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TOM TAT: Néng cao dé twong phan dnh €6 hai phu'ongphap chinh (1) phuong phap gian tiép va (2) phu'ong phap triee tiép. Trong
khi cac phirong phdp gidn tiép chi bién déi histogram ma khong s dung bat ky mot d@é do twong phan ndo, Cdc ky thudt nay ciing
chi tac dong lén toan anh chir khong tac dong lén timg diém anh thi cac phwong phdp truc tiép thiét lgp cdc diéu kién ciia phép do
dé twong phdn va tac dong truc tiép lén timg diém anh. Theo huéng truc tiép, Cheng va cong su da sir dung logic mo: dua ra quy
trinh va thudt todn tang do do tuong phan tqi ting diém dnh. Nhiing tiép cgn sit dung logic mo dé ndng cao dé twong phan dnh noi
chung déu dan dén thiét ké mét ham bién doi mire xam dang chi S. Tuy nhién, logic mo rat khé tao ra ham bién déi mirc xam dang
chit S. Phuong phap cia Cheng tao ra ham bién déi mirc xam dang chi S nhung khéng doi ximg, diéu ndy c6 thé dan dén gid tri
mike xdm sau bién déi nam ngodi mién gid tri cia dg xam. Trong bai bao nay Chung tOi trinh bay mot phuong phdp xdy dyng ham
bién déi gid tri mirc xdm cé dang chiv S ting cwong d twong phdn dnh theo hudéng tiép cdn truc tiép duwa trén Pai sé gia tir.

Tir khéa: Nang cao do twong phan anh truc tiép, S-function, Todn tir ting cuong mo, Phan cum mo, Pai s6 gia tir, Histogram mo,
Anh da kénh.

I. GIOI THIEU

Nang cao d6 tuong phan anh 1a mot van dé quan trong trong xur ly va phén tich hinh anh. Dy la mot bude co
ban trong phan doan anh [1]. C6 hai phuong phap thong dung dé nang cao d6 tuong phan anh (1) phuong phap gian
tiép va (2) phuong phap truc tlep [2]. C6 rat nhiéu k¥ thuat da duoc dé xuét [1, 4, 5, 6, 7, 8], hau hét trong sé do 1a
phuong phap gian tiép, chiing bién d6i histogram ma khong sir dung bat ky mot do do twong phan nao. Cac ky thuat
nay chi tac dong 1én toan anh chir khong tac dong 1én timg diém anh. Phuong phép truc tiép da chimg t6 tinh hiéu qua
s0 v6i phuong phap gian tiép [10]. Cu thé, phuong phap truc tiép cho phép sir dung cac ham bién ddi ting d6 do tuwong
phan tai timg diém anh [3, 4] nhung van bao toan chit lugng anh.

Theo huéng truc tiép, trong [3, 4] Cheng va cong sy di dua ra quy trinh va thudt toan dé tang do do tuong phan
tai timg diém anh. Trong [3] Cheng va Hu sir dung nguyén 1y entropy cuc dai va 1y thuyét tip mo dé ning cao do tuong
phan cta anh sau khi dugc mo hoa va dua ra thuit toan ting d6 twong phan dwa trén mot d6 do thuan nhit do ho xay
dung. Két qua thir nghiém da chung to cac phuong phap nay la kha hi¢u qua. Tuy nhién cac thuét toan tang gia tri do
do tuong phan trong [3, 4] déu dua trén mot s6 ham bién d6i d6 twong phan cu thé, khong xac dinh dugc mdi rang bude
ddng thoi vé gia tri diém anh va thong tin cua 1an can diém anh, do d6 bién ciia anh khong dugc ting cuong sau khi
nang cao do twong phan.

Nhirng tiép can str dung logic mo dé nang cao d6 twong phan anh néi chung déu dan dén thiét ké mot ham bién
d6i mirc xam dang chir S [3, 6, 11]. Ham lién tuc don diéu ting, giam gi4 tri ddu vao khi dau vao dudi ngudng va
nguoc lai ting gia tri dau vao khi dau vao & trén ngudng [11].
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Oﬂ 1 ilt o1 02 02 o [EERT] W L 0 = o
] . (c) Dang db thi bién d6i mirc
(a) Toan tir NINT [6] (b) Dang d6 th1 ctia ham bién d6i muc xam cta [3]

xam sinh boi hé luat mo if-then [11]

(d) Anh két qua sir dung suy dién luat if-then [11] cho anh #1
Hinh 1. Dang ham bién mirc xam chit S trong cac phép NCDTP
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(b) Anh két qua sinh boi toan tir ting bW w m

cudng mo [11] (c) Dang ham bién d6i
150 rd
(d) Anh gbc (e) Két qua sinh boi toan tir ting (g) Dang ham bién d6i

cuong mo [11]
Hinh 2. Mot sb thir nghiém nang cao d6 twong phan cho anh mau tiép can sir dung toan tir ting cuong mo [11]

Trong bai bao nay chung toi s& dé xuat phuong phap thiét ké ham bién d6i co @6 thi dang chir S (kiéu S-
function) sir dung tiép can dai so gia tor (DSGT) tng dung cho viéc nang cao d twong phan theo phuong phap truc
tiép. Phan con lai ctia bai bao duoc cdu tric nhu sau: Phan II trinh bay cac nghién ciru lién quan; Phan I11 trinh bay
thuat toan dugc dé xuit; Cac két qua thuc nghiém trinh bay trong phan IV; Két luan dugc dua ra & phin V.

I1. CAC NGHIEN CU'U LIEN QUAN
A. Cac dinh nghia lién quan
Pinh nghia 1: DJ do twong phan
Trong quang hoc, d6 twong phan C dugc dinh nghia bang 12]

_|f—b 1)
c(f,b) = F+b b
trong do6 f1a d6 sang cua di twong, va b 1a do sang ving xung quanh.

Néng cao d6 tuong phan theo phuong phap truc tiép 1a bién doi: C’ = T(C(f)b)) va f dugc xac dinh 0 < C(fb) < C’.

1—¢ 2
, (f1+C,,fsb @)
f_{ 1+C

kf C,,be

Trong [8] ciing gidi thiéu mot s6 d6 do twong phan khac cho anh.

Nhin xét: Néu £ = T(f) 1a mot ham ting cuong (intensification) tai b, tirc 1a
{f’=T(f)Sf.be ®)
ff=TH=ffzb

Thi T(f) c6 dd twong phén véi b cao hon do twong phan cua f véi b.

Pinh nghia 2: S-function [3]

Trong ly thuyét tip md, Zadeh da dinh nghia mot toan tir ting cudng goi 1a INT (intensification) va dang tdng quat
cua no6 dugce goi la S-function, dugc xac dinh nhu sau:

0,0<x<a (@
2
x—a <x<b
b-a c-a
S(x;a,b,c) = )
X—cC
1- b<x<c
c-b c-a
l,c<x
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Trong [3] Cheng va cong su da sir dung ham S-function dé chuyén mot anh xam sang mién mo, sau d6 nghién
ctru nang cao d¢ tuong phan cua anh trong mién ma.
Do sang xung quanh diém anh &; ;j duoc xac dinh dua trén do thudn nhét [4]
9ij = 8y (5)
9ij + 6y
goi d ban kinh 1an can diém anh gij, cac budc (a-g) dé tinh Wij, O5cu thé nhu sau:

ij

a. Cuong d¢ bién:
E={e;;} 1a gia tri cudng d¢ bién dnh xAm dau vao bang mot toan tir xéc dinh bién anh nhu toan tir Sobel.
b. Gia tri trung binh, d6 1éch chuén

u={u;}, v={v;j}, trong d6 ;14 gia trj trung binh mirc xdm, v;; 1a d6 1énh chuan mirc xam 14y tai lan can diém

anh (i, j).
6
Y ©)

L = (p.a)eW;
1 d 2
trong do: wj; clra $6 1an can tai diém anh (1,)); gpg & mirc xdm clia diém anh (p,q); d 1a kich thudc cua sd Wij.
Z Gpq — 44 i "
Vij _ (P.9)eW; - _
c. Entropy h={h;;},

lo
el ®
! 2logd
_#(p’q)E\/Vij:gpq:k
pk - d2 (9)

14 s6 cdc mirc x4m cla cac diém anh trong lan can g;;, k 1a chi so kénh anh.

d. Moment bac bdn (y): Ya={vaii}

4
Z Opq — 44

(p,a)eW;
oz il (10)
e. Chuan hoa
ey T _ hij _ Yy 11
E(g”,W”) = Kleu' V(gij; VVL]) - m]’h‘j’ H(gij' Wl}) - maxjhij’ R4(gij' W”) B maxlyijl ( )
f. D thuan nhat B={B;}
o HOy )
Y maxHO;
HOC9y, W) = E(g,,, W) * V(9. W,)) * H(g,, W) * Ra(g0, W) 4
= (1= ECgy W) * (1 =V gy W) = (1= H(gip W) (1 = Rallgy, W)
9. 8={8i},
(p;wn gpql//pq
@jzzu—l//"/’pqzl_ﬂpq a4
pq

(p.a)eW;
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B. Phén tich thuét toan Cheng
1. Dai dong cuia mirc xam

Dua trén histogram cua anh, trong [3, 4] cac tac gid nhan thay dinh dau tién ctua histogram cua anh lién quan
dén vung nén va mirc xam lon hon dinh sau cung cé the 1a nhicu. Vi vy céc tac gia da dé xuat cach xac dinh dai dong
cua mirc xdm nhu sau:

Dai dong mirc xam 14 doan [a, c]:
a = min{(1-f2)(91-Lmin) + Lmin, B},
¢ = max{fy(Lmax-9x) + 9k, B2} (15)

Trong d6 B4, B, dugc xac dinh:

i His(i) ~ f, Lzax: His(i),
i=Luin

i=|-min

Linax Linax
Y His(i) ~ f, D His(i) (16)

i=B, i=L

min

Lmin: Lmax 12 gia tri mac xdm nho nhét va l6n nhét cua anh, cac hing sé f, = 0.01, f, = 0.5 duoc xac dinh bang
thuc nghiém.

K
> His . (9)) o
His  (g) ="+ ——. k 1a s0 diém cyc dai dia phuong cta histogram.

k
2. Phép mo hoa kénh anh

Cheng va cong sy di sir dung ham S-function dé biéu dién mo hoéa anh xam véi cac tham so a, ¢ 1a doan dai
dong murc xam dugc udc lugng vai tham so b bang phép toi wu héa do do Entropy cuia anh.

Hinh 3. Anh gic

Hinh 4. Dai dong cla anh: a=36, by =123, c=131,
B,=70, B,=131, g,=53, g,=130.

N

Anh gbc S-function HX(a, bog, €) [3] NINT [6]
Hinh 5. Biéu dién mo st dung S-function va NINT
Duya trén do do thudn nhét ciia diém anh, trong cong thirc (11) trong [4] Cheng va cong su da xac dinh d6 tuong

' t
phén khuéch dai C; = C;’

ij » trong do:
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17
fmax_é:min * ﬂij_ﬂmin ( )
é:ij = §min +
:Bmax _ﬂmin
voi £ = =9, héng s6 t xac dinh bing thuc nghiém, t e (0, 1) .
Omax — G
C s e gij_é‘ij RTPTYa. \ A . 1
Khi d6 voi C; = , ta ¢ bién doi tang cuong d6 twong phan la:
g; + 9
1-c, 1—05'5
it e 0 %S9
, 1+ 1+cy
gij = ) ot (18)
1+c; l+cij.ij g 55
- = = 0. Z‘,-->--
B

Dé lam mém hon sy phan vung mém mitc xam cua cong thire (18) ta can chia qh(") [min: Omax] theo méc 3j
thanh nhiéu hon 2 phan, c6 sy lién hé voi do do tuong phan cjj. Xem xét cong thirc (2) ta thay b 1a mot ngudng tu nhién
phan chia mién mirc xam.

Phén con lai ctia bai bao trinh bay phwong phap st dung toan tir ting cudng dua trén (DSGT dé dat dugc cac
yéu cau dat ra trén.

I1l. THUAT TOAN PE XUAT
A. Pinh nghia va cac tinh chét hinh thiic
Pinh nghia 3: B 3 (AX, AY, F) goi 1a toan tir HA-ting cuong (HA-intensification) néu:

(i) AX = (X, C, w, H, <), AY = (Y, C, w, H, <) véi Dom(X) = Dom(Y), C = {c, ¢'}, ¢ = low, ¢’ = high, H =
HUH", H = {little}, H" = {very}, 6 = fm(c), 1 - 6 = fm(c"), ax = ux(little), Bx = 1 - ax = px(very), oy = py(little), By
=1 - oy = py(very), 0, ax, ay € [0,1], vy, Vy 12 ham dinh luong ngit nghia cia DSGT trén X va Y tuong tng.

oV (vlow
(||) M <1
v, (low)

(iii) Hdm F : [0,1] — [0,1] don diéu tang thuc su, lién tuc (suy ra ham nguoc cua F cling don diéu tang thuc su,
lién tuc) va tang cuong tai ngudng 0:

Néuxlacthiylac.

Néuxlac'thiylac'

Néux1a W thiylaw.

Néu x 1a low thiyla v.low (very low).

Néu x 14 high thi y la v.high (very high).

Dién gidi trong mién gid tri so: (i) va (i) twong duwong véi:
F(vx(C)) = w(C), F(6) = 6, F(vx(c") = vy(c")
F(vx(low)) = vy(v.low)

F(vx(hight)) = vy(v.high)

Suyra: F(0)=0,F(®)=6,F(1)=1.

F RO =B60,F1-p8, 1-0 =1-p521-0
(iii) twong duong vai

F(t)<t,vt:0<t<6
F(t)>t,vt:6<t<1
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Nhin xét:
(l) 0 :O(,X:O(,YZO.S => BX:BY:0-5u

2 2%4,0<x <05
m = (verylow) _BO 0.5, F=INT, 6 d6 INT(x )= )
v, (low) B0 1-21-x ,05<x <1
thi (AX, AY, INT) la mot HA-intensification.
2
(ii) Khi m:'b)—Y B, < By

X
thi mot ham bac 2, F ¢6 dd thi 1 parabol di qua 3 diém (0; 0), (Bx0, p*v0), (6, 0) thi bd 3 (AX, AY, F) khong 1a HA-
intensification.

Chung minh:

X
F(x)=— (l-m)x +6(m-4,) ,0<x <6
Oct,
F(0)=0. Do ax =1-Bx, nén F B, 0 = B2, F(6)=6.
, (B —m)
Do fy <ﬁxvm:ﬂ_Y<ﬂx,nénF(x)<0véi 0<x <—~2
ﬂx 1-m
vay (AX, AY, F) khong 1a mot HA-intensification.

Tir nhan xét trén ta thiy trong trudng hop tong quat khong thé ding S-function dé xay dung mot HA-
intensification.

M¢énh dé 1: (AX, AY, F) 1a mot HA-intensification, v6i F dwoc xac dinh nhu sau:

2
m=Y (verylow) _ By <1
vy (low) By

Eix )= g(x),0<x <0
(x)= 1-g(l-x),0<x <1

2
ax m 1-—
véi ham g(xs) xac dinh: §(X ) =——,0<x <0 s day a:—'b)X
0-X +ax 1-m g,
Chung minh:
0,x =0
a
g(X)=4x ———,0<x <0
o
—-1+a
X

D2 thiy g(0)=0,9 S0 = ﬂf@, g(0)=6 va g don diéu tang trén doan [0, 0], tir d6 suy ra (AX, AY, F) la mot
HA-intensification.
vy (vlow) _ B a
Vy (low) B,
9.0, B, ,m)(x),0<x <6 (19)
1-9.1-6,p,,m@-x),0<x <1

Pinhly 1: m=

H int(x ):{
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v6i ham g¢(0, Bx, M) (Xs) xac dinh nhu sau:

d—Xx
O+x

Iog£l_mﬂX J
y=yBxm) = __\I+mBx ), 1_[
1- 4 j g.(x)=0
log| "% 1+
1+ By

e
y 07900 _[0-x 1 ooy <o,
0+g.(x) (O+x

g(l—mﬂx J
tham s6 y = y(Bx, M) = 1+mpy

s[4

0 —X

Khi d6 (AX, AY, Hint) la mét HA-intensification, ngoai ra Hint thda méan:

mwuﬂmﬂx):mkﬁﬂmux):m

(0.5%01 X x0.0] X [0.0+ax 0]

=3 SAM (in,out): (xsys)

s e

% =

A
e
-~
2 05
H
g TR REy o) wllow) i wihighty  fmCvery ight)
a 01 mped .2 03 o4 as 06 a7 08 =k:] 1
w{LOW) xs -] w{HIGHT)

Hinh 6. truong hop 6=0.6;B,=0.6 > m=0.4.

Chtrng minh: xem phuy lyc.

(20)
v
j 0+x "—ox 7, 0=<x <6
=0 .
O+x "+ 6x 7
1-Hintl—x) . 1-Hint(1—x )
X ——=mn —=m
[0+ax0.1] —X
g , SAM (in,out): {xs.¥s)
:-;;9
08
08
2 05
03
Sempo T
5 02 .
E oA
2 04 » A
2 o H H
g _tmesery low]  wllow) | X i , vihight) | fm(very hight)
o o4 0.2mpe 03 04 05 06 07 o0& 04 1
wiLow) xs ) w(HIGHT)

Hinh 7. truong hop 6=0.6;B,=0.5 < m=0.8.

Céc ham g, g. @ ménh d& 1 va dinh 1y 1 déu thoa céc tinh chat sau:

(i) Pon diéu tang, kha vi lién tuc trén [0,1]

(i)) 9(6, Bx, m)(0) = 0, 9(8, Px, M)() =6, g(6, Bx, M)(Bx 6) = MPx 6

0<g(0, Bx, M(X) <x, V0O x <6.
(iii) g(0, Bx, my)(X) <g(®, Bx, Mx)(X),

Y0<x<06,0<m<m, < max
(0.5x6) X

9(0.8x, m(x)

90 M(X) _
X

B. Thuét toian ning cao d§ twong phan sir dung toan tir ting cwong cia PSGT

Trong muyc nay ching t6i d& xuét hai thudt toan dé ap dung toan tir ting cudng HINT dé nang cao do tuong

phan cho anh da kénh. Chi tiét cia hai thuét toan dugc thé hién nhu sau:

Thuit toan 1: Nang cao d¢ twong phan mot kénh

Pau vao: Kénh anh cua anh I = {I(i, j)}
Piu ra: Kénh anh ting cuong

Budc 1: Tinh cac gia tri khong thuan nhat: By

d0 khuéch dai &; theo Cheng, cong thirc (14), (17)

Cong thie sir dung HINT dé tang d6 twong phan dwoc cho nhu sau:
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Buwérc 2: Chuan hoa vé [0, 1]
Vi gia tri mic xam déu vao gjj, ta xac dinh gia tri chuén hoa:
~ 9= Ymin 5 = 05 = Orin
gij - YT
Umax = rmin Umnax ~ Ymin
Budre 3: Xac dinh DSGT cho cac bién ngon ngit va gan tham sé

Xay dung b6 3 (AXj;, AYj;, Hint;) 1a mot HA-intensification véi tham s6 nhu sau:

0;=06,, By, =05, 8, = [By & .m=z,

Budc 4: Nang cao d6 tuong phan cua timg diém anh

05— 9; .
Khi d6 Cj = ok ta c6 bién ddi ting cudng do twong phan la C; = Cé" ,
ij ij
1_§ijﬂxij J
log| ——**
o day v = 1+ éiﬂxij )
’ 1- By,
log| ——*
1+ 5y,
gmax _gmin * ﬂij _IBmin
‘fi' = émin +
max _ﬂmin
. _ 9 — 9,
VOl Smin —
Omax — 91
Str dung cong thire (19), (20) ta tinh gia tri d6 xam chuén hoa trong [0, 1] g” nhu sau:
7ij i
Gi+9;  — 90; 0. <5
i Tij R I
: ) Gi+09; + 650y
gy =HIt &, fx.& 95 = N
2-5-0; " - 950
1-1-4; — " — P 10 > 6
2-6;-0; + 99

Buére 5: Két thuc, tra lai anh nang cao { gi'j * (Liax — Lmin) * Lmin}

Thuat toan 1 ¢6 d6 phirc tap O(MN), trong d6 M, N la kich thude cta anh.

Trong [4] da trinh bay mot cach xac dinh dai dong cua mién gia trj mirc x4m bing cach st dung thuat toan phan
cum mo FCM, khi @6 cac cum anh c6 tinh chat déu tron va do d6 xac dinh cac dai mic xam cua tirng cum tuong doi dé
dang.

Trong [10], ching t6i da st dung thuit toan phan cum md FCM, phéan anh thanh C cym (C=5 trong thyc nghiém),
va nhin dugc biéu dién mo cia anh ban dau 1a:

Hi e e<C’ trong d6 voi moi diém anh (i, j),

O<y4;.<1l1<c=<C,

Z /ui,j,c =1

1<c<NC
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0<> s, V1<c<C
.5

V1 < ¢ <, ta xac dinh histogram m¢ cia cum ¢ nhu sau:

hC (gij) = Zﬂi,j,c , tir d6 ta xac dinh duogc dai dong mirc xam cia cum c 1a By ¢, By: (21)
BLC Lmax Lmax Lmax (22)
z h(:(g)z f1 Z hc(g)l Z hc(g)z fl Z hc(g)

g:Lmin g:Lmin g:BZ,C g:Lmin

Lomin, Lmax 12 gia tri mirc xam nho nhat va 16n nhat cta anh tuong tmg véi kénh anh, hang s6 f, = 0.01

g = 9; — By _ ;- By
ijc — ' Hije T

BZ,C - Bl,c BZ,c - Bl,c
I (23)
ZcNflmin {max{Bc“,O},l}
_— BckZ_ Bckl
Oyij = c

Véi anh gdm K kénh, chiing ta van thyc hién viéc phan thanh C cum nhu thong thuong va dinh nghia histogram
mo theo tirng kénh k, 1 <k < K nhu sau:

k 24

v 0, I-k,min =g= Lk,maXr hc g = Z lui,j,c ( )
(i.))e 0= 6§.05 0 =9
Thuit toan 2: Nang cao d6 twong phan anh da kénh | = {l, I,, ... L}
Piu vao: K kénh cta anh I (trong mot biéu dién mau), I1T< ={l,,1,,.... 1}, thamsé Ce N*,C>2,MxN lakich
thude cia anh I, B ... By, cac tham sb cua dai sb gia tor
Paura: Anhl = {I'y I,, ...}
Buwéc 1: Phan anh | = {ly, I,, ... I} thanh C cum st dung thuét toAn FCM
Buwéc 2: Tinh histogram mo cua ting kénh anh I, k = 1,..., K sir dung cong thirc (24)
Buwée 3: Tinh d¢ xam nang cao trong doan [0, 1]
_ (25)
CNfl min {max {IBC‘“ , O},l}
B ck2 B ckl

gll<,ij =H int uc'IBX ’§IJ

C

Buére 4: Két thuc, tra lai anh nang cao { g;dj * (L max — Lk min) * Lic min 1 <k <K}

O day, ta danh gia do phuec tap theo kich thuéc M X N cua anh déu vao.Céac yéu tb khac tham gia vao do phirc
tap cua thudt toan nhu sb cum C duogc coi 1a hing s6. NK 1a sé 1an ldp cta thuat toan ldp FCM chuan thi thut toan
FCM c¢6 d6 phtre tap la O(MN). Phép tinh histogram mo cua 3 kénh anh R, G va B cua anh dau vao co do phiec tap 1a
O(1). Phép tinh gia tri mirc xam moi su dung bién do6i Hint c6 d9 phirc tap 1a O(MN).

Vay d¢ phuc tap thuat toan 1a O(MN).

IV. THUC NGHIEM

Tép anh mau (danh s6 #1, #2... #6) dugc dung dé thé hién trong khudn khd bai béo nay thu nhn tir tap anh
RGB dugc cong bo trong [13] (anh tur #3 dén #5 trong Hinh 13), anh vé tinh LANDSAT ETM+ chyp khu vyc huyén
Lac Thiy, Hoa Binh ngay 15/02/2001 ctia Viét Nam (anh #6 trong Hinh 13).

Tuy nhién viéc lga chon ham thude trong suy dién hé luat mo dé tao ra ham bién déi mirc x4m c6 dang chir S
khong phai 14 viéc dé dang. Xét hé luat mo

R1: If luminancel is_dark then luminance2 is darker
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R2: If luminancel is bright then luminance?2 is brighter

R3: If luminancel is gray then luminance2 is gray

dark gray bright arker oray brighte
1 1
nst 1 osk ]
0 | | | | T 1 1 1 1 o ) ) : - - - ’ - -
. B nz 0'3. o ’ 05 ] nE N B nE B ! 1} 01 0z 0.3 04 05 0E o7 0g ng 1
ingLt wariable “luminancel ) R .
(a) output wariable "luminance
(b)

Hinh 8. Ham thudc cua 3 tdp mo dark, bright, gray (a) va cua tap mo darker, brighter (b).

=
o

luminance2
o
@

=
=

0z

o 0z 04 0B 08
luminance

(a) Anh gbc (b) Anh két qua sinh boi luat if-then (¢) Dang ham bién d6i
R1,R2 va R3
Hinh 9. Nang cao d6 twong phan véi suy dién luat mo if-then (a), luat md nang cao d6 twong phan (b).

o

Ngay ca voi viéc dat dugc ham bién ddi mirc xam co dang chit S thi két qua 1ap luan mo cua hé luét {R1, R2
va R3} sir dung cac tap fuzzy c6 thé cho két qua chua hop 1y, nhu vi du thiét ké cac ham thudc sau:

dark gray bright darker oray brighter
1 1
15 1 os} i

0 n n ; N ) n n n n 0

08
o7
o 06
% 05
€
S 04
0.3
0.2
o 0.2 0.4 08 03 1
luminancet
(a) Anh goc (b) Anh két qua sinh boi luat (c) Dang ham bién doi

{R1,R2,R3}
Hinh 11. Céc ham thudc duge thiét ké da tao ra ham bién di hinh chix S.

Trong hinh 11.b ving dénh d4u chit nhat cho thay c6 hién twgng nang cao quéa mirc (over-enhancement).
Chiing ta s& thay nhu dudi ddy DSGT c6 thé thiét ké rat nhanh ham bién d6i mirc x4m dang chit S cho hé luat mo:
R1: If luminancel is dark then luminance?2 is very dark
R2: If luminancel is bright then luminance2 is very bright
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R3: If luminancel is gray then luminance2 is gray
Thét vay, trén timg kénh anh I, € {R, G, B} cua anh mau RGB gdc, thiét 1ap 2 DPSGT AL,;va AL, nhu sau:
AX,= (Xi, C, W, H, <), AYy = (Y, C, W, H, <) véi Dom(X,) = Dom(Yy), C = {c’, ¢'}, ¢ =dark, ¢ = bright, H = H’
UH", H = {little}, H" = {very}, 6, = fm(c), 1 - 6, = fm(C"), ok = ux(little), Bxx = 1 - aXy = pxk (Very), oy =

pyi(little), Byvk = 1 - aiyk = pyk(very), Oy, dxk, oyk € [0,1]. Thir nghiém v&i o = 0.4, ayk = 0.4, 8¢ 1a ngudng Otsu cta
kénh anh I,.

1

08tk -

08 —

07F —

0B -

05F -

o4f 4

03F —

0.2r —

ERR Y B

o
- o a0 100 150 200 250 300

(@) Anh két qua phép noi suy HA-INTd (b) D4 thi ham bién déi murc xam kiéu chit S va déi xing
cho anh #1
Hinh 12. Phép NCDTP sir dung HA-INTd cho hé luat {R1,R2,R3}

Diéu dic biét & day 1a do thi bién doi 1a dang chir S ddi ximg, diéu nay khac biét co ban véi cac do thi sinh boi
14p ludn mo st dung tdp mo nhu da trinh bay ¢ Hinh 1 va Hinh 2.

Khi danh gia két qua thuat toan 1 va thudt toan 2 ciia chiing toi so v6i thuat toan gdc duoc cong bd trong [4],
ngoai danh gia tryc giac, ching toi s€ st dung cac chi so khach quan dé danh gia.

#1: Kich thudc 352x254 #3: Kich thudc 512x384
#2: Kich thudc 256x384

#4: Kich thude 512x384 #5: Kich thude 512x384 #6: Kich thude 633x647
Hinh 13. 6 anh gbc dugc dung cho trinh bay thir nghiém.
Céc chi s6 danh gia khach quan d6 twong phan anh dugc ding trong bai bao nay cu thé 1a:

(i) Chi 6 do tuong phan truc tiép duoc léy trung binh trén toan bd cac diém anh ctia mot kénh anh I, so v6i mot
kénh anh goc Iy (I va Ik c6 cung kich thuéc M x N), chiing dugc cho nhu sau:

|I;(f,1:)—5k.ij| "
cMQ,, 1) =" 'k(ll\’/ljl\')+5k"j 29)

O day Jyj la gia tri mic xam khong thuin nhAt tai diém anh (i, j) cua I (xem ky hi¢u ¢ Bang 1, va xem [4]).

(ii) Chi sb entropy dwoc l4y trung binh trén toan bd cc diém anh va cac kénh anh, chung dwoc cho nhu sau:
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L max,
E(L)=— > p.(9)log,(p,(9))
g=Lminy
> E Ik 7 def i i) = \ r
g (i) = %, trong d6 p.(g) = % va quy udc 0*log,(0)=0. (27)

Gia trj ctia chi s6 entropy cao thi ¢ thé xem anh la giau tinh chi tiét. Chi s6 entropy cta anh két qua cang cao
thi kha nang 1a anh két qua bao toan tot tinh chi tiét ciia anh goc.

(iii) Chi s6 danh gia khach quan fuzzy-entropy dugc Iy trung binh trén toan bd cac diém anh va cac kénh anh,
chung dugc cho nhu sau:

Giasu g, €[L Ly max ] > £(9,) €[0,1] 1a mot phép md hoa nao do:

k,min ?

Lk.max

H) == ) (u(g)log, u(g) + (1 - u(g))loga(1 — k(g))) * Pi(9) (28)

9=Limin

Dudi day chiing ta s€ dung phép mo hda ty nhién:

g ﬂ(g)dif g_—Lk"““ (29)
I—k,max - I—k,min
Khi d6 ta viét gon H thay cho H,, va ta c6 mot do do fuzzy-entropy trung binh cua K kénh anh nhu sau:
K
S HO (%0
H avg ( I]_,T) = k:lT

Bang 1. Bang két qué so sanh cac chi sé khach quan giita thudt toan trong [4] va thuét toan dé xuét

Image CMg — CM¢ — CMg S Eav — Havq —
[4] Dé xuat  [4] Dé xuat [4] Dé xuat [4] Dé xuat [4] Dé xuat
#1  0.1292 0.3067 0.2011 0.4422 0.2550 0.5537 6.0405 6.7621 0.3523  0.4966
#2  0.0166 0.0503 0.0208 0.0982 0.0361 0.0579 7.3196 7.3506 0.8212 0.7707
#3  0.0175 0.0602 0.0209 0.0988 0.0566 0.1491 7.4822 7.6852 0.7999 0.7935
#4  0.0305 0.1002 0.0370 0.1464 0.0598 0.1876 7.4586 7.8066 0.8635 0.7929
#5  0.0179 0.0909 0.0315 0.1741 0.0368 0.1973 7.3038 7.6426 0.8519 0.8419
#6  0.0305 0.0373 0.0338 0.0441 0.0410 0.0548 3.5482 3.7398 0.2850 0.2923

So sanh két qua thuc nghiém giita thuat toan cua [4] v6i thuat toan dé xuat ap dung cho sau anh trong Hinh 13

Hinh 14. Kétqua cia[4]  Hinh 15. Kétquacia  Hinh 16. Két qua sir dung Curvelet [5]  Hinh 17. Két qua sir dung Hint voi
cho anh #2 Hint st dung FCM 5 cum FCM 5 cum

Qua Bang 1 va Hinh 14 - 17 1a két quéa thuc nghiém cta cic anh #1 - #6 da thé hién cac chi s6 khach quan do
tuong phan truc tiép trén timg kénh R, G va B khi sir dung thuat toan 2 déu cho két qua cao hon khi str dung thudt toan
[4]. Chi s6 khach quan Eavg khi 4p dung thuat toan 2 ciing cao hon so véi dp dung thu tuc 1. Ciing vay, chi s6 khach
quan Hayg khi 4p dung thuét toan 2, ngoai dnh #1, déu co gia tri nho hon so véi chi s6 anh két qua khi ap dung thu tyc 1.
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V. KET LUAN

Nang cao d6 twong phan anh thuong din dén xay dung mot ham bién doi gia tri xam c6 dang chir S. Phép lap
luan if-then dua trén tdp md rat kho dam bao hinh dang chir S ciia ham bién d6i mirc xam. Phép nang cao do tuong
phan theo hudng tiép can tryc tiép cta Cheng s& tao ra mot ham bién d6i mirc xam dang chir S khong ddi xtrng didu
nay c6 thé dan dén gia tri mirc x4m bién doi roi ra ngoai mién gié tri ctia d6 xam [3].

Bai bao da khai quat hoa viéc xay dung ham bién d6i dang chir S dya trén hé luat mo bé’mg viée dé xuit mot
dinh nghia toan tir méi goi 1a HA-Intensification giita hai dai sé gia tir. Dong thoi bai bao ciing dé xuit toan tir Hint (1a
mot toan tir HA-Intensification) 4p dung cho viéc ning cao d6 tuwong phan anh da kénh theo hudng tiép can truc tiép.
Ham bién d6i d6 xdm c6 dang hinh chir S, ddi xtimg. Mirc d6 nang cao twong phan ctia toan tir Hint da dugc chimg
minh bang Toan hoc 1a cao hon mirc d6 ning cao twong phan ciia thuat toan Cheng.

Trong bai bao ciing trinh bay thuat toan nang cao do twong phan sit dung FCM va toan tir Hint, thuc nghiém voi
nhiéu loai anh da kénh nhu cac anh mau, kénh mau cia anh vién tham v.v... di khéng dinh lai két qua vé toan tir Hint
trong 1y thuyét so véi ham bién ddi chir S khong dbi xtng cua thuat toan Cheng. Thyc nghiém cho thiy anh nang cao
d6 twong phan ciing tron, ting duoc dé sang toan b anh (Khic phuc duge diém han ché cua thuit toan Cheng).

Loi cam on: Bai bao nghién ctru duge Quy phat trién Khoa hoc va Cong nghé Quéc gia (NAFOSTED) tai trg
trong khuon kho dé tai ma so 102.01-2017.06.
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PHU LUC

m

a. (1_“) c1=me iom e (0,0).
1+ 1+ Mo

That viy: Xét ham
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l+ax 1+ma 1+« l+x

Khi @6 Vx,a<x<1,taco
e e
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Thét vay:
In1+ mx
Ta chung minh f,(x) = 1—mx la ham gidm trén (0,1) khi 0 <m<I.
|n1_|_7x
1-x
1+ mx a1+x
Do _1-mx __2M ;73_x__ 2
ox 1-mx ° X 1-x 2
M E 2 {m 1% X g Inw}
o [In“—xj 1-m’x 1-%° Lo Lomx
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Xét £ (x)=m 1—x |ni+—x— 1-m? IniE™X, £,(0)=0
X

of,
oX

+min
1—Xx 1—mx

1+ X 1+ mx 1+ mx
>In >min

1—x 1—mx 1-—mx

=2mx{—|nl+x 1+mx}

Do0<mx<x<1, In

% <0~ fz(X) <0vxe(01)— fl(X) giam trén (0,1) (dpcm)
X

Tir d6 suy ra diéu phai chung minh.

CONSTRUCT AN S-SHAPED GRAY-SCALE TRANSFORMATION FUNCTION THAT
ENHANCES IMAGES CONTRAST USING HEDGE ALGEBRA

Nguyen Van Quyen, Tran Thai Son, Nguyen Tan An

ABSTRACT: Image contrast enhancement techniques have two mainly methods: indirect method and direct method. While indirect
methods only modify the histogram without defining any specific contrast measure which it only stretches the global distribution of
the intensit, the direct methods establish a criterion of contrast measurement and stretches direct each pixel. Among many Cheng
and Xu used fuzzy logic to modified the contrast at each point of image. Approaches to use fuzzy logic to enhance image contrast
generally result in the constructing an S-shaped gray-scale transformation function. However, fuzzy logic is difficult to construct
that function. Cheng's method produces an S-shaped gray-scale transformation function, but it not symmetric which can lead to
gray-scale values after the variation that falls outside the gray-area value.Inthis paper, we propose a method for constructing an S-
shaped gray-scale transformation function that enhances image contrast in a direct approach based on Hedge Algebra.



