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Vlec khéi phuc, néng cao chat lugng dnh cda cc loc nhidu dnh va lam rd nét cdc chi tiét cdn
thiét trong &nh la céng doan quan trong trong qua trinh xi¢ ly dnh. Dén nay da c6 nhiéu phwong
phép va thudt todn loc nhiéu 4uh [2, 3, 6, 11]. Bai nay nhdm phén tich wu nhuge diém va dg
phirc tinh todn cia tirng thudt todn loc va du‘a ra mot thudt todn loc nhi€u mdi dira trén phuong

-phép k-cye tri.

Nhirng thuat todn trinh bay duéi day ap dung trén dnh dwoc ldy mau (diing diéu kién lay méu
khong bj tring lap) thanh nhimg pixel, cwong d6 mai pixel duge hrong td héa béng 8 bit (gla tri
thap phén tir 0 dén 255) -

) Loc nhiéu &nh
Anh 8 bi nhleu c6 thé loc bang cac phucmg phép sau:

Loc trung binh: [2, 6, 11]

Trén co s cho ring pixel sai cé gid tri khac xa vdi gid tri cdc pixel 1an can. Do d6 d¢ loai nhiéu,
thudt-todn loc trung binh tinh lai gid tri pixel theo trung binh cdng céc gié tri lan can. Thi du:
dé v(m, n) tai vi tri X° trong cu'a 83 3 x, %
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‘t\‘&-‘d!'ih y(m, n) la trung binh céng 8 diém lan cén: |
' “ néu y(m,n)— 3 Tiey 0 L €2 v(myn) = y(m,n).
néu y(m,n) -3} T8 0> u(m, n)= 15 0.

véi € chon trude.
Téng quat, loc trung binh c6 trong s duwge biéu dién:

v(m,n) = 2 a(k,)u(m — k,n - 1)
. (khew
véi W.= (k,1) : ctra 86, a(k,l): trong s6 cia thuat toan loc.
Truomg hop d¥c biét a(k, ) = hingsd, V(k,1) - tat cd trong s6 béng nhau, a(k,!) = 1/Nuy (Nu :
g6 diém trong W): -
' v(m,n) = 1/overNy Z u(m—1,k=1).
(k,NeW
Ap dung thudt toan trén, c6 the khai quét bing gia thuat chap: ,
 Chép mat na Lm x Ln gom cac phan ti k(i,j), i = —(Lm - 1)/2,..40,.(Lm = 1)/2; j =
~(Ln -1)/2,...0,...,(In = 1)/2, lén myt phing dé tinh:
(Lm=1)/2  (Ln=1)/2
v(m,n) = Z Z w(m +1,n + §)k(4, j)
iz=(Lm=1)/2i==(Ln=1)/2

:Céc .m3t na loc trung binh:

11 111 12 1 010
Lln 1 %1-21%242%141
11 11 1) 2 01 0

Loc ‘trung binh ¢4 huéng la phuong phép loc béng cach tinh gid tri trung binh cac diém anh theo

mot hudng 6 nao do:

* * * * *
* * * * * 0 )
* * * * * 1
* * * * *
* * * * *
v(m,n,8) = N:"L D wm=kn=1)
(k1)EW

véi hwdng 0 duge chon sao cho |u(m,n) — v(m,n,8)| nhé nhat, va két qua:
v(m,n) = v(m,n,8). '

Phuong phédp nay han ché nhoe sau khi loc.
H1: Loc trung bigh ¢6 huéng
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" Ménh 88 1: Goi Ny, a s phi 1 trong cita 56, loc trung bink lim gidm miéc nhiéu N, lin.
Ching minh ,_ .
‘u(m,n) = y(m,n) + n(m, n)

‘trong dé
y(m n) - 4nh khong nhiéu
n(m, n) - nhiéu tring cé trung binh b&ng khong, variance énh ra loc trung binh:

v(im,n) = 1_\’—{ Z [y(m = k,n = 1) + n(m,n)]}

Yo (khew

=-N— > ym- kn—1)+—n(m n)
(kEW

Thath phan nlueu trong v(m, n) = (I/Nw n(m,n) ¢é:

- trung binh 7 n=20 ,

- 7= (1/Ny)e? ‘ Q. E. D

Néu y(m 1) 12 h&ng s6 trong cta s8 W thi loc trung binh khéng lam thay d8i tin hiéu, chi lam
‘téng ti 85 tin hiéu/mhidu’ N, lan. Trong thuc té rat khé chon W d& y(m,n) 1a hing s8, do &3 loc
trung binh din dén méo ¢é dang nhoe anh

Ménh @& 2: DGi vdi dnh kich thude M x N, c6 thé si¢ dung 2N(3M 42) phép céng va 2n(2M +1)°
phép nhin dé chip mdt na 3x 3 d4i zing hodc su dung (M =2)(N —2) phép ahin va (M —2)(N;)
phép so sdnh dé loc trung binh.

-Két qud nay duge suy trire tiép qua céc giai thuat:

* Chép mit na: ‘
1. Tinh T=1/ %, ; k(i §)
2. Chap cot thir ba cia mit na vao cia 80. {
3. Cong két qui’ nay véi két qua chap cot thir ba cda lan tnh trude, cong chap tirng
diém cua lan tht hai. -
4. Nhan két qud véi T ,
5. Trugt cita 86 qua 1 pixel, thye hién lai tir 2.
% Léc trung binh:
" 1. Cong cdt thir 3 cila s
2. Cong két qud nay véi cot thlr%"r,cd'a 88 trude, hai phan t¢ trén dudi ot thir 2.
3. Chia lay trung binh -
4. So sdnh véi ¢ cho trude.

Trong cd 2 gidi thuat, néu dnh ¢ M <> N, chon M > N, 36 phép tinh it hon.

2) Loc medz'an.[6, 8, 11].
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D;nh ﬂgh'“
) Median mét chudi {zn} ¢é n phén ti 2, sao cho:

o neu n 1&: ¢6 (n —1)/2 phén tit nhé hon hay béng z, va (n — 1)7’2 phan ti 1ém hon hay bang
xd' 5 < . . ° l

. néu n chin: z4 la trung binh cq‘mg cda 2 phén it 2, z; € {zn}, ¢b (n —2)/2 phan ti < z;
va(n-z)/2>3a |

Thuat toin median duwge ding loc nhiéu dnh b&ng cach tao nhirng cia 88 truwgt trén mit phing
énh mai 14n trwot di chuyén 1 cot pixel, nhimg phan tu trong ci-a 88 xem nhu chudi {z,}.

2) 9) Chudi {z»} duge goi 1a LOMO(m) (8] néu co:
: (.z,,,:c,,.,.l, z,,.,.m_l) dO'n diéu Vn.
Chu01 LOMO(m) ¢6 tinh chat [8): Chudi LOMO(m) mudn don huéng phéi c¢é it nhat m — 1
phan tu lién tiép béng nhau.

Ménh @& 3: Loc median bing céa 56 6 chidu dai K, K < 2m — 4, khéng ldm thay déi chudi
LOMO(m). ' ' '
Chitng minh: Xét dgan

{3t} = @nok/z s @nytnieky2) C {Tn)s |

gom ¢6 K +1 phan ti, ¢6 2 trudmg hgp xay ra:

- néu {zx} don diéu, di nhién median {,} = 2.

- néu c6 sy ddi huéng trong {z}. Theo tinh chat chudi LOMO(m), c6 m -1 phan tu lién tiep
bing nhau trong {z3}, ma K <2m—4=>m-—12 (K/2) + 1. Trong {zx} c6 it nhat K/2 + 1
phén ti lién tiép béng nhau va b&ng o, vi bat ky doan ndo cda {xx} cb chiéu dai K/2+ 1 0

chita z,,, suy ra median {zn} = ¥n. Q.E.D

Menlﬁ d84: Median loe dwgce nhiéu khi chiéu ddi cv'a 6 16n hon 2 ldn chiéu dai chuéi nhiéu.

Ching minh: That vay, goi m la chiéu dai 16n nhat cda chudi nhiéu, L 14 chiéu Jai cia s6. Néu
L<2m-4 thi theo ménh dé 3, nhleu duoc gilr nguyén. Ngwoe lai, L > 2m > 2m — 4, cac phan
td gia tri cao nhuw nhieu dwge gén gié tri méi 1a median cia cita s6, nhd hon gia tri cii. Median

loc duge nhiéu. Q.E.D.
Ap dung két qua nay dé loc nhiéu &nh, kich thude cira s6 phdi dwge chon theo déc tinh LOMO

cla chudi-anh va chudi nhiéu, nghia la phai chon cira $0 median 1én hon 2 lan chiéu dai chuoi
nhiéu 16n nhat, dong thoi phai nho hon 2 lan wleu dai LOMO cia chudi pixel anh.

Do d4, nhirng anh ¢é gid tri.-pixel thay dai cham median loc dwge nhitu, nhirng anh cé gid tri
pixel thay ddi nhanh, median khong loc dwgc nhiéu.

Mat khidc, vé phuong dién hmh hoc, nhu-,u thuong thé hien lén anh thanh nhing diem tron,
anh it bi suy hao hon la ding cu'a 86 vuong.




14 Hodng Kiém & Tran Viuh Pluée

* % ok
* ¥ ox % % x
* \ LI N T
¥k ko k& R N
% ok ok ok ok ok k
* * '* * *’ *
¥k %
Hinh 2:  cia 88 hinh chir thap 5x 5 cita 80 gid tron 7 x 7

Giai thuat cda T.S.Iuang, tinh median ctta 88 vudng ¢t n hang b&ng cach xem nhlrng phan
ti trong cita s6 nhu nhitng phén tu cda chudi mét chifu. Sau mdi 14n tinh, bd ra khdi chudi mot
phan t¢ d€ nhén vao mét phan tu mdi, gidi thuat bit ddu tinh b&ng céch tinh hlstogram cda
ting ctka s8 va so sdnh céc bac cda hlstogram dé tim median. M&i cia s8 cdn thue hién mét s¢

phép so sanh:
¢=2n+[d|+1+ Prob(d > 0)

voi:

- R "o . ] - ~
¢ - 80 pliip so sanh trung binh cho mét cifa s6

' ] ) . n \ . [ ~) ’
d = (mudian cira 86 hién hanh) - (median cua so trude)

3. Lam rd dudng bién

Thye nghiém da chitng minh hinh auh hodc tin hieu hinh 8 dudng bién rd lam cho ngudi xeni
cdm thay dé& chju hon 13 hinh anh nguyén goc. Do d6, cac ki thuat lam ré duong bién dwge sit
dung nhleu trong cong nghé hinh dnh. Lam rd dudug bién con duge st dung dé khic phuc nhoe
sau khi dp dung cdc thuat toén loc trung binh.

Thudt todn Laplace.
Xuét phat tir yeu cdu ting tdc do phan giao tié) giira 2 mic xdm thap va cao do 1am rd nét
dudmg bién, cé thé lay dao ham bac hai trong khong gian 2 chiéu - todn tu Laplace:

%u(m.n)  u(m,n)

am?2 on?

v(m, n) = Viu(m, n) =

Trong khéng gian roi rac, dao ham bac hai duge dinb nghia cho ctta s6 dnh vao 3 x 3 Ii-

d*u(m,n)
Om?

8%u(m, rf){f
e ————— — " — l — —
£ (e '), .(h e).

=(e=d)=(f-¢)

Vau(m,n) =4de = (b+ h + d+[).

Téng quét:
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v(;ﬁ,n) = u(m,n) — (1/4){u(m = 1,n) + u(m,n -1)+ ;(m +1,m)+ i‘(";’ n+ Dl

a b ¢
d e f
: ‘ g b
13: dwong bién mot chidu Hinh 4: cta 86 Laplace 3x3
Suy rong ¢6 thé lam ré dudmg bién bang loc chap vai:
0 -1 0 -1 -1 -1 1 -2 1
H=|-1 5 —1| hoic H=|-1- 9 '=1| hojc H=|-2 5 -2
0 -1:0 -1 -1 =1| 1 -2 1

2. Loc thong cao:
Sau khi ap dung cac thuat todn san bang nlueu ho#c cdc thugt todn ndi suy, dnh bi nhoe vi cdc

thanh phan tan so khong glan cao bi nén hét - loc thong thap. Do d6 dé lam rd duomg blen ¢o

thé cho 4nh nhoe qua loc théng cao, dwgc dinh nghia:

hyp(m,n) = é(m,n) - Hypp(m,n)

trong do:

- hyyp(m,n) 1a loc théng cao FIR

- Hrp(m,n) la loc thong thap FIR
theo so' do sau: b

' Trung binh

u(m,mn) khéng gian Vi p(mn) u(m.n) LPF Vip(m,n)

3) Kj thudt mdt na khong nét (unsharp maskzng)
- Xuat phét tir muc dich xéa nhde do loc nhiéu gay ra, thuat todn nay khdo sét mirc xdm cia

hai diém lan can .
v(m,n) = u(m, n) + Au(m, n) — ur(m,n)]

= u(m,n) + Ag(in,n)
= (14 N, n) = Auz (m, n)

c=1+/\>jl=>c-1>0

v(m,n) = cu(m, n)-(c-— l)ulL(m, n)

4) Anh za nghich ddo twong phdn:
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Khé n&ng mét nhin rd mét vat trén moét nén déng nhat phy thuéc d§ phén gii, va ty sO trong
phén v dugc dinh nghia: .
| y=o/p

ft - 43 chéi trung binh clia vat
¢ - 5 léch tiéu chudn gm‘a do chél cda vat véi d6 chéi cda nén,
Bién daoi ngh;ch dao tu‘o’ng phén duoc 4p dung d¢ ting d6 rd nét cila dnrcng bién:

ﬂ(ms")

o) = o(m,n)

véi p(m, n) va o(m,n) la trung Binh cuc bd va do léch tiéu chudn cuc bd cia u(m,n) trén cia 56
;(m n)-— W-— Z (m—k,n.—l)u(m.—k,n—l)
(kNEW -

a(m n) . {-—-— Z [um=k.n=1) - (m n)]2}(1/2)

Nu (k,EW |

8. Ung di_mg phugng phip. k-cyc trj ctia phan bd.méu

Thuat t‘o'én median st dunhg B\inlh d?mg doi véi nhiimg pixels dnh va nhiéuv, nhirng pixels dnh ¢6
gid tri cao va thap bj loai bd dé thay vao d6 nhimg gid tri median. Do d6 median ciing lam giam
chit hrong dnh va cé phimg trudng hop 1t téc dung loc. '

D¢ kh&c phuc nhimg nhuge digm nay, ching to6i tich riéng hai tdp dnh va nhleu trén co s& cho

ring phan b cia dnh khac phan’ b& cla nhidu, thuomg tap trung & nhirng gié tri cao.

Céac phuong phéap théng ké'dya trén nhirng thong tin cuc bo (trung binh, variance,...) lay trén
nhimg phan ti lan cén A& biét phan bé cia dnh va cia nhiéu.

Xem nhirng phan ti trong cuira s6 W(m, n) 1a lén can cda u(m,n). Tap W(m, n) dugc chia lam
hai tap W*(m, n) chia nhimg phan tu gia tri cao, |V (m,n).\ W*(m,n) chira nhirng phan tw gid
tri thap, nghia la néu nhlrng pLxels cxia W (m,n) dugc xép theo thir ty téng dan thi

X(l), X(2),..X(k), w m,n)\W (m,n)
XN =1), X(N =2),.X(N -k), W*(m, n)
M[W(m n)) > M[W(m n) \ W*(m, n)]
véi t._'v;’ ) ;

.~ X (k) - k-trj cda chudi ty W(m n)‘
-M (A) ‘trupg binh nhu:ng‘ plxels cia A.

C6 thé phan biét hai tép W"(m n) va W(m; n) \ W*(m,n) khi biét trung binh va variance cia
moi tap.
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o] aay, chung toi dé nghi dung thong tin k-cure trj de tim ranh glél tap dnh W(m, n)\'W*(m, n)
tu‘ 'mét vai gid tri thap va tap nhi€u W*(m,n) tir mot. vai gla tri cao trong cura s6 dwgce chon 5 x 5

hoéc 1% T

omh ly loc nhi€u theo k-cue tri: [4] . ¢
Cho E[X(K)) la trung binh k-cyc tri cda mdu n phén tu‘ ¢é phin bé binh thuing ¢ . Néun, u
‘chwa biél, gid tri n cd thé dvgc hn.g bdng trung binh cia k-1, k+1, - tri cda mau dé.

|
}

Chitng minh Tir [4, 5] ta cé

Ea[X(K)] = = [\/ Zn(n) = In( ‘“("’2)}'1‘;((1’;) + UM =9, o 1)

f ‘ (L) Zn —-k+1 1

i 1

\va C 1 héng s6 Euler.
Ap dung két qua nay tinh E,[X(k = 1)]; Ex[X (k + 1)):

2n(n) — In(In(n)) + In(4) +2[Sy(k —'1) - 0] )]
2y/2In(n) lnn

Ea[X( k+])]__“_a[\/2hl(n)—ln (In(n)) + In(47) +2[S;(k+1) C) +O(EI?)]

2\/21n(n)

En[X (k)] = En[X(k + 1)] S =Si(k=1) _n—k +3
En[}i’(k‘ + 1)] ol En[){(k)] Sl(‘ + 1) = S1(k) K n—k + 2

En[«\'(k ~D]=p-of

'Suy' ra

Véi k =2, ' | :
En[X(2)] = En[X(1)] n+1
EL[X(3)] — Ea[X(2)] n

Két qua
, > En[X(3)] = Ea[X (2)]

| 1 |
"X =E, §(q% 1 2E.[N(2)] = E [X(1)] = En[X(3)]

Ménh @8 5: Véi dnh ¢ kich thude M x N. ciéa s6 vuéng canh L gidi thudt dvgc trén thye hi¢n
bdng 28M N/L? phép tinh nhén vi 24MN/L? phép tinh céng.
Chitng minh Két qué ménh de ¢6 thé suy trye Mep tren thuat toan:

1. Sip xép nhirng pixels trong cira s6 1V (m, n) ‘theo thir tur gid tri ting dan.

2. Tinh trung binh 1-tri, 2-tri, 3-tri bdng trung bmb cé trong s0

AX(k) +3X(k+1) +2A(k+2)+]\(k+3)
: 10

En[X (k)] ~

! ! P i . P - 2 . ~ ’ . 4 .
3. Tinh n, cia phan bo anh, n, cua phan bo nhieu theo cong thire dinh ly trén.
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4, Co 2 tru‘o’ng hqp

¥ g+ np < N phéan b8 #wh giir nguyén. Nhiéu bi lom hoan toan, khong ma.t thong tin énh

* ng 4+ np > N : ¢6.mdt phadn phan bé anh va nhiéu chang 1én nhau. Trong trudng hop nay,

hodic phéi chui mat mét phan tin hiéu dnh hoc phdi chap nhan mét phan nhi€u, ching t6i d¢

nghj chon Bién theo ty 1¢ phan bé:

"':l =MNg—Np + N”-n(na + nn)-

Nhirng pixels nhidu duge gan gid tri méi trong chudi ¢6 vi tri thap hon vi tri ¢l mét doan

5.
(N = n').
5. K&t lugn

i ’ [¥) 4 A () ~ .
Moi thuét todn loc trung binh, median, chap mit na cé khé ning loc nhiéu, déng thoi ciing sinh

ra mot s& suy hao nhat dinh, va ciing'cé do tinh toan phirc tap khéc nhau, Thuit todn k-curc trj
xtt 1y thich nghi theo phan b& nhiéu cho timg viing, it anh hudng dén phan bé dnh va do thuat

todn giai quyét tren nhimg cuda s8 ké can nén s phép tinh 1t hon.
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lbﬂ"“‘
Some algorlthmlc aspects of f!ltermg and sharpenmg techniques in |mage processing

T}ua paper presents an analys:s of the complemty of traditional filtering and- sharpening algo-
ihms in image processing. After analysing their efficiency and computatzon complezity, we pro-

ose an approach based on the use k-values information of ordered set for restoring image with hzgh
aahty and reducing the computation.
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