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TOM TAT: Nang cao do twong phan dnh c6 hai phwong phéap chinh (1) phwong phép
gian tiép va (2) phuong phap truc tiép. Trong khi cac phuong phap gian tiép chi bién dbi luoc
d6 xam cuia anh ma khong st dung bat ky mot do do tuong phan nio, cac ky thuat nay ciing
chi tac dong 1én toan anh cht khong tac dong 1én timg diém anh [5-8] thi cic phuong phap
truc tiép thiét 1ap cac diéu kién cua phép do do tuong phan va tac dong truc tiép 1én tung diém
anh [1-2, 9-14]. Theo huéng truc tiép, ching toi di xay dung toan tir Hint dua trén mot hé 5
luat ngdn ngit voi mot gia tir nhin “Very” va duoc giai bang cong cu ctia Dai s6 gia tir [9, 14].
Trong bai bao nay chiing tdi chimg minh rang h¢ 5 luat nhu vay c6 két qua twong duong véi
hé 7 luat str dung hai gia tir nhan “Very” va “Little”.

Tir khéa: Ning cao dj twong phan dnh truc tiép, S-function, Todn tir tdng cuong mo,
Phdn cum mo, Pai so gia tir, Histogram mo, Anh da kénh, Todn tir Hint.

ABOUT LINGUISTIC RULE SYSTEM AND APPLICATION
IN COLOUR IMAGE CONTRAST ENHANCEMENT

ABTRACT: Image contrast enhancement has two mainly methods: (1) indirect method
and (2) direct method. The indirect method is only to modify the histogram, which is not
effcient and effective, since it only stretches the global distribution of the intensity, the direct
method is to define a measurement of the contrast and stretches on the each pixel of image. In
the direct method, we have built the Hint operator based on a 5 rules linguistic system with
only a hegde "Very" and solved by the Hedge Algebra. In this paper we demonstrate that such
a system of 5 rules has the same results as the system of 7 rules using two hedges "Very" and
"Little".

Keywords: Direct Contrast measure, S-function, intensificator, FCM, Hegde algebras,
Fuzzy histogram, The multichanel image, Hint.

1. GIOI THIEU
Néng cao do twong phan anh 1a mot vin dé quan trong trong xir Iy va phan tich hinh
anh. Pay 1a mot budc co ban trong phin doan anh [1]. C6 hai phuong phép thong dung dé
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nang cao do tuong phan anh (1) phuong phap gian tiép va (2) phuong phép truc tiép [2].
Trong khi cac phuong phap gian tiép chi bién d6i lwoc dd xam cua dnh va tac dong 1én toan
anh chtr khong tac dong 1én timg diém anh [5-8], thi cac phuong phép truc tiép thiét 1ap cac
diéu kién cua phép do do tuong phan va tac dong truc tiép 1én ting diém anh [1-2; 9 - 14].
Phuong phép truc tiép, nhu thuat toan sir dung toan tir Hint dd chung to tinh hidu qua so véi
phuong phap gian tiép [9, 14]. Phuong phap nay da sir dung cac ham bién doi tang d6 twong
phan tai tirng diém anh nhung van béo toan chét lugng anh [9, 14].

Trong [9, 14] Hint dugc thiét ké dua trén mot hé ludt ngdn nglr dugc biéu dién trong
Dai sb gia tt [DSGT] nhu sau;

R;:Néu x 1a0thi y a0

R;:Néu x 1a ¢ thi y lavery ¢

R;:Néu x aWthi y 1aW

Ry:Néu x 1a ¢ thi y lavery ¢

Rs:Néu x lalthi y lal

H¢ 5 luat trén chi st dung mot gia to “Very”. Cau hoi dat ra la néu st dung nhiéu hon
mot gia tir thi két qua cta toan tr Hint c6 thé thay doi t6t hon khong?

Trong bai bao nay chung t6i chimg minh rﬁng viéc m& rong hé luat ngdn ngir 1én 7 luat
v6i hai gia tir nhdn 1a “Very” va “Little” dé xay dung toan tr Hint, img dung vao quy trinh
nang cao d6 twong phan anh méiu theo hudng tiép can truc tiép s& cho cing két qua voi viée
xay dung toan tir Hint sir dung hé 5 luat ngon ngit v6i chi mot gia tir nhdn “Very”. Phan con
lai ciia bai bao dugc ciu trac nhu sau: Phan II trinh bay cac nghién ctu lién quan; Phan III
trinh bay hé 7 luat ngén nglr dugc mo rong cho toan tur Hint va dinh 1y chirng to toan tur Hint
[9] théa man hé ludt mai; Két luan duoc dua ra & ph?in IV.

2. NGHIEN CU'U LIEN QUAN

2.1. Tong quan vé Pai s6 gia tir

1) Pai s6 gia tir ciia bién ngdn ngir:

Gia sir X 12 mot bién ngdn ngir va mién gia tri ciia X 1a Dom(X). PSGT AX tuong mg
cia X 1a mot bo 4 thanh phan AX = (Dom(X),C,H,<) trong &6 C 1a tap céc phan tir sinh,
H 1a tap cac gia tr va quan h¢ “<” la quan h¢ cam sinh ngt nghia trén X [3].

Trong DSGT AX =(Dom(X),C,H,<) néu Dom(X)va C la tap sip thi tu tuyén
tinh thi 4X duoc goi la DPSGT tuyén tinh.

2) Cac ham do trong PSGT tuyén tinh

Trong phan nay ta st dung BDSGT tuyén tinh AX =(X,C,H,<)véi
C={c,c"}U{0,LW}. H={H OH'},H ={h,h,,. b} théa h,<h,<..<h, v

H* ={h,hy,...h,} théa h <h,<..<h, va hy=1I véi I la toan tir don vi.

Goi H(x) la tap céc phén tu cia X sinhrato x boi cac gia tu. B do tinh mo cua x,
ta ky hi¢u 1a fin(x) , 1a duong kinh cua tap f(H(x)) = { fu):ueH (x)} )
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Dinh nghia 2.1 [4]. Cho DSGT AX =(X,C,H,<). Him fm:X —[0,1] duoc goi la
ham d6 do tinh md cua cac phan tir trong X néu:

(i) fin(c )+ fin(c")=1va>"  fin(hu) =fm(u) , v6i Vi€ X ;
(ii) fin(x)=0v6i moi xsao cho H(x)={x}.Pacbiét fin(0)= fin(W)= fin(1)=0;
(ii) v,y e X, vhe i, 270 _/mAY) "y 1¢ nay khong phu thuge vao X,y va duge goi 1a

Jm(x)  fm(y)
d¢ do tinh mo cua gia tir /2, ky hiéu la (k).

Ménh dé 2.1 [4]. Cho fmm 1a ham d¢ do tinh mo trén X', ta co:
iy Sm(hx) = p(h) fim(x), Vx € X

iy Sm(c )+ fm(c7) =1

i)Y . e m(he) = fin(c),Ve e {c.ct}

V) D e, o SmUx) = fin(x)

V) D M) =ava Y u(h)=f, trongdé o, f>0 va a+f=1.

Pinh nghia 2.2 [4]. Ham dau sign: X — {—1, 0,1} dugc dinh nghia d¢ quy nhu sau:

e))

i) sign(c™)=—1,sign(c") =1;
ii) sign(hhx)=—sign(hx)néu hhx+=hxva ham dbi véi h(hodc twong irmg véi @)
c,néu h=I1&x=c);
iii) sign(h'hx) = sign(hx)néu hhx+hxva h dwong doi véi h (hodc tuwong ing
véi ¢, néu h=1&x=c);
iv) sign(hhx)=0, néu hhx=hx.
Ménh dé 2.2 [4]. Vi bat ky gia tir h € H va phan tir x € X , néu sign(hx)=1 thi ta c6
hx > x va néu sign(hx)=—1 thi hx<x.
Dinh nghia 2.3 [4]. Cho fm la ham d¢ do tinh mo trén X . Mot ham dinh lugng ngl
nghia v trén X (két hop v6i fm ) dugce dinh nghia nhu sau:
v(W)=0= fin(c")(0<O<1)
1) v(c )=0—-afm(c),
v(c)=0+afm(ch)

1) Vj #0,—g < j < p,v(h,x) =v(x)+sign(h,x) {Zj:&_gn )y S (hx) = o x) fin(h,x) »

3)

def

trong do @(hx) e {a,ﬂ} , w(hx) = %[1 +sign(h,x)sign(h,h x)(f — )]

Ménh dé 2.3 [4]. Vxe X,0<v(x)<1.
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3) Phép ndi suy sir dung SQM (Semantically quantifying mapping - Anh xa dinh
luong nglr nghia)
Xét he luat ngdn ngir:
Néu X, -4, va..va X, — A, thi ¥ =B,

n

. 4
Néu X, -4, va..va X, -4, thiY =B, @

Néu X, -4, va..va X, -4 thi Y =B,
Trong DSGT, phuong phap giai hé luat (4) dugc thyc hién nhu sau:
Budre 1: Xac dinh PSGT cho céc bién ngdn ngir
X,vaYla AX,=(X,,G,,C,,H,;,S)va AY =(Y,G,C,H,<) tuong ng.
Gia su Vy, va v, la cdc SQM cua cac DPSGT A4X, va AY cua cac bién ngdn ngir

X,;va Y tuong ing, j=12,...m. Goi s, ={{xj} y}-=T CﬁXiXY la si€u mat ngon

J=1

Jj=1m

ngu va Snorm = {{ij (Xj )}j=1.7 > VY()")} (S [O, l]m-‘—l

x;eX; j=Lm,yeY
(2) s& dugc nhung nhu n diém 4 = (Ail,...A,.m,&.)va‘t sau do, (2) mo6 ta siéu mat ngoén

ngir S, trong khong gian X, x...X xY.

Buéc 2: Xac dinh mdt phuong phap ndi suy trén Sporm

Tinh cac SQM Vx, (Ay) vy (B)(j= Lmi=1n)sa dung cong thac (1), (2) va (3).

Sieumit S, > {{VX A v (Bi)} ¢6 thé dugc xéc dinh boi mot ham két nhap
J j=lim i=ln

m'dél fSnorrn , V= f:g (ula seay Hm )a Ve [07 1] VE‘l uj € [07 1]9] = 1: m , théa mﬁn dléu

norm

nnnnn

Chung ta c¢6 thé sir dung mot trong rit nhidu phép ndi suy di c6 dé thuc hién noi suy.
Buwdée 3: Tim diu ra chuin hoa vé [O,l] B, tuong tmg véi diu vao 4, da chuan hoa vé
[0, 1]:

Ay = (s -ty,, )y, €[01] for j=Tmsby = fyp (@, na, ) €0,1] “

2.2. Hint [9, 14]
Trong [9, 14] tac gia da dé xuat mot toan tr Hint dugc x4y dung dua trén hé luat gom 5
luat va mot gia tur very va cac dinh ly lién quan nhu sau:

Dinh nghia 2.1 [9, 14]: B0 3 (AX LAY F ) goi la toan tit HAINT (HA intensificator -

Toan tir tang cuong cta Pai so gia tir) néu:
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(i) AX=(X,C,W, H, <), AY =(Y,C,W, H, <) voi
Dom(X) = Dom(Y),C = {c‘,c*} )y

¢ =low, ¢” = high,

H=H OUH",H :{little},H+ :{vely}ﬁ:fm(c_),l—é’=fm(c+),

aX = /uX(httle)a ﬁX = 1 _aX = ﬂX(Ver), aY = luY(lltﬂe)nHY = 1 _aY = IHY(Ver)) 05 axaay € [Oa 1]
,Vy,Vy la ham dinh luong ngir nghia cia DSGT trén X va Y tuong ng.
(ii) vy (v.low) <1
v, (low)

(iii)) Ham F: [0, 1] — [0, 1] don di€u tang thyuc su, lién tuc (suy ra ham nguoc cua F
cling don di¢u tang thyc sy, lién tuc) va taing cuong tai ngudng 0:

Ri:Néu x 1a0thi y 10 (6)

R,:Néu x 1a ¢ thi y lavery ¢

R;:Néu x aWthi y AW

Ry:Néu x 1a ¢* thi y lavery ¢

Rs:Néu x 1a1thi y 1a1

Dién gidi trong mién gid tri so: (i) va (i) tuong duong véi:

Fr(€)=v, (¢ ). F(0) = 0. F(v,(c") =v,(c")

F(_ (low))=v,(v.low)

F (v (high)) = v, (v.high)

Suyra: F(0)=0,F(0)=6,F(1)=1.

F(B0)=5;0, F(1-B,(1-0))=1-5; (1-0)
_ vy (viow) _,6’_3 -

vyllow)  f,

8.(0,By,m)(x ),0<x <6 (7)
1-g.(1-6,8,,m(1-x),0<x <1

Pinh 1y 1 [9, 14]: m

9

Hint(x ) ={

v6iham g (9, B, m)(xs) xac dinh nhu sau:
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_ 1°g(:zzﬂij 91‘@3 J _pOrx ) —(0x) (8)

y=y(fBy.m)= log[l_ﬂ)(] g (x )= . 0—x Y (9+x )7+(0-x )y’
1+ 3, o
0<x <60
6-g(x) (0-x) tog| | "
hay & =l— | VO0<x <@.tham sd 1+ mfy
frg(x) (O+x |> "7 777 ¥ =7y = ’

log| 1=5x
1+ By
Khi d6 (AX, AY, Hint) l1a mdt HA-intensificator, ngoai ra Hint thoa man:

maXHmt(x ) =mjnHmt(x ) . max I-Hint(1-x ) ~ min I-Hint(1-x) -

b

(0.8x61 X [Ax0.01 X [0.0+ax6) 1-x [O+ay01] 1—x
a— | | —— ———
I = r - = <
- = -l..-
v
i -
] | 1 _."
i | | -
]
] <
Ak l o | _.-'
|t e -
— - - - —= =—rp
= = 1 e i = = i —

Hinh 1: truong hop 0=0,5, =0.6>m=04 Hinh 2: truong hop0=0.6,3, =0.5<m=0.8

Ta théy toan tir Hint ¢ trén dugc xay dung dua trén hé luat ngdn ngtr gém 5 luat va chi
mot gia tir nhan “Very” ma khong st dung gia tir “Little”. Tinh hiéu qua trong nang cao do
turong phan anh mau cia Thuat toan st dung Hint & trén da ching t6 13 tot hon phuong phap
gian tiép va tot hon thuat toan theo phuong phap truc tiép ctia Cheng [1, 2].

3. KY THUAT PE XUAT

Phan nay trinh bay vé h¢ 7 luat ngdn ngir voi hai gia tir nhat “Verry” va “Little” 1a mo
rong cta hé 5 luat ngdn ngit trong [9] duoc sir dung dé xay dung toan tir Hint va chting minh
toan tir Hint [9] thoa man h¢ luat méi nay.

R;: Néu x 1a ¢~ thi ylac
) 9)
Ry: Néu x 1a ¢* thi y la ¢*

R3: Néu x A Wthi y AW
Ry: Néu x 1alow thi y 1a very low va v, (y) < v, (x)
Rs: Néu x 1a high thi y 1a very high va v, (y) <v, (x)

Rg: Néu x 1a little low thi y 13 low va v, () <v,(x)
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R7: Néu x 1a little high thi y 13 high va v, (y) <v,(x)

Ménh dé 3.1:
of (32
For B, e (S m =2
Bx
007,002 ot 002 v ~(1-0)
V. € 9 [ | x :+, XE N - B . =l — — EEAa}
. T e LT T (1-9)
: 10)
1-8.) 1-mp def (
= ; 0,m): L = X Ce[0,1]k=sT,(C)=C"
YV y(ﬂx m) € (0,m) {1+ﬂX) 1+mﬂX e[0,1]¢ 2( )
(7.,10.0) (7, (T;,v,))).0<v, <0 (11)
F(v)= 1
1=(T,,, [0,1-01) (7(T;, ,(1=v,))), 0 < v, <1
Chi tiét hon
1-mp 1
log[ X]
7=7(/3X,m)=1+mﬂ*' (12)
10g[ _ﬂ)‘)
1+,
1_[6—vay 5 {
o) o<y <o (3

(H—V
1+ x
O+v,

Fv,)=

1_[ v.—6 Jy
1-6+1-
1—(1—9)—V"7ﬁS\{‘,$1
v —0
1+ >
[1—6’+1-va

(i) Néu B, €[0.7,1) thi ta cling c6: F (v, (LIow))> v, (low) (L la ky hiéu cua little)

(i) Néu v, (LIow) > F (v, (Llow))
Nhu vay HAINT coi nhu thoa man ludn luat sau
R6: Néu x Ia little low thi y 1alow va v, (y)<v, (x)
R7: Néu x 1 little high thi y 14 high va v, (y)<v, (x)
Chirng minh
(i) vy (LIow) = v, (low) + @, B0 = B0+, ,0= .6+ B, (1~ )6
vy (low) = S,0
(l—ﬁx J _1-mp,
1+ By I+mp,
F:[0,60]1—[0,0]
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F — 7 —
v (Liow) €[0,0]rst e [0, 07| L=Yullow) | 0—t
O+v,(Llow) O+t

t: (119 |[0, 9])_1 (T2 (]19 (vX (L.ZOW))))

t = F (v (Llow)) 2 v, (low) = 8,0 <= =1 < 0=P:0

O+t O0+p,0

Vay ta phai ching minh
O—v (Liow)\ _0-5,0 _(1-f~B(0-B)) _1-5,
O+v,(Llow)) 0+ p,0 1+8,+8,(0=5,)) 1+,

(1-5y) ' ~ 1=/, ta ching minh diéu manh hon
1+ﬁx+ﬁx(l_ﬂx) _1+ﬂy

(l_ﬁx)z 7<1_ﬁy
1+4, ) 1+p,
That vay,

0<y<1=(1+B,) <1+yB, (BDT Becnuli),

14)

0<y<m[9],=(1+B,) <l+yB, <l+mp,,
Vay vé trai cua (9) thoa

{(ll_ﬁ){)z J £(1+mﬁx)(l_mﬂX j Compn) (2] 15)

+ By 1+mp, 1+mp, 1+ 5,

Dé chig minh (9) ta s& ching minh

g e AL T S A
S0-8)0+8) <1+

< (1=5,) (1438, +3B; + B} ) <1+ B} <25, =28, = B < 5}
S22 B <Py = B 2B+ By 22
Didu nay ding do 8, 0.7 = > +2 + B, 20.343+0.98+ 0.7 =2.023 > 2
Vay (9) ding, suy ra

F (vy(LIow)) = v, (low).

16)
Nhén xét:
Thuc chit c6 thé ching minh chit hon

def 32
V6i By € (ﬂf,l),ﬂy €[0.6321,1),m = g—y , thi F(vX(L.low)) > v, (low)

X
Bét déng thic (11) trong dwong vai
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ln[l+,8£] ln[1+'BXj
=5) . "li-p. (17
ln[1+ﬂyj n w
1=7py (1_;8)()‘-
(i1) Tuong duong voi
ln[l+ﬂ’x) ln[1+ﬁ3]
l_ﬂX > l_ﬂ)%
h{l”ﬂx—fij m[l+2@—gf)
(1_,3)() (l_ﬂy)
Bét dang thuc (11) tuong duong véi
ln(1+ﬂ€j 1n(1+'8Xj
=5 ) 1—fy (19)
ln(H'B”j n M
1= 5, (= p)
Ca hai ham vé trai va vé phai cua bat dang thuc (19) déu don diéu ting, khi ding Matlab

6 thé quan sat dugc dd thi

0.9+ 7
08 -
07k / i
0.6 T -

05 - ;]

(18)

0.4 e
0.3+ / ]

0.2 T =

0.1 F / i

D 1 1 1 1 1 1 1 1 1
a 1000 2000 30040 4000 2 S000 000 2 7OOo sS000 S000 10000

Hinh 3: D6 thi hai ham s6 vé trai va vé phii ciia bat ding thire (19).

4. KET LUAN

Trong bai bdo nay chung tdi da dé xuat hé luit ngdn ngir m& rong cua [9], tir hé 5 luat
ngdn ngit v6i chi mot gia tir nhan “Very” thanh hé 7 luat ngdn ngir voi hai gia tir “Very” va
“Little” dé xay dyung toan tir Hint ing dung vao quy trinh ndng cao dé twong phan anh mau
theo hudng truc tiép.

Bing phuong phap toan hoc ching t6i da ching minh Hint trong [9] thoa min hé
luat mdi. Ngoai ra chiing t6i cling thuc nghiém khi ung dung toan tu Hint dugc xay dung
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bang hé 7 luat ngon ngit dé xuit vao quy trinh nang cao do twong phan anh mau theo
huéng truc tiép, két qua twong duong véi Hint trong [9]. Piéu nay chimg to viéc mo rong
hé luat bang cach bd sung thém luat va thém gia tir &é xay dung toan tir Hint 4p dung vao
quy trinh ning cao do twong phan anh mau theo huéng tiép can truc tiép chua chéc da cho
két qua tot hon.
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