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Tém tat: Céic ky thuit niang cao tuong phan anh da thu hiit nhiéu su quan tim ctia cong ddng xi ly 4nh vi ching gitip
cai thién kha nidng phén tich hinh &nh, thi luc may tinh, v.v. Trong cac phuong phap ning cao do tuong phan anh, cac
phuong phap truc tiép thiét 1ap mot do do tucng phan va nang cao chit lugng hinh anh bing cich cai thién do do tucng
phan. Tuy nhién, hién c6 rét it cic nghién ctu theo phuong phdp truc tiép, chi c6 cic nghién ciiu cda H.-D. Cheng va
H. Xu la d& xuit mot phuong phap thay di do tuong phan tai mbi diém anh st dung do do tuong phan dudc tinh dua
trén d6 thuin nhit ctia diém anh. Trong bai bdo nay, ching to6i dé xuit mot phuong phap xiy dung d6 thuan nhit méi
dua trén dai s6 gia tii. Cac két qua thuc nghiém cho thiy phuong phdp ning cao dd tuong phén truc tiép dudc thuc hién
t6t v6i nhiéu loai 4nh mau khéac nhau khi 4p dung phép do do thuin nhit d& xuAt.

Tix khéa: Ndng cao do twong phdn dnh truc tiép, do do thudn nhdt, dé do twong phdn, dai sé gia tit.
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Abstract:

A New Homogeneity Measure Construction for Color Image Direct Contrast Enhancement based on Hedge
Algebra

Image contrast enhancement has attracted much attention of the image processing community because they help improve
the image interpretability or visualization or bring out useful information hidden in image details. Among different
methods, direct contrast enhancement establishes a contrast measure and then enhances the image quality by improving
the contrast measure. However, there exist few studies of direct contrast enhancement, apart from those by H.-D. Cheng
and H. Xu in which a method was proposed to modify the contrast at each pixel, using a contrast measure of the
pixel calculated from the homogeneity measure of the pixel. In this paper we propose a method to construct a new
homogeneity measure based on hedge algebra. Experimental results demonstrated that direct contrast enhancement

performs well for various color images when applied together with the proposed homogeneity measure.
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I. GIOI THIEU

Nang cao do tuong phan ctia anh 12 mot vin dé quan
trong trong xu ly va phan tich hinh anh, 12 mét budc co
ban trong phan doan anh. C4c k¥ thuat thong dung dé€ nang
cao do tuong phan ctia anh dugc phéan loai theo hai tiép
can chinh: 1) cdc phuong phép gian tiép va 2) cdc phuong
phép truc tiép [1, 2]. C6 nhiéu ky thuat da dugc dé xuét
trong [3-8], hau hét trong sb d6 1a phuong phap gidn tiép.
Céc phuong phap nay bién ddi histogram ma khong st dung
bat ky mot dd do tuong phan (contrast measure) nao. Mic
du vay, c6 rat it cac nghién ctiu theo phuong phdp truc tiép
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trong d6 bién d6i do tuong phan ctia anh dua trén mot do
do tuong phan xdc dinh tai mdi diém anh, ching han cic
nghién cuu [1, 2, 9-11].

Cho dén nay, hau nhu chi c6 cic nghién cifu cia H.-
D. Cheng va H. Xu [1, 2] 1a d& xuat mot phuong phép bién
ddi do tuong phan tai mdi diém 4nh dua trén dinh nghia
dd do tuong phin giita do sdng diém anh va lan cin xung
quanh né. By do tuong phan cua [1, 2] dugc xiy dung
qua ba budc co ban. Thi nhét, cic dic trung dia phuong
nhu gradient, entropy, do 1éch chuin trung binh vd moment
bic 4 tai tiing diém anh dugc tinh va két nhap thanh mot
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Bang I
CAC KY HIEU VA CAC PINH NGHIA CUA NO

Ky hiéu Pinh nghia

1 Anh RGB néi chung

M, N M x N la kich thudc theo pixel clia anh diu vao

IR, Ig, Is | Kénh 4nh R, G va B clia 4nh mau trong biéu dién mau
RGB

Is, Iy, Kénh 4nh H, S va V clia 4nh mau trong biéu dién mau

Iy HSV

Ly mins Mién gid tri mdc xdm cla kénh 4nh thd k, anh dau

Lic, max vao, thong thuong L min = 0, Li, max = 255

D d x d 1a kich thuéc cira s6 1an can ciia diém 4nh

Ejj Gia tri gradient lay tai diém anh (i, j) dugc chudn héa
vé mién [0, 1] theo mot todn ti tim kiém bién ching
han toan tit Sobel

H;j Gi tri entropy dia phuong l4y tai di€ém anh (i, j) dugc
chuén héa vé mién [0, 1]

Vij Do léch chuin trung binh mifc xdm l4y tai di€ém anh
(i, /) dugc chudn héa vé mién [0, 1]

Ry ij Gia tri moment bac 4 14y tai diém anh (i, j) dugc
chuin héa vé& mién [0, 1]

HO;; Gia tri két nhap dang f(E;j, Hij, Vij, Ra,i;) [11]

Bij Gi4 tri thudn nhét tai diém anh (i, j)

5ij Gia tri miic xam khong thuin nhit tai diém anh (i, j)

&ij S6 mii khuéch dai tai (i, j)

T € (0, 1): Tham sb ctia phép nang do khuéch dai

fi. b € (0, 1): Tham sb xic dinh dii dong miic xam [11]

K S6 kénh anh can xit Iy ctia anh diu vao

C S& cum cin phan cum cia tS hop kénh anh dau vao

Hi j,c Gia tri do thudc cum thit ¢ cia diém anh (i, j), dau ra
cta thi tuc phan cum FCM

Jeut € (0, 1): Tham s xdc dinh C dai dong mic xdm ctia
mot kénh anh (muc IIT)

gia tri chi mifc d6 thudn nhét ciia di€ém anh. Thi hai, tif
cdc gia tri do thuan nhét ciia diém 4nh cic tic gia dinh
nghia mic do sdng xung quanh diém é&nh, dugc goi la gia
tri trung binh khong thuan nhit ciia di€ém anh. Thi ba, tinh
dd tuong phan gifta muc sdng cia di€ém anh va gia tri trung
binh khong thuan nhit cta diém &nh.

Chét lugng anh dudc nang cao do tuong phan phu thudc
vao gid tri thuan nhit tai mi diém anh, bsi vi d6 do thuan
nhét lién quan chinh dén cac thong tin dia phuong ctia mot
4nh va phan 4nh tinh déu ctia cac ving anh va n6 déng vai
tro quan trong trong nang cao chét luong anh [2].

Trong [2], gi4 tri thuin nhét ctia diém anh dugc két nhap
tr cac gia tri dia phuong E;;, H;;, Vij, Ra;; (xem ky hiéu
6 Bang I) theo cong thic sau:

HO;j = E;j X Vij X Hij X Raj
(1= Ey) x (1= Vi) x (1

- Hij) X (1 - R4’,'j) .
(H
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(a)

Hinh 1. (a) P6 thuan nhét tinh theo cong thic gbe (1) [2]; (b) Anh
nang cao do tuong phan kénh R, G va B st dung cong thic (1).

(b)

(2)

Hinh 2. {H;;} (a) va {V;;} (b) 3 kénh R, G va B véi énh #5.

Khi thif nghiém véi dnh mau, chiing t6i nhan thiy ring,
két hop theo cong thiic (1) c6 thé tao ra gid tri do thuan
nhét rat khong tron, do d6 4nh hudng dén do tron cla anh
nang cao do tuong phan dau ra.

Hinh 1(a) ching té cdc gia tri do thuin nhét tai cic
diém 4nh ctia 4nh #5, Hinh 7 v anh két qui cta phép
ning cao ctia [2] khi diing cong thiic gbc (1) 1a khong du
tron (Hinh 1(b) & cdc ving danh diu 6 chii nhat).

O day can nhin manh la cic gia tri entropy dia phuong
H;; tat nhay v6i nhi€u va sy thay ddi cla gid tri mic xam,
diéu nay da lam cho phép két nhip theo cong thic (1) c6
thé khong hiéu qua.

Thuc & gid tri d6 thuan nhét cda diém anh 1a mot gid
tri mo va ching ta c¢6 thé ap dung 1ap luin md d€ thu nhin
gia tri nay.

Néu cic dic trung dia phuong dudc E; js H; ; chuyén cho
mot tiép can tinh todn véi tlif (computing with words) thi
cong thiic két nhap dang T, (Eij, ﬁij cAn phan 4nh luat
mo nhu sau:

i) Néu gradient 12 cao va entropy la cao, thi do thuan
nhit 1a cao;
ii) Néu gradient 1a thap va entropy la thip, thi do thuin
nhét 1a thap;
trong do6 ky hiéu (e) 12 bién ngdn ngt voi gid tri ngll nghia
1a phii dinh gid tri ngit nghia ctia bién ngodn ngit (e).
Hon nita néu chiing ta b3 sung thém cac luat véi tir cic

gia tir nhu “rAt”, “it”, “via’, v.v. vdi cac bién ngon ngl nhu



ELINNT3 EL T3

“homogeneity”, “entropy”, “gradient”, v.v. vao tip luat md,
cac gia tri thudn nhit c6 thé dugc udc lugng bing suy dién
clia con ngudi va vi thé sé min hon.

Mot hé 1ap luat mo nhiéu diéu kién (FMCR: fuzzy
multiple conditional reasoning) c6 dang tdng quat nhu sau:

IfX;=A;va...vaX, = A;,,thenY = By,
IfX; = Ay va ...vaX,, = Ay, thenY = B,, )
IfXy=A,, va...vaX,, = A,,thenY = B,

trong d6 X, Xo,..., X, vaY la cac bién ngon ngl, A;j, B;
@i =1...,n j 1,...,m) la cac gid tri ngdn ngl
tuong tng. Ky hiéu X; = A;; (hodc ¥ = B;) 1a mot viét
tit cda ciu “X; 1a A;” (hodc, “Y 1a B;”).

Dé gidi hé 1ap luat md c6 thé st dung 1ap ludn md vdi
biéu dién tdp md cho céac tir hodc st dung dai sé gia ti
(BSGT) [12]. Cach 14p luan cia BSGT kha don gian. Do
mdi bién ngdn ngit X; va Y dudc xem nhu cdc phan tif ciia
cac BSGT AX; = (X;,C, H, <) va AY = (Y,C, H, <) tudng
ting va mdi cau clia hé luat (2) dudc xem nhu mot di€ém
vi thé hé luat (2) x4c dinh mot siéu mit ngdn ngit (m + 1)
chiéu, Sr.m+1 trong khong gian X X -+ X X, X Y. Sau do,
vOi mo6i X; va Y, ching ta st dung mot dnh xa dinh lugng
ngli nghia (SQM: Semantically Quantifying Mapping) v;
va v, d€ gdan mdi X; va Y voi mot gid tri xdc dinh trong
mién tham chiéu trong U; =[0,1] vaV = [0, 1], tuong tng,
j=1,2,...,m. Viviy, mdi cAu clia hé luat (2) c6 thé biéu
dién bang mot diém trong [0, 1]™ x [0, 1]. Do d6, hé luat (2)
bay gio da dugc biéu dién bﬁng siéu mat thuc Sg 41 cla
khong gian (m + 1) chiéu.

Phan con lai ciia bai bdo dudc t& chic nhu sau. Muc 1T
trinh by mot sé nghién ctiu lién quan dén thuat toin ning
cao do tuong phéan theo huéng truc tiép ctia Cheng va cong
su. Muc III dé xuét thuat toan si dung phép 1ap luan dua
vao gid tri dinh lugng ngilt nghia cia PSGT dé€ udc lugng
gia tri do thuan nhét dia phuong va thuit toan nang cao do
tuong phan anh mau. Muc IV trinh bay cdc két qua thuc
nghiém va muc V 1a két luan ctia bai bdo.

II. NGHIEN CUU LIEN QUAN

Dé€ thuan tién trong viéc trinh bay, trong bai bdo nay,
ching t6i théng nhit st dung cdc ky hiéu nhu da liét ké
trong Bang 1.

1. Uéc lugng do sang nén dua trén mot do do thuan
nhét dia phuong

Gia st g;; 1a mic xdm cta mot di€ém anh 1(i, j) clia dnh
da cAp xam I kich thuéc M x N, va W;; clia s6 lan can tai
(i, j) kich thuéc d x d. Thuc hién tudn tu cc budc sau dé
tinh gid tri thuan nhit ca diém 4nh.
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Bude 1: Tinh cic tham sb dia phuong dudc chuin héa gid
tri vé doan [0, 1], gradient E;;, entropy H;j, trung binh do
1éch chuén V;;, va moment bac 4 Ry;; (xem Phuy luc).
Budc 2: Tinh gid tri dd thuan nhit cta diém anh va gia tri
mifc xam khong thuin nhét.

Tinh gid tri do do thuan nhat tai diém &nh, B;;, theo
cong thuc:

HO,j
max H Oi j ’

Bij = 3

trong d6 HO;; tinh theo cong thiic (1).

Tinh gid tri mic xdm khong thuan nhit (non-
homogeneity gray value [2]) theo cong thic:

Z gpq(l - ﬂpq)

_ (pa)eWy;

TS (-8

(P.q)eWi;

“

2. Nang cao do tuong phan dua trén do do tuong
phan truc tiép tai titng diém anh

Trong [1, 2], d6 tuong phan C dugc xac dinh bdi

£
¢= f+b

, (&)

trong d6 f 1a do sang cta dbi tuong, va b 1a d6 sang ving
xung quanh.

Nang cao do tuong phan dua trén phucng phap truc tiép,
theo [1, 2], 1a viéc thuc hién mot diy bién déi (f,b) —
Ct.p = Coew = Joew,f,bs trong d6 0 < Crp < Cpew < 1 va

bﬂ, f<b
1+ Chew
fnew,f,b = 1+C (6)
b——== f>b.
1- Cnew

Cu thé trong [2], sau khi xdy dung mot do do thuan nhat
trén kénh anh, phép nang cao do tuong phan truc tiép gdm
cac buéc sau day.

Budc 1: Tinh gid tri miic xdm khong thuan nhét theo (4).
Bugc 2: Tinh do tuong phan cta di€ém anh C;; theo cong
thic (5) véi f = 8ij va b= 6,‘1'.

Buéc 3: Tinh s mi khuéch dai va bién ddi diém anh (xem
Phu luc)

Mot dac tinh ¢ ban cda thuit toan trén [2] 1a luat sau
dudc thdéa man bdi phép nang cao do tuong phén:

Tai titng diém dnh, do thudn nhdt cang cao thi mifc do
ndng twong phdn cang thdp.
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3. Téng quan vé dai s gia ti

1) Pai s6 gia it ciia bién ngon ngii:

Gi4 st X 12 mot bién ngdn ngit va mién gid tri cia X 1a
Dom(X). PSGT AX tuong tng cia X la mot bo 4 thanh
phan AX = (Dom(X),C, H, <) trong d6 C la tap cic phan
tu sinh, H la tap cac gia tif va quan hé “<” la quan hé cam
sinh ngit nghia trén X [13].

Trong PSGT AX = (Dom(X),C, H, <) néu Dom(X) va
C la tap sap thd tu tuyén tinh thi AX dudc goi 1a DSGT
tuyén tinh.

2) Cdc ham do trong DSGT tuyén tinh:

Trong phan nay, ta si dung DSGT tuyén tinh AX =
(X,C,H,<) véi C = {c,c*}U{0,,W}. H=H UH",
H = {h_],h_z,...,h_q} théa hoy < hop < -+ < h_q va
H* ={h,ho,...,hp} théa hy < hy <--- < h, vah0=1,
v6i I 1a toan tir don vi.

Goi H(x) la tip cdc phan ti ctia X sinh ra tif x bdi cic
gia ti. DO do tinh mé cida x, ta ky hiéu la fm(x), la dudng
kinh cda tap f(H(x)) = {f(u): u € H(x)}.

Dinh nghia 1 ([12]): Cho BSGT AX = (X,C. H, <).
Ham fm: X — [0, 1] dugc goi 1a ham d6 do tinh md cda
cdc phan ti trong X néu:

D fm(c™) + fm(c™) =1 va Zyey fm(hu) = fm(u), véi
Yue X
ii) fm(x) =0, v6i moi x sao cho H(x) = {x}. Péc biét,
Jfm(0) = fm(W) = fm(1) = 0;
iii) Vx, yeX, VheH, nhx _ fmy)

> fm(x) T

nG) ty 1€ nay khong
phu thudc vao x, y va dudc goi la do do tinh mg cia
gia tu h, ky hiéu la u(h).
Ménh dé 1 ([12]): Cho fm la ham d6 do tinh md trén X,
ta co:

1) fm(hx) = u(h)fm(x), Vx € X

i) fm(c™)+ fm(ct) =1
iii) Z—qgigp,i;to fm(hic) = fm(c), Ve € {c7,c"}.

V) X_g<i<pizo Sm(hix) = fm(x)

V) Yig<ic—1 #(hi) = @ va X i<, p(h;) = B, trong d0 a,

B>0vaa+pB=1.

Pinh nghia 2 ([14]): Ham diu sign: X — {-1,0,1}

dugc dinh nghia d¢é quy nhu sau:

i) sign(c™) = -1, sign(c™) = +1;
i) sign(h’hx) = —sign(hx) néu h’hx # hx va h’ am dbi
véi h (hodc tuong tng véi ¢, néu h = T&x = c);
sign(h’hx) = sign(hx), néu h’hx # hx va h’ duong
d6i véi h (hodc tuong ung vdi c, néu h=7&x =c);
iv) sign(h’hx) = 0, néu h’hx = hx.

Ménh dé 2 ([14]): Véi bit ky gia ti h € H va phin
ti x € X, néu sign(hx) = +1 thi ta ¢6 hx > x va néu
sign(hx) = —1 thi hx < x.

iii)
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Pinh nghia 3 ([12]): Cho fm la ham d6 do tinh md trén
X. Mot ham dinh lugng ngit nghia v trén X (két hop véi
fm) dugc dinh nghia nhu sau:

i) viW)=60=fm(c") (0<0<1)
v(cT) =60 —-afm(c),

v(c*) =0 —afm(ct)
Vj#0,—-g <j<p,vihjix) =v(x)+

sign(h;x) {Z{:Signm fm(hjx) - a)(hjx)fm(h,-x)},
trong d6 w(h;x) € {a, B},

w(hjx) déf% [l+sign(hjx) sign(hphjx)(B - a/)]

Ménh dé 3 ([12]): Vx e X, 0 < v(x) < 1.

3) Phép noi suy sit dung SQM:

Trong DSGT, phuong phap giai hé luat (2) dugc thuc
hién nhu sau:

Bude 1: Xédc dinh DSGT cho céc bién ngdn ngit X; va
Y tuong tng la AX; = (X;,G;,C}, Hj, <j) va AY = (Y, G,
C,H, <).

Gid st vx; va vy la cic SQM cua cac PSGT AX; va AY
ciia cdc bién ngdn ngit XjvaY tuong ing, j =1,2,...,m.
Goi 81 = {{x;}, oy} —

i=Tn
ngén ngu va

Spom = {1, ()} )}

ii)

C H;’zl X; X Y la siéu mat

_co 1.
xj€Xj,j=l,m,yeY

Hg luat (2) s€ dugec nhing nhu n diém A; = (A, ...,
Ajm, B;) va sau do, hé luat (2) mé ta siéu mat ngdn ngt Sy,
trong khong gian X; X --- X X, X Y.

Budc 2: Xdc dinh mot phuong phdp ndi suy trén Sporm

Tinh cic SQM vy, (A;j), vy(B)) (j = Lm,i = 1,n) sit
dung dinh nghia 3 va cic cong thic (7), (8).

Sieu mit Sporm > {{vx (A}, (B} __ 6 thé
dugc xdc dinh bsi mot ham két nhap m-déi fs, ., v =
Fssorm (W15 - - > tm), vE [0, 1] vau; € [0,1], j = 1,m, thba man
didu kién vy(B;) = fo,m (Vi (Aits + - ., v, (Aim)), i = 1.

Chiing ta c6 thé st dung mot trong rat nhiéu phép ndi
suy da c6 dé thuc hién néi suy.

Budc 3: Tim dau ra chuin héa vé [0, 1] By tuong ting véi
diu vao Ag da chudn héa vé [0, 1]:

=l,m

S aom) aoj €[0,1], v6i j = Lm
‘,aO,m) € [0, 1]

Ay = (ag,1, - -

By = fs,om(ao1, - -

N

II. KY THUAT PE XUAT
1. Xay dung dd do thuan nhét st dung dai s gia tir

Chiing tbi da thay thé cong thic két nhap (1) bdi cong
thic sau:

HOij = max {Eij X ﬁij,V,:,- X E4,ij} > (8)



)
{2700

(a)

Hinh 3. (a) D6 thuén nhét tinh theo cdng thic (8); (b) Anh ning
cao st dung cong thic (8).

va nhan thiy ring cong thic (8) 1a phi hgp cho da dang
anh mau RGB (cac anh da dugc ning cao dd tuong phan
khi st dung cong thic (8) va thuat toan ctia [2] déu tron).

Gi4 tri thuan nhit ctia di€ém anh tinh theo cong thic (8)
da dudc lugng héa don gian, chi tai nhiing ving ma sy truc
gidc thiy r6 12 khong thuan nhét, gi tri ¢ thuin nhit méi
dugc lugng héa c6 gia tri thap.

Ngoai ra, thit nghiém véi cac anh mau khac nhau cung
thudt toan cua [1, 2] cho tiing kénh anh R, G va B ching
t6i cling nhan thiy ca 2 cong thic (1) va cong thic (8)
ciing cho 4anh diu ra ctia thuat todn [2] c6 su tuong phin
manh & viing ¢6 do thuan nhit thdp (chang han, ving doi
mat, xem Hinh 1(b) va 3(b)) va mic d6 sang ctia hinh dnh
dugc nang cao la nhu nhau.

Qua su phan tich trén chiing ta c6 thé thay phép két hop
cdc dic trung dia phuong thich hop (dnh két qua phai tron)
nén c6 dang:

HO;; = f (EU’VU’EU’E‘LU)

=T (Teh (Eij,ﬁij),Thr (Vij,ﬁét,ij)) . 9
Céc dic trung dia phuong V;;, Rs;; bién d6i cham nén &
day chi yéu 1a anh hudng ctia phép két nhap T, (Eij, ﬁij).

Do do thuan nhit dugc xdy dung dua trén hé luat kha
don gian va 16 rang sau: Gia st G (gradient), E (entropy)
va T 1a cdc bién ngon ngii v6i mién ngii nghia gid tri sd
dudc chudn héa vé doan [0, 1].

HMR(G, E, T) 1a tap luat md cho G, E va T, goi tit la
hé luat HMR (Homogeneity Measure Rule), dudc phat biéu
nhu sau:

R1
R2
R3
R4
RS
R6
R7

If G 1a very high va E 1a high Then T 1a very high
If G 1a very low va E 1a low Then T la very low

If G 1a high va E 1a very high Then T is very high
If G 1a low va E 1a very low Then T 1a very low

If G 1a high va E 1a high Then T 1a high

If G 1a low va E 1a low Then T 1a low

If G 1a little high va E 1a high Then T la little high
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Bang II
MOI QUAN HE DAU CUA CAC GIA TU VA CAC PHAN TU SINH
\% L
\'% +
L

If G 1a little low va E 1a low Then T 1a little low

If G 1a high va E 1a little high Then T 1a litrle high
If G 1a low va E 1a little low Then T 1a little low

If G 1a very high va E 1a very high Then T 1a very
very high

If G 1a very low va E 1a very low Then T 1a very very
low

R8
R9
R10
R11

R12

Tiép theo, ching ta xdy dung ham fs, cho hé luat
HMR. St dung phuong phap 1ap ludn DSGT nhu da trinh
bay trong muc II-2-3, ta c6 cac budc dé tinh két qua dau ra
khi cho biét diu vao theo 3 budc cta muc II-3-3 nhu sau:

Bude 1: Thiét 1ap cac PSGT va cic tham sb tinh mo
tuong ung

Ky hiéu AG = (G,C,w,H, <), AE = (E,C,w,H, <) va
AT = (T,C,w,H, <), C = {c",c"}, ¢ = low, ¢* = high,
H = H" U H*, H- = {little}, H" = {very}, L = little,
V = very.

Dé.t 95 = me(C_), Q’E = /16(14), GE = me(C_), af =
ug(L), 0 = fmr(c™), ar = ur(L), trong d6 05, ag, b,
ag, Or, ar € (O, 1).

Mbi quan hé diu cla cic gia tif dudc xdc dinh nhu trong
Bang II. Tu Bang nay ta c6 sign(Ve™) = sign(VIc™) =
sign(VI) x sign(Ic™) = 1 x sign({¢™) = —1).

Budc 2:

2.1. Tinh cic SQM ctia cdc thanh phan bén tri va bén
phai hé ludt mg st dung Bang III, trong d6 U déng
vai trdo cda G, E va T.

2.2. Vi mdt todn ti “va” 2 ngdi AND: [0, 1]>—[0, 1],
AND(G, E) = G x E, chiing ta ¢c6 mang cic diém ndi
suy bé mit Syorm (6 ddy m = 2) cta hé luat HMR
trong Bang IV.

Tu day c6 thé st dung phép ndi suy don gién fs, . nhu
phép tuyén tinh tiing doan trén cic mdc ndi suy.
Nhan xét:
Cho trudc cip gia tri ngit nghia dau vao (G, E) € [0,1]%,
ta xdc dinh gia tri ngif nghia diu ra Ay € [0, 1] nhu sau:
hT = fsnorm (AND(G, E)),

Ham fs, . cho hé ludt HMR dudc xdy dung nhu trén
dugc ky hiéu la Tya, anp hay gon hon 1a Tys khi da cho
trude toan tié AND.
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Bang III
BANG GIA TRI PO PO TINH MO VA
SQM TUONG UNG VOI AG, AE, AT

Tham s6 Véi G Véi E Véi T
Mu(C+) §6=1—06 EEZI_GE §T=1—9T
Hu (V) Bg=l-ag | Bg=l-ag | Pr=1-ar
vy (low) Bsbs BEOE Bror
vy (V.low) ﬁ%% ﬁ%@f Bor
(very low)
vy (Llow) vg (low)+ vg(low)+ vr (low)+
(little low) agP&E0G agPErbE arBror
vu (high) 1-Bs0s 1-ap05 l1-arbr
vu (V.high) 1- ﬁ%ég 1- BZEEE 1-p267
very high
vy (L.high) v (high) v (high) vr (high)
(little high) e reikes —apBE0E —arBror
vy (V.V.low) BLos Bbx B3-0r
(very very low)
vy (V.V.high) 1- /%55 1- ﬁ%éf 1-B367
(very very high)

Bang IV

BANG GIA TRI CAC MOC NOI SUY DUA
TREN TOAN TU AND CUA HE LUAT HMR

Chi s6 luat Cic diém noi suy (x,y) € [0, 1> x > y
R1 AND(vg(V .high), vg(high)) — vr (V .high)
R2 AND(vg(V low), vie(V .low)) — v (V .low)
R3 AND(vg(V .high), vi(V .high)) — vr (V .high)
R4 AND(vg(low), vie(V .low)) — v (V .low)

R5 AND(vg (high), vg(high)) — v (high)

R6 AND(vg (low), vi(low)) — vr (low)

R7 AND(vg(L.high), vg(high)) — vr (L.high)
R8 AND(vg(L.low), vg(low)) — vr (L.low)

RO AND(vg (high), vi(L.high)) — v (L.high)
R10 AND(vg (low), vie(L.low)) — vy (L.low)

RI11 AND(vg(V .high), vi(V .high)) — vr (V .high)
R12 AND(vg(V low), vir(V .low)) — v (V.V .low)

Ménh dé 4: Ham Ty, : [0,1]2 — [0, 1] béo toan thi tu,
nghia la, v6i moi a,b,a’,b’ € [0,1], a < a’, b < b’, ta c6
Tua(a, b) < Tua(a’, b’).

Chitng minh: Do
i) AND bao toan thi tu,
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Thuat toan 1: Xic dinh mic d6 thuan nhét tai mbi diém
anh HA-HMR

Pau vao: Anh da cip xam I, c6 kich thuéc M x N.
Tham $6: 0g, Cgr, Ocp, Aeps Onos o € (0,1) cia DSGT
AGr, AEp va AHo
Piu ra: Bang gid tri do thudn nhit tai méi diém anh.
Budc 1: Tinh gradient, entropy, do 1éch chuin va md
men bac 4 v chudn héa vé [0, 1] cic gid tri nay.

for mdi diém énh g;;

1.1. Tinh Eij’ Hij’ Vijs R4,ij dimg céng thuc (A])

dén (A.4) trong phu luc (xem [11])

1.2. Tinh Eij =1 —E[j, ﬁij =1 _Hij» ‘_/ij =1- Vij’

Ryij =1- Ry

end for
Budc 2: Vdi todn ti AND, st dung Béang III va Bang IV
xay dung ham Ty cho hé luat HMR(AGr, AEp, AHo)
clia c4c bién ngon ngit Gr (gradient), Ep (entropy) va Ho
(homogeneity) véi cac tham sb do do mo Og, Agr, bep,
Qep, 6ho, Ano € (0, 1)
Budc 3: Tinh d6 thuan nhit tai ting di€ém 4nh

3.1. Tinh EHij va HOl'j

for mdi di€m énh g;;

Tinh EHij = THA (Eij,ﬁ,‘j)

Tinh HO,']' = min {EHij,‘_/ij XE{U}

end for

3.2. Chuin héa

for moi di€m éanh g;;

Tinh gy, = — 20U
inh fij = max{HO;;}

end for
Tl'é Vé {ﬁij}

ii) Cdc SQM v, vE va vy bdo toan thi v trén G, E va
T (xem dinh nghia 2 va dinh nghia 3),

suy ra Tga bado toan thd tu tai cic mbc nodi suy (xem
Bang IV). m]

Do fs, .. dudc tao thanh tif phép ndi suy tuyén tinh tiing
doan giita cac mbc ndi suy, nén bio toan thif tu Tya trén
[0,1]%. St dung Tya, chiing ta xdc dinh mdt do do thuin
nhét cta diém anh nhu sau:

HO;; =T (THA (E’j,ﬁzj) ,‘_/ij’ﬁét,ij) . (10)

Ky thuat xay dung d6 do thuan nhit st dung DSGT dugc
thuc hién theo Thuat todn 1. Thudt todn nay cé do phic
tap O(M X N).

Hinh 4 minh hoa két qu ctia xdy dung d6 do thuan nhét
stt dung DSGT.



()

Hinh 4. (a) Cic gid tri thudn nhit cda kénh V clia anh #5 st
dung [11]; (b) Gia tri thuan nhét st dung DSGT.

2. Ning cao do twong phan ctia anh mau véi do do
thuan nhat de xuat

Tru6c tién, dé xuét xdy dung mot bién ddi anh F ciia
tiing kénh 4nh xdm ctia t3 hop kénh 4nh dau vao. Khi d6
do6 tuong phan dugc tinh theo cong thic sau:

_ 'F(gij) - 0;(F)

F(gij) + 64(F)

DPE& xdy dung mot bién dSi anh phi hop v6i nhidu loai
4nh khac nhau nhu 4nh tdi, anh sdng, anh c6 do tuong phan
thip va anh c6 do tuong phan cao, chiing toi dé xuit si
dung phan cum m& C-Mean (FCM: Fuzzy C-mean [15]) dé
udc lugng dai dong clia mic xam cua tiing kénh anh cia
anh da kénh. Trong [13] da trinh bay mdt cach xac dinh dai
dong ctia mién gid tri mic xdm bing cdch sit dung thuat
toan phan cum md FCM, khi dé cic cum &nh c6 tinh chit
déu hon, do d6 viéc xdc dinh dii dong miic xam la tuong
dbi dé dang.

Cyj : (11)

Sau khi phan cum, viéc uéc lugng dai dong miic xam
clia ting cum sé dé dang hon do tinh dong nhét cao cta
gia tri mic xam trong mot cum.

V6i mot t6 hgp K kénh &nh clia 4nh I (trong mot
biéu dién mau), d€ thudn tién ching ta ky hiéu I+ =
{I, I, ...,Ig}, st dung thuit toan FCM phén cum’ 11,7
thanh C cum, C > 2. Thuit toan lip FCM cuc tiéu héa
ham muc tiéu:

C
2
_ . 2 AR
T, ) = min Zl i | D = Vel . (12)
1L,] c=
v6i do do khoang cach Euclid
K
et = Ve = | D ety - ve?
k=1

va cic rang budc bién nhu sau:

1) Mij,c € [0,1], 1<c<C;

i) X5 pije=1,véimoi 1 <i<Mval<j<N;
i) X, Mij.e >0, véimoi 1 <c<C.
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Nhu viy, v6i FCM ching ta nhin dugc bang cac gia tri
do thudc tiing cum cho ting di€m énh 1a {x; ; .}, trong d6
I<c<C/ 1<I<Mval<j<N.

Histogram mg theo ting kénh I, 1 < k < K, ky hiéu 1a
h’g dugc xac dinh nhu sau:

Z Hij,c

he(g) =
(i,j)e{gij:(g}_,-,g?j,.-',gi’j):gﬁ:g}

8= Lk,min’ ceey Lk,max- (13)

Ky hiéu Hisy, (g) 1a histogram ctia kénh anh k, ta ¢6 ménh
dé sau.
Ménh dé 5: V6i moi k = 1, K va v6i moi Ly min < g <

L max, ta co:

> h(g) = Hisy, (g):

1<c<C
Chiing minh:
C
Z hlé-(g) = Z Z Hij,c
1<c<C c=1

(i,j)E{gi_F(g}j,g?j,..-,gﬁ):g,’; =g}

c
2 2t
=1

(i,j)e{gij:(g}_,-,g?j,...,g,»’j):g?'j:g} =
2. 1
(i,j)E{gij =(8/,5875-8 )8, =g}

= HiS[k (g)

O
Déi dong mic xam cua cum c la [By 1, Br2.] trong
kénh k dudc udc lugng nhu sau:

B Ly max
Bic= argmin DR > S D Q)
BelLkmins Limax] | @=L min &=L min
Ly max L, max
Bipe= argmin 4 > h(@) < fur Y hE(g)
B e[ Ly, min» L, max] B 8=Li.min

(14)

Hinh 5 minh hoa mot histogram md ctia cum 4 chiéu trén
kénh R sau khi phan cum dnh RGB dau vao thanh 5 cum
bing thuat toan FCM.

V6i mbi k = 1,K, ching ta xdc dinh mot bién ddi F
cho kénh anh I; nhu sau:

Fk(i’j) = [Lk,min+

Lk,max - Lk,min

c
c Z Se(lk(, j), B, 1,cs Vies Beoe)| (15)
c=1
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Thuit toan 2: Nang cao do tuong phéan cia danh mau HSV
va do do thuan nhat HA-HMR
Pau vao:
Anh mau I trong biéu dién mau RGB,
kich thuéc M X N.
Tham s6 C € N*, ngudng foy (foue > 0, dd nho), d
(d % d 1a kich thuéc ciia s6).
Pau ra:
Anh mau RGB Iy, v tiy chon tra vé:
Gid tri tuong phan trung binh CMg, CMg, CMp
Gia tri Eayg, Hayg
Budc 1: Goi (Iy, Is, Iv) 1a biéu dién mau cda I trong
khong gian mau HSV. Lugng héa d€ coi céc kénh Is, Iy
nhu 13 cdc anh da cip xdm.
Budc 2: V6i dif liéu dau vao 1a t8 hop kénh (Is, Iv),
tham s6 s6 cum 12 C va ngudng fy., thuc hién phan cum
FCM d¢€ udc lugng C ddi dong mic xam [By 1.c, Br.o.c]
véi k € {S,V} (xem cong thuc (14)).
Budc 3: Xdc dinh anh bién d6i Fs, Fy cta kénh I, Iy
tuong ung theo cdng thiic (15).
Budc 4:
4.1. Tinh cdc gia tri thuan nhit cia Fs, Fy dua trén
DSGT su dung HA-HMR.
4.2. Tinh tham sb ctia [2] cho kénh Fs, Fy nhu da
trinh bay trong phu luc véi kich thudc ctia s8 d x d,
cu thé 1a cic gia tri mic xdm khong thuin nhit
{6s,ij}, {6v.ij}. s6 mi khuéch dai {&s;;}, {év,ij} tai
tiing diém 4nh ctia kénh Fg va kénh Fy.
Budc 5: Tinh d6 tuong phan va xac dinh kénh anh xam
mdi cia kénh Fg va kénh Fy, Fs — Isnew, Fv — IV new
nhu sau:
V6i kénh FS = Fs([s) va kénh Fy = Fv(lv)Z
Tinh do tuong phan

Cs.ii Fs(gs.ij) — 6ij(Fs)
" Fs(gs,ij) + 6;;(Fs)|’

Coii = Fy(gv.ij) — 6ij(Fy)
M Fy(gv,ij) + 6ij(Fy)

Tinh gid tri mic xdm méi cia kénh S va V

5.4
- 1]
1-Cg

0s,ij i 8s,ij < 0s,ij
L, 1)
S,ij
t

gl
1+C 3
L]

.. 1+C,
Is new(is j) =

S.ij » &S,ij > 0s,ij

t
oS

S.ij
t

&V,ij

V,ij

£
1+C,, i’j'"
Ov,ij

£
=Gy

Luu y, 6 diay kénh S dugc danh chi sb k = 1, kénh V
dugc danh chi sé k = 2.
Budc 6: Chuyén anh (Iy, Is new> Iv.new) trong biéu dién
mau HSV vé biéu dién mau RGB, ta dudc anh ey,
Budc 7: Bu6c tuy chon, tinh cdc chi s6 khich quan
CM{R, G, B}, Eqyy va Hyy,
7.1. Tinh tham sb cta [2] cho kénh Ig, I va Iz cia
anh gbc I (xem phu luc) véi kich thudc ctia s& d X d,
cu thé 1a cic gia tri mdc xdam khong thuin nhét
{6R,ij}, {6(;’1']'}, va {63’1']‘} cua kénh IR, IG va IB
tuong ung.
7.2. Tinh CMg, CMg, CMp theo cdng thic (18)

1-C
Ov,ij
1+C.

gv,ij < Ov,ij
IV,neW(i,j) =

s 8V,ij > Ov,ij

‘Inew,R(i’j) - 6R,ij|
hhew,R(, J) + OR,ij

ij

Mg = M xN
Z |Inew,G(i’j) - 6G,ij|
7 Inew,G(i’j) + 6G,ij
Mg = Mx N
Z |Tnew,B(i. j) — OB,
T Inew,B(Lj) + é‘B,ij
CMg =

M XN
7.3. Tinh Eyg = Eavg{lnew,R, Lhew,Gs Inew, B}
Ha:/g = Havg{Inew,R, hew,G> Inew,} theo (17) va (20).
Tra vé: I, va cic tuy chon dudc tra vé
CMg, CMg, CMp , Eayg, Hayg.

trong d6 k = 1,K, i = 1, M, j = 1, N, [x] chi phin nguyén
ctia s6 thuc x va ham S; da dugc dinh nghia trong [3].

St dung do do thuan nhit HA-HMR dudc xdy dung trong
Thuét toan 1, ky thuit nang cao do tuong phan clia anh mau
trong bi€u dién mau HSV dudc thuc hién theo Thuét todn 2.

Khong tinh dén thuat toan FCM va phép ndi suy giai
hé 1ap ludin mé HMR cta DSGT, Thuét toan 2 c6 dd phuc
tap tuong duong thuat toan gbc [2]. M6 hinh kién tric hé
théng d& xuit dugc xdy dung nhu Hinh 6.
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IV. THUC NGHIEM

Trong thuc nghiém, ching t6i da st dung da dang cac
ki€u anh mau, cdc kénh mau clia anh vé tinh. Céc 4nh da
mau dudc chon dién hinh tit loai dnh tdi, dnh sdng, dnh co
do tuwong phdn cdc kénh la thdp, dnh cé dé twong phdn cdc
kénh la cao, v.v. Tap anh mau (danh s6 #1, #2,. .., #6) dugc
diing dé€ thé hién trong khudn khé bai bdo nay thu nhan tir
tap anh RGB dugc cong bd trong [16] (dnh tit #3 dén #5
trong Hinh 7), anh vé tinh huyén Lac Thdy cta Viét Nam
(dnh #6 trong Hinh 7).
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= #1: Kich thuéc 352x254 #1: Kich thuéc 352x254

8
i}
B

(©) (@

I-ﬁnh 5. (b) Histogram kénh R; (¢) Gid tr1 dd thudce {pg;}-cum

56 4/5; (d) histogram m& kénh R, cum s 4/5. #3: Kich thudec 512x384 #4: Kich thuéec 512x384

Anh RGB dau vao
Chuyén d6i RGB sang HSV #5: Kich thudc 512x384 #6: Kich thudc 633x647
f 1 Hinh 7. Mot sb anh gbc dugc ding cho thit nghiém.
Tinh cdc gid tri Bién d6i kénh
thuan nhat SvavV Bing V
CAC THAM SO €O SO CUA PSGT AGR, AEP VA AHO
; ; Tham s Véi Gr V6i Ep Véi Ho
p Y - — am sé
TAmh~g1a tr} sdng xung qu‘anh, d6 tuong phan va aradiont SHiEoRy homogeneity
s0 mil khuéch dai cia Sva 'V, -
puu(c™) 0,5 0,5 0,5
+ uy (little) 0,5 0,5 0,5
Tinh céc gia tri miic xd4m mai cua kénh S va
kénh V
+ 2. Panh gia d6 do HA-HMR
Chuyén d6i nguge HSV vé RGB Khi so sianh d§ do dé& xuit v6i do do gbc dudc cong bd
trong [2], chiing tdi sé si dung cic chi s6 khach quan dé
v danh gid.

Cic chi sb dugc dung trong bai bdo nay cu thé la:
1) Chi s6 do tuong phén truc tiép clia mot kénh anh I/

so v6i mot kénh anh gbc I (I va I c6 cung kich

Hinh 6. Luu dd xi ly clia cdc thuit todn dé xuit. thuéc M x N), dugc cho nhu sau:
Z il (l J ) 6k i j|
1. Tinh do thuan nhit kénh anh LG J) + Ok, ij
, , MU [[) = e (16)
Cac gia tri tham sO DSGT cua cac bién ngon ngit Gr, x
Ep, Ho thiét k& do do thuan nhit nhu Béng V, trong d6 U trong d6 6y ;; 1a gid tri mic xdm khong thudn nhat tai
déng vao cia cdc bién ngon ngit Gr, Ep va Ho. diém 4nh (i, j) cla Iy (xem ky hiéu & Bang I va [2]).
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) Bang VI
CAC PHEP KET HOP GIA TRI PIA PHUONG KHAC NHAU
Dang Cong thic
HO;j =T(Eij,Hij,Vij, Raij)
HO; HOij :max{fij Xﬁij,vij XE4,,'j}
HO2 HOij = max (TAczel(Eij,Hij), V[j XE4,ij)
T PRI
(Aczel) TAczel(a’ b) =e (< fogla)+(~oe(b) )
HOs3 HO;j = max (TDombi(Eij,ﬁij), Vi XE4,ij)
(Dombi) Tpomvi(a, b) = - 05
() (552
HO4 HO;; = max (Tpmnk(fi j»Hij).Vij xRy, ij)
_1)(eb—

(Frank) Trrank(a, b) = log (1 + %)
HOs HO,j = max (THamacher(Eij, Hij),Vij xRy, ij)
(Hamacher) Thamacher(a, b) = %
HOq HO;j = max (TYager(Eijs Hij).Vij %R, ij)
(Yager) Tyager(a, b) = ——ab)™®

Yagerich (ab)S+((1=a)(1-b)5
HA-HMR HO;j = max (THA(EU, Hij),Vij xRy, ij)

2) Chi s6 entropy dugc cho nhu sau:

L maxy,

D pi(@)log(pi(2))
g=L ming
T E)
=~k
trong do6 pr(g) et % va quy uéc 0-log,(0) = 0.
Gi4 tri ctia chi sd entropy cao thi c6 thé xem anh 1a
giau tinh chi tiét.
Chi sb fuzzy-entropy dudc cho nhu sau:
Gia su 8k € [Lk,min’ Lk,max] - ,Ll(gk) € [0, ]] la mot
phép md héa nao do,

E(I})
A7)

Eavg(IhT)

3)

Lk, max

Hil) = ), (u(g)logy(u(e))

&=Lk min
+ (1= () logy(1 — u(g)). (18)
Dudi day chung ta s€ dung phép md hda tu nhién:

def

8~ Lk,min
g ug) = ——

(19)
Lk,max - Lk,min

Chung ta viét gon H thay cho H,, va dinh nghia

S H(ly)

Havg(lﬁ) = K

(20)

Véi cac dnh thi nghiém buéc dau tién 1a tinh céc gid tri
muc xdm khong thuan nhat {6 ;;}, {6G.ij}, va {J5.ij}
cta 3 kénh R, G va B tuong tng. Cac gia tri nay dudc
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Bang VII )
GIA TRI CHi SO ANH THE HIEN
Anh CMg CMg CMg Eave Hayo
#1 0,1180 0,1914 0,2482 5,9395 0,3456
#2 0,0160 0,0191 0,0314 7,3150 0,8216
#3 0,0154 0,0188 0,0548 7,4847 0,8001
#4 0,0256 0,0298 0,0511 7,4536 0,8642
#5 0,0170 0,0293 0,0345 7,3092 0,8504
#6 0,0273 0,0304 0,0364 3,4443 0,2861

dung dé€ tinh d6 do tuong phan CM trén tling kénh R,
G va B ciia 4nh dau vao va anh két qua.

Bang VII 1a gid tri chi s6 clia cac 4nh #1-#6, dudc tinh
tif cdc cong thic (16) dén (20).

3. Cac két qua va luan giai

Trong phan nay chiing toi trinh bay thi nghiém nang cao
do tuong phan st dung bién dSi 4nh trén hai kénh 4nh S
va V trong biéu dién mau HSV. Cic budc thi nghiém dugc
thuc hién nhu sau:

o Pau tién, chuyén biéu dién mau RGB sang biéu dién
mau HSV ctia 4nh dau vao. Phan cum dif liéu mifc x4m
t6 hop kénh S va kénh V v6i tham s6 dudc chon nhu
trong thit nghiém A (s6 cum C = 5) trén tiing kénh
anh S va kénh V riéng r€ uéc lugng {Bi c.i, Brck}
(k € {S,V}) va thuc hién bién déi anh cho kénh S va
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) Bang X
GIA TRI CHI SO CMp CHO TUNG ANH VA CAC PHUONG
PHAP KET HOP DE TAO GIA TRI THUAN NHAT

o do/Anh #1 #2 #3 #4 #5 #6 bo do/Anh #1 #2 #3 #4 #5 #6
HO, 03692 0.1806| 0,1688| 0.2002| 02132 0,1494 HO, 04200 0,1851| 0.1869| 0,2126| 0.2148| 0,1498
HO, 03687 0.1805| 0,1687| 0,1993| 02144 | 0,1494 HO, 04192 0,1851| 0,1868| 0.2118| 0.2160| 0,1498
HO; 03687 0.1805| 0,1687| 0,1993| 02144 0,1450 HO; 04192 0,1851| 0,1868| 02118| 02160 0.1451
HO, 03688 | 0.1805| 0,1687| 0,1992| 02144 | 0.1493 HO, 04194 0,1850| 0,1869| 02117 0.2160| 0,1497
HOs 03687 0.1805| 0,1686| 0,1993| 02144 0,1451 HOs 04193 0.1851| 0,1868| 0.2118| 02160 0,1453
HO, 03691 0.1806| 0,1687| 0,1997| 02160 0,1454 HO, 04197 0.1851| 0,1869| 0.2121| 02176 0,1457

HA-HMR | 0,3889| 0,1813| 0,1802| 0,2065| 0,2161| 0,1505 HA-HMR | 04418 0,1860| 0,2048| 0,2194| 0,2177| 0,1626

Bang IX Bang XI

GIA TRI CHI 56 CMg CHO TUNG ANH VA CAC
PHUONG PHAP KET HQP DE TAO GIA TRI THUAN NHAT

GIA TRI CHI SO E4vg CHO TUNG ANH VA CAC PHUONG
PHAP KET HOP DE TAO GIA TRI THUAN NHAT

kénh V tuong ting st dung ham bién ddi Fs, Fy (cong
thic (18)).

o Thu hai, xdc dinh gid tri d0 tuong phan theo Thuét
toan 2 va céc budc lién quan cho kénh anh S va V da
bién ddi ¢ budc thii nhit vé6i kich thude ctia s& 3 x 3
va tham s6 t = 0,25 (cong thiic (A.8)).

o Thi ba, tdng hop lai cic kénh anh H gbc, kénh S va
kénh V di nang cao do tuong phan, sau d6 bién ddi
ngudc tif biéu dién HSV sang bi€u dién RGB.

o Cubi cuing, tinh gid tri mic xam khong thuan nhit tai
tiing di€ém anh ng véi cac kénh anh R, G va B (céc
gid tri ndy dugc dung d€ tinh do do tuong phan trung
binh trén tung kénh R, G va B).

Gia tri trung binh d¢ tuong phan truc tiép CM trén kénh
R, G va B trong biéu dién mau RGB anh diu vao dugc tinh
v6i anh gid tri midc xdm trung binh khong thuin nhét cia
tiing kénh R, G va B clia &nh RGB gbc va dnh két qui dau
ra khi st dung Thuit toan 2 v6i caic HOy, k =1,...,6 va
phuong phap dé xuit (HA-HMR) thé hién & cac Bang VIII
dén Bang XIL

Bang VIII dén Bang XII clia két qua thuc nghiém ciia
cdc 4nh #1-#6 da thé hién céc chi s6 khach quan do tuong
phén truc tiép trén tiing kénh R, G va B khi st dung phép
két nhap 4 dic trung dia phuong HO7 déu cho két qua cao
hon khi st dung cac HOy, k = 1,...,6. Chi s khach quan
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o do/Anh #l1 #2 #3 #4 #5 #6 bo do/Anh #1 #2 #3 #4 #5 #6
HO; 0,3780| 0,1815| 0,1703| 0,2016| 0,2142| 0,1503 HO, 6,1126 | 7,2722| 7,3154| 7,5641| 7,3993| 4,2105
HO; 0,3773| 0,1814| 0,1701| 0,2007| 0,2154| 0,1503 HO;, 6,1129 | 7,2712| 7,3127| 7,5456| 7,4098 | 4,2174
HO;3 0,3773| 0,1814| 0,1701| 0,2007| 0,2154| 0,1458 HO;3 6,1123 | 7,2698 | 7,3122| 7,5464| 7.4076| 4,2051
HO4 0,3774| 0,1814| 0,1701| 0,2006| 0,2154| 0,1502 HOq4 6,1175| 7,2684| 7,3144| 7,5462| 74167 | 4,2228
HOs 0,3774| 0,1814| 0,1701| 0,2006| 0,2154| 0,1459 HOs 6,1101 | 7,2758| 7,3096| 7,5631| 7,4168| 4,2165
HOg 0,3778 | 0,1814| 0,1702| 0,2011| 0,2168| 0,1463 HOg 6,1094 | 6,8158| 6,9599| 7,3155| 7,2337| 4,2239

HA-HMR 0,4000 | 0,1822| 0,1814| 0,2080| 0,2170| 0,1623 HA-HMR 6,1509 | 7,3862| 7,5124| 7,6307| 7,5833| 4,3675

Bang XII

GIA TRI CHI SO Hgyg CHO TUNG ANH VA CAC
PHUONG PHAP KET HOP DE TAO GIA TRI THUAN NHAT

D6 do/Anh #1 # #3 #4 #5 #6
HO, 0,3999| 0,6943| 0,7198| 0,7640| 0,7891| 0,4599
HO, 0,4022| 0,6944| 0,7201| 0,7648| 0,7909| 0,4606
HO;3 0,4021| 0,6944| 0,7201| 0,7648| 0,7909 | 04424
HO,4 0,4023| 0,6944| 0,7201| 0,7648| 0,7909| 0,4612
HOs 0,4020| 0,6944| 0,7201| 0,7645| 0,7909| 04420
HOg 0,4017| 0,6944| 0,7200| 0,7646| 0,7904| 0,4414

HA-HMR 0,3984| 0,6943| 0,7197| 0,7610| 0,7907| 0,4501

E,ye khi dp dung thuét cling cao hon véi HA-HMR. Ciing
viy, chi s6 khich quan H,ye khi d4p dung HA-HMR , ngoai
anh #5 va anh #6, déu c6 gia tri nho hon so véi chi s anh
két qué khi ap dung HOy, k =1,...,6.

V. KET LUAN

Trong bai bdo nay ching t6i di d& xuat hai déng gop
méi cho phuong phap nang cao do tuong phan cta anh
mau theo tiép can truc tiép. Thi nhét, ching toi dé xuit
mot do do thuan nhit méi cda diém anh khi st dung lap
luan md véi thuat toan dua trén DSGT dé két nhap céc gia
tri dia phuong (tai tiing diém anh) nhu gradient, entropy,
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Hinh 8. Thit nghiém cho anh #1, #2... va #6. Anh két qua (cic anh phia bén trdi ) khi sit dung [11] Anh két qui (cdc anh phia bén

phai) sit dung Thuit todn 2 véi HO7 dé xuit.

Hinh 9. Anh két qua st dung Thuat todn 2 v6i phép két nhap
géc [11] HOl'j = Eij X Hij X Vij X R4,ij cho anh #1 va anh két
qué khong tron.

dd 1éch chuin trung binh va moment bic 4 so véi cach két
nhap cta [2]. Thi hai, ching t6i ciing dé xudt mot thuat
todn méi theo phuong phap ning cao do tuong phan truc
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tiép cho anh mau trong biéu dién mau HSV dua trén do
do thuin nhit méi da dudc xdy dung bing DSGT va phép
bién d6i anh. Két qua thuc nghiém da ching to ring cic ky
thuat da dé xuit cia ching t6i da lam viéc t6t v6i da dang
4nh mau. P9 do thuan nhit dé xuit hoat dong hiéu qua hon
cdc do do st dung cdc toan ti két nhap md T-norm thong
dung. Anh ning cao do tuong phan ciing tron, ting dugc
dd sang toan b anh.

LOI CAM ON

Nghién ctiu nay dugc Vién Han 1am Khoa hoc va Cong
nghé Viét Nam tai trg theo chuong trinh VASTO01.05/15-16.

PHU LUC

Tinh céc tham s6 dia phuong dugc chuin héa gid tri vé
doan [0, 1], gradient E;;, entropy H;;, trung binh do léch
chudn V;;, va moment bac 4 Ry ;:

Tinh cuong do bién dnh

e = {e;;} 1a gid tri cudng do bién dnh xdm du vao bing
mot toan td xac dinh dnh bién nhu toan ti Sobel.



Gid tri trung binh, do léch chudn

1= {pj}, v ={v}, trong d6 u;; 1a gia tri trung binh
muic xdm, v;; 1a do léch chuéin mic xdm lay tai lan cin
dlém anh 8ij

Z(p,q>€Wij 8pq
Hij = —————

_ \/Z(P,Q)GWU (gpq - luij)z

d2 El Vij - d2
(A.1)

Tinh gid tri entropy dia phuong

_ Siapklogpe #{(nq) € Wij i gpg = K}

hij ,
J 2logd Pk Fe
(A.2)
Tinh moment bdc 4
Zpqrews; (8pg — M)’
Yaij = djz 1 (A.3)
Chudn héa vé mién gid tri la doan [0, 1]
eij Vij
Ei=—@2 . v, =—Y9
Y max{e;;} Y max{v;;}
- .. (A4)
Hy=—U . po.=_ YA
7 max{h;;} ' max{ys,;;}

Tinh gid tri d¢ tuong phdn tai ting diém dnh va s6 mii
khuéch dai

Gia tri do tuong phan

8ij — 0ij
Cij=|——— (AS)

T | gij + 6

S6 mii khuéch dai
{ij _ é’min " (gmax - {min) (IBij - Bmin) ) (A6)
Bmax - ,Bmin
trong dé

fin = X 8L (A7)

8max — &1

max = 1, gk, g1 1a cac dinh cda histogram dudc xac dinh
theo [10]

Nang do tuong phan

Zn

C; =7, (A.8)
trong d6 ¢ € {0.25,0.5} 1a tham sd [11]
Tinh gid tri mitc xdm mdi tai ting diém dnh
¢t
1-C}; 1-c,;’
OijTrer, = 0ij— s 8ij < 0ij
, ij 1+C;
8ij = 0 (A9)
1+C}; ]+Cl.j”

Oij ey = 0ij— s 8ij > 0ij
J l_CijJ
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