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TOM TAT:

Rimg ngdp man (RNM) dugc xem la mot
trong nhitng hé sinh thdi rung cé y nghia quan
trong vé mdt sinh thdi, moi trwong va tai nguyén
sinh vdt. Phuong phdp vién tham sir dung div
liéu radar c6 tiém nang cao trong xdc dinh,
phan logi va giam sat RNM. Thu nhdn dnh theo
phwong phap radar khong bi anh huong boi cac
hién twong thoi tiét trong bau khi quyén (nhw bi
che phu boi may) va c6 thé thu nhdn dnh vao
bdt ky thoi diém ndo trong ngay (ké cd ngay va
dém). Nghién ciu nay xem xét kha nang xdc
dinh, phan loai RNM cua hai logi anh radar

ENVISAT ASAR APP (kénh C) va ALOS
PALSAR (kénh L) ¢ khu vuc ban ddo Ca Mau.
Két qua cho thay dit liéu ENVISAT ASAR APP
khé khan khi phén logi cdc doi tiwong RNM Véi
phan cuc kép HH&HV cho mét thoi diém danh.
Dir liégu ALOS PALSAR phdn cuc kép HH&HV
mét thoi diém cé kha nang xdc dinh khac biét
rung theo do che phi cdy rirmg, con xac dinh
kiéu rieng theo lodi (nhw rimg Mdm va rimg
Pudc) thi khé nhdn dién chinh xde. Két qua
phén loai theo dé che phii ritng cé dé chinh xdc
vao khodng 81,91%.

Tir khoa: ALOS PALSAR, ENVISAT ASAR, xac dinh, rung ngdp man, phan cuc.

1. GIOI THIEU

Cac nghién ctu cho thiy két qua tét nhat
cho viéc udc luong ring nhan duoc tu dir liéu
SAR kénh L va P [1]. Bac biét trong RNM,
Mougin va cong su [2] d4 tim thiy tuong quan
cao khi sir dung phan cuc HV véi kénh P. Cac
budc séng dai ciing thuan lgi cho viéc phan loai
RNM tai mét thoi diém. Sy phén biét giita rimg
dang phat trién (young forest) va rimg truong
thanh (mature forest) c6 thé thuc hién duoc ¢
kénh L (théng qua td hop cua dit liéu HH - HV)
hoic tét hon vai bdn phan cuc hoic di liéu phan
cuc ddy du voi pha bao toan (phase-preserved)

[3]. Dua trén dit liéu SIR-C/X-SAR, Kiplich [4]
d4 cho thiy 1a kho khan khi tach biét cac giai
doan sinh treéng cua ring Amazon véi do chinh
xac vua du khi thuc hién trén cac kénh X, C va
L. Tuy nhién, Rignot va cong su [5] da két luan
kénh C c6 kha nang tach biét rimg hon 13 kénh
L va P. Céc két luan khéac nhau cua ho cho thay
nén nghién ciu nhiéu hon & cac ving va cac
loai thuc vat khac nhau, va sir dung dit liéu phan
cuc, budc song va goc téi khac nhau dé co thé
tinh dén cac thay ddi dia phuong.
Theo Té chtic Luwong thuc va Nong nghiép
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Lién Hiép Quéc (FAO), RNM la nhitng cay than
g6 va cay bui moc dudi mic triéu cao cua triéu
cuong [6]. Co ché tuong tac chu yéu cua séng
radar véi cac giai doan phét trién cia RNM phu
thudc vao budc séng radar [7]. Mdi quan hé nay
c6 thé duoc tim thdy trong nghién ctu cua
Mougin va cong su [2], va Proisy va cong su [8]
d4 khao sat mdi quan hé giita dit liu SAR voi
céc ché d6 tan sé va phan cuc khac nhau, va cau
trdc thanh phan RNM cho khu vuc Guiana,
Phap.

Phan loai RNM tir dir liéu quang hoc hau
nhu da dugc xem xét va nghién cau nhiéu [9,
10], con dit liéu SAR thuong dugc st dung nhu
mét dir liéu bd sung thdng tin. Tuy nhién véi
kha ning ctia cac bo cam phan cuc, dix liéu radar
c6 thé tmg dung doc 1ap cho muc tiéu phan loai.
Mot vai nghién ciu trich théng tin ban do rung
tir dit liéu JERS-1 va ERS-1/ERS-2 & vung nhiét
dai, muc dich chinh 1a xac dinh cac vung bi pha
rung [11, 12]. Cac phuong phap dua trén dix liéu
SAR cho viéc tach biét cac I6p phu nhu: phuong
phap cay quyét dinh [13], cong nghé mixed
spectral model [14], support vector machines
(SVM) [15].... Cac nghién ctru khac sir dung
cac dit lieu SAR khac nhu RADARSAT [16],
ALOS PALSAR (PLR) [17] va SIR-C/X-SAR
[4].

Hién nay hé sinh thai RNM Ca Mau dang
chiju anh huong nghiém trong bai cac hoat dong
phé ring hay chuyén doi muc dich sir dung dat,
phét trién nuéi trong thiy san khong theo quy
hoach. Nén viéc nghién ctu va giam sat RNM
tré nén cap thiét. Trong nghién ciru nay sé tim
hiéu kha ning phan loai RNM theo loai & Ca
Mau, cu thé Ia hai lodi mén va dudéc (1a hai loai
cay chinh & RNM Ca Mau), va kha nang phén
loai theo mat d6 che pha cia RNM cho hai loai
dir liéu radar véi buéc séng kénh L (PLR) va
kénh C (ENVISAT ASAR - ASA) vai hai phéan
cuc HH va HV.

2. KHU VUC NGHIEN CU'U, DU LIEU VA
PHUONG PHAP

2.1 Khu veee nghién ciru

Phan lanh tho dét lién cua tinh Ca Mau
nam trong toa do tir 8°30' - 9°10' Vi Bic va
104°8' - 105°5' kinh Poéng. Tinh Ca Mau co
duong bo bién dai 254 km, chiém 7,8 % chiéu
dai bo bién ca nuéc (Nguon: Cong théng tin
dién tir Ca Mau, 2016) c6 RNM la mét tam chan
ty nhién bao vé bo bién. Trong dé tai nay sé gioi
han pham vi nghién ciru dugc trinh bay ¢ hinh

Hinh 1. Ban d4 hanh chanh tinh Ca Mau va vi tri khu
vuc nghién ciru ¢ miii Ca Mau

2.2 Dir liéu sir dung

Cac dir liéu anh dé thu thap cho nghién ctiru
dugc trinh bay ¢ bang 2. Pé tai sir dung dit liéu
thuc dia vio ngay 30/11/2011 dén 06/12/2011
tai miii Ca Mau. Trong hinh 1 1a cac diém khao
sat thuc dia da dugc thu thap, cac thong tin ghi
nhan nhu sau: trang thai rimg, wéc legng do tan
che; loai wu thé, udc luong chiéu cao cay, mat
d6 cay. Céc dir liéu tham khao khac gom: a) Ban
dd loai dat loai rimg cta Phan vién Piéu tra Quy
hoach rng Nam B9; b) Cac anh cua Google
Earth. Duya trén cac dir liéu nay dé tai da xay
dung bo dit liéu huan luyén va dix liéu kiém tra.
2.3 Phuong phap nghién ciru

DPé khao sat kha niang tich biét cac ddi
twong trong RNM theo loai va mat do che phu
cua RNM, nghién ctru da thuc hién khao sat cac
gid tri thong ké va hé sé tach biét Jeffries-
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Matusita [18] trén dir liéu anh da tién xu ly. Céc
budgc thyc hién viéc phan loai dugc thé hién qua
so dd hinh 2, bao gém cac bude nhu sau: a) dir
liéu vidn thdm gom anh PLR va ASA s& duoc
dugc tién xa ly va xir ly; b) Chon bo mau di
liéu kiém tra va phan loai cin ct vao dit liéu di
thuc dia va tur liéu tham khao; c) Tién hanh viéc
phan loai va hau xtr ly sau khi phan loai anh.

[ Dir liéu anh vién tham ]
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[ Két qua anh phén loai ]

chra tét

Hinh 2. So d6 cac budc thuc hién xir Iy va phan loai
anh radar

Tién xu ly dit liéu radar bang cach sir dung
cong cu NEST (Next ESA SAR Toolbox) la mot
phan mém ma ngudn mé, duoc st dung dé dinh
chuan buc xa tuyét d6i cho dit lieu anh PLR
muc 1.5 va 1.1 va anh radar ASA ¢ level 1B.
Sau do hiéu chinh hinh hoc dé cac dit liéu anh
trung nhau va cung mat hé toa do. Cac anh SAR
thuong c6 hién tuong nhidu ddm lam giam chat
lugng anh va gay tré ngai cho cong tac giai
doan anh radar. Viéc giam nhidu cé thé ap dung

phuong phap loc khong gian va phuong phap
loc da thoi gian [16].

Phuong phap lay mau huin luyén theo
Jensen [19, 20] 1a viéc chon sé phan tir anh
trong mdi I6p it nhat gap 10 lan sb kénh su
dung. Diéu nay dam bao cho phép may tinh cé
thé tinh todn ma tran phuong sai va hiép phuong
sai, budc tinh toan nay thuong dugc thuc hién
trong cac phan mém phan loai.

Dé danh gia két qua phén loai, bai béo sir
dung phuong phap ma tran sai s6 va phuong
phap |y mau hé théng (systematic pattern). Cac
mau kiém tra danh gia sai s6 duoc 13y dya trén
cac dit liéu nhu dir liéu di thuc dia va dir liéu
tham khao. Trong dé tai ndy s6 mau kiém tra
dugc ldy 1a 246 mau kiém tra, 4p dung cong
thirc x4c suit nhi thie (binomial probability) dé
wdc lwgng s6 mau can thiét [20].

3. KET QUA
3.1 Loc nhiéu da thoi gian

Dé tai d4 thuc hién loc da thoi gian véi ba
thoi diém anh PLR. Két qua loc da thoi gian cho
anh PLR ngay 23/11/2010 phéan cuc kép HH va
HV voi céc cira so khac nhau la 3x3, 5x5, 7x7
va 9x9 (Hinh 3). D& nhan thay két qua trudc khi
loc va sau khi loc c6 su khac biét nhiéu, sau khi
loc cac déi twong nhin thiy dong déu va loai bo
bot hién twong nhiu ddm. Ciing tir két qua sau
khi loc da thoi gian voi ctra s6 loc cang 16n thi
cang bét nhiu dém hon. Do d6 trong dé tai nay
sé& str dung phuong phap loc da thoi gian véi cira
6 9x9.

Bang 1. C4c thoi diém dix liéu anh vé tinh d4 thu nhan

Bo cam |Thoigian  |Phan cuc  |Kich thuéc phan|Hudng thu anh|Géc téi (d6) Ghi cha

tir anh (m)
ASA 03/04/2012 |HH, HV 12,5 Ascending 20,60 -26,01
PLR 23/08/2010 |HH, HV 12,5 Ascending 38,70 Goéc toi tai tam anh
PLR 08/10/2010 |HH, HV 12,5 Ascending 38,70 Goéc toi tai thm anh
PLR 23/11/2010 [HH, HV 12,5 Ascending 38,70 GOc t6i tai tam anh
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Hinh 3. Phép loc da thai gian véi cac cira sb loc khac
nhau
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Hinh 4. Bidu d6 tan xa ciia phan cyc HH va HV cho
khoa giai doan cua anh PLR 23/11/2010 trude khi loc
da thoi gian (trai) va sau khi loc da thoi gian (phai).

3.2 Kha ning phén loai theo loai vao theo
mat do cay cia anh PLR

Chu yéu can ctr vao dir liéu thyc dia va ban
dd loai dit ring cua Phan vién Diéu tra Quy
hoach rirng Nam Bo dé chon cac khéa giai doan
phan cip theo loai va mat do cua cay rung. Cac
khoa giai doan duoc trinh bay nhu trong bang 2.
Tat ca cac khoa giai doan nay s& dugc trich céc
thong tin tan xa nguoc cho ting phan cyc HH
va HV trudce khi loc da thoi gian va sau khi loc
da thoi gian cho anh ngay 23/11/2010. Hinh 4
cho thiy biéu d6 tan xa cua cac phan cuc HH va
HV cho truong hop trude va sau khi loc da thoi
gian, cac lép dbi tugng it bi nhiéu véi nhau hon
so Vé6i truong hop khong cé loc nhidu da thoi
gian. D& nhan thay cac d6i twong RNM va mat
nudc giam bét nhidu rat nhiéu, con déi tuong
dan cu thi it bi anh huong hon bai phép loc nay.

Bang 2. Cac khda giai doan duoc stt dung cho
phan loai theo loai va mat do cay ctia anh PLR

TT | Ky higu M0 ta

1 | Dancu Caéc cong trinh xay dung
(khdng phai ring)

2 | Av_day | Ring mam c6 mat do cay
day c6 do che phu khoang tir

70% tro I1én

3 | Av.TB Rirng mam c6 mét do trung
binh cé @6 che phu khoang

tr 50% dén 70%

4 | Av_thua | Rung mam c6 mat do thua
¢6 do che phu khoang tu

30% dén 50%

5 | Rh_day Rirng dudc ¢d mat do cay
day c6 do che phu khoang tir

70% tro I1én

6 | Rh._TB Rirng dudc ¢d mat do trung
binh cé @6 che phu khoang

tr 50% dén 70%

7 | Rh_thua | Rung duéc c6 mat do thua
¢6 do che phu khoang tu

30% dén 50%

8 | Av_Open | Rirng mam méi phat trién

1 trén bai boi ven bién c6 mat
do day
9 | Av_Open | Rirng mam méi phat trién
2 trén bai boi ven bién c6 mat
d6 trung binh
10 | Av_Open | Rung mam mai phét trién
3 trén bai boi ven bién c6 mat
d0 thua
11 | Rh_Avl | Rung mam va duéc hon giao

c6 mat do day

12 | Rh_Av2 | Ring mam va duéc hon giao
¢6 mat do trung binh

13 | MN1 Mat nude bién

14 | MN2 Mat nude song

15 | MN3 Mit nudc ao ho

16 | Rh_Aol | Rung dudc xen ké ao nudi
tdm loai 1 (RNM c¢6 do che
pht thap hon mit nudc)

17 | Rh_A02 | Rung dudc xen k& ao nubi

tdm loai 2 (RNM c¢6 do che
phu cao hon mat nudc)

Trong hinh 5 cho thiy kh6 c6 kha ning
phan biét duoc dbi tuwong rimg dudc va ring
mam vi chling c6 gia tri tan xa nguoc trung binh
va do6 léch chuan gan nhu nhau. Piéu nay ciing
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twong tu cho loai ring hdn giao mam dudc, n6
ciing c6 gia tri trung binh va dé léch chuan gan
v6i loai rimg mam va rimg dugc. Con loai ring
mim méi phéat trién ¢ cac bdi bdi ven bién
(Av_Open) c6 kha niang nhan biét duoc véi anh
radar PLR. Tuy nhién n6 cling c6 kha ning
nham 1an cao véi loai rimg dudc xen khe ao
nudi tdm loai 1 (Rh_Aol) vi gia tri trung binh
caa ching gan nhau ¢ ca hai phan cuc. Didu nay
c6 thé giai thich 1a ring mdm mai phét trién
thuong ngap nudc va mat do cay thap nén phan
16n tan xa nguoc cua séng radar s& bi mat nudc
phan xa di giong nhu loai Rh_Aol.
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§'2D ". 20 ; Rh_TB
| ) Rh_thua
-25 25
-20-15-10 -5 0 20 -15 -10 -5 0
HH (dB) HH (dB)

Hinh 5. Biéu db tan xa cua phan cwc HH va HV cho
loai va mat dd RNM cuia PLR 23/11/2010 sau khi loc
da thoi gian

Cubi cung con lai rung dudc xen k& ao
nudi tdm loai 2 (Rh_A02) lai ¢ kha nang nham
IAn voi RNM trung binh va thua (ké ca rung
mém va rimg dudc). Do d6 khé khan khi phan
loai theo lodi bang anh PLR kénh L phan cuc
kép HH, HV véi mot thoi diém anh. Dong thoi
tir két qua danh gia ciing cho thay kha ning
phéan loai theo mat d6 che phu cia RNM. Tuy
nhién ciing c6 kha ning nham lin gira rung
mam méi phét trién trén bai boi (Av_Open) Véi
rung dudc xen k& ao nudi tdm loai 1 (Rh_Aol);
va cac loai RNM thwa va trung binh (Av_TB,
Av_thua, Rh_thua va Rh_TB) véi loai ring
dudc xen ké ao nudi tom loai 2 (Rh_Ao02). Hinh
5 cho thay d6 che phu rung thap thi gia tri tan xa
nguoc cang cao & ca hai loai rimg. Didu nay co
thé giai thich 1a do rung thua nén séng radar di
Xuyén qua tan cly ring va xudng nén ring, nén
tan Xa nguoc cao do ¢ sy gop phan: tan xa tir

nén dit Am (dat 4m tan xa manh), va tan xa
double-bounce gitra mat nuwéc va cay ring hoac
nén rimg va cay rimg.
3.3 Khdo st kha niang phin loai theo loai va
mat do ciia anh ASA

Céc khoa giai doan duoc lay twong ty nhu
truong hop anh PLR & trén. Tat ca cac khéa nay
s& dugc trich cac thong tin tan xa nguoc cho
phan cuc kép HH, HV cua anh ASA
03/04/2012. Do dix liéu chi c6 mot anh nén
khong thé loc da thoi gian. Hinh 6 trinh bay gia
tri trung binh va d6 léch chuan sau khi duoc
thdng ké. Gia tri trung binh cua céc loai RNM
chénh léch nhau khong nhiéu, ma gié tri do léch
chuan cua cac loai ndy rat lén. Do d6 kha niang
tach biét va phan loai RNM theo loai va mat do
s& kho khan véi anh ASA phan cuc kép HH,
HV.
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Hinh 6. Biéu d0 gia trj trung binh va do léch chuan
(don vi dB) cua céac khoa phan loai, ASA 03/04/2012,
phén cuc HH (phia trén) va HV (phia dudi)
3.4 Phén loai RNM sir dung anh PLR

Tir két qua phan tich théng ké cac dir liéu
mau trong RNM ciia anh PLR, dong thoi nghién
citu con tinh hé sb tach biét Jeffries-Matusita
cho céc khéa giai doan trong bang 2. Két qua hé
sb tach biét Jeffries-Matusita duoc trinh bay &
bang 3. Theo Richards [18] thi nhitng cap khéa
giai doan nao c6 hé sb tach biét tir 1,9 1a hai dbi
tuwong phan biét duoc tét nhat. Hé s6 nay dudi 1
thi hai ddi tugng nay gan nhu khong phan biét
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dugc, nén gop chung thanh mét nhém véi cung
khoa giai doan. Con hé sb tir 1 dén 1,9 thi hé sb
cang I6n thi do tach biét gitra cac cap khoa giai
doan cang 16n. Trong nghién ctru nay s& nhém
chung cac l6p ddi twong ndo c6 hé s tach biét
Jeffries-Matusita dudi 1,5 dé dam bao do chinh
xac. Do d6 cac khoa giai doan con lai gom 4
nhom: RNM day, RNM thua, mat nudc, dén cu.

Bang 3. Hé s6 tach biét Jeffries-Matusita ciia
cac khoa giai doan cho dit liéu anh PLR
23/11/2010

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17

1

2 197

3195 151

4192 180 L4
5198 191 187 189
6 198 196 183 178 036

719 180 107 084 158 121

8 (197 012 L6 18 193 198 192

9 104 148 037 141 199 198 135 162

10190 189 128 086 199 197 139 192 120

119 137 085 1,68 /19 198 16 156 031 159

12195 189 001 179 200 200 161 193 054 142 106

13200 200 200 2,00 2,00 200 200 200 200 200 200 2,00

142,00 200 200 200 200 200 2,00 200 200 2,00 200 200 096

15198 199 200 200 191 191 194 197 200 200 200 200 162 147

16192 199 191 137 198 195 163 199 194 182 197 198 200 200 200
17019 131 079 158 146 L71 153 135 121 172 142 136 190 186 138 196

Bang 4. Ma tran sai s6 phén loai cho anh PLR
23/11/2010 véi phuong phap phan loai SVM

PhanN loai Dit liéu mat dat

anfoat 11 21 3] 4 |Tong
Dancu (1) 13 0 0 0 13
RNM_day (2) 0| 235| 25 0| 260
RNM_thua (3) 3| 37| 265| 11| 316
MN (4) 0| 12| 90| 293 | 395
Téng 16 | 284 | 380 | 304 | 984
DCX ngudi 81,
san xuét (%) 3| 828 69,7 | 96,4
DCX ngudi
ding (%) 100 | 90,4 | 83,9 | 74,2

Do chinh xac toan cuc =
81,91%

Hé s6 Kappa = 0,7322

Két qua phan loai céc véi 4 dbi tuong sau
khi bo di cac dbi twong dé nham 1an RNM trung
binh va RNM xen k& mat nudc, v6i phuong
phap phan loai SVM dugc trinh bay nhu hinh 7
va bang 4. D& nhan thdy véi hai phuong phap

(806/984) =

SVM cho dé chinh xac toan cuc va hé sé Kappa
cao lan luot 12 81,91% va 0,7322. Trong d6 do
chinh xac (PCX) ngudi san xuit nho nhat 1a
69,7% ddi v6i dbi twong RNM thua va PCX
ngudi st dung la 83,9%. Trong truong hop nay
xay ra nham 1an giita RNM thua thanh cac ddi
twong mat nuéc 13 nhidu nhat, diéu nay lam
giam PCX nguoi san xuat ¢ ddi twong nay chi
con 69,7% (Bang 4). Con BCX ngudi st dung
nho nhat 1a 74.2% di véi ddi tugng mat nudc.

I- B o
| I e ot man iy
I Riensy npiee midn Mare
| e

Hinh 7. Két qua phan loai anh PLR 23/11/2010 theo
phuong phap SVM

4. KET LUAN

Phuong phap loc da thoi gian cho thay la
mot phuong phap hiéu qua cao trong viéc loc
nhiéu dém cua anh radar va nang cao d chinh
xéac phan loai. Két qua khao sat kha ning phan
loai theo loai (rirng mam va dudc) khé khan khi
nhan biét d6i voi anh PLR hai phan cuc HH va
HV véi mét thoi diém. Nguoc lai két qua phan
loai theo do che phu rimg c6 d6 chinh xac vao
khoang 81,91%. Pdi véi anh ASA voi budc
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s6ng kénh C chi c6 tuong tac & tang trén cua tan
ring dan dén kho phan biét cac ddi trong RNM.
Pé nang cao va danh gia kha ning phan loai
theo mat d6 RNM chi tiét hon can c6 nhiing
nghién ciru vé co ché twong tac cua song radar

dbi v6i céc loai dbi twong RNM va dir liéu do
chi tiét hon.

Loi cam on: Nghién citu nay duwoc i tro
bdi Quy phdt trién khoa hoc va cong nghé quéc
gia (NAFOSTED) trong dé tai ma sé 105.99-
2011.15.

Identifying mangrove forests using radar

remote sensing data

Hoang Phi Phung *
Lam Dao Nguyen *
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ABSTRACT

Mangrove is one of the ecologically
significant ecosystems in coastal areas, both on
environment and biological resources. Radar
remote sensing demonstrates a high potential in
detecting, identifying, mapping and monitoring
mangrove forests. Advantages of radar remote
sensing are that almost unaffected by the
weather phenomena in the atmosphere, e.g.
clouds so that it can acquire images at day and
night times. This study considers possibilities of
ALOS PALSAR (L-band) and ENVISAT ASAR

APP (C-band) for identifying mangrove forests.
Results show that using single-date data of
ENVISAT ASAR APP including dual
polarization HH&HV are difficult to classify
mangrove objects; whilst single-date data of
ALOS PALSAR with dual polarization HH&HV
have a better classification for tree density but
at species level identification (e.g. Avicenna or
Rhizophora) is more difficult. Results classified
according to forest cover density data with
overall accuracy of 81.91.

Keywords: ALOS PALSAR, ENVISAT ASAR, identify, mangrove forests, polarization.

Trang 119



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol 19, No.K4- 2016

REFERENCES

[1]. Hoekman, D.H., Quinones, M.J.,, Land
cover type and biomass classification using
AIirSAR data for evaluation of monitoring
scenarios in the Colombian Amazon. IEEE
Transactions on Geoscience and Remote
Sensing, 38, 685-696 (2000)

[2]. Mougin, E., Proisy, C., Marty, G.,
Fromard, F., Puig, H., Betoulle, J.L.,
Rudant, JP.,  Multifrequency and
multipolarization radar backscattering from
mangrove forests. IEEE Transactions on
Geoscience and Remote Sensing 37, 94-
102 (1999)

[3]. McNeill, S., Pairman, D., Stand age
retrieval in production forest stands in New
Zealand using C- and L-band polarimetric
radar. IEEE Transactions on Geoscience
and Remote Sensing 43, 2503-2515 (2005)

[4]. Kuplich, T.M., Classifying regenerating
forest stages in Amazonia using remotely
sensed images and a neural network. Forest
Ecology and Management, 234, 1-9 (2006)

[5]. Rignot, E., Chellappa, R., Dubois, P.,
Unsupervised segmentation of polarimetric
SAR data using the covariance matrix.
IEEE Transactions on Geoscience and
Remote Sensing, 30, 697-705 (1992)

[6]. FAO, Tropical silviculture. Vol.1. (1952)

[7]. Claudia Kuenzer, Andrea Bluemel, Steffen
Gebhardt, Tuan Vo-Quoc and Stefan Dech.
Remote Sensing of Mangrove Ecosystems:
A Review. Remote Sens., 3, 878-928
(2011)

[8]. Proisy, C.; Mougin, E.; Fromard, F.;
Karam, M.A., Interpretation of polarimetric
radar signatures of mangrove forests.
Remote Sens. Environ. 71, 56-66 (2000)

[9]. Blasco, F. et al.,, Recent advances in
mangrove studies using remote sensing

data. Marine Freshwater Resources., 49,
287-296 (1998)

[10].Giri, C. et al., Status and distribution of
mangrove forests of the world using earth
observation satellite data. Wiley online
library/ Global Ecology and Biogeography,
20, 1, 154-159 (2011)

[11].Grover, K., S. Quegan, and C. da Costa
Freitas, Quantitative estimation of tropical
forest cover by SAR, IEEE Trans. Geosci.
Remote Sens., 37, 1, 479-490 (1999)

[12].Podest, E. and S. Saatchi, Application of
multiscale texture in classifying JERS-1
radar data over tropical vegetation, Int. J.
Remote Sens., 23, 7, 1487-1506 (2002)

[13].Simard, M., S. Saatchi, andG.DeGrandi,
The use of decision tree and multiscale
texture for classification of JERS-1 SAR
data  over  tropical forest, IEEE
Trans.Geosci. Remote Sens., 38, 5, 2310-
2321 (2000)

[14].Almeida-Filho, R., A. Rosengvist, Y.
Shimabukuro, and J. dos Santos,
Evaluation and perspectives of using
multitemporal L-band SAR data to monitor
deforestation in the Brazilian Amazbnia,
IEEE Geosci. Remote Sens. Lett., 2, 4,
409-412 (2005).

[15].Lardeux, C., P.L. Frison, C. Tison, J.C.
Souyris, B. Stoll, B. Fruneau, and J.P.
Rudant, Support vector machine for
multifrequency SAR polarimetric data
classification, IEEE Trans. Geosci. Remote
Sens., 47, 12, 4143-4152 (2009)

[16].Quegan, S., T. L. Toan, J. J. Yu, F. Ribbes
and N. Floury, Multitemporal ERS SAR
Analysis Applied to Forest Mapping, IEEE
Transactions on Geoscience and Remote
Sensing, 38, 2, (2000)

Trang 120



TAP CHi PHAT TRIEN KH&CN, TAP 19, SO K4- 2016

[17].Hoekman, D., and M. Vissers, ALOS
PALSAR PLR radar observation of tropical
peat swamp forest as a monitoring tool for
environmental protection and restoration,
in Proc. IEEE Int. Geosci. Remote Sens.
Symp., Barcelona, Spain, 3710-3714
(2007)

[18].Richards, J.A., Remote Sensing Digital
Image Analysis, Springer-Verlag, Berlin
240, (1999)

[19].Jensen, J, R., Introductory digital image
processing - A remote sensing perspective.
Prentiss Hall. 3rd Ed, (2005)

[20].Roger, M. M., - Field Methods in Remote
Sensing. The Guilford Press A Division of
Guilford Publication, Inc. ISBN 1-59385-
079-4, 15-26 (2005)

Trang 121



