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Abstract: Cloud detection is a significant task in optical remote sensing to reconstruct the
contaminated cloud area from multi-temporal satellite images. Besides, the rapid development of
machine learning techniques, especially deep learning algorithms, can detect clouds over a large
area in optical remote sensing data. In this study, the method based on the proposed deep-learning
method called ODC-Cloud, which was built on convolutional blocks and integrating with the Open
Data Cube (ODC) platform. The results showed that our proposed model achieved an overall 90%
accuracy in detecting cloud in Landsat 8 OLI imagery and successfully integrated with the ODC to
perform multi-scale and multi-temporal analysis. This is a pioneer study in techniques of storing and
analyzing big optical remote sensing data.
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Tém tit: Loai bo ving my trén anh vién tham quang hoc 1a mot trong nhirng budc dau tién trong
qua trinh tién xir Iy anh, nhdm ‘phuc vu tai céu tric dir liéu nhitng ving bi che phu boi may tr dir
liéu anh vé tinh da thoi gian. Dé giai quyét van de ndy, mot mo hinh dugc thir nghiém vdi thudt toan
dua trén hoc may siu dugc dé xuat trong bai viét nay. M6 hinh thudt toan nay dugc phat trién trén
nguyén 1y sir dung mot mang tich chap (convolutional blocks) 1én nén tang dit liéu khbi (Open Data
Cube) duoc dao tao béi nhiéu phan manh cua anh Landsat 8 OLI. M hinh nay, dugc goi la ODC-
Cloud c6 kha ning phat hién viing may trén dién rong va cuc bd trong mot hinh anh bang cach sir
dung céc khdi chap. Vi mé hinh duoc dé xuat 1a mot giai phap dau cudi khong yéu cau budc tién xir
ly phrc tap. Két qua thir nghiém cua nghién ciru nay dat do chinh xac trén 90% trong viéc phat hién
va loai bo ving may khoi anh va tich hop thanh cong mé hinh 1én nén tang dit liéu khdi dé thyc hién
cac phan tich da ti 1€ va da thoi gian. Day 1a mét trong nhiing gidi phdp mdi trong viée luu trir va
xtr 1y dir liéu anh vién tham quang hoc trén nén tang dir liéu 1n.

Tir khéa: Vidn tham quang hoc, Landsat 8 OLI, tu dong phét hién may, hoc may su, dit lidu khéi.
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1. Mé dau

Véi sy phéat trién nhanh cua cong nghé vién
tham, anh vién tham quang hoc dugc sir dung
rong réi trong nhiéu linh vyc nhu so sanh doi
chiéu thyc dia, phan loai va theo dGi bién dong
16p phu/str dung dat [1]. Tuy nhién phan I6n anh
vién tham quang hoc déu c6 sy xuét hién cua
vung may véi do che pha khac nhau. Nhitng khu
vuc bi may che phu trén anh khong chi gay ra su
mat thong tin ma con gy ra kho khan trong viéc
xé4c dinh cac d6i twong bén dudi ving may [2],
[3]. Ngoai ra, cac anh vién tham quang hoc voi
d6 che pha may nhiéu cd thé khién di liéu anh
khong c6 gié tri dé phan tich bé mat 16p phi. Tuy
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nhién, céc thdng tin vé gié tri ciia my ciing c6
thé cung cap cac tham sé khac phuc vu nghién
ctru thoi tiét, tham hoa tu nhién nhu giéng bio,
nai lura phun trao [4]. Do do, phat hién vung may
la mot trong nhitng van dé nghién ciru quan trong
dé quan sat Trai D4t bang hinh anh vién tham
qguang hoc. Pay la mét trong nhitng budc quan
trong trong qué trinh tién xa ly anh, truéc khi
phuc vu cho cac muc dich nghién ctu va phan
tich sau nay.

Nhiéu phuong phap va mo hinh phat hién
vung may da dugc nghién cau va thir nghiém
trong nhiing thap ky gan day. Hau hét cac
phuong phap phat hién dwoc thiét ké cho cac loai
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anh vé tinh da phd. Véi cac dai hong ngoai nhiét
hoac s6ng ngan, rat d& phan biét cac ving may
va khong may. Cac phuong phap nay da dugc ap
dung thanh céng cho cac dir liéu vién tham khéc
nhau theo d6 phan giai khéng gian va thoi gian.
C6 thé dugc chia lam ba phuong phéap chinh: (1)
Phuong phap phan ngudng [5,6], cac tac gia da
str dung phuong phap F-mask (function of mask)
dé loc nhiing viing ¢ kha ning 14 may ra khoi
nhitng vung khong may, ngoai ra phuong phap
nay con st dung kénh anh Cirrus (kénh 9 cua anh
Landsat 8 OLI) dé ting d6 chinh xac viéc xac
dinh viing may, va hién nay duoc st dung dé tao
ra kénh loc may trén anh Landsat 8 OLI; (2)
Phuong phap thu cong [7], tac gia su dung
phuong phiap HOT (haze optimized
transformation) va sir dung lién két giira hai kénh
anh Landsat dé phan biét ving may mong va
khong may; va (3) Phuong phap hoc may séu [8-
10] dugc st dung trong mét vai nam trd lai day,
cac tac gia st dung mang no-ron tich chap
Convolutional Neural Networks (CNNs) cho
viéc phan biét ving may day, mong va khong
mAy. Phuong phap hoc may sau sir dung ciu tric
U-Net cho thay su vuot troi trong cac ang dung
phan tich anh [11-14].

Dua trén nhitng co s& nay va nhu cau st dung
anh vé tinh da thoi gian ngay cang 16n, c6 thé
thiy duoc kha ning phat trién mot thuat toan hoc
may sau trong viéc ung dung xay dung md hinh
tw dong phat hién va loai bé ving may trén anh
vién tham quang hoc. Bang thoi voi su phét trién
nhanh ctia cdng nghé vién tham, viéc luu trit va
phan tich dir liéu l6n da tré thanh mot trong
nhitng bai toan khong chi trong linh vuc vién
tham ma con trong nhiéu linh virc khac [9]. Open
Data Cube (ODC) la mot giai phap cho viéc truy
cap, quan ly va phan tich dix liéu dia ly 16n néi
chung va dit liéu vién thim néi riéng. Moi truong
ODC cho phép lién két cac dit liéu thanh dang
lué6i dir liéu theo chiéu khong gian va dang khéi
theo chiéu thoi gian. Chinh vi dic diém nay, viéc
phan tich xay dung mé hinh xu ly anh vién tham
trén nén tang ODC c6 kha ning ap dung trén
nhiéu khu vuc, nhiéu giai doan khac nhau va kha
ning tinh toan nhanh véi bo dit lidu 16n. Xuat
phét tir nhitng nhu cau va diéu kién trén, nghién

cru nay budc dau ap dung va xay dung thuat
toan hoc may sau (deep-learning) dé mé hinh héa
tu dong phat hién va loai bo ving may trén anh
vién tham quang hoc (Landsat 8 OLI) trén nén
tang ODC vai tén goi la ODC-Cloud.

2. Phwong phap nghién ciru

Trong phan nay, nghién ctu trinh bay thuat
toan dé xuat trong mé hinh ODC-Cloud dé phét
hién va loai b6 vung may cho anh Landsat 8 OLI.
So d6 phwong phap ctua mo hinh dwoc thé hién
trong Hinh 1.

XAY DUNG
MO HINH HOC MAY SAU

C D ligu metadata ) ( Dt ligu kénh pIz{n) (&
thy
(Fneod a
T Dar g dyng nu irin
. {Array)

Cluyén ddi gid
i pixel vé (0-1)

DATACUBE

0%
B4 dir ligu miu
(38-Cloud)
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Kicm tra kich thande Thém
i b v i hindy vilng dim

Dl die vio mi
hinh ODC-Cloud

[ Dir ligw dinh logi bé viing miy

MG hinh thi wa

M hinh phit hign vii logi bi
ving mily ODC-Cloud

Hinh 1. So &6 mé hinh thuét toan phat hién va loai
b6 vung may ODC-Cloud.

2.1. Phuwong phdp hoC may sau

Phuong phap hoc may sau duoc phét
trién tr md hinh mang no-ron (Neural
Network). Mot trong nhitng phuong phap
hoc may sau tiéu biéu trong viéc phan tich
cac dbi twong hinh anh. Phuong phap mang
no-ron tich chap sdu Deep Convolutional
Neural Network (DCNN) trong phan tich
anh thé hién kha nang ty dong phan loai
(automatic classification), phan doan anh
(segmentation) va phat hién déi twong
(object detection). Trong nghién cau nay,
md hinh thir nghiém phat hién may co6 chuc
nang tu dong xac dinh va loai bo vung cé
may bang cach phan manh cac ddi twong trén
anh (phuong trinh 1).

Y =f(X;0) 1)
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Véi dit ligu anh X € RW/¢, m6 hinh sg tai
cau tric anh Y € RW™1 véi w la chiéu rong; h 1a
s6 hang cua pixel; va ¢ 1a s6 kénh anh. Khi do,
dir liéu dau ra Y c6 gia tri (0-1), dai dién cho su
Xuat hién ctia ving may trén anh, va 6 la cac
trong s cia moé hinh, d6i voi mang no-ron
(Neural Network) c4c gia tri trong s6 6 cua l6p
L™ duoc st dung dé xac dinh gié trj cua cac ndt
(node) trong 16p L" (Hinh 2).

Hidden
Input Trong s&

Trongsé Output

Hinh 2. Mang no-ron (Neural Network) véi 16p dau
vao (Input), I6p an (Hidden) va I6p dau ra (Output).

Trong  do: Hidden = f;(Input; 6;);
Ouput = f,(Hidden; 6,). Bang cach hop ham
f tirhai ham £, va f,, cac trong s6 dugc biéu dién
theo (phuong trinh 2).

Y = f,,(1(X;601); 65) 2

Nhu vay, trong mot phuong phap hoc may
sau (deep-learning) voi mdi dir lidu dau vao thi
dir lidu két qua s& duoc tinh todn qua rat nhiéu
ham va mdi két qua cua I6p nay sé 1 dir liéu dau
vao cua lop tiép theo.

2.2. Cdu tric md hinh ODC-Cloud
e Dir liéu anh vé tinh

Dir lidu anh vé tinh da ph6 Landsat 8 OLI
bao gom 09 kénh anh dwoc thu nhan tir cam bién
OLI (Operational Land Imager) va 02 kénh anh
tir cam bién TIRS (Thermal Infrared Sensor).
Trong nghién ctu nay, nhom tac gia su dung 04
kénh anh phd bién gom Blue, Green, Red va
Near-Infrared (Bang 1). Voi dic diém nhiéu
kénh anh hon cac loai anh truyén théng khac
thuong duoc st dung 03 kénh anh (Red, Green,

Blue) trong cac tng dung phan tich anh sir dung
phuong phap hoc may sau (deep-learning) [15,
16]. Dir liéu anh vé tinh ndi chung, hay anh
Landsat 8 OLI noi riéng voi dic diém co nhiéu
kénh anh, kha ning phét hién ddi tuong khéng
chi dya trén dic diém hinh dang ma con da trén
tinh chét cua d6i twong. Nghién ciru nay, ngoai
03 kénh anh (Red, Green, Blue) dwoc st dung
nhu cac phuong phap hoc may séu khac. M6
hinh ODC-Cloud sir dung thém kénh can hdng
ngoai (Near-Infrared) véi muc dich cung cap
thém thong tin vé hinh anh phan chiéu ciing nhu
tinh chat vat ly gilp viéc phan doan anh duoc
chinh xac hon.

Bang 1. Cac kénh phd cua anh Landsat 8 OLI dugc
sir dung trong nghién cuu

Spectral Bands Wavelength (um)

Band 2 — Blue 0,452 - 0,512
Band 3 — Green 0,533 -0,590
Band 4 — Red 0,636 - 0,673

Band 5 — Near-Infrared (Nir) | 0,851 — 0,879
e Thiét 1ap md hinh ODC-Cloud

DCNN (Deep Convolutional  Neural
Network) duoc ing dung trong phén tich anh va
dua trén cau trdc U-Net 1a mét trong nhitng cu
trdc tidu biéu trong phan doan anh [11-14]. M6
hinh c4u tric U-Net duoc minh hoa trong Hinh 3.

input
image
tile

i I

B ——

(I.... — = -...- § max pool 2x2
8 3§  om 43 8 4 up-conv 2x2
e e - conv 1x1

olo] ol lo| OUtPUL
g segmentation
4 map

= conv 3x3, ReLU
» copy and crop

Hinh 3. CAu triic U-Net duoc sir dung trong DCNN.

V6i bo loc tich chap tai vi tri i, j cua lop dau
vao x, 16p dau ra h; ; duoc xac dinh boi (phuong
trinh 3).
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hi.j = Yk=1 Xi=1 Wi i Xitk—1,j+1-1 (3)

Trong d6 m 1a kich thuéc chiéu dai va chiéu
rong cua bo loc; h 1a 16p dau ra; x 1a 16p dau vao;
va w la trong sé cua bd loc.

S6 luong bo loc s& quyét dinh sé lugng kénh
cuia 1op dau ra va thuong duoc chon mot cach tha
cdng. Bo loc chi duoc &p dung cho mot phan cua
toan bo 16p dau vao nhung toan bo kénh cua ddi
tugng dau vao déu dugc &p dung. Bo loc bién doi
I6p dau vao theo mot ham tuyén tinh, theo sau 1a
mot sy phi tuyén (thuong 1a mot ham phi tuyén).
Ham ReLU (rectified linear unit) duoc dung dé
chuyén tat ca cac gia tri &m thanh gia tri 0
(phuong trinh 4).

ReLU(X) = max(0,X) (4)

Budc tiép theo ham sai sé nhi phan chéo
(binary cross-entropy) dugc &p dung dé tinh sai
s6 gitra két qua mau va két qua du doan ving co
may (phuong trinh 5).

Loss(7,Y) = M_/_;LZW Yn Y (Yo n) +
(1-Pn)In(1-Y,,) ®)

Vi ¥ 1a dix liéu chia viing may mau va Y 1a
két qua du doan chia ving mau. Ham sai s6 nay
dugc sir dung dé tinh toan gia tri do déc
(gradient) cua céc gié tri trong sé trong 6. Gia tri
d6 déc sau d6 s& dugc st dung dé tdi wu hoa mod
hinh.

5213 | 15236 | 40253 | 19653 | 5025

1920 | 20031 | 45309 | 16857 | 2356

35168 | 19523 | 20123 | 8520 | 1950

S8741 | 12136 | S6531 | 12963 | 3561

" Jkinhn

13256 | 9956 | 32568 | 14589 | 9356

——————————— P 1093 | 52359 | ss636 | 9563 | 356

| kenn2
Kénh 1

1 3954 [ 1056 |99 | 3

Hinh 4. Céc gié tri pixel trén anh vé tinh Landsat 8
OLI ¢6 gié tri khac nhau trén tung kénh anh.

_ Hinh 5 thé hi¢n cau triic hoc siu DCNN dugc
de xuat trong md hinh ODC-Cloud. Dix li¢u dau

vao (Input) la anh c6 kich thuéc (384 x 384) x 4.
Trong d6, 4 1a s6 kénh anh (Red, Green, Blue,
Near-Infrared).

Dit liéu dau vao ban dau s& qua 2 bo loc tich
chap (3 x 3) (convolution layers) theo sau mot
I6p tong hop 16n nhat (max pooling layers). Qua
moi Mot chu trinh nhu vay, kich thich (sé hang
va s6 cot) cua anh s& giam di mot nira va s6 luong
kénh anh sg tang 1én.

(384 x 384) x4

' T e (2x12)x512
=

Hinh 5. M6 hinh DCNN dua trén ciu tric U-Net.

Qua 6 chu trinh, anh c6 kich thudc (12 x 12)
x 512, sau d6 anh sé di qua chu trinh tich hop
nguoc va két hop 16p. Bo loc tich hop nguoc ¢6
kich thuéc (3 x 3), qua mdi phép tich chap kich
thudc anh ting 1én gap doi va sé kénh giam di
mot ntra (Bang 2). Anh sau d6 sé dugc két hop
V6i l6p twong ung ¢ giai doan trudc d6 va tiép
tuc qua 2 bo loc tich chap (3 x 3).

Tuong tu qua cic chu trinh mé rong, ddi
tuong anh s€ ma rong ra kich thuéc (384 x 384)
nhu kich thudc gdc ban dau tuy nhién sé kénh
chi con lai mot kénh véi gia tri pixel tir (0-1).
Ham sigmoid s& duoc ap dung cho 16p cudi cing
dé xac dinh kha ning c6 may trén anh (phwong

trinh 6).
1

1+e™*

A= (6)

Trong d6 A la gi4 tri Sigmoid cua lép cubi
cung trong khoang (0 — 1); x la gia tri cua 16p
cuoi cung.
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Bang 2. C4u tric phuong phap hoc may sau DCNN

ap dung trong moé hinh ODC-Cloud.

Chu trinh thu hep (Encoding phase)

384x384x4 -> convolution (3x3) 16 feature

—
< | maps
5 | -> 384x384x16 -> convolution (3x3) 16
2 | feature maps
© | -> 384x384x16 -> max pooling (2x2)

-> 192x192x16
o~ | 192x192x16 -> convolution (3x3) 32 feature
= | maps
E | > 192x192x32-> convolution (3x3) 32
2 | feature maps
© | > 192x192x32 -> max pooling (2x2)

-> 96x96x32
o | 96x96x32 -> convolution (3x3) 64 feature
< | maps
E | -> 96x96x64-> convolution (3x3) 64 feature
2 | maps
© | -> 96x96x64 -> max pooling (2x2)

-> 48x48x64
< | 48x48x64-> convolution (3x3) 128 feature
< | maps
‘E | -> 48x48x128-> convolution (3x3) 128
2 | feature maps
© | > 48x48x128 -> max pooling (2x2)

-> 24x24x128
o | 24x24x128-> convolution (3x3) 256 feature
= | maps
E | > 24x24x256-> convolution (3x3) 256
2 | feature maps
© | > 24x24x256 -> max pooling (2x2)

-> 12x12x256
©o | 12x12x256-> convolution (3x3) 512 feature
< | maps
5 | > 12x12x512-> convolution (3x3) 512
2 | feature maps
O | > 12x12x512

Chu trinh mé rgng (Decoding phase)

12x12x512-> up convolution (3x3) 256
~ | feature maps
S | ->24x24x256-> két hop 16p tai qué trinh 5
‘3 -> 24x24x512-> convolution (3x3) 256
S feature maps

-> 24x24x256-> convolution (3x3) 256
feature maps
-> 24x24x256

24x24x256-> up convolution (3x3) 128
© | feature maps
| -> 48x48x128-> két hop 16p tai qua trinh 4
£ | -> 48x48x256-> convolution (3x3) 128
G | feature maps

-> 48x48x128-> convolution (3x3) 128

feature maps

-> 48x48x128

48x48x128-> up convolution (3x3) 64
g feature maps )
€ | ->96x96x64-> két hop I6p tai qua trinh 3
£ | -> 96x96x128-> convolution (3x3) 64
& | feature maps

-> 96x96x64-> convolution (3x3) 64 feature

maps

-> 96x96x64

192x192x64-> up convolution (3x3) 32
S | feature maps
€ | ->192x192x32-> két hop 16p tai qué trinh 2
E | -> 192x192x64-> convolution (3x3) 32
g feature maps

-> 192x192x32-> convolution (3x3) 32

feature maps

->192x192x32

192x192x32-> up convolution (3x3) 16
o | feature maps
€ | ->384x384x16-> két hop 16p tai qué trinh 1
E | -> 384x384x32-> convolution (3x3) 16
f:; feature maps

->  384x384x16-> convolution (3x3) 1

feature maps (Sigmoid)

-> 384x384x1

2.3. Dir liéu mau va qua trinh hoc may

M®& hinh ODC-Cloud sur dung b dix liéu mai
cho myc dich phat hién vung may trén anh vé
tinh Landsat 8 OLI. Bo dit liéu mau sir dung la
bo dir liéu mau 38-Cloud dugc loc may mot cach
tha cbéng [15]. M6 hinh ODC-Cloud sir dung
8.192 mau va duoc chia 1am hai phan: (i) dit liéu
hoc may (khoang 70% sé mau) va (ii) di liéu
kiém ching (khoang 30% sb mau). Mdi mau anh
dugc phan thanh cac manh ¢6 kich thudc (384 x
384). Cac manh s& duoc sip xép theo thir ty ngau
nhién dé t6i wu hoéa qua trinh hoc may. Gia tri
pixel cua dit liéu ddu vao duoc tiéu chuan hoa vé
khoang gia tri (0-1) (phwong trinh 7).

A= X—Xmin (7)

Xmax—Xmin
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Trong d6 X la gia tri pixel; Xmin |2 gid tri pixel
nhé nhat trong anh, Xmax 1a gia tri pixel 16n nhat
trong anh.

Kha nang hoc may (Learning rate) khoi diém
VGi gia tri 1a 0,0001 va ky thuat téi wu hoa dé
giam ty I¢ hoc tap (Learning rate decay) dugc ap
dung, kha ning hoc may s& giam 10% qua moi
1an va toan bo dir liéu hoc may duge di qua mo
hinh. Gia tri d6 dbc (Gradient) s& dugc tinh cho
tdm b6 manh dir liéu duoc di qua mo6 hinh. Do
d6, vai mdi bo thi mé hinh s& c6 128 1an hoc may
va téi wu trong sb. Qué trinh hoc may trong mo
hinh ODC-Cloud, duoc hoc toan bo dit liéu la 20
1an, s6 1an tdi wu trong s6 (20 x 8) x 128 = 20.480
lAn. M6 hinh ODC-Cloud duoc tbi vu trén may
tram CPU Xeon 2650V2 véi card d6 hoa
Geforce GTX 1050Ti véi khoang thoi gian xir ly
4 gid va md hinh toan hoc dugc chay trén nén
tang m& ngudn mé Python 3.6, két hop véi deep
learning framework Tensorflow 1.13 trong qué
trinh t6i vu moé hinh. Cac qua trinh doc anh va
xuét dit liéu anh vé tinh duoc dinh dang (*.TIFF)
duogc thuc hién qua thu vién GDAL Python.

2.4. Danh gia dé chinh xac cua mé hinh ODC-
Cloud

Sau qué trinh hoc may, hiéu suat caa mé hinh
duge danh gia do chinh xéac tong thé (Overall
Accuracy - OA) (phuong trinh 8). Hai anh géc
Landsat 8 OLI va trén dit liéu khdi tai Viét Nam
(Vietnam Data Cube). Két qua 16p dau ra la anh
¢6 cung kich thuée véi anh dau vao va s luong
kénh anh 1a mot, gia tri pixel nam trong gia tri
(0, 1). Ham sigmoid dwa gia tri cudi cung vé gia
tri 0 va gi4 tri 1, qua qua trinh ti vu mo hinh,
cac dir liéu tir ving may sé& cd gia tri tién vé 1 va
cac ving khéng may sé& co gia tri tién vé 0. Két
qua du doan pixel ving miy co xac suat P va
pixel khéng may la 1 — P. Gié tri pixel sé duoc
xac dinh 1a 1 (P> 0,5) va 13 0 néu (P < 0,5).

OA — TP+TN (8)
TP+TN+FP+FN

O day TP, TN, FP va FN Ia c4c chi sé cua ma
tran dugc mo ta trong ma tran sai 1an dya trén
tinh toén chi s6 Jaccard. Day la sb liéu dugc chap
nhan réng rai dé do hiéu suat caa nhiéu thuat toan
phan doan anh [17] (Hinh 6).

Predicted class

r N
True False
P Positives Negatives
(TP) (FN)
A ctual
Class
False True
N Positives Negatives
(FP) (r™)

Hinh 6. Ma tran sai 1an.

3. Két qua thir nghiém

3.1. M6 hinh ODC-Cloud trén dif liéu khéi tqi
Viét Nam

Xt ly toan bo vung dix liéu anh trén di liéu
khéi qua phuong phap DCNN (Deep
Convolutional Neural Network) gat nhiéu kho
khan vi kich thuéc cua cac vung kho lua chon
dung véi kich thudc dir lidu dau vao cia mé hinh.
Trong nghién ciu nay, nhém tac gia thém mot
vung dém cho anh truéc khi chia anh ra thanh
tirng manh nho d@é xir ly. Hinh 7a thé hién khu
vuc trén dir liéu khdi cé kich thude (739 x 691),
duoc thém 16p ving dém cho ca s hang va cot
(cac vung dém c6 gid tri pixel = 0) thanh (768 x
768) (Hinh 7b). Nhu vay khu vuc dugc chia la
bdn méanh c6 kich thudc nhé hon ban dau (384 x
384) d¢ md hinh tinh toan va xu ly (Hinh 7c).
Sau khi xac dinh ving may dugc md hinh tinh
toan, phan ving dém nay s& duoc loai bo va két
qué anh s& tr lai kich thudc ban dau (Hinh 7d).

0 :.-#_ . “ o

Manh
384x384

200 400 600

Hinh 7. Khu vue duoc lua chon trén di liéu khéi
(7a), thém vung dém trén anh (7b), chia manh (7c)
va ket qua tach vung may (7d).
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3.2. D¢ chinh xac va két qud cia md hinh

Véi bo dir liéu huan luyén, d6 chinh xéac cua
md hinh dugc tinh cho tdm bé manh, mdi bo
chira 1.024 anh véi 04 kénh anh (Red, Green,
Blue, Near-Infrared), do chinh xac tong thé trung
binh ciia tdm bo manh duoc thé hién (Bang 3).

Bang 3. B0 chinh xac cua mo hinh phét hién
vling may

[~
>
=

Do chinh xac (%)
96,96
97,16
97,31
97,30
97,22
97,14
97,45
97,22

Do chinh xé4c tong thé (OA) 97,22

Hinh 7 (bén phai) thé hién anh ving may
duoc tach khoi anh Landsat 8 OLI tir dit liéu khoi
tai Viét Nam (Vietnam Data Cube) thir nghiém
trén md hinh ODC-Cloud véi do chinh xac téng

thé dat duoc 90,26% (Bang 4).

o|N|o|gMw NS

Bang 4. D6 chinh xac caia mé hinh ODC-Cloud loali
b6 vung may trén hai anh Landsat 8 OLI

Anh Do chinh xéac
1 91,13 %
2 89,39 %
Do chinh xac tong thé (OA) 90,26 %

Bang 4 va Hinh 8 cho thay két qua thir
nghiém md hinh ODC-Cloud trén dir liéu khoi
tai Viét Nam véi do chinh xac cua tieng anh thir
nghiém déu xap xi dat 90% va d6 chinh xac tong
thé ciing dat 90%, diéu do6 cho thdy budc dau mod
hinh ODC-Cloud c6 thé chiét tach cac ving may
trén anh vé tinh Landsat 8 OLI véi bo dix liéu 1on
va c6 kha nang ap dung chiét tach cac viing may
day va trung binh. Han ché caa mé hinh thur
nghiém phét hién va chiét tach ving may (ODC-
Cloud) 1a chua tinh toan thém ving bong may va
may mo trén anh. Trong nghién ctu tiép theo,
nhom téc gia sé thir nghiém mo hinh ODC-Cloud
trén cac loai anh vién thdm quang hoc khéc va

tich hop thuat todn phat hién vung may, may
mong va bong may véi bo dir liéu 16n hon.
4. Két luan

Trong nghién ctru nay, phuong phap duoc
thar nghiém dua trén tiép can hoc may sau (deep
learning) dugc &p dung cho mé hinh ODC-Cloud
phéat hién cac pixel vung may trén anh vé tinh
Landsat 8 OLI chi s dung 4 kénh anh (Red,
Green, Blue, Near-Infrared). Két qua dat do
chinh x4c trén 90% phét hién va chiét tach ving
may khoi anh vé tinh Landsat 8 OLI. M& hinh
ODC-Cloud c6 thé hd tro dic luc cho cong tac
tién xir Iy anh vién tham quang hoc véi bo dir
lieu khéi 16n tai Viét Nam va kha ning tinh toan
theo phén manh doc 1ap, mé hinh thu nghiém
trong nghién ctru nay cd thé ap dung ky thuat tinh
toan song song cho mét khu vuc 16n va rat lén.

2

Hinh 8. Anh té hop mau tu nhién cua hai anh
Landsat 8 OLI (hang dau), anh viing may kiém
chimng (gitra), va anh két qua ving may duoc chiét
tach tir md hinh ODC-Cloud (bén dudi).
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Loi cam on

Nghién ctu nay duoc hd trg béi Trung tam
Vi try Viét Nam (VNSC) va tap doan LM.
System Group, Inc (https://imsg.com) trong viéc
cung cip mai truong va bo dix lieu khéi tai Viét
Nam (Vietnam Data Cube) trong qué trinh
nghién ctru va thir nghi¢m. Cac tac gia xin chan
thanh cam on nguoi danh gia an danh cho cac y
kién mang tinh xay dung va sau sic da cai thién
nghién cuu nay.
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