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Mot phuwong phap tang cwong d¢ twong phan anh

vien tham dya trén tiép can cuc bo

A Method to Enhance Contrast of The Remote Sensing Images based on The
Local Approach

Abstract: The image enhancement methods are
divided into 3 categories including histogram, fuzzy
logic and optimal methods. Histogram based contrast
enhancing methods focus on modifying histogram of
images. Histogram specification and histogram
equalization are commonly used as conventional
contrast enhancement mothods. Patently, the fuzzy
logic based image enhancement methods make image
which quality is clearer than the traditional methods.
However, these methods still use the global approach,
therefore, it is difficult to enhance all land covered in
remote sensing images. This paper proposes a local
approach based new algorithm of image enhancement
for the remote sensing images and the large size
remote sensing images, calculating auto thresholds
and combination the grey adjust operators.

Keywords: Image Enhancement, Multispectral
remote sensing images, fuzzy logic, Image
enhancement operator, local approach, Wavelet.

I. GIOI THIEU

Anh vién tham thuong c6 kich thugc 16n va do
phéan giai khong gian da dang. D§ phan giai khong
gian cang cao thi anh cang chi tiét. No ciing co thé
chira nhiu. D¢ khir nhidu va ting cudng anh ching ta
can sir dung cac phuong phap nang cao chit lugng
anh. Nang cao chat luong 1a budc can thiét trong xir Iy
anh nhdm hoan thién mot sd ddc tinh cta anh nhu loc
nhiéu, 1am tron, ting cudng do twong phan, diéu chinh
mirc xam, ndi bién anh. Nang cao chat luong anh gom
hai cong doan khac nhau: ting cuong anh va khoi
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phuc anh. Nhiéu trong anh vién tham bao gém nhiéu
thong thuong giéng anh mau va cac nhidu mang tinh
dic trung nhu swong mu, ddm mAy... V&i cac nhiéu
dic thu can c6 phuong phap khir nhidu dic thu nhu
phuong phép loai boé swong mu, dam may st dung
thuat toan Mallat [4]. D&i v6i nhidu thong thuong,
chung ta c¢6 thé ding cic phuong phap khir nhifu
thong thuong nhu Loc nhiéu, hay lam tron dnh; Ting
d6 tuong phan, diéu chinh mtrc x4m cua anh; Lam ndi
bién &nh.

Theo [18], cac ki thudt tang cuong anh chia lam ba
loai. Mot 13, ho cac ki thuét histogram ma tiéu biéu la
can bang histogram va dic ta histogram. Hai 13, ho cac
ki thuat dua trén tiép can logic m¢ voi mot sb ki thuat
duogc trinh bay trong phan III ciia bai bao nay. Ba I3,
cac ki thuét ting cuong dua trén tdi wu. Trong [19],
Aman Tusia va cong sy di thuyc hién mot phan tich
hiéu nang cta hé thong mo loai 2 cho viée ting cudng
anh sir dung thuat toan t6i vu cuckoo.

Nhiéu phuong phép ting d6 tuong phan truyén
thong 4p dung tiép can toan cuc dé ting cudng tat ca
muc d6 sang cia anh. Tuy nhién, thuong kho dé ting
cudng tit ca cac ddi twong xudt hién trong anh vé tinh,
boi vi thong tin tuong phan cuc b va chi tiét c6 thé bi
mét trong cac ving sang va toi. Trong [2,8], cac tac
gia da két hop gitta logic mo [1] va cac cong thic hiéu
chinh mirc xam dé tang cudng do tuong phan ciia anh
y té. Phuong phép ting cudng anh md da xem xét ma
tran thanh vién va cac biéu thirc diéu chinh mirc xam
dé tang cuong d6 tuwong phan. Mic du vy, phuong
phap nay van sir dung tiép can toan cuc nén van chua
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giai quyét dugc van dé cua cic phuong phép truyén
thong. Ngoai ra, phuong phap ting cudong anh mo [2]
van chon thu cong cic gid tri cho cic ngudng cin
dudi, trung binh va cén trén nén khoéng phai luc nao
cling chon dugc gia tri tot lam anh huong dén két qua
tang cuong anh.

Trong nghién ctru ndy, chung toi dé& xuit mot thuat
toan tdng cudng anh vién tham dua trén tiép can cuc
b6 két hop tinh ngudng tu dong theo ting cum véi cac
toan tur tdng cuong trong cung mot mo hinh hi€u chinh
muc Xam.

II. GIGI THIEU VE ANH VIEN THAM

Theo [17] thi vién tham 1a nganh khoa hoc thu thap
tir xa cc thong tin trén bé mit Trai dat, n6 bao gém
cam nhan va ghi lai nang luong phat ra, xt ly, phan
tich dir li€u va ung dung cac thong tin sau phéan tich.
Ciing theo [17] thi phan 16n cac hé théng thu nhan va
xtr Iy anh vién tham c6 quy trinh 7 buéc nhu trén Hinh

ety

==
(=)

Hinh 1. Tién trinh thu thdp va xi Iy dnh vién tham [17].

Trong Hinh 1, A 1a Ngudn ning luong hay nguén
sang, B 1a Buc xa va khi quyén, C 1a Tuong tic véi
dbi twong dich, D 1a Thu nh4n ning luong bing dau
cam bién, E 1 Truyén, nhan va xir Iy ning luong, F 1a
Dién giai va phan tich, G 1a Ung dung.

Anh vién tham c6 cac dic trung: kénh anh, d¢ phan
giai khong gian, do phan giai phd, do phan gidi birc
xa, d0 phan giai thoi gian.
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C6 nhiéu loai anh/vé tinh vién tham khac nhau nhu
vé tinh cam bién thoi tiét (GOES, NOAA AVHRR...),
vé tinh quan tric mat dat (LANDSAT, SPOT...) ...

I1l. TANG CUONG ANH DUA TREN LOGIC
MO

IIL.1. Tong quan vé ting cwong anh dua trén logic
mo

Tang cuong anh mo dya trén viéc anh xa mirc xam
vao mit phang mo, sir dung ham bién doi thanh vién
[7,8]. Muc tiéu 1a dé sinh mot anh c6 do tuong phan
cao hon anh gdc bang viéc dua trong sé 16n hon cho
cac mirc xAm ma gan hon v6i mirc xam trung binh cta
anh hon 1a dé chung xa hon trung binh [2]. Trong vai
nim gin day, nhiéu nha nghién ctu da ap dung ly
thuyét tap mo dé phat trién cac ki thuat méi cho viéc
cai thién d¢ tuong phan [2]. M6t anh | ¢6 kich thudc
M x N va L mirc x4m c6 thé duge xem nhu mot mang
don mo, mdi phan tir 13 mot gia tri thanh vién biéu thi
muc dd sang cua nod lién quan toi vai mic dd sang.
Véi anh |, chiing ta ¢ thé viét trong ky hiéu tip mo
[2][8] nhu sau:
I = Umntmn/Gmnm=1,2,... Mvan=1.2,...N (1)

Trong d6 gmn 1a cuong do cua diém anh (m, n) va
gia tri thanh vién cla né ym,. Ham thanh vién dac
trung cho thugc tinh thich nghi ctia anh (vi du thudc
tinh bién, t6i, két ciu). Trong nhirng nim gan day, mot
s6 nha nghién ctru da 4p dung khai niém mod dé phat
trién cac thudt toan moi cho viéc ting cuong anh.
Nguyén tic cta lugc do ting cudng mo duge minh

hoa trong Hinh 2.
Anh du vio Sindii . Anh ting cuimg
—»  Mobdaah —P i v — Giiing ——p

Hinh 2: Nguyén tic chinh cia tang cwong anh mo [2].

I11.2. Tang cwdng 4nh m& voi toan tir ting cwong

Phuong phap nay st dung toan tr tdng cuong [9]
dé giam tinh mo clia anh ma dua ra trong mot sy ting
cuong do twong phan anh [10,11]. Thuét toan c6 thé
duogc phat biéu nhu sau:
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Buwée 1. Dit cac tham sé6 Fe (Exponential
fuzzifiers), Fd (Denomination fuzzifiers), Omax
(Maximum gray level) ciia ham thanh vién

Fo=2va Fy = Jaezamt 2

Budc 2: Dinh nghia ham thanh vién

— —Fe
tmn = G(Gmn) = [1 + W} (3)

Buwéc 3: Thay d6i gia tri thanh vién
) ={ 2umnl®> 0 < fyy <05
1 = 2[1 = pppal? 05 < Upn <1

Buwoc 4: Sinh mirc xdm maoi

(4)

QM%WMF%WﬂwMﬁﬂDﬁ)

IIL.3. Tang cuwdong anh mo véi toan tir Hyperbol
Y tuong cua hyperbolization histogram, va
hyperbolization histogram m¢ dugc mo ta tuong Gng
trong [12] va [13]. Do nhén thuc d§ sang cua con
nguoi khong tuyén tinh, thuat toan nay thay doi gia tri
thanh vién ctia cdc mirc xam boi ham logarit. Thuat
toan co6 thé dugc phat biéu nhu sau:
Budc 1: Thiét 1ap dang ham thanh vién.
Budc 2: Dit gia tri ciia tham sb mo p.
Budce 3: Tinh cac gia tri thanh vién pyn.
Budc 4: Thay dbi cac gia tri thanh vién boi p.
Budc 5: Sinh mirc xam méi, nhu mo ta & dudi.
Trong thudt toan nay, dang cia ham thanh vién
dugc thiét 1ap nhu tam giac dé dic trung cho ranh gidi,
va gia tri ciia tham s6 mo B nhu mot ranh gidi: p = -
0.75 + 1.5u. Sau do, bang viéc tinh gia tri thanh vién
U va thay ddi gia tri thanh vién boi B, sinh gid tri
mirc x4m moi g, boi dang thirc sau:

i = (G577 [eHmmomn®-1] (6)

I1L.4. Han ché ciia cic thuit toan ting cwong mo

Qua phan tich vé phuong phap ting cudng anh mo
da c6 nhu dugc trinh bay trong cac muc III cua bai bao
nay, ching t6i c6 mot s6 nhan xét sau:

- Mot 13, cac thuat toan ting cuong md trén vin
st dung tiép cn toan cuc nhu cac phuong phap truyén
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thong, diém wu viét hon chi 1a ¢6 thém ma tran thanh
vién cho anh. Vi vay, van kho dé ting cuong d6 tuong
phan giita cac 16p phu dét (cac d6i twong che phii mit
dat) xuét hién trong anh vé tinh, boi vi thong tin tuong
phan cuc b va chi tiét van co thé bi mat trong cac
ving sang va toi.

- Hai 13, khi cai dat thut toan, cu thé trong [2],
cdc nguong can trén max, dudi min, trung binh mid
van phai chon thii cong. Nhu vay, v&i moi anh khac
nhau thi s& phai do tim thu céng, thiéu hiéu qua va
viéc chon ngudng co thé khong tdt.

- Ba la, giébng nhu phuong phép truyén théng,
phuong phap tang cudng anh mo chi thuc hién trén
mot kénh phd. Véi anh da phd nhu anh mau RGB hay
anh vién tham da phd, thuat toan s& duoc thuc hién
trén timg kénh anh. Gia sir ta 6 mot diém anh P véi
cac mirc xam twong mg voi cac kénh 1a (g, g%,
g% ...). Nhu vay, cac gia tri xam gF', g, g%... co quan
hé cung mot diém anh. Khi thuc hién thuét toan tang
cuong anh mo theo timg kénh, mdi quan hé nay khong
duoc bao ham. Khi d6, mdi gia tri xam trong bd (g7,
g%, g%...) s& duoc ting cudng mot cach doc 1ap nén
khé dam bao quan hé phd néu trén giira cac gia tri xam
moi sau ting cuong. Do d6, miu cia cac dbi twong
trong anh sau dau ra co thé khong duoc bao ton.

IV. PE XUAT PHUONG PHAP TANG CUONG
ANH VIEN THAM DUA TREN TIEP CAN
CUC BO
Dé khic phuc nhitng han ché dugc néu trong muc

111.4 coa bai bao nay, ching t6i d& xuét phuong phap
ting cuong do twong phan anh vién thim méi dua trén
tiép can cuc bo theo cum. Theo dé, cac muc xam s&
duogc ting cuong do tuong phan theo ting cum trudc
khi tong hop lai. Ngoai ra, chung toi ciing dé Xuét
thém thuat toan ting cuong anh vién tham kich 16n
dya trén thuit toan tang cuong do twong phan cuc bo
noi trén.

IV.1. Ting cwong anh vién tham dua trén tiép cin

cuc b LoRSIE
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Cac budc chinh cta thuat toan tang cuong anh vién
tham dua trén tiép can cuc bo (Local based Remote
Sensing Image Enhancement-LoRSIE) dugc liét ké
trong Bang 1.

Bdng 1: Quy trinh thudt todn ting cuong anh vién
tham dyea trén tiép can cuc bg.

Giai
doan

Nhiém vu

1 Cuc bd hoa anh vién tham dua trén thuat
toan phan cum

2 Xay dung mo6 hinh hiéu chinh mirc xam theo
cum

3 Tinh ngudng ty dong theo cum

4 Sinh anh tang cuong dua trén viéc tong hop
cac mirc xam hiéu chinh theo tirng cum

IV.1.1. Cuc bé héa anh vién tham dwa trén thudt
todn phdn cum

Phan cum c-Means mo [1] 1a thuat toan dugc dung
rong rai cua phan lop mo. Trong khi xem xét logic tap
mo, thudt toan dugc phat trién dua trén phan cum k-
Means. Trong thudt toan nay, mdi diém anh khong vé
duy nhit cum nao va duoc biéu dién béi nhidu thanh
vién cta mdi cum. Thuit toan phan cum dugc thuc
hién véi su toi vu lap cua viéc cuc tiéu ham muc tiéu
mo (Jn) duoc dinh nghia nhu dang thic 7 ([5],[6]).

Jm = i1 2= ()™ d? (0, V) ()

Trong do:

c: s6 cum
n: s6 pixel ciia anh

Wik: gid tri thanh vién cda pixel thr k va trung
tam cum thi i

m: trong s6 ml, tham s6 mo
Xi: vector thur k
Vi: Vector trung tam ctia cum thir i

dz(Xk,Vi) = Khoang cach gitra x, va V;
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Thanh vién (pi) duge udc lugng véi khoang cach
gitra diém anh thir k va tAm cum tht i, va bj rang budc
nhu sau:

0<pp<1
Zz:l:uik =1 (8)
0< X1k <1

Trung tdm cym V; va gia tri pi co thé duoc tinh
theo cong thirc sau:

Vl’ — ZZ:l(Hik)mxk

<1<
Yo L Sis¢e ©)

PICTR D N _
Hie = [[ §=1(d(x:yj))m-1]] ,1<i<c,1<k<n (10)

Do d6, Jn, c6 thé dugc cuc tiéu bai viée lap thong
qua dang thie (9) va (10). Budc dau tién cua viée lap
1a khoi tao s6 cum ¢ cb dinh, tham sé md m, mot
nguong hoi tu &, sau do tinh toan py va V; st dung
dang thirc (9) va (10) twong Gmg. Viéc lap két thuc khi
su thay d6i trong V; giita hai lan 1ap nho hon e. Cudi
cung, mdi diém anh dugc phan 16p vao mot su két hop
cac thanh vién ctia cac cum.

IV.1.2. Xdy dung mé hinh bién déi mirc xim theo
cum

Trong phédn nay, chung ta s& xdy dung ham bién
d6i mirc xam dé ting cuong theo mdi cum. Ham nay
duogc tao tir cong thirc gidn mirc xam sau day:

g—-min

g' =255+« (11)

max—min
Ham bién d6i mirc xam theo cum dugc phat biéu
nhu sau:

g—lowervi

(12)

Ti(g, lowery, lowery,) = 255 x ———
l(g' Vi Vl) uppery,~lowery,

Trong do:
min 1a gia tri cuc tiéu
max la gia tri cuc dai
lowery, 1a can dudi
uppery, la can trén
g 1a gia tri mirc xam cii

g’ 1a gia tri mirc xam méi
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Theo céch trén, ta da xay dung dugc ham bién d6i
mirc xam theo toan tir gidn muc xam. Bang cach twong
tu, chung ta c6 thé xay dung dugc ham bién ddi mirc
xam cho toan tir Hyperbol, tdng cuong... Trong nghién
clru nay, chung t6i xdy dung ham bién do6i cho toan tir
Gidn muc xam va Hyperbol, va dugc phét biéu theo
tirng cum trong Bang 2.

Bing 2: Cdic ham bién doi mirc xam theo ting cum.

Y nghia Cong thirc bién d6i T;(g)
Gian
g — lowery,
mirc xam 255 * :
uppery, — lowery,
255 2
(e‘l - 1) [em =1]
Trong do:
Zoax. | M
Bien doi ( 0, g <lowery,
Hyperbol '
g — lowery,
= 4 , lowery,
uppery,; — lowery, i
ll, uppery;, < g < 255
< g = uppery,
Trong do:

g = gia tri xam gbc.

uppery, = cén trén cta viéc gian cym 1.
lowery, = can dudi cua viée gidn cum i.
V; =tam cum i.

Gia tri cua cac ngudng lowery, va uppery, dugc
tinh tu dong theo timg cum V; nhu trong muc [V.1.3.
IV.1.3. Tinh ngwiong tw dong theo cum

Gia su, d(g) 1a ham phéan bd cua mirc xam g theo
mot cum cho trudc. d(g) va cac tham sd: V;, uppery,,
lowery, dugc thé hién trong Hinh 3.

Cac ngudng uppery,, lowery, duoc xic dinh bang
cach chon sao cho viung gach chéo (Hinh 3) co dién
tich bang 95% tong dién tich dugc bao cac duong y =
Ovay=d(g).
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d(g)

AN

uppery.

/

V-
1
leri
Hinh 3: Ham phdn bé va cac nguong theo timg cum.

IV.1.4. Sinh dnh ting cwong dua trén vigc téng hep
Mirc xdam hi¢u chinh theo tirng cum

Dua trén md hinh bién déi mirc xam theo mdi cum
da xay dung trong phan IV.1.3, mdi gia tri xdm dau
vao s& duoc chuyén cic thanh gia tri méi twong mg
vO1 cac cum. Nhiém vu con lai la téng hop cac gia tri
nay dé sinh ra gia trj xam duy nhét. Ham téng hop nay
¢6 dang tong quat nhu sau: g |- g’ = T(g). Trong do,

T(g) = 61 wTy(g, lowery, lowery)  (13)

0<T(g) <255
Trong do:
g = gia tri xam goc.
uppery, = cén trén cla vigc gian cym i.
lowery, = g cén dudi cua viée gian cym i.
V; =tam cym i.

W; = gia tri d6 thudc cua mirc xam g theo cum 1.

IV.2. Phat trién thuit toan cho anh da phd
Ban chat FCM 1a thuat toan phan cum cac dbi
tugng 1 cac vector co nhiéu thanh phin. Va do vay,
FCM di thyc hién rat t6t cho anh da kénh nhu anh
mau RGB. Nhu véy, thuat toan trén ap dung cho anh
vién tham da phd nhur sau:
- Budc 1: Cuc bé héa anh dau vao. Sau khi thyc hién
thi tuc phan cum, mdi diém anh P(gf, g%, g%...)
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s€ dugc dac trung thém boi mdt b cac gia tri do
thudc tng véi cac cum khac nhau. Nhu vay, quan
hé ciing mot diém anh ciia mot bo (gf, g%, g%...)
duoc dac trung bdi b cac gia tri do thude trén. Do
do, giai quyét duoc han ché thir 3 trong muc I11.4.

- Budc 2: Xdy dung mé hinh hiéu chinh mirc xam.
Van thuc hién viée nay nhu dugc trinh bay trong
muc IV.1.2.

- Budc 3: Tinh ngudng tw dong. Cac ngudng lower‘ﬁ‘i

va upper&‘i duogc tinh ty ddng theo tung cum V; va
tung kénh k.

- Budc 4: Sinh anh ting cuong. Vi mdi diém anh P,
ta co:

T(g9k) = Xizy wTi(gk lower‘fik. uppenﬁ‘;k (14)

0<T(gk) <255
Trong do:
g,lz = gia trj xam gbc cua diém anh P thudc kénh
thir K.
upper’lj, = cén trén cua viéc gian cum i thudc
2
kénh thu k.
lowery, = can duéi cla vigc gidn cym i thudc
kénh thu k.
V¥ = tam cum i thue kénh thir k. M3i tim V; gdm
mot b6 (Vil, Viz, Vi3 .. )
W; = gia tri do thudc cia mirc xdm g theo cum i.
IV.3. Ting cwong anh vién tham kich thwéc 16m

LaSRSIE

IV.3.1. Nhwoc diém ciia FCM véi danh vién thdm
kich thudéc lon

Thuat toan phan cum mo [1] nay sinh van dé khi
gip anh c6 kich thudce rt 16n ma cu thé ¢ day 1a anh
vién tham dé phan gidi khong gian cao. Van dé nay
sinh tor ma trén d¢ thudc p. Theo cong thic (10), kich
thudce cta p dugce tinh nhu sau:

Size, = c.n.8 (Byte) (15)
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Trong d6, ¢ 1a s6 cum, n 1a s pixel (kich thudc)
cua anh. Gia stur ta co6 mot anh kich thudc 2048 x 2048.
Ta muén phan thanh 20 cym. Khi do, Size, 1a 2048 x
2048 x 20 x 8 (B) =4 x 20 x 8 (MB) = 640 (MB). Ma
trdn d6 thudc dugc luu trong RAM. Nhu vay, chi can
c6 RAM 1GB thi ¢6 thé luu ma tran d6 thudc trong
truong hop nay. Tuy nhién, néu ching ta mu6n phan
thanh 40 cum thi Size, 1a 1280 (MB) > 1024 (MB) =
1GB. Piéu nay nghia 1a néu chi c6 RAM 1GB thi
khong du dé chira céac phﬁn tr cila ma tran do thudc.
Va dé thuét toan FCM c6 thé thyc hién ta budc phai
tdng RAM.

Néu anh c¢6 kich thudc 16000 x 16000, sé 16p ¢ =
20, Size, 1a 16000 x 16000 x 20 x 8 (B) = 39062.5
(MB) = 39 (GB). Chung ta thiy, v6i anh kich thudc va
s6 16p nhu trén thi k& ca bd nhd RAM 16n nhét hién
nay cho may tinh ca nhan ciing khong thé chtra dan toi
FCM khong thé thuc thi néu ma tran d6 thudc duoc
luu trén RAM. Chung ta c6 thé nghi dén viéc dung dia
cing d¢ luu ma tran nay thay vi ding RAM. Tuy
nhién, khi d6 ngay c4 voi &nh mau thong thuong thi
thoi gian thuc hién cua FCM la rat chAm. Vi anh vién
tham, thoi gian nay co thé 1én t6i don vi ngay. Nhu
vay 1a khong hiéu qua. Tat ca diéu nay da giai thich
nguyén nhan vi sao FCM [1] gip van dé v6i anh kich
thude rat 1én ma cu thé 1a anh vién tham.

Chung ta ¢ thé 4p dung ki thuat wavelet dé khic
phuc han ché nay.

IV.3.2. Bién doi wavelet

Bién d6i song nho (Wavelet) 1a cong cu toan hoc
hay dugc sir dung vao viéc biéu dién anh da d6 phan
giai. Sau khi thuc hién phép bién ddi ta thu duoc tap
hé sb Wavelet, 1a ham co dén va vi tri cia song nh.

Véi tin hiéu s6 nhu anh vién tham, thi tap hé s6
Wavelet c6 thé thu duoc nhd phép bién doi song nho
roi rac (Discrete Wavelet Transform - DWT). Vi phan
16n anh s thi ndi dung tan sd thap 1a quan trong nhét,
gilt dugc hau nhu cac dic tinh cua anh déu vao cua
phép bién dau véi kich thude giam bon lan. Sau khi ap
dung bo loc théng thip theo hai hudng (LL) ta thu
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duoc anh xdp xi (cA;) cua anh gbe. Néu 4p dung bod
loc théng thip cho chiéu ngang va bd loc théng cao
cho chiéu doc anh (LH) ta c6 tap hé sé ngang (cH,)
ctia anh gdc. Twong tu ta c¢6 tap hé sb doc (cVy) va tap
hé s6 chéo (cDy). Lap tién trinh trén bang con (LL) dé
sinh ra cac hé s6 ¢ murc 2 tiép theo. Hinh 4 mé ta
DWT éanh theo thuat toan hinh kim ty thap cua Mallat
[6].

: —u
— L O O

Image

p —()— o
g HLH () F]% -

Horizontally Vertically

Hinh 4. Bién déi anh véi Wavelet.

Vay, anh goc S dugc bicu dién trén co so cac hé so
bién doi song con cua nd nhu sau:

S = CA1 + {CHl + CV1 + CDl} (16)

Thuc hién lip tién trinh cho dén khi mic do chi tiét
12 miu hay pixel. Tai mtrc J, anh gc dugc biéu dién
bai:

S = cA; + ;_{{cH; + cV; + cD;} 17)

Céc h¢ so xap xi dugc tinh toan nhu sau:

cA;_1 =cA;+ (cH; + cV; + cDy) (18)

M3i 1an thuc hién phan ra wavelet, kich thudc cua
anh xép xi cAj giam di bdn 1an so véi lan thuc hién
truée d6 (mdi chidu giam xudng mot nira). Nhu vy,
gia sir ching ta phan ra 3 mic cho anh dau vao, ta thu
dugc anh xdp xi co kich thudc giam xudng 64 lan.
Hinh 5 minh hoa cdy phdn cép cho phin ra wavelet
nhiéu mirc. Hinh 6 minh hoa vé anh dau vao va két
qua phén ra.

Tdp V-2, S6 14 (34), thang 12/2015
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Hinh 5: Cdy phdn cdp cho phén rd nhiéu mirc.

Hinh 6: Anh dau vio két qua phan ra.

IV.3.3. Thudt todn ting cwong danh vién thdm
kich thudéc lon

Trong phan nay, ching toi dé xuat thuat toan tin
cuong anh vién tham kich thuéc 1én ma chiing toi tam
goi la Large Size Remote Sensing Image Enhancement
(LaSRSIE). So dd thuét toan dugc minh hoa trong
Hinh 7.
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Anh afic
4
Bién dai Wavelet DWT

v

Anh cuc tiéu lya chon

v
Téing cwimg anh viri LoRSTE

i
Bién déi Wavelet IDWT

v

Anh ting cwimng

Hinh 7. Luu d6 thudt toan LaSRSIE.

Theo nhu so d0 trén, thut toan duge thuc hién nhu
sau. Dau tién, anh dau vao dugc giam kich thudc st
dung bién d6i Wavelet thuan dén kich thudc du nho
dugc anh x4p xi cuc tiéu lwa chon. Thyc hién ting
cuong anh xéip xi cuc tiéu lya chon nay st dung thuat
toan LoRSIE. Tiép do, thay anh x4p xi cuc tiéu bang
anh xap xi d ting cudng va thuc hién bién doi nguoc
sir dung bién d6i Wavelet nghich dé thu duoc anh ting
cuong g véi anh gdc.

V. THU NGHIEM

Chung t6i tién hanh thir nghiém thuat toan ting
cuong anh dé xuit va so sanh véi két qua cua phuong
phap ting cudng mo. Gia sir anh dau vao co kich
thudc M x N diém anh. Nhom tac gia thuc hién phan
i Wavelet trén anh xap xi cho dén khi anh xap xi c6
kich thude khong 16n hon 512 x 512.

Tap dir liéu phuc vu cho thir nghiém gém ba loai.
Mot 13, loai anh LANDSAT ETM+ chyp khu vuc Hoa
Binh ngay 15/02/2001, bao gém 11 anh ranh gidi timg
huyén va mdt anh theo ranh gidi tinh cua tinh Hoa
Binh. Anh LANDSAT ETM+ gdm 7 kénh [9]: Cham,
Luc, Do, Can hong ngoai, Hong ngoai trung, Hong
ngoai nhiét, Hong ngoai trung. Hai 13, loai anh SPOT
5, gdm 4 kénh phd: Luc (d6 phan giai 10m), Do (do
phan giai 10m), Can hong ngoai (46 phan giai 10m),
Hong ngoai trung (do phan giai 20m), chup khu vurc

Tdp V-2, S6 14 (34), thang 12/2015

Hoa Binh va Son La véi 21 anh chup ngay 22/12/2003
va 14 anh chup nam 2008. Hai loai 4nh nay, nhém tac
gia c6 duoc khi tham gia thyuc hién dé tai “Phat trién
phin mém xir 1y anh vién tham trén nén phin mém
GRASS’. Pay la dé tai cdp nha nudc, thuéc Chuong
trinh KHCN Vi Tru. Ba 13, loai anh Quickbird, gém 4
kénh: Lam, Luc, P9, va can héng ngoai, dugc tai tu dir
liéu mAu trén trang http://opticks.org. Do khuén khd
bai b4o c6 han, nhom tac gia trinh viéc thir nghiém véi
ba miu anh dau vao khac nhau. Anh hién thi minh hoa

trong thir nghiém véi SPOT lay t6 hgp mau: Luc, Do,
Can héng ngoai. Anh hién thi minh hoa trong thi
nghiém véi QuickBird ldy t6 hop mau ty nhién, gom
cac kénh Blue, Green, Red.

Pé do chét lugng cua anh gbc va cac anh ting
cuong chung ta st dung chi sb tuyén tinh cta tham s6
mo vy [2][8]. Trong do:

2 .
Y = WZM ZN mln(.umn' 1- Aumn) (19)

Chi s6 md dugc dinh nghia boi Kaufmann [14]. Chi
s6 md, vi dy, phan anh sy khong rd rang trong anh bai
viéc do khoang cach giira mit phing thudc tinh mo va
mit phiang thong thuong gan nhat. Chi s6 nay cé thé
duogc Ivu y nhu mot d6 kho trong viée quyét dinh lidu
mot diém anh nén duge xem nhu den (t6i) hodc tring
(sang) [16].

V.1. Thir nghiém 1

Trong thr nghiém 1, anh gbc 1a anh vé tinh
LANDSAT khu vuc huyén Kim Bo6i c6 kich thudc
1581 x 1527 (diém anh).

Bang 3 bao gom anh dau vao va anh két qua khi
tang cuong st dung phuong phdp mo véi cac toan tu
taing cuong, hyperbol va phuong phap cai tién ciia
chung t6i voi hai toan tir gidn va hyperbol. V& mat
truc quan, ta c6 thé thiy anh sau ting cudng st dung
phuong phap mo twong quan mau gitta cac cac diém
anh khong dugc bao ton, dac biét la voi toan tur
Hyperbol. Trong khi do, két qua ciia phuong phép cai
tién chi mang tinh 1am néi bat hon so v6i anh gbc.
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Bdng 3. Tang cuong danh voi phuwong phdap mo va cdi

tiéen.

Tén

Anh

Pau vao

Hyperbol mo

Tang cuong mo

Gian FCM

Hyperbol FCM

Bing 4. So sanh chi sé mo ciia anh ting cwong theo

phwong phap mo va cdi tién.
Kénh Hyperbol Téang Gian | Hyperbol
mo cuwong mo | FCM FCM
1 0.38 0.43 0.27 0.30
2 0.31 0.45 0.24 0.26
3 0.38 0.39 0.34 0.36

Tdp V-2, S6 14 (34), thang 12/2015

Trong Bang 4, qua viéc so sanh chi s6 mo, ta théy Y
cua anh sinh ra boi phuong phap cai tién 1a thép hon
khéng dinh chét luong anh tang cuong boi phuong
phap cai tién cao hon so véi anh sinh ra boi phuong
phap mo.

Bang 5 thong ké thoi gian thyc thi cua cac thuat
toan tang cuong. Chiing ta thay, thoi gian thyc thi cta
cac thuat toan LoRSIE 1a cham hon rat nhiéu so voi
cac thuat toan dya trén logic mo. Diéu nay 1a d& hiéu
vi cac thuat toan LoRSIE trudc khi thyc hién viéc tang
cuong déu phai thuc hién thuit todn phan cum mo.
Thuat toan phan cum mo cé tdc do kha cham dic biét
v6i anh kich thuée 16n nhu vién tham. Tuy nhién, vé6i
hai mtc bién ddi Wavelet, toc do thuc thi cia thuat
toan LaSRSIE da thay doi dang ké so vdi LoRSIE.

Bdng 5: Thoi gian thyc thi.

Thuat toan Thoi gian
Hyperbol mo 2485
Tang cuong mo 2281

LoRSIE 1028756
Gian FCM [} 3SRSIE - 7764
2 Level
Hyperbol LoRSIE 1027408
FCM LaSRSIE - 57724
2 Level

V.2. Thir nghiém 2

Trong thr nghiém 2, anh gbc 1a anh vé tinh
LANDSAT khu vyc huyén Lac Thuy thudc tinh Hoa
Binh ¢6 kich thudc 1733 x 1747.

Béng 6 bao gém anh d4u vao va anh két qua khi
tang cuong st dung phuong phap mo voi cac toan tir
ting cuong, hyperbol va phuong phap cai tién cua
ching t6i v6i hai toan tir giin va hyperbol. V& mat
tryc quan, ta c6 thé thay anh sau ting cuong s dung
phuong phap mo twong quan mau gitta cac cac diém
anh khong dugc bao tdn, dic biét 1a voi toan tir
Hyperbol. Trong khi do, két qua ciia phuong phép cai
tién chi mang tinh 1am néi bat hon so véi anh gdc.
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Bing 6. Tang cwong anh véi phwong phdp mo va cdi tién.

Tén

Anh

Pau vao

Hyperbol mo

Tang cuong mo

Gian FCM

Hyperbol FCM

Bing 7. So sanh chi sé mo cia anh ting cwong theo

phuwong phdp mo va cdi tién.

Kénh Hyperbol Téang Gian | Hyperbol
mo cuong m¢ | FCM FCM
1 0.28 0.28 0.12 0.15
2 0.27 0.30 0.07 0.09
3 0.27 0.28 0.19 0.23

Tdp V-2, S6 14 (34), thang 12/2015

Trong Bang 7, qua viéc so sanh chi s mo, ta thdy y
ctia anh sinh ra bai phuong phap cai tién 1a thap hon
khang dinh chit lugng anh ting cudong boéi phuong
phap cai tién cao hon so véi anh sinh ra boi phuong
phap mo.

V.3. Thir nghiém 3

Trong thir nghiém 3, anh gbc 1a anh vé tinh
LANDSAT khu vuc thi xa Hoa Binh thudc tinh Hoa
Binh c6 kich thudc 1512 x 2592.

Bang 8 bao gom anh dau vao va anh két qua khi
tang cuong st dung phuong phap mo véi cac toan ti
ting cuong, hyperbol va phuong phép cai tién cua
chung t6i voi hai toan tr gidn va hyperbol. V& mit
tryc quan, ta c¢6 thé thiy anh sau ting cudng st dung
phuong phap mo twong quan mau giira cac cac diém
anh khong duogc bao ton, dic biét 1a véi toan tir
Hyperbol. Trong khi d6, két qua ctia phwong phap cai
tién chi mang tinh 1am néi bat hon so v6i anh gbc.

Trong Bang 9, qua viéc so sanh chi s6 mo, ta thdy y
ctia anh sinh ra bai phuong phap cai tién 1a thdp hon
khiang dinh chat lugng anh ting cudng béi phuong
phap cai tién cao hon so véi anh sinh ra boi phuong
phap mo. Tuy nhién, d6 twong phan vé mat chi sb
khong cao hon nhiéu so voi phuong phap mo. Piéu
nay cho thiy phuong phap mo cho két qua ot voi mau
thr nghiém nay.

V.4. Thir nghiém 4

Trong thir nghiém 4, anh gbc 1a anh vé tinh SPOT
c6 kich thudce 1951 x 1951.

Bang 10 bao gdm anh du vao va anh két qua khi
tang cuong st dung phuong phap mo véi cac toan tu
taing cuong, hyperbol va phuong phap cai tién cia
ching t6i v6i hai toan tir giin va hyperbol. V& mat
truc quan, ta c6 thé thiy anh sau ting cudng st dung
toan tir ting cudng md chi cai thién mot phan do
tuong phan. Trong khi d6, két qua cia toan tir Hyp mo
Vva cAc toan tir cia phwong phép céi tién cho anh twong
phan r3 rét va sang hon rat nhiéu.

-92 -



Cdc céng trinh nghién ciru, phdt trién va vmg dung CNTT-TT

Bing 8. Tang cwong anh véi phwong phdp mo va cdi tién.

Tén

Anh

Tdp V-2, S6 14 (34), thang 12/2015

Bing 9. So sanh chi s6 mo ciia dnh tang cwong theo

phirong phép mo va cdi tién.

Pau vao

Kénh Hyperbol | Ting cwong | Gian | Hyperbol
mo mo FCM FCM
1 0.28 0.29 0.25 0.28
2 0.29 0.35 0.21 0.22
3 0.30 0.32 0.29 0.30

Hyperbol
mo

Tang
cuong
mo

Gian
FCM

Hyperbol
FCM

Trong Bang 11, qua viéc so sanh chi s6 mo, ta thdy
v ctia anh sinh ra béi phuong phap cai tién 1a thap hon
khang dinh chat lugng anh ting cuong boi phuong
phap cai tién cao hon so v4i anh sinh ra boi phuong
phap mo.

Béng 12 thdng ké thoi gian thuc thi cta cac thuat
toan tang cuong. Ching ta thdy, thoi gian thyc thi cta
céc thuat toan LoRSIE 13 chdm hon rat nhiéu so véi
cac thuat toan dya trén logic mo. Diéu nay 1a d& hiéu
vi cac thuat toan LoRSIE trudc khi thyc hién viéc tang
cuong déu phai thuc hién thuit todn phan cum mo.
Thuat toan phan cum mo cé tdc do kha cham dic biét
v6i anh kich thudc 16n nhu vién tham. Tuy nhién, voi
hai mutc bién d6i Wavelet, téc do thuc thi cla thuat
toan LaSRSIE da thay d6i dang ké so véi LoRSIE.

V.S. Thir nghiém 5

Trong thr nghiém 5, anh gbc 1a anh vé tinh
Quickbird co kich thude 1904 x 1922.

Bang 13 bao gdm anh dau vao va anh két qua khi
tang cuong st dung phuong phap mo véi cac toan ti
ting cuong, hyperbol va phuong phap cai tién cua
chung t6i voi hai toan tir gidn va hyperbol. V& mat
tryc quan, ta c6 thé thay anh sau ting cuong s dung
cac toan tu theo phuong phap mo chi cédi thi€én mot
phan do tuong phan. Trong khi d6, két qua cia toan tir
Hyp mo va céc toan tir ciia phuwong phép cai tién cho
anh tuong phan va sang hon rét nhiéu.
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Bing 10. Téing cuong anh véi phirong phdp mo va cdi tién.

Tén Anh

Pau vao

Hyperbol mo

Tang cuong mo

Gian FCM

Hyperbol FCM

Bing 11. So sanh chi s6 mo cia anh tang cuong theo
phirong phdp mo va cdi tién.

Kénh Hyperbol | Tang cwong | Gian | Hyperbol
mo mo FCM FCM
1 0.72 0.60 0.20 0.33
2 0.87 0.84 0.33 0.51
3 0.85 0.81 0.22 0.41

Tdp V-2, S6 14 (34), thang 12/2015

Bdng 12: Thoi gian thyec thi.

Thuat toan Thoi gian
Hyperbol mo 25188
Tang cuong mo 25414
Gidn FCM LoRSIE 2005436

LaSRSIE-2 152671
Level
Hyperbol LoRSIE 2005443
FCM
LaSRSIE-2 152484
Level

Trong bang 14, qua viéc so sanh chi s6 mo, ta thay
v ctia anh sinh ra béi phuong phap cai tién 1a thap hon
khang dinh chit lugng anh ting cudng boéi phuong
phap cai tién cao hon so v4i anh sinh ra boi phuong
phap mo.

Béng 15 thdng ké thoi gian thuc thi ctia cac thuat
toan ting cuong. Ching ta thay, thoi gian thyc thi cua
cac thuat toan LoRSIE 1a chdm hon rat nhiéu so véi
céc thuat toan dya trén logic mo. Didu nay 1a dé hiéu
vi cac thuat toan LoRSIE trudc khi thyc hién viée tang
cuong déu phai thyc hién thudt toan phan cum mo.
Thuat toan phan cum mo cé tdc d6 kha cham dic biét
v6i anh kich thudc 16n nhu vién tham. Tuy nhién, voi
hai mtc bién d6i Wavelet, tbe do thuc thi cia thuat
toan LaSRSIE da thay d6i dang ké so véi LORSIE.
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Bdng 13. Tang cuong dnh voi phwong phdp mo va cdi
tién.

Tén Anh

Pau vao

Hyperbol mo

Tang cuong mo

Gian FCM

Hyperbol FCM

Bdng 14. So sanh chi s6 mo ciia dnh tang cuong theo

phicong phép mo va cdi tién.

Kénh Hyperbol | Tang cwong | Gian | Hyperbol
mo mo FCM FCM
1 0.72 0.60 0.20 0.33
2 0.87 0.84 0.33 0.51
3 0.85 0.81 0.22 0.41

Tdp V-2, S6 14 (34), thang 12/2015

Bdng 15. Thoi gian thyec thi.

Thuat toan Thaoi gian
Hyperbol mo 22406
Tang cuong mo 22922

e LoRSIE 2595006
Gian FCM
an LaSRSIE-2 184158
Level
LoRSIE 2592406
Hyperbol
iy LaSRSIE-2 184127
Level
V. KET LUAN

Trong nghién ciru nay, ching toi da d& xuat ca
thuat toAn mdi cho ting cudng anh vién thim LoRSIE
va vién tham kich thuéc 1on LaSRSIE dua trén tiép
can cuc bo. LoRSIE duoc chia thanh bén giai doan.
Thit nhit, anh duoc cuc bo hoa bai thuat toan phan
cum mo. Thir hai, tinh ty ddng cac ngudng theo mdi
cum. Thir ba, hiéu chinh cac cong thiic bién ddi mirc
xam dé phu hop cho viéc bién ddi theo cum. Giai doan
cubi cung 1a sinh anh ting cudng qua viéc tong hop
mirc Xxam méi tir cac cum theo cong thirc bién doi mirc
xam da hiéu chinh. Vi LaRSIE, anh vién tham kich
thude 16n trude tién dugc giam kich thude st dung
bién d6i Wavelet thuan. Anh Xép xi cu tiéu lua chon
dugc ting cuong s dung LoRSIE. Anh ting cuong
cubi cung dugc sinh thong qua bién déi Wavelet
nghich. Két qua thtr nghiém cho thdy phuong phap cai
tién cho chat lugng anh ting cudng cao hon so véi
phuong phap tang cudng dya trén logic da cé va thuc
hién tt trén anh vién tham kich thudc 16n. Ngoai ra,
v6i nhitng anh vién tham kich thudc trung binh, thuat
toan LaRSIE giup cai thién tdc do thuc thi so v6i thuat
todn LoRSIE.

Tuy nhién, tdc d6 thuc thi cua cac thult toan dua
trén tiép can cyc bo con cham. Ngay ca cac thudt toan
LaRSIE, du da cai thién tde d6 so voi LoRSIE nhung
van con chiam so voi cac thuat toan dua trén logic mo.
Trong nghién ctu tiép theo, ching toi dy kién s&
nghién ctru giai phap ting toc do thuat todn phan cum
mo dé tdng tdc do thuc thi cho thuit toan LoRSIE.
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Nghé, PH Quéc gia Ha Noi
nam 2011, nghién ctu sinh
khoa 2013, Hoc vién Cong
nghé Buu chinh Vién thong.

Hién cong tac tai Vién CNTT, Vién Han lam
KHCNVN.

Linh vyc nghién ctru: X 1y anh, xu ly tiéng noi, hé
thong thong tin, hé thong nhung.

Dbién thoai: 0936 114 331

E-mail: nttrung@ioit.ac.vn

VU VAN THOA

Sinh ndm 1955 tai Ninh Binh.
Tét nghiép Pai hoc Su pham
Vinh nim 1975, Tién Si Vién
Piéu khién tai Lién X6 cii nam
1990.

Hién cong tac tai Khoa Quoc t&

i
va Pao tao Sau Pai hoc, Hoc vién Cong nghé Buu
chinh Vién thong
Linh vuc nghién ctru: Ly thuyét thuat toan, tdi wu
hoéa, hé thong tin dia ly, mang vién thong.
bién thoai: 0913 321 674
E-mail: thoa236@gmail.com
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PANG VAN PUC
Sinh nam 1951.
Nhan hoc vi Tién si nim 1996.

Nhéan chitc danh Pho Gido su
~ nam 2002.

v N
| Hién cong tac tai Vién CNTT,
| Vién Han 1am KHCNVN

Linh vuc nghién ctru: GIS va Vién tham, Pa phuong

tién, Cong nghé phan mém.
bién thoai: 0912 223 163
E-mail: dvduc@ioit.ac.vn
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