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Khi tién hanh phén loai khu viec ddt ngdp nuwéc st dung dnh vién thdm quang
hoc, phwong phdp phdn loai dvwa vao diém dnh cho do chinh xdc phan loai
thdp. Nguyén nhan la do mitc dd khdc biét vé gid tri phé ctia cdc doi tuong
thwc vat ¢ khu vwec ddt ngdp nwéce twong doi thdp. Mot trong cdc phwong
phdp ndng cao do chinh xdc khi str dung phwong phdp phdn logi dwa vao
diém dnh la trén anh quang hoc va dnh radar dé mé téng hop (SAR). Bai bdo
khdo sdt cdc phwong phdp trén dnh nhu PCA, IHS, va wavelet nhdm Iwa chon
phwong phdp tét nhdt dé tron cdc cdp dnh: Landsat 5 TM va ERS-2, Landsat
5 TM va ALOS PALSAR, Landsat 8 OLI va Sentinel 1. Cdc dnh sau trén dwoc
st dung dé phén loai khu vurc ddt ngdp nwéc bang phwong phdp phdn logi
dwa vao diém dnh. Két qud cho thdy phwong phdp tich hop PCA va wavelet
la phwong phdp tét nhat dé tron cdc cdp dnh trén. B chinh xdc toan cdnh
sau phdn logi st dung dnh trén tdng tir 2.88 dén 13.09 % va hé s Kappa
tang tir 0.11 dén 0.14.
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1. M¢& dau

mang thuc vat (Moffett and Gorelick, 2013). Diéu
nay dan dén do chinh xac phan loai thap.

Phwong phap phén loai dwa vao diém anh
(Pixel based classification - PBC) dwoc st dung
phé bién dé thanh 1ap ban d6 lép pht bang cong
nghé vién tham (Moffett and Gorelick, 2013). Uu
diém cua PBC Ia tdc do xtt Iy cao va c6 thé dé dang
tw dong hdéa qua trinh phan loai (Adam et al,
2009; Ozesmi and Bauer, 2002). Tuy nhién, khi
phén loai cac khu vec ma & dé c6 sw da dang vé
cac loai thyc vat nhw méi trwong dit ngp nuwéc
(PNN), phwong phap PBC gap nhiéu kho6 khan do
kich thwéc nho va d6 twong phan pho thip cla cac
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Anh radar 46 mé& téng hop (SAR) ¢6 nhidu wu
diém nhw qua trinh thu nhin anh khong phu thudc
vao diéu kién thoi tiét, anh c6 thé dwoc chup vao
ca ban ngay va ban dém. Bén canh dé, cac anh SAR
c6 do phan giai cao, mang thong tin vé d6 dm
(wetness), d6 nhdm (roughness), va kién tric
(texture) dwgc xem nhw mot nguodn dir liéu tin ciy
va hitu dung trong viéc nghién ciru DNN (Henry et
al, 2006; Mallinis et al.,, 2013). Tuy nhién, viéc st
dung 4anh SAR don dé phan loai DNN thwong cho
dd chinh x4c thip do &nh SAR nhiéu va gi¢i han vé
bwéc séng va phan cuc (Dao and Liou, 2015).

Cho dén nay, c6 nhiéu nghién cru vé cac
phwong phap tron anh SAR va anh quang hoc. Muc
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tiéu cta viéc tron hai loai dit liéu nay 1a nham tin
dung t6i da cic wu diém cla tirng loai dir liéu
(Byun et al, 2013). Tuy nhién, viéc tron anh
thwong giy ra bién dang phé, sw khac biét vé do
phén giai gitra hai &nh tron cang 16n thi bién dang
pho cang cao (Amolins et al., 2007). Rat nhiéu cac
nghién ctru tip trung tim ra phwong phép tron toi
wu, tirc la phwong phép tron tao ra két qua véi sw
bién dang pho la thap nhit (Zhang, 2010).

Cac phurong phap tron anh duoc st dung kha
pho bién nhu: IHS, PCA, va wavelet (Gonzalez-
Audicana etal., 2004; Zhang, 2010). Trong khi moi
phuwong phap c6 wu nhwoc diém riéng, viéc két
hop IHS véi wavelet, va PCA véi wavelet da duoc
chirng minh 1a rat hiéu qua trong viéc ning cao
chatlwong anh sau tron (Gonzalez-Audicana et al.,
2004).

Muc dich ctia bai bao nay la khao sat cac
phwong phap tron anh quang hoc va anh SAR va
xac dinh phwong phap trén anh tét nhit cho muc
tiéu 1a ning cao do chinh xac két qua phan loai khu
vuwc DNN.

2. Dir liéu va khu vwee nghién ciru

2.1. Pdc dém khu vwc nghién ciru

Khu vire nghién ctru DNN thudc ddng bang Ha
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Tién, nam & phia tdy dong bang Song Clru Long,
thudc dia phan tinh Kién Giang (Hinh 1). Véi dién
tich xap xi 1000 km?, noi diy dwgc xem nhw la
canh ddng c6 ngap nwdc cudi cing ciia dong bang
Song Ctru Long (Buckton et al., 1999). Khu virc ¢
dadc diém dia hinh 1a d6 doc thap va hwéng doc vé
phia b bién, d6 sau trung binh cta khu viec DNN
1a 2 m. Diéu kién khi hiu cin nhiét d&i véi hai mua:
mua kho (tir thang 1 dén thang 6) va mua muwa (tir
thang 7 dén thang 12). Thuc vat dic trung trong
vung bao gdbm: c6 nwéc, dira nwdrc, rirng tram, va
rirng ngap man. Trong do, cé ngap nwéc véi hon
90 loai khac nhau cé y nghia quan trong nhit doi
véi hé sinh thai trong khu vyc (Buckton et al.,
1999).

2.2. Dir liéu nghién ciru

Bang 1 gidi thiéu cac thong tin chi tiét cac anh
vé tinh st dung cho nghién ctru.

Anh ERS-2 12 kénh &nh C vé6i thn s8 5.67 GHz,
don phan cyc VV, do phan giai khong gian la 25m,
chup ngay 28 thang 1 nam 1998, va mic x Iy la
level 1 (Hinh 2a).

Anh ALOS PALSAR 1a &nh kénh L véi tin s8
1270 MHz (23.6 cm), don phan cwc HH, d6 phan
gidi khong gian la 12m, chup ngay 17 thang 5 nam
2008, va murc xtr ly level 1.5 (Hinh 2b).

¢. Nam 2008. d. Nam 2016.

Hinh 1. Vi tri khu vwrc nghién ctru va cdc cdp anh SAR va Landsat.

Bdng 1 Cdc dnh vé tinh dworc str dung trong nghién ctru.

Landsat5 TM| ERS-2 |Landsat5 TM| ALOSPALSAR| Landsat8 | Sentinel 1
Ngay chup 16/01/1998 |28/01/1998/01/04/2008| 17/05/2008 {10/01/2016|02/01/2016
B6 cAm ™ ERS-2 ™ PALSAR/FBS OLI C-SAR
b0 phan giai 30 m 25m 30 m 12 m 30 m 20
Phan cuc A% HH VV-VH
Dai quét 185 km 100 km 185 km 80 km 185 km 250 km
Goc chup nghiéng 98.2° 23° 98.2° 41.5° 98.18°
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a. Anh ERS-2.

b. Anh ALOS PALSAR.

Hinh 2. Cdc dnh radar dé mé téng hop st dung trong nghién ctru.

c. Anh Sentinel 1.

‘ Anh SAR ‘ ‘ Anh Landsat ‘ Dir liéu tham khao
| |
‘ Tién xur Iy anh ‘
Trin anh SAR va ;l:amdse;l
Xdc dinh anh trdn tot nhat
‘ Phén loai DNN sir dung anh tron ‘ | Phan loai DPNN st dung anh Landsat

y

‘ Bénh gia d¢ chinh xac phan loai

Hinh 3. So d6 quy trinh nghién ctru.

Anh Sentinel 1 gobm 1 kénh anh C véi tan s6
5.405 GHz, ché d6 chup réng, don phan cuc VV, do
phan giai 20 m, chup ngay 02 thang 1 nam 2016,
vamuc xtr ly 1a level 1 (Hinh 2c).

Anh Landsat 5 TM gdbm 7 kénh anh tir dai
song nhin thiy, cin hong ngoai, va hong ngoai
ngan d6 phan giai 30 m, kénh vién thdm nhiét do
phan giai 120 m.

Anh Landsat 8 OLI gom 8 kénh anh, ngoai cac
kénh anh giong Landsat 5, con thém kénh anh
toan sic dd phan giai 15m. Cac 4nh Landsat déu
dwoc hiéu chinh khi quyén

3 Phwong phap nghién ciru

3.1. Trén anh SAR va Landsat

Nham nang cao do chinh x4c phan loai khu
virc DNN, anh SAR dworc tron véi anh Landsat. Cac
anh ERS-2, ALOS PALSAR, va Sentinel 1 dwoc chup
gan thoi diém chup cta cic anh Landsat 5 va
Landsat 8. P6 phan giai anh cac anh SAR cao hon
anh Landsat va mang cac thong tin vé ciu truic cia
bé mét dwoc chup két hop véi gia tri phan xa phd

cla anh Landsat c6 thé dwoc xem la yéu té gop
phan ning cao dd chinh xac phan loai.

Céac nghién ctru da chimg minh rang cac
phwong phap trdn tich hgp gitta wavelet véi PCA
va véi THS cho két qua sau trdn tot hon so véi st
dung tirng phwong phap riéng ré (Amolins et al.,,
2007; Chibani & Houacine, 2002). Vi vay, trong
nghién ctru nay, hai phwong phap tron tich hop
[HS - wavelet va PCA - wavelet dwoc st dung dé
tron cac cdp anh SAR-Landsat. Cac bwéc tron anh
theo hai phwong phap tich hop nay dwoc thé hién
trong hai so' d6 nhw (Hinh 4).

banh gia két qua tron anh dwoc thuc hién
thong qua danh gia bang mat va sir dung cac tham
sO théng ké nhu: hé sé twong quan (correlation
coefficient -CC), do léch trung binh (bias mean -
BM), va d6 léch chuin (standard deviation -SD)
(Abdikan et al,, 2014).

3.2. Phan loai dnh sau trén

Trong nghién cru nay, phwong phap
Maximum Likelihood (ML) dwgc st dung dé phan
loai anh tron SAR va Landsat. ML 1a phwong phap
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loai tw dong cé giam sat dwoc str dung rong

rdi (Tso and Mather, 2009). Bang 2 gi¢i thiéu cac
16p phén loai trén ban d6 DNN.

4. Két qua va thao luin

Nhitng danh gia bang mat cho thiy két qua

Anh SAR

|

Loc nhiéu anh SAR

Cac kénh phd

m Khap Histogram
Cudmg do mi I
Anh SAR méi

| Phép bién ddi *A trous” Wavelet ‘

Ham trén theo
D' | Al > troneso AY | D¥
hodc trén tong
hop . .
DI DI D.\ D.\
ASH D
Dh D!\

Chuyén ngurge AWT

| Chuyén nguge td hop 1HS

Cuimg do mau mai

Céc kénh anh
sau roén

Phwong phdp IHS-wavelet (Hong et al, 2009)

tron clia ca ba cap anh dung PCA-wavelet déu ro
nét hon so véi cac két qua tron dung IHS-wavelet
(Hinh 5). Bén canh d6, két qua danh gia chatlwong
pho st dung cac tham s6 thong ké nhw BM, CC, va
SD cling phan 4nh rang phwong phap PCA-
wavelet cho két qua tron véi chat lwgng pho tot
hon két qua tron dung IHS-wavelet (Hinh 6).

Cac
kénh pho

Anh SAR

!

Loc nhiéu anh SAR

‘ PCA | :
I
I — Khdp Histogram
——|  Thanh phan
chinh-PC1
_ Anh SAR méi
| Phép bién déi “A trous” Wavelet |
Ham tron theo
PCl RS S— trong so Po— s s
D A hodc Tron tong A D
hop
I)I’[ 1 IJI’[ 1 DS DS
aAsrc D
D!\ Dh
Chuyén nguge AWT

Chuyén nguge PCA

Anh sau trén

Phwong phdp PCA-wavelet (Chinh stra theo so do

trong (Hong et al., 2009))

Hinh 4. So’ dd qui trinh tron dnh quang hoc va dnh SAR.

Bdng 2 Cdc Iép phdn logi (Funkenberg et al, 2014).

STT Lép Mo ta lop
1 Rirng Rirng tram, thuc vat trén do6i va nti da voi, rirng ngdp man, va ciy an qua
2 Co Cacloai co
3 | Bématnhan tao Khu vuee d6 thi, khu xay dwng, mé da dé diéu, dwong s, va dat trong
4 Nong nghiép Pong lda, va cac loai hoa mau.
5 Nuwéc Nuéc bién, nwéc séng, kénh muwong, va ao ho

Landsat 5 ALOS PALSAR

N DAg o]

Landsat 5 Sentinel 1

Landsat 8
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Setinel 1-

Anh trén ERS2 - Landsat 5 ALOS PALSAR - Landsat 5
Landsat 8

Anh trén
bdng IHS-
wavelet

Hinh 5. Két qud trén dnh SAR va dnh Landsat.

Anh trén bdng  Anh trén bdng
IHS- wavelet PCA-wavelet

Anhtronbing  Anhtrénbdng  Anh trén bang
PCA-wavelet IHS- wavelet PCA-wavelet

Hé 56 twong quan- CC

@ 7?—' e
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=—g=ERS2vaLandsat S IHS va Wavelet ==p=ERS2 va Landsat $ PCA va Wavelet
== ALOSPALSAR va Landsat 3THSva Wavelet ALOSPALSAR va Landsat 3 PCA va Wavelet
—=— Sentinel 1 va Landsat 8 IHS va Wavelet —s—Sentinel 1 va Landsat 8 PCA va Wavelet
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—e— Sentinel 1 va Landsat 8 THS va Wavelet —s—Sentinel1 va Landsat 8 PCA va Wavelet
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—e—ERS2 vaLandsat § THS va Wavelet —e=—ERS2 va Landsat § PCA va Waveler
g ALOS PALSAR vaLandsat STHSva Waveler ALOSPALSAR vaLandsat SPCAva Wavelet
=—g— Sentinel1 v4 Landsat 8 IHS va Wavelet =g Sentinel 1 va Landsat 8 PCA va Wavelet

Hinh 6. Ddnh gid chdt luwong phd dnh sau trén bang cdc tham s6 théng ké.
(a) Gid tri hé sé twong quan tét nhdt la CC = 1; (b) Gid tri dj léch trung binh tét nhdt la BM = 0;
(c) Gid tri dé léch tiéu chudn tét nhdt la SD = 0.
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Dé thiy wu diém cia viéc tron anh doi voi do
chinh xac phan loai, két qua danh gia d6 chinh xac
sau phan loai anh Landsat va dnh trén Landsat-
SAR dworc so sanh v&i nhau. Phan loai dwoc kiém
chirng dwa trén anh Google Earth d6 phan giai cao,
va ban d6 st dung dat ty 1é 1:10000 nam 2000
tinh Kién Giang, str dung tir 263 t&¢i 357 diém chon

Laﬁdsat 8 nﬁm 2016

ngau nhién. PO chinh xac phan loai toan canh
(overal accuracy), va hé s6 Kappa dwoc tinh tir ma
trin sai s0 (error matrix). K&t qua phén loai cho ba
nam 1998, 2008, va 2016 thé hién trén Hinh 7. D6
chinh x4c phan loai dwgc néu chi tiét trong cac
Bang tir 3 dén 8.

5TM

Anh trén

Sentihel 1 va Landsat 8 OLI

Hinh 7. Két qud sau phdn logi.

Bdng 3. Ma trdn sai s6 nam 1998 - Phdn logi cho dnh Landsat 5 TM.

Landsat 5 Diém anh tham chiéu
S Lép Rirng | Bé matnhintao | Nwéc | Néngnghiép |Conuwéc| Tong | UA*
Za Ring 39 2 1 1 3 46 | 84.78
< i Bé mitnhintao | 2 23 0 2 4 31 | 74.19
“; < Nuwéc 0 2 26 1 0 29 89.66
@ | Néngnghiép 0 7 0 27 3 37 | 7297
- Cd nuée 10 4 5 1 115 | 135 | 85.19
Tong 51 38 32 32 125 278
PA” 76.47 60.53 81.25 84.38 92.00
Do chinh xac toan cuc 82.73% Kappa 0.72
* PA: d6 chinh xac thwc hién; UA: d6 chinh xac ngwoi st dung
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Bdng 4. Ma trdn sai s6 nam 1998 - Phdn logi cho dnh trén ERS-2 va Landsat 5 TM.
Anh tron DPiém anh tham khao
3 Lop Rirng | Bé mit nhin tao | Nwéc | Nong nghiép | COnuwédc | Tong | UA
2 Rirng 40 0 1 0 4 45 88.9
< g Bé mitnhintao | 0 30 1 5 2 38 | 789
“g e Nuwérc 1 1 29 0 4 35 82.8
@ = | Nongnghiép 0 4 1 27 3 35 77.1
/A Co nuéc 10 3 0 0 112 125 | 89.6
Tong 51 38 32 32 125 278
PA 78.43 78.94 90.62 84.38 89.60
P4 chinh xac toan cuc 85.61 % Kappa 0.83
Bdng 5. Ma trdn sai s6 nam 2008 - Phdn logi cho dnh Landsat 5 TM.
Landsat 5 Diém anh tham khao
3 Lép Rirng | Bé matnhantao | Nwdc | Nongnghiép | Conuwéc | Tong | UA
2 & Rirng 40 2 1 0 8 51 | 784
< i Bé mitnhantao | 1 17 3 5 2 28 | 60.7
“g < Nuwédc 3 5 71 2 0 81 | 87.7
g Nong nghiép 1 4 2 107 8 122 | 87.7
2 Cé nuéc 4 1 1 11 58 75 | 773
Tong 49 29 78 125 76 357
PA 81.63 58.62 91.03 85.60 76.32
Do chinh xac toan cuc 82.07 % Kappa 0.76
Bdng 6. Ma trdn sai s6 nam 1998 - Phdn logi cho dnh trén ALOS PALSAR va Landsat 5 TM
Anh tron DPiém anh tham khao
Q Lép Rirng |Bé matnhan tao| Nwéc | Nong nghiép | Co nwdc | Tong | UA
e Rirng 44 0 2 1 3 50 | 88.0
< g Bé mat nhin tao 1 27 3 6 1 38 | 711
“g < Nwdc 2 1 72 0 2 77 | 935
@ “| Nongnghiép 0 1 0 108 5 114 | 947
i Co nuée 2 0 1 9 65 77 | 844
Tong 49 29 78 124 76 356
PA 89.80 93.10 92.31 87.10 85.53
Do chinh xac toan cuc 88.76 % Kappa 0.85
Bdng 7. Ma trdn sai s6 nam 2016 - Phdn logi cho dnh trén Sentinel 1 va Landsat 8 OLI.
Landsat 8 Diém anh tham khdo
3 Lop Rirng | Bé mdt nhintao | Nwéc | Nongnghiép | Conuéc | Téng | UA
2% Rirng 28 0 6 2 2 38 | 73.7
< g Bé mitnhintao | 3 38 11 6 5 63 | 60.3
“g < Nuwédc 1 1 36 1 3 42 | 85.7
@ | Nongnghiép 4 2 2 82 5 95 | 86.3
- Co nwérc 0 3 2 5 15 25 | 60.0
Tong 36 44 57 96 30 263
PA 77.78 86.36 63.16 85.42 50.00
P4 chinh xac toan cuc 75.67 % Kappa 0.68
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Bdng 8. Ma trdn sai s6 nam 2016 - Phdn logi cho dnh trén Landsat 8.

Anh tron Diém anh tham khao
3 Lop Rirng | BE matnhintao | Nwéc |Nongnghiép| Cé nwéc | Tong | UA
2 Rirng 32 0 4 1 1 38 |84.2
< g B& mit nhin tao 1 40 3 3 0 47 |85.1
“g e Nuéc 1 0 46 5 1 53 [87.0
w Nong nghiép 2 4 1 83 3 93 89.2
g Co nuérc 0 0 3 4 25 32 |80.6
Tong 36 44 57 96 30 263
PA 88.89 90.91 82.46 86.46 83.33
D0 chinh xac toan cuc 86.31 % Kappa 0.82

Khi st dung anh Landsat dé phan loai, do
chinh x4c toan canh 1a 82.73%, 82.07% va 75.67%
cho lan Iwot cic nam twong &ng la 1998, 2008, va
2016. Két qua danh gia do chinh xac cho thiy, anh
tron Landsat va SAR da nang cao dd chinh xac
phan loai toan canh l1én 85.61, 88.76 va 86.31%
cho lan lwot cdc nam 1998, 2008, va 2016. Chi s
Kappa ciling phan anh diéu twong tv, tang tir 0.72
1én 0.76 cho nam 1998, tir 0.76 1én 0.85 cho nam
2008, va tir 0.68 1én 0.82 nam 2016.

4. Kétluan

Nghién ctru ndy nham nang cao do chinh xac
két qua phan loai DNN bang cach st dung phwong
phap phan loai PBC trén anh tron quang hoc va
SAR. Phuong phap phéan loai PBC dwa trén gia tri
phd cia tirng pixel dé chiét tach thong tin 1ép phu
nén dé bi 1an (Moffett and Gorelick, 2013). D€ lam
giam thiéu nhuwgc diém nay, &nh quang hoc dwoc
tich hop cung anh SAR theo phwong phap tron
pht hop nhat. Qua viéc st dung hai phwong phap
[HS-wavelet va PCA-wavelet d€ tron ba cdp anh
Landsat 5-ERS 2, Landsat 5-ALOS PALSAR, va
Landsat 8-Sentinel 1 chup khu viec PNN Ha Tién,
nghién ctru da xac dinh dwoc phwong phap PCA-
wavelet 1a phwong phap tot hon. Nho tinh wu viée
ctia phwong phap PCA trong viéc giam thiéu thong
tin thira, chi lwa chon thong tin quan trong, két
hop véi kha ndng phén tich anh theo tin sé
(frequency domain) ctua wavelet, phwong phap
trén PCA-wavelet da cho két qua véi do bién dang
phd thap nhat. Anh sau trén c6 d6 phan giai khong
gian cao hon, trong khi van gitr dwoc thong tin phd
g6p phan nang cao do chinh xac phan loai. Két qua
thuc nghiém cho thay do chinh xac toan canh sau
phén loai str dung cic anh tron ting tir 2.88 dén
13.09 % va hé s6 Kappa tang tir 0.11 dén 0.14.
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ABSTRACT

Improving the accuracy of wetland classification based on optical
and SAR imagery fusion

Cuong Xuan Cao
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam

The pixel based spectral image analysis (PBIA) method is widely employed when mapping landscape
features using information from remote-sensing imagery. However, the limitation of this method applied
for mapping wetlands is low accuracy as low spectral contrast among plant species and the generally
small size of vegetation zones. One of techniques can be used to improve the accuracy is multi-sensor fusion.
This study is to investigate several fusion methods such as PCA, IHS, and wavelet to merge Landsat 5 TM
and ERS-2, Landsat 5 TM and ALOS PALSAR, and Landsat 8 OLI and Sentinel 1. The best results are used to
classify, and the hybrid fusion method of wavelet and PCA is the best one. The overall accuracy of classifying
images fused increased from 2.88 to 13.09% and the Kappa coefficient increased from 0.11 to 0.14.

Keywords: Fusion, PCA, [HS, Wavelet, SAR, Landsat, Wetland.
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