1T4440
Pa phwong tién
va cac trng dung giai tri
(MULTIMEDIA AND GAMES)
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Chwong lll: Anh

)

Phén I: Tong
quan vé thong tin
da phwong tién
va cac ky thuat
X ly

Chwong lll: Anh

% Muc tiéu cua chuong

% Qua trinh tao anh

& Biéu dién va Iwu trir anh

& Nén anh

& Mot so ky thuat xt Iy anh co ban
& Mot sO cong cu x& Iy &nh

& Tong két chuong

& Tai liéu tham khao



I11.1 Muc tiéu cua chwong

II.1 Muc tiéu cua
chuwong

[11.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

1.8 Tai lieu tham
khao

& Nguwol hoc sé:
& Puoc trang bi kién thirc vé qué trinh tao anh,
biéu dién, nén va lwu trlr anh
& Puoc giodi thiéu mot so ky thuat xi Iy anh co
ban, mét s6 cong cu xr ly
& Sau khi két thic chwong, nguwdi hoc :
# Nam dwoc kién thirc co ban cla tao anh, biéu
dién, Iwu trir anh
@ Biét van dung mét so k¥ thuat, cong cu xi Iy
anh dé thwc hanh xt ly mot s6 anh cu thé



I11.2 Qua trinh tao anh

Anh (Bimmaped
Image) duoc tao

II1.2 Qua trinh tao
anh

ra nhu thé nao ?

111.3 Biéu dién va |

lwu trlr anh
[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai ligy tham

khao /




I11.2 Qua trinh tao anh

Chwong lll: Anh

1.1 Muc tiéu cua
chwong

IIl.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

I11.8 Tai lidu tham

\khao Y,

The viewfinder shows the
picture that the lens focuses
on the film.

The film records the image
transmitted by the lens.

The lens elements

rotate forward and back
to bring objects at
different distances
into sharp focus.

The aperture adjusts the amount of light reaching
the film. A large opening allows the most light to pass The shutter opens and closes
through the lens to the film. The smallest opening lets control the length of time that &
in the least amount of light. strikes the film.



I11.2 Qua trinh tao anh

Chwong lll: Anh

1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai lidu tham

khao

)

The viewfinder shows the
picture that the lens focuses
The film records the image

transmitted by the lens.

A

The aperture adjusts the amount of light reaching
the film. A large opening allows the most light to pass
through the lens to the film. The smallest opening lets
in the least amount of light.

The shutter opens and closes i
control the length of time that igf
strikes the film.

Ong kinh va diém nhin xac dinh phdi canh

Pd mé& 6ng kinh va toc d6 dong quyét dinh do sang
anh

Pd mé& va cac hiéu iwng khac quyét dinh do sau anh
Film hay cdm bién cho phép Iwu anh



I11.2 Qua trinh tao anh

II1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I8 Taileutham | BO cam bién, film s& « cdm» anh sang tir moi phia
khao /




I11.2 Qua trinh tao anh

1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai lidu tham

khao /

Pinhole Camera model: anh sang di qua mét [6 nhé




1.2 Qua trinh tao anh

II1.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

[1l.4 Nén anh

I11.5 Mt s6 ki
thuat xt ly anh co
ban

I1I.6 M6t s6 cong
Cu Xt ly anh

1.7 Téng két
chuong

I11.8 Tai lidu tham
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NAVANAN
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ANAVANAN

World

Camera

§

)

ANAVAVAN
NEANANEVAY

NNAVANAN

\

NAVAVANAN

Digitizer

Digital image

Qua trinh tao anh so (digital image)

Source : Tal Hassner. Computer Vision. Weizmann Institute of Science (Israel).



1.2 Qua trinh tao anh

Chwong lll: Anh

II1.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

[1l.4 Nén anh

I11.5 Mt s6 ki
thuat xt ly anh co
ban

I1I.6 M6t s6 cong
Cu Xt ly anh

1.7 Téng két
chuong

I11.8 Tai lidu tham

\khdo Y

Lens

Shutter

scene
radiance —

(L)

sensor
= irradiance —

(E)

J

sensor
= eXposure

(X

Film Development

latent
__//—_"F image |

W

ya==

Film Camera

Digital Camera

fil
densi

Remapping

digital

values |

S

final
digital
values
7

= CCD: Charge Coupled Device (Thiét bi
tich dién kep)

= Tiép nhan anh sang toi

= Anh sang t&i dwoc chuyén thanh cac tin hiéu
dién

= Nang lwong cua tin hiéu dién ty 1€ thuan voi

lwong anh sang toi
= CO céc bo loc dé tang tinh chon lua




1.2 Qua trinh tao anh

Chwong lll: Anh

1.1 Muc tiéu cua
chuong

I11.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

1.4 Nén anh

111.5 MGt s6 ky
thuat x&r ly anh co
ban

I11.6 Mt s cong
cu & Iy anh

1.7 Téng két
chuong

III.? Tai liéu tham

Cam bién quang CCD

Eneray

F""‘T—\\l l l l J

Power in _..

— Sensimge material

Iinming_/ qu"\" Vollage wavelform oul

KAF-1600 - Kodak.




I11.2 Qua trinh tao anh

Chwong lll: Anh

1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

I11.8 Tai lidu tham

khao /

Tao anh mau nhw thé nao ?

RGB Inside the Camera

Incoming Visible
light

Visible Light passes
through IR-Blocking
Filter

Millions of

: Color Filters control
light sensors

the color light
reaching a sensor

Color blind sensors
convert light
reaching each
sensor into electricity




I11.2 Qua trinh tao anh

wong lIl: Anh : TR =
(Enengili Ao Minh hoa qua trinh tao anh RGB

Incoming Light —‘
1.2 Qua trinh tao -
anh _
C-Eln'lt‘:lf Arra Y l e 1 o 1 Y A 1

111.3 Biéu dién va === = .

lwu trik &nh * . e .
L

[11.4 Nén anh 9 &

Light Cavities
111.5 M6t s6 k§
thuat x&r ly anh co ol . - . . X : A
ban # MOI diem anh trén cam bién duwoc col nhw mot
116 Mot s6 cong thung chira
cu x& ly anh , , , ~ .- s < ,
I ¢ Cac photon anh sang sé roi vao cac thung chira.
[ Tong két x ,
churong & Cuwong do sang ty lé thuan vai s6 photon anh
118 Tai ligu tham sang co trong thung chtra

khao /




I11.2 Qua trinh tao anh
CTIU Cam bién Bayer va Foveon

1.2 Qua trinh tao
anh

1.3 Biéu dién va

lwu trik anh Tai sao lai c6
hai Green,

[1.4 Nén anh ot Blue Va

1115 Mot sb ky mot Red trong

thuat x& ly anh co mo hinh

ban Bayer ?

I11.6 M6t s6 cong

Cu Xt ly anh The Bayer-filter Image Sensor The Foveon X3 % Sensor
| || 7 T(K) k A A conventional Bayer-filter image sensors Only the FOVEON X3* image sonsor
: ng et capture only 25% of the R{red) and B(blue), captures 100% of the R(red), G{green), and

Ch U’O’ng and just SO% of the G({green). B (blue) light at every pixel location.

I11.8 Tai ligy tham
khao
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|2 Qua trinh tao anh

I11.1 Muc tiéu cua
chuwong

I11.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

1.4 Nén anh

I11.5 Mot s6 k§
thuat x ly anh co
ban

I1I.6 Mt s6 cong
Cu Xt Iy anh

Il.7 Téng két
chuon




I11.2 Qua trinh tao anh

II1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

Il.7 Tong két
chuong

Original Scene What Your Camera Sees
1.8 Tai ligu tham (shown at 200%) (through a Bayer array)

khao /




I11.2 Qua trinh tao anh

II1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai ligy tham

khao /

& Dé tao thanh blre anh gidng nhw ta nhin
thay, can phai thwc hién bwdc
« Demosaicing »

& DOi vai mo hinh Bayer, két hop 4 phan
t&r lien ké dé tao thanh mot diém anh co
gia tri RGB




111.3 Anh sé: Biéu dién

Chwong lll: Anh

1.2 Qua trinh tao
anh

1.3 Biéu dién va
lwu trlr &nh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao

& CAc gia tri dién thé ma ta thu dwoc

twong tng véi dap trng cdia bé cam bién
guang doéi v&éi mol tredng quan sat

& Cac gia tri nay (Voltage) la cac gia tri lien

tuc (Analog)

& CAc gia tri nay sé dwoc s6 hoa dé cho ta

mang céac diém, mdi diém co 3 gia tri (R,
,B) => Anh s6
Light — Electric charge — Number



PR,

|3 Anh s6: Biéu dién

/ Chwong N: Anh

I11.1 Muc tiéu cua
chuwong

1.2 Qua trinh tao
anh

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

I11.5 Mot s6 k§
thuat x ly anh co
ban

I1I.6 Mt s6 cong
Cu Xt Iy anh

Il.7 Téng két
chuon




111.3 Anh sé: Biéu dién

Digitization = Sampling + Quantization

I11.3 Biéu dién va
lwu trir anh

114 Nén anh "' — l: -
111.5 Mot s6 ky / échantillonnage

2
!
Z
3
2

thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai lidu tham

khao /
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cua
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111.3 Anh s6: Biéu dién
m

m\ Léy

Anh
géc

I1l.3 Biéu dién va >
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§

thuat xt ly anh co A A 8
bén e oooao oooao LuJQ’ng

tr hda

:

V¢
n

. |
1.6 M6t so cong Laxy : M’%
cu xt ly anh mau ,

2 4 . b%
III?Tongkét |||||||||||||\|||||?|||| Y O B
chuong

Sampling

nnnnn

Quantization
o
a
a
n]
o
| N N A

alb

&l i

11.8 Tai lig m
m eu tha FIGURE 2.16 Generating a digital image. (a) Continuous image. (b) A scan line from A to B in the continuous image,
khao / used to illustrate the concepts of sampling and quantization. (¢) Sampling and quantization. (d) Digital scan line.

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.




111.3 Anh sé: Biéu dién

ll.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai ligy tham

khao /

o Lay mau anh bi gi&i han b&i kich thwéce
cua cam bién (kICh thwéc cua ma tran
diém anh trén cdm bién)

= Lwong tie hda bi han ché béi s6 mirc
anh sang dinh nghia trong mét giai nao
do

e

=
%E
|

L= [ = Ry =

Clamtiation

[m]

| 5

=
&

Sampling

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.



> ~

111.3 Anh so: Biéu dién

/Churomg 1 Anh ) Anh twong tw trén Anh sau khi lay mau
cam bién va lvgng t&r hda

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong
ab
|||.§ Tai lidu tham FIGURE 2.17 (a) Continuos image projected onto a sensor arrav. (b) Result of image
\ khao sampling and quantization.

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.



111.3 Anh s6: Biéu dién

¢ Anh dwoc biéu dién bédi mot ma tran kich
thwd'c MxN, twong &ng véi s diém anh cua
bd cdm bién quang

& Moi phan tlr ciia &nh sé c6 1 dén 3 gia tri

ll.3 Biéu dién va

lwu trie anh tay thudc vao dnh mirc xam (den trang) hay
l11.4 Nén anh anh mau
111.5 Mot s6 k§ . A 14 tri 13 mot <6 s 5
th’uétxca e | Cac’gla tri la mot s6 nguyén nam trong
ban khoang [Lmin, L maxd
noersscong | g3 TONg sO bit can thiet dé cac murc
—— xam trong khoang L la K sao cho: L= 2K
[ Tong két
chuong

& Tong sO bit can dé lwu trir mét anh 1a:

LI'I{SOTéi liéu tham MxNXK (bit)




ll.3 Biéu dién va

b6 phan

lwu trir anh

iai anh
[11.4 Nén anh g

AN N\ f?
I1l.5 Mot s6 ky 4 o
thuat xt&r ly anh co
ban

I11.6 Mot s6 cong
cu x& ly anh

1.7 Tbng két
chuong

1.8 Tai lidu tham

khao -/




11.3 Anh s6: Pd phan giai cta anh

Chwong lll: Anh

I11.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

I11.8 Tai ligy tham
khao

= DO phan giai trong khdng gian

= La phan tr nho nhat nhin thay dwoc (kich
thwée diém anh)

= D6 phan giai theo mirc xam
= Sy thay d6i mau sac nhé nhat co thé quan
sat dwoc
= MGt anh co do phan giai khong glan M X
N diém anh c6 doé phan giai mrc xam la
K bits hay L mirc xam



11.3 Anh s6: Pd phan giai cta anh
Do phan giai khGng gian

, w—,

I11.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 MGt s6 ky L F
thuat xt ly anh co '
ban

.
I11.6 M6t s6 cong .
cu x& ly anh J

1.7 Téng két 200 X 278

chuong

I11.8 Tai lidu tham

khao /




11.3 Anh s6: Pd phan giai cta anh

Chwong lll: Anh

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai lidu tham

khao /

Qv




11.3 Anh s6: Pd phan giai cta anh

Chwong lll: Anh

P T

~ s SUBJECT
1.3 Biéu dién va
Iwu trir anh
:"-4“é”éf‘“ CAMERA —> DISPLAY DEVICE —> PRINTER
1.5 Mot s ky
th,uét X ly anh co . ,
b Kich thwdc vat ly cta moét anh khi né
hosséons | dwge hién thi phyu thudc vao mat 3o diém
107 Tng ke anh trén thiét bi hién thi (dpi = dots per
chuwong inCh)
HL8T%iHéuthan1

khao /




11.3 Anh s6: Pd phan giai cta anh

Chwong lll: Anh

1.1 Muc tiéu cua
chwong

72 dpi

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

111.5 Mdt sé ky
thuat xt&r ly anh co
ban

I1.6 M6t s6 cong ; ! . .
cu x@ 1§ anh Device resolution and image size

1.7 Téng két
chuong

I11.8 Tai lidu tham

\_khao ‘




11.3 Anh s6: Pd phan giai cta anh

1.1 Muc tiéu cua
chwong

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

111.5 Mdt sé ky
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai ligu tham
0

F
=
Qv

)

72 dpi, 198X 149 px

Resolution and pixel dimensions

Hau hét cac dinh dang file anh dé lwu d6 phan g|a| anh cung
v&i gia tri cac diém anh, thwdng 1a d6 phan giai cua thiét bi
thu nhan (camera)



111.3 Anh sé: Lwu trir

Chwong lIl: Anh

I11.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai ligy tham

khao /

Maurc xam - 8 bits:

0

- den

255 - trang

151
148
146
140
134
128
125
120
117

176
175
176
172
168
166
163
160
159

182
183
185
184
181
185
183
181
180

179
181
184
184
182
180
178
176
176




111.3 Anh sé: Lwu trir

Chwong lIl: Anh

ll.3 Biéu dién va

lwu trir anh

;o3 X =
1.4 Nen anh 58 59 60 61 62
1115 Mot s6 ky y = 41 | 210 209 204 202 197

42 | 206 196 203 197 195

thuat xt ly anh cor 43 | 201 207 192 201 198

ban 44 | 216 206 211 193 202
45 | 221 206 211 194 196
I1I.6 M6t s6 cong 46 | 209 214 224 199 194 TR A
cu x@ ly anh 47 | 204 212 213 208 191 190 191 214 60 62 66 76 51 49 55
48 | 214 215 215 207 208 180 172 188 69 72 55 49 56 52 56
117 Téng két 49 | 209 205 214 205 204 196 187 196 86 62 66 87 57 60 48
chuon 50 | 208 209 205 203 202 186 174 185 149 71 63 55 55 45 56
9 51 | 207 210 211 199 217 194 183 177 209 90 62 64 52 93 52
52 | 208 205 209 209 197 194 183 187 187 239 58 68 61 51 56
11.8 Tai ligu tham 53 | 204 206 203 209 195 203 188 185 183 221 75 61 58 60 60
khao Y, 54 | 200 203 199 236 188 197 183 190 183 196 122 63 58 64 66
55 | 205 210 202 203 199 197 196 181 173 186 105 62 57 64 63




111.3 Anh s6: Biéu dién va lwu triv

Chwong lll: Anh

I11.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao

& Anh 1a mo6t tin hiéu 2D (X, V)

& Vé mat toan hoc: Anh la mot ma tran

biéu dién tin hiéu

& Doi voi ngudi ding: Anh chira céac thong

tin nglr nghia (khung canh dwdng pho)



Phan loai anh

Chwong lll: Anh

I11.3 Biéu dién va
lwu trir anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai lidu tham

khao

/

B Anh tw nhién — thu nhan tir cac thiét bi

= camera, microscope, tomography, infrared,
satellite, ...

B Anh nhan tao —

= DO hoa may tinh (computer graphics), thuc tai
ao (virtual reality)

2

Anh nhan tao

Anh tw nhién

anh nhan tao



Phan loai anh

Chwong lll: Anh

I11.3 Biéu dién va
lwu trir anh

[1l.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

1.8 Tai ligu tham Anh nhj phan 1(x,y) in{0, 1}

kha /. . . .
s Sotros fél Hassner. Computer Vision. Weizmann Institute of Science (Israel).




Anh mau trong hé toa d6 RGB

Bén canh hé toa do
mau RGB ta con cé
cac hé toa do mau
khac

Source : Tal Hassner. Computer Vision. Weizmann Institute of Science (Israel).



~ 1Il.4 Nén anh (image compression)

11I.1 Muyc tiéu cua
chwong

111.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

l1l.4 Nén anh

111.5 Mdt sé ky
thuat xt&r ly anh co
ban

I1.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chwon




I11.4 Nén anh (image compression)

Chwong lll: Anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xtr ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lidu tham

khao

¢ Tai sao can phai nén ?
& Lwong di liéu ngay cang lon
& CAc yéu cau vé lwu trir va truyén thong
= DVD
* Video conference
= Printer

& Toc dé truyén div liéu cinema khéng
nén:1Gbps



I11.4 Nén anh (image compression)
G P Tai sao ta c6 thé nén anh ?

& Sw du"thtrg thong tin theo knong gian, thoi
gian, tan so

& Cac pixel lan can khéng déc lap nhwng
twong quan lan nhau

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lidu tham

khao /




I11.4 Nén anh (image compression)

Chuong Ill: Anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 Mot s6 cong
cu x& ly anh

1.7 Tdng két
chuong

I11.8 Tai ligy tham

khao

Duw thira thong tin trong khong gian (Spatial Redundancy)

)
>
o
g
5
1 54107 160 213 266 319 372 425 478 531 584 637 690 743 796 849
(b) row pixel

= Gray level

9|01 UWN|0D)

{axid uwnjog
689 9¥9 €09 095 L)S ¥LF LV 88E SYE 20€ 652 912 €LL0€1L 48 9 1

Autocorrelation
}

1o

) L L 1 1 L L L = pixel shift
-50 40 -30 -20 -10 0 10 20 30 40 50

FIGURE 1.3 Autocorrelation in the horizontal direction for some pictures. (After Kretzmer, 1952)



I11.4 Nén anh (image compression)

Chwong lll: Anh

Du thtra thong tin theo cwdng d6 sang

o
I2

¢ Theo dinh luat Weber: sai khac Al = 1, — |, chi
co thé phan biét dwoc khi Al/l, du 1én

lll.4 Nén anh

1.5 Mot s6 ky

nuaxelyanhco & The high (bright) values need a less accurate
representation compared to the low (dark)

I11.6 M6t s6 cong

ou x& I anh values
u:].r Tong két # Weber’s law holds for all human senses!
chuong

1.8 Tai lieu tham
khao




I11.4 Nén anh (image compression)

Du thira théng tin theo tan so

& Heé thong thi giac cla con nguwdi cling giong
nhuw mét b loc: Cac thanh phan tan s6 qua cao
sé bi b6 qua

lll.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao




I11.4 Nén anh (image compression)

Chwong lll: Anh

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lidu tham

khao

& Nguyén ly nén anh la gi ? Chi di¥ lai
thong tin

REDUNDANTDATA

INFORMATION

DATA = INFORMATION + REDUNDANT DATA



I11.4 Nén anh (image compression)

(Ghaangiti A & Nguyén ly nén anh la gi ? Chi di¥ lai
thong tin

& Vay lam thé nao dé phat hién ra sw dw
thtra thong tin phuc vu trong cac giai
thuat nén anh

IIl.4 Nén anh
111.5 M6t s6 k§

thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



I11.4 Nén anh (image compression)

/’/m:fﬁ\ b : — gy |
cnens M6 hinh chung clia nén anh trong cac hé
thong truyén va lwu trilv div liéu

Transmitter

A

Input el ™~ Storage
inf:)nrf::ltion AD _H Source | | Channel | _| . vki‘sr:x‘;tl - > I
encoder encoder Modulation information
o Source
AD o encoder
\
I".4 Nén énh ch , Ret'riszled
annel vis!
information
Py L~ ‘ Source
1.5 |V|0t SO ky Received i D/A decoder
= > 1r > visual
thuat X |y anh co information . Source Channel S~ ' -
bén ] D/A ™ decoder |+ | decoder || Pemodulation Retrieval
r \ /
1.6 M6t so cong e

Receiver

cu x& ly anh
. Coder: (en)coder + decoder = codec
2#;0,“”9 ket Source encoder: removes redundancy
ng Channel encoder: adds redundancy
118 Ti lidu tham AID, D/A, en/decryption optional
\ khéo ) Only deal with the source coder




B& ma héa ngudn tin

Input _ . Codeword | Coded
Info. —» Transformation »{ Quantization assignment [bit:string
Coded il Inverse Reconstructed
bit-string | Jacoder » transformation —— Information

lll.4 Nén anh

115 Mot 56 ky * Transformation: new representation of data

Lhéunét Xt 1y anh co Differential coding, transform coding (MM2)

= Quantization: In-reversible process => lossy

I11.6 M6t s6 cong

cu (¥ Iy &nh coding
117 Téng két = Codeword assignment (entropy coding): Info.
chuong Theory: Huffman, run length, arithmetic, dictionary coding

I11.8 Tai ligy tham
khao




Codeword assignment

(Ghwong i Anh & After transformation and quantization
=> source symbols: s,, S,, Ss,..., S

& The symbols need to be represented

by bits
& Remove the redundancy In the
L4 Nén anh symbols (lossless)
IL5 Mot kg & Methods: Run length, Huffman,
g arithmetic, modifications, dictionary

I11.6 Mot s6 cang (LZW le’ glf’ tlff’ pdf’)

T:“’T':’a”“' ¢ Quick introduction to run length and
[ Tong ké -

chrong Huffman coding

I11.8 Tai ligy tham
khao




Run length coding

(envongllsAnh oyt 7.7,7.7.7,13.90,9,9.9,2.1.1,0,5....= 15
Byte
¢ RLE: 5,7,13,90,3,9.2,2,.1,0,5,...= 11 Byte

& How to distinguish between values and
counts?

& One value of a byte to indicate a count, e.g.
R 0 or 255, e.g. 255:

thuat xi¥ Iy anh co 255,5,7,13,90,255,3,9,2,255,2,1,0,5,...= 14
ban BytE3

et | & One bit to indicate count [1] and value [0]
17 Tong ké for 8 values =>

chuong [10001001],5,7,13,90,3,9,2,2,[000...]11,0,5..
111.8 Tai lidu tham ~ 12,5 Byte

khao

1.4 Nén anh




Huffman coding

(Ghwomgl: Aok & Arrange symbols: p(s,) > p(sg) > ... >
D(S3)
@ |, = length In bits of the i'th symbol s

& Key idea: use fewer bits to code the
most likely symbols: |, <lz < ... <l

1.4 Nén anh

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



Huffman coding

TABLE

5.9

Source Alphabet and Huffman Codes in Example 5.9

Source Symbol

Occurrence Probability Codeword Assigned

Length of Codeword

& Algorithm: X o 0 i
. 0.2 11 2
& Arrange symbols ; 00 01 i
S; + 0.1 1000 4
o LOOp: Ss 0.25 01 2
= Combine the two symbols with lowest probabilities into a new
symbol
= Assign one bit and update probabilities
= Re-arrange symbols
& Codewords: back trace
S, (0.30) S, (0.30) S, (0.30) Ss423(0.45) ™ S,4(055) —o Sa0)
S (0.25) Se (0.25) S (0.25) S, (0.30) —or Ss405(0.45)—1 '
S;(0.20) S;(0.20)  >Ss4,(0.25)—| S6(0.25) iy
S, (0.10) S5, (0.15 po‘ S;(0.20) 1

S, (0.10)—

S, (0.05 )ﬁ

S, (0.10) 1




I11.4 Nén anh: JPEG

& "Joint Photographic Expert Group".

Voted as international standard in 1992.

& Works with color and grayscale images,

Il4 Nén anh e.g., satellite, medical, ...

111.5 M6t s6 k§
thuat xt ly anh co

béin & Lossy and lossless

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



I11.4 Nén anh: JPEG

(Ghwomgl: Aok & 1987: ITU + ISO => international standard
for still Image compression, due to grows
In the PC market: JPEG = Joint
Photographic Expert Group

& Goal: non-binary images keeping a good
l-4 Neén anh to excellent image quality

111.5 M6t s6 k§

gty anh o | €5 First standard in 1992
¢ JPEG Is NOT an algorithm but rather a

I11.6 M6t s6 cong

U X I anh framework with several algorithms and
'(j;]-jm{]gng két user-settings

I11.8 Tai ligy tham
khao



I11.4 Nén anh : JPEG

(Ghwomgl: Aok & First generation JPEG uses DCT + Run
length Huffman entropy coding.

& Second generation JPEG (JPEG2000)
15 Mot s6 9 uses wavelet transform + Bit plane
LTS ARI coding + Arithmetic entropy coding.

ban

1.4 Nén anh

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



I11.4 Nén anh: JPEG

@W ¢ Cac thong tin tan so cao c6 the bi loai bo ma khong lam
mat mat théng tin quan sat vi mat nguwdi khdng cadm nhan
dwoc nhirng hiéu ng do cac thanh phan tan s6 cao
mang lai

i
wr

Anh dwoc chuyén sang mién tan sé st dung phép bién
doi Cosin roi rac - Discrete Cosine Transform (DCT).

lll.4 Nén anh Phép bién déi DCT thwong dwoc ap dung cho cac khoi

pixel kich thwéc 8 x 8.

A
nr

111.5 M6t s6 k§
thuat xt ly anh co
ban

¢ Viéc ap dung DCT khong lam giam kich thwéc cua div

111.6 Mot sé cong liéu, vi s cac hé sé ctia DCT ciing bang téng sb pixel cta
cu x@ ly anh Khoi (64).

.7 Téng két

chwong ¢ Tuy nhién, cac hé s6 clia DCT duwoc lwgng e hoa, vi thé

118 Taji e s6 bit can thiét dé biéu dién cac hé s6 DCT sé gidm di.
g T tham Viéc lwong tlr héa sé lam bién mat mot so théng tin.



I11.4 Nén anh: JPEG

Tal sao la
DCT ma
khéng phai la
DFT ?

1.4 Nén anh

111.5 M6t s6 k§
thuat xt&r ly anh co
ban

& DCT is similar to DFT, but can provide a

I11.6 M6t s6 cong

cu & Iy anh better approximation with fewer coefficients
Ll # The coefficients of DCT are real valued

Instead of complex valued in DFT.

1.8 Tai lidu tham

khao /




I11.4 Nén anh: JPEG

Image N Forward Zig-zag
Input Partitioning DCT Reordering
Image
Compressed
. Image Data
Quantization Entropy
. EEE—
Encoding
Quantization Table
Tables Specification

FIGURE 7.3 Block diagram of a sequential DCT-based encoding process.

FDCT: S

i=0 j=0

IDCT: s, = %i i C.C,S,, cos

u=0 v=0

1

c={77

u v

1 otherwise

7 7
1 Y (2i +1)um
u Z C.qu Sr’j Cos 16 Cos

foru,v=0

(2j+1)vr
16

(2i+1umr cos (2j+1)vn
16 16

/

8

v
=
=3

FIGURE 7.4 Partitioning to 8 x 8 blocks.

DC

¢

>

FIGURE 7.5 Zigzag scanning order of DCT coefficients.
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The 64 (8 X 8) DCT Basis Functions

« Each 8x8 block
can be looked at
as a weighted
sum of these s e e b
basis functions. . "J'

| n a n m ‘uu
: il EuUg

sl {g‘;‘

2D DCT is also == "f :F:?:-:-'{f
the process of R T EIEE i EEE |
finding those
weights.

- » WU D WY N
3 O f
LI : AL e
. N e O




Z1g-zag Scan DCT Blocks

% Why? -- To group low frequency coefficients

In top of vector.
& Maps 8 x 8 to a 1 x 64 vector.

7

® Non-Zerc
DCT-Coefficients






Anh JPEG 27:1




JPEG2000 27:1




Vi du vé nén JPEG

& Original image
# 512 x 512 x 8 bits
= 2,097,152 bits
& JPEG
& 27:1 reduction
=77,673 bits



Bai tap

& Why Is it possible to
compress images”?

& Explain the JPEG
framework

& What Is the

com
this
bloc

oression factor of
uminance DCT-

K?

130 | 5 34 (11 [-17 |14 |10
2 |47 1 |8 |14 |21 |22
19 |1 3 (6 |3 |1 |-21
3 |5 5 -1 |2 |17 |11
7 |9 10 |9 [1 |4 |9

2 |4 A1 |12 |7 |40 |-17
1| -12 1 |9 |14 |57 |34
22 |5 2 |33 |21 |14 |-27




Cac dinh dang file anh
(a0 ) GIF

& PNG
& JPEG
& TIFF
lIl.4 Nén anh & BMP

111.5 M6t s6 k§
thuat xt ly anh co
ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lidu tham

khao /




Graphics Interchange Format - GIF

% la mét dinh dang tap tin hinh anh bitmap cho cac
hinh anh dung it hon 256 mau sac khac nhau va
cac hoat hinh dung it hon 256 mau cho moi
kKhung hinh.

& GIF la dinh dang nén dir lieu dac biét hiru ich
cho viéc truyén hinh anh qua dwdng truyén lwu
lwong nho.

@& Dinh dang nay dwoc CompuServe cho ra doi
vao nam 1987 va nhanh chong dwoc dung rong
rai trén World Wide Web cho dén nay.



Portable Network Graphics - PNG

% La mo6t dang hinh anh st dung phwong phap
nén dir liéu ma&i - khéng lam mat di div liéu goc.

2 PNG duwoc tao ra nham cai thién va thay thé
dinh dang anh GIF v&i njcf)t dinh dang hin’h anh
khéng doi hoi phai cé giay phép sang ché khi st
dung.

¢ PNG duwoc ho tre béi thu vién tham chiéu ‘
libpng, mét thw vién nén tang doc 1ap bao gom
cac ham cua C dé quan ly cac hinh anh PNG.



Joint Photographic Experts Group) - JPEG

# La mot trong nhivng phwong phap nén anh hiéu
qua cb ty I€ nén anh té&i vai chuc lan.

¢ Tuy nhién anh sau khi giai nén sé khac v&i anh ban
dau. Chat Iwong anh bi suy giam sau khi giai nén.
Sw suy gidm nay tang dan theo hé sb nén.

» Sw mat mat thong tin nay la co thé Chap nhan duwoc
vi viéc loai bo nhirng théng tin khdng can thlet duwoc
dwa trén nhirng nghién ctru vé hé nhan thj ciia mat
nguoi.
# Phan mo réng cua cac file JPEG thuwdng ¢ dang
la dang

dwo’c dung pho bién nhat.

3 Hién nay dang nén anh JPEG rat dwgc pho bien
trong PTDD cling nhw nhirng trang thiét bi lwu git
co dung lwvgng nho.



Tagged Image File Format - TIFF

& TIFF is an extensible format, often used for
storing uncompressed digital photographs, and
for interchange of images.



BMP

& Trong do hoa may vi tinh, BMP, con dwoc biét
dén vai tén tieng Anh khac la Windows bitmap,
la mét dinh dang tap tin hinh anh kha phd bién.

& Cac tap tin do hoa lwu dwdi dang BMP thwérng
coO dudi la .BMP hoac .DIB (Device Independent
Bitmap).

& BMP thwong la khong nén



BANG TONG KET CAC BINH DANG FILE

TIF

PNG

JPG

GIF

Color data mode - Bits per pixel

RGB - 24 or 48 bits,

Grayscale - 8 or 16 bits,

Indexed color - 1 to 8 bits,

Line Art (bilevel)- 1 bitFor TIF files, most programs allow either no compression or LZW
compression (lossless, but is less effective for 24 bit color images). Adobe Photoshop also
provides JPG or ZIP compression too (but which greatly reduces third party compatibility of
TIF files). "Document programs" allow ITCC G3 or G4 compression for 1 bit text (Fax is G3
or G4 TIF files), which is lossless and tremendously effective (small).

RGB - 24 or 48 bits,

Grayscale - 8 or 16 bits,

Indexed color - 1 to 8 bits,

Line Art (bilevel) - 1 bitPNG uses ZIP compression which is lossless, and slightly more
effective than LZW (slightly smaller files). PNG is a newer format, designed to be both
verstile and royalty free, back when the LZW patent was disputed.

RGB - 24 bits,
Grayscale - 8 bitsJPEG always uses lossy JPG compression, but its degree is selectable,
for higher quality and larger files, or lower quality and smaller files.

Indexed color - 1 to 8 bitsGIF uses lossless LZW compression, effective on indexed color.
GIF files contain no dpi information for printing purposes.



File format and purpose

Graphics, including

Photographic Images Logos or Line art

Photos are continuous tones, 24 Graphics are often solid colors,

Properties bit color or 8 bit Gray, no text,  up to 256 colors, with text or
few lines and edges lines and sharp edges
For Unquestionable Best TIF or PN_G (lossless PNG or TI_F (lossless
Quality compression compression,
and no JPG artifacts) and no JPG artifacts)

TIF LZW or GIF or

PNG (graphics/logos without
gradients normally permit
indexed color of 2 to 16 colors
for smallest file size)

JPG with a higher Quality factor

Smallest File Size
can be decent.

Maximum Compatibility

(PC, Mac, Unix) TIF or JPG TIF or GIF
256 color GIF is very limited JPG compression adds
Worst Choice color, and is a larger file than 24 artifacts, smears text and lines

bit IPG and edaoes
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1115 M6t s6 ky thuat xiv Iy anh co' ban

/ Chwong N: Anh

1.1 Muc tiéu cua
chwong

1.2 Qua trinh tao
anh

111.3 Biéu dién va
lwu trlr anh

I1l.4 Nén anh

1.5 M6t s6 ky
thuat xtv ly anh
co ban
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cu @ ly anh
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11.5 Mét so ky thuat xiv Iy anh co’ ban

% Cac phép xw ly co ban
& Cac bd loc tuyén tinh

= Blurring

» Sharpening

» Edge detection
1.5 Mt s6 k ' |
AR = Wiener denoising
co’ ban s ~ . X
. & Cac bo loc phi tuyén
I11.6 Mot s6 cong _ _
CuXG Iy anh * Median filter
1.7 Téng ké : :
e = Bilateral filter
1.8 Tai ligu tham » Cross-bilateral filter

khao



Lwoc do anh

Chwong lll: Anh

Number
of pixels

Gray level
.5 Mot so k§ . ) .
V™| Lwoce do anh 1a phan bd cac gia tri mirc

xam (mau ) cua mét anh

I1I.6 Mot s6 cong

cu x& Iy anh . H(k) = téng 56 pixel trong anh co gié tri
1.7 Téng két k

chuong

I11.8 Tai ligy tham

khao /




Lwoc do anh

1.5 M6t s6 ky
thuat xc ly anh
co ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

I11.8 Tai ligy tham
khao

P\(k)

P\(k)

0.5 ‘ |

v

Py
0.1

K)

v

Image dynamic range = [min_value,

max_value] | |
her. Computer Vision. Weizmann Institute of Science

v



Luminance (d6 sang)

/Chwrong Il Anh ) . > AT . DR

= Luminance cua mot anh dwoc dinh nghia la
gia tri trung binh cua tat ca cac mrc xam
trong anh

= Trong anh dwéi day, chi co luminance thay
doi

N.5Méts” " 7
thuat xur |
co ban

111.6 Mot s
cuxe ly ai

1.7 Tbng két
chuong

Lll.s Tai ligu tham
ha : : : :
- / Source : Eric Favier. L'analyse et le traitement des images. ENISE.




Contrast (do twong phan)

(/Chuong l: Anh = The contrast can be defined in many
different ways :

» Standard deviation of the gray levels

—

1 N-1 M- ] .
C = J 7 2, 2 (f (x.y)=Moy)

x=0 y=
1.5 M6t s6 ky . :
thuat xir Iy anh = Variation between the min and max gray

co ban
level

I11.6 M6t s6 cong
cu x& ly anh

T = maX:f(xny): _min:f(xa y)
max| f (x, y)]+min[ f(x, y).

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



Contrast (do twong phan)

Hai anh dudi day khac nhau vé d6 tuwong phan

1.5 Mét s6 ki
thuat xt Iy anh
co ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Tbng két
chuong

1.8 Tai lig ol | L |‘|H
U y | . A ..




Vi du vé dé twong phan ctia anh

Dark image Low-contrast image

Bright image High-contrast image

ah

FIGURE 3.15 Four basic image types: dark, light, low contrast, high contrast, and their cor-
responding histograms. {Original image courtesy of DT, Roger Heady, Research School
of Biological Sciences, Australian National University, Canberra, Australia.)

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.



Tang cwong do twong phan anh

Chwong lll: Anh

1.5 M6t s6 ky
thuat xc ly anh
co ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1.8 Tai lidu tham

= C6 nhiéu phwong phéap
= Chuyén déi tuyén tinh
= Piecewise linear transform
= Non-linear transform
= Histogram equalization

khao
Wougier. Traitement d'images (IFT2730). Univ. de Montréal.



Bién doi tuyen tinh

Chwong lll: Anh

?
255~ == -
i
~ F4 s O . : >
lI.5 Mot s6 ky . 4
thuat xr ly anh min |(I,j) max |
co’ ban

I11.6 M6t s6 cong

cu Ui v 3 v/ =\ . ) [
slvan G i) =—229= (| i) —min) witht-&-D=min) 1
117 Tong it ) = maxmin max-min

chuong

1118 Tai lidu tham | -
L % Source : Caroline Rougier. Traitement d'images (IFT2730). Univ. de Montréal.




[ >

Bién doi tuyén tinh

Chwong lll: Anh

1.5 Mét s6 ki
thuat xtv ly anh
co ban

I11.6 M6t s6 cong
cu x& ly anh

1.7 Téng két
chuong

1118 Tai lidu tham |
\_khao /

| T 255 0 255
min max

Source : Caroline Rougier. Traitement d'images (IFT2730). Univ. de Montréal.



Can bang lworc do xam

Chwong lll: Anh

00

3500

1.5 M6t s6 ky
thuat xiv Iy anh
co ban

3000 00

2500 00

00 |

oo}
00
UL
o
50
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/Source . Tal Hassner. Computer Vision. Weizmann Institute of Science (Israel).



Can bang lworc do xam

Histogram equalization can improve the image contrast where
histogram dynamic correction /s of no use



Can bang lworc do xam

If we take the same image with different contrasts, histogram equalization will
give the same results for all images

ahc

FIGURE 3.17 (a) Images from Fig. 3.15. (b) Results of histogram equalization. {c) Cor-
responding histograms

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.



Mot so toan tr logic (AND, OR)

& Logical operators can be applied to images

abc
de f

FIGURE 3.27

(a) Original
image. (b) AND
image mask.

(c) Result of the
AND aperation
on images (a) and
(b). (d) Original
image. (¢) OR
image mask.

(f) Result of
operation OR on

= e

J RN Ay
ui AND
A .',; R EEG | -“; --i-‘| |. .‘-.,f.,.

4

s i el Lk 5[

1.5 M6t s6 ky

a o * . images (d) and
thu@t XU |y anh i i 1131}.1?u‘ {d) anc
co bén | |
1.6 M6t86 Cﬁng S

cu x& ly anh

éééiii'1:,lil
1.7 Téng két e

chuong ' .

s i el Lk 5[

HLBTéiﬁéuthan1
khao

Source : Gonzalez and Woods. Digital Image Processing. Prentice-Hall, 2002.



Cong anh

= If fand g are two images, the
pixelwise addition R is defined
as:

R(x,y) = Min(f(x,y)+g(x,y) ; 255)

lIL5 Mt 6 ky = Image addition is used to

thuat xiv Iy anh

co ban = lower the noise in a serie of
116 M6t s6 cong Images

Cu XU Iy anh = increase the luminance by
1.7 Tdng két adding the image to itself
chuong

1.8 Tai liu tham

khao /

Source : Eric Favier. L'analyse et le traitement des images. ENISE.



Trir anh

Chwong lll: Anh

= The pixelwise
substraction of
two images f and
g is:
S(x,y) = Max( f(x,y)-
a(x,y); 0
1.5 Mét s6 ky
thitst :u’sls anh = Image
co ban substraction Is
1.6 Mqtsé cdng used to
ou x{ ly anh = detect defaults
1.7 Téng két = detect motion in
chuong Images
1.8 Tai liéu tham

kh3 : : : .
2 ) Source : Eric Favier. L'analyse et le traitement des images. ENISE.




Nhan anh

= The multiplication S of an image f by a ratio (factor) is defined
as:

S(x,y) = Max( f(x,y)*ratio ; 255)

= Image multiplication can be used to increase the contrast or
the luminosity

chuong

1.8 Tai lieu tham
khao

Source : Eric Favier. L'analyse et le traitement des images. ENISE.



Mot s6 phép toan trén cac anh

93
Source : www.nte.montaigne.u-bordeaux.fr/SuppCours/5314/Dai/Traitimage01-02.ppt



11.5 Mét so ky thuat xiv Iy anh co’ ban
(Enngili Ao @ Cac phép xtr ly co ban

& Cac bo loc tuyén tinh
= Blurring
= Sharpening
» Edge detection

15 Mot 56 ky & Cac bd loc phi tuyén

thuat xt Iy anh

co b . l

o ban = Median filter

1.6 Mot :0.6 cong ) .

cu x Iy &nh = Bilateral filter

1.7 Téng ké " I
e = Cross-bilateral filter

1.8 Tai lieu tham
khao



Cac bb loc lam min anh (Blurring)

& In general, for symmetry f(u,v) = f(u) f(v)

& You might want to have some fun with asymmetric
filters

& \We will use a Gaussian blur

& Blur width sigma depends on kernel size n
(3,5//,1\,13,19)

Spatial Frequency




Discrete Filtering, Normalization

& Gaussian is infinite
& In practice, finite filter of size n (much less energy beyond 2
sigma or 3 sigma).
& Must renormalize so entries add up to 1
& Simple practical approach
¢ Take smallest values as 1 to scale others, round to integers
& Normalize. E.g. forn =3, sigma =%

oorthi
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Ravi Ramamoorthi

Slide cred












Slide credit; Ravi Ramamoorthi



Sharpening (lam sac nét)

2.0

Sharpened

original .
original

Slide credit: Bill Freeman



Sharpening example

original

1.7

coefficient

|||I
-0.3

11.2

| I
-0.25
Sharpened
(differences are
accentuated; constant
areas are left untouched).

Slide credit: Bill Freeman



Sharpening Filter

& Unlike blur, want to accentuate high frequencies

& Take differences with nearby pixels (rather than
avg)




Sharpening

before

Slide credit: Bill Freeman



Edge Detection
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Edge Detection

& Complicated topic: subject of many PhD theses

& Here, we present one approach (Sobel edge
detector)

& Step 1: Convolution with gradient (Sobel) filter
& Edges occur where image gradients are large
& Separately for horizontal and vertical directions

& Step 2: Magnitude of gradient
& Norm of horizontal and vertical gradients

@& Step 3: Thresholding
¢ Threshold to detect edges

Slide credit; Ravi Ramamoorthi



11.5 Mét so ky thuat xiv Iy anh co’ ban

(Ghwomgl: Aok % CAac phép xtr ly co ban
& Cac bo loc tuyén tinh
= Blurring
= Sharpening
» Edge detection
nswetstky | g CAac b loc phi tuyen
R = Median filter
o o = Bilateral filter
e = Cross-bilateral filter
1.8 Tai ligu tham

khao /




Median filter

Replace each pixel by the median over N pixels (5 pixels, for these
examples). Generalizes to “rank order” filters.

Median([17151])=1

Mean([17151])=2.8
In: Out: Spike noise is
removed
ARRRARARARARY ARRRRRRRARANY
H_J
5-pixel
neighborhood
Monotonic

edges remain

Out: unchanged

In: |




Median filtering results

Best for salt and pepper noise

http://homepages.inf.ed.ac.uk/rbf/HIPR2/mean.htm#guidelines
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Mot so thao tac v&i anh

& Panorama
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Introduction

& Are you getting the whole picture?
# Compact Camera Field of View (FOV) = 50 x 35°




Introduction

& Are you getting the whole picture?
& Compact Camera FOV =50 x 35°
& Human FOV =200 x 135°




Introduction

& Are you getting the whole picture?
& Compact Camera FOV =50 x 35°
& Human FOV =200 x 135°
= 360 x 180° |

o

& Panoramic Mosaic




Why “Recognising Panoramas™?

¢ 1D Rotations (0)
& Ordering = matching images

e 2D Rotations (6, ¢)
— Ordering % matching images
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Why “Recognising Panoramas™?

¢ 1D Rotations (0)
& Ordering = matching images

e 2D Rotations (6, ¢)
— Ordering & matching images




virtual wide-angle camera Slide credit: F. Durand



How to do 1t?

& Basic Procedure
& Take a sequence of images from the same position
» Rotate the camera about its optical center

& Compute transformation between second image and
first

& Transform the second image to overlap with the first
& Blend the two together to create a mosaic
& If there are more images, repeat

& ...but wait, why should this work at all?
& What about the 3D geometry of the scene?
& Why aren’t we using it?

Slide credit; F. Durand



Mot so thao tac v&i anh
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Image Blending
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Best blending examples

& Paul Gentr

PR 1




Best blending examples

& Marco




Best blending examples

& Roger Xue




Best blending examples

& Alfredo




Best blending examples

& Merve




Best blending examples

Alex Rubinsteyn




Mot so thao tac v&i anh

ﬁ/m:/AErT\ — —

churens # Blending image dwoc thwe hién nhw
thé nao

2 Sinh vién vé nha tw tim hiéu
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Mot so thao tac v&i anh
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& Image Morphing
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Morphing = Object Averaging

The aim is to find “an average” between two objects
& Not an average of two images of objects...
& ...but an image of the average object!

& How can we make a smooth transition in time?
» Do a “weighted average” over time t

Hciyl\é doo we know what the average object looks
ke
# We haven't a clue!

& But we can often fake something reasonable
= Usually required user/artist input

Slide credit: Alyosha Efros



ldea #1: Cross-Dissolve
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Interpolate whole images:
Image, nay = (1-t)*Image; + tYimage,
This Is called cross-dissolve in film industry

But what is the images are not aligned?

Slide credit: Alyosha Efros



ldea #2: Align, then cross-disolve
J—

I N =
= s i) r%,‘ 5

= et

Align first, then cross-dissolve
& Alignment using global warp — picture still valid

Slide credit: Alyosha Efros



Mot so thao tac v&i anh

A ah
nr nr

A
nr

Image Warping

ah
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Dog Averaging

\: "rf'\‘\. \ \
J; ’M ‘vi 4 )

What to do?

& Cross-dissolve doesn’t work

& Global alignment doesn’t work
= Cannot be done with a global transformation (e.g. affine)

& Any ideas?
Feature matching!
&% Nose to nose, taill to tail, etc.
& This is a local (non-parametric) warp

Slide credit: Alyosha Efros



ldea #3: Local warp, then cross-dissolve
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Morphing procedure:
for every t,
1. Find the average shape (the “mean dog’©)
& local warping
2. Find the average color
&# Cross-dissolve the warped images

Slide credit: Alyosha Efros



Local (non-parametric) Image Warping
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Need to specify a more detailed warp function

& Global warps were functions of a few (2,4,8)
parameters

& Non-parametric warps u(x,y) and v(x,y) can be
defined independently for every single location x,y!

& Once we know vector field u,v we can easily warp
each pixel (use backward warping with
Interpolation)

Slide credit: Alyosha Efros



Image Warping — non-parametric

Move control points to specify a spline warp
Spline produces a smooth vector field

Slide credit: Alyosha Efros



Warp specification - dense

How can we specify the warp?
Specify corresponding spline control points

* interpolate to a complete warping function
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But we want to specify only a few points, not a grid

Slide credit: Alyosha Efros



Warp specification - sparse

How can we specify the warp?
Specify corresponding points

* interpolate to a complete warping function

e How do we do it?

How do we go from feature points to pixels?

Slide credit: Alyosha Efros



Triangular Mesh

2. Define a triangular mesh over the points
& Same mesh in both images!
& Now we have triangle-to-triangle correspondences

3. Warp each triangle separately from source to
destination
& How do we warp a triangle?
& 3 points = affine warp!

& Just like texture mapping _ _
Slide credit: Alyosha Efros
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11.6 Mt s6 cOng cu thao tac anh

/Churong i Anh & Photoshop is the de facto industry
standard:

& The Gimp Is an Open Source
alternative.

& Image Magick can be used for
command-line processing.

& Others ?

I11.6 M6t s6 cong
cu xwr ly anh

1.7 Téng két
chuong

1.8 Tai lieu tham
khao



M6t s6 thao tac véi cong cu

& Bitmapped images are manipulated to correct
technical deficiencies, alter the content or create

artificial compositions

& Images are often organized into layers, which
are like overlaid sheets that may have
transparent areas. Layers are used for
compositing or experimenting with different
versions of an image.



Compositing layers

Compositing layers



Magic wand selection

& Areas may be selected by drawing with marquee
and lasso tools or a Béezier pen, or selected on
the basis of colour similarity or edges using a

B AT

Magic wand selection



Magic lasso selection

Magnetic lasso selection and mask



& Any selection defines a mask — the area that is
not selected. Masked areas of the image are
protected from changes.

& A greyscale mask, which is partially transparent,
IS an alpha channel.

& An alpha channel can be associated with a layer
as a layer mask, and used for effects such as
knock-outs and vignettes



Compositing with a layer mask
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Compositing with a layer mask



Vignetting an image

Constructing a vignette with an alpha channel



& In pixel point processing, each pixel's new value
depends only on its old value.

& Brightness, contrast and levels are relatively
crude pixel point adjustments.



Tang cuwdng d6 twong phan va dd sang

Brightness (top) and contrast (bottom) adjustments



Tong két chwong
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Tai liéu tham khao cua chwong

(Ghaong i Anh & Bai giang Alain Boucher (Image
Processing and Computer Vision —
Chapter 2)

& Bai giang Rob Fergus (Computational
Photography — Chapter 1, 2)

& Ebook, Digital Multimedia — Chapter 4

¢ Bai giang Tran Thi Thanh Hai, CSDL da
phwong tién, Image, 2010
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