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TOM TAT
Cai thién hinh anh 12 mot chii dé rit quan trong trong xir Iy hinh anh va da dat dwoc nhiéu
thanh tuu dang ké. Tuy nhién, viéc ting cudng anh t61 van 1a vin dé kho khan, can tiép tuc
nghién ciru. Bai bdo nay gi6i thiéu mét thudt toan mai vé ting cuong hinh anh t6i dya vao ting
cudng d6i tuong t6i va  phan tich thanh phan chinh. Thuét toan nay két hop mot toan tir dé tang
cuong cac dbi twong tdi va phan tich thanh phan chinh dé thuc hién vi¢e tang cudng anh. Két
qué thyc nghiém cho thy thuat todn dugc dé xuét tét hon mot sd phuong phap gan day.

Tir khéa: Anh t6i, cdi thién hinh anh, doi twong t6i, PCA, todn tir d6i twong toi

A NEW ALGORITHM OF ENHANCING THE DARK IMAGE
BASED ON DARK OBJECT ENHANCEMENT OPERATOR
AND PRINCIPAL COMPONENT ANALYSIS

ABSTRACT

Image enhancement is a very important topic in image processing and has achieved
considerable success. However, dark image enhancement is still a difficult problem, needs
further research. This paper introduces a new algorithm for dark image enhancement based
on dark object enhancement and Principal Component Analysis. Our proposed algorithm
combines an operator to enhance dark objects and Principal Component Analysis to perform
image enhancement. Experimental results show that the proposed algorithm is better than
some recent methods.

Keywords: Dark images, dark object, dark object operator, image enhancement, PCA

1. PAT VAN PE

Tang cudng chit lugng anh 13 mot trong
nhitng cong vi€c quan trong cla qua trinh xi
ly hinh anh. Tang cudng chat lugng dnh bao
gom nhiéu hoat dong nhu loai bé nhidu
(Sudhavani, & nnk., 2013), Iam mo va stra
dbi dai dong muc xam. Dé ning cao chit
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lugng hinh anh va kha nang cam nhén tryc
quan cia con ngudi, mot s phuong phap
nang cao s€ dugc ap dung (Yoon & Song,
2007; SomorjeetSingh, & nnk., 2012).

Cac phuong phap tang cuong anh duge
chia thanh ba loai bao gom biéu do, logic md
va phuong phap tdi uu (Adlin & Raimond,
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2013). Cac phuong phap tang cuong do
tuong phan duwa trén biéu dd tap trung vao
viéc stra dbi biéu dd cua hinh anh. Thong sb
k¥ thuat biéu d6 va can bang biéu db thuong
duoc str dung nhu céc sira ddi ting cudng do
tuong phan thong thuong. Cac phuong phap
t6i uu duya trén viée tdi uu hoa cac thong so.
Cac phuong phap ting cudng hinh anh dua
trén logic mo 1am cho hinh anh c6 chit
lugng 1o rang hon so voi cac phuong phap
truyén thong.

K§ thuét ting cudng anh c6 thé duoc chia
thanh hai loai la phuong phap mién khong
gian va mién tan sb (Maini & Aggarwal,
2010). Phuong phap mién khong gian dé cap
dén téng hop cac pixel tao nén mot hinh anh
va chung hoat dong truc tiép trén cac pixel
cua hinh anh. Phuong phap mién tan sb dé
cap dén tong hop cac pixel phirc tap do ldy
phép bién d6i Fourier va phat sinh tir thuc té
12 phép bién d6i cu thé nay bao gdm céc hinh
sin phuc tap. Do cac yéu cau xtr Iy rong 16n,
cac k¥ thuat mién tin sé khong duoc sir dung
rong rai nhu cic k¥ thuat mién khong gian.
Tuy nhién, viéc ting cudng trong mién tan
s6 1a qua trinh tén thoi gian ngay ca vé6i ky
thuat bién ddi nhanh, do dé khong phu hop
voi cac ung dung thoi gian thyc (Hasikin &
Isa, 2012).

K§ thuat mo dugce st dung dé ting cudng
hinh anh. Trong cac nghién ctru ctia Hasanien
va Sudhavani (Hassanien & Badr, 2003;
Sudhavani & nnk., 2014), cac tac gia két hop
logic md va cac cong thirc didu chinh murc
x4m dé nang cao d6 twong phan cia hinh anh.
Cac phuong phap dugc coi 1a ma tran thanh
vién va cac cong thirc diéu chinh mirc xam dé
nang cao d6 twong phan. Cheng va cac ddi tac
(Cheng & nnk., 2003) di dé xuit thuat toan
tang cuong d6 tuong phan dua trén phép do
tinh déng nhit mdi. Kamil va Ahmet
(Dimililera & Ilhan, 2016) da trinh bay mot
phuong phap ting cuong hinh anh trén hinh
anh MRI nio dya trén mang luéi than kinh.
Muc dich cta viéc quan sat 1a phat trién mot
thudt toan xi Iy hinh anh dé phat hién ung thu
ndo trén hinh anh MRI. Viéc so sanh cac
mang no-ron lan truyén nguoc s€ dugc thuc
hién bang cach st dung hinh anh gbc va hinh
anh duoc tai tao dya trén tac dong cua viéc
phan loai. Yugander va nnk (2019) da dé xuét
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mot thuat todn nang cao hinh anh MR st dung
Loc trung binh trong sb thich tmg va Loc
ddng hinh. Raman va Himanshu (Maini &
Aggarwal, 2010) da trinh bay danh gia toan
dién vé cac ky thuat ning cao hinh anh.
Swarup va cong su (Ghosh & nnk., 2020) da
dé xuat phuong phap tiép can méi vé Ting
cuong hinh anh vong mac bang cach sir dung
hé thdng PSO va d6 do mo. Pankaj va cong
su (Kandhway, & nnk., 2020) da dé xuit mot
cai tién moi vé can bang biéu dd biéu d6 dua
trén tang cuong do twong phan hinh anh y té
bang cach sir dung tdi wu hoa biy dan. Jia
Chen va cong sy (Chen, & nnk., 2016) dé
xuit phuong phép ting cuong hinh anh thich
tmg dua trén thuit toan bdy ong nhén tao.
Malika va cong sy (Malika & Singh, 2017) da
dé xuat mot ki thuat cai thién hinh anh dya
trén bay ong nhan tao trén mién Wavelet roi
rac (AIEDW). Mehwish Igbal va cong su
(Igbal, & nnk., 2020) da dé xuat ki thuat cin
bang mau va trang trong viéc tang cuong anh
trong diéu kién anh sang yéu. Kai Liu va
Yanzhao Tian (Liu & Tian, 2019) da trinh
bay nghién ctru va phan tich thuat toan tang
cuong anh hoc sdu dwa trén vi phan phén sb.
Junyi Xie va cong su (Xie, et al., 2020) da de
xudt thuat toan ting cudng anh 4nh sang yéu
c6 hudng dan ngir nghia. Z. Liang va cong su
(Zheng, Wang, Ding, Zetian, & Fu, 2020) dé
xuit phuong phép ting cudng anh dudi nudc
don 1¢ bang cach hiéu chinh mau c6 hudng
dan ctia ban d6 suy giam va chi tiét duoc bao
toan. Xueyang Fu, Xiangyong Cao (Fu &
Cao, 2020) d& xuat ting cuong hinh anh dudi
nude véi mang toan cuc — cuc bd va can bang
biéu db x4m nén. Himanshu Singh va cong su
(Singh, & nnk., 2018) dé xuét phuong phép
can bang biéu do xam hiéu chinh gamma dya
trén toi wu biy dan dé ting cudng hinh anh tdi
(SGHIE).

Cac nghién clru ting cuong anh thuong
dua trén luat “if it's bright then it's brighter, if
it's dark then it's darker” va st dung tiép cin
toan cuc. Tuy nhi€n, v6i nhiing dnh c6 cac déi
turong thudc mién rat toi, cac phuong phap
dua trén luat nay sé cang lam cho anh dau ra
kém hon trong viéc phan biét cac ddi tuong
d6. Dé khic phuc han ché néu trén, trong bai
b4o ndy, chiing t6i dé xuat mot thudt toan méi
vGi toan tir ting cuong dbi tugng ti va phan
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tich thanh phan chinh. Thuét toan dé xuét cho
anh sau ting cudng phan biét tot hon cac ddi
tuong tdi trén anh dau vao.

Céc phan con lai cta bai bao dugc trinh
bay nhu sau: phan 2 trinh bay cc nghién ctru
lién quan, phén 3 trinh bay thuat toan dé xuét,
phan 4 trinh bay mot s6 thyc nghiém trén dir
lidu anh kich thude 16n. Cudi cing 13 két luan.
2. NOI DUNG NGHIEN CUU VA THAO
LUAN
2.1. Nghién ciru lién quan

Sonali Mane va cong su (Mane & Sawant,
2014) da trinh bay phuong phap téng hop
hinh anh dya trén phan tich thanh phan chinh
(FIPCA).

Input

Image -
I Y Py
Principal Fused
Component Image
Analysis
) Ig
P,
Input )
Image
5

P|l| + P:I:

Hinh 1. Téng hop hinh anh sir dung PCA

So dd ludng thong tin cua thuat toan két
hop anh dua trén PCA dugc thé hién trong
Hinh 1. Cac anh dau vao (anh dugc hop nhét)
Li(x, y) va L(x, ). Vecto két qua co6 kich
thude 12 n x 2, trong d6 n 1a do dai cua mdi
vecto hinh anh. Gié tri riéng va cac gia tri
riéng cho vecto két qua nay dugc tinh toan va
cac gia tri riéng tuong Ung voi gia tri riéng
16n hon dat dugc. Cac thanh phﬁn chuin hoa
Py va P, (tic 1a Py + P, = 1) duoc tinh toan tir
eigenvector thu dugc. Anh dau ra dugc tong
hop theo cong thirc:

[_[(X, y):PI*[l(xa y)+P2*[2(x> y) (1)
2.2. D@ xuét thuit toan ting cwong anh toi

Trong phan nay, bai bao dé xuit mot thuat
todn tang cudng anh. Thudt toan co6 tén
IEDOEP (the image enhancement based on
the dark object enhancement and PCA).

Thuat toan bao gom cac budc nhu sau:
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—Budc 1: Bién d6i mic xam vé mién [0,1]
theo cong thirc:

fi(0) = = )

Ta co:
Ry,Gy, By = fi(R), f1(G), f1(B)  (3)
—Budc 2: Bién d6i R, , Gy, B, theo cong thirc:
L) =x+2x1—x)3x (@)

Ta co6:
R3,G3, By = f2(Ry), f2(G1), f2(B1)  (5)
—Budc 3: Bién ddi R,, G,, B, vé mién

[0,255] theo cong thirc:

fs(x) = 255 % x (6)

Ta co:

R3,G3,B3 = f3(Ry), f3(G2), f3(B2)  (7)

—Budc 4: Sinh anh dau ra sir dung phép
bién doi dua trén PCA véi I 1a anh thu duoc
sau budc 3, I; 1a anh tang d6 sang cta I, :

I, = IncreaseBright(l,) (8)

Inew = FIPCA(14, 1) 9

2.3. Thir nghiém

Céc phuong phap gan day duoc sir dung
dé so sanh bao gdbm: AIEDW (Malika &
Singh, 2017), SGHIE (Singh, & nnk., 2018).
Mot s6 thu nghiém duoc minh hoa trong Hinh
2 va 3. Trong d6, Hinh 2 chira toan anh cua
cac thu nghiém, Hinh 3 1a anh bd phan cua
cac anh trong cac thur nghiém vaéi muc dich
quan sat chi tiét hon. Cac anh duoc dung dé
thir nghiém c6 d6 twong phan kém va rat tdi.

Tu Hinh 2 va 3, vé& mit truc quan, co thé
thay rang:

—Phuong phép AIEDW cai thién khong
nhiéu d6 sang va do tuong phan so véi anh goc.

—Phuong phap SGHIE cai thién tdt hon
phuong phap AIEDW ve d6 sang va do
tuong phan.

—Phuong phap d& xuét cho anh dau ra
sang hon va d¢ tuong phan ro rét so voi dnh
gbc va tdt hon hin so voi cac phuong phap
AIEDW va SGHIE.
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Proposed

Hinh 2. Mot s6 két qua thir nghiém

Input AIEDW SGHIE Proposed

Hinh 3. Mt phin cdc anh ciia mdi thir nghiém
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—-Pé danh gia chét ’luqng, d6 do Sharp
duogc st dung de do do sac nét, trong phan cua
anh sau tang cuong cua cac phuong phap so
véi anh goc, dugc trinh bay Bang 1, Hinh 4.

—Tir bang 1 va hinh 4, ¢6 thé thiy rang:

—Phuong phap AIEDW c6 gia tri 6 do
Sharp nhd nhat trong ca ba phuong phap.

—Phuong phap SGHIE cho hiéu qua tét
hon véi gia tri d0 do Sharp 16n hon so véi
phuong phap AIEDW.

—Phuong phap dé xuat c6 gia tri do do
Sharp 16n nhat trong ca ba phuong phap.
Bang 1. So sanh chit lwgng anh dua
trén d¢ sac nét (twong phan)

TT  AIEDW SGHIE Proposed
1 0.0483 0.0524 0.0576
2 0.0172 0.0188 0.0191
3 0.0219 0.0227 0.0232
4 0.0512 0.0592 0.0594
5 0.0189 0.0236 0.0266

D6 nét (twong phan)

005
0.04 {
0.03
0.02 1
0.01 1 I E

[1]

1 3 4
roposed

2

Hinh 4. So sanh dd nét (twong phéan)

Tir cac nhan xét trén, c6 thé thdy ring
phwong phéap dé xuét cho anh ting cudng co
do sang, do tuong phan va do tuong tu voi
anh gdc tot hon so véi cac phuong phap gan
day dugc so sanh.

3. KET LUAN

Bai bao nay gioi thiéu thuat toan tang
cuong anh méi IEDOEP méi muc dich tang
cudng anh t6i. Thudt toan nay duwa trén toan
tir tang cudng ddi twong t6i va PCA. Két qua
thu dugc tir cac thir nghiém cho thiy rang cac
anh sau tang cuong boi thuat toan duoc dé
xudt t6t hon so v61 mot 50 phuong phap gin
day khac vé ting cudng cac dbi tuong t6i trén
anh. Trong nghién ctru t1ep theo, ching t61 du
dinh s& tiép tuc cac van dé khac vé xir Iy anh.
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