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Tom tat

B6 loc trung binh khéng gian la mét trong sé cac bd loc duoc sw dung phc"3 bién trong linh vurc xi¥ ly tin hién
s6 néi chung va xi ly dnh néi riéng. Vi thé viéc nghién ctru va cai tién ky thuat thuc hién bo loc sé mang lai
anh huéng tich cuc xét trén ca khia canh phén cting (Hardware) I4n phdn mém (Software). Nhitng nghién
ctru cla ching téi trong bai bdo nay da chi ra mét gidi phap thuc hién maéi, gitp cai thién rat Ién vé dé phurc
tap tinh toén, tir d6 rat ngan thoi gian thuc hién mét céch vuot trdi khi so sénh véi ki thuat géc trong cac két
qua thuc nghiém duwéi dang phdn mém. Péc biét, cac dé xuét nay c6 thé mé réng mét cach tw nhién 1én
khéng gian n-chiéu.

T khoa: B6 loc trung binh, Loc nhiéu, Loc 1am mé anh, X ly anh, X ly tin hiéu sb
Abstract

Mean 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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1. Mé dau

Bo loc trung binh trong khong gian 2-chiéu, hay
con dugc goi voi thuat nglr 1a “2D Mean Filter”, la
mot bd loc dugc stir dung phé bién trong linh vuc xt
ly anh dé thuc hién cic tac vu lam tron éanh
(smoothing), 1am m& (blur), ting cudng cac chi tiét
(sharpen details), hay khtr nhiéu (remove noise) [2-5]
va nhiéu tmg dung khac trong linh vuc xi Iy tin hiéu
s6 noi chung. Do d6, viéc nghién curu nham cai tién
k¥ thuat thyuc thi cia bd loc luén dugc quan tam [6-8],
boi két qua s& gop phan don gian hoa kién tric mach
xir 1y tin hiéu s6 (DSP) dbi véi giai phap phan cimg
(Hardware), hay cai thién thoi gian thuc hién loc cho
céc giai phap phan mém (Software). Tir d6, bai bao
nay tap trung nghién ctu cac k¥ thuat thuc hién bd
loc trung binh di c6, va dé xuat cai tién nhim mang
lai mot két qua kha di t6t hon cac k¥ thuat hién tai.

2. Cac kién thire lién quan

2.1. Nhén chdp 2-chiéu va bé loc chia tich dwoc [1]

* Dia chi lién hé: Tel.: (+84) 905.103.928
Email: nhtai2004@gmail.com

Trong linh vyc xi 1y tin hiéu s6, mot anh s6 X
¢6 kich thuéec MxN (M cot va N dong) dugc xem la
mot tin hiéu 2 chiéu x(n,, n,), trong do:

0<n <M

X(ny,n,) véi 0<n,<N

x(ny,m,) = [

0 néunguoc lai
va bd loc s6 2-chidu H duoc x4c dinh qua cac g‘ié tri
dap tng xung h(n;,n,) cua nod. Bo loc 2-chiéu H
duoc goi la ¢6 dap tng xung hiru han khi va chi khi:
{h(nl,nz) >0v6i 0<n, <mvad<n,<n
h(n;,n,) = 0 néu nguoc lai

mxn dugc goi 1a kich thudce bd loc. Khi m = n ta co
bd loc hinh vudng.

Loc anh dau vao X boi bg loc H dugc thyc hign
qua thao tadc nhéan cugn (convolution) 2-chicu, hay
con duoc goi 1a nhan chép, cho boi cong thic sau:

y(ny,n,) = x(ny,n,) * h(ng, ny)

x(ky, k)h(ny — ky,my — k)

kq=—00 ky=—00
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Hinh. 1. Loc trung binh trong khong gian 2-chiéu. (a) Anh gbc mandril_color kich thugc 512x512, (b) Két qua
loc véi kich thude b loc 5x5, (¢) Két qua loc vai kich thudce bo loc 9x9.
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Hinh. 2. Nhan cudn cta x(n,,n,) véi dap Gmg xung 2-chiéu h(n,, n,) chia tach duoc.

Két qua dau ra ching ta thu dugc anh Y duoc
biéu dién qua tin hiéu 2-chiéu y(n,, n,) c6 gia tri xac
dinh 1a:
0<n, <M+m-1
0<n,<N+n-1
néu ngwoc lai

y(n,ny) =0 vbi

y(ny,ny) =0

Tu d6, kich thuéc anh dau ra Y sé la:
(M+m-1)x(N+n-1), va can thuc hién
(M+m-1)x(N+n-1)x(m>n) phép xtr ly toan hoc, v6i
mdi phép xir 1y toan hoc & ddy gom 1 phép nhan va
mot phép cong.

Khi kich thudc anh 1a rét I6n so véi kich thudc
bo loc, hay M,N>m,n, thi so phép xur Iy toan hoc can
xtr ly 1a xap xi:

(N xM) x(nxm) 2)
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Trong truong hop h(ny,n,) 1a chudi chia tich
duoc (separable sequence), nd cé thé duoc bicu dien
duéi dang:

h(ny,ny) = hy(ny)hy(nz)

h,(n;) = 0 v&in, ngoai [0, m]

3)
Trong d6:

h,(n,) = 0 véin, ngoai [0, n]
Tir (2) va (3) ta ¢6:

y(ny,ny) = x(ny,ny) * h(nyg, ny)

o]

Z x(ky, kz)hy(ng — ky) hy(ny — k3)

s

=20k =2eo “)
= ) il —k) Y k) ha(n, o)
ky=—o0 k,=—00
V6i mdi gia tri ky cb dinh,
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x(ky, k2)ha(ng — k3)
kp=—00 .
trong (4) la mot phép nhan cudn 1-chiéu (1-D
convolution) cua x(kq,n,) va h,(n,). Néu ching ta
dat:

[oe]

flkum) = ) xl, khy(n, — ky)

ky=—o0

®)

thi £(0,n,) 1a két qua nhan cudn 1-chiéu giira
x(0,n,) va hy(n,) nhu minh hoa trong Hinh 2. Ta
thdy, N gi4 tri ing voi cot ky ciia x(ny,n,) s& nhan
cudn 1-chiéu véi n gia tri ciia h,(n,), thao tac nay
can thuc hién M lan ung voi M gia tri khac nhau cia
k. Vi vay, ching ta can xap xi (N+n-1)xnxM phép
xt ly toan hoc.

Tu (4) va (5) ta co:

y(ny,ny) = Z hi(ny — ky) f(ky,m2)

k1=—oo

(6)

Véi mdi gia tri n, ¢b dinh, y(ny,n,) c6 duoc
bang cach nhan cudn l-chiéu hy(n,;) véi f (nl,nz)
Vi dy, y(ny, 1) c6 duge bing cach nhan cudn 1-chiéu
hy(ny) véi f(ny,1) nhu trong Hinh 2. O day
f(ny,m,) chinh 1a f(ky, ny) nhung duogc dbi tén bién.
Thao tac nhan cudn 1- chiéu hy(n;) véi 1 hang cua
f(ny,n,) can duoc thyc hién (N+n-1) 1an véi (N+n-
1) hang khac nhau, vi vdy & gian doan nay ching ta
s& can (M+m-1)xmx(N-+n-1) phép xir Iy toan hoc.

Nhu vay, khi dap tmg xung 2-chiéu h(ny,n,) la
chia tach dugc thanh tich cua 2 dép Gmg xung 1-chiéu
la hy(n;) va h,(n,) thi dd phtrc tap tinh toan cua
thao tac loc thong qua 2 phép nhan cudn 1-chiéu s&
la:

[(N +n—1)xnxM]

(7
+[(M +m —1)xmx(N +n—1)]

Khi kich thudc anh 1a rat 16n so véi kich thude
b loc, hay M,N»m,n, thi s0 phép xur Iy toan hoc can
thyc hién la xap xi:

NxM x(n +m)
2.2. Bj lpc trung binh 2-chiéu

®)

Mot bd loc trung binh 2-chiéu kich thuéc mxn
duoc xac dinh boi cac gia tri dap Gng xung cho boi
cong thue sau:

1
h(ny, ny) = vé6i0<n, <m0<n,<n ©

h(ny,n,) = 0 nguwoc lai
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Hinh 3(a) minh hoa cho chung ta cac gia tri cua
dap tmg xung h(ny, n,) c6 kich thude 3x3 duoc biéu
dién dudi dang ma tran (hay con goi 1a mit na loc),
va dang biéu dién twong dwong ciia né véi hé sb nhan
1/9 (con duge goi 1a Gain cua bg loc) va cdc gia tri
bén trong déu bang 1. Dang chuyén ddi vé sd nguyén
nay mang lai kha nang thyc hién bd loc trén cac hé
thong xir ly s6 nguyén.

1/9]1/9]1/9

Hyp= |1/9]1/9]1/9
1/9[1/9[1/9 : 1 1 1 1
. 1111 HH:% EERERERE
=3 1111 1010111
1111 'EERERERE

(@) (b)

Hinh. 3. Mot s6 mit na loc cua bo loc trung binh 2D.

Vi toan bd cac hé sd ciia mat na loc trung binh
déu duoc chuyén ddi vé gia tri 1, nén trong thao tac
nhan cudn dé thuc hién loc s& khong can thuc hién
phép nhan x(ky, k,)h(n, — ky,n, — k,). Do do, sb
phép toan dé thuc hién b loc trung binh 2-chiéu trén
mot tin hiéu anh diu vao theo cong thirc (2) s& cho
gié tri x4p xi:

(NxM)x(nxm) phép toan cong va (NxM)
o (10)

phép toan chia
3. Pé xuit k¥ thuit chia tach

R4 rang, b loc trung binh 2-chiéu 14 chia tach
duoc thanh 2 bd loc 1-chi€u theo cac dinh nghia tai
(3) va (9). Cu theé:

h(ny,n,) =m><n mn 1= hi(n)hy(ny) (11)
Trong d6:
1.
hl(nl) = vei0 < n,<m (12)
h,(ny) = 0 nguoc lai
va h,(ny,)=1v6i0<n, <n
21 2 (13)

h,(n,) = 0 ngwoec lai

h(ny, ny), hy(ny) va hy(n,) duoc xac dinh béi cac
mat na loc nhu trong Hinh 3.

Nhu vay, bo loc trung binh 2-chiéu & moi kich
thuéc déu c6 thé duoc thuc hién mot cach nhanh
chong thong qua 2 bd loc 1-chiéu theo quy trinh dwoc
mo td4 & Hinh 2. Theo cach thuc hién nay, va tir cac
cong thirc (8) va (10), chung ta suy ra s6 phép toan
can thyc hién sé giam tur:
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Hypn =

-
-

mxn 1- 1 : Hpmy1 = 1/(mxn) .

p

(a) (b)
Hinh. 4. Mat na loc cua bd loc trung binh 2-chiéu kich thudc mxn va 2 thanh phﬁn chia tach cua né. (a) Mét na
loc trung binh 2-chiéu , (b) & (c) Mit na loc ciia cac chia tach h; (n,) theo dong va h,(n,) theo cot..

-
N
N

(NxM)x(nxm) phép toan cong va (NxM) phép Nhu vay, v6i mdi gia tri k; c¢b dinh, gi4 tri diu
toan chia & phuong phap gdc, ra cua f tai vi tri (kq,i+ 1) duoc tinh bang chinh
dau ra cua f tai vi tri trude d6 1a (kq, i) cOng véi gia

xuong con: tri ddu vao cua x tai (kq,i + 1) va trir di gia tri x tai
NxMx(n+m) phép toan cdng va (NxM) phép (14) (ky, (+ 1) —n).

todn chia. Nhu viy, v6i phuong phép tinh truy hdi qua

Hay noi cach khac, khi m = n, s& giam duoc cong thirc (17) de c6 mot gia tri déu ra f & cot ky

(NxMxm)/2 sb phép toan cong. ching ta cin mat mot chi phi 1a 2 phép toan cong,

ngoai trir gia tri dau tién cta cot ung véi n, = 0 thi

4. De¢ xuat ky thuit toi wu héa quy trinh thuc hi¢n van phai thuc hién n phép toan cong.

b loc trung binh 2-chiéu.
n, x(ky, n2)

Trong phan nay, chung t6i tap trung phan tich A ! ‘
mot s6 dic diém quan trong trong quy trinh thue hién N-1 o x4 D)
nhgm cudn tin hiéu anh dau vao véi 2 bd loc thanh B 'T
phan h;(n;) va h,(n,), nhu da dugc trinh bay trong ‘ =flhy, i+ 1)
muc 2. ) =2 T B
. A o n A &<
Trudec tién, cht’mg ta tién hanh nhan cudn cac cot * x(ky, (i +1)—n)
cta tin hiéu anh 2-chiéu x(n,,n,) véi dap tng xung °
h,(n,) dé thu dugc tin hiéu trung gian f (k;,n,) theo .
cong thirc (5) sé tr thanh: 0 Y -
Flky,my) = Z x(ky, ky)hy (ny — ky) Hinh. 5. Mll’lh' hoa cachA .tlnh nhanh céc gia tri f qua
Ml phuong phép tinh truy hoi.
2 Lép luén twong ty voi giai doan tiép theo, chung
= x(ky,k2)- 1 (15)  ta s dung tin hiu ddu ra cua giai doan trudce do 1a f
kp=nz-n+1 nhéan cudn 1-chiéu v&i hy(n,) dé thu duge dau ra y,
2 nhur sau:
= x(ky, k) .
Kemmammat y(ny,ny) = Z hy(ny — kq) f(ky,m2)
V&1 moi gia tri 1 thudc bién sb n,, chung ta sé nk1=—°°
tim cach biéu dien dau ra f(ky,i+ 1) dua vao 1 !
f(ky, i) da co trude d6 nhu sau: = z 1. f(ky,my) (18)
i ki=n;-m+1
ny
flnd= > xC,ky) .
ky=i—-n+1 mxn ky=mp—m+1
) — Vi moi gia tri i thudc bién sb n,, ching ta s€
flhyi+1) = Z x(key, k) fim cach biéu didn ddu ra y(i+1,n;) dua vao
; kp=i-n+2 y(i,ny) da c6 trude d6 nhu sau:
= x(ky ko) +xCp i+ (7 | 1 <
kp=l-n+1 ' y(ng) =—— Z flhy,mg) =— (19)
—x(ky,i—n+1) ky=i-m+1

= fky, 0) + x(ky, i +1) — x(ky, (i + 1) — 1) Trong dé:

30
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Si = f(kl'nz)
ki=i-m+1
1 i+1
y(i+1,n;) = en f(ky,mz)
ki=i-m+2

Z F ki) + £Gi+1,12)

ki=i-m+1

mxn (20)

—fi+1-mny)

—-—m, nz)]

ﬁ[&- +f+1Lny)—f(G+1

Thyc hién tinh truy hdi cho céc gia tri S; qua
cong thue sau:
Sipi=S+fi+1L,n)—fi+1-mmn,) (21)
Tt (20) va (21) chang ta co:

Sit1

[ = 22
Y+ 1m) =t (2)

Nhu vy, v6i phuong phap tinh truy hoéi qua
cong thuc (21) va (22) de c6 moi gia tri déu ra y &
dong n,, ching ta can mat mot chi ph1 la 2 phép toan
cong va mét phép chia voi hang s nguyén mxn,
ngoai trir gi4 tri dau tién ciia dong tmg voi ny, = 0 thi
van phai thuc hién m phép toan cong va mot phép
chia nguyén. Mat khac, dé c6 thé thyc hién tinh truy
hdi, chiing ta can phai c6 mot bién nhé dé luu trir gia
tri tong S; thu dugc & mdi bude dé phuc vu cho bude
tinh sau. Hinh 6 minh hoa cho phuong phép tinh cac
gia tri S dua vao truy hoi.

ny
N

fli+1—m, n,)véin, =k,

Sit

——

k,® ® @8- @ °

Si

f(l + 1,712) VOl n, = k2

b
r

ny
M-1

Hinh. 6. Minh hoa céch tinh nhanh céc gié tri y qua
phuong phap tinh truy héi dua trén cac cong thic
(21) va (22).

Tom lai, tong s6 phép toan can thuc hién dé thu
duoc toan bo tin hi¢u anh dau ra y dya vao tin hiéu
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anh dau vao x theo dé xuat mai sé€ la:

[(2xMx(N + n — 1)) + Mxn] + [2x(M +
m—1)x(N+n—1)+ (N +n— 1)xm] phép

23
cong va (M +m — 1)x(N +n — 1) phép chia (23)
nguyén
Khi M,N >m,n thi sb phép toan xap xi 1a:
(4xMxN) phép cong va MxN phép chia (24)

nguyén
5. Két qua thye nghiém va théo luin

Chung t6i di tién hanh thuc nghiém cai dat cac
dé xuat trén moi truong lap trinh Microsoft Visual
C++ MFC, két qua thyc nghiém duge thé hién qua
cac hinh dudi day:

3000
2000

Mili giay

....... K§ thuat géc

K§ thuét chia tach

Ky thuét cai tién

Hinh. 7. So sanh thoi gian thyc hién bd loc trung
binh theo cac ky thuat khac nhau dya trén anh dau
vao co kich thude 500x500, thuyc nghi€ém trén cung
mot may tinh HDH Windows 10.

>
ggﬁ 15 PN A
— 10 =
=i -
= 5 = o N L
= Y ad ~—~. ====K thuit chia tich
e i L
N ONID O =N O -0 =—KFthuit cai ticn
X QOIS 0D D 7 :
M X X X X X X X X X X X X
COHRDO -0 O =®
Fr-AOTOD O N0
Kich thwéc bd loc (mxn)

Hinh. 8. So sanh thoi gian thuc hién bd lop trung
binh gitra k¥ thudt chia tach va k¥ thuat cai tién, thuc
nghiém trén cung mdt may tinh HDH Windows 10.

. 300 ol sesesce Kich thudc anh
=200 500x500
= = = = =Kich thudc anh
Z 100 1000x1000
0. Kich thude anh
DT ONLDLOC-ONWLD®— O 1300x1500
ZETNGTREER Qe — - Kb twioimn
TORDODOC-OKDO - O 2000x2000
T N®O T 000N 0RO c——Kich thude inh
Kich thwde bd loe 3264x2448

Hinh. 9. So sanh thoi gian thuc hién bd loc trung
binh theo k¥ thuat cai tién véi cac kich thudc anh dau
vao khac nhau, thyc nghiém trén cuing mdt may tinh
HDPH Windows 10.

Két qua thé hién trong Hinh 7 cho thiy k¥ thuat
chia tach va k¥ thuat cai tién dem lai sy cai thién rat
16n vé tdc do khi kich thude cua bd loc tang trudng.
Va n6 ciing cho thdy k¥ thuat gdc c6 chi phi thoi gian
tang nhanh theo kich thudc bd loc, chi phi thoi gian
nay d& dang tién téi ngudng kho chip nhan duoc véi
cac tmg dung doi hoi téc do dap ung cao ma dién
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hinh trong sb nay 1a cac ung dung thoi gian thuce (real
time).

Hinh 8 cho thay sy khac biét 16n vé thoi gian
thue hién theo k¥ thuat chia tach va ky thuét cai tién
theo sy tang truong cta kich thudce b loc.

Hinh 9 thé hién chi phi thoi gian thyc hién bo
loc theo k¥ thuat cai tién voi kich thude bd loc va
kich thudc anh dau vao thay dbi. N6 ciing cho thdy
thoi gian thuc hién theo ky thudt cai tién gan nhu 1a
bat bién véi sy thay ddi kich thudc ciia bo loc.

Tham khao thém video thuc nghiém so sanh tbc
do, gitra giai phap cai tién cai dit trong phdn mém
ImPro cua chung t6i v6i giai phap gbe dwoc cai dat
trong chirc niang loc lam mod (Box Blur) cua phan
mém Adobe Photoshop tai [5].

6. Két luan

Qua cac phén tich vé mit 1y thuyét ciing nhu cac
két qua thuc nghiém, da thé hién 6 su tdi wu cua ky
thuat ma ching t6i dé xuat trong bai bao nay. Viéc ap
dung k¥ thuét nay dudi dang phan mém (software) s&
gitip day nhanh toc do tinh toan, mang lai tinh kha thi
cao cho cic ung dung phan mém doi hoi xur 1y thoi
gian thyc. Néu trién khai dudi dang mach xu ly
(hardware) s& giup giam cac phan tir (nat) tinh toan,
tir 6 anh huéng tich cyc dén chi phi thiét ké va san
xuat.

Xa hon nita, k¥ thuat cai tién ma chung t6i dé
xuét c6 thé mo rong mot cach ty nhién cho cac bai
toan loc tin hiéu nhidu chiéu bang bo loc trung binh
khong gian, diéu ma cac k¥ thuat [7] va [8] khong thé
lam dugc boi cach tiép can don gian va bo budc trong
khong gian 2 chiéu ctia no.
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