Nghién ciru

XAY DUNG PHUONG PHAP XAC PINH PUONG BO DUA
TREN ANH VIEN THAM BANG PHUONG PHAP HQC SAU

Nguyén Vin Nam', Nguyén Thanh Doan?, Nguyén Thanh Tung!
'Truong Dai hoc Tai nguyén M6i truong Ha Noi
?Pai hoc Tric dia - Ban d6 Matxcova, Lién Bang Nga
Tém tit

Bai bao trinh bay phwong phap xdc dinh dwong bo dya trén phung phap hoc
sau. Thuc nghi¢m da dwoc tien hanh cho hai khu vuc ¢ Viet Nam sir dung anh vé tinh
Sentinel-2. Két qua ciia bai bao da thyc hién so sanh phu"ong phdp madi véi mot loat
phu’ong phap dwge sir dung phé bién hién nay nhw sir dung cdc chi sé thue vat, chi s6
nudc, sir dung phuong phap phdn nguong anh, sw dung thudt toan phdn logi Support
Vector Machine dé lam néi bdt wu ciing nhw nhiege diém ciia phwong phép hoc siu khi

gidi quyét bai todn xdc dinh dwong bo.

Tir khéa: Vién tham; Dudng bd; Anh vé tinh; Hoc sau; Mang noron; Chi s6 thuc
vat; Chi sb nudc.

Abstract
Shoreline detection using remote sensing data with deep learning technology

This paper presented method identifying shorelines using remote sensing images
and deep learning method. Experiments were conducted at two areas in Vietnam
using Sentinel-2 satellite imagery. Comparing deep learning with traditional methods,
such as support vector machine (SVM) and NDWI index shows that deep learning
is an effective method for semantic segmentation remote sensing data. Measures for
improving the accuracy of deep learning model when determining water surface were

also proposed.

Keywords: Remote sensing; Coastline; Satellite image; Deep learning; Neural

network; SVM; NDWI.
1. Pit van dé

Véan dé xac dinh duong bo bién,
bo song tur lau da anh huong rit nhiéu
dén cac linh vuc cua cudc song, vi nudc
luén 14 ngudn tai nguyén quy gia cua
nhan loai, dic biét 1a v&i Viét Nam - dat
nudc cé hé thong séng ngoi kénh rach
va duong bo bién rat dai. T lau, dix
liéu vién tham nhu anh chup vé tinh,
anh hang khong da dugc str dung dé xéac
dinh duong bd bién do uu diém cia do
phu cao, c6 kha nang theo doi danh gia
bién dong bang anh da thoi gian, c6 kha
ning lam viéc & nhitng khu vue kho tiép
xuc truc tiép trén thuc dia, ...

Mot s phwong phap thudng duoc sir
dung dé x4c dinh dudng bo dua trén anh
vién thdm c6 thé ké dén 1a:
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- Phuong phadp giai doan thu cong.
Phuong phap nay yéu cau ngudi giai dodn
phai c6 kinh nghiém x4c dinh ranh gidi
nudée/dat lién. Qua trinh giai doan thuce hién
trén cac phan mém s6 hoéa ban d6 chuyén
dung nhu ArcMap, QGIS, Mapinfo.
Phuong phéap nay phu hop véi cac khu vuc
c6 quy mo nhd, duong bo khong phire tap,
tuy nhién dé ap dung v6i1 khu vue rong 16n
va hé thong song ngoi, bo bién phurc tap thi
s& can thoi gian va ngudn lyc rét 16n. Pic
diém ctia phuong phép nay 1a két qua thu
duoc phu thudc hoan toan vao chu quan
ciia ngudi thyc hién, dan dén tinh trang
cung mot khu vuce, hai nguoi thuc hién s€
cho hai duong bo khac nhau.

- Phuong phdp phan nguong anh su
dung cdc chi s6 quang phé. Cac chi sb
quang ph6 nhu NDVI, NDWI, MNDWI
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tir lau da dugc ép dung dé phan loai bé
mit nude va bé mit dat hen [1] Muc tiéu
cua viéc su dung céc chi s6 nay la lam ndi
bat sur khac biét giita bé mat nudc véi dit
lién trén anh bing cach sir dung cac cong
thirc tinh toan tuwong quan gitra cac kénh
anh vién tham. Uu diém ctia phuong phap
nay la dé st dung va thoi gian tinh todn
nhanh. Tuy nhién nhiing chi s6 quang
pho trén khong phén biét hiéu qua bé mat
nude véi cac khu vuce dan cu, vi thé két
qué thu duge chua téi wu va yéu cau xir ly

hau ky can than.
- Phuong phap hoc may (Machine
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learning). Mot s6 phuong phap phan loai
c6 gidm sat nhu phuong phap xac suét
cuc dai (Maximum Likelihood), phuong
phap may vecto hd tro (Support Vector
Machine - SVM), thuong duogc st dung
khi xir Iy bai todn phén loai ddi tugng trén
anh vién tham. Cac phuong phép nay déu
yéu cau dit liéu mau dé tién hanh phén loai,
o day la tap hop céc gia tri kénh anh duoc
géan nhin cho ting 16p dbi twong can phan
loai. Phuong phap hoc may hién dang la
phuong phap dugc ap dung phd bién nhat
va dem lai ket qué tot hon phuong phap
sir dung chi s6 quang phé [2].
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Hinh 1: Sﬁllu’.o’ng cdc bai bdao khoa hoc lién quan toi sir dung cong nghé hoc siu trong
vién thdm ting theo tirng ndm theo thong ké trén hé thong Scopus [3]

Ngoai cac phuong phép ké trén, hién
nay phuong phédp hoc sau dang ngay cang
duge chi ¥ va nghién ciru 4p dung vao vién
tham. Hoc sau 1a mot nhanh cia hoc may
va dé cap dén cac mang than kinh c6 kha
nang hoc dir liéu dau vao voi cac biéu dién
triru tugng. Mac du phuong phép nay dugc
phat minh tir 1au, tuy nhién vao giai doan
dau no chua duge chu y do cic mo hinh
mang than kinh so khai chwa dat dugce do
chinh xéc nhu cac phuong phap hoc may
truyén théng. Chi dén giai doan muoi nim
gan ddy, phuong phap hoc sdu méi nhan
duogc sy quan tdm cua cac nha nghién ctru
sau khi mot loat cac m6 hinh mang than
kinh hién dai ra doi nhu AlexNet, Resnet

va U-Net da thé hién do chinh xac an
tugng trong cac bai toan thi gidc may tinh.
Khéc véi cac phuong phap truyén thong,
phuong phéap hoc séu c¢6 kha ning tr dong
hoc céc quy luat triru twong ctia ddi tugng
can phan loai ma khong can su tic dong
clia con ngudi, tir d6 dem lai két qua c6 do
tin cdy cao hon. Nhuoc diém cta né 13 yéu
cau can c6 dit lidu dau vao dé xur ly rat 16n,
cung voi do 1a kha nang tinh toan cua may
tinh cling can manh twong mng,
2. Phwong phap nghién ctru

Nghién ctru nay tién hanh 4p dung
mod hinh mang than kinh cdi tién tr mo
hinh U-Net duogc gigi thi¢u bdi Olaf
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Ronneberger va cac dong nghiép cua 6ng
vao nam 2015 [4]. Céu tric mang than
kinh nay gém hai phan 14 phdn ma héa
(encoder) va phan giai ma (decoder) dugc
xdy dung ddi xtng v6i nhau (Hinh 2).
Phan ma hoa 13 mot mang tich chap dién
hinh ¢é nhiém vu phan loai doi tuong trén
anh thanh cic 16p theo yéu cau. Phan giai
ma cling 1a mot mang tich chap nhung cé
cAu tric ngugc vdi by ma hoda, cd nhiém
vu xac dinh tirng diém trén anh thudc
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16p nao. Dé dam bao thong tin phan loai
khong bi mat mat, giita hai phan ma héa
va giai ma duoc két ndi véi nhau bang cac
két ndi nhay coc concatenate [5]. Trong
nghién ctru ndy, cdu tric mang tich chap
Resnet 34 dugc st dung dé xdy dung phan
ma hoéa va giai ma do cdu tric ndy dam
bdo dugc kha nang hoc cua mé hinh qua
nhiéu 16p mang than kinh ma khong anh
hudng tiéu cuc dén két qua thu duoc [6].
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Hinh 2: Céu triic ciia mé hinh mang than kinh sir dung trong nghién civu

Qu4 trinh hoc ciia mang than kinh
nhan tao st dung thudt toan truyén nguoc
sai s0. Thuat toan nay c6 thé dugc chia
thanh hai giai doan: lan truyén, cép nhat
trong s6 [7, 8].

3. Khu vuc nghién ctru va dir licu
3.1. Khu vuc nghién ciru

Khu vyc tién hanh nghién ctru ¢ hai
khu vuc: Khu vuc 1 ndm trén dong bang
song Cuiru Long, do day la khu vuc dang
ghi nhan nhitng bién d6i tiéu cuc do sat 1o
cling nhu bdi dip bd song, bién. Khu vuc
nay c6 lugng chat ran lo limg trong nuéc
16n, chét luong nudc khong dong déu,
dan dén phd phan xa thu duoc trén anh
cling khong dong nhat. Khu vuc 2 12 viing
ven bién mién Trung Viét Nam, cich xa
céc song 16n, noi c6 chit lugng nude nhu
nhau, nhung chiu tac dong cta gi6 khién
mit nuée phan chiéu khong dong déu
(Hinh 3). Theo quy luat, day la hai tinh
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hudng gdy kho khan khi xdc dinh cac ving
nudc bé mat tir tr anh vien tham bang céac
phuong phap tu dong [2].

3.2. Dir liéu

Dit li¢u chinh dung trong nghién
cuu nay la anh vé tinh Sentinel-2. Vdi
vu thé do phan giai cao va nhiéu kénh
da pho dir liéu Sentinel-2 dac biét co
trién vong trong viéc lap ban do, giam
sat st dung dat, quan sat nhiing thay ddi
cua tham thyc vat va giam sat nguén
nude. S6 hiéu canh anh chup khu vuc
dong bang song Ciu Long la: S2A
MSIL2A 20200225T031711_NO0214_
R118_T48PXR_20200225 T072321,
chup ngay 25/02/2020. S6 hiéu canh anh
chup khu vuc duyén hai mién Trung la:
S2A_ _MSIL2A 20190518T030551 _
N0212 R0O75_T49PBS 20190518
T073920, chup ngay 18/05/2019, dugc tai
Ve tir trang dién tir cia co quan dia chat
Hoa Ky (USGS).
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Hinh 3: Khu viee nghién cieu (Khu vwe 1 - PBSCL; Khu vwee 2 - Duyén hdi Mién Trung)

4. Quy trinh cic budc thuc hi¢n

Hinh 4: Sir dung phwong phdp ting cwong dit liéu dé tao cdc di ligu mau chi tir 1 anh goc

Dé moé hinh mang than kinh hoat dong
t6t can luong dit liéu mau rat 16n. Dé giam
luong dir liéu dau vao can ap dung mot )
phuong phap nhu phuong phap hoc truyén
(Transfer learning) va phuong phép ting
cuong di liéu (Data augmentation). Cac

tuy chon tang dit liéu dugc st dung trong
nghién ctru nay 1a phong to, xoay, lat hinh
anh, d6i d6 sang, do tuong phan va tong
mau. Dua trén mot hinh anh gbc, c6 thé
tao nhiéu bién thé véi mot s thay doi nhat
dinh cho céc tham s trén (Hinh 4).
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Nhép anh vé Chia nho tap dir
tinh va dir liéu mau thanh
li¢u duong bo || cac anh nho co
méiu kich thuée
512x512 pixel
|
v
Tao tap dit liéu Tang cudng bao tao mo Khoi tao mo
maiu > dir liéu —{ hinh mang than |« hinh mang than
kinh kinh
M6 hinh qué khép
Co (overfitting)
lKh()ng
Nhap anh Chia nho anh Mo hinh da Két qua phan Gén toa d0 dia ly
cén kiém thanh cac anh nho duoc dao loai va ghép cdc anh
tra c6 kich thude tao ~  nho thanh dnh
512x512 pixel goc

Hinh 5: Quy trinh ddo tgo va sir dung mé hinh mang than kinh dé phén loai bé mat nwéc
va ddat lién tir anh vién thdam

Viéc hoc truyén st dung mé hinh
dugc dao tao tur trudce s€ giup giam thoi
gian mo hinh mang than kinh hoc trén tap
dir liéu moi, ddng thoi giam luong dit liéu
dau vao [8, 9].

Quy trinh tién hanh nghién ctru nhu
Hinh 5.

5. Thwe nghiém

Qua trinh thuc nghiém chia thanh
hai phan chinh. Phin dau tién 1a hién
thuc hda phuong phdp xac dinh duong
bo bang cong nghé hoc sau, phan thir hai
1a so sanh két qua thu dugc cua phuong
phap nay v&i mot s6 phuong phap khac
nhu phuong phdp phan ngudng anh va
phuong phap may vector hd trg SVM.
Phan dau tién dugc thuc hién trén ngon

ngit 13p trinh Python véi sy hd trg cua
thu vién FastAl. Cac phuong phdp phan
ngudng anh va SVM thuc hién trén cac
phan mém chuyén dung 1a QGIS va ENVI
5. Tat ca qua trinh nghién ctru thuc hién
trén may tinh véi cau hinh nhu sau:

1. Chip xtt ly Intel i7-7700HQ 2,8 GHz

2. RAM 16GB

3. Card dd hoa Nvidia Geforce GTX
1060 véi 6GB bo nhd

4. O cimg SSD téng dung lugng 1 TB

Anh Sentinel-2 dugc st dung lam
dit liéu goc do c6 do phu cao, c6 nhiéu
kénh anh da pho, kha nang truy cap tu do,
khong mat chi phi mua anh, c6 san anh tir
2015 dén nay.

Bing 1. Mé td di¥ liéu ddu vao cho cdc phwong phdp phan logi

Phuong phap phén loai

Kénh énh sir dung

NDWI (Green-NIR)/(Green+NIR)

Green, NIR (0,85 um)

MNDWI (Green-SWIR1)/

Chi s0 (Green+SWIR1)

Green, SWIR, (1,57 pm)

NDVI (NIR-Red)/(NIR+Red)

Red, NIR

Phuong phap méy vecto hd trg (SVM)

Green, Red, NIR, SWIR , SWIR (2,11 pm)

M5 hinh mang noron

Red, NIR, SWI 1
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Khu vie tién hanh nghién ctru néu chi
sir dung cac phuong phap phan loai truyén
thong thi kha nang két qua thu dugc s& c¢6
sai s6 kha cao. M6 hinh mang noron sdu
ap dung trong nghién cru nay cd nhugc

Nghién ciru

diém 1a chi sir dung duoc 3 kénh anh dé
phan tich, vi thé chon ra 3 kénh anh phu
hop nhét cing vO cung quan trong. Bang 2
thong ké hé s6 tuong quan giira cac kénh
anh Sentinel-2 tai khu vuc nghién ctru.

Bang 2. Ma trdn twong quan giiva cdc kénh anh Sentinel-2

Kénh Green Red NIR SWIRI1 SWIR2
Green 1.00000 0.96145 0.37698 0.58149 0.67358
Red 0.96145 1.00000 0.27848 0.54587 0.67240
NIR 0.37698 0.27848 1.00000 0.83350 0.67097
SWIR1 0.58149 0.54587 0.83350 1.00000 0.94859
SWIR2 0.67358 0.67240 0.67097 0.94859 1.00000

Tir ma trén trén c6 thé thay 3 kénh anh Sentinel-2 la Red, NIR, SWIRT it ¢6 su
tuong dong vdi nhau, vi thé ba kénh nay dugc chon 1a dau vao cho mé hinh mang noron.

7 Dé dam bao tinh khich quan cho qua trinh danh gia sai s0, nhiing dir liéu st dung
de d@o tao mo hinh mang noron than kinh khong nam trén khu vuce tién hanh khao sat
sai s0. Tap dir liéu mau gom c6 3545 anh kich thuée 512 x 512 pixel.

Khu w.rc duyéﬁ hai (R G B)

Khu vire duyén hai (SWIR NIR R)

Hinh 6: Anh Sentinel-2 tai hai khu viec ddnh gid sai sé
(hai cdch két hop kénh dnh khdc nhau)

6. Két qua va thao luin

Pé déanh gid hiéu qua cia ting
phuong phap, ngoai viéc danh gia do chinh
xac, thoi gian tinh toan con dugc xac dinh,
khong ké thoi gian lwa chon céc tinh nang.
S6 liéu tai Bang 3 1a két qua thu duoc.

Tir két qua Bang 3 c6 thé thiy rang
dbi voi nhimg ving chit luong nudc

khong ddng déu do c¢6 nhiéu chét rin lo
limg nhu & Pong bang song Ciru Long thi
d6 chinh xac cua cac phuong phap déu
giam. Cac phuong phap st dung chi sb
quang hoc cho dd chinh xé4c thap hon ca,
ddc biét 1a bi nhdm 1an khi x4c dinh céc
khu vuce dan cu thanh bé mat nudc, trong
d6 chi s6 MNDWI cho d6 chinh xac téng
thé dwa vao danh gia pixel cao hon ca, dat
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94,09% \{é 98,40% tai hai khu vuc khao hé sé kappa ciing dugc cai thién 13 rét,
sat, h¢ s6 kappa tuong ung la 0,842 va  duy tri 6n dinh & muc trén 0,95, khong dé
0,984 . Phuong phap SVM va céc phuong
phap mang noron cho két qua phan loai
v6i do chinh x4c va 6n dinh cao nhat, hon ,
phuong phép sir dung chi s6 MNDWI 4% nang dac bigt khi phat hién t6t cac song
o khu vuc dau tién, 1% & khu vuc thit hai, va kénh nho.

" - — - r o ;
» T "\ Két qud mbu £ 2§ - - \ Két qua may
I ks S = 1 1
2 1 AR Vs 3

xay ra sai s trong khu dan cu. Phuong
phap mang noron than kinh cho thay kha

e Mang no<on

T

Khu vire 2

- Mat nurére

Khu vuc 1

- Mat nudc
p Mat dat
| matait
Hinh 7: Két qud phan logi xdc dinh duong bo
Bing 3. Két qud ddnh gid dp chinh xdc va thoi gian tinh todn
. P chinh xac Thai gian tinh toan
Phuong phap Khu vue | Khu vue
phan loai Khu vye 1 Khu vye 2 1 : 5 :
Do chinh xac tong thé 94,7661% | D chinh xac tong thé 98,5234 % R .
NDWI | e o Kappa=0.8612 Hé s Kappa = 0.9693 >3 gidy | Sl gidy
Chi Do chinh xac tong thé 94,0936% | D6 chinh xéc tong thé 98,4023% .| 1 phut 04
s6 | MNDWI e § Kappa = 0.8424 Hé s Kappa = 0.9840 gy | sy
~ 17 X X 0 PR A x 0 ,
NDVI DE) ctnnh xéc tong thé 94,5545% D(;) cEnnh xac tong thé 97,8560% 36 gidy 2 ph.1A1t 20
H¢ s6 Kappa =0.8546 HE s6 Kappa =0.9556 gidy
Phuong phap | D6 chinh xac tong thé 98,7138% | Do chinh xac tong thé 99,0792% | 6 phut 16 | 5 phut 08
méy vecto hd trg | Hé s Kappa = 0.9642 H¢ s6 Kappa = 0.9809 gidy gidy
Mo hinh mang | D§ chinh xac tong the 98,3628% | P chinh xac tong the 99,4296% | 3 phut 17 | 4 phut 20
noron H¢ s0 Kappa =0.9589 Hg so Kappa = 0.9882 gidy gidy
36
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7. Két ludn

Phat hién dau tién 1a phuong phap
hoc sau la mot phu:(mg phap rat tiém ning
dé giai quyét van d& xac dinh duong bo.
Néu c¢6 mot tap dit liéu dao tao manh mé,
mo hinh mang noron sau s& mang lai két
qua phan loai c6 d6 chinh x4c cao, thé
hién & d6 chinh xéc tong thé duy tri & muc
98 - 99% khi tién hanh phan loai bé mit
nudc.

Téc d6 xtr ly ciia mé hinh noron
nhanh gép d6i so v6i may vector hd tro st
dung mang noron cho thoi gian tinh toan
3 phut 17 giay & khu vuc 1, tuong ung
phuong phap SVM phai mit 6 phat 16
gidy dé xur 1y, diéu nay cho thdy phuong
phap nay c6 thé sir dung hiéu qua kha
nang tinh toan cua may tinh.

D chinh xdc cua mdé hinh mang
noron nhan tao ¢ thé so sanh v&i phuong
phéap may vector hd trg SVM (& khu vure
1 mo6 hinh mang noron cho d chinh xac
thip hon SVM 0,5%, nhung & khu vuc 2
thi mang noron lai chinh x4c hon 0,4%).
Nhung cin nhin manh ring mé hinh
mang noron st dung hinh anh 3 kénh (8
bit / kénh), trong khi phuong phap SVM
st dung hinh anh 5 kénh (16 bit / kénh).
Pay 1a chi sb thir hai ddnh gia hiéu qua
ctia m6 hinh mang noron, dong thoi ciing
mo ra trién vong phat trién moé hinh mang
noron c6 kha ning xir ly nhiéu kénh hinh
anh hon trong tuong lai dé thu dugc két
qua tdt hon hién tai.
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