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Tom tét

BG loc trung binh khéng gian 13 mét trong s6 céc b@ loc duoc sy dung phé bién trong fink vye xur Iy tin hién
s6 n6i chung vé xtr Iy &nh nor riéng. Vi thé viéc nghién clu va cai tién ky rhuét thure hién bj loc s& mang lai
anh huung tich cyc xét trén cé khia canh phén cung (Hardware) 18n phan mém {Solrware Nthg nghién
cuu ctla ching té1 trong bai béo néy da chi ra mét gidi phap thyc hién méy, giip cai thién rat 16n vé do phuc
tap tinh toan, tr d6 rat ngan thoi glan Ihu'c hign mot cach vut (rgi khi so sénh von ky thuét gbc trong cac két
qua thye nglnem dudi dang phan mém. Dac bigt, céc dé xudt ndy co thé mé réng mot cach ti nhién lén
khéng gian n-chiéu.

Tir khéa: B loc trung binh, Loc nhidu, Loc Iam mé anh, X ly anh, X I tin higu sé
Abstract

Mean filters are amang lhe most commonly used filters in the field of digital signal processing in general and
image pi tar. Therefore, the ler will have a

h and i of the fift

positive impact an bcth the hardware and the soﬁﬂare Our slud:es in this paper. have shown & new

implementation solution, which greally ir thus g the time laken for

implementation to be superior o rhal of the ongmal technique. in experimental msu[ts in the form of
ftv . In particular, these can naturally expand into the n-dimensional space.
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1. Mé diu

Bb lgc trung bish trong khéng gian 2-chidu, hay
cdn duge goi v6i thuat ngir 12 “2D Mean Filter”, 1a
mét b loc duge sir dung phd bién trong Iinh wire xir
ly 4nh dé thuc hi¢n cac tic vy lam tron anh
(smoothing), lam mé (blur), ting cudng cac chi tidt
(sharpen details), hay khir nhiéu (remove noise) [2-5]
va nhiéu img dyng khéc trong linh vwe xir ly tin higu
56 n6i chung. Do d6, viée nghién ciru nhim cai tién
ky thuat thue thi cia b6 loc luén duoc quan tam [6-8],
boi két qua s& gop phén don gido hoa kién truc mach
xir ly tin hiéu sé (DSP) dé1 voi gidi phap pbén cimg
(Hard\vnre), hay cai lhmn thoi gian thye hi¢n loc cho
che gidi phip phin mém (Soﬁwarc) Tir d6, bai bio
ndy tip trung nghién ciru cac ky lhual lh\:c hién bd
lge n'ung binh di cé, va dé& xuét cai tién nham mang
lai mét két qua kha dt 6t hon c4c ky thuat hién tai.

2. Céc kién thirc lign quan
2.1. Nhén chip 2-chiéu va bi loc chin rdch duge [1]
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Trong linh vire xir ly tin hiéu s6. mot anh sé X
cb kich thude MxN (M cft va N dong) dugc xem |3
ro6t tin hiéu 2 chiéu x(n,, ny), trong do:
0<nm <M

X(ny,np) 0<n, <N

véi
x(ny,n,) = [

0 néunguoclai
va b loc sb 2-chitu H duoc xac dinh qua cAc gia tri
dép (mg xung h(ny,n,) cia no. B loc 2-chiéu H
duge goi 1a c6 dap img xung htru han khi va chi khi:

{h(n,,nz)z ovn 0€n <mva0<sn, <n
h(ny,n5) = 0 néu nguoc lai
mxn dugc goi la kich thude bd loc. Khi m =n ta co
bo loc hinh vuong.

Loc anh diu vio X b& b loc H duge thyc hugn
qua thao tic nhan cugn (convolution) 2-chiéu, hay
cdn duoc goi 1a nhan chép, cho bat cong thire sau:

y(nynp) = x(ny,n5) « h(ny,ny)

(0]

a'Ms

z x, k)h(ny = 1,ms = k)
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Hinh. 1. Loc trung binh trong khong gian 2-chiéu (a) Anh géc mandnl_color kich thut

Ge 512x512, (b) Két qua

loc vai kich thude bg loc 5x3, () Két qua loc véi kich thude b loc 9x9.
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Hinh. 2. Nban cufp cia x(n,,n,) véi ddp img xung 2-chitu h(n,, n,) chia tich dugc.

Két qué ddu ra ching ta thu duge anh Y duge
biéu dién qua tin higu 2-chiéu y(ny,n,) cé gid i xac
dioh la:

O0sm<sM+m-1
0<nsN+n-1
néu nguoc la)

y(n,ny) 20 i

y(n,nz) =0

Tir d6, kich thuge anh dau ra Y sé la:
(M+m-1) x(N+n-1). v can thyre hién
(\«I+m D x(N+n-1)x(mxn) phép XU ly toén boc, véi
mdi phép xtr 1y todn hoc & day gém 1 phép nhan va
mét phép cong.

Khi kich thudce anh la ral 16m 50 V63 kich thuéc
b6 loc, hay M.Nm.n, thisb phép xtr ly toan hoc cin
Xir ly 14 xdp xi:

(N xM)x{nxm) (2)

Trong truémg hop h(ny,ny) 14 chudi ch.va téch
duge (separable scquence), no c6 thé duge bidu difn
dudi dang:

h(ny.np) = hy(ny)ha(ns) 3)
Trong do: hy(n,) = 0 v6in, ngoai [0,m]
ha(ny) = 0 v&in; ngod [0,n]
Tir (2) va (3) ta co:
y(ny,n3) = x(n,nz) »h(nn.
D xthakadhs (= k) 1~ )
W on e [C)]
Z iy, — ky) Z x(ky K, kg
= N

Vi mbi gid i ky ¢ dinh,
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D wlhkdha(ny = ko)

kz=—c0
trong (4) la mot phép nhén cudn l-_chiéu (1-D
coavolution) cua x(ky,n,) va h;(n;). Néu ching ta
dat

o

[l = ) xlky, kdhgln, = k7)

kz=-o

5)

thi f(O.ng) la két qud nhin cudn l-chidu gitta
x(0,n;) va hy(n;) nhu minh hoa trong Hinh 2. Ta
thay, N gia trj img v6i cot k, cba x(ny,ny) sé nhin
cubn 1-chibu véi n gid trj cia hy(ny), thao téc nay
cin thue hign M 1in (mg v&i M gia tri khic nhau cua
ky. Vi vay, ching ta can x3p xi (N-+n-1)sxmxM phép
xir ly todn hoc.

Tix (4) va (5) ta co:

Youm) = ) il = k) [(lm)

ky=-o

6)

Vi mdi gid trj ny b d|nh y(ny,n,y) cb dirge
bing céch nhan cudn Ichidu hy(n,) véi [(n,.n,)
Vi dy, y(my, 1) ¢6 duge bling cich nhén cudn 1-chiéu
hy{n) véi f(n,,1) nhu trong High 2. O day
£y, ny) chinh 1a f(k,, n,) nhung duge déi tén bién.
Thao tic nhin cugn 1-chiéu hy(n,) véi | hang coa
f(ny,n,) chn duge thye hién (N+n-1) ln véi (N+a-
1) hang kbac nhau, vi vay ¢ gian doan nay ching ta
52 cin (M+m-1)xmx(N-+n-1) phép xir ly todn hoc

Nhu viy, khi dép tmg xung 2-chiéu h(n,,n;) 1a
chia tach duoc thanh tich cua 2 dap \mg xung 1-chiéu
la hy(ny) véa hy(n;) thi dd phirc tap tinh toén cia
thao tic loc thong qua 2 phép nhan cudn 1-chiéu s&
la.

[(N +n —1)maM]
+H{(M+m—Dxmx(N+n-1)]

Khi kich thuée anh 12 ral 16n so vén kich thuée
b loc, hay M,N>>m,n, thi sb phép xir ly todn hoc can
thye hién 14 xap xi:

N

NxMx(n + m) 8)

2.2, By loc trung binh 2-chiéu

Mt b) loc trung binh 2-chidu kich thude mxn
duge xac dinh boi céc gia trj ddp mg xung cho bé
cbng thirc sau:

1
h(n.,n,):mu&iOSn‘Sm,OanSn ®

h(n,,ny) = 0 nguoclai
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Hinh 3(a) minh hoa cho ching ta cic gia tri coa
dap tmg xung h(ny, ny) ¢b kich thuée 3x3 duge biéu
dién dugi dang ma trdn (hay con gos 1a miat na loc),
va dang biéu dién tuong duong cia n6 vor hé sé nhan
1/9 (con dl.rqc goi 1a Gamn cua b loc) Vi cdc gia tri
bén trong adu bang 1. Dang chuyén doi vé 56 nguyen
nay mang lai kha ndng thuc hién bd loc trén cic h¢
théng xu ly s6 nguyén.

18[00
Hy g = |V9[19] 18
19 |119[19 trjrirgn
1111111
NN AR Hs_s=% EEEREE
== 1 1 1 10111
9
1 1 1 11111 1(1
(a) (b)

Hinh. 3, Mat sb mat na loc ctia bd loc trung binh 2D.

Vi toan b céc hé s cua mat na lpc trung binh
déu dugc chuyén déi vé gid 1rj 1, nén trong thao thc
nhin cugn dé thuc hién loc s& khéng cdn thue hién
phép nhin x(ky, ky)h(n; — ky,ny — k;). Do d6, sé
phép toan dé thire hign bd loc trung binh 2- chiéu trén
mot tin hiéu anh dédu vao theo cdng thirc (2) s& cho
2i4 try x4p xi:

(NxM)x(nxm) phép 10dn chng va (NxM) 10)
phép toén chia (
3. P& xufit ki thudt chia tich

RG rang, b lopc trung binh 2-chiéu i chia thch
dugc thanh 2 b§ loc 1-chiéu theo cac dinh nghia tat
(3) va (9). Cu theé:

hny,n,) = o 1= (kg (n) (1D

xn  mxn
Trong doé:
=1 i
h,(n,)—mm vé6id<ny sm (12
hy(n,) = 0 ngwoc lai
va hy(ny) =1véi0<n,<n
2(1y 2 a3

hy(nz) = 0 nguwoc lai

h(ny, 1), By (ny) va hy(ny) duge xac dinh bai cic
mit na loc nhu trong Hinh 3.

Nhu viy, bé loc trung binh 2- chidu & moi kich
thude déu ¢o thé duge thue hlen mdt cach nhanh
chéng théng qua 2 bs lgc 1-chidu thea quy trinh duge
mb td & Hinh 2 Theo cich thyc hign nay, va tir cac
cdng thire (8) va (10), ching ta suy ra so phép todn
cin thuc hién s& giam tir:



11 511
111 101
Hp = —
1
11]. (1|
(a)

Hinh. 4. M3t na lpc ciia b loc trung binh 2-chidu kich thude mxn va 2 thanh phin chia tich cia no.

Hyp =

TN T T4 Hower = 1emoeny (11 [ V] 1]

by @ (a) Mt n2

loc trung binh 2-chiéu , (b) & (c) M3t na loc ciia cAc chia tich hy (n,) theo dong va hy (n;) theo cot-

(NxM)x(nxm) phép toan cong va (NxM) phép
toén chia & phuong phép géc,

xuéng con-

NxMx(n+m) phép toén cong vi (NxM) phép

todn chia, @

Hay néi ciach khic, khi m = n, s& gidm duge
(NxMxm)/2 sé phép toan cdng.

4. B¢ xuit ky thuit (5 wu héa quy trinh thye hign
b loc trung bink 2-chiéu.

Trong pban ndy, ching (3i tdp trung phén tich
mét s dic diém quan trong trong quy trinh thuc hign
nhin cudn tin hiéu anh diu vao véi 2 b loc thanh
phdn hy(n,) vi hy(n,), nhu 42 duge trinh bay trong
myc 2.

Trudc tién, ching @ tién hanh nhan cugn cc cdt
cta tin léu anh 2-chidu x(ny, n,) véi dap g xung
hay(ny) dé thu duoc tin higu trung gian f(ky,n3) theo
cong thire (5) sé trd thanh:

Flm) = 3" xlhy, kdha(n, — k)
ko
ny
x(ky, k,).1 (15)
kp=rz-ni1
my
(i k)
kp=ny-n+y

V&i moi gid l-ri i thude bién sé n,, ching ta s&
fim cdch bieu dién dau ra f(k,,t+ 1) dya vao
f(ky. i) da c6 truée d6 nhu san

fked = Y ek (6)
Kg=i—n+1
t+1
it = ) k)
kp=lomé2

{
x(ky, k) + x(ky i+ 1)

fazizner —x(k,t—n+1)
= f(ky i)+ xChy, i+ 1) —x(ky, (f+1) = 1)

Nhr vy, véi mi gid rj k, cb dohs B4 "C’»h‘f:;
ra cha f tai vj tri (ky,1+ 1) dugc ".nh Ilafmng "
diu ra cua f tai vi tri truée d6 ta (’h:“) c0ng o1 g1a
trj ddu vio cita x tai (ky, i + 1) vi rir di gid 11 X 21

(ky, (i + 1) —n). N
Nhu vdy, véi phuong phip 1i1nh truy .hm' qza
cong thae (17), dé c6 mot gia i daura f & C‘?! 1
ching ta cn mAt mot chi phi 1A 2 pbép ton cdng,
ngoai trir gid trj ddu tién cua cot Umg vainy = 0 thi

vin phii thye hi¢n n phép todn cong.
ny Xk, p)

FUMES)

—S =k 1)
Flhy iy =< — |

e
. Xk (4 1)~ )

Hinh. 5. Minh hoa céch tinh nhanh céc gid i f qua
phuong phap tinb truy hét.

Lép ludn twong tr v6i giai doan Iiép theo, ching
ta sir dung tin héu diu ra cia giai doan truée d6 1 f
nhan cuén 1-chidu véi hy(n,) dé thu duoc daura y,
nhu sau:

yonmg) = )yl = k) f(kn)
=

1
= o Z 1. f(kyna) (18)
ky=ry-mat
Ty

1
= n z flrn)
ky=ng—m+1

V6i moi gid 1mi I thudc bi 58 n,, ching 1a &
fim cdch bidu didn ddv ra ) "+1n) dya vio
v(1,ny) dacé trude dé nbur sau

V=
mxn
ky=r=m+1

flo =5
nu, (19)
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« Skym3)
ky=imme1

1 i+1
y(i+1,n,) = T f(ky,nz)

ky=i—m+2

Z flhksms) + £+ 1m)

ky=1mmal

mxn

—fl+1-mny)

:m[s +f(+1n) - f(i+1-mmny)]

Thyc hién tinh truy hdi cho cic gid irj S; qua
cong thir sau:

Sur= S+ fli+1Lm) - f(i+1-mn) 1)
Tir (20) va (21) chung ta cé:
yi+1n)= Sutr (22)

Nbu vy, v6i phuong phap tinh truy héi qua
cong thie (21) va (22) dc c6 mdi gid trj ddu ra ya
dong n,, ching ta cAn mét mét chi phi & 2 phép todn
cong va mdt phép chia voi hang $0 nguyén mxn,
ngoai trir gia tr dAu tién cia dong (mg véi n, = 0 thi
vin phéi thuc hién m phép toén chng va mot phép
chia nguyén. Mat khéc, dé co thé thyc hién tinh truy
b, ching ta cin phaj b m6t bién nh¢ ¢é hru it gid
trj tong S; thu dwgc & mdi budc dé phuc vu cho budc
tinh sau. Hinh 6 minh hoa cho phuong phép tinh cdc
gi4 trj S dya vio truy hdt

n

flt+1—m, ) vorn, =k,
Sh)

k,¢ee® @00 000
5 fG+1Ln)vain, =k,
0 > n

M-1

Hinh. 6. Minh hoa céch tinh nhanh céc gid tri y qua
phuong phép tinh truy hdi dya trén céc cong thirc
Q1) va (22).

Tém lai, tong sb phép todn cén thyc hién dé thu
duge toan bé tin higu anh dau ra y dya vao tio hi¢u

31

anh d3u vao x theo d& xvit méi sé 1a:
[(2xMx(N + n = 1)) + Mxn] + [2x(M +
m—1)x(N +n—1) + (N +n— 1)xm] phép
cdng va (M + m — 1)x(N + n — 1) phép chia
nguyén

Khi M,N 3>m,n thi s6 phép tosn xdp xi la:
(4xMxN) phép cong vi MxN phép chia
nguyén
5. Két qua thyc nghiém v thio ludn

(;h(nng 161 42 tién hanh thyc nghiém cai dit cac
dé xuat trén méi trudéng Mp trinh Microsoft Visual
C++ MFC, két qua thyc nghiém dugc thé hién qua
céc hinh duéi day:

(23)

(24)

------- Ry thujt ghe

—— Ky thult chia ks
—— Ky thuit ¢k oo

Hinh. 7. So sanh th&i gian thyc hi¢n b6 loc trung
binh theo céc ky thudt khdc nhau dya trén anh dau
vao cb kich thuge 500x500, thyc nghiém trén cung
mdt may tinh HPH Windows 10.

ocw3sad

Al gidy

= == -Ky thuit chux ich
———K§ thudt cdi ticn

Hioh. 8. So sénh th&i gian thyc hién bj loc trung
bioh gitra ky thudt chia tAch va k¥ thuit cai tién, thue
nghiém trén ciing mdt méy tivh HDH Windows 10.

Hinh. 9. So sanh thoi gian thyc hién bd loc trung
binh theo ky thuat cai tién vai céc kich thuc anh diu
vao khic nhau, thyc nghiém trén cing mét may tinh
HDH Windows 10.

Két qua thé hign trong Hinh 7 cho ﬂlay k§ thut
chia nach va ky thuat caj tién dem lai sy cdi thién rat
1ém v& téc do khi kich thuoc cia bd loc ting truéng.
Va né ciing cho thiy ky thudt géc cé chi phi thai gian
tang nhanh |heo kich thuéc b loc, chi phi théi gian
ndy dé dang tién té1 nguang khé chdp nhan dugc véi
cac img dung doi hoi téc d6 dap img cao ma dién



13p ¢h Khoa hoc

hinh trong sé nay la cac img dung théi gian thyc (real
time),

High 8 cho théy sy khic biét 16n vé thoi gmn
thue hién theo ky thuat chia tach va k¥ thudt cai tién
theo si ting truémg caa kich thude b loc.

Hinh 9 thé hén cbs phi théi gian thyc hign bd
loc theo ky thudt cai tién v6i kich thuée b loc va
kich thudc anh diu vao thay ddi. N6 cuug cho thy
tho gian thuc hién theo ky thut cai tién gdo nhu 13
bt bién véi sir thay di kich thude cia bg loc.

Tham khao thém \’lch thire nghiém so sinh (oc
d6, gitta gidi phap cai tién cai dat trong phan mém
ImPro cia ching 161 vén giai phap gde dugc ca dat
trong chire ning loc lam mé (Box Blur) cua phan
mem Adobe Photoshop tai [5].

6. Két luan

. Qua cic phén tich vé miit ly thuyét cunu nhu céc
két qua thyc nghlem da lhc bién 3 sy 16i uu cia ky
thudt ma ching (6i dé xuét trong bai bio nay. Viée ap
dung ky thuat nay duéi dang phan mém (software) sé
givp day nhaah tSc 49 tinh toén, mang lai tinh kha thi
caa cho cdc img dung phdn mém doi héi xur ly thai
gian thye. Néu trién khai duéi dang mach xir [y
(hardwarc) s& gitp giam c4c phan tir (nut) tinh todn,
fr dé anh hudng tich cuc dén chi phi thiét ké va san
xual

Xa hov nira, ky thujt car tién ma ching 161 dé
xudt c6 thé mé rong mdt céch tir nhién cho cic bai
toan loc tin hlcu ohiéu chitu bang b6 lpc rung binh
khong gian, diéu md cac ky thudt (7] va [8] khong thé
lam duoc bai cich tiép cin don gidn va bé bube trong
khéng gian 2 chiéu cua no.
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Video thyc nghiém so sinh v&i ky thuat pée trong
phan mém Adobe Photoshop. Link:
hnps://youtu.be/U3KIOmI_JEM.
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