Chuong 2: CAC KY THUAT
NANG CAO CHAT LUQNG ANH

TS. HAI

XU ly anh- Image proccessing 2/24/2025



On tip: Biéu dién Anh

n A

0..255]

Anh m(c xam Anh Mau Anh tré’mg/den
Gray scale RGB
Ma tran biéu dién [512 x 512] [512 x 512 X 3] [512 x 512]
So6 kénh 1 3 1
Gia tri biéu dién [0..255] [0 .. 255, 0..255,

[0, 255]




On tap: Biéu dién Anh

o Gid tri mau tai moi diém anh, ving anh
160 Toa dd Cot

I =[1:512 ,1:512, 1:3]
p(64,160,1:3) = [205, 163, 182]

S6 hang

SO cot
SO kénh mau

R(64:95,160:191,:) : 32 x 32 pixels

Toa do hang




On tip: Biéu dién Anh

» Do phan giai anh
- Sampling (lay mau)

[384 x 384]

[512 x 512]




On tap: Biéu dién anh

» Thay doi mirc lugng tir

Anh gbc 16 muc 12 miic 7 muc

Do phan giai [512x512x3] [512x512x3] [512x512x3] [512x512x 3]
Biéu dién 24 bits 24 bits 24 bits 24 bits

Kich thuéc 768 K 775 K 769 K 760 K

SO lwong mau 148279 848 468 190




Noi dung

2.1. Cac k¥ thuat khong phu thugc khong gian
2.2. Cac k¥ thuat phu thudc khong gian
2.3. Cac phep toan hinh thai hoc




2.1. Cac ky thuat khong phu thuoc khong gian

1.1 G161 thigu

.1.2. Tang giam d0 sang

.1.3. Tach ngudng

.1.4. BO cum

.1.5. K¥ thuat tach nguong tu dong

.1.6. Can bang Histogram

.1.7. Tang d6 twong phan - Contrast stretching
1.8. Anh 4m ban

A BN BN S S A N




2.1.1 Giéi thi¢u

Cac ky thuat khong phu thudc khong gian 1a cac phep
bién doi anh khong phuc thudc vi tri ciia diém anh.

Vi du: Phép ting giam do sang , phép thong ké tan suat,
bién doi tan suat v.v..

Mot khat niem quan trong trong xu ly anh la biéu do tan
suat (Histogram). Biéu do tan suat ctia mitrc xam g cia
anh I 13 s6 diém anh c6 gia tri g ctia anh I. Ky hiéu 1a

h(9):



* Vidu

= Tacoanhl

o = o = =
= = D2

\

= Bi1éu do tan xuat muc xam

—_ o - & O

— — O = A




2.1.2. Tang giam do sang

Gia st anh | ¢0 kich thudc m x n va s6 nguyén c. Khi
d6, k¥ thuat ting, giam do sang duoc thé hién
for(I=0;1<m;1++)
forg=0;j<n;j++)
L[l =11 ] +c
- Néu ¢ > 0: anh sang 1én

- Néu ¢ < 0: anh to1 di



2.1.3. Tach ngwong

Gia st anh | ¢6 kich thudc m x n, hai s6 Min, Max va
ngudng 0 khi d6: K¥ thuat tich ngudng dugc thé hién
for(I=0;1<m;1++)
for(J=0;)<n;]++)
| [i,j]]1=1[i, j] > = 6? Max : Min;
Ung dung:
g N,é’u Min = 0, Max = 1 k¥ thuat chuyén anh thanh anh den
trang dugc trng dung khi quet va nhan dang van ban.
+ C6 thé xay ra sai st nén thanh anh hogc anh thanh nén
dan dén anh b1 dirt nét hoac dinh.



2.1.4. Bo cum

Ky thuat n1,15‘im glam b(’)’? sO murc xam cua anh bang cach
nhom lai s6 mirc xam gan nhau thanh 1 nhom

Néu chi ¢6 2 nhom thi chinh 13 k¥ thuat tich ngudng.
Thong thuong co nhiéu nhém véi kich thude khac nhau.
Pé tong quat khi bién doi ngudi ta s& lay cung 1 kich
thuoc bunch size

= | [1,J)] = (I [1,J] div bunch_size) * bunch_size v(1,))
Vi du:



» Anh ban dau

1 2 4 6 7
> 1 3 4 5
=17 2 6 9 1
4 1 2 1 2

» Anh mdi sau khi thuc hién bd cum véi bunch_size=3

[ \

b O\ O O
o o o O
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Bal tap

- Tinh h(g), vé& biéu do histogram
= B6 cum vaéi bunch_size=2
- Anh ban dau

I =
0 1 2
0 1 3

0 2 4



2.1.5. Ky thuat tach nguong ty dong

Tim ra nguong 0 mot cach tu dong c}ua vVao histogrgtm
th,eo I}guyén ly trong vat 1y la V§1t the Féch lqém 2 phan
néu tong do 1énh trong tirng phan 1a to1 thieu.
MO ta:
- Anh Ikich thuéc m x n
- G la s6 muc Xdm cua anh ké ca khuyét thiéu
- t(g) 1a s6 diém anh c6 mtc xam < g
1

g - N A Lo ar 7 ,
_— 2ot h(i) la mOomen quan tinh TB ¢6 mirc

- m(g) =
Xam < g



= Xay dung ham f:g—=> f(g) sao cho f(g) =
9 m(g) —m(G — 1)]?

m.n—t(g)
= Tim 0 sao cho: f(e)—0<m<ag< 1{f(g)}
Vi du:

- Anh ban dau

Il
o o o o O
e RN o B an B o BN
o o O = N

i L B

S — D W

—_— P L s Lhn




= Lap bang tinh todn cac gia tr1

¢ h(g) t(g) zh(g) YiG) m(g) fg)

0 I5 15 0 0 [.35

0
5 20 5 5 0,25 1.66
4 24 8 13 0,54 1.54
3 27 9 22 0,81 1.10
2 29 8 30 1,03 0.49
[ 30 5 35 1,16 0

h = L o

- Ngudng can tach 1a 6=1 tmg véi f(0)=1.66



Bal tap

= Xay dung ham f:g—=> f(g) sao cho f(g) =
2 [m(g) - m(G - I’

m.n—t(g)
= Tim 6 sao cho: f(e)—0<m<ag< 1{f(g)}
Vi du:
- Anh ban dau [ =
0 1 2
(O 1 3
0 2 4



2.1.6. Can bang histogram (Equalization)

Histogram la gi ?

= Cuong do sang cua anh xam
ta1 mot v1 tri (x, y) dugc goi la
murc xam (brightness)

a= f(x,y). T
= ad, < a < a.,, khido T
khoang [a,i, 8n4y] dUocC goi ™
la gray scale. T
Hlstogram h[ ] la Sé dlém "o 3 {54 96 128 160 192 224 256
anh c6 mirc xam 1a a trong

anh.



1 1 )

Dark image

Bright image




Cin bing histogram

Anh I dugc goi 1a can bang "1y tuéng" néu v4i moi mirc
xam g, g’ ta co h(g) = h(g’)

Gia su, ta c6 anh 1 c0 kich thuéc m x n
new_level ~ so mirc Xam ctia anh can bang

TB=
new _level .
cua anh can bang.

mn

la s di€m anh trung binh ctia mo6i1 mirc xam

t(g) = Z‘?zo h(i)so6 diém anh c6 mic xAm < g
Xac dinh ham f: g 2>1(g)| f(g) = max{0, round == t(g) — 1}
Vi du:



Anh sau khi thue hién cdn bang chwa chdc da la can bang "Iy tuwong”

1 2 4 6 7 g | h(g) t(g) 1(g)
2 1 3 4 5 )y | < -
=17 2 6 9 1 Nnewlevel=4 2| 5 10 1
4 12 12 30 1 111
Anh ban dau X&c dinh ham f: g (@) 4 3 14 2
f(g) = max{0, round - — 1}
5 1 15 2
(0 1 2 2 3 6 2 17 2
1 0 1 2 2 H 7 2 19 3
lig=| 3 I 2 3 0 9 1 20 3
.h' 0 ] 0 I J
Tinh f(g)

Anh két qua




2.1.7 Contrast stretching

» M6t anh c6 do tuong phan thap




Goi L = 2B -1: gia tri 1on nhat cua mic xam (brightness)

Ap dung cong thirc g(x,y)= L J

(X, ¥Y)—Amin

Amax—Amin

Taco 0<g(x,y) <L, thay vi ban d4u ban dau ta cé Armin

< g(X,Y) < A

Ta ciing c6 thé ap dung quy tac sau cho giai thuat

g(x,y) =

U:, ,f("r:'_}!) < a."rn'.'?'

L. ,f(*ra J’.) o a."m-.-

ﬂ-- T ﬂ."r;'ﬂ.'

Aign

5 ﬂ,-'”-.-_- IC:—: ,Vf("r:' .}.){—: a.l':."g.l'l?

L, Ay < J(X,))



() Anh ban déu ol Anh...| o || @ |[ & o=/ Histogram || | (]

"\

» Anh sau khi ap dung giai thuat Contrast stretchmg

il An.. [ = || =@ | = o' Histogram | o= || E |3

F
I“




2.1.8. Anh Am ban (Image Negatives )

» Am ban cﬁ‘a mot anh V,(')’i n{rc xam trong khoang [0, L]
thu dugc bang cach bi€n do1 am ban nhu sau:
= b=T(a), where T(a) =L —a,
« Hoac b=L —a
- Hay g(x,y) = L-1(x,y)
* Vi du:




2.1.9. Bién doi cap xam tong thé

Biét histogram ctia anh goc, biét ham bién doi
Tinh toan histogram cta anh mai.

Poc tai liéu



2.2. Cac ky thuat phu thuoc khong gian

2.2.1. Phép nhan chap va mau

2.2.2. Mt s6 mau thong dung

2.2.3. Loc trung vi

2.2.4. Loc trung binh

2.2.5. Loc trung binh theo k gia tri gan nhat




2.2.1. Phép nhéan chip (cuén) va mau

Gia str ta ¢o anh I kich thuéc M x N, mau T c6 kich
thudc m x n khi do, anh I cudn theo mau T duogc xac
dinh b1 cong thire.

IQT(X,Y) =X Yo I(x + i,y + ) *T(0,j) (1)
Hoac

IOT(XY)=2e 2o Ix =i,y =D« T ) (2)
Vi du:



1

\

- Anh gbc:

- Anh két qua theo cong thirc (1)
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- Anh két qua theo cong thirc (2)

I®T=

[ %
i

*

2 O 1 2

*

= O O W

*

o O O 00




Example

Pau vao Bo loc DPiu ra
0112
011
31415 * . —
213
6| 7|8




Tich chap (Find Errors)

[[10, 20, 30, 30, 20],
[20, 30, 40, 50, 40],
[30, 40, 60, 80, 60],
[30, 40, 50, 60, 50],
[20, 30, 40, 40, 30]]

[[1, O, -1]

[1, 0, -1]

[1, 0, -1]

]

(10*1) + (20*0) + (30*-1) + (20*1) + (30*0) + (40*-1) + (30*1) +
(40*0) + (50*-1) = -10
(20*1) + (30*0) + (40*-1) + (30*1) + (40*0) + (50*-1) + (40*1) +
(60*0) + (80*-1) = -30
(30*1) + (40*0) + (60*-1) + (40*1) + (50*0) + (60*-1) + (50*1) +
(40*0) + (30*-1) = -30
(20*1) + (30*0) + (40*-1) + (30*1) + (40*0) + (50*-1) + (30*1) +
(40*0) + (40*-1) = -20
(30*1) + (40*0) + (50*-1) + (40*1) + (50*0) + (60*-1) + (40*1) +
(30*0) + (20*-1) = -30
(30*1) + (40*0) + (50*-1) + (40*1) + (50*0) + (60*-1) + (20*1) +
(30*0) + (40*-1) =-30
(40*1) + (60*0) + (80*-1) + (30*1) + (40*0) + (50*-1) + (30*1) +
(40*0) + (40*-1) = -40
(40*1) + (60*0) + (80*-1) + (40*1) + (50*0) + (60*-1) + (40*1) +
(30*0) + (30*-1) = -40
(60*1) + (80*0) + (60*-1) + (50*1) + (60*0) + (40*-1) + (30*1) +
(30*0) + (20*-1) = -10



On tap: Phép nhan chap trong anh

» Két qua nhan chap

400

300

200

100
100

120

20 40 60 80 100 120 20 40 60 80 100 120




On tap: Phép Nhan chap

50 _
0 5]

200 400
150 300

T= {1 OJ —

0 1

100 200
50 100

20 40 60 80 100 120 20 40 60 80 100 120




2.2.2. Mot s6 mau thong dung

Mau dung dé khur nhi€u (tan so cao)




[kernel =

0.0285 0.0363 0.0393 0.0363 0.0285
0.0363 0.0461 0.0500 0.0461 0.0363
0.0393 0.0500 0.0541 0.0500 0.0393
0.0363 0.0461 0.0500 0.0461 0.0363
0.0285 0.0363 0.0393 0.0363 0.0285]

Gaussian (0, 2.5)

20 40 60 80 100 120 20 40 60 80 100 120




60 8 100 120

40

40 60 80 100 120

20




Mau dung dé phat hién bién theo phuong nam ngang va

thang dung SRS -1 0 1]
le 0 0 O H2= -1 01
111 -1 0 1




20

80

100

120

100 120

80

60

40 60 80 100 120

20







» Mau dung dé phat hién bién theo duong chéo

(0 1 1] 1 -1 0]
Hy=[-1 0 1f; H,=|-1 0 1
b il 1) 0 1 1

20 40 60 80 100 120




2.2.3. Loc trung vi

Trung v1?
= Cho day x;; Xp..; Xomep- Khi d0 trung vi X, cua day ky hiéu
la Med({x,}) néu:
Ton tai m phan tir c6 gia khong 16n hon x, va m phan tir
khong nho hon x,.
= Khi do },/-; |x — x; | 2 min tai x= Med({x,})
: V‘i du: Day 15,17, 18, 16,78, 17, 17, 15, 20 c0 trung vi
bang 17.

Sap xép:

Lay phan tir giira

[5

15

16

17

I
|
)

17

18

20

78

I

2

-
2

4

5

6

g

8




Loc trung vi dung cira so6 3 x 3 va ngudng 0.
- Dich cira s6 P (Iu6i m x m) di 1an luot cac vi tri trén anh.
Ung véi moi vi tri tdm cua cira so6 tai diém anh (X,Y):
Nhit cac phan tir thudc cira so theo hang, cot = tao ra mot
day. (I(P) diém anh tring v41 tam ctra sO)
Tinh trung vi cua day
{l(@) |9 € W(P)} — Med (P)
Thay thé diém P(x,y) theo quy tac
I(P)  néu|l(P) — Med(P)| <0

[(P) = {Med(P) néu ngwoc lai

Vidu I:



= V1 tri ctra s hién tai X

= (x,y) la diém anh dang xét 15| 17 | 18
= 0=2 y 16 | 78 | 17
17 | 15 | 20

= Ta dugc mot day: 15, 17, 18, 16,78, 17,17, 15,20 -

trung vi1la 17. X
= VI 78-17>2 n
I I

>Thay thé f(x,y)=17



* Vidu 2:

- Dung ctra s6 3 X 3 va ngudng 6=2
Day: 1,2, 3,4,16,2,4,2,1
Sap xép: 1,1,2,2,2,3,4,4,16

Trung vi la: 2

Vi tri dang xét co gia tri 16
- |16 -2|> 6 = Thay thé gia tri nay
bang gia tri trung vi

___________________________




» Ap dung loc trung vi 3x3 véi ngudng 0=3

o b2t — B
o - n — L

h &= OO0 M OO
o = o o =l




2.2.4. Loc trung binh

Trung binh?

= Cho day Xy, X,..., x, khi d6 trung binh cua day ky hi¢u
AV ({x,}) duoc dinh nghia:

AV ({x,})=round(; X1, x;)
« Y (x —x; )* > min tai AV({x,})

Tong binh phuong do 1éch trung binh cia cac diém trong cira
sO so vO1 gia tr1 trung binh 1a nho nhat



Loc trung binh
- Dich cira s6 P (Iu6i m x m) di 1an luot cac vi tri trén anh.
Ung véi moi vi tri tdm cua cira so6 tai diém anh (X,Y):
Nhit cac phan tir thudc cira so theo hang, cot = tao ra mot
day.
Tinh trung binh cua day do
11(9) | g € W(P)} — AV (P)
Thay thé diém P(x,y) theo quy tac
I(P) néull(P)—AV(P)| <6

[(P) = {AV(P) néu ngwoc lai

Vi du:



» Dung cira s0 3 x 3 va ngudng 6=2

»Diy: 1,2,3,4,16,2,4,2,1 203
» Trung binh la (1+2+3+4+1?6+,2+4+ _ j 126 ?
2+1)/9=3. (Lam tron c6 thé lay gia Sy
tr1 4) )
* V1 tri dang xet co gia tr1 16 l
* |16 -3|> 6 > Thay th¢ gi4 tri nay TR
bang gi4 tr1 trung binh 1 3) 2
=14 2 1
2 | 2




2.2.5. Loc trung binh theo k gia tri gan nhat

Dich ctra s0 P (ludi m x m) di 1an luot cc vi tri trén anh.
Ung v&i moi vi tri tAm clia ctra so tai diém anh (X,Y):
Nhit k phan tir gan v&i I(P) nhat thudc cira so theo hang, cot
—> tao ra mot day.
{1(@lq € W(p)} — {k gia tri gan I(P) nhat}
Tinh trung binh cua day do
{k gia tri gan I(P) nhat} — AV (P)
Thay thé diém P(x,y) theo quy tac
I(P) néu |[I(P) — AV, (P)| <6
AV, (P) néunguwoc lai

[(P) = {
Vi du:



o Dung ctra s6 3 x 3 va ngudng 6=2, (

l 2 3 |
K=3. 416 2
- Day: 16, 4, 4 it
» Trung binh 1a (4+16+4)/3=8. k
» Vi tri dang xét ¢6 gié tri 16 l
* |16 -8|> 0 > Thay thé gia tri nay
ba:ing glé tri trung binh 8 ”Pl _________ 23
4 8 2
e= |42 1
2 l 2




Bai tap bo loc
0 dung loc trung vi 3x3 vo1 ngudng 0=4.

0 dung loc trung binh 3x3 vé1 ngudng 0=4.
0 dung loc trung binh véi k=5 gia tri gan nhat 3x3 voi

nguong 0=4.

Med . 92

> > D>

P77
f,

M = =
S = o0 I OO

S I L N N

1
2
[=| 4
1
;

AV,_s
\ - y,
297

o b2t — P




2.3. Cac phép toan hinh thai hoc

2.3.1. Cac ph¢p toan hinh thai co ban
2.3.2. Mot s6 tinh chat ctia phép toan hinh thai

Tu doc
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