical
) representation of
S the eye looking at

|
a palm tree. Point
; C'is the optical

| center of the lens.
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Visual Perception

Cornea FIGURE 2.1

Simplified
diagram of a cross
section of the
human eye.

Ciliary muscle

« Structure of Human Eye.

« The human eye is a e
camera!

® IT11S - colored annulus with
radial muscles

. Pupll - the hole (aperture)
whose size is controlled by the
iris

= What’s the “film”?

Visual axis

Vitreous humor

Sclera

Choroid

— photoreceptor cells (rods and cones) in the retina
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Con
cone-shaped
less sensitive
operate in high light

lﬂrmi J

color vision .
Rods I3
rod-shaped &
highly sensitive ®
operate at night

gray-scale vision
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Rod / Cone sensitivity

Dazzling light; bright sun on snow
10 - /\ s 1g g

1- Outdoors in full sunlight

- Outdoors under a tree on a sunny day

3

Rt e: 8 Cone vision

Comfortable indoor illumination;
night sports events

bright moonlight

Intensity of light reflected
from objects (lamberts)

{-u.

Threshold when dark-adapted

i@ 1998 Sinauer Associates, Inc.
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Distribution of Rods and Cones
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Visual Perception

« Why do we have two eyes?

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

0
1980 My,

ﬁ ﬂ\ IVM http://ivm.sjtu.edu.cn

Image, Video, and Multimedia Communications Laboratory

Visual Perception

« Two 1s better than one

"Just checking."
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Visual Perception

 Depth from Convergence

C

~ 2tan(a/2)

c ) a:;‘ > a?”"‘-
iyl (SSRGSl ~Large Angle
X /' / => Close
A e >
p— dy—

Human performance: up to 6-8 feet

Small Angle
=> Far

. s
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Seeing is believing ?

« Mach Bands

a

C

FIGURE 2.7
Ilustration of the
| | Mach band effect.
Perceived
intensity is not a
simple function of
actual intensity.

Actual intensity

Perceived intensity
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Seeing is believing ?

» Cornsweet illusion

Actmal luminance distribution

Perceived lnminance distribution

|
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Seeing is believing ?
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Seeing is believing ?
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Seeing is believing ?

» Penrose stairs

Going up or going down?
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Seeing is believing ?

« Optical Illusions

Our visual systems play lots of interesting tricks on us
ab

cd
FIGURE 2.9 Some
well-known

optical illusions.

¢ J
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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, blx[c, d] > [0,1]
- A color image is just three functions pasted together. We
can write this as a “vector-valued” function:

(X, y)
f(X,y¥)=| g(Xx,y)
- b(Xx,y)
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What is a digital image?

- 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 A apart, we can write this as:
fl1 g1 = Quantize{ f(i A,j A) }
- The image can now be represented as a matrix of
integer values
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What is a digital 1mage7

Three types of images:
— Binary images
ax,y) e {0, 1}
— Gray-scale images

agxy)e C

typically c={0,...,255}
— Color Images

three channels:

Ir(X,Y)EC  ga(x,y)eC gg(x,y)eC
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What is a digital image?

Gray Scale Image

= =58 55 60 61 62 63 64 65 66 67 68 69 TO ™

-~
28]

41 210 209 204 202 197 247 143 71 64 80 B84 54 54 57
42 206 196 203 197 195 210 207 56 63 58 53 53 61 62
43 201 207 192 201 198 213 156 69 65 &7 65 62 53 60
44 216 206 211 193 202 207 208 &7 69 60 &5 77 49 82
45 221 206 211 194 196 197 220 58 63 60 55 46 97 58
48 209 214 224 199 194 183 204 173 64 60 59 51 62 56
191 190 191 214 60 62 66 76 51 49
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202 186 174 185 149 71 63 55 55 45
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What is a digital image?

Color Image
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Image Acquisition

[llumination (energy)

..:7/ l\ source

&

(Internal) image plane

Digital Camera

/
_—

Imaging system

Scene element

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 fis distance from COP to Image Plane

m]

a

m]

a

Slide by Steve Seitz
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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

— Sensing material

n
. J L q/’bw Voltage waveform out
Housing =

Imaging Sensor

Line of Image Sensors

Array of Image Sensors
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Sensing and Acquisition

a Film

Rotation

Y

A AR

i Linear motion

One image line out

per increment of rotation
and full linear displacement
of sensor from left to right

RO R0

FIGURE 2.13
Combining a
single sensor with
motion to
generate a 2-D
image.
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Sensing and Acquisition

One image line out per
increment of linear motion

Imaged area
Linear motion
Sensor strip

3-D object

< J 6‘0
e,'b{ -

T
Sensor ring

Cross-sectional images
of 3-D object

Image
reconstruction

X-ray source

ab
FIGURE 2.14 (a) Image acquisition using a linear sensor strip. (b) Image acquisition using a circular sensor strip.
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Sensing and Acquisition

REEHEA

By
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Sensing and Acquisition

» Image Formation

Hlumination (energy)

,’///?‘ source

T Output (digitized) image
i Imaging system
* illumination(x,y)

(Internal) image plane
’ f(x,y) = reflectance(x,y)
Reflectance in [0,1], illumination in [0,inf]

Scene element

a
cde

b

FIGURE 2.15 Anexample of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An el

ement of a scene. (¢) Imaging system. (d) Projection of the scene onto the image plane. (e) Digitized image.



> IMg
\=° G@

\': MU{).

‘/‘ncn\o“

IVM http://ivm.sjtu.edu.cn

Image, Video, and Multimedia Communications Laboratory

‘45 v‘o%“‘

oooao oooo

ooooao

Quantization
|

oo

Sampling
ab
cd

FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image.
used to illustrate the concepts of sampling and quantization. (¢} Sampling and quantization. (d) Digital scan line.
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Sampling and Quantization
Remember that a digital image is always only an
approximation of a real world scene

ab

FIGURE 2.17 (a) Continuos image projected onto a sensor array. (b) Result of image
sampling and quantization.
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Sampling and Quantization

a
bBllE

l\\\l\(\\‘wnﬂ mm”"”“ 2 FIGURE 2.18

(a) Image plotted

Hw"lm il (@ Image
uan/ il > =

visual intensity

” ”! ! WHH I arra
Uil Jmﬁﬂb%um’f’{’h"‘ W O e o
numerical array

(0,.5,and 1
represent black,
gray, and white,
respectively).
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Some Basic Knowledge

« Radiance:

The total amount of energy that
flows from the light source, measured
in watts(W).

\
[ ] /
 Luminance: — Q

A measure of the amount of energy Luminance
an observer perceives from a light source.

Radiance
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Some Basic Knowledge

» Brightness

A subjective descriptor of light perception, impossible to
measure.

FIGURE 2.5 Basic
experimental
setup used to

T+ AJ characterize

brightness
discrimination.
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Some Basic Knowledge

- Spatial Resolution

A measure of the smallest discernible detail in
an image.

pixels per unit distance
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Spatial Resolution

256

1024
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Spatial Resolution

ab
@ |l

FIGURE 2.20 Typical effects of reducing spatial resolution. Images shown at: (a) 1250
dpi, (b) 300 dpi, (c) 150 dpi, and (d) 72 dpi. The thin black borders were added for

clarity. They are not part of the data.
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Some Basic Knowledge

- Intensity Resolution
The smallest discernible change in intensity level.

Common: 8bits
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Intensity Resolution

ab
cd

FIGURE 2.21

(a) 452 x 374,
256-level image.
(b)=(d) Image
displayed in 128,
64, and 32 gray
levels, while
keeping the
spatial resolution
constant.
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Intensity Resolution

e f
B [l

FIGURE 2.21
(Continued)
(e)—(h) Image
displayed in 16, 8,
4, and 2 gray
levels. (Original
courtesy of

Dr. David

R. Pickens,
Department of
Radiology &
Radiological
Sciences,
Vanderbilt
University
Medical Center.)
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Some Basic Knowledge

» Connectivity

a) 4-adjacency
b) 8-adjacency

c) m-adjacency
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FIGURE 2.25 (a) An arrangement of pixels. (b) Pixels that are 8-adjacent (adjacency is
shown by dashed lines; note the ambiguity). (¢) m-adjacency. (d) Two regions that are
adjacent if 8-adjecency is used. (e) The circled point is part of the boundary of the
1-valued pixels only if 8-adjacency between the region and background is used. (f) The
inner boundary of the 1-valued region does not form a closed path, but its outer
boundary does.
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Image Quality Assessment

- Objective Image assessment
= PSNR ( Peak Signal Noise Ratio)

255°

M-1N-1

% 3 [fmn) - g}

1 wml) Bl

PSNR =10-log,,

= MSE ( Mean Square Error)

M-1N-

MSE = 1) — g(m. ﬁ:b]z

=0
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Image Quality Assessment

- Subjective Image Assessment

= MOS ( Mean Opinion Score)
= Grades

Excellent Good Medlum Not Good Bad

= DMOS ( Difference Mean Opinion Score)
« base on MOS
* range from 1 - 100

» VQEG ( Video Quality Experts Group)
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