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Chong rung anh stereo bang curvelet
Antivibration Stereo Image by Curvelet
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Tém tat

Trong bai bao nay, ching téi trinh bay van dé chéng rung va khir nhiéu dnh bdng phwong phap Curvelet.
D6i voi anh stereo néi riéng va tin hiéu 1D, 2D, 3D, MD (nhiéu chiéu) noi chung, cac diém doét bién chira
dung théng tin quan trong cén béo toan. Bang viéc dung bién déi Curvelet c6 thé tan dung cac wu diém va
han ché céc nhuoc diém cua phuvng phéap. Ddc biét, tang cwong tinh bén viing trén co s& bién déi
Curvelet va ting cuwong hiéu qua chdng rung loai trir nhiéu. Két qua mé phéng chi ré hiéu qua chdng rung
cta phuwong phap nay khi dung tac dong cda gia tri PSF (Point-spread function) Ién cac mang gia tri RMSE
(Root Mean Square Error) va PSNR (Peak Signal-to-Noise Ratio) dé khéi phuc lai dnh bi rung hiéu qua hon
S0 VGi céc phurong phép truyén théng khéc.

T khoa: Chéng rung, Bién dbdi Curvelet, X& ly anh stereo, Khir nhiéu anh.
Abtracts

In this paper, we present image of noise reduction and vibration problems by curvelet method. For particular
stereo image and 1D, 2D, 3D, MD (multidimensional) signals in general, the mutation points contain
important information that need preservation. By using curvelet transform can make use of the advantages
and limit disadvantages of the method. Specialy, enhancing the sustainability base on curvelet
transformation and enhance effectiveness of vibration and denoise. The simulation results show the
vibration effectiveness of the method when using the impact of PSF to the value of arrays of RMSE values

and PSNR to restore the shaked image more efficient than the other tradition methods.

Keyword: Antivibration, Curvelet transfomation, Stereo image processing, Image Denoising.

1. Giéi thiéu

Chéng rung loai trir nhidu va ting cuong anh 1a
cac nhiém vy quan trong trong xir 1y anh nham khoéi
phuc tin cdy anh quan sat dugc dudi tdc dong cua cac
loai nhiéu. P c¢6 nhiéu phuwong phap, nhiéu thuat
toan t6i wu dé xuat xir Iy tin hiéu trong mién tin sd
(loc Wiener), mién Wavelet, lam tron Gauss,... loai
trir nhidu, chéng rung ma van bao toan cac thudc tinh
quan trong ctia anh dau vao.

Bién d6i Curvelet, ké thira tir bién d6i Wavelet,
hiéu qua trong viéc biéu dién cac dot bién doc theo
céc bién suon trong anh. D3 cé nhiéu nghién ctru Gng
dung bién d6i Curvelet loai trir nhidu anh thong
thuong, anh cong hudng tir (MR), anh CT mang lai
két qua tot.

Cung véi bién doi Curvelet, con co cac cong cu
xu ly anh dugc xay dung tir phuong trinh vi phan
timg phan (PDE). Phan Ién cac nghién ciu ap dung
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phuong trinh vi phan ting phan dé loai trir nhiéu tin
hiéu (1D, 2D, 3D, MD) déu nhim vao viéc bao vé cac
thuoc tinh dot bién cua tin hiéu — cac diém ky di
(singularities). DSi v6i anh 2D, d6 1a cac bién suon
(edges). Theo céch tiép can tién dé, xuat hién tap cac
tién dé riéng dan dén nghiém cua phuong trinh vi
phan ting phan tng dung trong loai trir nhidu tin
hiéu. Céc tién dé co cdu trac va hinh thai nham dam
bao qua trinh tré thanh semigroup di mém mai [1,2].

Bai bo nay dé cap dén anh 3D dua trén bién doi
Curvelet dam bao cho anh khéng bi rung (md) ma
van bao toan cac thudc tinh dau vao cta anh dong
thoi tan dung cac wu diém va han ché cac nhuoc diém
cia phuong phap khi sir dung nhiéu tu nhién. Dic
biét, ting cuong tinh bén viing trén co s¢ bién doi
Curvelet.

B cuc cuia bai bao nhu sau. Sau phan gidi thiéu,
phan II trinh bay co s& 1y thuyét vé anh stereo va b
loc wiener cing véi bién dbi Curvelet. Phan III trinh
bay cac két qua mo phong thuat toan. Phan IV 1a két
ludn va huéng phat trién.
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2. Co s6' 1y thuyét
2.1. Anhstereo

Anh stereo (hay anh 3D) 1a mot ky thuat dé tao
ra hoic ting cudng ao giac vé chiéu sdu mot hinh anh
bang thi giac 1ap thé cho hai mat. Ban dau, anh lap
thé dé cap dén mot cap anh stereo c6 thé xem duoc
bang cach sir dung kinh nhin. Trong bai bao nay s& dé
cap cu thé dén anh 3D dudi * jps dugc tao bdi 2 anh
*.jpg.

Hau hét cac phuong phap tao anh 3D dugc tao
tir hai hinh anh riéng biét ciia mit trai va mét phai
nguoi xem. Nhimg hinh anh hai chiéu nay sau d6
dugc két hop trong ndo dé cung cip cho cac nhan
thirc vé chiéu sau 3D.

Trong anh stereo, st dung hai may anh dugc
tach trong khong gian tir hinh anh mét ddi tuong 3
chiéu, trong truong hop don gian truc quang hoc cia
hai may 4nh song song vdi nhau bi ngdn cach bdi mot
khoang cach S

2.2. B lpc Wiener va vin dé khéi phuc danh

Loc Wiener 1a k¥ thuat loc tuyén tinh dé khoi
phuc dnh goc tir anh da xudng cap do bi nhicu pha
huy.

Anh sau khi qua mot dap tmg nao d6 thi bi
nhiéu va khac véi ban dau, theo ly thuyét ta xay dung
mot dap ng nguoc lai dé khoi phuc anh dwa vao dép
mg ban dau. Tuy nhién cac phuong phap nhu loc
nguoc va loc gia nguge c6 mot yéu diém 13 nhay cam
v6i nhidu vi vay khi ap dung cac phuong phap nay
phai gia dinh la hé théng 1y tuong khong co
nhidu.Song trén thuc té thi khong thé c¢6 diéu nay, vi
vay nguoi ta su dung ki thudt loc wiener cho céc hé
thong c6 nhidu.

Bd loc Wiener thuong 14 bo loc thong ‘thépr,
nang lugng cua anh thuong tép trung ¢ ving tan so
thap[1].

2.3. Bién déi Curvelet

Bién dbi Curvelet 1a hudng tiép can méi trong
xir 1y tin hiéu. Bién ddi Curvelet duoc xay dung tir ¥
tuong biéu dién mot dudng cong bang t6 hgp cac ham
c6 d6 dai khac nhau tuan theo luat Curvelet, tic 1a do
rong xép xi binh phuong d6 dai [6]. Trong mién anh
hai chiéu, mot cip cac cua s6 W(r) va V(t) duoc
dinh nghia 1 cac cira s6 radial va angular. Cac cira s6
nay la cac ham tron, khong am va gia tri thuc. Nhu
vay, V nhan céc gia tri duwong trén doan t € [—1,1] va

W trén doan r € E, 2]. Céc ctra s6 thoa min céac diéu
kién chép nhan[3,4,5].
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teR

i Vi(t-1)=1,
[=—0

Zw: W2(2’jr)=1, r>0
J=—0

Uu diém cia curvelet 1a kha nang khoi phuc
bién va tang cuwong bién rat tot. Dé xay dung cdc ham
Curvelet, ta phai su dung cac ham cua s6 déc biét.
Xét cac ham cira s6 Meyer co ty 1& thoa min didu
kién trén nhu sau

(M

1 lt|<1/3
V()= cos[%v(3|t|—l)}l/3 <[|<2/3 @

0 Con lai

1 5/6<r<4/3

co{2 (5 6r)} 2/3<r<5/6

cos[2 (3r 4)}4/3<r<5/3

0 Con lai
3)
trong d6 v 1a mt ham tron thoa méan

V(x):{o xso’v

1 x>1 (x)+v(l-x)=LxeR (4)

péi vGi truong hop don gian v(t) = t cac ham
ctra s6 V(t) va W (r) dugc bicu dien trong hinh sau :

Hinh 2.1. Cira s6 V(t) (a) va W(r) (b)
Céc clra sO6 W va V dugc str dung dé xay dung
ho ham phirc ¢6 ba thong s6: Ti 1€ a € (0,1]; Vi tri
b € R? vahuéng 6 € [0,2m).

Hinh 2.2. Cira s6 Uy(&)(bén trai) va hinh chiéu ding
(bén phai)

Curvelet ¢ ti 18 mirc tho dé phan tich tin sb thap
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D10k (x) = (2 (x—k), o (5) 2 U (|§|)

Dé don gian, cho u = (j, 1, k) 1a tip hop cua ba tham
sb. He Curvelet (¢,) biéu dién khung chdt trong
12(R?), mdi ham f € L*(R?) c6 thé dugc biéu dién
f=2c.w, (6)

m

&)

Cac hé s6 Curvelet roi racdugce xac dinh nhu sau :

e, (f)2f.0,= jf )$, (¢)dé

= [7(&)U, (R, £ g

]RZ

(7

Thudt todn chong rung anh Stereobang Curvelet

Y tudng chinh cua phuong phap nay vé mat lap
trinh 1a st dung ham “deconvwnr” dé khoi phuc lai
btrc anh bi rung (mo).

Cac budc thuat toan thuc hién nhu sau:

Buée 1: Poc anh du vao

Budc 2: M6 phong chuyén dong md (motion blur)
Budc 3: M6 phong tac dong mo 1én anh

Budc 4: Khoi phuc gia 1ap khong nhiéu sir dung NSR
(noise-power-to-signal-power ratio) = 0

Budc 5: Khoi phuc st dung mot ude lugng tot hon vé
NSR

(NSR ¢6 thé 1a mot vo hudng hodc mdt mang
quang phd trong mién cé cung kich thudc nhu anh.
Khdi tao NSR = 0 1a twong duong vdi viée tao ra mot
bo loc nghich dao ly tudng).

2.4 Cic tham so ddnh gid chit lwgng dnh

RMSE (Root Mean Square Error)

RMSE=J ZZ[I(I N-KG, J)]

i=l j=1
Trong d6, m x n 1a kich thude anh, I va K lan luot 1a
anh goc va anh dugc khoi RhLlC, v6i kich thudg mxn
pixels. RMSE cang nhé chat lugng anh cang tot.

PSNR (tinh theo dB) dugc dinh nghia nhu sau:

®)

PSNR =10log,, (;;;;J ©
Trong do,
MSE = —ZZ[[(Z N-KG, ])] (10)

11/1

Gia trj PSNR cang 16n cho thdy chat lvong anh cang
tot.

3. Két qua md phéng
3.1. Tach danh Stereo thanh cdac anh 2D

Anh Stereo c¢6 dudi *.jps 1a cac file anh duoc
ghép bai 2 anh *.jpeg dugc chup boi camera trai va
camera phai. 2 anh *jpeg nay dugc phan biét vdi
nhau boi 2 kénh mau khac nhau, cu thé 1a anh trai
thudc kénh do (red channel) va anh phai thugc kénh
xanh cyan (cyan channel). Vi vay dua vao 2 kénh anh
nay ta co thé tach 1 anh Stereo c6 dudi *.jps thanh 2
anh *.jpg.

Anh 3D dau (a) Hinh chyp (b) Hinh chup
vao. dugc tir camera dugc tur camera
trai phai

Hinh 3.1 Hinh chup tir camera trai va phai

3.2. Tach bién tir dnh Stereo va khoi phuc bién ly
tuwong bang Curvelet

So 6 thuc nghiém don gian

Anh trai |
-ipg

Tich dnh
Stereo

Bién dbi

*ips

file curvelet

Anh phii | |
-irg

Hinh 3.2 So db thuc nghiém

} Két qua thuc nghiém tach bién véi anh khong
nhicu

(a)Anh ban
dau

(b)Anh tach
bién

(¢)Chi tiét anh
tach bién

Hinh 3.3 Két qua tich bién anh khong nhidu bang
Curvelet
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Két qua thuc nghiém khoi phuc bién ly tuong

(a)Anh ban dau (b)Anh khéi phuc
(c)Chi tiét anh ban dau  (d)Chi tiét anh khoi phuc

Hinh 3.4 Két qua khoi phuc bién ly tuéng bing
Curvelet

Nhan xét: Tir két qua trén, ta d& dang nhan ra
anh khoi phuc cho két qua bién min hon, mém mai
hon 4nh bién ban dau.

3.3. Tdc dpng nhiéu va khéi phuc dnh Stereo

Phan nay ching ta sé thuc hién tac dong nhiéu
Ién anh Stereo ( anh *.jpg tach tir &nh *.jps ) va khoi
phuc lai anh. Chuong trinh s& nap file anh * jps, sau
do tach thanh 2 file anh * jpg, tlep theo 1a tac dong
nhiu véi 3 loai nhiéu (nhiéu ngau nhién, nhiéu cong
Gauss, va nhidu nhan Gauss), va cudi cing 13 thuc
hién khir nhiéu, khéi phuc lai anh.

3.3.1. Khir nhiéu ngdu nhién va khéi phuc bang
Curvelet

Phan nay chung ta tic dong nhiéu ngau nhién va
khoi phuc lai anh. Dudi day la két qua cua chuong
trinh:

£
0|
0|
£
=
0
=0
0y
)
w00

EEEENE]

(a)Anh ban diu (b)Anh nhidu  (c)Anh khoi
ngau nhién phuc

Hinh 3.5 Ké:t qua khoi phuc anh Stereo véi nhidu
ngau nhién bang Curvelet

Nhin vao két qua trén chung ta dé dang thay
rang anh duogc khoi phuc khong bi dit gay tai bién va
khéong xt xi nhu birc anh ban diu ma min hon, mém
mai hon.
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3.3.2. Khir nhiéu cong Gauss va khéi phuc bang
Curvelet

Phan nay chung ta tac dong nhiéu cong Gauss
10% va khoi phuc lai anh. Dudi day la két qua cia
chuong trinh:

e s e s

EESEERBES

wooam oam o we 6w

(a)Anh ban dau

O W w6 X w6

(b)Anhnhiéu  (c)Anh khoi
cong Gauss phuc

Hinh 3.6 Két qua khoi phuc anh Stereo véi nhidu
cong Gauss bang Curvelet

Nhin vao ket qua trén, chung ta van thay ring
anh khoi phuc 1a t6t hon, b1en min hon, anh mém mai
hon. Tuy nhién trén anh van ton tai cac vét dém hat
mubi, diéu nay chimg to véi nhiu cong Gauss bién
d6i Curvelet van chua hoan toan lam tt nhat kha
nang chdng rung (khir nhidu ).

3.3.3. Khir nhiéu nhin Gauss va khéi phuc bang
Curvelet

Phan nay chung ta tac dong nhiéu nhan Gauss
10% va khoéi phuc lai anh. Dudi déy 1a ket qua cua
chuong trinh:

v s

]

(a)Anh ban du

L

CEEE

(c)Anh khoi
phuc

(b)Anh nhiéu
nhan Gauss

Hinh 3.7 Ké‘t qua khéi phuc anh Stereo véi nhiéu
nhan Gauss bang Curvelet

Nhin vao két qua cia phan ndy, ching ta dé
dang thay rang v6i nhiéu nhin Gauss, bién doi
Curvelet khong thé hoan thanh nhiém vu khtr nhicu
d§ khoi phuc lai anh. Ké‘g qua khoi phuc thdm chi con
rat kém so véi anh ban dau.

Két luan: Bién déi Cu’rvelet thuc hién kha nang
khtr nhieu anh Stereo t6t nhat vdi nhi¢u ngau nhién.
3.4. Xir Iy anh Stereo mo bang Curvelet

Phén ndy chiing ta s& thuc hién gia lap mo ( téc
dong rung ) trén anh dau vao va thyc hién khoi phuc
lai anh ( chong rung anh ) bang céc phuong phép
Wiener filter, va Curvelet dé di dén két luan.

Chung ta c¢6 so d6 thuc nghiém don gian nhu
sau:
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Anh tri
-*ipg

*Tac dong
mo
*Khoi phuc

Tich inh
Stereo

ips
file

Anh phai
ing

Hinh 3.8 So d6 chdng rung anh Stereo (anh dau vao
bi rung)

3.4.1. Chéng rung anh sir dung Wiener filter

Y tuéng chinh ciia phuong phép nay vé mit lap
trinh 1a st dung ham “deconvwnr “dé khoi phuc lai
btrc anh bi rung (mo).

Chung ta cung xem két qua thuc nghiém véi bo
loc Wiener

(a) Anh déu vao (b)Két qua tac dong mor

1én anh

(e)Két qua khéi phyc véi
udc luong NSR t6t hon

(¢)Két qua khoi phuc
st dung NSR =0

(Chi tiét anh ddu  (g)Chi tiét anh khodi phuc

vao
Hinh 3.9 Cac két qua xr 1y anh mo st dung bo loc
Wiener

Du¢i ddy dua ra két qua tinh toan RMSE va
PSNR dé thay rd kha nang xur 1y ciia phuong phap:

Restored image

Ongnalimage

RMSE 773820
PSNR. 928

Hinh 3.10 Két qua RMSE va PSNR d6i véi bo loc
Wiener

3.4.2. Chéng rung anh sir dung Curvelet

Phﬁn ndy ching ta s& st dung Curvelet theo dung y
d6 ma bai toan dat ra va dugc bi€u trén so do thuc
nghi¢m Hinh 3.8.

Chung ta cting xem két qua thuc nghiém

Ack ban dau ot mo Pl ol

£l
m

828

m
=
w
80 f .

ggEgEe

s
)

(a)Anh ban dau

W @ w0 W

(b)Anh mo

L

(c)Anh
khoéi phuc

Hinh 3.11 Két qua khoi phuc véi Curvelet

Tiép theo, 1a két qua tinh toan RMSE va PSNR déi
v6i phuong phap bién doi Curvelet

Original Image Restored Image

RMSE: 778
PSNR: 3926

Hinh 3.12 Két qua RMSE va PSNR déi véi bién d6i
Curvelet

Két lugn: tir hai phan thuc nghiém chdng rung anh
Stereo vdi hai phuong phap st dung bd loc Wiener va
bién ddi Curvelet, chung ta d& dang thdy rang bién
d6i Curvelet vuot troi ca vé RMSE 1an PSNR. Chiing
ta xem bang so sanh sau:

Bang 3.1 Két qua chdng rung anh Stereo véi Wiener
filter va Curvelet

Phuong phap RMSE PSNR
Wiener filter | 7736.20 9.28
Curvelet 7.78 39.26

Nhan xét: chiing ta thiy ring RMSE ctia phuwong
phap curvelet 1a nho hon hin so véi Wiener filter
(7.78 << 7736.20), va PSNR ciing 16n hon han (39.26
>>9.28). Piéu nay da chirng minh rang chit luong xi
ly anh mo va khir nhidu cua phuong phap curvelet
vugt troi so v6i phuong phép truyén thong.

4. Két luan va hwéng phat trién

Trong bai bao nay, ching tdi dd trinh bay
phuong phép Curvelet dé chdng rung anh stereo va
trién khai thuc nghiém dé ching minh sy hiéu qua
ctia phuong phap. Nhing két qua thuc nghiém trong
bai bao da cho thdy tinh hiéu qua cao trong xtt 1y anh
ctia Curvelet (két qua so sanh bang 3.1). Vi vay, dé
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xudt hudng nghién ctru tiép theo 1a phat trién kha
nang md rong chiéu, nghién ctru mo hinh lai két hop
gitta phuong phap curvelet véi mot s6 phuong phap
khac nham cai tién cac phuong phap va nang cao chat
lugng xu ly anh, lam tién d€ mo rdng cho cac linh
vuc khac lién quan trong tuong lai.
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