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Tom t i t 

Bp loc trung binh khong gian la mot trong so cac bg loc dwgc sg dung pho biin trong ITnh vac xa ly' tin hien 
so noi chung va xa ly anh noi n§ng. Vi thi viec nghien cau va cai tiin ky thuat thgc hien bo Igc se mang lai 
anh hoang tich cgc xk tren ca khia c^nh phin cang (Hardware) lin phin mim (Software). Nhang nghien 
c&u cua chung toi trong bai bao nay da chi ra mot giai phap thgc hien mai, giup cai thien rat lan vi do phirc 
tap tinh toan, tir do riit ngin thai gian thgc hien mgt each vogt trgi khi so sanh vai ky thuat goc trong cac kit 
qua thgc nghiem daai dang phin mim. Bac biet, cac di xuit nay co thS ma rgng mot each tg nhien len 
khong gian n-chiiu. 

Td khda: Bg Igc trung binh, Loc nhieu, Loc lam md anh, Xi> ly anh, Xd ly tin hieu sd 

Abstract 

t\Aean filters are among the most commonly used filters in the field of digital signal processing in general and 
image processing in particular Therefore, the research and Improvement of the filter technology will have a 
positive impact on both the hardware and the software. Our studies in this paper have shown a new 
implementation solution, which greatly improves computational complexity, thus reducing the time taken for 
implementation to be superior to that of the original technique, in experimental results in the form of 
software. In particular, these suggestions can naturally expand into the n-dimensional space. 
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l .Md 'dau 

Bd lpc trung binh trong khdng gian 2-chieu, hay 
cdn dugc goi vdi thuat ngii la "2D Mean Filter", la 
mdt bd lge dugc sii dung phd bien trong lmh vtrc xir 
Iy dnh de thuc hien cac tac vu lam tran anh 
(smoothing), ldm rad (blur), tang cudng cac chi tiet 
(sharpen details), hay kliir nhieu (reraove noise) [2-5] 
va nhieu iing dung khac trong Itnh vuc xti ly tin hieu 
sd ndi chung. Do dd, viec nghien ciiu nham cdi tien 
ky thudt thuc thi cua bg loc ludn duoc quan tara [6-8], 
bdi ket qua se gdp phan dan gian hda kien tnic raach 
xii ly tin hieu sd (DSP) ddi vdi gidi phap phan ciing 
(Hardware), hay cai thien thdi gian thuc hien loc cho 
cdc gidi phap phan mem (Software). Tir dd, bdi bao 
nay tap trung nghien ciiu cac ky thuat thuc hien bd 
loc tmng binh da cd, va dd xuat cai tien nham mang 
lai rapt k6t qua kha dT tdt ban cac ky thuat hien tai, 

2. Cac kien thirc lien quan 

2.1. Nhan chgp 2-chiiu vd bg Igc chia tdch duffc flj 

' Dja chi lien he: Tel.: (+84) 905.103.928 
Email, nhtai2004@gmail.com 

Trong ITnh vuc xir ly tin hieu sd, mdt dnh sd X 
cd kich thuoc MxN (M cgt vd N ddng) dugc xem la 
mgt tin hieu 2 chieu x(ni, n^), trong dd: 

^C"l,"2) = 
\X(ni,n2) v&i 

(.0 neu nguoc Iai 

0 < Hi < M 
0 < r = N 

vd bd lpc sd 2-chieu H dugc xdc dinh qua cdc gia tri 
dap irng xung h(ni,n2) cua nd, Bg lpc 2-chieu H 
dugc ggi la cd dap dng xung hitu han khi va chi khi: 

(h(ni, n2) > 0 vdl 0 < n^ < m va 0 < 713 < n 

{h(ni, Hz) = 0 neu ngugc lai 

raxn dugc ggi la kich thudc bd Igc, Khi ra - n ta cd 
bd Igc hinh vudng. 

Loc anh ddu vao X bdi bd Igc H dugc thue hien 
qua thao tac nhan cudn (convolution) 2-chieu, hay 
cdn duac gpi Id nhdn chap, cho bdi cong thuc sau: 

y (n i . nz ) = ^ (n j . " z ) * /tC"i."2) 

V^ V^ CO 
) ^ x{/ci , /cz)K"i-Ki,n2-M 

mailto:nhtai2004@gmail.com
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Hinh. 1. Lge tmng binh trong khong gian 2-chidu (a) Anh gdc mandril_color kich thudc 512x512, ( ) 

Igc vdi kich thudc bd Igc 5x5, (c) Kdt qua Igc vdi kich thudc bd loc 9x9. 

M-: - i—© -
s g 
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Hinh. 2, Nhan cudn ciia x(ni, nz) vdi ddf 

Ket qua ddu ra chung ta thu dugc anh Y dugc 
bieu dien qua tin hieu 2-chieu yCn^, nz) cd gid tri xac 
dmh Id: 

\y(n,.n,}>0 vai o < n , < iV + n - 1 

ty{ni, riz) = 0 neu ngugc lai 

Tir dd, kich thudc anh ddu ra Y se la: 
(M+m-l)x(N+n-l), va cdn thuc hien 
(M+m-})J<(N+n-l)x(mxn) phep xir ly todn hoc, vdi 
mdi phep xu ly toan hoc d day gdm 1 phep nhdn va 
mdt phep cdng. 

Khi kich thudc dnh la rdt ldn so vdi kich thudc 
bd loc, hay M.N»m,n, thi sd phep xii ly todn hgc cdn 
xir ly la xap xi: 

(NxM')>in>m) (2) 

1 ling xung 2-chieu h{n^, TIJ) chia tdch dugc. 

Trong trudng hgp /iCni.nj) la chudi chia tach 
dugc (separable sequence), nd cd the dugc bieu dien 
dudi dang: 

Kn^,n2)= /tiCnJhzCnz) (3) 

Trong dd: h.^(n^ = 0 vdi n-^ ngoai [0,m] 

/izC"2) ^ 0 vdi n^ ngoai [0,n] 

Tir(2) va(3) ta cd: 

yCi i .nz ) = JcC"i ."z)* ' iCni , i ' ; j 

^ ^ x(fci,fc2)'ii(ni-fei}''':C'i2-kz) 

£ h i (n i - / ca ) Y. <k^.k2j ,j . - ,,^) 

Vdi mdi gia tri k^ cd dinh. 

(4) 
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1 x(k-^, k2)h2(n2 - fez) 

uong (4) la mdt phep nhan cudn 1-chieu (1-D 
convolution) cua xC^i.na) va /izCnz). Ndu chiing ta 
dat: 

/ ( f e i . n 2 ) = ^ ^(fei-M/izC^z-Z^z) (5) 

dli /CO,nz) la kdt qua nhdn cugn 1-chieu giiia 
^(O.nz) va /izC^z) ti^iit minh hga trong Hinh 2. Ta 
thdy, N gia tri iing vdi cdt fe^ cua xCn^jTiz) se nhan 
cudn 1-chieu vdi n gid tri cua /t2(n2), thao tdc nay 
cdn thuc hien M lan iing vdi M gia tri khac nhau ciia 
kl. Vi vay, chiing ta can xap xi fW+M-i^,xwxMphep 
xir ly todn hgc. 

Tir (4) va (5) ta cd; 

yini.nz) -- X hdn,- k,)f(.k„n^) (6) 

Vdi mdi gid tri n2 cd dinh, yCn^, 712) cd dugc 
bang each nhan cugn 1-chieu / i i (ni) voi f(jii,n2^. 
Vi du, y (n i , 1) cd dugc bang cdch nhan cugn 1-chieu 
h i (n i ) vdi / { n i , 1) nhu trong Hinh 2. C5 day 
/ ( t l , "2) chinh la /(fei, "z ) nhung dugc ddi ten bidn. 
Thao tac nhan cudn 1-chieu hi(n{) vdi 1 hang cua 
/ ( t i i t z ) can dugc thuc hien (N+n-1) lan vdi (N+n-
1) hdng khac nhau, vi vay d gian doan nay chung ta 
se can (M-i-ra-l)xrax(N-i-n-l) phep xir ly toan hgc 

Nhu vay, khi dap iing xung 2-chidu /i(ni, Tiz) la 
chia tach dugc thanh tich cua 2 ddp ung xung 1-chieu 
la /t i(ni) va ^2(^2) thi do phiic tap tinh toan ciia 
thao tac Igc thdng qua 2 phep nhan cugn 1 -chidu se 

(V) 
[{N + n-r)xnxM] 

•^[{M + m- DxmxiN -I- n - 1)] 

Khi kich thugc dnh la rdt idn so vdi kich thudc 
hd loc, hay M,N»m,n, thi so phep xir ly todn hgc can 
thuc hien la xap xi: 

NxMx(n + m) (8) 

2.2. Bg loc trung binh 2-chiiu 

Mdt bd Igc tmng binh 2-chieu kich thudc raxn 
dugc xac dinh bdi cac gia tri dap img xung eho bdi 
cdng thirc sau: 

h(n,, TtT) = vai 0 < rti < m, 0 < n i < n 
^ ^̂  mxn \ ' 2. ^^^ 

^(ni.Uz) = 0 ngirgc lai 

Hinh 3(a) mmh boa cho chiing ta cdc gid tri cua 
dap ling xung h(ni , n2) co kich thudc 3x3 dugc bidu 
dien dudi dang ma trdn (hay cdn ggi la mat na Igc), 
va dang bieu dien tuang duong cua nd vdi he sd nhan 
1/9 (cdn dugc ggi la Gain cua bd loc) va cdc gia tri 
ben trong deu bang 1. Dang chuydn ddi ve so nguyen 
nay mang lai kha nang thirc hien bg lge tren cac he 
thdng xu ly sd nguyen. 

1/9 

1/9 

ira 

1 

1 

1 

1/9 

1/9 

1/9 

1 

1 

1 

1/9 

1/9 

1/9 

1 

1 
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(a) (b) 
Hinh, 3 . Mdt sd mat na lge cua bd lpc trung binh 2D. 

Vi toan bd cdc he sd cua mat na lpc trung binh 
deu duge chuyen ddi ve gid tri 1, nen trong thao tac 
rdidn cugn de thuc hifin loc se khdng cSn thuc hifn 
phep nhdn x(fei,fe2)/i(?ti — fei,n2 — fez). Do do, sd 
phep toan de thuc hien bd loc trung binh 2-chieu tren 
mdt tin hieu anh ddu vdo theo cdng thiic (2) se cho 
gia tri xap xi: 

(AfxM)x(nxm) phep toan cdng va (WxM) 
phep toan ehia 

(10) 

3. De xuat ky thuSt chia tach 

Rd rang, bg loc tmng binh 2-chieu la chia tach 
dugc thanh 2 bd loc 1-chieu theo cac dinh nghTa tai 
(3)va(9) . Cuthd: 

/ t (%,"z ) = 

Trong dd: 

^ / i i(ni)/ tz(nz) (11) 

^iCi-i) = vdi 0 < nj < Tn 

/ i i ( " i} = 0 ngugc lai 

/tzCjiz) = 1 vdi 0 < nz < n 

/iz('^z) — 0 ngugc lai 

(12) 

(13) 

/tCni.nz), /ti(n.i) va /izCnz) dugc xdc djnh bdi cac 
mat na loc nhu trong Hinh 3. 

Nhu vay, bg Igc trung binh 2-chieu 6 mgi kich 
thudc deu cd the dugc thuc hien mgt each nhanh 
chdng thdng qua 2 bd igc 1 -chieu theo quy trinh dugc 
md ta d Hinh 2 Theo cdch thuc hien nay, va tii' cac 
cdng thirc (8) va (10), chiing ta suy ra sd phep todn 
can thuc hien se gidm tir: 



iH 

Hinh. 4. Mat na lge ciia bd lpc tmng bmh 2-chidu kich thudc mxn vd 2 thanh phdn chia tach ciia nd. (a) • 
lge trung binh 2-chidu , (b) & (c) Mat na Igc ciia cac chia tdch h^ (%) theo ddng va /izCrtz) theo cot.. 

5 dinh, gia tri ddu 
(NxM)x(nxm) phep toan cdng vd (NxM) phep 

todn chia d phugng phdp gdc, 

xudng cdn' 

NxMx(n+ra) phep toan cdng va (NxM) phep 
toan chia. 

(14) 

se gidra dugc Hay ndi each khac, khi u 
(NxMxra)/2 sd phep toan cdng. 

4. De xuat ky thuat toi ini hoa quy trinh thirc hien 
bg Igc trung binh 2-chi^u. 

Trong phan ndy, chiing tdi tap trang phan tich 
mdt sd dac diem quan trong (rong quy trinh thuc hien 
nhan cudn tin hieu anh dau vao vdi 2 bd loc tbanh 
phan h-iin-i) vd /izCf^z)! nhu da dugc trinh bay Uong 
muc 2. 

Trudc tien, chiing ta tien hanh ahan cudn cac cdt 
cua tin hieu anh 2-chigu x(ni,n2) vdi dap iing xung 
''z("-z) de thu duac tm hieu trung gian/(fei, nz) theo 
cdng thiic (5) se trd thanh: 

/(tl ,Jl2)= Y, '(I'l.k2}lt2(n2-h} 
IC2^-eo 

^ sr(ki,fez).l (15) 

" 2 

^ x(fei,fez) 

Vdi moi gid tri i thudc bien sd Uz, chiing ta se 
tim each bieu diln dku. ra /(fe^, i + l ) dua vao 
/(fei, 0 da cd trade do nhu sau-

/(fei.O - I i(/t„fej) (16) 

/ ( t i , t + i ) = Y, ''(''.•''2) 

y x(k„k2)+x(_kiA + l} 

-x(_ki,i-n+l) 
= / ( k l , 0 + ^ ( ' 1 , i + 1) - ^(k,, (i + 1) - n) 

Nhu vay, voi mSi gia tri k, co d,— , ,; 
ra cua / tai vi tri (k,.i + 1) dtroc tinh b^ng chttth 
d k ra d a / lai vi tri tnroc do la (*:„ 0 WUB ™ gia 
tri tin vao cita x tai {*„ i + 1) va trii i' g a « ' * 
(/ci,(i + l ) - n ) . 

Nhu vay, voi phuong phap tinh truy h6i_ qua 
cong thuc (17), de co mot gia tn dau ra / o cpt k^ 
chting ta c k mSt mot chi phi lit 2 phep toan^cong, 
ngoai trti gia tri d k tien cua cot img vol iij - 0 thi 
v k phai thuc hien n phep loan cong. 

«(*,.( '+ « - n ) 

Hinh, 5, Minh hoa each tinh nhanh cac gia tri / qua 
phuong phap tiuh truy hoi. 

Lap luan tuong tu vtji giai doan tiep theo, chung 
ta su dung tin hieu dau ra ctia giai doan trutjc do la / 
tihan cuon 1-chieu voi h,(n,) de thu duac dau ra y, 
nhu sau: 

y(ni , iij) = 2 ^ h , (m ~k,)f(Jii, iij) 

= ^^_Z_^^J«"i'"^' (18) 

m-Art _Z_j 

Voi mpi gia tti i thupc b, .,6 „^^ ^^. ,^ ĝ 
tim each bieu dien dau ra \ ; + l , n ^ ) j ^ j , „jo 
y(i, n,) da CO truoc do nhu sau 

-^-^ y /('. =-i 
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5,^J ^ / ( fe i .nz) 

1 V 

TnXTl ^ j 
ki=i-m+2 

Y, /Cti,n2)+/(i + l,i2) 
1 

mxn 
*,.i-mti (20) 

- / ( i + l-m.Tij) 

= K + / ( i + l,n2) - / ( i + l-m.ni)] 
mxri 

Thyc hien tinh truy hdi cho cac gia tri Sj qua 
cdng thiic sau: 

5,+i = Si +f(,i -b 1,712)-f(i + 1 - Jn-Wz) (21) 

Tu (20) vd (21) chiing ta cd: 

y ( i + l , „ 2 ) = ^ (22) 
m x n 

Nhu vay, voi phuang phdp tinh truy hdi qua 
cdng thirc (21) va (22), dd cd mdi gia tri dau ra y d 
ddng n j , chiing ta cdn mat mdt chi phi la 2 phep todn 
cpng va mdt phep ehia vdi hang sd nguyen mxn, 
ngoai trir gia tri ddu tien cua ddng irng vdi TIJ = 0 thi 
vdn phdi thuc hien m phep todn cdng va mgt phep 
chia nguyen. Mat khde, dd cd the thirc hien tinh truy 
hdi, chiing ta can phai cd mgt bien nhd de luu trir gid 
tri tong Si thu dugc d mdi budc de phuc vu cho budc 
tinh sau. Hmh 6 minh hoa cho phuong phdp tinh cdc 
gia tri 5 di^a vao truy hoi 

/ ( i -I-1 - m, n2) vdl nj = fez 

\ • î+i 

Si / ( ( + l,nz)vdiTiz = fe2 

- » " 1 

Hinh. 6. Minh hga cdch tinh nhanh cdc gia trj y qua 
phirong phap tinh truy hdi dua tren cac cdng thirc 
(21)vd(22). 

Tdm lai, tdng sd phep toan can thuc hien de thu 
dugc tgan bg tin hieu dnh ddu ra y dua vao tin hieu 

dnh ddu vdo x theo de xuat radi se la: 

[(ZxMxCN -I- n - D ) 4- Mxn] + [2x(M + 
m - l)x(W - l - n - l ) 4 - ( W 4 - 7 i - D x m ] phep 
cdng vd (M -I- m — l)x(W -I- n - 1) phep chia 
nguyen 

Khi M,N » m , n thi sd phep todn xdp xi la: 

(4xMxW) p h e p cong va MxN p h e p chia 

n g u y e n 

5. Ket qua thirc nghiam v^ thao lu^n 

Chung tdi da tien hanh thuc nghiem cai dat cac 
de xuat tren mdi trudng lap trinh Microsoft Visual 
C-H- MFC, kdt qud thuc nghiem dugc th^ hien qua 
cac hinh dudi day: 

(23) 

(24) 

Hinh. 7. So sdnh thgi gian thuc hi^n bd loc tnmg 
binh theo cac ky thuat khac nhau dua tren dnh d§u 
vao cd kich thudc 500x500, thuc nghiem tren cung 
mdt may tinh HDH Windows 10. 

Hinh. 8. So sdnh thdi gian thuc hidn bd loc trung 
binh giiia ky thuat chia tach vd ky thuat cdi tien, thirc 
nghidm tren cimg mgt may tinh HDH Wmdows 10. 

Hinh. 9. So sanh thdi gian thuc hien bg Igc tmng 
binh theo ky thuat cdi tidn vdi cac kich thudc anh dau 
vao khde nhau, tbuc nghiem tren ciing ragt may tinh 
HDH Windows 10, 

Kdt qua thd hien trong Hinh 7 cho thay ky thuat 
chia tach vd ky thudt cai tien dem lai su cdi thien rat 
Idn vk tdc dg khi kich thudc ciia bg Igc tang trudng. 
Yd nd Cling cho thdy ky thuat gdc cd chi phi thdi gian 
tang nhanh theo kich thudc bg loc, chi phi thdi gian 
nay dd dang tidn tdi ngudng khd chap nhan dugc voi 
cac ling dung ddi hdi tdc do dap iing cao md dien 
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hinh trong sd nay la cac ung dung thdi gian thuc (real 
time), 

Hinh 8 cho thdy su khde biet ldn vd thdi gian 
thuc hien theo ky thuat chia tach va ky thuat cai tidn 
theo su tang trurdng cua kich thudc bd loc, 

Hinh 9 the hien chi phi thdi gian thuc hien bg 
loc theo ky thudt^ cdi tign vdi kich thudc bd loc va 
kich thudc dnh dau vao thay ddi. Nd cung cho thdy 
thdi gjan thuc hien theo ky thudt cai tien gdn nhu la 
bat bien vdi su thay ddi kich thudc cua bd lpc. 

Tham khao them video thuc ngbiera so sdnh tdc 
do, gi&a giai phdp cai ti6n cai dat trong phdn mdra 
ImPro cua chiing tdi vdi giai phap gdc dugc cai dat 
trong chirc nang loc lam rad (Box Blur) ciia phdn 
mem Adobe Photoshop tai [5]. 

6. Ket luan 

Qua cac phdn tich ve mat ly thuygt cung nhir cdc 
ket qua thuc nghiem, da the hien rd su tdi uu ciia ky 
thuat raa chiing tdi de xuat trong bai bao nay. Viec ap 
dung ky thudt ndy dudi dang phan mem (software) se 
giiip day nhanh tdc do tinh lodn, mang lai tinh khd thi 
cao cho cdc iing dung phdn mem ddi hdi xir ly thdi 
gian thuc. Neu trien khai dudi dang mach xu Iy 
(hardware) se giiip giara cdc phan tir (nut) tfnh toan, 
tir dd anh hudng tich cue den chi phi thiet ke va san 
xuat 

Xa hem nira, ky thuat cai tien raa chung toi de 
xuat cd the rad rdng mgt cdch tu nhien cho cac bai 
toan Ipc tin hieu nhieu chieu bang bg loc trung binh 
khdng gian, dieu raa cac ky thudt [7] va [8] khdng thd 
lam dugc bdi each tiep can don gian va bd buoc trong 
khong gian 2 chieu cua nd. 
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