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Tém tit:

Néng cao do phan giai khéng gian cta anh luén la mét trong nhirng muc tiéu nghién ctru
hang dau cua cac nha khoa hoc trong linh vurc vién tham. Bién phap nang cao do phan gidi
khéng gian bang phuong phap néng cép, nghién ctru ché tao cac dau thu, bd cam mai tién
tién cho phép thu dnh véi dé6 phan gidi khéng gian cao cé chi phi vé cung Ién. Bén canh
dé, khi ndng cao dé phan giai khéng gian thi d6 phan gidi phd thuong bi han ché. Nhiing
nguyén do trén da thic day cac nha khoa hoc nghién ciru phuong phép xt ly ndng cao d6
phén gidi khéng gian bang céc thuét toén chuyén déi énh toe do phén gidi thdp vé dé phéan
gidi cao duwa trén chinh cac di liéu anh thu thap dwoc. Bai bao tap trung danh gia mét sb
phuong phép siéu phén gidi (Superresolution, viét tit SR) phét trién con kha méi mé trong
thoi gian gan day cho muc dich ndng cao do phan gidi nhdm tan dung t6t hon théng tin énh
vién tham VNREDSat-1 cia Viét Nam.

1. Dat van dé

Hé théng vé tinh VNREDSat-1 |a hé thdng vé tinh quan sat Trai D4t dau tién cua Viét
Nam. Sau khi thyc hién thanh cong Dy an, Viét Nam hién nay va sau nay sé chu déng
cung cap anh vién tham dd phan gidi cao cho cac Bo, nganh va cac tinh thanh c¢6 nhu cau
st dung di liéu anh vién tham phuc vu phat trién kinh té - xa hoi, 'ng pho véi thdm hoa
thién nhién va bién dbi khi hau. Dé tan dung va trng dung c6 hiéu qua ngudn anh vién tham
dau tién cua Viét Nam cho muc dich giam sat tai nguyén thién nhién va méi trwong, bao
vé |anh thd, viéc nghién clru nang cao dd phan giai khoéng gian |a can thiét. Viéc nang cao
do phan giai khéng gian theo hwéng xt ly mot chudi cac anh trén chup cing mét vj tri, cé
cung dd phan giai dé tao ra mot anh cé do phan giéi cao hon. Phwong phap nay duoc goi
la phwong phap siéu phan giai - supperresolution (SR)

Ky thuat quan trong nhat trong phwong phap SR la phwong phap néi suy lam ting hay
giam kich thuéc pixel, st dung da anh dd phan giai thap dé tai cu truc, x& ly cac han ché
clia anh don tét hon. Cac thong tin dw thira chira trong cac anh dd phan giai thap co thé
dwoc dwa vao bang sy tinh tién gitra cac subpixel gitra ching. Sy tinh tién clia subpixel
nay co thé xuat hién theo cac ddi twong hodc theo sw chuyén dong dwoc diéu khién vi du
nhw hé théng thu &nh trén vé tinh véi quy dao co téc do va phwong dwoc an dinh trwdc.

2. Cac phwong phap siéu phan giai

Hé thdng chup anh ludn t6n tai cac sai sé do han ché vé phan cirng, &nh thu nhan duoc
ludn bi suy gidm chat lwong. Vi du, gi¢i han vé dé mé& ctia 6ng kinh chinh la nguyén nhan
dan t&i hién twong mé anh, hién twong nay thwong dwoc mé hinh héa b&i ham lan truyén
theo diém ngudn PSF (Point Spread Function). Han ché th&i gian phoi séang thé hién rat rd
khi chup nhirtng dbi twong chuyén dong hodc thiét bi chup chuyén ddng. Han ché vé kich
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thuwéc bd cdm sé dwa dén anh hwédng mo do bd cam. Anh huédng nay xuét phat tir viéc
gia tri pixel anh chi dwoc dwa vao mot xung trén mét don vi dién tich ma bd cdm thu nhan
thay vi ldy mau xung tir nhiéu bd cdm. Han ché vé mat dd cdm bién trén bd cdm sé dan
t&i hién twong réng cwa va tlr d6 1am anh huéng téi do phan giai khong gian clia tAm anh
thu nhan dwoc. Nhirng &nh huéng trén dwoc mé phdng hoan toan hodc mét phan trong
cac phuong phap SR khac nhau. Ky thuat siéu phan giai (SR) la phwong phap xay dwng
anh dé phan glal cao (HR) ttr mét vai anh do phan giai thap (LR) do do tang cucrng cac
thanh phan c6 tn sé cao va loai bd cac yeu td gay suy gidm chat lwong anh bang cach
x ly cac &nh tir cac bd cdm cé dd phan giai thap.

2.1. M6 hinh chup anh
Hinh duéi m6 t mot hé thdng thu anh duoc mo ta theo [2] voi dau vao la nhirng anh
tw nhién lién tiep voi chat lwgng dat t&i gi¢i han cda hé thong.

Sarmpling Matkan Bl Doy Sampling

i Continues 1o Translation Optical blur
Sanne 7| discrere sampling + -Rotation ~+ -Maotion blur
without alissing -Afine, etc Sensor biur, otc

>

Dot samipling Low-ragodution
with alianing

Hinh 1: Hé théng tao &nh tir dau thu

Néu xem X 1a &nh d6 phan gidi cao ky vong va Y, 1a anh thir k d6 phan gidi thap to hé
th6ng chup anh. Khi do, mbi quan hé gitba X va Y, dwgc mo ta theo mdt ham “lexicograph-
ical”. Gia str, ta thu dwoc K anh LR clia X, & dé anh dod phan gidi thAp quan hé vé&i anh do
phan giai cao theo céng thirc:

Y, =DHFX+V, k=123..K

Trong d6: F, la ham mé ta chuyén déng cla anh thi k

H, la mé hinh anh hwéng cla hién twgng mo anh.

Dy la toan t&r down-sampling (toan t& lam min anh).

V, 1a ham nhiéu.
Ham quan hé tuyén tinh trén cé thé dwoc thé hién theo cong thirc dwdi dang ma tran:
Y11 1D Hy Fi Vi
Y, D, H, F, A
=l : - |x+] Hay Y = M.X+V

vl b, H, EFJl Lyl
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Trong thwc t&, ma tran M thwong 1a ma tran thwa nén ham lién két thwong rat yéu.
Honnira, cac thong sb D, H, F thwong khéng cé day di ma phai tinh toan dwa trén cac sb
liéu thuc té. Do d6, viéc tinh toan &nh tao dd phan giai cao X 1a khéng hé don gian. Cac
nha khoa hoc d& va dang cb gang tim cac phwong phap t6 hop &nh dd phan giai thap Y
theo nhiéu phwong phap toan hoc nham tim ham quan hé thyc té kha dung hon.

2.2. Phuwong phap siéu phan giai str dung mién tan sé

Tsai va Huang [1] da st dung méi quan hé cta anh d6 phan giai cao voi cac anh do
phan giai thap duoc tinh tién bdi cong thirc mién tan so dwa trén sw dich chuyén tinh tien
cla cac anh do phan giai thap va cac thudc tinh khir rang cwa ctia chudi bién déi Fourier.

Néu x(t;,t,) biéu thi cho mét canh dd phan giai cao trong chudi lién tuc thi s& c6 mot
trwdng K anh tinh tién:

Xk (t1,t2) = X(t1 + Ak»], t2 + Akz), voi k = 1,2,....,K

Trong d6: Ak, va Ak, la tay bién theo mirc d6 dich chuyén.

Chuéi lién tuc bién ddi Fourier (CFT) clia mét canh dwoc cho béi X ( uq,u,) va nhivng
anh tinh chuyén tir né 1a X, (uq,u,). Mbi quan hé clia ching sé& dwoc xac dinh theo cong
thire:

Xy (ug,uz) = exp[j2m(Aky uq + Aky Up)] X (uq,Up)
Anh tinh tién duoc lay mau theo dang xung trong thoi gian T1 va T2 dé co duoc cac
anh d6 phan giai thap:
Yk [N1.n2] = x(nq. Ty + Aky, N Ty + Aky),
voing =0,1,2,....Ny-1; n,=0,1,2,....,No-1.
Xét ham Chuéi rdi rac ctia cac bién dbi Fourier (DFTs) ctia cac anh dd phan giai thap Y

k[r1,r2]. Bién dbi CFT clia cac anh tinh tién cé méi quan hé véi bién dbi DFTs théng qua
céac thudc tinh khir rdng cwa ctia chudi bién ddi Fourier:

Ve[nmnl= T}LT Z Z X (?(%_?nl)%{(;_f:_mz))'

My ==—120 My =—o0

Gia dinh X (uj,U,) 1a giGi han, |X (ug,uy)| = 0 d6i v&i |ug] = (N{TT)/T4, Juy| = (NLTT)/T,, t6
hop 02 cong thirc trén ta sé& c6 hé sd DFT cla Y,[r,r,] v&i gia tri mau chwa biét ctia CFT
x(t4,t,) theo dang:

Y=0.X (%)
Trong d6: Y la vector K hang 1 cot v&i k" 14 hé sb cla ham DFT Y,[rq,r,]
X la vector N;N, hang 1 cot v&i cac gia tri mau chwa biét cla hé sé ham CFT x( ty,t,)
® la ma trén K hang NN, c6t, l1a ma trén quan hé gitra Y va X

Cong thire (*) dinh nghia quan hé tuyén tinh xuat phat tw viéc huwéng téi X va sau do
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st dung nghich dao ham DFT dé tai cAu tric anh. Mbi quan hé trén st dung dé tai cAu tric
anh SR v&i gid dinh 14 khéng cé nhiéu va cac dich chuyén da biét théng s6 day dd. Qua
trinh gidm d6 phan giadi dwoc gia dinh 1a s&r dung cac mau xung ¢6 anh huéng cla hién
twong mo do bd cdm vién tham.

Phwong phap mién tan sb bj gi¢i han dbi v&i su tinh tién gitra cac anh va sw thiéu rd
nét bat bién (spatially-invariant blurring). Vi thé, phwong phap nay khéng thé s dung duwoc
dé két hop cac anh chup & cac géc khac nhau do cac anh cé thé bj quay theo anh khac
gay ra bién dang va co6 khoang cach 14y mau bét qui tac.

2.3. Phwong phdp siéu phan giai mién khéng gian

Hién ton tai rat nhiéu phwong phap thdng ké linh hoat dwoc tng dung [3], [4] dé tai cau
tric anh dd phan giai thap. Céng thirc quan hé gitra anh d6 phan giai cao va anh dd phan
giai thap kha giéng véi phwong phap phuc hdi anh truyén théng [5], rat nhiéu phwong phap
théng ké linh hoat dwoc (rng dung dé tai cu tric &nh dd phan giai thap. C6 thé ké dén cac
phwong phap nhw Maximum Likelihood (ML), Maximum a Posteriori (MAP) [6] va phwong
phap Projection Onto Convex Sets (POCS) [7] .

2.3.1. N6i suy phuc héi anh - Phuong phép khéng tinh 13p

Gia dinh H, 1a khong gian tuyén tinh bat bién - Linearly Spatial Invariant (LSI) va déng
nhat d6i v&i moi khung hinh K, biéu thj khéng gian H. Gia st F, chi la mé hinh chuyén déng
don gian nhw tinh tién, quay, khi dé H va F, theo [8] thi:

Y= DFHX + V= DFZ, k=1,2,..K

Day la co s& cia phwong phap tinh khoéng lap dwa trén ndi suy va phuc héi anh. Co 3
bwédc cu thé nhw sau:
- Bang ky &nh dd phan giai thap (khép cac anh do phan giai thap).
- Noi suy khéng déng dang dé xac dinh Z.
- Khir m& va nhiéu dé c6 X
Khung &nh d6 phan gidi thap duwoc lién két dau tién boi mét vai nguyén Iy phuc hoi anh
dé dwa ra cac subpixel chinh xac. S lién két ctia cac khung hinh d(:) phan giai thap sau
deé d,u’o’c dat trong mé’g lwdi A6 phan giai cao ma & dé ndi suy khong dong dang dwoc dl‘Jr)g
dé Iap cac pixel bi mat trén &nh do phan gidi cao dé cé dwoc Z. Sau clng, Z dwoc tién

hanh xéa m& béi phwong phap deconvonlutional truyén théng véi viéc loai bd nhiéu dé tao
ra X.

Kenren, Peleg, and Brada [9] gidi thiéu phwong phap tai cu truc anh SR théng qua 2
bwéc dwa trén mé hinh chuyén dong xoan. Bén canh dé, Gross [10] da dwa ra phuwong
phap ndi suy khéng déng dang dé t& hop bd anh d6 phan giai thAp bang cach thiét 1ap
nguyén ly tai chia mau da kénh. Con Papulis tién hanh phwong phap tai chia mau st dung
hiéu rng xéa mo. (Xem hinh 2)

Phwong phap ndi suy ciing dwoc lién tuc cai tién, cé thé st dung phwong phap néi suy
tam giac bat quy téc, ndi suy lang giéng gan nhat. Uu diém cta phwong phap nay la qua
trinh dang ky anh xt ly d& dang tuy nhién van con han ché trong viéc gidm hién twong rang
cwa trén anh.
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Hinh 2: Phuong phéap mién khdng gian ndi suy - phuc héi énh

2.3.2. Phuong phéap théng ké

Khoéng nhw phwong phap ndi suy - phuc hdi anh, phwong phap thdng ké xem cac buéc
tai cdu anh SR 1a ngau nhién. Anh dd phan giai cao két qua (HR) va céac yéu té dau vao
cta sy dich chuyén gira cac anh thu nhan duoc (SR) c6 thé dwoc xem nhw la cac bién
ngau nhién. D&t M(v,h) 1a ma tran suy gidm dwoc xac dinh bdi vector chuyén dong v va
toan t&r mo h, tai cau tric anh SR co thé dwoc dua vao dang clia ham Bayesian day du:

X= argmax Pr(X‘}_’)
= argmax I Pr(Y|X, M (v, h)) Pr(X) Pr(M(v, h) dv *)
X Juki
Chu y réng, X va M(v,h) va dwoc théng ké doc lap theo [11]. O day, Pr(X,’M(v,h)) la div
liéu thdng tin anh , Pr(X) la han sai am chi anh d6 phan giai cao mong muon, Pr(M(v;h))
la thuat nglr thé hién sw thong ké clia chuyén déng. V trong cong thtre trén thwong la chi
dd nhiéu, gia dinh la bang khéng va vé&i mét vector Gaussian rong. Theo do:

1
Pr ()_ X, M(v, h)) < exp {— 53 | h}

Pr(X) dwoc xac dinh bang cach sir dung ham phan phdi Gibbs theo ham mii dang:

Y - My, h)X|

Pr(X) = %exp{—afi(k’)}

Trong d6: A(X) la mét ham kha nang khéng am; Z 1a yéu té chuan héa.

'Ham Bayesian theo cong thirc (*) rat phirc tap va rat kho dé co thé thuc hién danh gia
théng ké khi vé tinh chuyén dong.

2.3.3. Phuwong phép thiét 1ap nguyén ly phuc héi énh
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Bén canh cac phwong phéap tiép can téi wu hda tir viéc st dung bién ngau nhién nhw
da thao luan & trén, mot chiéu hwéng tiép can khac théng qua Phép chiéu trén tap 16i -
PrOJectlon onto Convex Sets (POCS) ) duwoc gidi thiéu trong [12]. Phuong phap POCS giai
quyét van dé cua anh do phan g|a| thap bang cach xay dwng mot tap 16i véi nhiéu gidi han
trong do bao gom cd yéu cau vé anh, yéu cau nay dwoc xem nhw mot diém 16i. Nhirng dinh
nghia vé tap 15i twong déi linh hoat va coé thé két hop nhiéu loai diéu kién hodc dat trwdrc,
tham chi 1a nhirng giéi han phi tuyén va khéng cé tham sé.

Tich hop di liéu v&i nhirng diéu kién tai cAu truc c6 thé dwoc md hinh hoa dwéi dang
tap 16i K:
Ck =X | IDHFX - Y [F <0 1<k<K}

Trong do, ton tai diéu kién lam min va diéu kién bién do. Ky thuat POCS dwa ra thuéat
toan tim cac diém giao cla tap X:

Xk+1 = PMPM-1 ..... P2P1Xk

Trong d6, X, 1a gia tri dat ban dau; P; 1a toan t& chiéu - toan t&r chiéu nay chiéu moét diém
lén mot tap 16i khép kin C; .

Nhirng wu diém cla ky thuat POCS la sy don gidn va c6 thé két hop v&i moi gi¢i han
ciing nhw diéu kién cho trué'c ma phwong phap tiép can ngau nhién khéng cho phép. Tuy
nhién, POCS c6 mlrc dd tinh toan rat ndng va hdi tu cham. Giai phap ctia POCS ciing
khéng hoan hdo va phu thudc nhiéu vao viéc dat théng sb ban dau. Cac phwong phap
POCS ciing gia dinh trwdc cac thdng so vé chuyén dong va sw mo hé thong. N6 khong thé
w&ce tinh thong qua nhivng thanh phan da dwoc déng ky trwdc va anh dé phan giai cao nhw
phuwong phap tiép can ngu nhién.

3. bé xuat phwong phap siéu phan giai (SR) trong xtr ly anh VNREDSAT-1

Drng trén phwong dién téng thé thi cé hai phwong phap chinh la phwong phap dwa trén
mién tan s va mién khong gian. Phwong phap mién tan sb thuwdng st dung chudi Fourier
dé mé phdng dich chuyén déng thei da &nh ban dau. Tuy nhién, do tinh chéat phirc tap cla
dich chuyén da anh nén ham mé phdng thwérng khdng dd tham sé do dé viéc gidi bai toan
rat khé khan va mé hinh khong duwoc chat ché. Do dé phuong phap nay it dwoc phat trién
nang cao. Phwong phap st dung mién khong glan vm d&c diém 1a woc Iucyng cac thong
sb trwdc dwa trén cac thong tin vé anh va yéu cau vé anh do phan giai cao dau ra da giai
quyét van dé khong du tham sb clia phwong phap mién tan sé. Pay |a hwdng di dwoc phat
trién mé réng manh mé trong nghién ciru siéu phan giai. Tl truéc dén nay, phwong phap
mién khong gian c6 nhiéu phwong phap nhung d6 la sw phat trién néi tiép nhau, phwong
phap giadi quyét nhirtng van dé ton tai clia phwong phap trudc. Xét vé ky thuat thi co hai
hwéng di chinh d6 1a phwong phap st dung bién ngau nhién wéc lwong théng qua ham
xac xuat va phwong phap wéc lvgng cac bién théng qua xac dinh tap 16i bang phép chiéu
tap 16i véi cac didu kién bién dwoc xac dinh trwdc. Ngoai ra, phwong phap két hop ca hai
phwong phap trén ciing dwoc phat trién va nhirtng két qua nghién clru ban dau mang lai
két qua twong dbi kha quan.

Vi vay, dwa trén nguyén ly phwong phap st dung mién khéng gian thi dé xir ly anh
VNREDSat-1 cho muc dich nang cao, dé xuét st dung cac budc co ban sau:
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- Thu nhan da anh trén cung mét (01) vi tri;

- M6 phéng méi quan hé gitra géc anh thu nhan dwoc, thuwdng la théng qua cac mé hinh
chuyén déng gitra cac anh véi dbi twong chup;

- Phan chia Pixel, thuwd'ng chia mét (01) pixel ban dau thanh bén (04) sub-pixels;

- Lap ma tran céc gia tri pixel ban dau dé xac dinh cac gia tri pixel ciia anh dd phan giai
cao két qua;

- Tai cAu truc anh.

Qua trinh tinh toan thu’c‘mg,khéng phan chia rd rfat thénh ce@c bu’c'rclnhu trén ma co thé
thwe hién tirng budc hoac thiet [ap moét md hinh thong nhat ket hop tat ca cac buéece trén.

4. Két luan

Nhirng van dé tr& ngai Ién dbi véi phwong phap SR xuét phat tlr qua trinh khép anh,
viéc tinh toan rat ndng ctia qua trinh tinh toan tham s mé hinh phuc héi anh.... Khép anh
quyét dinh chat lwong l4y mau khong gian bd sung vao qua trinh phan chia pixel va tai ciu
tric. Ky thuat khéop anh can phai hét strc lwu tam véi anh vién tham tai nhirng ving dia
hinh bién ddi phtrc tap. Nhiéu gay ra b&i cac sai s trong qua trinh khép anh anh Ién hon
hiéu ’ng m& do ndi suy. PO chinh xac phan chia cac subpixel quyét dinh gia tri pixel anh
dod phan giai cao. Do d6, d& phiu hop véi viéc tai cau tric anh SR thi viéc khép anh LR ¢
thé gidi quyét cung véi trwot xodn anh truéc khi tai ciu tric anh dé thu dwoc anh cé do
phan giai khéng gian cao hon.

M6t han ché &ng dung thwe té clia phwong phap tai cAu tric SR 1a tinh toan doi héi thao
tac v&i cac ma tran hét stirc tén bd nhéd may tinhTrén thuwc té, véi anh vién tham thi khéi
lwong pixel anh 1&n chinh la van dé dang quan tam. Tuy nhién, cac nha khoa hoc ciing da
dé xuét nhiéu bién phap tinh toan nhdm gidm bd nhé déng thai tang tbc d6 tinh toan lén
théng qua viéc lwoc bd cac thanh phan khéng can thiét, xay dung mé hinh chat ché tir dau
dé loai trir bét cac thong sé da biét vao tinh toan.

DPén nay, dé dwa ra dwoc han ché cho tat ca cac ky thuat SR la rat kh. Viéc s dung
phwong phap SR cho anh VNREDSat-1 la mét nhiém vu phirc tap bao gdom nhiéu buéc
tinh toan phu thudc 1an nhau.

Bai bao la két qua clia dé tai “Nghién ctru phwong phap x( Iy nang cao chat lugng anh
vé tinh VNREDSat-1”, ma s6 VT/UD-01/13-15, thuéc Chwong trinh khoa hoc cong nghé
doc lap cap Nha nuwéc vé Cong nghé vii tru ma sé6 KHCN-VT/12-15.Q
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Summary

Improving resolution of remote sensing images by super resolution methods
Dr. Le Quoc Hung, Eng. Truong Thi Tuyet

Vietnam Remote Sensing Center

The method for improving remote sensing image spatial resolution is the target of the
top research scientists in the field of remote sensing. Up to now, the way to improve image
spatial resolution by upgrading and manufacture of new advanced sensors that allow tak-
ing high spatial resolution images has enormous costs. In addition, spectral resolution was
often limited while enhanced spatial resolution. These reasons prompted scientists to dis-
cover the method for improving spatial resolution by transformed algorithms to high reso-
lution images based on received images. This article focuses on assessing some super-
resolution methods which develop so far. The result will be scientific basis for the purpose
of enhancing resolution to better use of VNREDSat-1 data.O
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