Ky yéu Héi nghi Quéc gia lan thit X vé Nghién citu co ban va img dung Céng nghé thong tin (FAIR), Pa Ndng, ngay 17-18/08/2017
DOI: 10.15625/vap.2017.00067

MOT PHUONG PHAP KHU NHIEU VIDEO DUWA TREN PHEP LAP
BREGMAN
bing Ngoc Hoang Thanh', Nguyén Hoang Hai?
YTrwong Cao ding Cong nghiép Hué — 70 Nguyén Hué, TP. Hué.
*Trwong Pai hoc Sie pham Pa Nang - 459 Tén Pirc Thing, Q. Lién Chiéu, TP. Pa Ndng.
dnhthanh@hueic.edu.vn, hoanghai@ued.udn.vn

TOM TAT: Bai bdo nay nhdam dé xudt mét phiong phap khic nhiéu video dua trén viéc dp dung phép lap Bregman cho mo hinh
ROF cdi tién. Mé hinh ROF truyén thong chi khir nhiéu trén anh ki thudt sé dang xam (grayscale). Thong qua viée cdi tién mé hinh
ROF, chiing t6i da tao ra mét phién ban khéc cé thé khir nhiéu cho div liéu video (bao gom ca video mdu va video khong mau). Bén
canh do, phép lap Bregman la mgt phuong phap hiéu qua dé gidi bai todn t6i wu 16i. Tinh déc thii ciia CAC phuong phap lap dua
trén phép lap Bregman la toc do thiee thi nhanh hon so véi cde phuwong phap lap truyén thong Do dé, n6 thich hop de thuec thi trén
di liéu video von yéu cau khoi heong tinh todn Iém. Phwong phap khir nhiéu video dirge dé xudt c6 thé dirge ndng cap trong twong
lai d@é khit nhiéu trén cac video thoi gian thue.

Tir khéa: khit nhiéu video, phép lgp Bregman, nhiéu sé, md hinh ROF.

I. GIOI THIEU

Trong linh vuc xur 1y anh va video thi bai toan khéi phuc anh/video (image/video restoration) 1a mot trong
nhiing bai toan quan trong va c6 Gng dung rong rai trong cac linh vuc khoa hoc, ki thut, y sinh v.v. Nhém bai toan
khéi phuc anh/video c6 thé dwoc phan ra 1am cic dang: bai toan khir nhidu (image/video denoising), bai toan khir nhoa
(image/video deblurring), bai toan khdi phuc théng tin bi méat (image/video inpainting). Mot s6 dang bai toan nhu
tang/giam d0 phan giai cho anh/video dé hién thi trén cac kich thuéc man hinh khac nhau (upsampling,
downsampling), phong dai anh/video (image/video zooming) v.v. ciing ¢6 thé dugc xép vao dang bai toan khoi phuc
boi trong qua trinh thuc thi cac tic vu phong to, thu nho, ting/giam do phan giai s& 1am cho cau trac thong tin luu trir
trén anh/video bi thay ddi hodc bi mét.

Trong thuc té, cac anh ki thuat sb cling nhu video ki thuét sb duoc tao ra thuong chira nhidu. Cé kha nhiéu
nguyén nhan tao ra nhiéu trong truong hop nay: do diéu kién thiéu sang, hiéu chinh thong s6 ISO qué cao, do chit
lwong cua cic cam bién, do nhiét d6 méi trudng cao v.v. Trong qud trinh truyén tai thong tin, cic anh va video dwoc
truyén tai trén mot dudng truyén khong dam bao ciing s& 1am cho mot phin thong tin trén anh hodc video bi mit va tao
ra nhidu. Trudng hop ndy dugc goi 1a nhidu do tinh hiéu dudng truyén. Trong bét ki trudng hop nao, nhidu ciing s& lam
giam chét lugng cua anh va video ki thuét $6. Do d0, can thiét phai loai bd nb.

Bai toan khir nhidu 1a mot bai toan quan trong va dugc nhiéu nha khoa hoc tap trung nghién ciru. Dé giai quyét
bai toan khir nhiéu nay, cé kha nhiéu hudng tiép can dugc ap 'dung, nhung c6 thé dugc chia ra lam hai nhdm co ban:
nhém hudng tiép can dya trén t6i wu rdi rac va nhom hudng tlep can duya trén tdi wu lién tuc. Trong bai bao ndy, chung
t6i s& s dung huéng tiép can bién phan (1a mot dang cua t6i uu lién tuc) két hop voi phép lip Bregman dé nang cao
toe d06 thuc thi cia qua trinh khir nhiéu.

Huéng tiép can bién phan dugc ap dung rong rii trong xir 1y anh va video. Vi bai toan khir nhidu thi ciing
khong phai 1a ngoai 1¢. Nguoi dau tién da 4p dung thanh cong hudng tiép can nay cho bai toan khir nhidu trén anh ki
thuat s6 1a Rudin. Ong cing cac dong nghiép ctia minh da tao ra mot mo hinh mang tén ROF (Rudin-Osher-Fatemi) [1-
31 Mé hinh ROF du da ra doi nhiéu thap ki, nhung tinh hiéu qua trong viéc khir nhidu ma nd mang lai van dwoc danh
gia rat cao.

Tir md hinh ROF, nhiéu cong trinh nghién ciru khac ciing da dugc thyc hién dé cai tién mo hinh ROF. Ban than
mo hinh ROF duoc xay dung tap trung vao loai bo nhiu Gauss trén anh ki thuat sé. Pay 1a mot dang nhiéu phé bién
trén hau hét cac camera ki thuat s0. Tuy nhién, nhiéu trén anh X-quang trong y khoa lai la nhiéu Poisson. Du rang mo
hinh ROF van lam viéc hiéu qua trong truong hop nay, nhung ton tai nhuge diém: cac duong bién sé& khong duge bao
toan tbt. Triet Le va cac dong nghiép da tao ra mot mo hinh cai tién dé nang cao hiéu qua khir nhiéu Poisson [4]. Mot
dang nhiéu khac ciing kha phd bién trong anh y sinh 1a t6 hgp nhidu Gauss va Poisson. Dé loai bo loai nhidu nay, Dang
N.H. Thanh va Dvoenko Sergey da dé xuat mot mo hinh két hop [5-7]. M6 hinh nay lam viéc hi¢u qua cho ca truong
hop t6 hop nhidu va cac nhiéu riéng biét.

Tuy lam viéc hiéu qua, nhung moi phuong phap khu nhiéu néu trén déu thé hién nhuge diém cua no. Nhugce
diém nay thé hién & giai thuat duoc thiét ké dé giai quyét mé hinh. Phan l6n cac thuat toan duge dé xuét dé giai quyet
cac mo hinh néu trén déu duoc xdy dung dya trén ki thuat sai phan vbn ¢o tde do thye thi khong du nhanh. Diéu nay rat
kh¢ ap dung trén dir liéu video (Von yéu cau kh01 luong tinh toan 16n). Néu giai thuat dé xuét khong du nhanh thi s&
mét rat nhiéu thoi gian dé khir nhiéu. Pac biét, néu mubn khtr nhidu video thoi gian thuc, thi thudt toan can phai xu ly
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du nhanh. Véi cac video thoi gian thuc c6 d6 phan giai cao nhu HD 1080, 2K, 4K v.v. thi thudt toan can phai thyc thi
cuc ki nhanh méi dam bao qué trinh xir 1y khong c6 do tré.

Trong cong trinh nghién ctru ctia minh, Rudin cting cac dong nghiép da dé xuat mé hinh ROF dé khir nhidu trén
anh ki thuat s6 dang grayscale (anh xdm) va phuong phap dé giai mé hinh ROF dugc dé xuat dya trén ki thuat sai phan
nang bac. Nhuoc diém 16n ctia ki thuat sai phan nang bac ciing nhu céc ki thuat sai phan thong thuong chinh 14 & toc do
tinh toan. Vé&i khoi luong tinh toan rat 16n nhu dir liéu video, thi ki thuat sai phan to ra khong thuc su hi¢u qua.

Trong bai bdo nay, chiing t6i s& tién hanh cai tién md hinh ROF dé n6 c6 thé hoat dong tot trén dir liéu video (ca
video dang xam grayscale va video mau) va dé xuat mot giai thuat khir nhiu trén video dé nang cao toc do tinh toan
dua trén phép lip Bregman [8] — 12 mot phuong phap duge dé xuat dé gidi bai toan tdi wu 16i. Phuong phap niy s&
duoc ap dung cho dir li¢u video trong thu vién cuia Matlab. Mot phién ban cai tién du nhanh dé ap dung cho video thoi
gian thyc dua trén sy két hop cta phép 1ip Bregman va ki thuat tinh toan song song s& dugc ching t6i nghién ciru trong
tuong lai.

Dé danh gia tinh hiéu qua ciia md hinh, ching t6i tap trung vao danh gia chit luong cua viéc khir nhidu trén
video théng qua hai chi s6 dinh lugng PSNR [7] va dinh tinh SSIM [7]. Déi véi thi gidc ngudi, thi chi sé SSIM 1a quan
trong hon. Tuy nhién, chi s PSNR lai cho chiing ta cai nhin toan canh tir goc d6 cua sai s6 toan hoc. Do d6, no ciing 1a
mot chi s6 nén duoc khai thac. Chi s6 PSNR cang 16n thi chit lugng anh/video cang gan véi chat lwong ciia anh/video
gbc. Gia tri SSIM cang 16n thi chat lwong khéi phuc anh/video cang cao. Bén canh danh gia chat lugng khoi phuc,
chung tdi ciing s& thao luan dén tdc d6 tinh toan va kha ning ap dung dé xir Iy video thoi gian thuc.

II. PHUONG PHAP KHU NHIEU TREN VIDEO
A. Mé hinh khir nhiéu trén video

1. Mo hinh ROF khir nhi€u trén anh ki thuat s6
M6 hinh ROF [1-3] dwoc Rudin va cac ddng nghiép dé xuat dia trén bién phan day du c6 dang sau ddy:

A
min (f |Vu|dxdy + —f - u)zdxdy>,
u Q 2Jq

Trong d6, u, v € R? — lan luwot 1a anh i tudng khong chtra nhidu va anh thyc nhan cé chtra nhidu. Q — 1a mot

\ , 2 2 , ,
mién bi chin trong R?, toan tir Vu — vector gradient, chuan |Vu| = \/ (Ou/ ax) + (6u/ Oy) , tham s6 A — 1a tham s6
can bang giira d6 muot (theo bién phan day du) va do khir nhiu.

Ban than md hinh hinh ROF dugc dé xuat dé khir nhidu Gauss trén anh ki thuat s6 dang grayscale. Dé mé hinh
ROF c¢6 thé lam viéc voi dit liéu vao 1a video (bao gom ca video mau va video khong mau) thi chung t6i s& tien hanh
cai tien md hinh ROF.

2. M0 hinh ROF cai tién dé kh nhidu trén video

Gia su, trong khéng gian R?, cho truéc mot video 1i tuong u (khong nhiéu, khong bi pha huy boi bat ki tac nhan
ngoai canh nao) va mot video thuc nhan v da bi 1am nhiéu boi cic yéu t6 ngoai canh. Cac video nay 1a mot diy tuan tur
ctia cac khung hinh lién tiép nhau:

u(x, y) = {ul(x,y), uz(x, }’)' LN un(x' y)},
v(x' J’) = {vl (x, )’), U, (X, )’)' R Un(xl )’)},

Trong do, n la sé khung hinh cta video. Trong thuc té, mdi video thudng co tde do chuém 1a 24fps (frames per
second). Con s6 nay xudt phat tir kha nang lwu anh ciia mét ngudi. Piéu d6 co nghia 13 téng s6 khung hinh cia video
chinh 1a tbc d6 chuan nhan véi thoi gian trinh chiéu (tinh theo gidy). Tuy vao do muot cua video, ngudi ta cd thé tang
tdc d6 chuén 1én. Cac video thong dung hién nay thudng sir dung téc d6 chuén 1a 30fps. Mot sé video can trinh chiéu &
ché do quay chim (slow motion) thi tbc do chuan nay co thé duoc tang 1én, vi du 60fps. Mot s6 camera h tro trén cac
thiét bi di dong ngay nay ciing da hd trg dén téc do 60fps.

Gi tri x, y 14 chi s6 theo chiéu ngang va theo chiéu doc ctia ma tran diém anh. Vi mdi khung hinh k, gia tri
u(x,y) hay v (x,y) phan anh gia tri mau tai diém anh c6 toa do (x,y). Trong mé hinh khir nhiéu ma chung toi
nghién ciru, md hinh mau duoc sir dung 1a RGB. Do d6, mdi gia tri u,(x,y) co thé duoc phén tach theo ba kénh mau
riéng biét la:

e (,y) = (uR ), uf (), uf (x,9)),
V6i R, G, B 1an luot 1 céc chi s6 twong tmg voi voi ba kénh mau Red, Green va Blue.

Khong lam giam tinh tong quat, ta c6 thé xét timg kénh mau riéng biét cua timg khung hinh riéng biét, nghia la:
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u=uy(x,y),v=vi(x,y),k=1,..,n,c ={R,G,B}.
Mot mé hinh khir nhidu theo bién phéan day di (Total Variation) s& c6 dang [2-3]:
p)
minJ(u) + = ||lv — ull3.
u 2

Trong d6, J 1& mot phién ham bi chan theo bién phan day di, X 1a mot khong gian Hilbert. Trong thuc té, bai toan khir
nhicu s& cho két qua tot nhat néu X la khong gian L,. Tham s6 1 — 1a tham sd cén bang gilta 40 mugt (theo bién phén
day du) va d¢ khir nhieu.

Phién ham J dugc s dung trong md hinh ROF 1a phién ham duya trén bién phan day du. Do d6, chung t6i ciing
s€ sir dung phién ham nay cho trudng hop khir nhiéu trén video:

J@) = llullyy = f Vu|dxdy.
Q

~ Néu sir dung két hop chuén theo TV va chuén theo L, thi md hinh khir nhiéu trén video theo bién phan day du
c6 thé viét lai mot cach twong minh dudi dang sau day:

A
min <f [Vug|dxdy + —f (uy, — v,i)zdxdy); k=1,..,n;c={R,G,B}, (D
uk Q 2J)q

Trong d6, Q — 1a mot mién bi chin trong R? toan tir Vui — vector gradient, chuan

2
c 2 c
Vaig| = (auk/ax) + 6uk/ay k=1,..,n;c = {R,G,B).

3. Mot s6 danh gia vé md hinh khir nhiéu trén video

Trong mo hinh (1) & trén, cac ham ug va v§ dugc xét trén mdi khung hinh va trén mdi kénh mau riéng biét, véi
chi sé k cho khung hinh va chi s6 ¢ cho cac kénh mau. Diéu d6 c6 nghia 14 ta cAn phai giai mot hé gdm c6 3n bai toan
tdi wru bd phéan. Bai vi gia tri xam cua cac diém anh 1a doc lap trén mdi khung hinh va doc lap trén mdi kénh mau, cho
nén khi tién hanh giai, chung toi chi d& xudt thuat toan cho mot bai toan tbi uu bod phéan. Cac thuat toan giai cho céc bai
toan tdi uu bod phén con lai hoan toan twong tu nhu thuat toan giai cho bai toan tdi uu bd phén da dé xuit.

Trong s6 A dugc sir dung dé tao ra su can bang giita hai phan: phan lam muot (phan chira bién phan day du va 1a
hang tir dau tién trong md hinh (1)) va phan khir nhiéu (phan chira d6 léch giira hai khung hinh tuong wng cua video
gdc va video bi nhiéu hay hang tir thir hai trong mé hinh (1)). Néu gié tri cua A quéa nhé thi cac khung hinh s& bj lam
muot nhidu va dan dén mot s6 chi tiét nho s& bi mat. Néu gid tri A qua 16n, thi bién giita cac ving mau s& khong dugc
bao toan khi thyc hién qua trinh khir nhidu. Gia tri nay s& dugc tinh toan trong qua trinh lap dé dam bao co su can béng
giita hai yéu té muot va khir nhiéu.

Bai toan tdi uu md hinh (1) s& ton tai nghiém va nghiém do la duy nhit. Diéq nay da dugc chiing minh trong cac
cong trinh [1-3] v€ tinh ton tai va duy nhat nghiém cuia bai toan chuan hoa theo bien phéan day du (TV regularization).
Tinh chat nay s€ ddm bao cho cac phép 1ap dua trén cac lugc do sai phan luén hoi tu.

B. Phwong phdp lip Bregman cho mé hinh khir nhiéu trén video

1. Phép lip Bregman cho mé hinh khir nhidu trén video
Ta s& khao sat phan bién phan ddy du trong mé hinh (1) trude tién. Phin bién phan diy du nay c6 thé duoc roi
rac hoa nhu sau:
N-1M-1

lullry = | [uldrdy = )" 7y,
Q

i=0 j=0

—.

trong d6, N, M 1an luot 1a s6 diém anh theo chidu ngang va theo chiéu doc ctia mdi khung hinh trén video. Két hop véi
phan khtr nhieu trong mo hinh (1), ta s€ thu dugc mé hinh roi rac nhu sau:

. A 2

min Z|du| + EZ(”U —uy)” |,
Lj Lj

Véi rang budc:

d = Vu.
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Bang cach sir dung thém‘phén’tir d ta s¢ han ché sy phu thudc tryc tiép giita hai phan lam muot va khir nhidu
trong mo hinh (1). Diéu nay la can thiet dé thuc thi phép 1ap Bregman.

Gii thuat 1. Phép 1ap Bregman chinh tic cho mé hinh (1).
Khoi gan voi u® € R%,b© = 0.
Laptheoq =10,1, ...
u? = argming,, (Zi,j(ldijl) + %Zi,j(vij - uij)z + %Zi,j|dij —Vu;; — bmz), 2)
b9t = p1 4+ Vu—d.
Trong d6, ¥ > 0 1a hé s chan (penalty parameter) dé dam bao tinh hoi tu ctia phép lap.

~ Trong cong trinh nghién ctru [8], Goldstein va Osher da chirng minh rang, khi ap dung phép lip Bregman cho
phién ham dang:

min(E (w) + AH (w)),
u
v6i E va H 1a cac phién ham 16i trén R?, phién ham H 1a kha vi, thi khi d6 phép lap Bregman cho bai toan trén Ia hoi
tu. Trong cong trinh [1], Rudin ciing da chi ra rang phién ham theo TV 1a 16i. Ta cling dé dang ching minh dugc hang

tir thi hai trong (1) cling 1 phién ham 16i va kha vi. Diéu d6 c6 nghta la phép lap Bregman cho mo hinh (1) s& luon hoi
tu. Vi bai toan chuyén doi (2), khi b6 sung vao tham so6 chan, thi bai toan (2) héi tu véi moiy > 0.

Véi mdi bude lap trong giai thuat 1 ta can giai mot bai toan tdi wu (2). Diéu nay co thé dugc giai quyét boi phép
phén chia Bregman. Y tuéng cta phép phan chia Bregman:
+ Phuong 1. Giai bai toan con theo d véi u ¢b dinh:
. 14 2
argmin z |dl]| + Ez|dl1 — Vul] — bU|
AN 0
Ta nhéan dugc nghiém:
= Mmax{Wu-- + b..| _1 0}
|V + by A A

+ Phuong 2. Giai bai toan con theo u véi d ¢b dinh:

(A Y
argmin EZ(uij - vij)z + Ez|vuij —d;; + bij|2 :
u ran i
L] L)

Ta nhan dugc phuong trinh sau:
Au—v)+yV'(Vu—d +b) =0, 3)
Trong d6 V*(u,) = uy_q1 — u,.

Theo két qua nghién ctru [8], bai toan theo phuong 2 duoc giai quyét hoan toan bang phuong phép liap dugc dé
xuat boi Goldstein va Osher. Khi d6, giai thudt 1 c6 thé dugc viet lai dudi dang sau day:

Gidi thuit 2. Phép lip Bregman day dii cho mo hinh (1)
Khéigdhu =0,d =0,b = 0.
Lap néu ||uhién tai — utm(,c” > € (Voi € — sai s6 cho trudc).
Giai bai toan theo phuong 1.
Gidi bai toan theo phuong 2.
b=b+Vu—d.

2. Lwachon tham sb y

Trong so do lap dé giai bai toan theo phuong 2, ta nhan duoc didu kién dé lya chon gia tri cua tham sb y. Téc do
hoi tu cla cac bai toan con theo hai phwong ciing nhu toc do hoi tu ctia toan bo phép 1ap s& phu thudc vao gia tri caa
tham s6 y nay. Trong cac thuc nghiém, gia tri y duoc lya chon la gia tri ¢d dinh y = 5 thi phép 1dp Bregman s& hoi tu
dt nhanh.
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3. Lua chon tham sb 1

Viéc lya chon tham sb A twong tu nhu cach ma Rudin d3 thyuc thi trén mé hinh ROF. D6 1a dya vao phuong sai
cua nhiéu Gauss ¢2. Piéu d6 c6 nghia 13 viéc tim tham s6 A s& dugc thuc hién thong qua giai bai toan toi vu:

minf |Vu|dxdy , véi rang budc f(v—u)zdxdy = g?|q|.
u Jg Q

Bai toan nay da dugc Chambolle dé xudt thuat toan giai [9] nhu sau:
Giai thuat 3. Tim tham sb A.
Lap
Giai bai toan u = argmin,, [ |Vu|dxdy + Efﬂ(v —u)?dxdy,

(k)
A+ = 27 / J, (v — widxdy.

Diéu d6 c6 nghia 1a tién trinh lap dé tim A s& duoc tién hanh song song véi cac budc lap trong phép lap
Bregman. Dé tim ra gié tri A ti wu, s& mat thém mot khoang thoi gian tinh toan. Do dé, trong thuc té, chung t6i ciing
lya chon gid tri cho tham s6 A = 2. Gia tri nay 1a phi hop va lam cén bang giira hai thanh phan khir nhidu va lam muot.
Viéc ¢b dinh gia tri A s& gitp thuat toan thuc thi nhanh hon va phu hop hon véi khéi lwong tinh toan 16n trén dir liéu
video.

III. PANH GIA CHAT LUQNG VIDEO

Dé danh gia chit luong cua video sau khi khir nhiéu, ta s& tién hanh so sanh chi s6 PSNR [7] va SSIM [7] cua
video sau khi khir nhidu véi video gbe va cua video nhiu véi video gbe. Viée so sanh s& tién hanh trén mot s6 khung
hinh dugc lya chon va thong qua gia tri trung binh ctia toan b cac khung hinh.

Tiéu chuén PSNR dugc xac dinh theo cong thirc sau:

NMIL>?
PSNR = 101g -],
uu)

i Zy=1(vij -
trong do, L — murc xam cua cdc pixel trén anh hodc video, thong thudng vi mire xam 8 bit, thi gia tri nay 1a 255. Gia tri
PSNR cang 16n thi chat luong cua anh/video cang cao. Thong thuong gid tri nay trén 30 thi chat luong anh/video dugce
danh gia la tot.
Tiéu chuén SSIM duoc xac dinh theo cong thuc sau:
Quv + C;)(20y,, + C,)

SSIM = ,
W +9%2+C))(02 + 02+ C,)
Trong do,
N M N M N M N M
_ 1 _ 1 N
uzwzl uij,v=WZZvij, 122(11 -u) 0=y 122(17 ,
i=1 j=1 i=1j=1 i=1j=1 i=1 j=1

N M
ZZ(uU ) (v —7),C, = (KL)% Cy = (KL)%, Ky < 1K, < 1,K; = K, = 1076,

i=1 j=1

-1

Gia tri SSIM thuong ding dé danh gia chat lugng anh hoic video thong qua viéc so sanh tinh twong tu ciia hai
anh hodc cac khung hinh tuong ng cua hai video. Cach thirc danh gia cua tiéu chuin SSIM tuong tu v&i cach cam
nhan cua thi gidc ngudi. Do d6, phuong phéap nay duoc danh gia cao. Thong thudng, gia tri SSIM ndm trong khoang tir
-1 d&én 1. Gia tri nay cang 16n, thi chit lugng anh/video cang cao.

IV. THUC NGHIEM

Trong phan thyc nghiém tinh toan, trudc tién ching t6i s& ap dung giai thuat néu trén d6i véi video shuttle.avi
trong thu vién ciia Matlab. Pay 1a video mau, c6 kich thudc khung hinh 1a 512x288 pixel va c6 121 khung hinh. Toc do
trinh chicu 1a 30fps.

Dau tién, ching i s& bo sung nhiu Gauss vao video voi gia trj o = 0,05 dong déu cho ca ba kénh mau R, G
va B. Tiép theo, ching t6i s€ tién hanh khur nhicu trén video thu dugc. Két qua khur nhicu trén m(f)t, s0 khung hinh duoc
dua ra ¢ hinh 1. Trong bang 1 chiing t6i dua ra cac gia tri theo danh gid PSNR va SSIM trén mét s6 khung hinh.

Tir két qua duara & bang 1, ta c6 thé thiy rﬁng két qua khtr nhidu trén cac khung hinh cta video thu dwoc 1a rat
t6t thé hién qua tri s6 PSNR va SSIM vuot xa so véi tri s6 PSNR va SSIM ciia video nhidu. Gia tri trung binh ciia trj s
PSNR va SSIM cua video nhidu va video sau khi khtr nhidu trén toan bo 121 khung hinh 1an lwot 1a: 26,0623, 0.6579,
35.2964 va 0.9662.
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Bang 1. Bang tri s6 PSNR va SSIM trén mot sb khung hinh

Khung hinh
Titu chudn 1 10 20 50 100 120
. PSNR 26.0493 26.0281 26.0450 26.0548 26.0818 26.1192
Nhiéu SSIM 0.6690 0.6720 0.6752 0.6843 0.6351 0.4380
. PSNR 34.0036 33.9397 34.0171 34.2436 36.8901 421138
Khir nhi¢u SSIM 0.9966 0.9577 0.9584 0.9612 0.9757 0.9860

Két qua thyc nghiém trén dugc cai dat trén hé didu hanh Windows 10, Chip Intel core i5, tbc d6 1.6Ghz va
2.29Ghz va RAM 4Gb. Thoi gian chay thuét toan khir nhiéu mét 15 gidy. Ta co thé thiy rang, v6i khoang thoi gian nay
thi thuat toan chua thé ap dung trong thoi gian thyc, boi thoi gian xur ly dai gép ba lan so voi do dai trinh chiéu cua
video (khoang 5 giay). Neu ap dung thuat toan downsampling dé giam do phan giai cua video xuong HQ 360 thi thoi
chay chuong trinh giam xudng con 4 gidy. Véi chét luong video dang ndy thi c6 the ap dung khu nhiéu trong thoi gian
thuc. Tuy nhién, chat lugng video HQ 360 14 thap so véi cac tiéu chudn méi nhit vé chit luong video hién nay (dat dén
4K).

Thuc nghiém thir hai ching t6i tién hanh trén video rhinos.avi. bay ciing la video nim trong thu vién cia
Mﬁatlab.’ N6 ciing 1a video mau, c6 kich t,hu:(’)c~ khung hiph 1a 320x240 pixel (gan HQ 360). Toc do khung hinh 1a 15fps.
Tong 56 khung hinh 1a 114. Cac thong so nhiéu duge bo sung hoan toan twong tu nhu truong hop 1.

Két qua khir nhidu trén video rhinos.avi dugc dua ra trong hinh 2. Trong trudng hop nay, ching t6i chi dua ra
gia trj trung binh ctia PSNR va SSIM cho toan bo 114 khung hinh ma khong dua ra bang thong ké trén mot s6 khung
hinh chon loc. Béi véi video bi 1am nhiéu, gia tri PSNR va SSIM trung binh 1an luot 1a: 26.2911 va 0.5651. Déi voi
video sau khi khir nhiéu, gia tri PSNR va SSIM trung binh lan luot 1a: 33.3089 va 0.9195.

Hinh 1. Két qua kht nhiéu trén cic khung hinh 1, 91 va 119 cua video shuttle.avi (twong tmg voi cac dong 1, 2, 3 tir trén xudng
duéi); theo thir tu tir trai sang phai: video goc, video bi lam nhiéu, video sau khi khir nhicu.

Déi v6i trudng hop nay, ching t6i sir dung cting cau hinh may tinh & trén dé cai dat thuat toan. Thoi gian thuc
thi chuong trinh 13 6 gidy. Néu so sanh v&i d6 dai trinh chiéu cua video 1a 7 gidy thi voi chit lwong video dang nay
(gan HQ 360), thuat toan c6 thé ap dung xir 1y trong thdi gian thyc. Cling can luu ¥ ring, téc d6 trinh chiéu cua video
rhinos.avi 1a 15fps chi bing % so véi toc do trinh chiéu cua video shuttle.avi (30fps).
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Bing 2. Bang tri s6 PSNR trung binh (APSNR) va SSIM trung binh (ASSIM) ciia toan bé cac khung hinh trén mét sé video

Tén video fil_cat.avi shaky_car.avi viplanedeparture.avi vipmen.avi vipmosaicking.avi
D) phan giai 240x176 320x240 360x240 160x120 320x240
Téc dd fps 24 30 30 30 15
S6 khung hinh 241 132 337 283 71
Po dai (gidy) 10 4 11 9 4
_ APSNR 30.0078 26.3066 26.2780 26.2704 26.3299
Nhicu A ssIM 0.9319 04722 0.6025 0.8349 0.7777
Khik APSNR 34.9685 32.1933 35.8093 31.9454 33.2224
nhiéu ASSIM 0.9763 0.8548 0.9678 0.9542 0.9516
Thaoi gian xir Iy (gidy) 8 4 11 4 3

Thyc nghiém thir ba ching t6i tién hanh trén nim video duoc lua chon tir thu vién ciia Matlab. Trong sb cac
video nay, chi c6 video shaky_car.avi la video dang xam grayscale. Bén video con lai déu la cac video mau. Céc théng
sb cua vé do phén giai, tde do trinh chiéu, sb khung hinh, d dai trinh chiéu cling nhu Kkét qua danh gia chét luong khir
nhiéu theo tri s6 PSNR trung binh va SSIM trung binh trén toan bd cac khung hinh ciia mdi video duoc dua ra trong
bang 2. Céc thong s6 nhidu dugc bd sung hoan toan tuong tu nhu hai truong hop néu trén. Cau hinh may tinh dé cai dat
thuat toan ciing khong c6 su thay doi.

Tir cac thuc nghiém néu trén, ta c¢6 thé thiy rang tuy thuat toan co toc do thuc thi di nhanh dé xir Iy dir liéu
video, nhung van con chwa di nhanh dé khir nhidu video thoi gian thyuc. Thuét toan chi méi da kha ning xur 1y video
thoi gian thuc véi chat luong tir HQ 360 tré xudng thi khi d6 méi khong c6 do tré. Voi chit luong cao hon, can thiét
phai ting c4u hinh may tinh cai dat thuat toan ciing nhu can thiét phai ap dung ki thuat tinh toan song song.

Hinh 2. Két qua khir nhidu trén céc khung hinh 1, 11 va 31 cua video rhinos.avi (twong tmg véi cac dong 1, 2, 3 tir trén xudng
dudi); theo thir tu tir trai sang phai: video goc, video bi 1am nhiéu, video sau khi khir nhiéu.
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V.KET LUAN

Phuong phap dugc dé xuit dé khflqnhi,éu trén video cho ké’g qua t6t v& mirc d6 khir nhiéu trén dir lidu video.
Thong qua gia tri PSNR va SSIM ta co6 thé thay két qua thu dugc tot vé cd mat dinh luong (qua tiéu chi PSNR) va ca
dinh tinh (qua tiéu chi SSIM).

Téc do thuc thi cua giai thuat du nhanh dé ¢6 thé p dung cho dir liéu video von yéu ciu khoi lugng tinh toan
tuong doi 16n. Tuy nhién, phuong phap dé xuat van chua dat toc d6 du nhanh dé c6 thé khir nhicu video thoi gian thyc
chat lugng cao hon HQ 360.

Thong qua két qua thu duoc, chang t6i cling dua ra mot s6 bién phap dé nang cao hon nira thoi gian thuc thi: két
hop véi ki thuat xtr ly song song, tang cau hinh cho cac may tinh tham gia tinh toan. Chung t6i ki vong véi nhiing bién
phap néu trén, phuong phap dugce dé xuat nay coé thé ap dung de khir nhieu cho video thoi gian thuc chuan HD 720.
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VIDEO DENOISING METHOD BASED ON THE BREGMAN ITERATION

Dang Ngoc Hoang Thanh, Nguyen Hoang Hai

ABSTRACT: In this paper, we propose a video denoising method based on the Bregman iteration and the modified ROF model. The
traditional ROF model can only remove noise on grayscale digital images. By modifying the ROF model, we created a new version
of the traditional ROF model that can be applied to remove noise on video (include colorful and colorless videos). Otherwise, the
Bregman iteration is an effective method to solve the convex optimization problems. The characteristic of these iterations types is
faster than other traditional iterations. Hence, this proposed method is suitable for removing noise on video data. This data type
always requires a vast number of calculations. The proposed method can be upgraded to denoise on real-time videos.



