IVPL

Intelligent Vision Processing Lab

2023 Fall

OMPUTER
VISION 222

chap.z =4} #il(Image Processing) LM 2l 3

T %3l (Pixel processing)



I

ol ZH

Al Al 4H Ol Y 7+ O|5THLt.
2t (pixel)2| 2| S Olsf{ St
A
o

SEXE| 7|z HEHY &= O[5l SHrt.

—_

FOt

& X 2|(pixel point processing)7t £ 21 X| O| s SHCt
S 3t MK 2| (pixel point processing) 7| B10f| CHSH A O| S BHC}.

M

2/44



2.1 Structure of the Human Eye (1)

W Eye

= Nearly sphere, average diameter approximately of 20 mm.

Choroid

Sclera

requires some
knowledge of how
we see colors

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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2.1 Structure of the Human Eye (2)

= Some Elements
« Cornea and sclera: outer cover

+ Choroid: a network of blood vessel that serve as the major source of nutrition to the
eye.

« Iris: control the amount of light that enter the eye.

Choroid

Sclera

* Lens: layers of
fibrous cells

(60 to 70% water)

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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2.1 Structure of the Human Eye (3)

* Pupil: the central opening of the iris, varies in 2mm to 8mm.
* Retina
— Innermost membrane of the eye
— When the eye is focused, light from object is imaged on this retina.
— Distribution of discrete light receptors (cones and rods)

Sclera Choroid

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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2.1 Structure of the Human Eye (4)

* Retina
— Cones

» Usually number of between 6 and 7 million.
» Located in the central of the retina (called the fovea) and highly sensitive to color.
» Can resolve fine details largely (one—>its own nerve end)

— Rods

Choroid

Sclera

» Much larger: 75 to 150 million

- Several rods are connected to s
a single nerve end. '

« General, overall picture of the field
of view.

» They are not involved in color vision
and are sensitive to low levels of
illumination.

Ciliary body

Fig. 1.1. A drawing of a section through the human eye
with a schematic enlargement of the retina.
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2.1 Structure of the Human Eye (5)

= Eye's Light Sensors

cone density ne
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Fig. 20. Graph to show rod and cone densities along the horizontal meridian.

Human retina

Fig. 1. Human retina as seen through an opthalmoscope.




2.1 2} (Pixel)O| 2t?

m 22 (pixel = picture element)

= The pixel (a word invented from "picture element") is the basic unit of programmable
color on a computer display or in a computer image.

= The address of a pixel corresponds to its physical coordinates on imaging sensor.

CCD MM
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2.1 2} (Pixel)O| 2t?

= 3¢ HolH =5 1

l #7| AE

Ol Z/CIXE HE FA|

o22| FIE 7|= I
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2.1 2} (Pixel)O| 2t?

m 34 (pixel = picture element)2| HEA|
= Usually, 8-bits resolution is used
= Pixel value : [0 ~ 255] (integer or BYTE type value)

85 [255)1221] O
17 1170 119] 68

2381136 0 12353

BS (170(136|238
221|688 |119| 2556

19| 221117 | 136
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2.1 2} (Pixel)O| 2t?

m OXE Sgo 7 YHE:

AH

= Matrix representation is very natural.

= The representation of an MxN numerical array as

faw (:3) Qr F(Xy) =

£ (0,0) £(0,2) f(0,N —1)
f (1 0) (L,2) f (/N —1)
_f(Mm—l, 0) f(Mm—l,l) f( —1 N —1) |
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4K E| (Image Processing) 7|= 27H(1)

m F4X2|(image processing)
= 0|2 A S 2d85t7| /o] ®el CX|E Eds M2 X
= AR HH[Ho MXE| apd

(a) Hef S (b) oA

(c) B2 (d) 2
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2.2 B&X 2| (Image Processing) 7l= 271(2)

SdHME| 7| Z0f
Ze] S22 E)(Color Space(model))
2tA H X 2|(pixel point processing) 7|&
S|AE™ X 2[(Histogram processing) 7| =

B X2|(region-based processing) 7|&

7|5t A Lh(Geometric processing) 7| =

CHSH & &= (Multi-resolution) 7| =
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2.2 44X 2] (Image Processing) 7|& 27(3)

m Z S2t/2 2 (Color Space/Model)
Zoloty A& =0 H

= RGB, CMYK, HSI, HSY 50| Mo|g|| A=

= 7| =Ho R 371 ZE d==

(0.0.1)B

(1.0,1)M

—(0.1.0)G

(1,0,0)0R

OXIX)):!

(1.0.0)=Red
(0.1.0)=Green
(0.0.1)=Blue
(0.1.1)=Cyan
(1.0,1)=Magenta
(1.1.0)=Yellow
(0.0.0)=Black
(1,1,1)=White

\
"

(0,0.0)
Black

B /(0 0.1)Blue

(b} RGB &

B

(c) YXElE 4 x4 x4 RGB 7
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2.2 Q&K 2| (Image Processing) 7|1& 271(4)

m 3t HK 2| (pixel point processing) 7|=

= 7 A (pixe)E CHRE S A7 = HE

min(/(j, )+ a,L-1), C&AD
max(/(j, D) -a,0),  (S)FAD
(L-1)-f(,D, (RHA)
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AKX 2| (Image Processing) 7| 271 (4)

2 X 2|(Histogram processing) 7|&
Alo| HE7|0| ZHEX Hir

27| S42 gl 7ts

h(D)=11G.017G.0) = L}

h(l)
M<N

h(l)=
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rtr
08
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2.2 44X 2] (Image Processing) 7|& 27H(5)

B F9 X2l(region-based processing) 7|=
- SIX| Ma|stnxt s

= 2k 2t et 9| sk A4S &M 1ot KNI

OFA S (mask) H2|7F Q% & Convolution processing”Zt O| 25 H{ZA &

oA (M) a

Ky

IH

212 %A (f) N
: . Il 5pA 2= &2 '
23 34
| glx, YI=M(0, 0)xf(x—1, y=1)+M(0, 1Xf(x, y)
[ J 77 7 T 7T~ +M(0, 2)Xf(x=1, y+1H+M(1, 0)xf(x, y=1)
7 N7 M1, DXE(x, yHM(1, 2)XT(x, y+1)

+M(2, O)Xt(x+1, y=1H+M(2, 1)Xf(x+1, y )
+M(2, 2)xXf(x+1, y+1)
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F4*X 2| (Image Processing) 7|& A7H(6)

AH(Geometric processing) 7| =
kel #stot optl B efi wol &ot=
(=3

AXZ OlSAIZ|E 7I&
=2/, 91K 2=

‘F@

Sit 8 A 43
1 0 0
Ol T(,t)=(0 1 0 yaeEes t xX4ees t 03 0I5
A (O
7 cosfl -sinfl 0 X
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2.2 B&X 2| (Image Processing) 7l= 271(7)

A
=

m Lol A = (Multi-resolution) 7|

: Pyramidal approach
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Int processing

2.3 2t& H X 2| (pixel po
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2.3 24 8 X 2|(pixel point processing): 4t

e L

-

CHH|(Contrast): Y4 LHOfl Qs 7HA &
7(O-|O|_|_ =
o

= 8%t AR

O
[HH| 2 20|= C|X|E

YO XHO|7F HFE HAM Al
SO deotA 22

=2 [H| & EO0|= CIX|EY g4k gt

= S 5712 XO|7F IX| ot A|[4He = E

_|t0+

[OHA] R &

.
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2.3 2t& M XNZ|(pixel point processing): £

Al
—

Ol At

-

>

m A

S

| |
I

Il
D= Mr oz ox

0z

IH

m =2| AL (bit operation)
= OR
- AND
= NAND
= XOR
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2.3 3t& ™ X 2| (pixel point processing): +h=H /=2 H A

W For example,

AL (230) + 60 27?7 ZEHZLS 2902 ghitE EIE

SHA QI 2552 CH 2. BEA|H 2X|7F &A1
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Int processing):

2.3 2t2 E XE|(pixel po
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= |
2.3 3t& H X2|(pixel point processing): A= 4| 2X|H

mﬂﬂé—

7 A
=L =
D9 255
255 ) / /
/ / /
S/ /
/ / /
/ / /
/ / /
s /Jf /x’
;’/ / /
2| A 7
255 H 24 4t 255 2 A 4
i EH
(a) 2ciE 7[H (b) &HE 7[H

(O3 4-9] Lt=giite] 2XIHE sHZ 7|8
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2.3 2t ™ X 2|(pixel point processing): ¥

m ot M HE|S LUSlE fACR HH
- Q=T(p), Q=5 32 Z}, p=Y 47

= M(linear) &2 H|M&(non-linear)

K1 o2 of 1B o

WE Y=

[ChQESH M3t ThA A

]
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(Image Negative)

2.3 2t& ™ XN E|(pixel point processing):

Wyt T T2 1M

255

HHPYE

0
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2.3 3t2 ™ A 2| (pixel point processing): @4 0| XIS}(Binarization)

=
=

......................
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2l(contrast

CHH|

2.3 2t& ™ XN E|(pixel point processing):
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2.3 22 H X 2|(pixel point processing): 21

[0
08
0>

K1 o ofl & np
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2.3 2t2 H X 2|(pixel point processing): == 2 (Gray level slicing)
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2.3 2t& ™ XN E|(pixel point processing): 2t4 CHY M|H E= 1t HE
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2.3 22 ™ XNE|(pixel point processing): 40} 2’d(Gamma
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2.3 =24 B X 2|(pixel point processing): Bit plane slicing

m HE H3(plane) =& 7| (Bit Plane Slicing)(1)
= 0N Z HIEQ| 2t=0| O &= O|X[=X| LOotE 7| {5l Z
o2l a2 e = giH
- mHlE B

m—1 -y m—2 1 0
a 2" +a, 27" +-+a2 +a,2

Im

g2

o

HIED D0 8 814 DA o] 1§17

o

HE #di#l 0

(18 4-20. 42| HIE plane & 7§ H]
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2.3 22 & X 2| (pixel point processing): Bit plane slicing

Flo Took ‘Window Mo
JN0 0 ¥ N & &l

Pt Infoc 1134, 17 6 ot e (181, 129) 217

10100111 10000101 01101111

10010000 10001100 10000111

10011111 10011010 10010100

YT



1-th bit
101001¥1) | 10000101) | 0110111{f
10010000 | 10001140) | 1000011(1)
10011118 | 10011010} | 10010100)

Bit plane 1

37144

2.3 =24 B X 2|(pixel point processing): Bit plane slicing

8-th bit
(Joroo111 | (Jooooto1 | @r1o1111
(10010000 | (0001100 | (10000111
(Moo11111 | 00011010 | {0010100

it plane U




2.3 22 H X 2|(pixel point processing): Bit plane

® Which plane contains more information?

8-th plane 7-th plane 6-th plane 5-th plane

4-th plane 3-th plane 2-th plane 1-th plane
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2.3 22 H X 2|(pixel point processing): Bit plane slicing

Contains the majority of
/e visually significant data

77

/

Bit plane /7 (MSB)

Other bit planes contribute
to more subtle details in an
image

p
.
.
N
' lﬁ

Bit p/0 (LSB)
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2.4 22X (color image) St

m S F(Gray scale image)

Gray-scale Image

HOJE =

>
206 225 193 185 182 174 151 137 132 161 140 119 132 120 141 121 125 g
230 194 191 157 189 160 164 143 156 157 99 160 127 113 121 g2 107
195 188 213 185 146 178 153 160 148 116 123 123 155 142 107 151 117
183 191 180 170 177 167 148 164 145 134 127 158 140 112 128 97 146
194 177 189 184 171 139 179 149 108 142 148 140 122 114 115 109 164
177 1T 170 178 161 165 172 121 148 153 127 116 131 148 133 133 140
180 177 167 186 168 171 137 145 153 134 138 149 133 128 137 123 119
185 160 171 149 157 142 132 147 124 129 118 138 132 118 165 138 104
165 153 145 176 159 125 159 137 131 142 152 152 116 135 147 106 122
163 180 186 168 139 160 151 158 114 155 172 83 125 154 107 124 182
176 191 153 127 166 140 144 149 164 158 T 184 166 81 147 180 132
177 145 124 151 152 154 140 179 156 52 161 200 108 101 165 128 131
139 131 152 146 140 158 173 159 92 170 17 89 123 161 124 136 99
145 136 169 120 141 134 175 106 158 155 142 121 144 137 102 112 107
141 157 188 121 139 163 137 135 165 124 145 129 105 104 118 112 118
168 149 122 135 153 140 107 156 121 152 156 118 124 129 118 104 94
185 142 145 132 186 117 135 146 127 133 107 95 116 120 102 94 93
130 168 151 132 132 134 125 139 116 132 126 111 123 106 99 102 123
17 173 143 136 133 111 130 121 120 102 104 127 120 111 106 102 118
185 171 150 109 133 125 120 114 105 121 109 110 110 103 115 100 9
181 138 124 129 102 123 107 138 119 101 108 109 114 S5 102 109 125
195 137 131 109 114 105 128 119 104 102 108 121 104 129 103 124 110
140 120 139 128 103 116 110 122 110 106 103 112 110 108 124 120 104
"9 113 112 125 125 122 115 30 19 106 38 132 1 o128 91 122

'125 127 132 91 134 121 8 117 109 96 97 112 130 108 113 1286 129

for(i=0;i<500;i++){

}

for(j=0;j<500;j+ +){
value= image.at<uchar>(j,i);
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2.4 A4 (color image) 3t H|O|E =

m Zg| B4 (Color image)
=1 A2 A = 3709 22| StA M E(red, green, blue)2 2 FLHE
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2.4 A2 G4 (color image) Bt4 H|O|E =

m 2N W22 doAMel MOl =&
XY FRE o220 HEE.
= OpenCV 2.x O|Z 2= 2Kt Matrix 72 2| HHIHE ALESIE

e Sta 2 A A

Hu
N

v




& (color image) 2t2 H|O|E{X 2] 7+ Z=(in OpenCV)

m Z2| a(Color image)

for(i=0;i<500;i++){ < Jo =0|0HF
for(j=0;j<500;j++){ ¢ g4 = o2
for(k=0:k<3:k++){ & A B AP o] V4= T2
Vec3b &intensity = image.at<Vec3b>(j,i);

intensity.val[k]=0;
//intensity.val[0], intensity.val[1], intensity.val[2]0l (b,g,n#t &

}
}
)
for(i=0;i<500;i+ +){ « QAN =o|or=
for(j=0;j<500;j++){ < ga = og

b= image.at<Vec3b>(j,)[0];, < 3702 222 2}
g= image.at<Vec3b>(j,i)[1];
r= image.at<Vec3b>(j,i)[2];

43/44



= zo| 29

m FA&HX2|(Image Processing) 7|& =& 27

m AMEEO| A|ZHE [|O|E| MIAl

m 2t (pixel)Q Mo

m 3t ®KX 2|(pixel point processing)Ofl CHEH 274

m CHASH SEA HX 2| (pixel point processing) 7|8 7Y
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