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Thong tin giang vién

« Thong tin lién hé
= Phong B1-801 (2 pm - 3 pm — Th{r Ba Hang Tuén)
= B0 mon Truyén Thong va Mang May Tinh
= Vién Cong Nghé Thong Tin va Truyén Thong
= Pai hoc Bach Khoa Ha Noi
s E-mail: ductq@soict.hust.edu.vn
= Pién thoai: (+84) (4) 38682596




NoOi dung

Chworng 1: Giéi thiéu chung

Chworng 2: Hinh thanh va biéu dién anh
Chwong 3: Thu nhan va s6 hoa anh
Chwong 4: Co s¢ 1y thuyét xtr 1y anh
Chwong 5: Cai thién va nang cap anh
Chwo'ng 6: Phat hién va tach bién anh
Chworng 7: Phan ving anh

Chworng 8: Xt Iy anh nhi phan
Chwong 9: Ma h6a va nén anh
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Cac khai niém

- Anh: Thong tin vé vt thé hay quang canh dwoc chifu sing
ma con ngwoi quan sat va cdm nhan bing mit va hé than kinh
thi giac.

- Dol twong chia xtr Iy anh 14 xtr Iy cac anh tw nhién, anh chup,
dir liéu anh c6 ngudn goc tir tin hiéu anh dic trung boi bién
do va dai tan so. Co sw phan biét gitra xtr Iy anh véi do hoa.

 Hé théng xt Iy anh thu nhin khung canh hodc anh & dau vao,
thwe hién cic phép xtr Iy dé tao ra mot anh & dau ra théa man
cac yéu cau vé cam thu hoac trich rat cac diac trung caa anh.



Anh tinh va chudi anh

° Ar}h tinh (Still Image): Biéu dién béi ham &0 choéi cta cac
bién toan do trong mat phang anh I(x,y).

- Chudi anh (Sequence of Images): Ham d9 chéi cta cac
bién toa do mit phang va bién thoi gian I(x,y,t).




Anh nhi phén: 1 bit/pixel
Anh x4m: 8 bits/pixel
Anh mau: 16-24 bit/pixel e

RGB, YUV, HSL, YCbCr mﬂw— 11—

Pixel (RGB)

Yellow




Chudi anh

- Video: Chudi cac anh (khung hinh), quan h¢ tho1 gian gitra
cac khung hinh biéu dién anh dong.

 Tan s6 va o phan giai
s NTSC (525 dong, 30 khung hinh/giay)
» PAL (625 dong, 25 khung hinh/giay)
« SECAM (625 dong, 25 khung hinh/giay)
= Phim (24 khung hinh/giay)
s HDTV (16:9, 720 dong, 60 khung hinh/giay)
s SVGA: 72 khung hinh/giay, 1024x720 pixel
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Hé thong xir Iy anh

Khung canh, Miéu ta anh,
. Dol twong Tin hi¢u Dir liu D twong dnh
Anhquanghoe | Thigibi | anh anh Xirly | Pdctrunganh
> cam bién ——>| S6 hdéaanh ——>| phén tich >
Camera) | Anh lién Anh s8 anh
tuc
A
A 4

Nén, lwu trir va truyén anh




Cac van dé cua xir Iy anh

- Thu nhin anh, chup anh va s6 héa anh
= Hé théng chup anh va tin hiéu anh
= Heé thong s6 hoa anh: LAy mau, Lwong tir hoa

» Phan tich anh va thi giac may tinh
= Cai thién ning cap anh, stra 16i, khoi phuc anh
= Phan tach dac trung: tach bién, phan vung anh
s Biéu dién va xt Iy ddc trung hinh dang d6i twong anh
> Nhén dang d6i twong anh, phan tich canh va hiéu canh

- Ma hoéa, nén anh
s Cac phwong phap nén va cac chuin nén



Ung dung ciaa xir 1y anh
« Thong tin anh, truyén thong anh
- Xt 1y anh vé tinh, vién tham
« Thién van, nghién ctru khong gian, vii tru
- Ngwoi may, tw dong hoa
- May thong minh, thi giAc may nhan tao
- Sinh hoc, y hoc

- Giam sat kiém soat, Quan sw



Ung dung cua xtr 1y chuoi anh

Nén video, truyén thong video, truyén hinh s6

Giam sat theo doi phat hién chuyén dong

Piéu khién lwu lwrong chuyén dong

Ngwdi may chuyén dong

Quoc phong an ninh

Y hoc, hoa hoc
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Anh sang va song dien twr

Buwéc séng A

>
Gamma-Ray X-Ray Ultraviolet Visible Infrared Microwaves Radio
I I I I I I
103 nm 1nm 1000nm 1000 m
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Hé thong thi giac

Vitreous humor

S (liquid filling)
Upper lid
Anterior chamber / f 7 ' \ Choroid layer
Aqueous humor Yy 3.
(liquid filling) il \
3 Y i A\ 4.
Pupil 3 _Fovea centralis
2, : 8 \ Optic nerve
Ir| ; 7&
Eyelash £
’ — Central retinal
Lower lid artery and vein

Posterior chamber

Suspensory ligament
Ciliary body



Hé thong thi giac

- Tébao que
= Co tir 75-150 triéu
= RA&t nhay cam véi 4nh séng
= Cam nhan trén dai rong
= Cung cip kha ning nhin dém
o Cam nhan do choi
= D6 phan giai cao
- Té bao nén
Co twr 6-7 triéu
Tap trung cht yéu tai diém vang tai trung tAm vong mac
Cam nhan trén dai hep
Ba loai t& bdo cAm nhan mau xanh lam, xanh luc va dé

a

m]

a

m]



Cam nhan va biéu dién mau
- D0 choéi (Radiance)

= Tong ning lwong cua chum tia tir nguodn

- PO roi (Luminance)
= DO do ning lwong 4nh sang thu thap dworc tir ngudn sang
= Bién thién theo khoang cich tir ngudn sang, buwde séng
= Khong phuy thudc vao méi treong

L(x,y) = [ oy, MV (A)dA

o f(x,y,A)  Phan b6 4nh sing trong khong gian
s V(A) Ham hiéu suat do roi twong doi ciia hé thong thi giac



Mau sac

- Cam nhan mau sic phu thudc vao phd cia 4nh sang. Anh sang
nhin thay véi dai pho rat hep. Anh sang véi tat ca cac thanh
phan pho nhin th4y cé ning lwong bing nhau sé dwge cam
nhan 1a 4nh sang trang.

« MOt mau c6 thé tao nén bang cich tron 3 mau co ban twong
dwong véi 3 dang t€ bao cam nhan mau sac (o, Luc, Lam).
Phan biét mau sac dyra trén do sang, sac do va do bao hoa.



D0 sang, sac do va do bao hoa

- D0 sang (Brightness)
o Thudc tinh chu quan, dac trung cho kha nidng cam nhan do roi
= Phu thudc vao d6 roi cua méi trromg xung quanh

- Pac treng mau (Chrominance)

= Sac dd (Hue) 1a thudc tinh lién quan dén bwéce séng chu yéu trong
hon hop ctia cac bude song anh sang. Sic do dic trung cho mau
sic chu dao dwoc cam nhan.

= DO bao hoa (Saturation) dic trung cho d6 thuin khiét twong doi.
Po bao hoa phu thudc vao 0 rong ctia pho anh sang va thé hién
lwrong mau trang dwoce tron voi sic do.

= S3c d9 va do bao hoa goi 1a dic trung mau.



Cac mo hinh mau

YCbCr (Y=0.5)

CMYK



Cac mo hinh mau

» Red, Green, Blue tai 3 truc nhan gia tri [0 255]. M6 hinh RGB
c6 thé biéu dién hon 16 triéu mau. Trong do, R (255, 0, 0), G
(0, 255, 0) va B (0, 0, 255).

- CMYK (Cyan, Magenta, Yellow, Black) véi C = 255-R, M =
255-G, va'Y = 255-B.

« YCbCr

Y = 16+219(0.299R+0.587G+0.114B) /255
Cb = 128+224(-0.169R-0.331G+0.5B)/255
Cr = 128+224(0.5R-0.419G-0.081B)/255



Biéu dién anh so

ol 7| 1| 1]1]2]2]1 Anh 13 mot mang hai chiéu gom M
hang va N cot voi f(o,y) 1a gia tri

819109 7 1 1 1 1 murc xam tai toa do (x,y).

7 | 51195 7| 2| 3| 1|1

8|6 |5|6|3|1]|2]|3 N,(p), Np(p), Ng(p)

9|7 ]16]9]1]2]2]1 Quan hé 4-14n can (4-adjacency)

5 | 8 7 1 9 1 1 2 1 Quan hé 8-lan can (8-adjacency)

8| o819 | o | > Quan hé m-lan can (m-adjacency)

1 (0] ] 1

SE

ek
O (=
o |o
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Do sai khac

1N—1 N
- L,-norm error MSE=N;E(|XZ. -X. ")

N-1 )
L -norm error MAD =% E(| X, -X,))
* Ly-norm error MaxError =max E(| X, - X )
M2
- PSNR PSNR =10log,,

MSE
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Hé thong s6 héa anh

Thiét bi

/
cam bién iy e L
K T T

Thong lwong Tin hiéu S6 liéu
anh sang anh anh

Thiét bi cam bién: Charge Coupled Device >4000x4000 phin tt.
L4y mau dwoce xay dung dua trén ty s6 Nyquist

Lwong tir héa: Lwong tir hoa Lloyd-Max



- Anh vé1i dai giéi han (Band limited images): Mot ham f(x,y)
gol 1a giai giéi han néu khai trién Fourier F(u,v) ctia nd 1a o
bén ngoai mién bao, cu thé F(u,v) = o néu |u|>u, va |v|>v,.

- Ty s6 Nyquist: Tan s& 14y mau theo x va y twong dwong hodc
16m hon 2 1an dai giéi han u, vav,

L22140

Ax

LAy mau

L =2v,
Ay

Ax

A

Ay |




Hién twworng rang cwa

H:'i{;:":"




Lwong tir hoa

Lwong tir hoa déu
Lwong tir héa Lloyd-Max
011 T~ t,: Mirc quyét dinh

Zz :;/ \\ r.: Mire dung lai
= —1
100 \ /

101 — N Z

110

111 —



Lwong tw hoa Lloyd-Max

- u 12 mot bién thwe ngiu nhién véi ham mat @6 lién tuce p(w).
Gia tri t, va ;. cua by lwrong tir hdoa L mire dwoe xac dinh sao
cho sai s trung binh binh phwong la nhé nhat.

I

€= E[u—ri]2 = f[u—rl.]2 p(u)du



Lwong tw hoa Lloyd-Max

. PE tinh r., ta thye hién dao ham cip mot theo ¢, va r,, va cho
gia tri dao ham bang o.

tk+1

t, -1 ) p(t)—-(t,—r) p(t)=0 2 [[u=r]p)du=0

« Twrdo, ta cd

jk ! jk—l _ !



Lwong tir héa déu

- Lwong tw héa déu 1a 1y twédng véi ham mat do lién tuc déu.
Mirc quyét dinh va mirc khoi phuc dwoe tinh nhw sau

asu<b v, +7,
pu)=3 b-a t, =+—

0 otherwise

[, .. +1
rk= k+1 k

2 2

. Sai sO lwong tir

9 q=T —ha=hLa 1



Thay d6i kich thwérc anh

- Giam kich thwoére anh

s Gidm s6 lwong mau c6 thé dan dén hién twong ring cwa néu tan
s& 14y mau khong théa man diéu kién cta ty sd Nyquist.

o St dung bo loc thong thap dé loai bé nhitng thanh phian tin s6
cao (thanh phan c6 tin s6 khong théa man diéu kién vé ty so
Nyquist). Tuy nhién st dung bd loc thong thap c6 thé dan d&n mor
anh.

- Tang kich thwé’c anh
= Ting kich thwée anh bang cic phwong phap noi suy nhw Nearest
Neighbor, Bilinear hodc Bicubic.



Tang kich thwd’c anh

- Nearest Neighbor

- Bilinear | b

Flm,n'|=0-a)l[m,n]+allm,n+1] a
Olm',n'l=(0-b)F[m,n'|+bF[m+1,n']
- Bicubic
Flm,n'l=-a(l-a)’I[m,n-11+(1-2a” +a’)I[m,n]
+a(l+a-a H)I(mn+1)-a*(1-a)l[m,n+2]
Olm',n'1=-b(1-b)*Flm-1,n"1+(1-2b* + b’ )F[m,n']
+b(1+b-b Y Fm+1,n")-b>(1-b)F[m+2,n']
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T6ng quan

Toan tir tuyén tinh

Tich chap (2D Convolution)

Bién d6i Fourier (Fourier Transform)

Bién d6i KL (Karhunen-Loeve Transform)

Bién d6i Wavelet (Wavelet Transform)



Toan tir tuyén tinh
- Xt ly diém anh bing 4nh xa bién doi
gm,n)=T(f(m,n)), meE[l,M]van€[l,N]

- Hé thong dwoc goi 1a tuyén tinh khi va chi khi t6 hop tuyén
tinh cda hai tin hiéu dau vao f,(m,n) va f,(m,n) tao nén t6 hop
tuyén tinh cta tin hiéu dau ra g,(m,n) va g,(m,n).

T(o f(m,n)+a,f,(m,n)) =aT(f(m,n))+o,T(f,(m,n))

=q,g,(m,n)+o,g,(m,n)



Tich chap

 Tich chap - Trwomg hop lién tuc
g(x,y) = f(x,y)*h(x,y)

+00

= f ff(rlarz)h(x_rlay_72)d71d72

T|=—%0 T, =—®

 Tich chap - Trwong hop roirac
glx,ylI= flx,y1*hlx,y]

=SS finm Vil -n,y-n,]



Tich chap

 Tinh giao hoan
SO,y glx,y)=g(x,y)* f(x,y)
« Tinh két hop
FCey) [ g, y) ¥ h(x, )| = £, 9)* g(x,»)]* h(x,y)
« Tinh phéin phoi

FO,y)* g(x,y)+h(x,y)]

[fCe,)* g, )]+ [ f(x,y)*h(x,y)]



Bién doi Fourier
. Bién @6i Fourier roi rac cho tin hiéu mot chiéu
1 M -1 - M -1 .
Fa)=— 3 f0e™™ M f(x)= 3 Fe™™

jo

e’” =cosf+ jsméb

« Bién doi Fourier ro1 rac cho tin hiéu hai chiéu

M-1N-1
F(u V) _ f(x y)e—ZJy(ux/M+\{y/N)
w22
M-1N-1 .
F)= S S Flu e



Bién do6i Fourier
- Néu f{x,y) chi chira gia tri thue, thi pho caa f{x,y) sé d6i xtng
qua gbc toa do
F(u,v)=F *(-u,-v) | F(u,v) =l F(-u,-v)l|
 F(u,v)1a ham tuin hoan véi chu ky M va N
Fuv)=Fu+M,v)=Fu,v+N)=Fu+M,v+N)
- Lién hé véi tich chap
J(x,y)*g(x, y) = F(u,v)G(u,v)
f(x,y)g(x,y) < F(u,v)*G(u,v)



Bién doi Fourier

1 abs[F(u)] = [R2 (u)+ Iz(u)]l/2

VALV

-M/2 M/2 M

P(u)=[F(w)]

I(u) ]
R(u)

¢(u) =tan™ [
| abs[F(u—M /2)]

I[f)-D"] \ m
RV A VAR V- N

-M/2 M/2 M




Bién doi Fourier
(a)

(a) Anh géc f(x.y)
(b) Bién doi Fourier cua f(x,y), F(u,v)
(¢) Bién d6i Fourier ctia (-1)**¥f(x,y), F(u-M/2,0-N/2)

Fu-M/2,v=N/2)=3|f(x,»)(-1)""]

(b)



Bién do6i

- Bién d6i KL dwore st dung trong cac hé thdng nhan dang hoic
nén anh. N6 cho phép giam lwong théng tin dw thira trong
anh théng qua qua trinh gidm tinh twong quan gitra cac diém
anh nim 1an cin nhau. Cho mot khéi anh gom N diém anh.
Goi x 13 véc tor chira gia tri cia cac diém anh trén




Bién doi
» Twr do, ta c6 ma tran hiép phwong sai
C, = E[(x—m (X —m, )T] = E[XXT]—E[m mT]

- Giatric;;cua C, thé hién méi twong quan gura hai diém anh x;
va X;. G01 U la ma tran caa bién d6i tuyén tinh y=UT(x-m )
sao cho ma tran hi€p phwong sai C, la ma tran cheéo.

. Gia str u; 1a véc tor cor s& cia khong gian bién doi. Cac phan ti
cuay co thé xac dinh nhw sau

Vi =uiT(X_mx)



o ~
Bién doi
- D& giam hoan toan tinh twong quan gifta cac diém anh trong
khéng gian bién d6i, U phai la ma tran true giao
U'u=1=UU"

- Tr d6, c6 thé chirng minh dwgc ning lwong cia khdi anh
dwoe bao toan trwdre va sau khi thwe hién bién doi

Iyl =¥"y
=(x-m,) UU (x-m,)

2




Bién doi KL

- Do ma tran hi€p phwong sai C, la ma tran chéo

o0 O e < E[(y-m)(y-m) | =E[yy']
0 A .. O

5 D I U
0 0 .. A, -U'CU

- Co6 thé thdy ring
C.U=UC, = C.u, = Au,



Bién do6i

o Trong biéu thtrc trén, u; 1a véc tor rleng caa C, va A; la gia tri
riéng twong ung cua u;. Véc to x co thé kh01 phuc dyra trén
phép bién doi

y=U'(x-m )=x=Uy+m,

 Qué trinh nén anh chi luvu K (K<<N) phén tir d4u tién cuaay.
Véc tox ban dau c6 thé dwoe xap xi nhw sau

=Uy+m,
- Voi
= [ylayzaﬂ-ay[(’()a'"ao]T



Bién doi KL

« Trung binh binh phwong cta sai sd dwoe xac dinh béi

. _
E-%Zl(xi —55,.)2_ - —E|x-%['|




Bién do6i

 Nang lwong cua khoi anh trwde va sau khi bién doéi dwoe bao
toan.

- Ma tran hiép phu*ong sai C, la ma tran chéo. Do vay cac diém
anh trong khong gian bién doi khong twong quan VO’l nhau.
Lwong thong tin dw thura trong khéi anh ban dau bi gidam mot
cach t0i da.

- Nén anh dua trén bién d6i KL c6 ty 1€ nén cao. Tuy nhién viéc
tinh toan véc to rleng va gia tri rleng tu'O’ng rng rat phirc tap
voi kich thwée khéi anh 16m. Bién doi KL ciing phu thudc vao
dac trung riéng cua tirng anh.



o/\’

Bién d0i Wavelet

- Bién d6i Wavelet (Wavelet Transform) dworc st dung trong xt
Iy da phén giai va nén anh JPEG2000. Bién d6i Wavelet dya
trén qué trinh ma hoéa dai tan con (sub-band coding).

Low-pass Low-pass
Analysis \l, 2 1‘ 2 Synthesis
Filter Filter _
x(n) —> —> x(n)
High-pass High-pass
Analysis l, 2 1‘ 2 Synthesis
Filter Filter
h,(n): Low-pass Analysis Filter g,(n): Low-pass Synthesis Filter

h,(n): High-pass Analysis Filter g,(n): High-pass Synthesis Filter



o/\’

Bién doi Wavelet
- Pinh nghia bién d6i Z:
X(z)= ixm)z'”
- Gidm mAu 2 [an trén mién thoi gian
4 1) = X2) 2 X, () = [ X+ X (2]
- T#ng mau 2 [an trén mién thoi gian

2 =0,2,4,...
xup (n) _ X(n/ ) n 09 s Ty P Xup (Z) _ X(Zz)
0 Otherwise



Bién d0i Wavelet

- Giam mAau va ting mau trén mién thoi gian:
A 1
X(2)= E[X(Z) + X(—Z)]

- Qua trinh ma hda bing tin con c6 thé dwoce minh hoa nhw sau
A 1
X(@)=7G, (2)[Hy(2)X(2)+Hy(-2)X(-2)]

+ GO H (X () + H,(-2)X(-2)]

X(z)= %[H 0(2)G,y(2)+ H,(2)G,(2)| X (2)

+%[H 0(-2)G,(2)+ H,(-2)G, (z)]X (-2)



Bién d0i Wavelet

« Twrdo, ta cd
H (-2)G,(2)+ H,(-2)G,(2) =0
H,(2)G,(2)+H,(2)G,(2)=2

- Biéu dién dwéi dang nhan ma tran

| Hy(z) Hy(-2)

=| 2
[ Gy(2) G(2) H() H(-2) [ 0 ]
» Quadrature mirror filters (QMF)

H(z)=H,(-2) Gy(2)=H,(2) G, (2)=-H,(-2)
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Tﬁng quan

Cai thién va nang cap anh

Toan tw Toan tir trén Toan tw
trén diém anh mién khong gian trén mién tan so

Anh 4m ban Loc trung binh Loc thong thap

Bién d6i str dung ham log Loc trung binh trong so Loc thong cao

Bién d6i str dung ham mi Loc trung vi Loc High-boost

Dan va co d twong phéan Loc cuec dai Laplace trén mién tan s6
C4t theo mirc Loc cuec tiéu
Trich chon bit Loc sic nét
Can bang Histogram Loc High-boost
Histogram dac trung

Trir anh

Trung binh anh




TOAN TU TREN PIEM ANH
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Phac hoa noi dung

Cai thién va nang cap anh

Toan tiwr
trén mién tan soO

Toan tw Toan tir trén
trén diém anh mién khong gian

Loc thong thap

Loc thong cao

Loc High-boost

Laplace trén mién tin s0

Anh 4m ban Loc trung binh
Bién déi str dung ham log Loc trung binh trong so
Bién d6i str dung ham mi Loc trung vi

Dan va co do twrong phan Loc cuc dai

C4t theo mirc Loc cuec tiéu
Trich chon bit Loc sic nét
Can bang Histogram Loc High-boost
Histogram dac trung

Trir anh

Trung binh anh




Dinh nghia Histogram

- Histogram (Lwoc d® mirc xdm) biéu dién béng mot ham roi
rac h(r,)=n,, trong d6 r, 1a mirc xam thir k va n, 1a s6 lwong
diém anh c6 mirc xdm r,. Thong thuwdmng histogram dworc tiéu
chuin héa bing cach chia h(rk) cho n, véi n=2n,.




g(m,n)=L-1- f(m,n)




() Anh gdc f(x.y)
(b) Bién doi Fourier cua f(x,y), F(u,v)
(¢) Bién d6i stt dung ham log (c=1)

g(m,n) = clog[l+ f(m,n)] G(u,v) = clog[l+|F(u,v)|]



Gamma P
Correction

g(m, n) = qf(m, n) Y g(m, I’l) _ Cf(m,n)l/y



Dan va co do two'ng phan

r A
ar r<a L-1
T(r)=1 P(r—a)+s, asr<b S, (R ———— .
y(r-b)+s, bsr i
|
. T(r) :
Dai tan nhay sang la gi¢i han !
dai mirc xam xuat hién trong anh. i
Dai tAn nhay sang dwoc do bing S, fomes |
do tirong phan. : i
' >
a b L-1

Anh c6 @6 twong phan thép, dai tAn nhay sang hep, viéc chuyén tiép gitra cac sic
mirc xam khong dwoc song dong va linh hoat. Ham T(r) dwoc dung dé ting do
twong phan. Vi duy, v61 a,f,y>1, T(r) thye hién dan d6 twong phan.



Dan va co dg twrorng phan

- 8 58 88 8 8 8 8

- 8 &8 88 8 8 &8 8

200 250

a

Anh (b) thu dwoc sau khi thye hién tdng cwdng do twong phan anh (a). Histogram cua
anh (a) va (b). Anh (a) c6 mrc xam trong dai [74,224], anh (b) ¢6 mirc xam trong dai
[0,255].



Cit theo mirc

T(r)

>

: >
b

L-1 L-1

Q
S - -

asr<b a<r=<b

a
S
T(r)=4 " | T(r)=4 "
s, Otherwise r  Otherwise




Ciat theo mire

a) Anh gdc
b) Cét theo mre khong nén véi a=100 va b=200
c) Cittheo mtrc cd nén véi a=100 va b=200



Trich chon bit

Mbi diém anh dwoc biéu dién
bing 8 mit phang bit tir o dén
7, xép chong lén nhau theo
thir ty tir cao xudng thip.

Nhitng mit phang bit phia trén tip trung phian 16n dit liéu ¥ nghia cda anh. Di
liéu chi tiét anh tip trung & nhitng mit phang bit phia dwéi. Phan tich st dung
phwong phap trich chon bit cho phép xac dinh nhitng mit phang bit quan trong
va s0 lwong bit yéu cau ctia qua trinh lwong ti hoa.



Trich chon bit

Minh hoa 8 mit phang bit. (q), (b), (¢), (d), (e), (), abcd
(g), (h) twong dwong mat phang bit tir 7 dén o ef gh



Can bang Histogram

. Gia st r dwoc chuin héa o<r<i, s=T(r) véi T(r) 12 ham moét
bién don diéu ting va o<T(r) <1. Diéu kién trén dam bao su
ton tai cua anh xa ngwoce cua r=T(s) vd 0<s<1.

~ \ \ \ A A A

Néu p, va p,. la ham mat do

x4c suit cua hai bién s va r. Do

sO lwrong diém anh la khong
doi, nén p.(s)ds=p,(r)dr. Gia
st

1

S=T(r ) ===+

s=T(r)= forpr(w)dw




Can bang Histogram

e Nhuw vay ds=p,(r)dr. Tir do, p,(s)=1 v&1 0<s<1 va la ham phan
b6 déu. Can bang histogram cho phép tao ra histogram maéi c6
phan bé déu.

pr(rk)=n_k Sk=T(rk)=2pr(rj)=§n.

5
n j=1 -1 1
o Trén thye t€, gia tri mrc xAm méi dwoe xae dinh nhw sau

s, —minJ{s, }

s, = round (L-1)

max{s, } — min{s, }



Can bang Histogram

ab
cd

(a) Anh gdc

(b) Histogram cuia dnh goc

(¢) Anh véi can bing Histogram
(d) Histogram cua anh (c)

1200 H

1000

800 H

600 |-

400 H

200 |

0 50 100 150 200 250



Histogram dac trwng

- Phwong phap histogram dic trung dwoe ap dung dé tao anh
d4u ra v4i histogram c6 hinh dang cho trwée. Gia st p, va p,
12 ham mAat dd x4c suit ciia anh dau vao va dnh dau ra. Goi
T(r) va G(z) 1a phép bién d6i sao cho

s=T(r)=fOrpr(w)dw G(Z)=fozpz(t)dt=s

« T(r) thye hién cin bang histogram cta anh dau vao, trong khi
G(z) c6 thé xac dinh dya trén p,. Ttr do, ta co

s=T(r)=G(z)=z=G"(T(r))



Histogram dac trueng
1) Xay dung histogram cta anh dau vao
2) Thye hién can bang histogram cua anh dau vao
3) Xac dinh G(z) dwa trén p,
4) Tim gi4 tri z, nho nhét &g véi s, sao cho
[G(z)-5,]=0

5) Mbi diém anh c¢6 mirc xam T tim sk twong rng (bwodc (2)).
Ttr s;. ¢6 thé tim z, dwa trén két qua caa buéce (4).



Trw anh

g(x,y) = f(x,y)—h(x,y)

N ab
cd
(@ flxy)

(b) hoy)
(c,d) gtx,y)=f(x,y)-h(x,y)




Trung binh anh

(x,y)=g2(x,y)+n(x,y) Trung binh dnh dwoc st dung gidm nhiéu
JOxy)=glxy)+n(x.y bang cach tang ty 1€ SNR. Anh (b) thu duoc
dya trén trung binh anh. Lwu y: nhiéu la

— 1 % mot qué trinh ngiu nhién
X, =— (X | .
8x.y) = ;g (%,)
E[g(x.)]= f(x.y)

1
O'g(x,y) = /K OU(X,)’)




TOAN TU TREN MIEN KHONG GIAN

Tran Quang Dtrc




Phac hoa noi dung

Cai thién va nang cap anh

Toan tiwr
trén mién tan soO

Toan tw Toan tir trén
trén diém anh mién khong gian

Loc thong thap

Loc thong cao

Loc High-boost

Laplace trén mién tin s0

Anh 4m ban Loc trung binh
Bién d6i str dung ham log Loc trung binh trong so
Bién d6i str dung ham m Loc trung vi

Dan va co do twong phan Loc cuc dai

C4t theo mirc Loc cure tiéu
Trich chon bit Loc sic nét
Can bang Histogram Loc High-boost
Histogram dac trung

Trir anh

Trung binh anh




Nhiéu

- Anh thwong bi bién dang do nhiéu ngiu nhién. Nhidu xuét
hién trong qua trinh thu nhan anh hodc truyén tin. Cac yéu to
moi tredng, vi du diéu kién anh sang yéu, nhiét do cta thiét bi
cam bién cling anh hwdng dén sy xuat hién cta nhiéu.

- Nhiéu c6 thé phu thudc hodc ddc lap véi ndi dung anh va
thwong dwoe biéu dién biang cac thude tinh théng ké. Xt Iy
nhiéu phu thudc vao ndi dung anh thwomg c6 dd phire tap cao
(ngoai chwong trinh).

« Nhiéu ¢6 thé 1a nhiéu tring, nhiéu Gauss, nhiéu déu, nhiéu
xung hodc nhiéu mudi tiéu.



Nhiéu lwgng tir hoa

- Nhiéu lwong tr héa dworc tao ra trong qua trinh lwrong ti hoa
(st dung chudi nhi phan dé xap xi gia tri bién do chia tin hiéu
thu nhan). Nhiéu lwong t& c6 thé xap xi béi phan b6 déu nén
con dwoc goi 1a nhiéu déu.

a<z<b

pP(2)=1 b-a
0 Otherwise

- Nhiéu lwong tir ¢6 dic trung sau

_a+b

= ()'2=(b_a)2

2 12




Nhiéu triang

- Nhiéu tring 1a nhiéu c6 pho ning lwong khong d6i. Néu nhiéu
c6 pho ning lwong nhiéu hon & mot vai tdn s6, nhiéu dworc
goi 1a nhiéu mau. Ham twong quan cta nhiéu trang 1a Dirac’s
delta. Do @4, nhiéu tring khéng trong quan & hai mau bat ky.

imnoise(I,’localvar’, V)




Nhieu Gauss

- Nhiéu Gauss 12 m6 hinh phé bién dé xap xi nhiéu trong nhiéu
tng dung khac nhau. Mat dé phan bd xac suit cda nhiéu 1a
ham Gauss, dwoc dac trung bdi gia tri trung binh u va
phwong sai o2.

1 ~(z-u)*/20?

PO o€
lu-o,u+o0]

[u-20,u+20]

imnoise(I,’gaussian’,M,V)



Nhieu Poisson

 Trong qué trinh thu nhén, néu s6 lwong 16m hat photon tip
trung vao mot diém, chiing sé tao ra nhiéu tai diém d4. Nhiéu
dwoce dic trung boi ham mat dd6 phan bo xac suit Poisson,
nén dwoc goi 1a nhiéu Poisson.

imnoise(I, poisson’)




Nhiéu muoi tiéu

- Nhiéu xung dic trung béi mot diém anh co gia tri mrc x4m
khac biét 16m so voi nhitng diém 14n cin. Xung cta nhiéu co
thé 4m hodc dwong. Xung nhiéu am dai dién cho diém anh
den (pepper), trong khi xung nhiéu dwong dai dién cho diém
anh tring (salt). Nhiéu mudn tiéu xuit hiéu khi dnh bj bao
hoa béi nhiéu xung.

imnoise(I,’salt & pepper’, 0.02)




Loc trung binh

 Loc trung binh

« Loc thong thap

(b+2)°




Loc trung binh

(a) Anh bi nhiéu mudi tiéu
(b) Loc trung binh
(¢) Loc théng thap (Loc trung binh trong so)



Loc trung vi, cyc tieu va cwe dai

g(x,y) =median{ f(m,n)}

m,ncW

é(xs y) = n?lné%{f(ma n)}

é(xa y) = nI}lneeDn(/{f(m’ n)}

W: 3x3, 5X5, 7X7




Minh hoa loc trung vi

(a) Anh bi nhidu mudi tiéu
(b) Loc trung vi ctra sO 3x3
(¢) Loc trung vi ctra sO 7x7



Loc sac neét

Pao ham bac nhat Pao ham bAc hai

P e D) f ) T freD) 4+ fx=1)=2f(x)

£= 0x

5/5|4|3|2|1|0oflo|o|6|oflo|o|1|3|1]|]o|lo|lo|lo|7|7|7]|7

Pao ham bic nhat

o|-1|-1|-1|-1|-1|l0|lO0|6|-6|]0]lO0O]J]O0O|1|2|-2|-1]0]lO|J]O]|]7]0]|]O0]O

Pao ham bac hai

-1t{lojlo|lo|lo|1|o0|lO|6|-12|6]0|O0|1|1|-4|1]1]l0|lO]|7]|-7]0]|O0




Loc sac neét

», Of S
Vis= ox” " Jy”
=f(x+Ly)+f(x=-Ly)+ f(x,y+D+ f(x,y-D-4f(x,y)

0 oll o =1 o[-t =1t =1 [1 1 1]
14 1|l 21 4 -1l =1 8 <11l1 =81
0 oll o =1 o ||t 21t 21|11 1




Loc sac neét

f(x,y)-V>f(x,y) If center coefficient is negative

g(x,y) =+ , L -
f(x,y)+V f(x,y) If center coefficient is positive

0 -1 0 |

-1 5 -1

0O -1 O
1 -1 -1

-1 9 -1

-1 -1 -1




Loc High-boost

« Nguyén tic co ban

fhb(xay)=Af(x’y)_]?(xay)=(A_l)f(x’y)_fv(xay)

0 -1 0
-1 A+4 -1
0 -1 0
-1 -1 -1
1 A+8 -1
-1 -1 -1




TOAN TU TREN MIEN TAN SO

Tran Quang Dtrc




Phac hoa noi dung

Cai thién va nang cap anh

Toan tiwr
trén mién tan soO

Toan tw Toan tir trén
trén diém anh mién khong gian

Loc thong thip

Loc thong cao

Loc High-boost

Laplace trén mién tin s0

Anh 4m ban Loc trung binh
Bién d6i str dung ham log Loc trung binh trong so
Bién d6i str dung ham m Loc trung vi

Dan va co do twong phan Loc cuc dai

C4t theo mirc Loc cuec tiéu
Trich chon bit Loc sic nét
Can bang Histogram Loc High-boost
Histogram dac trung

Trir anh

Trung binh anh




o\A

Loc trén mién tan s6

« Nhitng thanh phén tin s6 thap dai dién cho dir liéu anh tai
nhitng ving tron min, trong khi nhirng thanh phan tan s6 cao
dai dién cho dir liéu chi tiét anh nhw bién anh va nhiéu.

« Loc thong thap chi cho nhirng thanh phén tan s6 thip di qua
va loai bé nhitng thanh phan tin s6 cao. Vi vdy, anh sau khi
loc sé tron min nhung khong dworc sic nét bang dnh dau vao.

« Loc thong cao chi cho nhitng thanh phén tin sd cao di qua va
loai bo nhitng thanh phén tin s6 thap. Do d6, anh sau khi loc
s€ c6 dai mirc xam khong da dang tai nhitng ving tron min,
nhung sic nét hon so v4i anh dau vao.



Hé thong loc trén mién tin so

Bién Doi Bién Doi
Fourier Fourier Ngwoc

Tién Xt Ly

Hau Xt Ly

J(x,p) g(x,y)
 Lién hé véi tich chap
JFx,y)*glx,y) < Fu,v)G(u,v)
Jx,»glx,y) < Fu,v)*G(u,v)



Lién heé vori tich chap

1
-1 1 1' G)
o
1 1 1 1 =
5 5 0.5
1 1 1 CEU I::’: )\ \
- | ;;f:',’:’::‘:“‘\\‘;/ I fj /i l.\ () ’
I = ;;///u,, i w’%‘i i %«::‘.:‘.‘,
S .{,
0 ”"fé ""'




Loc thong thip 1y twong

B if D(u,v) < D, H(u,v)
H(u,v)=- A
) 0 if D(u,v)>D, 1

D(u,v)=[(u=M/2)* +(v=N/ 2)2]”2

-1N-1

P. = E P(u,v)

u=0 v=

a=100[ P(u,v)/ P,

v=0

o

U=




Loc thong thap 1y twong

‘ I ‘ ‘ | | ‘ ?';- Ny e 174 3

aaaaadadd

a

(a) Anh géc
(b) Loc thong thap 1y twéng
(¢) Loc thong thap 1y twéng véi D =5,...,230

-»mmE B r ‘
coe a .
I g
aaaaaaad L 4

rvom B =2t 3 1 |
O.‘.a o...a

| T

TS S saaannaa

cconmEH

ol
i -

aaaaaaaad

= .

aaaaaaaad

C



Loc thong thiap Butterworth

B
I

aaaaaadadd

a
(a) Anh géc H(u,v) = 1
(b) Loc thong thap 1y twong voi D=5 A 1+(D(u,v)/ D, )2n

(¢) Loc thong thap Butterworth véi D, =5



Loc thong thap Gauss

seomn cenmn cemmn

~a | |«a | |=a
T T

o..“..‘ 00...‘.' .ll.'..a

a b C

(a) Loc thong thép 1y twéng véi D =15 )
(b) Loc thong thip Butterworth véi D, =15 H(u,v) = e~ D)/ 2Dy
(c) Loc thong thip Gauss v6i D, =15



th(u,v) = l—Hlp(u,v)

Loc thong cao

F(uv)H,,(u,v) = F(u,v)[1- H,,(u,)]

F(u,v)th (u,v)=F(u,v)- F(u,v)H,p (u,v)

fhp('x’y) = f(x’y)_ﬁp(-xay)

[ 0
—1
0

—1

-1

0

-1

0




Loc thong cao

» Loc thong cao ly twéng
0 if D(u,v)=<D,

H(u,v)=-+
(t:v) 1 if D(u,v)> D,

 Loc thong cao Butterworth

1

M = Dy T D)™

» Loc thong cao Gauss

2
H(M,V) — 1 _ e—D (u,v)/2D,



Loc thong cao

(a) Loc thong cao Gauss voi D, =15
---uE B (b) Loc thong cao Gauss v&i D,=30
. Fe (c) Loc thong cao Gauss véoi D,=80
‘Y X a SR

ot

aaaaadadd




Loc High-boost
fhb(x,y)=Af(x’y)_flp(x’y) - 1
0) —1 0)
fhb(-xay)=(A_1)f(xay)+f(x’y)_ﬁp(-x’y) -1 A+4 -1
0 ~1 0)

Jiw(6Y) = (A=D f(x,y)+ f,,(x,y)

V&1 A=1, anh dau ra twong du*ong v&i anh sau loc sic nén. Néu gia
tri caa A tang, vai tro caa fh giam dan. Gia tri A du 16m, f;, s€
twong dwong véi anh dau vao nhan véi mot hang so. Tir @6 ta o

Jiw(6Y)=(A=-D f(x,y)+h,, (x,9)* f(x,y)
H,(uv)=(A-D+H, (u,v)



Laplace trén mién tan so

- Bién doi Fourier ctia dao ham bAc hai

S| L0 TSN Gyt P,y (o) )
0x dy

. To4n tir Laplace trong mién tin so
Vif(x,y) = -[(u-M/2) +(v-N/2)1F(u,v)

 Anh sau loc sic nét

g6, y) =3 {1+ =M /2)" +(v=N /2" IF(u,v)}



KHOI PHUC ANH

Tran Quang Dtrc




Hé thong khoi phuc anh

g(x,y)

A

f(x,y)

f(x,y)

n(x,y)
G(u,v)=Fu,v)Hu,v)+ N(u,v) F (u,v)=Gu,v)W(u,v)

Trong hé thong trén, ta c6 f{x,y) 12 anh dau vao, f(x,y) 1a anh
khoi phuc twong tng, h(x,y) la ham suy hao va n(x,y) la
nhiéu, xudt hién trong qua trinh thu nhan hoic truyén anh.
Khoi phuc anh théng qua wéc doan ham suy hao h(x,y) con
c6 tén khac la giai chap mu.



U’'6o’'c doan ham suy hao

+ U'drc doan dya trén quan sat anh wéc doan ham suy hao
bang théng tin thu nhén trye tiép tir anh. Vi du, dé khoi phuc
anh b1 nhoe va nhiéu, nglr0’1 ta tién hanh quan sat mot vung
anh co cau triac don gian voi gia thiét viing anh sau khi khoi
phuc c6 nhiéu khong dang ké.

- Uérc doan dwa trén thywe nghiém st dung thiét bi twong
tw nhw thiét bi thu nhan anh. Thye nghiém dwoc lap lai nhiéu
lan v61 cace théng s6 khac nhau cho den khi anh khéi phuc gan
twong tw voi anh dau vao.

« Udrc doan dwa trén mo hinh hoéa sir dung mo hinh toan
hoc dé wérc doan ham suy hao.



Minh hoa vé mo hinh toan hoc
- Anh bi nhée do chuyén dong twong d6i caa vat thé so voi thist
bi cam rng trong qua trinh thu nhan. Gia thiét T la thoi gian

mé va déng cira trap, x,(t) va y, (t) 1a cAc thanh phan chuyén
dong theo phwong x va y. V61 f(x,y) 1a anh dau vao, ta ¢6

g0, y) = [ flx=x,(1),y =y, (0)dt

 Thuc hién bién do6i Fourier biéu thitrc trén,

T
G(u,v) = f F(u,v)e™’ 22w (030 (0] 1
0



Minh hga vé mo hinh toan hoc

T d6, ham suy hao ¢6 thé viét nhw sau

T
H(u,v)= f g2l gy

0
- Do chuyén dong déu y (t)=bt/T va x (t)=at/T , nén

H(u,v) = r Sin[n(ua + vb)] /)

(ua+vb)

» Ta c6 phwong phap loc ngwwoe véi anh khéi phuc c6 dang

G(u,v)

ﬁ(u,v) B H(u,v)




Loc Weilner

« Loc Weiner tim W(u,v) sao cho anh khoi phuc ¢6 sai s6 trung
binh binh phwong nhé nhat so véi anh dau vao

¢ = E{'F(u,v) _ ﬁ(u,v)]z}

= E{[F) = W) (F)H ) + N ||

» Gia thiét nhiéu déc 14p véi tin hiéu, ta c6

c= [1 _ W(u,v)H(u,V)][l - W(u,v)H(u,v)] E {[F(u,v)]z}

+W (u,v)W (u,v)E {[N (u, v)]2 }



Loc Weilner

o Thuc hién dao ham va cho gi4 tri dao ham bang o, ta c6

W (u,v) = H (W) 7 = ! Hof ;
|H(u v)|2 . N(u,v) H(u,v) |H(u v)|2 . N(u,v)
’ F(u,v) , F(u,v)

- Chu ¥ riang khi khong cé nhiéu,

2
L =0=W(u,v)= :
SNR H(u,v)

‘N (u,v)
F(u,v)




Minh hoa loc Weiner

(a) énh goc

(b) Anh bi nhoe

(c) Khoi phuc anh (b)

(d) Anh bi nhoe va nhiéu

(e) Khéiphuc anh (d) (khong nhiéu)
(f) Khéi phuc anh (d) (c6 nhiéu)




PHAT HIEN VA TACH BIEN ANH

Tran Quang Dtrc




T6ng quan

- Bién anh 1a tip hop clia nhitng diém tai d6 gia tri mirc xam
thay doi cuc bo dot ngot

« Sw bién thién ctia mot ham lién tuc dwoe xac dinh thong qua
dao ham.

- Anh s6 14 mé6t ham roi rac véi bién 14 toa do trong mit phing
anh. Sw bién thién vi vAy phai xac dinh théng qua cac dao ham
roi rac, gom dao ham bac nhat (Gradient) va dao ham béac hai
(Laplace).



Pao ham bac nhat

- Gradient theo hai hwéng

_U _o
T ox Y9y
- Bién do cua gradient
2 1/2
AL |, o
e =[[2) o2 -t}

 Tinh gradient ro1 rac

Gx=f(x+17y)_f(x’y) Gy=f('x9y+1)_f(xay)



Pao ham bac nhat

1 O 0 1
» > G = G =

Toan tir Robert X 0 _1 ] : . ]
10 1 -1 -1 -1

Toan tir Prewitt | G =| -1 0 1 G=0 0 0
-1 0 1 1 1 1
10 1 1 2 -1

Toan tir Sobel G =| -2 0 2 G=0 0 O
-1 0 1 1 2 1




Pao ham bac nhat

(b) Toan tr Robert

(c) Toan tir Prewitt (d) To4n ttr Sobel



Pao ham bac nhat

 Toé4n tir Robert nhay cam véi nhiéu va nhitng bién thién nho
¢ bién vi sir dung it diém 1an can dé xap xi dao ham bac nhat.
Toan tir Robert dap img cyre dai voi bién tao goc 45°.

- Toan tir Prewitt va Sobel dap (rng cuc dai véi bién ngang hoac
thang ding. Bén canh tach bién toan tir Prewitt va Sobel con
c6 thé lam tron nhieéu.

G=-101=1[-101]




Pao ham bac nhat

« Toan tir la ban (Kirsch)
> Udre lwong gradient cia 8 hwéng theo mit na tong chap
> Két qua clia tong chap cue dai chi hwong ctia gradient

5 5 5 -3 5 5 -3 -3 5 -3 -3 -3
-3 0 -3 -3 0 5 -3 0 5 -3 0 5
-3 -3 -3 -3 -3 3 -3 -3 5 -3 5 5
-3 -3 -3 -3 -3 -3 5 -3 -3 5 5 3
-3 0 -3 5 0 -3 5 0 -3 5 0 -3

5 5 5 5 5 -3 5 -3 -3 -3 -3 -3




Pao ham bac nhat

(b) Toan tr Kirsch




Dao ham bac hai

V2f=8j2f+a]: %=f(x—l,y)+f(x+1,y)—zf(X,)’)
ox°  dy 0x

o f

W=f(x,y—1)+f(x,y+1)—zf(X,)’)
o 1 of[lo -1 o[-t -1 -1][1 1 1
I =4 1 || -1 4 -1||-1 8 -1]]1 -81
0 1 0|0 -1 0o f|-1-1-1f[1 11




DPao ham bac hai

Toan tir Laplace nhay cdm véi nhiéu va khéng ho
troe tim dwoc hwéng cia dwong bién. Toan tw
Laplace dwoc st dung dé xac dinh vi tri cia mot
diém anh thudc ving t6i hoic viing sang cia bién.




Laplace of Gaussian

- 2 e N R BN A TA e
h(r)=—e %° voi r2=x2+y2 va o dwoce goi la do 1éch chuan




Phworng phap Canny

1) Loc lam tron nhiéu véi mit na Gauss (5x5)

2 4 5 4 2|
4 9 12 9 4
h(r)=—-e 2 H=—15 12 15 12 5
1904 9 12 9 4
2 4 5 4 2

2) Tinh bién do va hwdéng cua gradient

G=

Gx

+‘Gy‘ a=tan‘l(gy)

X



Phwo'ng phap Canny

3) Xoba diém bién khong phai cue dai theo hwéng gradient
4) Phan loai diém bién (rd, mo, rat mo) dya theo ngwomg
5) K&t néi cac diém bién mo thudc 1an cin diém bién ro

2 13l5Maflell |21ststallel |213l51alle?
6 1|5 11187181161 |6 1|5 1|181(181/161 |6 1|5 1|18]| 18|16
5 Nulla iz 21 5F4T3T2T 5 Nulla s 21
16114 14 14 1|3/| |16Qlal|at|a] 1614 14 14 1|3/
5 1at|st27|s2ll |5 1at|st|27 52l |5 at]31]27|s2t




Phwo'ng phap Canny

(a) Phwong phap Canny
(b) Laplace of Gaussian
(¢) Toan ti& Sobel



PHAN VUNG ANH

Tran Quang Dtrc




T6ng quan

- MOt ving anh 1a tp hop ctia cac diém anh cé cung chung mot
hodc nhiéu thudc tinh vé d6i twong trong anh.

« Phan vung anh 1a mot trong nhitng nhiém vu khé khin nhat
cua xtr Iy anh. Trong mot sO trwomng hop, ngwdi ta st dung céc
thiét bi dic biét, vi du may chup anh hong ngoai dé ting hiéu
qua cua qua trinh phan viung.

» Qua trinh phan ving dya trén hai tinh khéng lién tuc va tinh
d6ng nhat cia diém anh. Cac phwong phap gom phan ving
dyra trén bién anh, phan vung dwa trén ngwomg va phan viung
dwa trén mién anh.



Phan vung dwa trén bién anh

- Bién anh 14 tap hop ctia nhitng diém anh nim trén ranh giéi
gitta hai vung anh. Bién anh dwoc xac dinh dya trén cac
phwong phap dao ham bac nhit (gradient) va dao ham béc hai
(laplace).

- Tim bién thong qua dao ham thwong tao ra bién khong khép.
Nhiéeu cling tao ra cac dieém bién gia, gay khé khan cho qua
trinh phan vung anh.

- K&t néi cac diém bién cb thé dwa trén cac phwong phap xiv
ly cuc bo hoic xir ly toan cuc s dung bién doi
Hough.



Phworng phap xir 1y cuc bo

- Cho diém bién (x,.y,), diém anh (x,y) thudc lan cin cua
(x,,y,) dwge két néi véi (x,,y,) néu

IV (x,9) = Vf (xg,5)| s E o (x, ) - a(x,,y,)| s A

» V&1 E va A 1a cac gia tri ngwong. Qua trinh trén dworce lap lai
véi tat ca cac diém anh. Cac 1an cAn dwoce xem xét thudc mat
na kich thwée 3x3 hoac 5x5.

« K¥ thuat xi 1y cuc bo khong tinh dén lich st tim ki€m nén c6
thé tao ra cac dieém bién gia.



Phworng phap xir 1y toan cuc

« K§¥ thuat x Iy toan cuc tim dwong théng xap xi di qua n diém
anh. Gia sw du'ong thang di qua diém anh (x;y;) ¢6 dang
y.=ax+b, ta co thé viét b= =Y;-ax; Tw do, dwong thang dworc tim

ki€m trén mait phang tham s6 ab.

b bmin b max

y=ax+b a

(xy;)

<



Phan vung dwa trén ngwong

1) Chon gia tri khoitao T,

2) Chia vung anh dya theo T, (G, va G.,)
3) Tinh y, va u, twong trng caa G, va G,
4) Tinh ngwong moi T, = (u, + w1,)/2

5) Lip lai cac bwére 2-4 dén khi T--T,,<Th

A

1 If fy)>T

D0 =T




Phan ving dya trén ham xac suat
p(z)=Fp,(2)+ P,p,(2) t

P+P =1

E(T)= [ p,(2)dz E,(T)= [ p,(2)dz

1 Y
E(T)=P,E(T)+PE,T) p.(2)= Tino e 7
E 2
a—=0=>P2pl(T)=P1p2(T) T=M1+‘u2+ o In &
oT 2 Uy — U, B




Phworng phap cai thién Histogram

- Nhan xét: Ngwong thwomg dwoe chon dwa trén lwge d6 mire
xam. Do d0, cai thién lwoe d6 mirc xdm c6 thé ting hiéu qua
ciia qua trinh phan vung.

- Cai thién lwge @6 mirec xAm bang cich chi xem xét nhirng diém
anh nam 1an cin bién dé gidm sy chénh léch sd lwong diém
anh gitra cac vung.

- Nhac lai: Pao ham bac nh4t (gradient) cho phép xac dinh
bién anh trong khi dao ham bac hai (laplace) xem xét mot
diém anh thudc ving t6i hay viing sang cua bién.



Phworng phap cai thién Histogram

0 If Vf<T
s(x,y)=4 + If Vf=T and V' f =0
- If Vf=T and V’f <0

- Piém anh khéng thudc bién anh hoic 14n cin cda bién anh
dwoce ky hidu 0. Piém anh 1an cn cta bién dnh thudc vung tdi
dwoc ky hiéu +. Piém anh 14n can cda bién anh thudc ving
sang dwoc ky hiéu -.

- Bién anh tai nhitng diém c6 bwée chuyén (-,+) hoic (+,-).



Phan vang dwa trén mién anh

- Vung anh 1a tdp hop clia cac diém anh c6é cung chung mot
hodc nhiéu thudc tinh vé d6i twong trong anh

- Phan vung anh 13 qua trinh chia tip cdc diém anh thanh
nhitng tip con R, thoa man céc diéu kién sau

X=URi Riij=@ Viajai?ﬁj
P(R)=TRUE P(R, URJ.)=FALSE

R =



Phworng phap gia tang vung

- Phwong phap gia ting viing xét 1an can cia nhitng diém anh
hat giong. Néu ching thoa man diéu kién vé do twong dong
thi hop lai thanh mot vang.

o [o 1 [1[1]2[>2]1 £y = (X, 30)| =2
8| 9| 9| 8 1 1 1 1
71919 |8 |1]|2|1]1 Str dung quan hé 4-1an c4n
8 9 9 6 1 1 2 1
o) 8 8 9 1 2 2 1
8 8 8 9 1 1 2 1
8 9 8 9 1 2 1 2




Phworng phap chia va ho’p vung

- Phwong phap chia va hop vung str dung phwong phap phan tach
cay t&r phan dé chia anh thanh viing nhé. Nhitng vung nho 1an can
dwoc hop lai néu chiing théa man diéu kién vé do twong dong.




XU LY DA PHAN GIAI

Tran Quang Dtrc




Bién dién da phan g

Bién dién da phan giai biéu dién chudi
anh c6 @6 phan giai giam dan theo quy luét
dya trén cau trac thép.

Biéu dién da phan giai dwoc ng dung trong
phan ving anh va nén anh.

Anh tai mtrc j kich thwée 2ix2/, o<j<J
Dung lwong lwu triv J+1 mtc

5 1 1 4 5
N (1+Z+...+F)s§N NxN

® > 0

14l




® > 0

Biéu dién da phan giai

B Analysis

> Murc j-1

Miecj Mikcj




Bién doi Haar

- Bién d6i Haar c6 tinh d6i xttng va phan tach T=HFH. Dé tao
ra H, ta dinh nghia s6 nguyén k, k=2P+q-1,vé1 0<p<n-1, qg=0
hodc 1 néu p=0 va 1<g<2P néu p+o.

B (2) = o (2) = ﬁ 2 E[0.1]

2P (g-1)/2" =z<(qg-0,5)/2"
I =277 (g-0,5)/2" <z<ql2"
0 Otherwise,z €[0,1]

()=




Bién doi Haar

Néu N=4, gi4 tri k, p, ¢ nhw sau

k p q 1

0] 0 0] H2=ﬁ[ 1 _11 ]

1 o) 1

2 1 1

3 1 2 | | | |
1 1 -1 -1

H, ~ B0 loc phan tich QMF H,

1
Al N2 V2 00 0
G,(z2)=H,(z) G(2)=-Hy(-2) 0 0 V2 2




o N

Bien doi Wavelet rori rac

Gi4 tri cia mOt ham roi rac c6 thé biéu dién thanh chuoi cac hé s6

W, jgok) = —— Ef arm| meFj%EHﬂw

fln Ewuwmm J—ngomuk]

J=Jo

M=2’, x=0,1,2,..., M-1; j=0,1,2,..., J-1 va k=0,1,2,...,2-1.

Vidu: f(o)=1, f(1)=4, f(2)=-3, f(3)=0



o ~
Bién doi Wavelet nhanh
Trong bién d6i Wavelet nhanh, cac hé s6 ¢ thé xac dinh nhw sau
W, (Jj.k)=h, (-n)*W_(j+1,n) W,(j,k)=h,(-n)*W, (j+1,n)

voi n=2k (k=0)

W(@G+1,n) —>

A
A



Minh hoa

Vidu: f(o)=1, f(1)=4, f(2)=-3, f(3)=0

A

F[n]=[1,4.-3.0] —

1

ma
mm
e




Bién d6i Wavelet nhanh 2 chiéu

f (m) n) —>




XU LY ANH NHI PHAN

Tran Quang Dtrc




Khai niem

- Anh nhi phan gom nhitng diém anh c6 gia tri o va 1. Gia tri o
biéu dién diém anh thudc d6i twong anh (diém anh den). Gia
tri 1 biéu dién diém anh thudc nén (diém anh tring).

1 If f(x,y)=T

8NN 0 Foaw <T



Ly thuyét tap hop
« A la mot tip hop thude khong gian Z2. Mot phan tir a=(a,,a,)
thudc A dwoe ky hiéu
ac A
« Twong tw, néu phan tir a khong thuodc A, ta ky hiéu
aE A
- Néu A khong chira mot phan ti ndo, A 1a tip rong

A=



Ly thuyét tap hop

Alatip con cta B ACB

Hop caa hai tip hop A va B C=AUB

Giao cua hai tip hop A va B C=ANBAB

Phan bu cua tip hop A A ={wlw & A}

Hiéu cta hai tip hop A va B A-B={wlwE A, w& B}
Phan chiéu cua tip hop A A= {wlw=-a,Va € A}
Dich tap hop A véi z=(z,2,) (A), ={clc=a+z,VaE A}




Ly thuyét tap hop
A \ \
B AUB | ) ANBL
A-B\___/ K/ (4),
"




Toan tir Logic

A B A AND B A XOR B

NOT A AOR B [NOT A] AND B



Toan tir hinh thai

- To4n tir hinh thai 14 cong cu toan hoc dé xir 1y hinh dang
trong anh. Toan t& hinh thai st dung hwéng ti€p can 1y
thuyét tap hop.

« Toan tr hinh thai bao gobm phép co (erosion), phép dan
(dilation), phép m¢& (opening), phép dong (closing).

« Toan tw hinh thai dwoc tng dung trong tach bién anh,
1ap d4y vung anh, tao két noi gitra cac vung anh hodc lam
xwong anh.



Phép dan va phép co
Phép dan Phép co
A®B={z1(B),NA=J} AGB={zI(B), C A}

A®B AOSB



Phép mor

Phép mé xda bé nhitng doan manh, loai bé nhiéu nhung 1am ting s& doan dat gay

AoB=(A6B) ®B

AOB AoB



Phép dong

Phép dong c6 thé 1am trom bién anh va két noi cac vung cia cung mot doi twong.

A*B=(A®B)SB

AOB AoB



Tach bién anh

p(A)=A - (ASB)




Lap day ving anh

X, =(X_®B)NAS, k=123..

Lip qué trinh trén dén khi X, =X,

] X X,UA



Lap day ving anh

LAp day mot ving anh LAp day ving anh



MA HOA VA NEN ANH

Tran Quang Dtrc




Dung lwo'ng thong tin

MOt trang van ban: 2 KB.

Mot anh mau (800x600x24): 1,4 MB

30 phut Am thanh thoai s6 (8 kHz, 8 bits): 14 MB

30 phut audio CD (44,1 kHz, 16 bits, stereo): 316 MB

30 phut video (800x600x24, 25 khung hinh/s): 64,8 GB



Khai niem

- Nén dir liéu anh: Bién do6i dong thong tin dnh thanh tir ma
nhdm gidm do dw thira thong tin. Cic phwong phap nén khac
nhau do dinh nghia cac kiéu dw thira thong tin khac nhau.

. Cac kiéu dw thira thong tin gom: sy phan b6 mtrc xam (M2
Huffman), sy 1ap lai cua cac mirc xdm (RLC), nhitng mau s
dung tan xuit cao (LZW) hodc d0 dw thira vi tri (ma hoa dy
doan)

« Ty Ié nén=1/r (%) trong d6 r 1a kich thwée dir liéu goc chia
cho kich thwéce dir liéu sau nén



Phan loai phwong phap nén

« Cach 1 (Dya trén nguyén Iy nén)
= Nén khong mat mat thong tin
= Nén mat mat thong tin

« Cach 2 (Dwya trén cach thirc thye hién nén)
= Phwong phap khong gian
= Phwong phap dwa trén bién doi

« Céch 3 (Dwa trén triét Iy ma hoa)
= Phwong phap nén thé& hé thir nhit
= Phwong phap nén thé hé thir hai



Ma loat dai

- Thay bang viéc truyén di mot chudi “0” hodc “1
do dai caa chuoi.

K »

, ¢6 thé truyén

- Trong dir li¢u fax, 70%-80% khong gian 1a cAc diém anh c6 gia
tri o (dlem anh trang). Vi th€ ma loat dai hoat dong rat hleu
qua. Co the thay thé do dai chudi bing mot s6 nguyén co kich
thwée c6 dinh.

- M3 loat dai t6 ra kém hiéu qua néu tan sut xuit hién cuaa gia
tri 1 (diém anh mau den) tang.

¢ 11111111111000000000000011111 = 11,1,13,0,5,1



Ma Huffman

- Ma Huffman: Phwong phép nén dy trén mé hinh théng ké
xem xét sdc xudt phan bo ctia ky twe. Mo hinh xéc dinh sic xuit
c6 thé 1a mé hinh tinh, thich nghi hoic ban thich nghi (semi-
adaptive).

- M6 hinh tinh dworc tich hop sdn trong thiét bi nén va thiét
bi gidi nén.

- Mo hinh ban thich nghi 14 mo6 hinh ¢6 dinh dwoc xay dung
twr dir liéu dwoc nén.

- Mo hinh thich nghi thay d6i trong qua trinh nén.



Thuat toan co’ ban
« Céc ky tw c6 tan suét xuat hién khac nhau.
» Céc ky tw chiém khong gian biéu dién khac nhau.

« Ky tw vo1 @6 dai tir ma nhi phin c6 dinh trong bang ma ASCII
dwoc thay bang tir ma c6 do dai thay déi.

« Tir ma ngdn dwoce gan cho cac ky tw vdi tan suét xuat hién cao
trong van ban hoac tap van ban.

- BO ma tao ra co tinh chat tién to.



Thuat toan co’ ban
1) Quét van ban dé thong ké tan suat xuat hién clia cac ky tu.

2) Xay dung cdy ma Huffman dwa trén théng ké tan suit. Moi
ky tw dwoe biéu dien bang mot nat 14. Nat 14 xa goe dworc
gan cho ky tw it xuat hién.

3) Tir ma biéu dién ky tw dwoc 14y thong qua dwong dan tir gbc
dén nut 14 twong ng. Nhanh ré trai va nhanh ré phai dwoc
ky hiéu bé1 bit o va 1.



Minh hoa

BCAACADBDCADAEEEABACDBACADCBADABEABEAAA

A(15) o (24) )
/\
o (13) (11)

B(7) C(6) D(6) E(5)



Ma so hoc

- Chuoi ky tw dwoe gan bdi mot tir ma s6 hoc duy nhat. Do dai
cua tir ma ty 1é thuan véi do dai caa chuoi ky ty. Ma s6 hoc
can phai c6 ban tin dic biét dé phin biét gitra cac tir ma.

0.0688

0.08 + 0.072 —+
o o 2,
- - 0.06752 +




Ma tir dien Lempel-Ziv
- Ma tir dién x4y dyng tir ma méi cho mot chudi cac tir ma.

- Vi du: Bang ma ASCII — mdi tir ma cé do dai 8 bit, cho phép
ma hoba 256 ky tur.

- Ma tir dién mé rong thw vién véi tir ma c¢6 do dai tir 9 dén 12
bit. Ttr ma moi1 la chuoi cac tr ma da xuat hién.

- M4 tir dién hoat dong khong hiéu qua véi vin ban gom nhitng
chuoi ky ty ngdn va khéic nhau.



Minh hoa

- Xét chudi ky tw sau: ABCBCABCABCD

Previous Output | Symbol Index Previous Output | Symbol Index
Input Input
NIL NIL A A

A
B AB 256 A B B AB 256
C BC 257 B C C BC 257
B CB 258 C 257 BC CB 258
C BC 256 AB BCA 259
BC A BC BCA 259 AB C C ABC 260
A B C 260 ABC CA 261
AB C AB ABC 260 ABC D D ABCD 262
C A C CA 261
A B
AB C
ABC D ABC ABCD 262

o
b
o
=
o



Minh hoa

- M4 tir dién dwore st dung trong nén anh graphic interchange
format (GIF), tagged image file format (TIFF) va portable
document format (PDF). Anh da m&c xdm st dung 8 bit/
pixel.

30 | 39 | 126 | 126

39 | 39 | 126|126 309-39-126-126-256-258-260-259-257-126
30 | 39 | 126 | 126

30 | 39 | 126 | 126




NEN ANH FAX

Tran Quang Dtrc




Chuan nén

o ITU-T Nhém 1,2
= K§ thuat diéu ché: FM, AM, PM
= Mau trang: 1300 Hz, 1500 Hz
» Mau den: 2100 Hz, 2400 Hz

« ITU-T Nhom 3: may fax dwoc thiét ké hoat dong trong
mang PSTN (9600 baud).

« ITU-T Nhém 4: May fax dwoc thiét k€ hoat dong trong
mang ISDN (64K baud).



ITU-T Nhém 3

Hwéng quét: Trai sang phai, Trén xuéng dwdi

Do rong dwrong quét: 215 (255, 303)

S6 lwong pixel trén mot dwong: 1728 (2048, 2432)

Ma héa: RLC+MH (MMR - Nhém 4, Tuy chon nhom 3)

Ty 1é nén: 5%-20% cua kich thwée ban dau (dén 95%)



Ma Huffman hiéu chinh

- Loat diém anh tring c6 30 dai 1664 dworc thay thé bing
tir ma ngin 011000.

- Ma Huffman dwoc hiéu chinh @€ ma hoéa nhitng loat
diém anh c6 do dai 1la boi s6 cua 64.

- Do dai ctia loat diém anh c6 thé biéu dién bing mot tir
ma hodc mot vai tir ma (trong trrong hop loat qua dai).



Ma Huffman hiéu chinh

White Code Word Black Code Word

0 00110101 0000110111
1 000111 010
2 0111 11
3 1000 10
4 1011 011
5 1100 0011
61 00110010 000001011010
62 00110011 000001100110

63 00110100 000001100111



Ma Huffman hiéu chinh

White Code Word Black Code Word

64
128
192
256
320

384

2432
2496
2560

11011

10010

010111

0110111

00110110

0110111

000000011101

000000011110

000000011111

0000001111
000011001000
000011001001
000001011011
000000110011

000000110100

Same as white
Same as white

Same as white



Ma Huffman hiéu chinh

Loat gom 5 diém anh tring dwoe ma hoa 1100

Loat gom 69 diém anh tring dwoc ma héa: 64+5

Loat gom 64 diém anh tring dwoc ma hoa: 64+0

Loat gom 2561 diém anh tring dwoc ma hoa: 2560+1

T ma EOL: 000000000001



Ma Huffman hiéu chinh

» Khong c6 loat c6 do dai o. Tai sao van cd tir ma cho loat gom o
diém anh trdng va o diém anh den?

 Thwong mot dong quét ¢o kich thwée 8.5 inch twrong dwong
1728 diém anh, tai sao van c6 ma cho nhitng loat c6 do dai
25617

- Loat gom 5 diém anh den c6 ma 0011, ciling la tién t0 cta loat
gom 61, 62 hoic 63 diém anh tring. Giai thich 1y do!

 Tim ty s6 nén cua anh gom cic diém anh den va tring nam
xen ké nhau.



NEN ANH JPEG

Tran Quang Dtrc




Giam mau keénh mau

® O ® O ® O () -~ Pixel with only Y value

® O ® O ® O ® —- Pixcl with only Crand Cb values
® O ® O ® O @ -- Pixel with Y, Crand Cb values
® O ® O ® O

4:4:4 4:2:2

® O O 0O ® O QOQOQO

® O O 0O ® O ONONORORONY.

® O O 0O ® O QOQOQO

® O O 0O ® O ONONORORONY.

4:1:1 4:2:0



Giam mau keénh mau

4:4:4 (1:1)

= Thiét bi quét phim cao cap

= Pién anh

4:2:2 (3:2)

= Dinh dang video cao cap
4:1:1 (2:1)

» DVCPRO (vi du NTSC, PAL)
4:2:0 (2:1)

-« MPEG, ma hoa video H.26X
o DVD, Blue-ray

= JPEG, MJPEG



Chuan JPEG

- JPEG 1a chuidn nén anh, dwgc phat trién béi “Joint
Photographic Experts Group”.

- JPEG la dinh dang thwong dwoc st dung trong lwu va
truyén anh.

« JPEG nén dwoec trén ca anh mau va den trang

« Ty 1€ nén 1:10 nhung khong anh hwdéng nhiéu dén cam
nhin cua mit nguwoi.



Chuan JPEG

« JPEG la ky thuit nén mat méat thong tin dya trén bién
doi 2D-DCT (Discrete Cosine Transform).

> Nhan dinh 1: Noi dung anh thay d6i twong d6i cham trén
bé mit cua anh.

- Nhin dinh 2: Mt ngwoi nhay cdm hoi véi nhitng mét
mat thudc vé thanh phan tin so thap.

= Nhin dinh 3: Mit ngwdi cdm nhén tot hon sw thay doi vé
do choi so véi mau sic.



Chuan JPEG

8x8 blocks
X
o Entropy Compressed Image
2| FDCT |——2 Quantization 2| Epcoding A
N N
Source Image
Quant. Table Huffman Table
l l
8x8 blocks
X
o Entropy
< IDCT |[< Dequantization [< Decoding [
N N
Source Image
Quant. Table Huffman Table




Bién @6i DCT

- DCT bién d6i tin hiéu dnh tir mién khéng gian sang mién tin
s0. Nang lwong anh tip chung chu yéu & cac thanh phan tin
sO thap, ndm gobc trén cung bén trai cia DCT. Cac thanh phén
tan s6 cao thwong co gia tri thap trong bién d6i DCT nén cb
thé loai bé @€ ting hiéu qua ctia qua trinh nén.

M-1N-1
Fuv)= 4C.C, Ef(x y)cos(n@k+1)u)cos(n(21+1)v)
MN &= 2M 2N
c ) UN2 k=0 c_l UN2 If k=0
‘ 1 Otherwise l k 1 Otherwise




Bién @6i DCT

52 55 61 66 70 61 64 73 -145 -30 -61 27 56 -20 -2 0
63 59 55 90 109 85 69 72 4 -22 -61 10 13 -7 -9 5
62 | 59 68 | 113 | 144 [ 104 [ 66 73 47 7 77 | 25 | 29 | 10 5 -6
63 58 71 122 154 106 70 69 DCT -49 12 34 -15 -10 6 2 2
67 61 68 104 126 88 68 70 12 -7 -13 -4 -2 2 -3 3
79 65 60 70 77 68 58 75 -8 3 2 -6 -2 1 4 2
85 71 64 59 55 61 65 83 -1 0 0 -2 -1 -3 4 -1
87 79 69 68 65 76 78 94 0 0 -1 -4 -1 o} 1 2

 Thanh phan DC (i.e., F(0,0)) va AC (i.e., F(u,v) (u,v£0)) déu
1a s6 nguyén, co gia tri ndm trong khoang tir -1024 dén 1023.



Lwong tir hoa

« Lwong tir héa loai bo nhlrng thong tin thira trong anh. Lwong tir hoa
la nguyén nhan chua yeu dan dén mAit mat thong tin trong cac ky
thuat dua trén bién do6i DCT.

FQ(u,v)=Integer Round (F (u,v)/Q(u,v))

\

Quantization step size

« Bwérc lwrong tir hoa dworc chon dya trén cam nhan cua mat nglrm
N6 1a ham véi cac bién gébm ddc trung dnh, ddc trung hién thj va
khoang cach hién thi.

« Trong trng dung, bwwde lwwrong tir héa thwrong dwoe xac dinh dya trén
thue nghiem.



Lwong tir hoa

16 11 10 16 24 40 51 61 -26 -3 -6 2 2 -1 0] 0
12 60 55 0 -2 -4 1 1 0 o} 0
14 1 : ola : ol 69 56 -3 1 5 -1 -1 0 o 0
14 17 22 51 87 80 62 -4 1 2 -1 0o o} 0o 0
18 22 37 56 109 103 77 1 0 0 0 (o} 0 o o
24 35 55 64 81 1 113 92 0 0 0 0 0o o} 0o 0
49 64 78 87 103 121 1 101 0 0 0 0 (o} 0 o o
72 92 95 98 112 | 100 | 103 99 0 0 0 0 0 0 o} 0

- Nhirng thanh phan tin s cao thuwomg co gii tri bang o hoic
rat nho (ké ca gia tri Am va gia tri dwong) nén c6 thé dwoce
biéu dién bang mot vai bit.



Ma héa Entropy

DC
Huffman
FR(u,v) < coding
AC

- Ma hoéa Entropy la dang d#c biét ctia nén khong mat mat
thong tin.

- M2 hoéa Entropy gom cac bwdc sau: (1) sap x€p cic thanh
phan anh theo dwong dic dic; (2) ma hoa cac thanh phan anh
bang ma loat dai (RLC) va Huffman.



Pworng dic dic

26 | 3| 6| 2 | 2 1| o | o 76 vl Vi vl Vs
IR EDDE e
3 | 1| s 1| 1| o | o] o / /,// /L
T e
AN
T L] e
T AT A
ol oflo|lo|o| o] olo A | Lo oL _

« TAt ca cac hé s6 déu nam trén dwong dic ddc. Cac thanh phan
tin sO thip (thwomg khac o) dwoc xép trwde cac thanh phin
tin sO cao.



DPCM va Ma loat dai

Céac thanh phan DC cua cic khoi anh lan cin c6 tinh
twong quan cao. Vi vay, ma hoa sy sai khac gitra cac
thanh phan trén lam ting tinh hiéu qua cua qué trinh
nén.

DC, DC,

M3 loat dai dwoce stt dung @€ ma hoa cac thanh phan AC




DPCM va Ma loat dai
« Thanh phan DC: +3 = (2),(3) ] T | e | T
 Thanh phin AC: [ Py,
026 LA
m] 12 3 ] ] <
2 (0,2) (-2) i//?////j/?
. (03 (-6) d
= (0,2) (2) AN
. e A
= (0,0) > EOB A | Lo oL |,

« Céc thanh phan AC dwoc mo ta boi mot cap ky hiéu (loat dati, kich
thwore) (bién dj). Loat dai dwore tinh bang so lwong o gitra hai thanh
phan khéc o. Kich thwée bibu dién s8 lwong bit dung dé ma hoa gia

tri bién do.



Ma Huffman

- Thyre hién tdng hiéu qua nén bang viéc thay thé nhiing
chuoi ky tw dai bang nhirng tir ma ngin.

- D6 dai ctia moi tir ma dworc xac dinh dya trén tan suit
xuat hién cua cac ky tu.

- JPEG cung cip bang ma Huffman chuin, nhung bang
ma Huffman cling c6 thé dwoc dinh nghia riéng tuy
thudc vao img dung va dac trung cta cac anh st dung
trong (rng dung.



Ma Huffman

Category Values Bits for the value
1 -1,1 0,1
2 -3,-2,2,3 00,01,10,11
3 -7,-6,-5,-4,4,5,6,7 000,001,010,011,100,101,110,111
4 -15,...,-8,8,...,15 0000,...,0111,1000,...,1111
5 -31,...,-16,16,...31 00000,...,01111,10000,...,11111
6 -63,...,-32,32,...63 000000,...,011111,100000,...,111111
7 -127,...,-64,64,...,127 0000000,...,0111111,1000000,...,1111111
8 -255,..,-128,128,..,255
9 -511,..,-256,256,..,511
10 -1023,..,-512,512,..,1023
11 -2047,..,-1024,1024,..,2047

Gi4 tri va s lwong bit cho mdi gia tri



Ma Huffman

Run, category Code Length Codeword

0,0 4 1010
0,1 2 00
0,2 2 01

0,10 16 1111111110000011
1,1 4 1100
1,2 5 11011

15,10 16 1111111111111110

Bang ma Huffman chuén cho cic thanh phan AC cta kénh d6 chéi



Ma Huffman

Category Code Length Codeword

0 2 00

1 3 010

2 3 011

3 3 100

4 3 101

5} 3 110

6 4 1110

7 5 11110

8 6 111110

9 7 1111110
10 8 11111110
11 9 111111110

Bang ma chuin cho cac thanh phan DC cta kénh d0 choi



Ma Huffman

Thanh phan DC: +3 = (2),(3)

Tiur ma ctia thanh phan DC: o11 11

Thanh phan AC: (0,2) (-3), (1,2) (-3)... EOB

Tt ma cua thanh phan AC: 01 00 11011 00 ... 00



Minh hoa

100 - 83,2 bytes
50 - 15,1 bytes
25 -9,5 bytes
10 - 4,7 bytes
5 -1,5 bytes

N
oy oeyole
I




NEN ANH JPEG2000

Tran Quang Dtrc




Chuan nén khac?

« V&1 ty 1€ nén cao (vi du 0.25 bpp), méo cua chuin JPEG la
khong thé ch4p nhan.

« JPEG cb6 44 céich thirc, rat nhiéu trong so d6 khong dworc st
dung trong b6 ma hoa JPEG.

« Chét lwong ctia anh gidm di ro rét néu xuat hién 10i trong qué
trinh truyén anh.

« JPEG dworc t01 wu hoa cho anh tw nhién nhirng khong phu
hop v61 anh do hoa.

- JPEG khong ap dung dwoc cho anh nhi phan.



Chuan JPEG2000

« Pac trung
> Bién d6i song con Wavelet
Chat lwong tot vo1i ty 1€ nén cao
Nén anh nhi phan
Nén mat méat va khong mat mat théng tin
Linh hoat véi 16 trong qua trinh truyén
C6 kha nang mé rong
Chon viung quan tam ROI
» MOt vai irmg dung
s Website
= Camera ky thuét s
- Anhy hoc
> Anh vién tham

m]

m]

]

a

a

a



Chuan JPEG2000

Lossless

SO0 = ~0FT




Chuan JPEG2000

0.125 bpp

JPEG vs. JPEG2000

0.25 bpp




Chuan JPEG2000

- Nhwoc diém
= Thiét bi ma hoa va giai ma phire tap, thoi gian tinh toan lau.

o Khi ty 1& nén khoang 1:25, JPEG2000 so v&i JPEG c6 thé
tao ra anh nén it bi chia 6 nhung giam dang ké cac chi tiét
anh.



