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LOI CAM POAN

T6i xin cam doan luan vin vé dé tai “Phdt hién mdt rieng ven bién tir anh vé tinh
dwa trén mang no-ron” la cong trinh nghién ctu ca nhan cua téi trong thoi gian qua. Moi
s6 liéu sir dung phan tich trong luan van va két qua nghién cru 12 do tdi tu tim hiéu, phan
tich mét cach khach quan, trung thuc, ¢6 ngudn gdc rd rang va chua duoc cong bd dudi
bat ky hinh thirc nao.

T6i xin chiu hoan toan trach nhiém néu c6 su khéng trung thuc trong théng tin st
dung trong c6ng trinh nghién ctru nay.
Ha Noi, ngay 08 thang 06 nam 2020

Téc gia dé tai

Tran Xuan Hoa



LOI CAM ON

Dé hoan thanh duoc luan vin, ngoai sy nghién ciu va ¢6 ging caa ban than, toi xin
cam on thay gido TS. Nguyén Trong Khanh - nguoi thay truc tiép huéng dan, tan tinh chi
bao va dinh huéng cho tdi trong subt qua trinh thuc hién luan vian. Mot loi cam on chéc
chian khong thé didn ta hét 10ng biét on sau sic cua tdi ti thdy mot nguoi thay cua toi trén
moi phuong dién!

T6i xin giri 167 cam on chan thanh cam on tat ca cac thay cd gi4o cua Hoc vién Cong
nghé Buu chinh Vién thong d3 giang day, quan tdm nhiét tinh va diu dit t6i trong trong
sudt qué trinh hoc tap tai truong.

Cubi cuing, toi xin guri 1oi cam on t6i gia dinh, ban bé va nhitng ngudi da ludn ¢ bén
t6i co vii, dong vién, tao diéu kién thuan loi cho tdi hoc tap, tao dong luc tinh than vé gia
dé toi hoan thién luan vin nay va ngay mot hoan thién chinh ban than minh.

Trong qua trinh nghién ctu va thyc hién luan vin, mic du dugc su huéng dan nhiét
tinh cua thay gido TS. Nguyén Trong Khanh va nhitng nd lyc cua ban than nhung ciing
khong thé tranh khoi nhitng thiéu st han ché. Toi rat mong nhan duoc Y kién dong gop,
stra chita tir quy Thay, C6 va cac ban bé dong nghiép dé luan van dugc hoan thién hon.

Trén trong cam on!

Tac gia

Tran Xuan Hoa
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MO PAU
1. Tinh cip thiét cia deé tai
Bién dbi khi hau (BDKH) dang ngay cang phuc tap va bao dong. Trai dat lién tuc
phai chiing kién nhiéu hinh thai thoi tiét cuc doan bat ngudn tir BDKH. Sy néng lén toan

cau dan dén bang tan, nudc bién ding cao, 1ii lut, han han, chay ring...vv kéo theo hé luy
sinh thai tac dong nghiém trong dén con nguoi.

Theo nhirng théng k& méi nhat: “Trén toan cau, Viét Nam 1a qudc gia xép tht sau
chiu anh huong ning né do BDKHY”. Cac tac dong do BPKH anh huong dén hon 74% dan
s6. Xu hudéng nay dugc dy béo s& ting cuong theo thoi gian. Pén nam 2050, tinh trang
muc nuéc bién dang cao c6 thé 1am anh huong tram trong hon dén cac khu vuc ven bién
va x6a so nhiéu thanh phd 16n ven bién?,

W Khu vuc dudi muc thay triéu M Khu dan cu

Du bao cii cho ndm 2050 Du bao mdi cho nam 2050
OO gk

Vo) R ol

Trai dai tir Mong Cai dén Ca Mau, nudc ta co trén 3.260 km duong bo bién va dién
tich viing ven bién rong 16n. Pay khong chi 14 noi cu trd ma con 13 noi cung cip nguon
dinh dudng, hd tro cho su ton tai va phét trién phong phu cua cac quan thé sinh vat cira
sng ven bién, dong thoi 1a noi duy tri da dang sinh hoc cho bién.

1 Ngudn: unicef.org/vietnam/vi/tré-em-va-bién-d6i-khi-hau

2 Ngudn: nytimes.com/interactive/2019/10/29/climate/coastal-cities-underwater.html



Vung ven bién ndi chung, Ring ven bién (RVB) & Rung ngap man (RNM) noi
riéng d6i véi moi truong sinh thai d duoc cac nha khoa hoc khiang dinh tir 1au. Puoc danh
gia 1a bire trong xanh vitng chic gitp tng pho vai sy BDKH khi muc nuéc bién dang cao,
g6p phan bao vé con ngudi, bao vé viing bd bién trude tac dong tir thién tai.

Trong nhitng nam qua, dién tich RVB bién dong kha nhanh véi quy mé ngay cang
I6n. Ngoai su anh huong cia cac yéu t thién tai thi mot phan khéng nho lam suy giam
dién tich RVB la do yéu t6 con ngudi: phét trién ving kinh té ndng pha v& quy hoach, van
nan di dan tu do chat phé rung...vv

Nhung nhitng han ché vé nhan luc, trang thiét bi va giai phap céng nghé hd trg nén
viéc phét hién bién dong mat rirng tai nhiéu noi 1a vo cting kho khan. Lam hiéu qua phong
chéng nan chat pha ring va tinh minh bach trong cong tac quan Iy bao vé thuong thap.
Chinh vi vay, viéc theo ddi du b4o bién dong ring 1a rat can thiét.

Dé giai quyét van dé trén can tap trung xay dung giai phap xac dinh nhitng dau tich
thay doi tir anh vé tinh; tng dung tri tué nhan tao trong phan tich xu Iy va giai doan anh,
giai quyét cac bai toan thuc té néu trén. Piéu d6 cho thay kha nang (ing dung céng nghé
cao trong quan ly bao vé tai nguyén thién nhién, bao vé moéi truong va chéng BDKH.

Vi nhitng Iy do trén, ciing voi mong mudn 1am cha cong nghé, ma rong kién thirc
nghién ctru vé tri tué nhan tao tng dung cho cé4c bai toan giam sét bao vé tai nguyén ring.
Dudi sy huéng dan caa TS. Nguyén Trong Khanh, toi quyét dinh chon dé tai nghién ciu:
“Phét hign mdt rieng ven bién tir @dnh vé tinh da trén mang ne-ron”.

Luén van s& tap trung nghién ctru giai quyét bai toan phan loai dbi twong, phan ving
d6i twong xac dinh diém di thuong trong anh dya trén mang no-ron mot cach c6 hé théng
trén co so ly thuyét vitng chac. M6 hinh giai phap dua ra s& duoc ap dung thir nghiém theo
d6i mat ring tai cac khu vuc c6 rirng doc theo dudng bo bién.

2. Téng quan vé van dé nghién ciu

Cach tiép can hién nay dé phat hién mat ring c6 thé duoc phan chia thanh hai cach:
(1) x4c dinh thay ddi rirng bang céch so sanh hinh anh chup tai khoang thoi gian twong tu
giita c4c nam; (2) theo ddi nhiing thay doi ring bang cach sir dung nhiéu hinh anh chyp
trong nam. C6 thé thay khoang thoi gian can thiét cho nhitng phuong phép tiép can truyén
théng nhu vay la qué dai, 1am giam hiéu qua quan ly bao vé riing va phong chéng nan chat
phéat rung.



Str dung hoc may huan luyén hiéu biét vé anh vé tinh c6 thé cung cap giai phap giam
st tot hon so v&i phuong phép truyén thdng. Phét hién va xac dinh vi tri mat ring som
gilp c&c co quan quan ly, chi so hitu ring va cac bén lién quan tai dia phuong phéi hop
phan tng bao vé nhanh va hiéu qua hon.

Trong nghién ctu nay, t6i thiét ké thir nghiém mot kién tric Mang no-ron tich chap
(Convolutional Neural Networks - CNN) thuc hién huan luyén, hoc sau (Deep Learning -
DL) cac hinh anh vé tinh tir d6 ¢ thé dua ra canh bao mat rimg trong tuwong lai. Pau vao
cho thuat toan gom: (1) Dix liéu anh vé tinh duoc khai thac tir Google Earth Engine;
(2) Dix liéu hién trang ring khai thac tir Hé thong thdng tin quan ly nganh Lam nghiép -
FORMIS; (3) Dit liéu diém mau (gém diém huan luyén va diém mau xac minh) ké thira tir
hoat dong diéu tra khao sét thuc dja. Mang CNN hoc va phan loai dir liéu dau vao dé du
doan diéu kién khi quyén, dia hinh (dat, nai, séng, rirng, dong bang..vv) hoic cac hoat dong
ctia con ngudi. Pau ra muc tiéu huéng dén 1a c6 thé phét hién nan pha rieng hoic ring bi
mat do thién tai & nhimg noi con ngudi khdng thé tiép can dé dang ngay lap tuc.

3. Muc dich nghién cwu.

Nghién ctru anh vé tinh va cac dac trung anh vé tinh.

Nghién ctru cac phuong phap phét hién thay doi ring, phét hién mat ring.
Nghién ctru cac thuat toan hoc may phi hop dé giai bai toan.
Xay dyng thir nghiém mé hinh va danh gia hiéu qua trong thuc té.

4. Poi twong va pham vi nghién ciu

< Poi twong nghién ciru
= Nghién ctru cac dac trung cia anh vé tinh quang hoc.
= Nghién ctu cac dac trung mang no-ron va va hoc sau.
= Nghién ctru thuat toan, mé hinh phan pht hop véi giai phat hién mat ring.
% Pham vi nghién c@u
= Thoi gian: Tir ndm 2017 dén nam 2019.
= Khdng gian: Pham vi khu vuc dat ven bién c6 ring Viét Nam.
= Ngudn dit liéu st dung:
- Anh vé tinh: Sir dung anh vé tinh quang hoc Sentinal-2.
- Hién trang ring: Str dung di liéu hién trang ring tir Hé thdng thong
tin quan ly nganh Lam nghiép - FORMIS.



5. Phwong phap nghién ciru
Két hop nghién ctru ly thuyét va thuc hanh:

% Ly thuyét: Poc va tim hiéu cac tai liéu, kién thirc lién quan dén.
= Cac dac trung anh vé tinh va dir liéu hién trang rung.
= Céc ky thuét phét hién diém di thuong trong anh.
= Cac mo hinh va thuat toan (mé hinh phan I6p, phan vang).
< Thuc nghiém: Cai dit va danh gia két qua thuc nghiém.
= Luwa chon phuong phap xt ly va thuc nghiém trén bo di liéu huan luyén.
= Phan tich, danh gia két qua tinh hiéu qua trong thyc té.

6. Noi dung ctia luan vin

Luan van gom 55 trang kho A4, 38 hinh anh, 09 bang biéu, 02 phu luc va 15 tai liéu
tham khao. Ngoai phan mé dau va két luan, luan vin gom 4 chuong.

Chuwong 1: Tong quan vin dé nghién ciru.

Trong chwong nay, luan vin s& di vao tim hiéu tong quan van dé nghién cau vé rirng
va bién dong ring ven bién; thuc trang va giai phap. Dac biét 1a tim hiéu kha nang phat
hién bién dong ring tir anh vé tinh, cac phwong phap phat hién bién dong va tinh kha thi
cua viéc (tng dung mang no-ron trong giai bai toan phét hién bién dong mat ring tir anh veé
tinh. Ciing mat s6 cong nghé lién quan khac phuc vu nghién cuu.

Chuwong 2: Phat hién mat rirng ven bién tir anh vé tinh dwa trén mang no-ron.

Trong chuong nay, nghién ctu s& di siu vao viéc tim hiéu mang no-ron tich chap
va kién tric mang U-Net dé hiéu rd kha ning @ng dung, cach thic hoat dong va nhitng vu
diém ndi bat caa kién trdc, tir d6 di dén dinh hudng thuc té trong viéc giai bai toan phét
hién bién dong mat rirng tir anh vé tinh dya trén mang no-ron. Cudi cting trong churong nay
s& mo ta cu thé bai toan va quy trinh thuc hién.

Chuwong 3: Thir nghiém va danh gia

Chuong nay m0 ta cac cai dat tha nghiém va danh gia két qua. Qué trinh thir nghiém
md ta rd: cdng cu, moi trudng va pham vi thuc hién; ngudn dix liéu khai thac, cach thic
day dung cac ham xu ly, huan luyén va dy doan anh. Két qua thir nghiém mé hinh méi sé
dugc va so sanh véi mo hinh dang hoat dong dé dua ra két qua khach quan.

Chuwong 4: Két luan va hwéong phat trién

Noi dung chuong nay tong két nhitng két qua da dat dugc cua tha nghiém, chi ra
nhitng diém con han ché va dé xuat hudng phét trién trong twong lai dé hoan thién.



CHUONG 1
TONG QUAN VAN PE NGHIEN CUU

1.1  Patvéan dé

Rung ven bién (RVB) ¢6 vai tro hét stic quan trong dbi vai viéc phong ho va doi
séng nhan dan ving ven bién. Nhitng khu rirng nay cung cap hang loat dich vu hé sinh
thai loc nudc, on dinh bo bién, bao tén da dang sinh hoc va c6 vai trd quan trong doi
véi nganh du lich, giai tri, nudi trong thay hai san dam bao sinh ké nguoi dan..vv. Tuy
nhién, hé sinh thai nay lai 1a mét trong nhitng hé sinh thai dé bi tén thuong nhét do sy
tac dong cua con ngudi va BDKH.

Hinh 1.1 - Ring ngdp mdn tan phd sau béo va dé ké bién by sat |6 do triéu cuong.

Mot trong nhitng nd luc giam thiéu tac dong BDKH trén Toan cau va tai Viét
Nam trong tuong lai d6 1a ting cudng xay dung va hd tro hé sinh thai rung. Bac biét
RVB can duoc duy tri bén viing, giam thiéu tdi da cac hoat dong xam lan hoic pha ring.

Pé dat duoc muc tiéu néu trén can lién tuc theo ddi cac khu vuc RVB, theo dbi
hoat dong phét trién kinh té x& hoi ven bién dé sém dua ra quyét dinh théng minh cho
hién tai va tuong lai. Nhiéu nha khoa hoc ddng y riang nén tap trung hé théng hoa céc
quy trinh khai thac hinh anh vé tinh, khai thac co s& dit liéu hién trang ring va dong thoi
t61 wu cac thuat todn théng minh 1a giai phap cét 15i nang cao ning lyc theo ddi giam sét
bao vé rung.

Nhitng nam tré lai day viéc st dung hinh anh chit luong cao dugc chup tir cac
vé tinh quan sat Trai dat dang tré thanh cdng nghé phé bién dé du doan va xay dyung ban
d6 16p phu mat dat. Céc tai liéu nghién ctiu ciing da chang minh hiéu suat vuot troi cua
Mang no-ron tich chap (CNN) cho nhiéu nhiém vu nhu: phan loai hinh anh y té, xe ty
hanh, nhan dang chix viét... va nhiéu linh vuc khoa hoc khéc.

Vi vay, trong nghién ciru nay toi dé xuat thir nghiém xay dung mot mang no-ron
theo kién triic U-Net dé huan luyén hoc sau cac hinh anh vé tinh c6 d6 phan giai cao dya
trén dic trung cua thuc vat va riing. Huéng dén muc tiéu phan loai nhanh va chinh xac
anh vé tinh, tir d6 c6 thé tu dong du doan dién tich rirng, phat hién bién dong ring ¢ khu
vuc ven bién gitip nang cao niang luc theo ddi giam sét rung.



1.2 Téng quan vé rirng ven bién va bién déng rirng ven bién.

1.2.1 Rarng ven bién.

Rung 12 mot hé sinh thai bao gdm céc loai thuc vat rimg, dong vat rirng, nam, vi
sinh vat, dét rirng va céac yéu tb moi truong khac, trong d6 thanh phan chinh 1a mét hoic
mét sb loai cay than gd, tre, ntra, cy ho cau c6 chiéu cao duoc xac dinh theo hé thuc
vat trén nui dat, ndi da, dat ngap nudc, dat cat hodc hé thuc vat dic trung khac; dién tich
lien ving tir 0,3 ha tré 1én; do tan che tir 0,1 tré 18n (Khoan 3, Biéu 2, Luat LAm nghiép).

Ving dat ven bién bao gom cac xa, phuong, thi tran c6 bién. (Khoan 3, Diéu 8,
Nghi dinh 40/2016/ND-CP3 ngay 15/05/2016 ctiia Chinh pha: Quy dinh chi tiét thi hanh
mot s6 diéu caa Luat tai nguyén, moi truong bién va hai dao).

Rung ven bién bao gom: Rung dic dung,
ring phong ho va dat dugc quy hoach dé trong
ring phong ho, dic dung ¢ ving ven bién va hai
dao. (Khoan 2, Piéu 1, Nghi dinh 119/2016/ND-
CP* ngay 23/8/2016 cua Chinh pha: Vé mot s6
chinh sach quan ly, bao vé va phat trién bén viing
ring ven bién tng pho véi bién doi khi hau)

Pham vi rirng ven bién Viét Nam thudc 600
x4, phuong, thi tran caa 130 quan, huyén, thi xa
cua 28 tinh thanh phd ven bién (Khoan 1, Diéu 1,
Quyét dinh 423/QD-TCLN-PTR ngay 31/12/2019
cua Téng cuc LAm nghiép: Vé viéc phé duyét Bo
co s& dit liéu ring ven bién Viét Nam nam 2018).

Can c trén co so khai niém vé ring va
vung dét ven bién, cling cac nghi dinh, quyét dinh
d3 ban hanh c6 thé tom lugc ngan gon khai niém
vé rirng ven bién Viét Nam nhu sau:

“Rarng ven bién 1a rieng thugc cac
xd, phwong, thi trdn ¢ dwong bé bién”

Hinh 1.2 - Bdn dé c4c tinh, thanh phd ¢6 rimg ven bién.

3 http://datafile.chinhphu.vn/file-remote-v2/DownloadServlet?filePath=vbpg/2016/06/40.signed.pdf

4 http://datafile.chinhphu.vn/file-remote-v2/DownloadServlet?filePath=vbpg/2016/08/119.signed.pdf
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http://vanban.chinhphu.vn/portal/page/portal/chinhphu/hethongvanban?class_id=1&_page=1&mode=detail&document_id=185148
http://vanban.chinhphu.vn/portal/page/portal/chinhphu/hethongvanban?class_id=1&_page=1&mode=detail&document_id=186071
http://vanban.chinhphu.vn/portal/page/portal/chinhphu/hethongvanban?class_id=1&_page=1&mode=detail&document_id=186071
https://drive.google.com/file/d/1QnTbRnJ3zddSzHBEAbTx17ZsS57_LoW3/view

1.2.2 Hién tragng rieng ven bién Viét Nam.

Theo Quyét dinh 423/QB-TCLN-PTR ngay
31/12/2019, téng dién tich rimg va dat chua co6 RVB
Viét Nam nam 2018 la: 709.013 ha. Trong d6 dién
tich c6 rieng 454.337 ha.

Theo théng ké bao c4o® tir bo CSDL RVB,
dién tich cé ring (gdm rirng tu nhién va ring trdng)
nam 2017 1a: 444.041 ha [12]. Piéu dé cho thay dién
tich c6 rirng sau mot nam da tang 1én 10,295 ha.

Tuy nhién, tir s6 liéu chi tiét thay rang:

= Dién tich ring tang: Phan Ion 1a do
ring trong dat tudi thanh ring (ting
10,203 ha), con rung tu nhién ting
khong dang ké (ting 93 ha).

= Dién tich rirng giam: Giam nhiéu nhat, y
chinh la rieng ty nhién trén nti da (giam

252 ha) va RNM (giam 789 ha).

4

Hinh 1.3 — Bén d6 hién trang RVB Viét Nam (31/12/2018)

T Phan loai Dién tich RVB | Dién tich RVB Dién tich
rung 2017 2018 tang/giam
A | DIEN TiCH CO RUNG | 444.041,30 ha | 454,337,15 ha | Tang 10.296 ha
I | Rirng tu nhién 215,173.01 ha | 215,266.00 ha Téang 93 ha
1 | Trén nui dat 137,981.16 ha | 138,904.86 ha Tang 924 ha
2 | Trén nli da 27,467.33 ha 27,214.91 ha Giam 252 ha
3 | Trén dat ngap nudc 4972452 ha | 49,146.23 ha Giam 578 ha
- Ngap mén 46,997.28 ha | 46,208.64 ha Giam 789 ha
- Trén dét phén 2,687.52 ha 2,897.87 ha Téang 210 ha
- Ngap nudc ngot 39.72 ha 39.72 ha -
4 | Trén cat - - -

S http://rungvenbien.ifee.edu.vn/thongkebaocao




T Phan loai Dién tich RVB | Dién tich RVB Dién tich
rung 2017 2018 tang/giam
Il | Rirng trong 228,868.29 ha | 239,071.15 ha | Tang 10,203 ha
1 | Trén nui dat 124,849.28 ha | 127,724.79 ha| Tang 2,876 ha
2 | Trén nii da 1,714.95 ha 1,704.80 ha Giam 10 ha
3 | Trén dat ngap nude 72,977.48 ha 79,439.48 ha | Tang 6,462 ha
- Ngap mén 68,091.24 ha 70,865.08 ha | Tang 2,774 ha
- Trén dét phén 4,167.89 ha 7,923.59 ha | Tang 3,756 ha
- Ngap nudc ngot 718.35 ha 650.81 ha Giam 68 ha
4 | Trén cat 29,326.58 ha 30,202.08 ha Tang 876 ha

Bdng 1.1 - S6 sanh di¢n tich RVB ¢0 ring nam 2017 va nam 2018.

Tir hién trang RVB cdng b6 6 thé thay rang nhimg nim qua chu chuong ctia nha
nudc trong cong tac trong phuc hoi RVB da dugc cac dia phuong da thuc hién tot, tuy
nhién mot dién tich khdng nho rirng ty nhién ven bién van bi suy giam béi nhiéu nguyén
nhan khach quan khac nhau.

1.2.3 Nguyén nhan bién dgng rieng ven bién.
< Khéi niém chung vé bién dong.

Cum tir bién dong duoc hiéu la sy bién doi, thay doi, thay thé trang thai nay bang
mét trang thai khac lién tuc caa su vat, hién tuong ton tai trong moi truong tu nhién
cling nhu moi truong xa hoi.

Phét hién bién dong la quéa trinh nhan dang su khéc biét vé trang thai cia mot doi
tugng hay hién tugng bang cach quan sat ching tai nhitng thoi diém khéc nhau [1].

< Bién ddng rirng & bién ddng rirng ven bién.

Bién dong rung 1a viéc danh gia sy thay ddi ting hoic giam vé dién tich ring
trong mot giai doan nhit dinh nao do.

Trén co s khai niém chung bién dong, khai niém ring ven bién va hiéu biét vé
viéc xac dinh bién dong rung, ta cd thé khai quéat nhanh bién dong riing ven bién:

Bién déng ring ven bién 1a gia su thay déi vé dién tich ring thude cde xda, phwong, thi
trdn cé dwong bo bién trong mét khoang thoi gian nhdr dinh.



< Nguyén nhan bién déng rirng ven bién Viét Nam.

Pé theo dbi, phan tich danh gia bién dong RVB phai naim duoc cac nguyén nhan
co ban dan dén bién dong. Mot sé nguyén nhan bién dong dién tich RVB:

= Bién dpng mat rieng (gidm ring)
- Thiéu quy hoach céc dir an nudi trdng thuy san.
- Qua trinh d6 thi hoa phét trién kinh té ven bién.
- Hoat dong xay dung cau cang, cdng trinh 1an bién.
- Anh huong cua bién d6i khi hau, thién tai bio 1i, sat 16..vv
= Bién déng ting rieng
- Dién tich ring tang chu yéu 12 nho rimg duoc trong phuc hdi va
mot phan duoc tai sinh ty nhién.

1.3 Céc nghién citu lién quan phat hién bién déng rieng tir anh vé tinh.

Theo ddi, cap nhat dién bién rung, dua trén nén két qua kiém ké ring, 1a cong
viéc hét sirc can thiét dé dam bao gié tri 1au dai cta co s dir liéu. Phét hién vi tri mat
ring ludn 1a cong viéc kho khan va mat nhiéu cong suc [2].

Trong nhiéu nim qua, tng dung vién tham dé phan loai danh gia trang thai l16p
pht mat dat da duoc sir dung rong réi trong nhiéu linh vyc, trong d6 c6 giam st bién
dong dién tich ring ¢ nhiéu quy mé khac nhau.

1.3.1 Khd nang khai théc anh vé tinh phuc v phat hign bién déng rimg.

Viéc két hop cac loai tu lidu vé tinh quang hoc khéac nhau sé& lam tang co hdi cho
viéc c6 duoc anh khdng may phuc vy thuong xuyén hon cho muc tiéu giam sat bé mat
trai dat. Hién nay, cac vé tinh quang hoc nhu: Landsat-8 OLI (tir 2013), Sentinel-2 MSI
(Sentinel-2A - tir 2015; Sentinel-2B - tir 2017) hién dang cung cap anh mién phi trén
pham vi toan cau véi do phan giai kndng gian tir 10 d¢én 30 m tao ra co hoi rat lon dé
giam séat bé mat trai dat [3].

Néu khong xét dén anh huang ciia may va bong may thi trung binh tai mot vj tri
tai nudc ta, chu Ky 1ap lai caa anh: 15 ngay (Landsat-8), 5 ngay (Sentinel-2) va 3 ngay
(két hop hai loai anh). Nhung néu loai bo anh huong cia may va bong may thi, tinh
trung binh cho moi vi tri tai Viét Nam, chu ky Iap lai cua anh: 30 ngay (Landsat-8), 10
ngay (Sentinel-2) va 7 ngay (két hop hai loai anh). Tuong Gng Véi ty Ié s6 anh Landsat-
8 va Sentinel-2 c6 thé sir dung cho muc tiéu gidm sat bé mat so véi tong s6 anh thu duoc
tuong ung la 51% va 39% [3].



Vi chu ky Iap lai cta anh nhu vay, tu liéu anh Landsat-8 OLI phu hop cho muc
tiéu giam sat bién dong hang nim. Trong khi d6, tu liéu anh Sentinel-2 MSI phu hop
cho muc tiéu giam sat bién dong hang quy. Su két hop cua ca hai loai tu liéu anh c6 thé
dap tmg duoc muc tiéu giam sat bién dong trén mat dat hang thang [3].

Ngoai ra, su két hop gitra anh vé tinh quang hoc Sentinel-2 va anh vé tinh radar
Sentinel-1 cho kha niang phat hién mat ring, két qua thu duoc tét hon so véi ting loai
anh riéng I¢ [4].

1.3.2 Mgt sé két qud nghién cizu vé phat hién bién déng rieng tie anh vé tinh.

Str dyng tu liéu anh vé tinh 13 hudng di nghién citu gop phan mang lai su bién
d6i manh mé trong hoat dong quan ly cac ngudn tai nguyén thién nhién néi chung va tai
nguyén ring noi riéng. Trén thé gigi va ¢ Viét Nam di co rat nhiéu cdng trinh nghién
ctru (tng dung anh vé tinh, cong nghé vién tham (RS) va hé thong thong tin dia ly (GIS)
phuc vu cho cong tac quan 1y tai nguyén va méi truong. CO thé ké dén cac cong trinh
nghién ctu tiéu biéu:

- Giam sét bién dong RNM Can Gio TP. HCM sir dung k¥ thuat vién tham va
GIS [1]. Bién dong RNM theo thai gian c6 thé dugc giam séat bang cach sir dung phuong
phap phan tich bién dong sau phan loai. Trudc tién dit lidu anh vé tinh da pho ting thoi
diém duoc tién hanh phan loai doc 1ap. Sau d6 sir dung GIS dé tién hanh phat hién bién
dong bang cach so sanh anh phan loai ciia cling mot ving tai hai thoi diém khac nhau.
Két qua cho thay st dung dit liéu anh vé tinh Landsat va Aster dé thanh 1ap ban ¢6 RNM
da dat do chinh xéac xap xi gan 80%.

- Ung dung cong nghé tich hop tu liéu vién tham va hé thong tin dia 1y x4c dinh
sur bién dong rirng ngap man [5]. Nghién cu sir dung tu liéu anh SPOT d6 phan giai 20
m, dung phuong phap phan loai két hop gii chi sb thuc vat (NDVI), thanh phan ti sé
nhiéu ti thiéu (MNF) va phan loai theo thuat toan xac xuat cuc dai (MLC) dé thanh lap
ban d6 bién dong RNM.

- Xac dinh vi tri mét ring bang phwong phap phén tich véc to thay doi da bién
(MCVA) trén tu liéu vé tinh Landsat-8 [2]. Nghién cttu nay la sir dung phuong phap
phan tich véc to thay doi da bién (Multi-variant Change Vector Analysis - MCVA) dua
trén tu liéu anh vién thdm Landsat-8. Vi hai véc to dau vao: (1) chi sb thuc vat khac
biét chuan va (2) chi s dat khac biét chuan. Két qua nghién ciru cho thiy c6 thé phat
hién vi tri mat ring tir anh vé tinh phuc vu cho cong tac quan ly, theo déi va cap nhat
dién bién ring.



- Nghién citu két hop anh vé tinh quang hoc Sentinel-2 va Radar Sentinel-1 trong
phét hién mat riing ¢ tinh Gia Lai [4]. Bang viéc két hop chi sé NDVI cua anh vé tinh
quang hoc Sentinel-2 véi gié tri tan xa nguoc cua anh radar Sentinel-1 dé phat hién mat
rimg trén dia ban tinh Gia Lai giita 2 thoi ky khac nhau. Két qua chi ra rang su két hop
gitra anh v¢ tinh quang hoc Sentinel-2 va anh vé tinh radar Sentinel-1 cho kha nang phat
hién mat rirng & Gia Lai tét hon so véi dung ting loai riéng lé.

Va maot sé nghién cau khac:

Str dung anh Google Earth dé xay dung ban d6 hién trang rimg va danh gia bién
dong riing tai Cong ty Lam nghiép La Nga, Tinh Dong Nai [6].

Ung dung GIS va anh Landsat da thoi gian xay dung ban db bién dong dién tich
ring tai xa ving dém Xuan Dai va Kim Thuong, Vuon qudc gia Xuén Son [7].

Phuong phép tich hop dit liéu MODIS va Landsat dé giam sat ¢6 hé thong vé do
che phu va thay doi rimg trong Luu vuc Congo [9].

Giam st rirng ngap man trong Google Earth Engine [10].
1.3.3 Khé khan va thdch thirc trong phéat hién bién dgng rieng tir anh vé tinh.

RVB c6 dic diém moc tu 2
nhién hodc dugc trong va sinh
truong o nhitng ving dat, khu |
vuc tiép gidp gita dat lién va
bién. Do d6, c6 bdn ddi twong ‘
chinh thé hién trén tw liéu anh =
vién tham quang hoc 1a: tham |
thuee vat, dat, nwéc va may. Riéng
véi RVB con bi anh huéng boi
cac dot thay triéu trong ngay va |
theo mua. Nhitng yéu t6 nay tic =

dong 16n téi dac trung quang hoc

cua anh. Hinh 1.4 - Anh chup bé mat trdi dat tir vé tinh Sentinel-2 ngay 04/06/2020

Ngoai ra, rirng ven bién gdm nhiéu trang thai va loai ring khac nhau nhu: rirng
thong chan cat, ring tu nhién trén ndi ven bién, rirng ngap man..vv diéu nay lam gia
tang kho khin trong viéc xac dinh bién dong ring ven bién.



D3 c6 nhiéu phuong phéap phét hién bién dong 16p phu st dung dit liéu sé da duoc
dé xuat nhu: so sanh cac phan loai 16p phu; phan loai anh da thoi gian; anh hiéu hoic
anh chia; su khéac biét vé chi sb thuc pha; phan tich thanh phan chinh [1]. Tuy nhién, két
qua thuc hién tir cac nghién ctru da cong bd cho thiy cac phuong phap trén khéng co
phuong phap nao thuc su vuot troi.

Va1 phuong phéap so sanh sau phan loai va phuong phap phan loai da thoi gian
tryc tiép déu phai xac dinh ngudng phan chia bang thuc nghiém dé tach céc diém anh
bién dong va khéng bién dong. Trong thuc té, viéc xac dinh ngudng phan chia chinh xac
khong 1 diéu d& dang. Phuong phap MCVA [2] 1a mot truong hop nhu vay, tac gia can
dén hai ngudng chi 13 ngudng chi s6 thuc vat va ngudng chi sé mat ring. Cac ngudng
chi sé chi pht hop & viing nhit dinh va can tha nghiém gia tri méi néu thay doi hoac mo
rong pham vi ap dung.

Hay phuong phap phan loai sir dung tap cac kénh da pho ¢ cac thoi diém khéc
nhau dé phat hién bién dong doi hoi phai chon duoc céc viing mau thé hién cac ving
bién dong va khong bién dong mot cach phi hop. Va diéu nay ciing khong 14 vain dé don
gian di véi ngudi it chuyén mon, hiéu biét vé anh vé tinh.

Ciing can noi thém rang c6 mot sé phuong phép chinh xac hon nhu: st dung may
bay khong nguoi 1ai (UAV) hoic tuan tra do dac dia hinh. Nhung phuong phap nay
thuong rat tbn kém, can nhan su co trinh do chuyén mén cao, kho trién khai mé rong
lién tuc hodc giam sat ty dong trong pham vi I6n. Do nhiéu vi tri dia hinh phtc tap con
ngudi khong thé di dén va tiép can ngay duoc.

1.4 Ung dung mang no-ron giai bai toan phat hién mat rirng tir anh vé tinh.

Nhitng ndm qua, véi sy bing ndé manh mé caia cudc cach mang cong nghiép 4.0,
cac thuat ngir nhu tri tué nhan tao (Artificial Intelligence - Al), hoc may (Machine
Learning - ML), hoc sau (Deep Learning - DL), mang no-ron nhén tao (Artificial Neural
Network - ANN) dang dan tré nén phé bién va quen thudc duoc nhic dén thuong xuyén
nhu mot budc dot pha cua ky nguyén cong nghé 4.0.

bac biét, mang no-ron tich chap (Convolutional Neural Networks - CNN) 1a mot
trong nhitng md hinh DL phé bién, duoc @ng dung nhiéu trong giai quyét cac bai toan
nhu nhan dang anh, phan tich video, xt Iy ngdn ngir ty nhién va hau hét déu giai quyét
t6t cac bai toan nay; mot sb tng dung thyuc té nhu: phét hién bénh bang hinh anh vy té,
robot phau thuat, & to tu 14i, hé thdng dich ty dong...vv. Diéu d6 cho thay tiém ning to
I6n cua wng dung CNN trong giai bai toan phat hién bién dong ring tir anh vé tinh va
khic phuc han ché cua cac phuong phép cii trude day.



Trén thé gisi da nhiéu nha khoa hoc tiép can, nhiéu cdng trinh nghién ciru tng
dung DL, CNN dé giai bai toan phét hién bién dong rirng. Céc nghién ctu tiéu biéu nhu:
Phan loai thoi tiét, dja hinh va nan pha ring cua Amazon bang cach sir dung CNN da
nhiém sau [11]; San xuit ban db che phu mat dat véi do phan giai cao tir chudi anh va
CNN [12]; Phat hién bién dong mat ring tai Brazil st dung di liéu Landsat va CNN
[13]; Phét hién thay doi rirng trong anh vé tinh khong day du véi DNN [14].

Cac nghién ciru déu cho thay trng dung NN n6i chung va CNN ndi riéng cho phép
phan tich xu ly giai quyét bai toan phat hién ddi tugng tir anh vé tinh nhanh, hiéu qua,
c6 kha nang mo rong va cai thién do chinh xac hon nita nho kha nang hoc hoi.

1.5  Mét sé cong nghé lién quan.
1.5.1 Vién tham.,

Vién tham (Remote Sensing - RS) duoc hiéu 14 linh vuc khoa hoc thu nhan thong
tin v& mot d6i twong, mot khu vuc hoac mot hién twong thdng qua viée phan tich tu liéu
thu nhan duoc bang cac phuong tién. Nhitng phuong tién ndy khdng cé sy tiép xdc truc
tiép véi ddi twong, khu vuc hoic vai hién tuong dugc nghién ciu. Thuc hién duoc nhiing
cong viéc dé chinh 1a thyc hién vién tham.

Mic du ¢6 rat nhiéu dinh nghia khac nhau vé vién tham, nhung moi dinh nghia
déu c6 nét chung, nhan manh “Vién tham la linh vuc khoa hoc cong nghé cho phép
nghién citu, thu nhdn tir xa cac théng tin vé déi neong, hién twong trén bé mat Trai Pat
ma khong can tiép XUc truec tiép véi chiing”.

Co so khoa hoc cua cdng nghé vién tham dua trén ban chat vat Iy trong tu nhién
la cac vat thé (d6i tuong) trong nhimg diéu kién khac nhau thi kha nang phan xa hoic
birc xa ctia song dién tur sé cd nhiing dac trung riéng.

Ngudn ning luong mat troi
(song dién tir) chiéu téi mit dat, nang “ NV

Incident
¥ Ay S8 t4 A A A 3 N Solar Radiation &_/)
lugng cua no sé tac dong Ién be mat A AN bk /TN
Reflected
Solar Radiation

Trai Dat. Ngudn niang luong mit troi

Ammosphere

gom 3 phan: mot phan ning luong toi
ctia btrc xa bi hap thu, mot phan duoc
truyén qua sau d6 phan xa tro lai va
mét phan bi phan xa ngay tir bé mat
cua ddi tuong [5].




Ty Ié giita ba phan niang luong nay khac nhau khi burc xa truyén téi cac doi tuong
tu nhién khac nhau. Nhu vay, chinh nho su khac biét vé ty I¢ giira cac phan ning luong
d6 1a co s& dé phan biét cac ddi twong tu nhién [5].

Sensor

Scattered
radiation

Atmospheric
/ Atmospheric Atmos. emission
absorption absorption
Cloud
Transmitted
Transmitted reflected
(direct) energy ]
Scattered radiation Emitied
radiation “ine?:g;")

Earth Reflection Emission
processes processes

Hinh 1.5 - Twong tdc ning heong trong khi quyén va trén bé mdr Trdi Pdt

Dé nghién ctiu sy phy thudc caa niang lugng phan xa phd vao budce song ngudi
ta dua ra khai niém phan xa pho theo phan tram (%) bang cong thic sau:

R(%) = E(2) Eo(2).100% (2.3)
Trong d6: R(X): phan trim phan xa phé
Ep(A): nang luwong phan xa

(En): nang hrong 3T trdi chicu xudng mat dat

Céc d6i tuong tu nhién bao gém tat 400 500 600 700nm
ke T G Elect t
ca cac doi tuong thugc 16p pha be mat Tréi Ll nat

Spectrum
bat, cac doi tugng tu nhién trén mat dat Visible

(VIS)

Wavelength (um) Wavelength (um)

I'ét da dang va phu’C tap. Dac trung phfln 10°_10° 10% 10° 107 103 10 10° 10° 10° 10° 10° 10 10°
xa phd cua cac ddi twong ty nhién phu

thuoc vao nhiéu yéu tb6 nhu diéu kién T

chiéu sang, moi truong, khi quyén va  V-Rays x_iys”'"‘"’“';:ar L T Licrow;‘;’*‘adm
bé mat ddi tuong ciing nhu ban chat caa Infrared

ddi tuong do. Hinh 1.6 - C4c ddi phé duing trong vién tham.

Tat ca c4c vat thé déu phan xa, hap thy, phan tach va buc xa song dién tir bang
cac cach thirc khac nhau va cac dic trung nay thuong dwoc goi 1a dic trung phd. Dic
trung phd s& dugc phan tich theo nhiéu cach khac nhau dé nhan dang ra dbi twong trén
bé mat dat, nd s& cho phép giai thich dugc mdi quan hé giira dic trung phd va sic, tong
mau trén anh t6 hop mau dé giai doan déi tuong.
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DPic trung phan xa pho cua nhom doi 44
- N
Hiclo
= Nieve Sucia
= Suelo
- \egetacion

tuong phu thudoc vao cac budc song va 08
thudng chia 1am 3 nhom dbi twong chinh:

Reflectancia
o
FS

= Nhom 1: Lép phu thuc vat.
= Nhom 2: Lép doi tuong dat. o = i . o it
= Nhém 3: Lép dbi tugng nudc. Longitud de Onda (nm)

Hinh 1.7 - Phan xa phé fuwong 1mg véi cac logi déi twong

1.5.2 Anh vé tinh.

Anh vé tinh (anh vién tham): 12 anh sé thé hién cac vat thé trén bé mat trai dat
dugc thu nhan bai cac b cam bién dat trén vé tinh. Anh vé tinh c6 thé duoc luu theo
cac kénh anh don (tring den) & dang sé trong may tinh hoic cac kénh anh duoc to hop
(anh mau) tuy theo muc dich nguoi sur dung.

% Phan loai anh vé¢ tinh
= Anh quang hoc: 12 loai anh duoc tao ra béi viéc thu nhan cac budc song
&nh sang nhin thay (buéc séng 0.4 - 0.76 micromet).
= Anh hdng ngoai: 12 loai anh duoc tao ra bai viéc thu nhan cac budc song
hong ngoai phat ra tir vat thé (budc song 8 - 14 micromet).
= Anh radar: 12 loai anh duoc tao ra bgi viéc thu nhan cac budc song trong
dai séng siéu cao tan (budc séng 16n hon 2 cm).
< Pham vi &ng dung ciia anh vién tham

Hinh 1.8 - Unhg dung vién tham trong qudn 1y dé thi.
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= Khi twong: Dung dé dy béo thoi tiét, du bao thién tai lién quan dén bién
ddi khi hau bé mat dat, may, mat nuéc...vv

= Ban do: Cong cu dic luc phuc vu cho nganh ban d6, thanh Iap céc loai
ban d6 dia hinh va ban d6 chuyén dé ¢ nhiéu ti 1¢ khac nhau.

= Nong Lam nghiép: theo ddi bién do6i tham thuc vat, do che phu riing..vv

= Pia chat: Theo ddi tbc dd sa mac hod, tbc do xam thuc bo bién, phan
tich nhitng céu trac dia chét trén mat ciing nhu bén trong long dat..vv

= MBobi trudong: Giam sét bién dong 6 nhidm, ro ri dau trén mat, nghién cau
quan ly bién dong d6 thi hda, nghién ciru hién trong dao nhiét do thi..vv

1.5.2.1 Anh vé tinh Sentinel-2

Sentinel-2 12 mot nhiém vu quan sat Trai Dt tir chuong trinh Copernicus® c6 hé
théng thu duoc hinh anh quang hoc d6 phan giai cao, da quang phd trén dat lién va ving
nudc ven bién. Sentinel-2 bao gdm 2 vé tinh Sentinel-2A (phong 1én khong gian ngay
23/06/2015) va Sentinel-2B (phong 1én khéng gian ngay 07/07/2017).

Nhiém vu Sentinel-2
cung cap dit liéu anh c6 tam
nhin rong 290 km, gém 13

) ‘7 1 4427 21 4423 21 80
dai quang pho (tuong ung 2 4924 86 4921 & 10
véi 13 kénh anh) véi do ; o - o - -
phén glél 10 m, 20m, 60 m. 4 564.6 31 665.0 k3| 10
Chu ky Chl_lp Cua mol ve 5 704.1 15 703.8 % 20
tinh tai mot Vi tri la 10 ngay 6 7405 15 7391 15 20
vas ngéy khi ket h(rp hai vé 7 7828 20 7797 20 20
tinh. 3 83258 106 233.0 106 10
ga 864.7 21 864.0 2 20
9 945.1 20 9432 21 80
Bdang 1.2 - Danh sach cac kénh dnh, 10 13725 - 1750 » 50
buée séng va d¢ phan gidi cia anh ' '
Sentinel-28 1 16137 91 1610.4 94 20
12 22024 175 2185.7 185 20

6 Copernlcus Ia mot hé théng giam sat Trai dat cua chau Au. Dit liéu dugc thu thap bai cac ngudn khac nhau, bao
gdm cac vé tinh quan sat Trai dat va cam bién tai cho Dt liéu duogc xir Iy va cung cap thong tin dang tin cdy va
cép nhat trong sau linh vuc chi dé: dét, bién, khi quyén, bién ddi khi hau, quan 1y khan cp va an ninh.

7 https://earth.esa.int/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument,
http://www.esa.int/ Applications/Observing_the_Earth/Copernicus/Sentinel-2/Facts_and_figures

8 https://earth.esa.int/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument
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Anh tir vé tinh Sentinel-2 (sau day goi tit 1a anh Sentinel-2) gdm cac san pham
dix liéu Level-1B, Level-1C and Level-2A. Trong do, dit liéu Level-2A tao ra, tir cac
thuat todn phan loai canh va hiéu chinh khi quyén.

Anh Sentinel-2 hd tro cac ™
nghién ctu giam sat mit dat, bao |
gom: giam sat tham thuc vat
(ndng nghiép, rimng), dat va nudc;
giam sat cac vung thuy néi dia va
cac khu vuc ven bién...vv.

Hinh 1.9 - V¢ tinh Sentinel-2 chup dnh bé mar Trdi Pat.

1.5.2.2 Chi sé quang phé dic trung®.

Céc chi s6 quang pho 1a su két hop tham sé don gian cua cac kénh quang phé
khac nhau, chung duoc thiét ké dé ting cudng do nhay cam véi céac hién tuong sinh ly
cu thé, chang han nhu cay xanh cta tham thuc vat, ham luong nudc.

< Chi s6 thuc vat khac biét chuan - NDVI

Chi sé thuc vat khac biét chuan (Normalized Difference Vegetation Index -
NDVI) 1a mot thuat toén tiéu chuan duoc thiét ké dé do chat lugng tham thuc vat trén
mit dét, dua trén cach cay phan xa anh sang.

Cong thuc tinh gia tri NDVI cho anh Sentinel-2:

Band 8 - Band 4

Normalized Difference Vegetation Index (NDVI) = Band 8 + Band 2

Trong do:

- Band 8: 1a gia tr; phan xa phé cua kénh cdn hong ngoai gan (nir).
- Band 4: 14 gia tr; phan xa pho cia kénh dé (red).

® https://earth.esa.int/web/sentinel/technical-guides/sentinel-2-msi/level-2a/algorithm
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https://sentinel.esa.int/documents/247904/685211/S2+L2A+Product+Definition+Document/2c0f6d5f-60b5-48de-bc0d-e0f45ca06304

Chi s6 NDVI xéc dinh cac gié tri tir -1,0 dén 1,0; V& co ban day 1a chi s6 1a dai
dién cho mau xanh 14 cay, trong d6 cac gia trj &m chi yéu duoc hinh thanh tir may, nuéc
va tuyét va céc gia tri gan bang 0 chu yéu duoc hinh thanh tir d4 va dat trong. Céc gia
tri rat nho (0,1 hodc it hon) cia ham NDVI twong tng véi cac khu vuc tréng cua da, cat
hoic tuyét. Gié tri vira phai (tir 0,2 dén 0,3) dai dién cho cay bui va dong co, trong khi
gia tri lon (tir 0,6 dén 0,8) cho thay rimg 6n ddi va nhiét déi.

<0,1 Khu vuc tréng, bé tong, da, cat, mat nudc hoac tuyét
0,1-0,2 Dt da can cdi, cay bui
02-0,3 Cay bui, ddng co va dat ndng nghiép dé trong
0,3-0,6 DPong co, cay trong ndng nghiép, rimg thua

>0,6 Rung nhiét doi

Bdng 1.3 - Phan logi gia tri NDVI theo chdt lirong thuc vét trong I6p phi bé mar trai ddt
% Chi so6 tuyét khac biét chuan - NDSI
Chi s6 tuyét khéac biét chuan (Normalised Difference Snow Index — NDSI) 1a
thude do do chénh léch phan xa gitra kénh xanh luc va kénh hong ngoai séng ngan.

Cong thuc tinh gia tri NDSI cho anh Sentinel-2:

Band 3 — Band 11

Normalised Difference Snow Index (NDSI) = T —

Trong do

- Band 3: 14 gia tr; phan xa phé cua kénh xanh luc (green)
- Band 11: 1a gi& tri phan xa phé cua kénh héng ngogi séng ngen (swir)

Chi s6 NDSI hitu ich trong viéc phan biét giira may va tuyét, 1a mot trong nhiing
chi sé can thiét duoc sir dung trong phuong phap loai bé miy duoc trinh bay & phan sau.

10 https://www.agricolus.com/en/indici-vegetazione-ndvi-ndmi-istruzioni-luso/#ndvi
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% Chi s6 nwéc khac bigt chuan — NDWI

Chi s6 nude khéc biét binh chuan (Normalized Difference Water Index - NDWI),
dugc gioi thiéu lan dau tién vao nim 1996 boi Gao, phan anh d6 4m trong cay va dat.
NDWI gitip c6 thé nhan ra ngay cac khu vuc dat trdng ¢ van dé vé ngap nudc.

Cong thc tinh gia tri NDWI cho anh Sentinel-2:

Band & — Band 11

Normalized Difference Water [ndex (NDWT) =
Band# + Band 11

Trong do

- Band 8: 1& gia tri phan xa phé cua kénh cdn hang ngogi gan (nir)
- Band 11: 1a gia tri phan xa phé cua kénh hang ngogi séng ngan (swir)

NDWI xac dinh c4c gia trj tir -1,0 d&én 1,0

<0 Do tan che thip, 4m w6t va ngap nudc
0,1-0,4 Do tan che trung binh, ngap thap
0,4-0,6 Do tan che cao, khdng bi ngap nudc

Bdng 1.4 - Bang phan logi NDWI theo chdt luwong thurc vdt trong 16p pha bé mat trdi dat.
1.5.3 H¢ théng théng tin dia ly.

Hé thong thong tin dia Iy (Geographic Information System - GIS) 1a mét hé thong
may tinh gidp thu thap, xt ly, chinh stra, Iuvu trit, quan ly, chia s¢, phén tich, mé hinh
hoa va truc quan hoa khéi lwong dir liéu I6n dé hiéu mdi quan hé khéng gian, mé hinh,
Xu hudng va dua ra quyét dinh. Mot hé théng GIS cho phép quan ly, phan tich dit liéu
khong gian va tao két qua thé hién duéi dang thich hop nhu: vin ban, d6 hoa, bang
biéu..vv. GIS dugc sir dung nham xu 1y déng bo cac 1op thdng tin khong gian gan voi
théng tin thugc tinh, phuc vu nghién ciu, quy hoach va quan ly cac hoat dong theo lanh
tho.

C6 nhiéu dinh nghia vé GIS, nhung noi chung da thdng nhat quan niém chung:
GIS la mét hé théng két hop giita con nguoi va hé théng may tinh cling cac thiét bi ngoai
vi dé heu triz, xar ly, phan tich, hién thi cde théng tin dia 1y dé phuc vu mét muc dich
nghién cizu, quan ly nhdt dinh.

1 https://www.agricolus.com/en/indici-vegetazione-ndvi-ndmi-istruzioni-luso/#ndwi
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% Chirc ning co ban cua GIS:
= Thu thdp di ligu: GIS cung cip cong cu dé tich hop dit liéu tir nhiéu
ngudn khac nhau thanh mot dinh dang chung dé so sanh va phan tich.
»  Quan ly déz ligu: Sau khi sir dung dir liéu thu thap va tich hop, GIS cung
cap céc chire ning luu trir va duy tri dir lidu.
= Phan tich dé ligu: La chic ning quan trong nhat cua GIS né cung cp cac
chic niang nhu noi suy khdng gian, tao ving dém, chong 16p.
= Hién thi két qua: GIS cho phép hién thi dit liéu truc quan véi nhiéu kiéu
khac nhau nhu: dang bang, biéu do, ban db... Vi vay, ngudi st dung c6
thé thong qua GIS tuwong tac hiéu qua vai dit ligu.
% GIS trong nghién cieu bién dong rirng.

Anh vién tham sau khi phan tich s& thé hién su phan b cua cac ddi twgng theo
khong gian va thoi gian. Két qua xu Iy anh vién tham s& chi ra hién trang 16p phu ring
tai thoi diém chup anh. Bang viéc chong xép va phan tich, GIS cho phép tich hop tir cac
két qua phan loai caa nhiéu thoi diém dé thanh 1ap nhanh va chinh xac ban d6 rung.

Véi chire ning cung cap hién thi thong tin thay doi gitra cac loai hinh 16p phu
theo tirng thoi diém yéu cau hoic thao don vi hanh chinh, GIS ¢6 thé cho phép ngudi sir
dung giam sét qua trinh bién dong rirng theo tirng loai hinh va céc khoang thoi gian khéc
nhau.

1.5.4 Dién toan daim mdy

Dbién toan dam may (Cloud Computing) la mé hinh dién toan str dung cac cong
nghé may tinh va phét trién dya vao mang Internet. Pién toan dam may cung cap linh
hoat cé&c tai nguyén may tinh cho nguoi dung tly theo myc dich sir dung thdng qua két
ndi Internet.

Vé6i dam may, cé thé trién khai cac dich vy cong nghé mot cach nhanh chong,
mé rong sang cac khu vue dia Iy méi hozc trién khai trén toan cau trong vai pht.

1.5.4.1 Google Earth Engine.

Google Earth Engine (GEE) la mot nén tang dua trén dam may dé phan tich
khong gian dia ly trén quy md toan cau. GEE mang dén kha nang tinh toan khong 16 cta
Google dé giai quyét nhiéu van dé x& hoi bao gom pha ring, han héan, tham hoa, bénh
tat, an ninh luong thuc, quan ly nudc, gidm sat khi hau va bao vé méi truong. GEE la
duy nhét trong linh vuc ndy, n6 1a mot nén tang tich hop (st dung siéu may tinh va tai
nguyén dién toan dam may quy mé 16n) duoc thiét ké cung cap ning lyuc tinh toan khong
chi danh riéng cho cac nha khoa hoc vién tham, ma con rong Ié6n hon thé [8].

16



Earth Engine bao gdm mét danh muc dit liéu san sang phan tich (petabyte) cling
v6i mot dich vu tinh todn song song hiéu ning cao. N6 duoc truy cap va kiém soét thong
qua giao dién lap trinh tng dung (API) c6 thé truy cap Internet va méi trudng phat trién
tuong tac dya trén web cho phép tao mau nhanh va truc quan hoa két qua [8].

% Céc thanh phan chinh cia Earth Engine:
» BO dir liéu (Datasets): Kho Iuu trit I6n véi quy mé hang petabyte dit liéu
hinh anh vién tham dugc cdng b rong réi va céac dir liéu khac.

Dataset Nominal Temporal Temporal Spatial
resolution granularity coverage coverage

Landsat

Landsat 8 OLI/TIRS 30m 16 day 2013-Now Global
Landsat 7 ETM + 30m 16 day 2000-Now Global
Landsat 5 TM 30m 16 day 19842012 Global
Landsat 4-8 surface reflectance 30 m 16 day 1984-Now Global
Sentinel

Sentinel 1 A/B ground range 10m 6 day 2014-Now Global
detected

Sentinel 2A MSI 10/20 m 10 day 2015-Now Global
MODIS

MODO08 atmosphere 1° Daily 2000-Now Global
MOD(9 surface reflectance 500 m 1 day/8 day 2000-Now Global
MOD10 snow cover 500 m 1 day 2000-Now Global

Hinh 1.10 - M4t sé bg da liéu sin cé trén Google Earth Engine.

= Strc manh tinh toan (Compute power): Co s& ha tang tinh toan caa Google,
duoc ti wu hoa dé xir ly song song dir liéu khong gian dia ly.

» APIs: Cac API danh cho JavaScript and Python (dugc Iuu trir trén GitHub)
c6 thé dung dé gui yéu cau dén may chu Earth Engine.

= Code Editor: Mbi truong phét trién tich hop (IDE) truc tuyén dé tao mau
nhanh va truc quan hda cac phan tich khong gian phuc tap bang API
Javascript.
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% Kién trac hé théng GEE.

Earth Engine Code Editor va cac ung dung cua bén tha ba sir dung thu vién danh
cho may khéch (client libraries) dé guri c4c truy van tuong tac dén hé thdng thong qua
REST API. Céc yéu cau giri dén duoc xir Iy ngay boi cac may cha Front End hoic
chuyén tiép céc yéu cau phu phuc tap dén cac may chu Compute Master va Compute
Server dé tiép tuc tinh toan luu trit phan tan trén ha tang dién toan dam may cia Google.

[Earth Engine Code Editﬂ ( Third-party Web Apps J

Client Libraries
(JavaScript / Python)

Web REST APIs

On-the-Fly Computation
| Front Ends
Compute Batch Computation
Masters
Caches
Compute
Servers
Data Stores
Fusion Tilestore Asset
Tables Servers Database

Hinh 1.11 - M6 hinh don gian héa hé thang Google Earth Engine.
1.5.4.2 Google Cloud Platform.

Google Cloud Platform (GCP), dugc cung cap boi Google, 1a mot bo dich vu
dién toan dam may chay trén ciing mot co s ha tang ma Google. B&n canh mét bo cong
cu quan ly, n6 cung cap mot loat céc dich vu ddm may bao gdm dién toan, luu trit dit
liéu, phén tich dir liéu va hoc may.

1.6 Tong két chwong 1

Trong chuong ndy, tac gia da tom tit so lugc mot cach ngin gon nhirng nghién
cttu vé RVB, hién trang RVB Viét Nam va nguyén nhan bién dong RVB; khai quét vé
tinh kha thi caa viéc giam sat bién dong bang anh vé tinh, chi ra khé khan thach thuc.
Dang thoi, cling c6 cai nhin tdng quan vé viéc (ng dung tri tué nhan tao, hoc may, mang
no-ron vao viéc giai quyét bai toan phat hién mat ring tir anh vé tinh. Cudi cung khai
quat ngin gon mot sé kién thirc va cong nghé lién quan str dung trong nghién cau.
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CHUONG 2
PHAT HIEN MAT RUNG VEN BIEN
TU ANH VE TINH DUA TREN MANG NO-RON

2.1  Mang no-ron.

Mang no-ron nhan tao (ANN), goi tit 12 mang no-ron (Neural Network - NN) Ia
mét md hinh toan hoc dugc xay dung dya trén co s¢ cAc mang no-ron sinh hoc gdm mot
s6 lwong 16n cac phan tir (goi 1a no-ron) két néi vai nhau thdng qua cac lién két (goi la
trong sé lién két) 1am viéc nhu mot thé thong nhat dé giai quyét cac van dé.

Két hop véi cac ki thuat DL, NN dang trd thanh mét cong cu rat manh mé mang
lai hiéu qua tot nhat cho nhiéu bai toan kho nhu nhan dang anh, giong néi hay xir ly
ngon ngtt ty nhién...vv

Mot mang NN tong quat 13 mang cé n 16p (n > 2) trong d6 bao gdm mét 16p dau
vao, mot dau 16p ra va mot hodc nhiéu 16p an.

slo
N
i

output layer

input layer
hidden layer 1 hidden layer 2

2.2 Mang no-ron tich chap.

Kién tric mang CNN la kién tric ma rong caa mang NN duoc st dung rong réi
trong k¥ thuat DL dac biét 1a trong linh vuc thi giac may tinh (computer vision). Mot
trong nhitng giai phap nham tbi wu qua trinh huan luyén mang duoc dé xuat 1a giam sb
lwong cac trong sé (weight) dé tang téc do tinh toan, giam thoi gian huan luyén, tranh
hién tuong qua khap (overfitting) khi ma lwong dir lidu dau vao la rat 16n nhu cac buc
anh mau, video..vv

2.2.1 Gidi thigu téng quan.

Mang no-ron tich chap (CNN) la mét trong nhitng thuat toan DL cho két qua tot
nhat hién nay trong hau hét cac bai toan vé thi giac may nhu phan 16p, nhan dang... Mot
dang mang CNN duoc ciu thanh béi cac tang sau: Convolution, Pooling va Fully
Connected.
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Hinh 2.1 - Cc thanh phan cdu thanh mang no-ron tich chap (CNN).

Nhu vay ta c6 thé thay mot CNN vé co ban ¢6 3 quéa trinh khac nhau:

- Convolution: Thong qua cac tich chap giita ma tran dau vao véi bd loc dé tao
thanh cac don vi trong mot 16p méi. Qua trinh c6 thé dién ra lién tuc ¢ phan dau cua
mang va thuong s dung ham kich hoat ReLU. Qua trinh nay duoc goi la trich chon dac
trung (convolution).

- Pooling: Céac 16p ¢ sau qué trinh trich chon dac trung s€ c6 kich thuac 16n do
s6 don vi ¢ cac 16p sau thudng tang tién theo cap s6 nhan. Piéu d6 1am ting sb lwong hé
s6 va khéi lugng tinh toan trong mang no-ron. Vi vdy dé giam tai tinh toan ching ta s&
can giam chiéu cia ma tran hoic giam sé don vi cua l6p.

Tuy nhién mdi mot don vi sé& 1a két qua dai dién cua viéc ap dung mot bo loc dé
tim ra mot dic trung cu thé nén viéc giam sé don vi s& khong kha thi. Giam kich thudc
ma tran thong qua viéc tim ra mot gia tri dai dién cho méi mot viing khéng gian ma bo
loc di qua s& khong 1am thay doi cac duong nét chinh caa btc anh nhung lai giam dugc
kich thuéc ciia anh. Do d6 qua trinh giam chiéu ma tran duoc 4p dung. Qua trinh nay
goi la tong hop hoic gop (pooling).

- Fully Connected: Sau khi da giam s6 luong tham sé dén mot mirc do hop 1y,
ma tran can dugc lam phang (flatten) thanh mot vector va st dung céc két ndi hoan toan
giita cac 16p. Qua trinh nay sé& dién ra & cudi mang tich chap va sir dung ham kich hoat
la ReLU. Két ndi cudi cuing s& dan téi cac don vi 1a dai dién cho mdi 16p véi ham kich
hoat 12 Softmax nham muc dich tinh x4ac xuét.
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Hinh 2.2 - Cdu triic dai dién cia mét mang no-ron tich chdp ddy di.

Tang tich chap (convolution) va tang hop nhat (pooling) c6 thé dugc hiéu chinh
theo cac siéu tham s6 (hyperparameters) dugc mo ta & nhitng phan tiép theo.

2.2.2 Céc kiéu tang.
% Tang tich chap (CONV).

Tang tich chap (CONV) si dung cac
bo loc dé thyc hién phép tich chap khi dua
chung di qua dau vao | theo céc chiéu cua no.

C4c siéu tham sb cua cac bo loc nay bao gom . [
kich thudc bo loc F va db truot (stride) S. Két ]
qua dau ra O duoc goi la feature map hay
activation map. Hinh 2.3 - Vi du phép tich chdp.
% Tang hep nhat (POOL).

Tang hop nhat (POOL) 1a mot phép max pooling
downsampling, thuong duoc su dung sau 20 30
tang tich chap, dung dé giam chiéu cua ma 112| 37
tran dau vao nhung van lam néi bat 1én duoc 121201301 0
dic trung. Cu thé, max pooling va average o 2] 2 .
pooling 13 nhitng dang pooling thuong dugc | 3470137 4 SIS bRy
su dung, ma tuong ung la trong dé gia tri Ion 112100 25 | 12 13 8
nhét va gia tri trung binh dugc lay ra. 79/ 20
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So sanh max pooling va average pooling:

Tung phép pooling chon gia tri I6n | Ting phép pooling tinh trung binh

Chac | o T P gt

g nhat trong khu vuc ma n6 dang dugc | cac gié tri trong khu vuc ma n6 dang
nin

® | 4p dung dugc &p dung
e max ave

Minh moe

hoa = [
| ’ —

Nhéan | - Béo toan cac dac trung da phat hién | - Giam kich thudc feature map
Xét | - Pugc st dung thuong xuyén - Buoc su dung trong mang LeNet

Bdng 2.1 - So s&nh max pooling va average pooling.
% Tang ket noi day da (FC)

Tang két ndi day du (FC) nhan dau vao 1a cac dit liéu da duoc 1am phang, ma mai
dau vao d6 duogc két ndi dén tat ca no-ron. Trong md hinh mang CNN, cac tang két ndi
day du thuong duoc tim thiy & cudi mang va duge dung dé t6i vu hoa muyc tiéu cua
mang Vi du nhu d6 chinh xac cua 1op.

Hinh 2.5 — M6 td tang két néi ddy du (Fully connected ).
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2.2.3 Cé&c ham kich hoat thwong si dung.
«» Rectified Linear Unit

Tang rectified linear unit (ReLU) Ia mot ham kich hoat g duoc sir dung trén tat
ca cac thanh phan. Muc dich ciia n6 1a ting tinh phi tuyén tinh cho mang. Nhitng bién
thé khéc caa ReLU duoc tong hop ¢ bang dudi:

g(z)=max(0,2) g(z)=max(ez,z) g(z)=max(a(e’*—1),z)
Vi e«1 VoI ak1
0 Tt ?—0_4 0 rt
Do phurc tap phi tuyén Géan van dé ReLU chét Kha vi tai moi noi
tinh c6 thé thong dich cho nhirng gia tri am
dugc vé mat sinh hoc

Bdng 2.2 - So sanh cach bién thé ciia ham kich hogt ReLU

+ Softmax

Budc softmax c6 thé duoc coi 1a mot ham logistic tong quat 1y dau vao la mot
vector chira c&c gia tri Xx€R" va cho ra la mét vector gom céac xac suat peR" théng qua
mot ham softmax & cudi Kién tric. N6 dugc dinh nghia nhu sau:

{m\ N
. e
p=1": VOl p; =

\P.n} i e

Hinh 2.6 - Ham softmax
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2.3 Kién trac mang U-Net.
2.3.1 Hiéu vé phan logi hinh dnh, phat hién déi twong va phdan doan hinh dnh.

Phén loai hinh anh gitp chang ta phan loai nhiing gi c6 trong mét hinh anh. Muc
dich 1a dé tra 15i, c6 con méo trong hinh anh nay khdng, bang cach du doan c6 hoic
khéng.

Phét hién dbi tuong chi dinh vi tri cua cac ddi twgng trong anh. Muc tiéu 1a xéac
dinh dugc con méo trong hinh anh nay ¢ dau? Canh, bang cach vé mot hop gidi han
xung quanh ddi twong quan tam.

Phén doan hinh anh tao ra mat na diém anh (pixel) cia tmg d6i tugng trong anh.
Muyc tiéu 1a xac dinh vi tri va hinh dang cta cac ddi twong khac nhau trong hinh anh
bang cach phan loai tirng pixel trong nhan mong mudn.

Image Classification Object Detection Image Segmentation

where is the cat? image pixels of the cat?

Hinh 2.7 - Phan logi hinh dnh, phat hién déi twgng va phdn dogn hinh anh.
232 Gidi thigu U-Net.

U-Net?? 13 mot kién tric mang no-ron tich chap gidp phan doan nhanh va chinh
xéac hinh anh. Cho dén nay, U-Net d3 vuot troi so v6i phuong phap tot nhat trudc day,
tham chi n6 con hiéu qua véi hinh anh dir liéu han ché. N6 da chién thing Grand
Challenge vé May tinh ty dong phét hién sau rang trong anh X-Quang tai ISBI 2015 va
chién thang Thtr thach theo ddi té bao tai ISBI 2015.

U-Net lan dau tién duoc dé xuat boi Ronneberger, Phillip Fischer va Thomas
Brox vao nam 2015. N6 duoc thiét ké va st dung nhiéu trong cac nhiém vu phan doan
hinh anh y sinh nhung né ciing hoat dong dé phan doan hinh anh ty nhién, anh vién
tham.

image prediction

unet output

ground truth

Hinh 2.8 - Ung dung U-Net trong phdn doang va du dodn anh vién tham.

12 https://Imb.informatik.uni-freiburg.de/people/ronneber/u-net/
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2.3.3 Kién tric magng U-Net.

U-Net duoc dit tén theo dic diém kién trac khi duoc truc quan hoa.

input
imapge PN >l output
tile |7 | || segmentation
o 2| map

256 256

k| 1

=» conv 3x3, RelLU
copy and crop

¥ s s 1024 54
D“"j"‘"r_] [ - e ] § max pool 2x2
S 1024 | I 4 up-conv 2x2
[:* * = conv 1x1

Hinh 2.9 - Kién trdc mang U-Net.
< Mang U-Net gom:

- Puong dan trai (con goi la duong din co - contraction path): Gidng nhu mot
kién tric CNN dién hinh, bang cach xép lién tiép hai tich chap Conv 3x3 (miii tén xanh
duong) theo sau 1a mot tong hop max pooling 2x2 (mili tén do) dé lay mau xubng. O
mdi budc lay dit liéu xudng (downsampling), sé lugng kénh dugce nhan doi.

- Puong dan phai (con goi l1a duong dan md rong - expansion path): Mot tich
chap Conv 2x2 (mili tén xanh luc) lay mau Ién va hai tich chap Conv 3x3 (miii tén xanh
duong). O mdi budc dua dir liéu 1én (upsampling), s lugng kénh dugc giam mot nia.

- Tang cudi cting: Mot tich chap Conv 1x1 dé anh xa ban d6 dic trung dén sé 16p
mong mudn.
< Xac dinh mat mat.
Mat mat c6 thé duoc tinh bang binary cross-entropy va dice loss. Pay 1a tiéu chi
danh gia hiéu suat duoc st dung thuong xuyén dé danh gia va ap dung thanh cong trong
phéan doan hinh anh y sinh.

2 Zz Oili
Zi 0i + Zz Yi

Lpee = Z yilogo; + (1 — ;) log (1 —0;) Lpice = —
;
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2.3.4 Pigc diém mang U-Net.

Toan bo kién trac str dung cac tang tich chap (CONV), médi tich chap tiéu chuan
duoc kich hoat bai mot ham kich hoat ReLU va khdng hé sir dung tang két ndi day du
(FC) nao ca. Thay vao dé viéc két ndi cac dic trung s& do nira thir hai cua "chit U" dam
nhan, diéu nay gidp mang khdng can tang FC. Do d6, U-Net c6 thé chap nhan dau vao
V6i kich thuéc bat ki,

g 3x3 convolution + ReLU 2x2 up-convolution

FREIBURG

unt
uNt

@
X N{{\ Nd\ + Only valid part of & resulting feature maps
convolution is used have factor 2 higher
R "\‘ 4 =z resolution
features k s + For 3x3 convolutions N 3
%4r [ a 1-pixel border is X &8 s
weights w lost 2 '\[‘{c
(e.g. 45) i
y mai - ReLU(X) features
y output feature map b
X (only 1 channel shown)
input feature map a output feature map b ~
(e.g. 5 channels) (only 1 channel shown) bazyizyssa = ReLU( L Wijded * Oxyke + 1)

~ ie{0.1}
bega=ReLU( Y wijut-apigisnter) jelon}
(104} input feature map a ke K

(e.g. 5 channels)

Hinh 2.10 - Mb ta cho mgt qua trinh tich chdp va giai ma trong U-Net

U-Net sir dung phuong phap dém (padding method) thém diém anh (add pixel),
diéu nay gilp kién tric co6 thé phan doan hinh anh duoc hoan toan. Phuong phap nay
dic biét quan trong khi phan doan cho céc hinh anh; néu khong, 6 phan giai co thé bi
han ché boi dung luong cua bo nhé GPU.

Hinh 2.11 - Phuong phdp padding method.

U-Net c6 hai wu diém chinh:

= Y&u cau it mau huan luyén.
= Phan doan nhanh va chinh xac.

Dua trén, nhitng két qua da cong bd, cing cac dic diém va uu diém cua kién tric
mang U-Net cho thiy day 1a kién triic pht hop gilp giai bai toan “Phét hién bién déng
rizng ven bién tir anh vé tinh 7.
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2.4 Phét hién mat rirng tir anh vé tinh dwa trén mang U-Net
2.4.1 MO ta bai toan.

MOi tu 1iéu anh chup tir vé tinh tai mdi thoi diém 1a khac nhau, mdi anh s& chta
dung trong n6 nhitng dac trung khac nhau. Pac trung d6 trong anh quang hoc chinh la
dic trung quang phd. Viéc két hop nhiéu anh chup khéac nhau s& thu dwgc canh 16n bao
phti toan bo pham vi mong muén giam sat, néu chdng xép hai hozc nhiéu canh anh khac
nhau tai cung mot vi tri ta sé thu dugc bo dir liéu anh giam sat.

Chung ta cd thé xac dinh dugc nhitng vi tri bat thuong, phét hién bién dong ring
bang viéc phan tich bo dit liéu anh giam sat & trén. Tuy nhién, qua trinh nay thuong mat
nhiéu thoi gian, can nguoi thuc hién phai c6 kién thirc chuyén mon, d6i chiéu lién tuc
Vi céc dit lidu lién quan khac dé di dén két luan cudi cling vé vi tri bat thuong dé 1a mat
rung hay tang rung.

Tu liéu anh ting, pham vi giam sat ting 1én, ddi tugng quan tdm nhiéu 1én diéu
d6 c6 nghia chiing ta dang tao ra khéi dir liéu vo cing 16n, viéc sir dung con nguoi lam
trung tdm trong chudi quy trinh giam sat bién dong s& khéng con kha thi nia.

Ung dung tri tué nhan tao (Al), sit dung mang than kinh nhan tao chinh 1 giai
phap hudng dé giai quyét bai toan. Lam cho may tinh c6 thé hoc hoi, tu duy nhu con
ngudi dé giai quyét bai toan nhu cac con ngudi Xt ly.

Va bai toan phét hién bién dong ring tir anh vé tinh dwa vé bai toan phan loai
hinh anh, phan manh xéac dinh dbi twong. Bai toan duoc hiéu nhu sau:

= Pau vao:

- Dir liéu anh vé tinh: Puoc khai thac va cap nhat méi nhat tir GEE; Dit
licu anh tiép tuc trai qua cac budc tién xir ly anh (hiéu chinh, loai bo
may, tinh todn c4c chi s6..vv)

- Dit liéu hién trang ring: Puoc khai thac tir Hé théng thng tin quan Iy
nganh Lam nghiép - FORMIS;

- Dir lidu diém mau: Bo dit lidu toa do vi tri cac diém huan luyén
(training) va xac minh (validation);

= Paura:

- M6 hinh dy doén da dugc téi uu.

- L6p pha ring ven bién tir anh du doan.

- Vi tri bién dong ting rirng hodc giam ring.
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2.4.2 Quy trinh thgec hién.
Quy trinh thuc hién ¢6 5 budc quan trong, gom:

[1] LAy tu liéu anh Sentinel-2, dit liéu hién trang rirng va dit liéu diém mau.
- Tur liéu anh Sentinel-2 duwroc khai thac tir GEE va tién xiz Iy;
- Diz liéu hién trang rieng dueoc ké thira tir hé thong thong tin quan
ly nganh Lam nghiép va xz Iy chuyén doi thanh anh 16p phu rimg;
- Diz liéu diém mau duwoc ké thira tir hoat déng khdo sét thue dia.
[2]  Xay dung b dit liéu huan luyén.
- Dz liéu anh vé tinh va lop phu da dwoc Xxur 1y tai budc 1 sé droc
lay theo tirmg diém mdu (xem phwong phdp xir 1y tai muc 3.3.2.3).
- B6 daz lidu hudn luyén sé chira day di théng tin dic trung cua dir
liéu dau vao.

- B diz lidu hudn luyén duroc tao tir cdc diém mau hudn luyén; bé
dir lidu Xac minh dwoc tao tir cdce diém mau xac minh.

[3]  Huin luyén mang U-Net.

[4]  Sir dung mé hinh di huan luyén dé du doan kiém tra.

[5]  Xac dinh bién dong ring, bién dong mat rung.
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So dd quy trinh thuc hién:

PHAT HIEN
MAT RUNG VEN BIEN
TU ANH VE TINH

.",; \ \ 4
b 154 9 Bodriie ©
Sentinel-2 @ hién trang rirng

& vi trl khao sat ®
G 9

Google Earth Engine g
GPS

VNFOREST

- Xac dinh pham vi: dia Iy, thi gian ( R
Chon anh - Loc ngwdng may: < 30% Chon anh Vi tri cac diém Dr ligu
Sentinel-2 - Loai bé méy, may méng Sentinel-2 huén luyén, xac minh Hién trang rirng
- Tinh chi s6: NDVI, NDSI, NDWI
L B |
H a2 n v
B E N
| I | <
| N B BO di¥ liéu < Lop phu
huén luyén, xac minh [ rirng ven bién
v \ 4 \ 4
NO
Chon kénh anh Xac minh Huén luyén U-Net €

Deep Learning

I g e

D6 chinh xac
> 0.95

<

U-Net
D doan cac khu vuc
la rirng trén anh

Tao anh
dau ky - cudi ky

M6 hinh U-Net
da dwoc dao tao

DATABASE

Anh dy doan

<
<
<
<

Xac dinh

ISR bién déng rirmng

Xac dinh bién déng rirng
phuong phap Vec-to thay ddi da bién

A

Bdo céo vi tri,
dién tich bién déng
rirng ven bién

Phéan tich, so sanh

MCVA vai U-Net

KET THUC

Hinh 2.12 - Quy trinh phat hi¢én bién dgng rirng tir anh vé tinh dysa trén mang no-ron.
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2.5  Téng két chwong 2

Trong chuong nay, luan vin da trinh bay tom tat vé mang no-ron tich chap va
kién tric mang U-Net. Trén co s nhitng dic diém, vu diém va két qua nghién ctu da
cong bd dé chon mé hinh mang no-ron pht hop cho bai toan phét hién bién dong rung.
Pong thdi md ta cu thé bai toan, quy trinh cac budc thuc hién giai bai toan “Phat hién
bién dong mat ring tir anh vé tinh dya trén mang no-ron”.
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CHUONG 3
THU NGHIEM VA PANH GIA

3.1  Phan mém va thw vién.

Dé trién khai kién tric mang U-Net va tuong tac véi dich vu GEE, ciing nhu khai
thac ti da sirc manh tinh todn nén tang dién toan dam may ciia Google t6i tién hanh tao
mét du an thir nghiém trén Google Colaboratory va cai dat trén d6 mot s6 thu vién can
thiét.

3.1.1 Phan mém.

= Python: phién ban 3.6.8
= Google Colaboratory: goi tit la Colab la mot san pham tir Google
Research. Colab cho phép bat cir ai viét va thuc thi ma python tuy y thong
qua trinh duyét va dac biét phu hop vai hoc may va phan tich dir liéu.
Théng tin chi tiét Colab st dung:
- Phién ban: Colab Pro.
- Hinh dang thoi gian chay: High-RAM.
- Bo xir Iy tang toc tinh toan: TPU™3 (Tensor Processing Unit).

& final_cnn_v72_haiphong_se2.ipynb B comment 2% share £ ﬁ

File Edit View Insert Runtime Tools Help -

. . , RAM
de + Tex v B - ~
= Table of contents X rd

~ Define points

[16] TRAIN s , ction{# users/{ASSETS_WAMEID} /(ASSETS_FOLDER}/Points_aiPhang HesForest. Train_569_v2"

~ Merge points
Merge points gep

nnnn

=Py
=3
e Sl s
i, o 5
C wipeo
g A
GuTals
b
HAIPhong el .

Hinh 3.1 - Giao di¢n phan mém Colab.

13 TPU 1a mot mach tich hop danh riéng cho tng dung ting toc Al
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3.1.2 Thw vi¢n.
= Tensorflow: 1a mot nén tang hoc may ngudn mo da dung va co do linh
hoat cao phuc vu viéc xay dung cac (ng dung tri tué nhan tao;
= EarthEngine-API: 1a thu vién nén tang xu 1y khong gian dia ly dya trén
dam maAy tién tién nhat trén thé gidi.
= Folium: 1a thu vién gidp hién thi va twong tac v6i ban db qua python.
3.2 Chuén bi di liéu.
3.2.1 Vi tri thar nghiém.
Dia diém thir nghiém: pham vi riing ven bién tai thanh phé Hai Phong.
Ranh giéi hanh chinh:

= Phia Bic giap tinh Quang Ninh; Phia Nam giap tinh Thai Binh
= Phia Tay giap tinh Hai Duong; Phia Pong giap bién Dong.

Thanh phé c6 toa d6 dia ly:

= T 20030'39' - 21001'15' Vi d6 Bic.

= Tur 106023'39' - 107008'39' Kinh d6 Dong.

= Va huyén dao Bach Long V¥ nam gitra Vinh Béc B9, ¢6 toa do :
- T 20007'35' - 20008'36' Vi d6 Bic va
- T 10704220' - 107044'15' Kinh do Déng.

7
>

VINH BAC BQ

Hinh 3.2 - Bdn dé thanh phé Hai Phong
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3.2.2 Dir li¢u anh Sentinel-2

Dé tai khai thac st dung Sentinel-2 tir bo dit liéu “Sentinel-2 MSI: MultiSpectral
Instrument, Level-24 ” sin c6 tir 28/03/2017 dén nay trén Google Earth Engine. Dit liéu
anh chon tham gia huan luyén va xac minh dwoc chup nam 2018; dit liéu anh sir dung
dé du doan duoc chyp nim 2019.

Bo dir liéu anh tiép tuc trai qua cac budc tién xu 1y trudc khi st dung, gom:

= Chon canh anh bao phua pham vi giam sat.

= Chon céac kénh anh: B12, B11, B8A, B8, B7, B6, B5, B4, B3, B2.

= Loc va chon cac canh anh chup thoa man pham vi thoi gian.

= Loc va chon céc canh anh c¢6 ngudng may nho hon 30%.

= Loai bo may, bong may va dai may mong.

» Tinh todn va thém cac chi sé khac biét chuan: NDVI, NDSI, NDVI.
= Lay trung vi (median) bo su tap anh.

= Cat anh theo pham vi giam sét

Google Earth Engine

Hinh 3.3 - Bdn dé canh dnh sit dung da loai bé may va béng may.

Cu thé, s lwong anh da duoc chon tham gia huan luyén va xac minh dugc chup
niam 2018 13 26 canh anh, s6 luong anh st dung du doan nam 2019 1a 32 canh anh.

Chi tiét xem thém tai phy luc 1.
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3.2.3 Dirligu bdn do hign trang rieng.

FORMIS”, gobm cac 16p dix liéu sau:

Dé tai ké thua dir liéu tr “Hé thdng thdng tin quan 1y nganh Lam nghiép -

= Lop dit liéu ban @6 ranh gisi cdp hanh chinh* Viét Nam.
= L&p dit liéu ban @b hién trang ring ven bién Hai Phong™s.

S AQUA
*'\‘4 ANG Ninyy

HATPIGNG T,

Hinh 3.4 - Bdn dé thé hién hién trang ring trén nén ranh gigi thanh phd Hdai Phong.

Hién trang dién tich cac loai rirng ven bién va dat 1am nghiép phan theo muc dich
sir dung cua thanh phé Hai Phong theo cong bé caa Tong cuc LAm nghiép Viét Nam 1a
26.127,58% hecta (Quyét dinh 423/QB-TCLN-PTR ngay 31/12/2019).

TT Phan loai rirng dizzl:l,gch Pac dung Phong hé San xuat
TONG 26,127.58 9,931.60 16,123.24 72.74
A |[DIEN TICH CO RUNG 11,331.29 5,984.28 5,274.27 72.74
| |Rirng tw nhién 9,000.72 5,779.54 3,182.75 38.43
Il |[Rirng trong 2,330.57 204.74 2,091.52 34.31
B |DIEN TiCH CHUA THANH RUNG 14,796.29 3,947.32 10,848.97 -
| |Dién tich trong chira thanh rirng 785.31 - 785.31 -
I |Di¢n tich khoanh nudi tai sinh 4,238.89 1,948.01 2,290.88 -
111 |Dién tich khac 9,772.09 1,999.31 7,772.78 -

Bdang 3.1 - Thong ké di¢n tich hi¢n trang RVB TP. Hdi Phong (31/12/2019).

14 Chi tiét dir lidu ranh gidi hanh chinh Viét Nam: https:/bit.ly/ranhgioi_hanhchinh_vietnam

15 Chi tiét hién trang rimg ven bién TP. Hai Phong: https://bit.ly/hientrangrung_haiphong

16 Nguon dir liéu: http://rungvenbien.ifee.edu.vn/thongkebaocao

34


https://drive.google.com/file/d/1QnTbRnJ3zddSzHBEAbTx17ZsS57_LoW3/view

3.2.4 D ligu diém mau.

Dit liéu diém mau 1a bo dix liéu gdm 1000 diém huan luyén (traning) va 300 diém
xac minh (validation). B¢ dir liéu mau nay dugc ké thira tir két qua nhiém vy xay dung
B6 co so dir lieu RVB Viét Nam cua doi ngl chuyén gia Vién Sinh thai riing va Moi
truong, Truong Pai hoc LAm nghiép. Chi tiét dix liéu diém mau dugc cong khai tai duong
dan: https://bit.ly/hoatx_points_dataset_train_valid

rrrrrrrrrrrr

Hinh 3.5 - Bdn do hién th; cdc diém mdu khéa dnh hudn luyén va xac minh.
MJi vi tri diém mau xéac minh cho biét céc thong tin: thdng tin hanh chinh cip
x&/phuong, toa do vi tri, trang théi ring (c6 rirng bang 1 hodc khong c6 ring bang 0) va
thong tin tiéu khu — khoanh — 16.

1 | Déng Hung | 106.64850 | 20.62231 1 T.L/9/5
2 |DaiHop | 106.73653 | 20.69108 0 K.T/4/2
3 |PhucLd  |106.76173 | 20.91027 1 11542/23/3a
4 | NgocHai |106.79105 | 20.72424 1 DS/2a/3
5 | NgocHai | 106.79147 | 20.72120 0 DS/2a/4
6 | VanPhong |106.87590 | 20.79599 0 2A/25/1

Bdng 3.2 - Mdu thu thdp dé liéu diém mdu khéa xac nhdn tai thue dia.
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3.3 Cai dat thuc nghiém.
3.3.1 Cai diit thu vién va thiét lap chung.
s Cai dat thw vién:
Dé bit dau thir nghiém, dau tién tién hanh cai dat cac thu vién can thiét.

'pip install tf-nightly # Tensorflow

'pip install tf-nightly-gpu

'pip install earthengine-api # EarthEngine-API
'pip install folium # Folium

%load ext tensorboard # Tensorboard

Thoéng tin phién ban cac thu vién

Tensorflow 2.2.0
Tensorboard 2.2.2
Keras 2.3.1
Folium 0.8.3

% Thiét 1ap chung.

Tiép theo, thuc hién cai dat mot s6 bién chung cho toan bo qué trinh thir nghiém:
thoi gian bt dau - két thuc, day 1a thoi gian xac dinh dung dé chon ra cac canh anh pha
hop nam trong pham vi thoi gian nghién ciru va phi hop véi dit liéu hién trang rirng khai
thac tir “Hé thong thdng tin quan ly nganh Lam nghiép - FORMIS”. Va mét s6 bién
dung chung nhu: ngudng may, thong tin cac kénh anh sir dung, do phéan giai..vv

MAP ZOOM = 11

START DAY = '2018-01-01' # Ngay bdt dau

END DAY = '2018-12-31" # Ngay két thuc
CLOUD_PERCENT = 30 # Ty 1& phdn trim may
SCALE = 10 # D6 phén giadi anh
KERNEL SIZE = 128 # Kich thudc kernel

FOLDER = f'unet forest' # Thu muc luu trit

Tiép theo, toi xac dinh pham vi khu vuc thir nghiém.

REGION MAP = ee.FeatureCollection
[ee.Feature (
ee.Geometry.Polygon (

[[[106.53601110780845, 21.038767235681952
[106.53601110780845, 20.583057129310447
[107.13064611757407, 20.5830571293104477,
[107.13064611757407, 21.038767235681952111),
{

14

14

]
]
]
]

"forest": O,
"system:index": "0O"

P1)
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Tiép theo, chi dinh Ié6p phu rirng ven bién va chi dinh nguén anh Sentinel-2.

# Lép phu riung ven bién

VNFC = ee.Image ('users/trhoal06/vietnam forest cover/VNFC HaiPhong')
# BO suu tdp anh Sentinel-2 tu Google Earth Engine

SE2 = ee.ImageCollection ('COPERNICUS/S2"'")

H3i Dudng

Hinh 3.6 - Lop pha riing ven bién Hdi Phong

Cubi cling trong phan thiét 1ap nay, chi dinh tap dit liéu diém mau huan luyén
(training) va xac minh (validtion) véi nhan la rirng hoac khéng phai la ring.

= Bo dit liéu huan luyén (1000 diém) gom:

- 500 diém dan nhan 1a rung.

- 500 diém dan nhan khong phai la ring.
= B0 dit liéu x4c minh (300 diém) gom:

- 150 diém déan nhan 14 rung.

- 150 diém dan nhan khong phai la ring.

TRAIN HAS FOREST = ee.FeatureCollection (
'users/trhoal6/unet/Points HaiPhong HasForest Train 500")

TRAIN NON_FOREST = ee.FeatureCollection (
'users/trhoal6/unet/Points HaiPhong NonForest Train 500")

VALID HAS FOREST = ee.FeatureCollection (
'users/trhoa06/unet/Points_HaiPhong HasForest Valid 150')

VALID NON FOREST = ee.FeatureCollection (
'users/trhoa06/unet/Points_HaiPhong NonForest Valid 150')

TRAIN TRAIN HAS FOREST.merge (TRAIN NON FOREST)

VALID = VALID HAS FOREST.merge (VALID NON FOREST)
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3.3.2 Xay dung cac ham xaz ly.
3.3.2.1 Ham logi bé may & ddi may meng.
% Ham loai bé may

Ham sau ddy cho phép tao mat na may bang cach sir dung kénh QA trong anh
Sentinel-2. Tham sé dau vao 1a anh Sentinel-217, két qua tra vé 12 anh Sentinel-2 da duoc
loai bo may. (Google Earth Engine Developers)

# Ham loai bo mdy a&nh sentinel 2
def maskS2clouds (img) :
ga = img.select ('QA60")
# Bits 10 and 11 are clouds and cirrus, respectively
cloudBitMask = (1 << 10)
cirrusBitMask = (1 << 11)
# Both flags should be set to zero, indicating clear conditions.
mask = ga.bitwiseAnd(cloudBitMask) .eq(0)\
.And(ga.bitwiseAnd (cirrusBitMask) .eq(0))
return img.updateMask (mask) \
.divide (10000) \
.copyProperties (img, ["system:time start"])

% Ham loai bé dai may méng.

Do che pha cia dam may 1a mot trong nhitng mdi quan tdm Ién nhét trong vién
tham quang hoc, bai vi nd can tré viéc giam sat lién tuc bé mat Trai dat [15]. Ham nay
gitip ting cudng chit lwvong anh dau ra, giam sai léch do anh huéng cua dai may.

def rescale(img, exp, thresholds):
return img.expression (exp, {'img': img})\
.unitscale (thresholds[0], thresholds[1])
def sentinelCloudScore (img) :
toa = img.select (['""(B|QA60).*"]).divide (10000)
score = ee.Image (1)
# Clouds are reasonably bright in the blue and cirrus bands.
score = score.min (rescale(toa, 'img.B2',[0.1, 0.5]))
score = score.min(rescale(toa, 'img.B1',[0.1, 0.3]1))
score = score.min(rescale(toa, 'img.Bl + img.B10',[0.15, 0.21]1))
# Clouds are reasonably bright in all visible bands.
score = score.min(rescale(toa, 'img.B4 + img.B3 + img.B2',[0.2,0.8]))
# Clouds are moist
ndmi = img.normalizedDifference(['B8', 'B1l1l'])
score = score.min(rescale (ndmi, 'img', [-0.1, 0.1]))
# However, clouds are not snow.
ndsi = img.normalizedDifference(['B3', 'B1l1l'])

score = score.min(rescale(ndsi, 'img', [0.8, 0.6]))

score = score.multiply(100) .byte()

return img.addBands (score.rename ('score x'));

17 https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S2
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Két qua xtr Iy anh trudc va sau khi thuc hién loai bo may

Trudc khi loai bd may

Sau khi loai bo may

Hinh 3.7 - Két qua xi 1y dnh logi bé may
3.3.2.2 Ham tinh toan chi sé tir @nh vé tinh.

Ham nay cho phép tinh toan céac chi sb can thiét sa dung, bao gom: chi sé thuc
vat khac biét chuan (NDVI), chi sé dét khac biét chuan (NDSI) va chi sé mit nuéc khac
biét chuan (NDWI).

def calcIndexNDs (img) :
ndvi = img.normalizedDifference(['B8', 'B4']).rename ('NDVI')
ndsi = img.normalizedDifference(['B3', 'B1l1l']).rename ('NDSI')

ndwi = img.normalizedDifference(['B8', 'B1l1l']).rename ('NDWI');
return img.addBands (ndvi) .addBands (ndsi) .addBands (ndmi)
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3.3.2.3 Xay dung bé di ligu hudn luyén.

Dé chuan bi cho qua trinh huan luyén mang U-Net, noi dung nay s& thuc hién
viéc xay dung bo dit lidu dy du tir cac dir liéu dau vao gom: anh vé tinh da qua tién xir
ly, 16p phu rirng ven bién va dir liéu diém mau.

Ham lay mau di liéu goi va ké thira
ham ee.Image.neighborhoodToArray trong
GEE dé xuét vang lan can cua dif%m anh. - .
ee.Image.neighborhoodToArray bién vung
lan can cua timg diém anh (pixel) trong anh
v6 huong thanh ma tran 2D. Truc 0 va 1 caa

(i+1)

. . . (i+1)
ma tran dau ra twong tng vai truc Y va X cua

hinh anh. Anh dau ra s& ¢ nhiéu kénh anh
nhu dau vao; mdi kénh anh dau ra c6 cling mat na voi kénh anh dau vao twong tng. Dau
chan va siéu di liéu caa hinh anh dau vao duoc giit nguyén.

Hinh 3.8 - Xudt viing lan cgn diém dnh.

Do s6 lugng dic trung toi da c6 thé luu bi han ché. Nén ham save_cnn_batch
duogc xay dung dé Iuu bo dit lidu ddc trung thanh cac phan doan phil hop. Mdi phan doan
dugc dong goi thanh tap tin dinh dang .tfrecord va luu trit.

train filenames = save cnn batch(img src, TRAIN, 'trainUNET', fcp trains)
valid filenames = save_cnn _batch(img src,VALID, 'validUNET', fcp valids)

L Drive Q,  Tim trong Drive -
» Drive cua téi > unet forest v74
I— Mgi - -
Tén 4
» @ Drive cda téi
22 Duge chia sé véi téi trainUNET-0069_ tfrecord.gz

Gan day trainUNET-0070_tfrecord.gz

C6 gin diu sao
trainUNET-0071_tfrecord.gz

2 % O

Thiing rdc
trainUNET-0072_tfrecord.gz

B6 nhd (da s dung 72%)
trainUNET-0073_tfrecord.gz

D4 sir dung 13,8 GB trong
tong s0 19 GB trainUNET-0074_ tfrecord.gz

Mua bé nhd trainUNET-0075_.tfrecord.gz
trainUNET-0076_tfrecord.gz

trainUNET-0077_tfrecord.gz

validUNET-0001_tfrecord.gz

validUNET-0002_tfrecord.gz

Hinh 3.9 - Di liéu hudn luyén duoc heu véi dinh dang .tfrecord trong Google Drive.
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Tiép theo, doc dit liéu tir tap tin tfrecord dwa vao tf.data.Dataset. Day la budc tién
xur ly dir liéu tir cac tap tin tfrecord dé chuyén dbi thanh dinh dang phi hop cho dau vao
mo hinh CNN.

def input fn(fileNames, numEpochs=None, shuffle=True,batchSize=16,side=257) :
dataset = tf.data.TFRecordDataset (fileNames, compression type='GZIP')
feature columns = {
'SWIR2' : tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'SWIR1' : tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'RE4': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'NIR' : tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'RE3': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'RE2': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'RE1': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'R': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'G': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'B': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'NDVI': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'NDSI': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'NDMI': tf.io.FixedLenFeature([side,side], dtype=tf.float32),
'forest': tf.io.FixedLenFeature([side, side], dtype=tf.float32)

# Thuc hién mdét chtic ndng phdn tich cG phéap
def parse(example proto):
parsed features = tf.io.parse single example (
example proto,
feature columns)
parsed features = {
key:value[l:side,l:side] for key,
value in parsed features.items ()
}
labels = parsed features.pop('forest"')
return parsed features, tf.cast(labels, tf.float32)

def stack images (features,label):
nfeat = tf.transpose (tf.squeeze(tf.stack(list (features.values()))))
nlabel = (tf.transpose(label))[:,:,tf.newaxis]
print (f'lable: {label} - nfeat: {nfeat} - nlabel: {nlabel}')

return nfeat, nlabel

dataset = dataset.map (parse, num parallel calls=5)
dataset = dataset.map(stack images, num parallel calls=5)
if shuffle:

dataset = dataset.shuffle(buffer size = batchSize * 10)
dataset = dataset.batch (batchSize)
dataset = dataset.repeat (numEpochs)

return dataset
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3.3.3 Thuc thi mang U-Net.

Trong TensorFlow di t6i wu hoa cac thuat todn va dac biét ciing cap san tf.keras
(day 12 mot API cip cao dé hd tro xay dung va huan luyén cac md hinh hoc sau). Keras
API gilp trién khai nhanh mé hinh huan luyén ma khong can phai xay dung lai tir dau.

Tai day, dé xay dung mang U-Net véi Keras. Md hinh mang no-ron tich chap
(CNN) duoc tao gom:

= 5ting ma hoa (encoder layers)
= 5 tang giai ma (decoder layer).
= 1 tang dau ra (output layer).

Tang ma hoéa: bao gdom mot ngan xép tuyén tinh gom cac hoat dong Conv,
Batchnorm va Relu theo sau la Maxpool. Méi MaxPool s& giam d6 phan giai khong gian
cua ban do tinh niang cua tdi xudng 2 lan.

Tang giai ma: bao gdom UpSampling2D, Conv, BatchNorm va ReLU. Sau d6
ghép ban do tinh ning c6 cung kich thudc & phia bo giai ma. Cudi cung, toi thém mot
hoat dong Conv cudi cing thuc hién tich chap doc theo cac kénh cho ting diém anh
riéng Ié (kernel_size (1, 1)) tao ra mit na phan doan cudi cung.

Tang dau ra: dugc tao thanh tir hoat dong Conv cudi ciing dé anh xa dic trung.

Cac budce dé xay dung mang U-Net duoc giai thich trong hinh

13 32 32 64 32 32
> - x
2 - 2
™ [}
l G4 G4 128 G4
s W/ %
= - >
oo 7™ oo {1
] S 3
- l 128 128 256 128
4= 4=
X@@m ) @@
< <
=] (=]
= l 256 256 2512 256
o N > x
& l o4 = conv 3x3, ReLu
- 512 512 = 1024 512 | » O
B A A | = B | ¥ Max Pool 2x2

- l 1024 = T 4 up-conv Pool 2x2

W g g ey = conv 1x1

Hinh 3.10 — M& hinh mgng U-Net thi nghiém.
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https://www.tensorflow.org/guide/keras

3.3.3.1 Dinh nghia mé hinh.

Cai dat mang U-Net véi Keras bang cac tham sé nhu sau:

def conv |
encoder
encoder
encoder
encoder
encoder
encoder

return

block (input tensor, num filters):
= layers.Conv2D (num filters, (3, 3) padding='same') (input tensor)
= layers.BatchNormalization () (encoder)
= layers.Activation('relu') (encoder)
= layers.Conv2D (num_ filters, (3, 3), padding='same') (encoder)
= layers.BatchNormalization () (encoder)

= layers.Activation('relu') (encoder)

encoder

def encoder block(input tensor, num filters):

encoder
encoder
return
def decod
decoder
ding="'sam
decoder
decoder
decoder
decoder
decoder
decoder
decoder
decoder
decoder

return

inputs =

encoder0 pool, encoder0

= conv_block (input tensor, num filters)
_pool = layers.MaxPooling2D((2, 2), strides=(2, 2)) (encoder)
encoder pool, encoder

er block(input tensor, concat tensor, num filters):
= layers.Conv2DTranspose (num_filters, (2, 2), strides=(2, 2),
e') (input tensor)

= layers.concatenate ([concat tensor, decoder], axis=-1)

= layers.Conv2D (num_filters, (3, 3), padding='same') (decoder)

= layers.Conv2D (num_filters, (3, 3), padding='same') (decoder)

= layers.BatchNormalization () (decoder)
= layers.Activation('relu') (decoder)

= layers.BatchNormalization () (decoder)
= layers.Activation('relu') (decoder)

= layers.BatchNormalization () (decoder)
= layers.Activation('relu') (decoder)
decoder

layers.Input (shape=IMG_SHAPE) # 256

encoder block(inputs, 32)# 128

(
encoderl pool, encoderl = encoder block(encoder0 pool, 64)# 64
encoder2 pool, encoder2 = encoder block(encoderl pool, 128)# 32
encoder3 pool, encoder3 = encoder block(encoder2 pool, 256)# 16
encoder4 pool, encoderd4 = encoder block(encoder3 pool, 512)# 8
center = conv_block(encoder4 pool, 1024)
decoder4 = decoder block(center, encoderd4, 512)# 16
decoder3 = decoder block(decoder4, encoder3, 256)# 32
decoder2 = decoder block(decoder3, encoder2, 128)# 64
decoderl = decoder block(decoder2, encoderl, 64)# 128
decoder0 = decoder block(decoderl, encoder0, 32)# 256
outputs = layers.Conv2D(l, (1, 1), activation='sigmoid') (decoderO)

model = models.Model (inputs=[inputs], outputs=[outputs])

model.summary ()

Két qua xay dung thu duoc:

= Tong sb tham sé: 31,129,377
= S tham sé ¢6 thé huan luyén: 31,113,377
= S tham sé khong thé huan luyén: 16,000

Xem thém hoat dong day da ciia mdi 16p trong mang U-Net tai phu luc 2
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3.3.3.2 Pinh nghia ham mat mat.

Muc dich cua cac ham mat mat (loss functions) 1a dé giam di sai sb trong viéc dy
doan du doan dir liéu dau ra. Xac dinh ham mat va trong sé tly chinh la d& dang véi
Keras. Chi can dinh nghia mot ham ldy ca nhan that cho mét vi du cu thé va nhan du
doan cho cung mot vi du dua ra tuong tu.

O day t6i st dung dice_loss vi nd hoat dong tét khi phét sinh 13i mét can bang do
thiét ké va sir dung binary_crossentropy dé tinh toan ton that cross_entropy gitta nhan
that va nhan du doan.

from tensorflow.keras import losses

def dice coeff(y true, y pred):

smooth = 1.

# Flatten

y true f = tf.reshape(y true, [-11])

y pred f = tf.reshape(y pred, [-11])

intersection = tf.reduce sum(y true f * y pred f)

score = (2. * intersection+smooth)/(tf.reduce_sum(y_true_f)+tf.reduce_s

um(y pred f) + smooth)

return score

def dice loss(y true, y pred):
loss = 1 - dice coeff(y true, y pred)

return loss

def bce dice loss(y true, y pred):
loss = losses.binary crossentropy(y true,y pred)+dice loss(y true,y pred)
return loss

3.3.3.3 Higu chinh treng sé.

T6i sir dung ham mat thy chinh vira xay dung dé giam thiéu sy mat mat. Ngoai
ra, t6i chi dinh nhitng trong s6 (metrics) minh mudn theo d@i khi thuc hién huan luyén
huan luyén.

Thuat toan téi vu hda Adam 1a mot phan mé rong cho viéc giam d6 doc ngau
nhién. Adam duoc biét 12 hdi tu nhanh trong qué trinh huan luyén va duoc 4p dung rong
rai hon cho cac tng dung hoc s&u trong thi gidc may tinh va xir ly ngén ngir tu nhién.
Két qua thuc nghiém cho thay Adam 1am viéc tét hon so véi cac phuong phép t6i uu
hoa khac.

from tensorflow.keras.utils import plot model
model.compile (optimizer="adam',
loss=bce dice loss,
metrics=[dice loss, 'accuracy'])
plot model (model)
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3.3.4 Hudn luyén mé hinh.

Huan luyén mé hinh véi tf.data chi don gian la cung cap chic nang fit caa mo
hinh véi tap dix liéu huan luyén/xac minh, sé budce (step) va sé lan duyét (epoch).

Qua trinh huan luyén dit liéu goi lai ModelCheckpoint dé lvu mé hinh vao dia
sau mdi lan duyét (epoch). Tdi cau hinh n6 sao cho né chi luu mé hinh hiéu suat cao
nhét cua t6i. Mic dinh, nd luu kién tric mé hinh, cac trong sd, ciing nhu thong tin vé
quy trinh huan luyén nhu trang thai cua trinh ti wu héa..vv.

Dudi ddy 1a doan ma thuc hién huan luyén mé hinh.

from tensorflow import keras
from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint
import os

import datetime

logdir = os.path.join("logs/fit/",
datetime.datetime.now () .strftime ("$YSmSd-SHEMSS") )
tensorboard callback = tf.keras.callbacks.TensorBoard(logdir, histogram freg=1)
es = EarlyStopping (monitor='val loss', patience=10)
mcp = ModelCheckpoint (filepath="'forest model.h5',
monitor='val loss',

save best only=True)

N TRAIN = TRAIN.size().getInfo()
N _VALID = VALID.size () .getInfo ()
BATCH SIZE = 10

history = model.fit (x=train dba,
epochs=EPOCHS,
steps_per epoch= int(np.ceil (N TRAIN/float (BATCH SIZE))),
validation steps= int (np.ceil (N_VALID/float (BATCH SIZE))),

validation data=valid dba,

callbacks=[tensorboard callback,es,mcp])

Huan luyén (Training) 1000 diém
Xéc minh (Validation) 300 diém
S6 lan duyét (Epochs) 25

Thoi gian duyét trung binh (s) | 123s

Tong thoi gian (8) 1h

Bdng 3.3 - Théng tin huan luyén md hinh.
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Két qua huan luyén thu dugc md hinh téi wu dap ung muc tiéu yéu cau, md hinh
c6 thé duoc sir dung trong tuong lai ma khong can phai huan luyén lai. Mé hinh
forest_unet.h5 cd thé sir dung dy doan rirng tir anh Sentinel-2 bat ky. Két qua mé hinh
dugc huan luyén duoc cong khai trong lién két sau: https://bit.ly/unet_model.

M6 hinh két qua c6 do chinh xac huan luyén gan bang 0,9838 va xac minh gan
bang 0,9803. Chiing ta ¢ thé hinh dung biéu do huan luyén trong thu vién TensorBoard.

TensorBoard SCALARS GRAPHS DISTRIBUTIONS  HISTOGRAMS

[J show data download links Q, Filter tags (regular expressions supported)

Ignore outliers in chart scaling
epoch_accuracy

Tooltip sorting method: default -
epoch_accuracy
Smoothing 0.99
— @ 0.6 097 -
0.95
Horizontal Axis 0.93
091 -
STEP RELATIVE WALL
0.89
0 2 4 6 & 1012 14 16 18 20 22 24
Runs

=3

Write a regex to filter runs

() fit/20200604-073926/train epoch_dice_loss

O fit/20200604-073926/validation

TOGGLE ALL RUNS epoch_dice_loss
logs o5
04
03| '
02
0.1 [

0

2 4 6 8 101214 16 18 20 22 24

0
(]

Hinh 3.11 - Biéu dé duwong cong qua trinh hudn luyén.

Gidi thich: Tu biéu do thay ring ham mat giam, nd cho thay rang cac tham sé
dang hoc. Nhung tuy nhién mé hinh c6 thé dugc huan luyén nhiéu hon nita. Ly tuong
nhét 12 d6 chinh xé4c ting va tén that giam theo thoi gian, cac overfitting xay ra chu yéu
khi c6 rat it dir liéu va tdi budc phai cung cap thém nhiéu dit liéu hon.

M6 hinh két qua dugc cong khai: https://bit.ly/cnn_forest_change_detection



3.3.5 Dwdoadn.

Céc budc thyc hién dy doan dién tich rirng tir anh vé tinh, gdm:

*  Dinh nghia ham du doan.
»  Xac dinh pham vi vung du doan.
= L4y anh theo pham vi viing dir doan.

» Tao bo dir liéu du doan (tfrecode) tir anh du doan

= Duy doan.
= Hién thi két qua.

Dudéi day la cac doan ma thuec thi:

# Ham du doan anh

def predict input fn(fileNames, side, bands):

dataset = tf.data.TFRecordDataset (fileNames, compression type='GZIP')

featuresDict = {x:tf.io.FixedLenFeature (
for x in bands}

def parse_ image (example proto):

[side, side], dtype=tf.float32)

parsed features = tf.io.parse single example (example proto, featuresDict)

return parsed features

def stack images (features):

nfeat = tf.transpose(tf.squeeze(tf.stack(list (features.values()))))

return nfeat

dataset = dataset.map(parse image, num parallel calls=5)

dataset = dataset.map(stack images, num parallel calls=5)

dataset = dataset.batch(side*side)

return dataset

# Pham vi du doéan
region predict = ee.FeatureCollection/(
[ee.Feature (
ee.Geometry.Polygon (

[[[106.65038471541244, 20.
106.72351246199447, 20.
106.76951771101791, 20.
106.77089100203354, 20.

# LAy anh sentinel-2

img _predict = SE2\
.filterBounds (region predict)\
.filterDate (START PRED, ENDiPRED)\

5765001869819287,
663901372758993],
78078606773581],
74033619189288],

106.5981996568187, 20.62534821063121111))1)

.filter(ee.Filter.lt ('CLOUDY PIXEL PERCENTAGE', CLOUD PERCENT))\

.map (maskS2clouds) \

.map (sentinelCloudScore) \
.map (calcIndexNDs) \
.median () \

.clip(region predict)
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# Tao bd dir 1iéu du doéan.
imageTask = ee.batch.Export.image.toDrive (
image=img des,
description='Image Export',
fileNamePrefix=imageFilePrefix,
folder=0UTPUT UNET,
scale=10,
fileFormat='TFRecord',
region=region predict.geometry().getInfo() ['coordinates'],

formatOptions=imageExportFormatOptions,

# Du doéan.
predict db = predict input fn(fileNames=imageFilesList,
side=256,
bands=RENAME BANDS)
predictions = model.predict (predict db)

# Hién thi két qua.
!learthengine --no-use cloud api upload image
--asset id={output assetID} {output imagefile} {jsonfile}

img result = ee.Image (path image result)
forest area = img result.updateMask (img result).getMapId ()
folium.Tilelayer (
tiles=forest area['tile fetcher'].url format,
attr="'Map Data &copy; <a href="https://earthengine.google.com/">Google Earth Engine
overlay=True,
name='forest area',

) .add_to (map)

Mot sé két qua dur doan thir nghiém:

Hinh 3.12 - Két qua dur dodn anh thi nghiém.
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3.4  Két qua thir nghiém va danh gia.
3.4.1 Két qud thir nghiém phwong phdp U-Net phat hién bién dgng ring.

Str dung GIS hodc GEE chdng xép, tinh toan, phan tich va so sanh giira l6p dit
lieu hién trang rirng cong bd hang nam véi két qua 16p phu ring thu dwoc tir du doan
anh vé tinh dya trén mang U-Net nham phéat hién ra cac 16 rieng bién dong. L6 ring bién
dong la cac 16 co dién tich lién vung 16n hon 0,3 ha.

Lép phu ring thu duoc tir du doan anh vé tinh tai moi giai doan l1a thdng tin quan
trong dé dy béo bién dong rirng. C6 thé sir dung don I6p phi rirng hoic da 16p phu ring
& nhiéu giai doan thoi gian khéc tai mot vi tri dé tang do tin cay cho két qua du bao bién
dong rung.

Dudi day 1a mot sé hinh anh két qua phét hién mat rirng & nhitng vi tri khac nhau
tai Thanh phé Hai Phong.

Vi tri bién dong & Vi tri bién dong

Hinh 3.13 - Két qud ther nghiém, phat hién bién déng mdt ring tai Huyén Thay Nguyén, TP. Hai Phong
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3.4.2 So sanh két qud phat hi¢n bién déng giita phwong phdp MCVA va U-Net.

MCVA (viét tit caa Multi-variant Change Vector Analysis) 1a phuong phap xéac
dinh vi tri mat ring bang phuong phap phan tich véc to thay doi da bién dugc nhom tac
gia cong bb nam 2017. MCVA dua trén tu liéu anh vién tham mién phi dé phéat hién vi
tri mat rirng. Phuong phap phan tich véc to thay d6i da bién duwa trén 2 chiéu chinh 1a:
(1) chiéu thay d6i chi s6 thuc vat khac biét chuan (NDVI) va (2) chiéu thay ddi chi s6
dat khac biét chuan (NDSI).

Anh vé tinh: 2014, 2017 Ban db: 2014, 2016
Lo khoanh vé Changelnde L6 kiem Vi tri mat rimg
Tir anh 2017 x1 ké 2014-2016
‘F_‘ / .
Changelndex1 Changelndex 1 Diém xac
Changelndex2 Changelndex2 dinh
Cua 16 khoanh Cua 16 kiem ké ngudng
Ngudng mat rimg Ngudng mr’:_'it ring
theo 16 khoanh vé theo 16 kiém ké
v
¥ — Y Piém kiém
Vi tri mat rirmg theo 16 V1 tri mat rimg theo 16 chimg do
khoanh vé kiém ké chinh xac
Do chinh x{i:: phat Pé chinh Xé.::.‘ phat
hién vi tri mat rimg hién vi tri mﬁt rimg
theo 16 khoanh vé theo 16 kiém ké

Hinh 3.14 - So'dé qué trinh x: ly, phan tich dzF ligu.
Do chinh xac theo cdng bd cua nghién cau c6 thé dat duoc tir 91,6% dén 99,2%
[2]. Trong nam 2018-2019 nhom tac gia cling da ap dung phuong phap MCVA xay dung
cdng cu giam sat ring, két qua duoc cong bé tai dia chi rungvenbien.ifee.edu.vn

Pay thuc su 1a kénh dit liéu tét dé toi co thé kiém dinh phwong phap hoc may
vira Xay dung ciing nhu danh gia tiém nang va su hiéu qua cta tng dung mang no-ron
trong gidm sét tai nguyén rung.
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% Kich ban so sanh ¢ cung vi tri dia ly giiva phwong phap MCVA va U-Net.

Pé kiém ching mé hinh va két qua xac dinh bién dong gitra hai phuong phap
MCVA va U-Net. Trong nghién ctru nay xac dinh mét s6 quy tac chung thuc hién:

= Ngudn dix liéu thir nghiém: Anh vé tinh Sentinel-2.

= Dt liéu trang thai rirng: Hién trang rieng TP. Hai Phong nam 2018.
= Vi tri tha nghiém: Thanh phé Hai Phong.

= Thoi gian thir nghiém: Tir 01/2018 dén 12/2019.

Kich ban thgc hién:

Buwée 1: Tién xu ly anh Sentinel-2 va tao dix liéu dau vao.
- Anh dau ky tir 01/01/2018 dén 31/12/2018
- Anh cudi ky tir 01/01/2019 dén 31/12/2019.

Buwéc 2: Sir dung phuong phap MCVA xac dinh bién dong tir anh dau ky,
anh cudi ky va dix liéu hién trang rirng. Két qua thu duoc 1a anh bién dong
BD MCVA.

Buéc 3: Sir dung phuong phap U-Net dy doan anh dau vao dya trén két qua
mo hinh d3 huan luyén dé xay dung lép phi riing. Anh dau ky sé tao ra
I6p phi ring 1 (ForestCoverl), anh cudi ky s& tao ra I6p phu ring 2
(ForestCover2); két hop cac 16p phu rirng vai dit lidu hién trang ring tinh
toan xac dinh bién dong. Két qua thu duoc 12 anh bién dong BB UNET.

Budc 4: Kiém dém sd luong vi tri bién dong va dién tich bién dong phat

hién cung tai vi tri thu

nghiém tir anh BB MCVA s ey
va BD UNET théa man - l
tiéu chi dién tich lién vang o

0,3 hatro 1én. 6au ky - cudiky

MCVA 4—‘ D lieun
Hién trang rirng

PR
Hinh 3.15 - Kjch ban so sanh ¢ cung vi & dia ly gista phuong .| Lép phirirng
phap MCVA va U-Net 7| dau ky, cubi ky
Y
BD_MCVA BD_UNET

| 1

Kiém dém s lwong vi tri bién déng & théa man dién tich bién déng > 0.3 ha
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< Két qua so sang & cung vi tri dia Iy giira phwong phap MCVA va U-Net.

Dudéi diy 1a mot s6 hinh anh két qua phét hién bién dong gitra phuong phap
MCVA va U-Net.

Phuong phap U-Net xac dinh chinh xac bién dong ring cac cac vi tri: 1, 2, 3, 4.
Phuong phap MCVA chi xac dinh duoc bién dong ring tai vi tri 2 va 4.

Vi tri thir nghiém 1

Vi tri th&r nghiém 1

Vi tri thir nghiém 2

Vi tri th& nghiém 2

Hinh 3.16 - So sanh két qua phat hién bién déng mat riing giita phirong phdp MCVA va U-Net.

52



3.4.3 Panh gia két qud.

Tur thuc nghiém cho thay, két qua phat hién va xa dinh vi tr bién dong ring bang
phuong phap U-Net cho thiy mirc do chi tiét bién dong cao hon, phat hién ra nhiing vi
tri bién dong ma phuong phap MCVA di bo qua va dién tich céc 16 bién dong gan véi
két qua kiém nghiém thyc dia. Pidu ndy mé ra nhiéu hudng nghién ciu tng dung méi
rat tiém ning trong viéc giam st bao vé rirng ven bién, bao vé hé sinh théi ven bién.

35  Tong két chwong 3

Trong chuong nay, luan van trinh bay qua trinh hién thuc hoa quy trinh giai bai
toan phat hién mat ring tir anh vé tinh dya trén mang no-ron da xay dung (chuong 2).
Cu thé, da chi rd phan mém, moi truong, thu vién st dung dé tha nghiém; tiép do 1a thuc
hién cac budc chuan bi dit liu dau tao, cai dat thuc nghiém xay dung cac ham chic
nang tién xtr ly, xay dung kién tric mang U-Net, huan luyén va du doan. Sau nhiing
hiéu chi va thu dugc mé hinh két qua téi wu, két qua bién dong thu duoc tir mang U-Net
duoc thuc nghiém so sanh véi m6 hinh MCVA dé danh gia tinh chinh xac va su vuot
troi cia md hinh méi. Khang dinh hudng tiép can ang dung tri tué nhan tao trong viéc
gidm sat bao vé tai nguyén rung noi chung, bao vé RVB noi riéng la vo cung chinh xac.
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CHUONG 4
KET LUAN VA HUONG PHAT TRIEN

4.1  Nhirng dong gop cia luan van.

Véi muc tiéu nghién ctu bai todn phat hién bién dong mat rirng ven bién tir anh
vé tinh duwa trén mang no-ron. Luan vin di di sau nghién cttu cac van dé& xung quanh
cua bai toan va kién tric mang U-Net dé phan doan hinh anh phét hién déi tuong ring:

Nhung két qua déng gop di dat dugc trong luan van:

- Khao sét thu thap day du dit liéu anh vé tinh va hién trang rirng ven bién.

- Chi ra cac dac trung quan trong cua anh v¢ tinh, kha nang str dung anh v¢
tinh dé giam sat phat hién bién dong rimg, dac biét 1a bién dong mat ring.

- Nghién ctru va ing dung thanh céng cac k¥ thuat xtr ly anh vé Sentinel-2.

- Nghién ctu mang CNN phét hién va phan doan hinh anh phu hop bai toan
phét hién bién dong mat rirng tir anh vé tinh.

- Cai dat thir nghiém, huan luyén dir liéu, hiéu chinh tham sé va du doan
thanh cong vai mang U-Net.

- So sanh danh gia két qua phat hién bién dong ring giita phuong phap
MCVA va U-Net vira xay dung.

Viéc sir dung dich vu dién toan dam may dé khai thac dit liéu anh vé tinh, tinh
toan, xtr ly vao huan luyén hoc may cho hiéu suat cao va thoi gian rit ngan di rat nhiéu.

Két qua thuc nghiém cho thay kién tric mang no-ron U-Net du doan dién tich
RVB thoa dang, dat do chinh xac 98,38%. U-Net c6 thé c6 thé du doan nhanh anh vé
tinh dé 1ap ban d6 16p pha rirng ven bién va kiém nghiém thuc té cho U-Net c6 hiéu suat
tt so véi phuong phap truyén thong.

4.2  Huwéng phat trién.

Tuy dat duoc mot s6 két qua néu trén, nhung luan vin con mot sé han ché do
diéu kién vé mat thoi gian, dit liéu thu thap va trinh do cia hoc vién. Vi vy, hudng
nghién ctu tiép theo caa hoc vién Ia:

- Tiép tuc cai tién bo dix lieu huan luyén dé két qua du doan tét hon nira.

- Str dung két hop nhiéu ngudn anh vé tinh dé ting cudng thoi gian giam sét.

- Str dung thém nhiéu nhin d6i tuong rimg, dé du béo chi tiét hon déi tuong.

- Tang sb 1an huan luyén va sir dung két hop céc thuat toan, mé hinh thong minh

khac dé cai thién va nang cao do chinh xéc cua lép pha ring.
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KET LUAN
Ung dung hoc may trong giam sét bién dong rirng 12 mot huéng di dung dan va
kip thoi. M6 hinh két qua thu duoc dat do chinh xac cao, ning luc dy doan anh nhanh,
cho két qua dap tmg duoc yéu cau thuc té.
Nghién ctru cho thiy viéc ang dung hoc may giai quyét tt cac yéu cau thuc té
dat ra. Giup nang cao hiéu qua trong viéc quan ly va giam sat bao vé tai nguyén ring &
Viét Nam.
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PHU LUC 1

DANH SACH CANH ANH SENTINEL-2 SU DUNG HUAN LUYEN

1 COPERNICUS/S2/20180322T031539_20180322T032727_T48QXH 2.36 Sentinel-2B 2018-03-22
2 COPERNICUS/S2/20180501T031539_20180501T033025_T48QXH 29.76 Sentinel-2B 2018-05-01
3 COPERNICUS/S2/20180516T031541 20180516T032154_T48QXH 3.22 Sentinel-2A 2018-05-16
4 COPERNICUS/S2/20180521T031539_20180521T032337_T48QXH 22.94 Sentinel-2B 2018-05-21
5 COPERNICUS/S2/20180521T031539_20180521T033216_T48QXH 13.58 Sentinel-2B 2018-05-21
6 COPERNICUS/S2/20180521T031539_20180521T033216_T48QXJ 29.72 Sentinel-2B 2018-05-21
7 COPERNICUS/S2/20180526T031541_20180526T032442_T48QXH 11.69 Sentinel-2A 2018-05-26
8 COPERNICUS/S2/20180620T031729_20180620T032517_T48QXJ 8.87 Sentinel-2A 2018-06-20
9 COPERNICUS/S2/20180630T031539_20180630T032902_T48QXJ 17.12 Sentinel-2B 2018-06-30
10 COPERNICUS/S2/20180705T031541_20180705T031931_T48QXH 12.49 Sentinel-2A 2018-07-05
11 COPERNICUS/S2/20180705T031541_20180705T031931_T48QXJ 2.67 Sentinel-2A 2018-07-05
12 COPERNICUS/S2/20180819T031529_20180819T031937_T48QXH 8.84 Sentinel-2B 2018-08-19

58




13 COPERNICUS/S2/20180819T031529_20180819T033211_T48QXJ 10.31 Sentinel-2B 2018-08-19
14 COPERNICUS/S2/20181003T031541_20181003T032154_T48QXJ 4.57 Sentinel-2A 2018-10-03
15 COPERNICUS/S2/20181008T031619_20181008T032153_T48QXH 13.35 Sentinel-2B 2018-10-08
16 COPERNICUS/S2/20181008T031619 20181008T032153_T48QXJ 5.57 Sentinel-2B 2018-10-08
17 COPERNICUS/S2/20181013T031651_20181013T032303_T48QXJ 17.26 Sentinel-2A 2018-10-13
18 COPERNICUS/S2/20181028T031829 20181028T032856_T48QXH 15.18 Sentinel-2B 2018-10-28
19 COPERNICUS/S2/20181028T031829 20181028T032856_T48QXJ 28.80 Sentinel-2B 2018-10-28
20 COPERNICUS/S2/20181102T031901_20181102T032732_T48QXH 0.00 Sentinel-2A 2018-11-02
21 COPERNICUS/S2/20181102T031901_20181102T032732_T48QXJ 1.24 Sentinel-2A 2018-11-02
22 COPERNICUS/S2/20181107T031929_20181107T033111_T48QXH 25.02 Sentinel-2B 2018-11-07
23 COPERNICUS/S2/20181107T031929 20181107T033111_T48QXJ 28.76 Sentinel-2B 2018-11-07
24 COPERNICUS/S2/20181127T032049_20181127T032257_T48QXJ 7.84 Sentinel-2B 2018-11-27
25 COPERNICUS/S2/20181217T032129 20181217T032130_T48QXH 24.09 Sentinel-2B 2018-12-17
26 COPERNICUS/S2/20181217T032129_20181217T032130_T48QXJ 0.01 Sentinel-2A 2018-12-17
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PHU LUC 2

HOAT PONG PAY PU CUA CAC LOP TRONG MANG U-NET

input_1 (InputLayer) [(None, 256, 256, 13 0

conv2d (Conv2D) (None, 256, 256, 32) 3776 input_1[0][0]
batch_normalization (BatchNorma (None, 256, 256, 32) 128 conv2d[0][0]

Activation (Activation) (None, 256, 256, 32) 0 batch_normalization[0][0]
convad 1 (Conv2D) (None, 256, 256, 32) 9248 activation[0][0]
batch_normalization_1 (BatchNor (None, 256, 256, 32) 128 conv2d_1[0][0]
activation_1 (Activation) (None, 256, 256, 32) 0 batch_normalization_1[0][0]
max_pooling2d (MaxPooling2D) (None, 128, 128, 32) 0 activation_1[0][0]
conv2d_2 (Conv2D) (None, 128, 128, 64) 18496 max_pooling2d[0][0]
batch_normalization_2 (BatchNor (None, 128, 128, 64) 256 conv2d_2[0][0]
activation_2 (Activation) (None, 128, 128, 64) 0 batch_normalization_2[0][0]
conv2d 3 (Conv2D) (None, 128, 128, 64) 36928 activation_2[0][0]
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batch_normalization_3 (BatchNor (None, 128, 128, 64) 256 conv2d_3[0][0]
activation_3 (Activation) (None, 128, 128, 64) 0 batch_normalization_3[0][0]
max_pooling2d_1 (MaxPooling2D) (None, 64, 64, 64) 0 activation_3[0][0]

convad 4 (Conv2D) (None, 64, 64, 128) 73856 max_pooling2d_1[0][0]
batch_normalization_4 (BatchNor (None, 64, 64, 128) 512 conv2d_4[0][0]
activation_4 (Activation) (None, 64, 64, 128) 0 batch_normalization_4[0][0]
conv2d 5 (Conv2D) (None, 64, 64, 128) 147584 activation_4[0][0]
batch_normalization_5 (BatchNor (None, 64, 64, 128) 512 conv2d_5[0][0]
activation_5 (Activation) (None, 64, 64, 128) 0 batch_normalization_5[0][0]
max_pooling2d_2 (MaxPooling2D) (None, 32, 32, 128) 0 activation_5[0][0]

conv2d 6 (Conv2D) (None, 32, 32, 256) 295168 max_pooling2d_2[0][0]
batch_normalization_6 (BatchNor (None, 32, 32, 256) 1024 conv2d_6[0][0]
activation_6 (Activation) (None, 32, 32, 256) 0 batch_normalization_6[0][0]
conv2d 7 (Conv2D) (None, 32, 32, 256) 590080 activation_6[0][0]
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batch_normalization_7 (BatchNor (None, 32, 32, 256) 1024 conv2d_7[0][0]
activation_7 (Activation) (None, 32, 32, 256) 0 batch_normalization_7[0][0]
max_pooling2d_3 (MaxPooling2D) (None, 16, 16, 256) 0 activation_7[0][0]
conv2d_8 (Conv2D) (None, 16, 16, 512) 1180160 | max_pooling2d_3[0][0]
batch_normalization_8 (BatchNor (None, 16, 16, 512) 2048 conv2d_8[0][0]
activation_8 (Activation) (None, 16, 16, 512) 0 batch_normalization_8[0][0]
conv2d 9 (Conv2D) (None, 16, 16, 512) 2359808 | activation_8[0][0]
batch_normalization_9 (BatchNor (None, 16, 16, 512) 2048 conv2d_9[0][0]
activation_9 (Activation) (None, 16, 16, 512) 0 batch_normalization_9[0][0]
max_pooling2d_4 (MaxPooling2D) (None, 8, 8, 512) 0 activation_9[0][0]

conv2d 10 (Conv2D) (None, 8, 8, 1024) 4719616 | max_pooling2d_4[0][0]
batch_normalization_10 (BatchNo (None, 8, 8, 1024) 4096 conv2d_10[0][0]
activation_10 (Activation) (None, 8, 8, 1024) 0 batch_normalization_10[0][0]
conv2d 11 (Conv2D) (None, 8, 8, 1024) 9438208 | activation_10[0][0]
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batch_normalization_11 (BatchNo (None, 8, 8, 1024) 4096 conv2d_11[0][0]
activation_11 (Activation) (None, 8, 8, 1024) 0 batch_normalization_11[0][0]
conv2d_transpose (Conv2DTranspo (None, 16, 16, 512) 2097664 | activation_11[0][0]
Concatenate (Concatenate) (None, 16, 16, 1024) 0 activation_9[0][0]
conv2d_transpose_1[0][0]
batch_normalization_12 (BatchNo (None, 16, 16, 1024) 4096 concatenate[0][0]
activation_12 (Activation) (None, 16, 16, 1024) 0 batch_normalization_12[0][0]
conv2d 12 (Conv2D) (None, 16, 16, 512) 4719104 | activation_12[0][0]
batch_normalization_13 (BatchNo (None, 16, 16, 512) 2048 conv2d_12[0][0]
activation_13 (Activation) (None, 16, 16, 512) 0 batch_normalization_13[0][0]
conv2d_13 (Conv2D) (None, 16, 16, 512) 2359808 | activation_13[0][0]
batch_normalization_14 (BatchNo (None, 16, 16, 512) 2048 conv2d_13[0][0]
activation_14 (Activation) (None, 16, 16, 512) 0 batch_normalization_14[0][0]
conv2d_transpose_1 (Conv2DTrans (None, 32, 32, 256) 524544 activation_14[0][0]

63



concatenate_1 (Concatenate) (None, 32, 32, 512) 0 activation_7[0][0]
conv2d_transpose 1[0][0]
batch_normalization_15 (BatchNo (None, 32, 32,512) 2048 concatenate_1[0][0]
activation_15 (Activation) (None, 32, 32, 512) 0 batch_normalization_15[0][0]
convad_14 (Conv2D) (None, 32, 32, 256) 1179904 | activation_15[0][0]
batch_normalization_16 (BatchNo (None, 32, 32, 256) 1024 conv2d_14[0][0]
activation_16 (Activation) (None, 32, 32, 256) 0 batch_normalization_16[0][0]
conv2d_15 (Conv2D) (None, 32, 32, 256) 590080 activation_16[0][0]
batch_normalization_17 (BatchNo (None, 32, 32, 256) 1024 conv2d_15[0][0]
activation_17 (Activation) (None, 32, 32, 256) 0 batch_normalization_17[0][0]
conv2d_transpose 2 (Conv2DTrans (None, 64, 64, 128) 131200 activation_17[0][0]
concatenate 2 (Concatenate) (None, 64, 64, 256) 0 activation_5[0][0]
conv2d_transpose 2[0][0]
batch_normalization_18 (BatchNo (None, 64, 64, 256) 1024 concatenate_2[0][0]
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activation_18 (Activation) (None, 64, 64, 256) 0 batch_normalization_18[0][0]
conv2d 16 (Conv2D) (None, 64, 64, 128) 295040 activation_18[0][0]
batch_normalization_19 (BatchNo (None, 64, 64, 128) 512 conv2d_16[0][0]
activation_19 (Activation) (None, 64, 64, 128) 0 batch_normalization_19[0][0]
convad_17 (Conv2D) (None, 64, 64, 128) 147584 activation_19[0][0]
batch_normalization_20 (BatchNo (None, 64, 64, 128) 512 conv2d_17[0][0]
activation_20 (Activation) (None, 64, 64, 128) 0 batch_normalization_20[0][0]
conv2d_transpose_3 (Conv2DTrans (None, 128, 128, 64) 32832 activation_20[0][0]
concatenate_3 (Concatenate) (None, 128, 128, 128 0 activation_3[0][0]
conv2d_transpose_3[0][0]
batch_normalization_21 (BatchNo (None, 128, 128, 128 512 concatenate_3[0][0]
activation_21 (Activation) (None, 128, 128, 128 0 batch_normalization_21[0][0]
conv2d 18 (Conv2D) (None, 128, 128, 64) 73792 activation_21[0][0]
batch_normalization_22 (BatchNo (None, 128, 128, 64) 256 conv2d_18[0][0]
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activation_22 (Activation) (None, 128, 128, 64) 0 batch_normalization_22[0][0]
conv2d 19 (Conv2D) (None, 128, 128, 64) 36928 activation_22[0][0]
batch_normalization_23 (BatchNo (None, 128, 128, 64) 256 conv2d_19[0][0]
activation_23 (Activation) (None, 128, 128, 64) 0 batch_normalization_23[0][0]
conv2d_transpose_4 (Conv2DTrans (None, 256, 256, 32) 8224 activation_23[0][0]
concatenate_4 (Concatenate) (None, 256, 256, 64) 0 activation_1[0][0]
conv2d_transpose_4[0][0]
batch_normalization_24 (BatchNo (None, 256, 256, 64) 256 concatenate_4[0][0]
activation_24 (Activation) (None, 256, 256, 64) 0 batch_normalization_24[0][0]
conv2d_20 (Conv2D) (None, 256, 256, 32) 18464 activation_24[0][0]
batch_normalization_25 (BatchNo (None, 256, 256, 32) 128 conv2d_20[0][0]
activation_25 (Activation) (None, 256, 256, 32) 0 batch_normalization_25[0][0]
conv2d 21 (Conv2D) (None, 256, 256, 32) 9248 activation_25[0][0]
batch_normalization_26 (BatchNo (None, 256, 256, 32) 128 conv2d_21[0][0]
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activation_26 (Activation) (None, 256, 256, 32) 0 batch_normalization_26[0][0]

conv2d 22 (Conv2D) (None, 256, 256, 1) 33 activation_26[0][0]

Total params: 31,129,377

Trainable params: 31,113,377

Non-trainable params: 16,000
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