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UNG DUNG MANG NEURAL TRONG VIEC KHOI PHUC ANH SO

Tran Cong Toai
Trudng Pai Hoc K§ Thuét
( Bai nhan ngay 04/03/1998)

TOM TAT: Xt Iy dnh 132 mot linh vuc nghién cifu dudc nhidu nhi khoa hoc trén th€ gidi
quan tam. Ngay tai Vit Nam, d& c6 nhigu nhém nghién ctiu ve vin d8 nay. P& khéi phuc
anh chit lugng cao gan gidng vdi dnh gdc ban dau, c6 nhigu phudng phép nhu loc thong
thp, loc thong cao, loc Median ... dat duge mdt s6 thanh qua nh&t dinh. Tuy nhién, dé
viéc xit 1y anh ngay cang nhanh va hiéu qué hon, viéc tng dung mang Neural trong viéce
khoi phuc anh 1a mot trong nhiing phudng phdp dudc quan tam lrong khoang thdi gian
gin day. Bai nay trinh bay phudng phép Ung dung mang Neural trong viéc khoi phuc anh.

1. MO DAU:
Khoi phuc &nh chét lugng cao 1a vén d& quan trong trong qué trinh thé hién hinh dnh. Hinh
anh & day tham khao dén ham cudng dd séng hai chigu x(a,b). Cudng do séng 1a mot dai
Jugng duong va dd sang cyc dai ctia mot anh ciing dude gidi han bdi hé th&ng &nh thyc t&,
x(a,b) 12 m6t ham hitu han, thyc, kh6ng 4m:
0<x(ab) <A
A: d6 sdng anh cyc dai

Mot hé théng khoi phuc dnh bao gom ba he th6ng con: hé théng anh, hinh &nh s6,
va hé th6ng khoi phuc anh. H¢ thdng anh, bao gom mot hé théng quang hoc va nhiing
thiét bi ghi nhan théng tin hinh anh s6. Hé th&ng khdi phuc anh st dung mot s8 ky thudt xi
1y nhidu, sy suy bi€n nhw dnh md trong hé théng quang hoc, sy nhiéu xa man hinh, su thay
déi 4p suét, va sy suy gidm théng ké (statistical degradation) nhu nhi&u tac dong 1én hinh
inh, phim c6 hat 14m tdm do cic dao dong. Do do, hé th6ng khoi phuc hinh anh 58 dénh
gi4 x4p xi anh gdc theo tryc gidc.

Hon hai mudi nam trude, nhigu phudng phép khéc nhau nhu loc ddo [Andrews va
Hunt, 1977], loc Kalman [Woods va Ingle, 1981]..v.v, va nhiéu kiéu khac dudc dua ra dé
khoi phuc 4nh. Han ché clia hau hét thuat gidi khoi phuc anh 1a viéc tinh todn phic tap, vi
viy c6 nhidu thuat gidi don gidn hon dude tao ra nhut WSS (wide-sense station), n6 ¢6 thé
th6ng ké hinh anh dé tao ra giai thuét tién 1di hon trong viée tinh to4n. Phuong phép loc
do chi ¢6 hiéu qua ddi véi nhitng hinh anh 6 ti 1€ tin hiéu nhidu cyc cao. Phudng phép loc
gan ding Kalman c6 thé dugc dang cho anh bi nhidu tac dong vdi cudng do rét 16n. Diéu
niy ciing tuong ty cho phudng phap loc gid ngu nhién SDV (Singular Value
Decomposition). D€ phét trién mot gidi thuat khéi phuc ma khdng cb gid sk WSS va c6 thé
dudc thuc hién trong thoi gian hdp 1§, hé thdng mang neural nhin tao c6 thé biéu dién viéc
tinh todn cuc nhanh, ¢6 kha nang khoi phuc anh d4p ¢ng mot phan nao nhu cau trén.

Trong phan nay ching ta biéu dién mot gii thuat mang neural cho su khoi phuc
nhitng hinh &nh bi suy bi€n do nhi®u. N6 dya trén md hinh dude dién t trong mot s& i

liéu [Hofield and Tank, 1985; Hofield, 1982: Amari, 1972] v6i biéu dién s& téng don
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[Takeda and Goodman, 1986]. Mifc séng t6i clia hinh dnh dugc biéu dién bing nhitng bién
trang thdi neural don gidn dugc thé hién bling nhitng gié tri nhi phan 0 hodc 1.

Thu tuc khéi phuc hinh dnh bao gdm hai trang théi:

1 - Panh gié nhitng théng s6 kiéu mang neural

2 - Tich hdp xdy dung lai hinh dnh.

Pau tién, théng s6 dudc d4nh gi4 biing viéc so s&nh ham nang ludng clia mang neural

véi ham 16i. Sau dé, giai thuét khéi phuc khong tuyén tinh duge thyc hién, st dung thuat
gidi dong nhim cyc tiéu ham ning lugng cia mang neural.

Gidi thudt trong thyc t&€ dugc x4y dung nhim gidm bt sy tinh todn phic tap thuit
gidi c6 ket qud vin dat dugc yéu ciu, va diu nay dudc phét trién dudi su gid s nhiing
neuron dugc ki€m tra lién tuc. C6 thé minh hoa kha ning gin ding ndy bing c4ch diung
hinh &nh t6ng hgp hay thyc bi suy bi€n bdi ham lam md khong bi€n ddi hoic khong c6
nhi€u. Trong v&n d& chon gié tri gi6i han , c6 thé so sanh véi nhiing phuong phép khoi
phuc khéc nhtt loc gid ngu nhién SVD, loc MMSE (Minimum Mean Square Error) va loc
MMSE dudc sita d6i sit dung m6 hinh viing ngiu nhién Gaussian Markov cho nhitng hinh
anh thyc. Sy thuén 1¢i cda phuong phép dugc biéu din trong phan nay 1a:

1 - Gid sit WSS khéng dugc yéu cau cho hinh anh,

2 - phuong phép c6 thé thyc hién nhanh chéng, va

3 - thi€u kién nhin,

Vi gié sit 1a m6i quan hé bén trong ciia mang neural dudc biét qua nhitng théng s
ciia hinh &nh bi suy bi€n. Céc thong s8 cla ki€u suy bién 4nh @ nhiing vi du ban dau va
hinh &nh bi suy bi€n dudc bi€t trong mt s6 tai liéu khéc [Zhou et al., 1988].

Bau tién, nét 10i rac, kiéu suy bién hinh anh khéng ddi v& khéng gian dudc bidt
trude. Sau d6 ki€u mang chia nhitng neural dv thita bi€u di&n hinh anh dudc miéu (4. Mot
ky thudt ddnh gid théng s6 dugc bi€u dién. P3c td mot dnh téng quat ding gidi thuat dong.
Mot thudt gidi thyc t& gidm b6t nhitng tinh todn phic tap dugc phét trién. Nhing két qua
gid 1ap mdy tinh sit dung nhiing hinh &nh bi suy bién téng hop va anh thuc cho ra c6 thé
dem so sdnh v6i nhitng phudng phép khéc qua viéc chon céc gi4 trj gidi han.uy bi€n téng
hop va énh thyc cho ra c6 thé dem so sdnh vé6i nhiing phudng phép khéc qua viéc chon céc
gié tri gi6i han.

2. MO HINH SUY GIAM HINH ANH

R b0 $ y(a.b)
e T . - —

>

Hinh 1: MO HINH ANH SUY BIEN TUYEN TINH LIEN TUC

Nhigu mé hinh 4nh suy bién dude cii ti€n dya trén céc gid st kh4c nhau. Hinh 1
bi€u di€n mdt kiéu dnh suy bi&n. Gia st ring 4nh mJ c6 thé dugc m6 hinh héa bdi dép tng
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xung h(.) va ngd xuit clia né bi tdc dong bdi nhidu. Trong trudng hgp ndy, anh quan sat
dugc mé hinh héa nhu sau:

y(@b) = 2 [2 haba,f)x(a,fdadf + n(a,b) (1)

V6i h(a,b;ot,B): haim 1am anh md, n(a,b): nhiéu tdc dong x(a,b) 1a anh gdc y(a,b):
anh bi nhidu. N&u hé thdng khong thay déi thi ham h(a,ba,B) c6 thé dudc viét lai nhu sau:

h(a,b;ct,B)= h(a-o,b-B)

Pé do ludng chét lugng hinh anh, ti 1& nhiu tin hiéu (SNR) (don vi: dec1bels(db))
dugce dung. SNR dudc dinh nghia nhu sau:

62
SNR = IOIOglo (2)0_2"

G day 6% va 6% 12 bién phudng sai ciia nhidu va hinh dnh ban dau.

Ngd xuft anh hé théng, tic Anh quan sét trude tién dudc s6 héa, sau d6 xuit ra hé
th6ng. D& tugng clia mot hé théng khdi phuc anh 13i rac 12 tao ra mdt dnh s (ddy hai
chigu), danh gi4 toan b anh ban dau dugc s& h6a. Digu nay cin thiét dé bi€n ddi ki€u suy
bi€n lién tuc thanh kiéu r3i rac, c6 thé dugc thiét 14p bing viéc bd bt va dong nhat anh
miu va anh md thanh day hai chi®u, cung cfp ti 1& thi thda mén ty 1& Nyquist va 18i do
viéc bd bét khong déng k&. Anh bi cht bt c6 cudng do tr 0 dén M, M 1a s6 nguyén,
M=255.

Khi ham h(.) kh6ng thay d6i h(.) c6 thé dugc viét nhu mdt window nhé KxK (K 12
mdt s8 nguyén 18). Kiéu lién tuc c6 thé dugc viét dudi dang i rac:
y(i,j) = x(i,j)*h(i,j) + n(i,j)
k k
= > Y x(i-kj-Dh(k,1) +nG,j) @)

k= -k I=k

i,j 12 s& nguyén va k= (K-1)/2. Bigu n2y thuan tién cho viéc bi€u di€n ki€u suy bi€n
i rac dudi dang ma trdn [Wintz, 1977]:

Y=HX + N 4)
Véi H 12 “ma trAn md” biu di€n mdt ham md, N tin hiéu doc lap nhiu, X va Y 1a
hinh anh ban dau va anh suy bi€n. Piéu nay duge 14y tr ddy hang. Hon nifa, gid si kich
thude day anh 1 LxL, H va N duge biéu dién nhu sau:
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1,1 hlZ L
hll h22 212
H=|- ; y 5)
hL,_l hL‘,z‘ b hL,'L,
N, n,
N, n,
N= =
N, n,
n(i,1) DG+
n(i,2) 06w+
M=l & = i (6)
n(i, L) N

Vector X va Y ¢6 ma tran N gidng nhau. Chi ¥ riing biéu thic nay dat dudc v6i gid
st tuyén tinh, mé hinh khéng gian bi€n d8i. Phuong trinh (4) tudng ty nhu gidi phdp dong
thdi clia [Takeda vd Goodman, 1986], nhung khéc nhau & chd 14 né bao gdom dicu kién
nhiéu.

Vi du, n€u ham m& c6 dang

1/2- if k=0,1=0

116 i I < 1, kD= ©00) O

hk1) = {

thi “ma trin md” H s& 12 ma trin Toeplitz phi hdp vdi didu kién gidi han. Dang téng

quét cia H dugc biéu dién nhu sau:
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H H O .08

H H H ..9 0
l.-. 0 1

H 0 0. H H
0 1 0

1/2 1/16 0 ..0 h,
1/16 1/2 1/16..0 0

H, =
s h, 0 0..1/16 1/16
1/16 1/16 0 .0 h,
1/16 1/16 1/16 ...0 0
o o g, ot : i

h, O 0..1/16 1/16

N&u hinh anh c6 dudng bién tuln hoan, H 12 ma trin khdi Toeplitz, tdc la ho = 1/16
v3 He=H1. N&u dudng bién cla hinh anh dugc dém bing zer6, thi H 1a ma tran khai
Toeplitz v6i ho= 0 va Ho=0.

3, BIEU DIEN HINH ANH

Chﬁng ta st dung mang neural chifa nhiing ndron miéu ta ving sdng 161 dnh. M6
hinh L?xM ndron lién hé mét thiét v6i nhau, véi L 12 kich thuéc hinh anh va M 12 gié tri
ham t8i cuc dai. Hinh anh dudc miéu ta bing tap hdp ham 61 {x(i,j), v6i I<i,j < L} vdi
x(i,j) (s6 nguyén dudng) bi€u thi mic do t6i cda di€m (i,j). V={vix vdi I< I L3 1<k<M}
14 tap hop trang thai nhi phén clia mang neural vai vig biéu dién trang th4i ndron thi (i,k).
Ham mifc d6 t8i clia hinh anh 12 t8ng bi€n trang thai ndron:

x(i,j)=2v,...k (10)

Vi m—(1 l)xL+] Do d6 ham séng t&i biéu dién sy suy bién. Vi dy, néu mdt ham séng
t61 c6 M ndron va né c6 10 gia tri thi c6 M!/10!(M-10)! trang théi. Py la 4nh xa nhiéu-
mot tiY khéng gian s6 nguyén dén khéng gian trang thdi ndron. Chi ¥ ring, bat ky mot
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ndron don nao khéng hoat ddng, s& khong c6 161 dang k€ trong biéu dién s¢. Mang ding sd
dd bi€u dién cé:

1]

=1 =1 X(i, J)'(M x(, j))!

\

trang th4i 6n dinh cho LxL hinh 4nh. Vi ¢6 nhidu trang th4i 6n dinh nén mang c6
nhiéu cd hoi di dén gidi phép ding. Do d6, st dung so dd biéu didn s6 lude bt 6 sy thuén
19i sai s6t nhd va hoéi tu nhanh hon.

Trong ki€u ndy, mdi noron nglu nhién (i,k) nhan khong dong bo tai ngd nhap tr tat
cd nhitng ndron va mdt ngd nhap chéo.

ZZT.,;C,.V +1,  (11)

Vi Tix,a bi€u thi m&i lién hé gilta nom (i,k) va (j,) va Iix 12 ngd nhép chéo. Ching
ta gid st ring hAm cudng dé c6 nhitng dic tinh sau:
Tikja = Tjrix
Va Ti.k;j.l #0

C6 nghia 12 ham cuding d c6 tinh d6i xdng va nhiing ndron c6 cling tinh hdi tiép. Mdi
u;x phan hdi trd lai ndron tudng ng sau khi tri ngudng

Vik = g(Uik) (12)
Vi g(x) 1a ham khong tuyén tinh ¢6 dang
)= 1 if x20 (13)
9% 0 it x<o

Trong mo hinh ndy, trang thdi mdi ndron dugc cip nhat bing viéc ding thdng tin sau
cling clia nhitng noron khéc.
3.1 NHUNG THONG SO PANH GIA MO HINH:
Nhitng thong s6 ddnh gi4 m6 hinh, cudng do méi quan hé va hudng ngd nhép, c6 thé
dugc x4c dinh trong gidi han ham ning lugng cia mang noron. Khi duge dinh nghia trong
[Hopfield va Tank, 1985], ham ning lugng clia mang ndron dudc viét.

12: 512 2 M
E = -(1/2)ZZZZIL,,V Vi ZZI.kv.k (14)
i=l j=1 k=1 1=1 =l k=1

Trong trdt tu st dung qué trinh cyc tiéu ning lugng mdt cdch tr ddng cla mang
neural, ching ta hé th6ng héa lai vdn d& khdi phuc nhu mot trong nhitng ham 13i khong
dédng k€ dugc dinh nghia nhu sau:

09
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E= 1)l Y-HX |12+ [IDXII? @5)

VéillZl| 1a L chi tiéu cla Z va A 12 hiing. Vi vay ham 18i dugc ding trong vén dé
khoi phuc dnh [ Andrews va Hunt, 1977] va né gi6ng nhu k§ thuit dieu chinh ding cho
nhitng van d& quan sét [Poggio et al., 1985].

Piéu dau tién trong (15) 12 im X sao cho HX x4p xi Y. Hing A x4c dinh m&i lién hé
quan trong clia ching d€ dat dudc viéc chng nhiéu va giam vong lp.
T8ng quat, néu H 12 loc thong thap, thi D la loc théng cao. Viéc chon D 1a tac vu thi
hai ma c6 thé dugc x4p xi nhu mdt hoat dong windows dia phudng trong trudng hdp khdng
gian hai chigu. Vi dy, n€u D 12 todn hang Laplacian.

5% &?

V=—0+— 16
57 (16)
- e |
N6 dugc x4p xi nhu todn t windows (1/6)4 20 4 (17)
) TR R |

(10/3)  if(k1) =(0,0)
d(k1) ={(2/3) if (k,1) € {(-1,0), (0,-1), (0,1), (1,0)} ! (18)
(1/3) if (k1) € {(-1,-1), (-1,1), (1,-1), (1,1)}

e

2 Li
E=(1/2)L2(yp—2hm %) +(1/2)AZ(de, ,
p=1 i=l

Thi D s& 14 ma trén khdi tdng t (8).
M3 rong (15) va thay th€ x; bing (10) ta c6:

I 1 M M

E= (1/2)2222211]%,11 ViVi)

i=l =1 k= I=l p=
L* 1M M
=(1/2) ZZZZZ% i Vi ji
i=l =1 k= I=l p= (19)
M 12

L2
'Zzzyphprvlk + Zyp

i=l1 k= p=
so sanh nhitng biéu thitc trong (19) véi ( 14) va bd qua biéu thic hing
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L2
/)
1/2)>y;
p=1
chiing ta e6 thé x4c dinh mat d6 lién hé va huéng ngd nhép khi.

T = thlhm A deldm (20)

pL”
Ly = Zyphp,i @1)

Vi h;; va d;; [a nhitng thanh phan [&n lugt ciia ma tran H va D. Hai diéu cin quan
tam trong (20) va (21) tai diém xuft :(1) cudng d0 lién hé doc 1ap v6i gié tri k, 1 va hudng
nhap thi phu thudc vao k, (2) Tixjx khong biing zéro, ma yéu cau hdi ti€p giéng nhau dén
ting noron.

T (20), ta c6 thé thdy ring mat do lién hé dudc x4c dinh bing him md khong thay
d8i vé khong gian, todn ti vi phan va hiing A. Do d6, Tix;x dugc tinh khong c6 181, dude
cung ci4p ham mJ di biét. Tuy nhién, ngd nhap 12 mdt ham quan sét hinh dnh dugc suy
bi€n. Né&u hinh 4nh chi suy bi€n do hAm md khong thay d6i khong gian, thi Ijx hoan toan cé
thé duge danh gia. Ngugc lai, Iix bi 4nh hudng bdi nhiéu. Ly do ding sau phat bi€u nay la
viéc thay th€y, bing.

15
Z hp,ixi T np
i=1

Ching ta c6:

% LZ L2
Z(thlx +n,)h;
p=1 i=l
iy

= Zth, x:h +z:nphpl 5

p=1 i=1

Biéu théic thd hai trong (22) biéu dién anh hudng cda nhidu. Néu SNR thébp, thi ching
ta chon A 16n d€ tranh nhidu. Ta thdy riing, khong c6 nhidu c4c thdng s hoan toan ¢ thé
dude ude lugng, dam bao khdi phuc chinh x4c hinh dnh khi ham 18i E td vé& zéro. Tuy
nhién, v&n d& khong phai don gian, khi biéu dién sy khéi phuc phy thude vao thong s va
ham md khi 16i nhv (15) duge st dung. Mdc dd anh hudng cia ham md dudc néu trong
phan két luén.

94



Tap chi Phit trién Khoa hoc & Cong nghé s6 9&10 -1998

3.2 KHOI PHUC HINH ANH

Su khéi phuc dudc dua ra bing viéc ddnh gid ndron va thi tuc x4y dyung dnh. Mot
khi thong s6 Tikjx V2 lix dudc 16y ra diing (20) va (21), mdi ndron duge ddnh gid nglu
nhién va khong dong bo trang théi cia né va didu chinh lai thich hdp dang (11) va (12).
Khi nang lugng dat gi4 tri cyc tiéu, hinh anh c6 thé dudc téi tao lai dung (10).

Tuy nhién, mang neural nay c6 su hdi Li€p giéng nhau, tic 13 Tixjx # 0. Khi két qua
ham ning ludng E khong ludn ludn gidm déu dén véi mot sy qua do. Peu nay duge gidi
thich & du6i. Pinh nghia trang th4i thay ddi AE khi

1d y
Avy =v*®™ix—v"  va AE=E™ - =

1

3

Quan tdm ham néng ludng

i M M
E=-(/2)2. 22,2 TuiaViaVia = ZZLM @3)

i=1 j=1 k=1 I=1 =1 7:1=1
Sau dé AE dudc cho bdi:

='(ZZ i AV —(1/2)T kjl(Avlk) (24)
=1 p=l

Khéng ludn 1u6n am. Néu

v°1d1k—0 U EZ it Vs Tlem>0

va ngudng nhu trong (13), thi v"*"jx = 1 v Avjx > 0. Do d6 biéu thic dau tién trong
(24) 12 4&m. Nhung :

Tixis = "‘Z h?pi— A Zdzp,i <0

v3i A >0

~(1/2) T4 (Avi)* >0

Khi biéu thitc dau tién nhd hon biu thidc thi hai trong (24), thi AE > 0 1a E khong 13
ham Lyapunov. Do d6, sy hdi tu cia mang khéng duge ddm béo [LaSalle, 1986].
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Vi vay, d6 hoi tu phu thudc vao tri cuc tiéu dia phudng hay toan cuc dugc mong mudhn.
Luit quyé&t dinh tao ra mét trang thdi mdi v"**jx clia ndron (i,k), né€u ning lugng AE thay
d6i dén trang th4i Av;x nhd hon zéro. N€u AE 16n hdn 0, khéng c6 trang thédi ndo bi anh
hudng. Mot ngudi ndo d6 c6 thé thi€t k€ mot luat Stochastic cho mét ngudi khac si dung
trong k¥ thuét gia lap. So dd Stochastic chi i€t dudc cho nhu sau:

1 it AE <

P.iaccept(v,,1,..., V™ Vik,:o, V = 4
r{ pH(v, k L,M)} {e'AE’T St 1)

Vi AE 12 d6 thay d8i nang lugng va T 12 thong s6 gidng nhu nhiét do. Mot trang théi
méi v'; dudc tao ra néu.

PT{accept(vl,1,...,V“e‘”i,k,...,VL,M)} =1

Hodc
e {accept(vl,l,...,v""wi,k,...,VL,M )} <1

Vi € 1a s6 nghu nhién trong khodng [0,1]. T6c d0 hoi tu cla giai thuét phu thudec vao
viéc chon lua nhiét d6 T va dai lugng bao hda tai mbi nhiét do T.

Giai thuat khéi phuc dude tém tit nhu sau:

1. Pat trang th4i khdi dau ciia cdc noron.

2. Cap nhat trang th4i clia tdt ci céc ndron ngiu nhién va bat ddng bd phd hgp véi
luét quyét dinh.

3. Kiém tra ham nang lugng; néu nang lugng khéng dbi thi chuyén sang budc 4;
ngudc lai lép lai budc 2.

4. X4y dung hinh anh dang (10).

3.3 GIAI THUAT THUC HANH:

Vi du, néu chiing ta ¢c6 mdt hinh &nh c6 kich thuéc LxL véi M d6 séng t8i thi cin c6
LM ndron va (1/2) L*M? m&i lién két, ngoai ra cAn cdng va nhan L*M? cho mdi [an Izp.
Thudng thi L vd M trong khoéng ti¥ 256-1024 va 256. Tuy nhién, sy don gidn héa c6 thé
dugc néu nhu nhitng ndron dudc cdp nhét lién tuc.
Khi d& cap dén viéc don gian héa dén gidi thuat, ching ta can tham khéo lai (11) va

(12) ctia mang noron. M&i quan hé dudc cho trong (20) thi doc 1ap vdi k va 1 va ngd nhép
dan xen trong (21) thi doc 1ap vdi k ; M ndron dudc ding dé biéu dién d x4m anh gidng
nhau c¢6 d6 bén lién k€t va ngd nhap dan xen tudng wr. Do d6, mot tap hop do bén lién két
va ngd nhap dan xen thi di cho moi ham t8i ciia Anh; tic 13, kich thu6c clia ma tran lién két
T va ma trin ngd nhap dan xen dudc gidm b6t ba82ng hé s6 M2 Tir (11), t4t ca ngd nhap
nhén duge bdi mdt noron, go5i 12 ndron thit (i,k), c6 thé dugc bidu di&n nhu sau:
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i M
g =Y T fied D V)4 1,
5 | (26)

G day chiing ta si dung (10) va x; 12 ham séng t6i cia diém anh tht j. Ky higu ».”
Trong biéu thic c6 nghia 12 T;.;. va];, doc lap v6ik. Cong thic (26) néi lé€n rang ching ta
6 thé ding mot s8 da tri thay bing m6t tdng don gian hon. T khi nhitng dé bén lién két
dugc x4c dinh biing ham md, to4n t kh4c, va hiing s8 A dudc dua ra trong (20), digu nay
dé thdy ring n€u ham mJ 12 cyc by, thi hiu hét d ben lién k&t bang zéro va nhitng ndron
dudc lién két cuc bd. Do d6, cdc phan ti ciia ma trén T béng zEéro. Néu ham mdJ bét bién veé
khong gian, thi né c¢6 dang trong (3-7) va bién anh dudc gan gid tri z€ro, thi ma trén lién
két 12 khéi Toeplitz, vi vay chi mdt it phin t& dugc Iwu lai. Dya trén gié tri nhap u;y, trang
th4i noron thi (i,k) dudc nhép bing cich ding luat quyét dinh. Trang théi thay dbi cia
ndron thit (i,k) bi€n ddi ham x; sang trang thdi mdi.

¥ A=
=X bl A, =1
™M -1 ifAvy #1

3 day Av™®iy - v? 12 trang th4i thay d6i ciia ndron thit (ik). S6 mi “new” v
“old” dai dién cho trang théi trudc va sau khi cap nhét. Ching ta ding x; d€ bi€u dién cho
gié tri sdng t6i t6t nhu ngd xuft cia M ndron biéu dién x; . Gid si riing noron clia mang
tao thanh mét day, khéng phic tap d€ thdy réing thi tuc cip nhét 6 thé tinh lai nhu sau.

27)

L2
Wy = Z'Ti.,j;.xj +l;: (28)
j

Av;, =0 ifu, =0
Avi,k o g(ui;k) = AVi’k =1 if u, >0

Av,, =-1 ifu, <0 29
e x%i+ Av,, . if AE<0
LS S = (30)
S if AE20

Chd ¥ ring luat quyét dinh Stochastic ¢6 thé dugc ding trong (30). P& gi6i han ham
t6i trong khodng 0-255 sau mdi budc cip nhat. Ching ta kiém tra gid tri ham t6i x™%; .
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Cong thic (28), (29) va (30) cho nhiéu gidi thut don gidn hen. Giai thuat nay dudc t6m tdt
nhu sau. ‘

1. Xem anh suy bién nhu gi4 tri khdi dau.

2. Chudi s6 (diém anh). Mdi s§ ding (28), (29) va (30) cip nhat lién tuc cho d&n khi
khong cdn sy thay ddi ; tic 13, n€u Avjy = 0 hodc AE > 0 thi di chuyén dén s6 k&.

3. Ki€m tra ham nang lugng. Néu ning ludng khéng thay déi, thi 18y 4dnh khoi phuc;
ngudc lai, nhay lai budc 2.

Sy tink todn ngd nhép ujx cla ndron thit (i,k) va dd thay d8i ham nang ludng AE c6
th€ dugc don gidn. Khi ching ta cap nhat lién tuc nhitng ham t&i ciia nhiing hinh anh giéng
nhau, ngd nhap ma ndron hién tai thi (i,k) nhén, dudc tinh todn bing cich st dung két qua
trudc '

Uik = Uik + Avia Ti . (31)

V6i ujx.; 12 ngd nhép dudc nhén bdi ndron thd (i,k). P9 thay d6i ning lugns AE dén

trang th4i thay d8i clia ndron thtt (i,k) dudc tinh nhu sau
AE = -ujxAvix - (120T;. ;. (Avig)>  (32)

Néu ham md khong thay d8i vé khong gian , 4t ca nhitng s don gidn nay gidm bat
do6 phic tap v& kh6ng gian va thdi gian t¥ O(L*M?) va OL*M?K) d&n O(L?) va O(MLK).
T d6 mdi mdc do ham séng t6i chi cAn mdt vai mic cip nhat sau vong lip dau tién, do
tinh to4n tai m3i vong 13p 13 O(L?). K&t qui gidi thuat c6 thé duge giad 1ap dé dang trén
mdy tinh v6i hinh anh c6 dd phan giai 512x512.

4. KET LUAN

Thi tuc khéi phuc bao gdm hai budc: ddnh gié cic théng s va tai tao lai anh. DE
gidm bdt sy tinh to4n phidc tap, mdt giai thuit thuc t&, cé kél qua tudng dudng bin gdc,
phuong phép @ng dung mang neural té ra hiéu qué. Hinh anh dudc t6ng quat bing viét cap
nhat nhitng ndron bi€u dién d6 séng t8i cla dnh qua mdt sd dd don gian. Trong trudng hop
anh 2-D bi tdc dong bdi nhi€u, ding mang neural cho hinh 4nh cht lugng cao hon so véi
mdt s6 phuong phap khac. Chiing ta nhan thiy tX k&t qué thyc nghiém riing 16i dinh nghia
bdi (15) thi nhd, trong khi 16i 4nh ban dau va &nh kh6i phuc rat 16n. Pigu nay do mang
neural gidm nang lugng phd hop (15). Ly do khéc 12 khi ma tréin md ich va digu kién khéng
thda, 4nh xa tf X d&€n Y khdng mot-mot. Do dé viéc do ludng 151 (15) khong tin ciy hon.
Trong thuc t€, khi kich thudc clta s§ clia ham md 13 3x3, anh hudng ciia vong bi loai trr
biing viéc si dung gié tri bién nhidu my. Khi kich thudc cita s§ 5x5, dnh hudng vong dugc
gidm bdt,

APPLICATIONS NEURAL NETWORK FOR DIGITAL IMAGE RESTORATI
Tran Cong Toai

ABSTRACT: Image processing is a research area that several scientists in world are
interested in. In Vietnam, there were many research groups studying this area. For recovering high
quality image so that it’s quality is approximately equal the origin, there were several methods
such as: low-pass filter, high-pass filter, median filter ... but they goal limited results. However,
using Neural network to process images can increase speed, efficiency and this methods is
considered recently
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