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Nuwére tai khu viee ctea séng la mét trong nhitng méi triromg co sy da dang sinh
hoc bdc nhdt trén bé mat ddt. Tuy nhién, hién nay, méi truomg ndy thwong
xuyén bi de doa bdi cdc hoat ddng ctia con nguwoi. D€ tdng cudng hiéu qud cho
cong tdc qudn ly va bdo vé moi truong quan trong ndy thi mét gidi phdp chiét
tdch thong tin nwdc bé mdt trén tw liéu dnh vién thdm nhanh chéng va chinh
xdc la rdt cdn thiét. Trong nghién cttu nay, phwong phdp phdn cum mo fuzzy
c-means (FCM) tich hop véi thdng tin khdng gian ca cdc diém dnh Idng giéng
(MFCM) dp dung lén anh chi s6 nwéc (Wis)dwoc st dungdé chiét tdch nuéc
mdt trén dnh vién thdm. Phwong phdp nay dwoc dp dung cho dnh Landsat 8
OLI chup khu vuc ctra séng Bach DPdng thudc thanh phd Hai Phong va tinh
Qudng Ninh. Bén canh do, nghién ciru ciing danh gid sw dnh hwéng toi hiéu
qud chiét tdach nwéc mdt cua tham s6 mikc d6 mo héa(fuzzification) va sé
Iwong cdc diém dnh ldng giéng trong thudt todn FCM. Két quad thuc nghiém
cho thdy,khi hé s6 mor va sé diém dnh ldng giéng tdng, dé chinh xdc chiét tdch
nuwéc sé gidm, véi m =2 va sé diém ldng giéng la 8 thiphwong phdpdathiéu qud
cao nhat vé thoi gian xw ly. Ngoai ra, khi so sdnh vé&i phwong phdp phédn
nguéng, phwong phdp dwoc st dung ciing cho dé chinh xdc cao hon véi hé s6
kappa ctia hai phwong phdp lan lwot la 0.84 va 0.87.

© 2018 Truwong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. Mé& dau

sinh thai quan trong nhw hé sinh thai rirng ngdp
man phat trién (Pham & Yoshino, 2016). Tuy

Ctra song la noi cac dong song do6 ra bién, noi
nuwédc ngot giao hoa véi nwde man. Diéu kién dac
biét nay da tao ra moét trong nhirng moi trwedng co6
sw da dang sinh hoc bic nhat trén bé mat dat
(Fujii, 2012; McKeon et al., 2015). Viét Nam la mét
qudc gia c6 dwong bo bién dai véi nhiéu khu viee
ctra sobng quan trong. Pay la méi trwong cho cac hé
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nhién, cac hoat dong cla con ngwoi da va dang de
doa nghiém trong t&i moi truwedng cac clra song.
Bén canh d6, bién ddi khi hau ciing gép phan lam
thay d6i méi tredong nay(Fujii, 2012). D€ quan ly
va bao vé moi trerong clra song mot cach hiéu qua,
mot gidi phap chiét tich thong tin nwéc bé mat &
khu vuc ndy trén tw liéu anh vién thdm nhanh
chdong va chinh xac la rit can thiét.

Vién tham 1a mot trong nhirng céng nghé da
duoc str dung hiéu qua trong giam sat tai nguyén
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thién nhién ndi chung va tai nguyén nwéc noi
riéng (Alsdorf & Lettenmaier, 2003). Khi st dung
tw liéu nh vién tham thanh 1ap ban @6 chuyén dé
vé tai nguyén nuwdc mat, bén canh cac phwong
phép thuong dwoc str dung nhw s6 héa dwa trén
gidi doan bang mat (digitizing), phwong phap
phan ngudng (density slicing), phan loai c6 kiém
dinh va khoéng kiém dinh (supervised and
unsupervised classifications), phwong phap phan
cum mo (fuzzy ¢ - means) ap dung trén cac chi s6
nuwéc (water indices-WIs) con twong d6i méi mé.
Trong nghién ctru cia Yang et al. (2015), cac tac
gid da phan tich danh gia chi tiét cic phwong phap
néu trén va dwa ra cac wu nhwoc diém cua tirng
phwong phép. Cu thé, phwong phap sé héa dwa
trén giai doan bang mat tuy cho do chinh xac cao
nhung lai ton nhiéu thoi gian va sirc lao dong, do
do6 khong thure té trong cac treong hop nghién ciru
trén qui mo rong. Phwong phap phan ngudng
dwoc dé xuat va stir dung trong nhiéu nghién ctiru
cta (Frazier et al, 2003; Ryu et al., 2002; White,
1999). Trong nghién ctru vé 1t lut & khu vuc dat
ngap nwoc cua Frazier va dong nghiép (2003), cac
gia tri ngudng da dwoc str dung phan loai nwéc va
khong phai nwoc trén kénh 5 clia anh Landsat
TM(Frazier et al,, 2003). Pay la phwong phap don
gian va hiéu qua vé mat thoi gian, tuy nhién, do
chinh xac bi anh hwéng nhiéu boi sw cac yéu to
nhw bong dia hinh va may (Verpoorter et al.,
2014). Mot phwong phap khac c6 thé dwoc st
dung dé chiét tach nwoc 1a phan loai c6 ki€ém dinh
va khong kiém dinh. Phwong phap phan loai c6
kiém dinh phu thudc nhiéu vao y kién chi quan
clia chuyén gia va chit lwong cta viéc 14y mau,
trong khi phwong phap phan loai khong kiém dinh
cho dd chinh x4c thip khi khu virc phan loai 1an
nhiéu déi twong c6 sw twong phan vé phd thip
(Hao et al., 2014). Chiét tach nuwére st dung cac chi
sO toan hoc (chi s0 nwoc-WIs) dwoc tinh tir cac
kénh anh la mot trong cac phwong phap dworc st
dung kha pho bién do tinh hiéu qua va tién loi cta
nod. Cac chi s6 nwéc nhw Normalized Difference
Water Index (NDWI) (McFeeters, 1996), Modified
Normalized Difference Water Index (MNDWI)
(Xu, 2006), va Automated Water Extraction Index
(AWEI) (Feyisa et al., 2014) dwoc xac dinh tir cac
kénh anh green (kénh 2), near-infrared (kénh 4),
va SWIR1 (kénh 6) cta Landsat. Cac chi s6 nay
dugc thiét ké nham lam ndi bat cac ddi twong
nuwédc bé mit trén anh quang hoc thong qua viéc

tang cuwong sw khac biét gitra cic diém anh mang
thong tin nwéc va cac diém anh mang thong tin
cla cac déi twong khac lién ké, déng thoi loai bo
cac diém anh nhiéu. Nghién ctru ctia Hao va dong
nghiép da st dung hiéu qua phwong phap chi so
nuéc dé 1ap ban dd cac song va hd bang anh
Landsat (Hao et al,, 2014). Tuy nhién, cac tac gia
ciing chi ra cac nhwoc diém ctia phwong phap nay
nhu: (1) do chinh x4c phan loai thip véi cac diém
anh 1an gitra nwéc va cac ddi twong khac; (2) voi
moi khu vurc khac nhau thi dit mot nguong phan
loai khac nhau; (3) khong loai bo dwoc cac nhiéu.
Mic dit mdi phwong phap c6 wu nhuwoc diém riéng,
nhung sw da dang cac phwong phap chiét tach
nuwéc bé mat néu trén da chirng minh kha nang wu
viét cia phwong phap vién thAm trong nghién ctru
tai nguyén nwéc mat.

Thuat toan phan cum m¢ (fuzzy c-means -
FCM) dworc (rng dung trong nhiéu nghién ctru cia
linh vuc vién tham (Ghosh et al,, 2011; Kersten et
al,, 2005). Ghosh va cac déng nghiép (2011) da st
dung thuat toan phan cum mo nang cao dd chinh
xac phan loai va phat hién bién dong. Mot so
nghién ctru khéc chi ra rang thuat toan phan cum
mo c6 tich hop thong tin cac diém anh 1an cén c6
thé xtr Iy dwoc nhiéu va van dé vé gia tri twong
phan phd thip (Ghaffarian & Ghaffarian, 2014;
Stavrakoudis et al.,, 2011). Tinh chat bién déi lién
tuc tlr 0 dén 1 ctia gia tri thanh vién (membership)
trong logic mo (fuzzy) (Bezdek et al.,, 1984)co thé
dwoc str dung dé biéu dién sw bién ddi lién tuc vé
gia tri do 4m cua khu vuc chuyén tiép gitra nwérc
va khong phai nwéc. Trén thé gidi, viéc két hop
gitta FCM va WIs trén anh vién thAm nham chiét
tach thong tin nwéc mat da dwoc Yang et al
(2015) thuc hién thanh cong cho mét sé cac déi
twong nwéc mat khac nhau trén pham vi toan cau.
Tuy nhién, nwéc la moéi tredng kha da dang va
phttc tap, mdi khu vuc sé c¢6 dic diém ly héa va
sinh hoc khac nhau. Véi diéu kién moéi trueong dac
trung riéng nhw ctra séng, viéc tim ra mét giai
phap phu hop la can thiét. Bai bdo gidi thiéu két
qua &ng dung phwong phap FCM trén anh chi s6
nuwéc WIs trong chiét tach nwéc mét cia khu vuee
ctra song Viét Nam.

2. Khu vwre va dir liéu nghién ciru

2.1. Khu vwe nghién ciru

Khu vuc dwoc Iwa chon cho nghién ctru nham
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danh gia giai phap dé xuat la khu vuc ctra song
Bach Dang, thudc dia ban thanh phd Hai Phong va
tinh Quang Ninh (Hinh 1). Pay 1a khu vuc cé sw
hién dién cht yéu cia rirng ngdp mén. Nhitng nam
gan day, nho chinh sach bao vé, phuc héi va phat
trién rirng ngip man cda Chinh phu Viét Nam,
dong thoi véi cac dw an ho tro qudc té nhw du 4n
cua t6 chirc Chir thip d6 Nhat Ban (JRC) (Pham &
Yoshino, 2016), rirng ngdp man & khu vyc nay
phét trién twong doi tot.

2.2. Dir liéu nghién ciru

Dt liéu sir dung cho nghién ctru la anh
Landsat 8 OLI & mtrc xtt ly L1 d3 dwoc ndn va hiéu
chinh anh hwéng dia hinh tir USGS EarthExplorer.
MG ta chi tiét vé mirc d6 che phu béi may, thoi gian
chup, va cac thong tin quan trong khac dworc cung
cip trong bang 1.

Anh dwoc chon sau khi d3 khao sat tit ca cac
anh nham tranh anh hwéng ctia may. Anh c6 dinh
dang GeoTIFF, trong hé qui chi€u UTM dwoc nan
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v&i do chinh xac c& 0.4 pixel va dwoc xem la chip
nhin dugc vé do chinh xac khong gian.

D€ danh gid do chinh xac két qua chiét tach
nwéc, anh Planetscope cé do phan giai 3 m chup
vao cung thoi gian véi anh Landsat dwoc dung dé
s6 héa cac doi twgng nuwedre. Yéu ciu vé do chinh xac
cua doéng dang ky anh dwoc dam bao nho thuc
hién thu cong. Co s& dir liéu s6 hda duwgrc coi la div
liéu chuan phuc vu danh gia dé chinh xac phan
loai.

3. Phwong phap nghién ciru

3.1. Phwong phdp chi s6 nwoc trén tw liéu dnh
vién thdm

Céc chi s6 nwéc nhw Normalized Difference
Water Index (NDWI) (McFeeters, 1996), Modified
Normalized Difference Water Index (MNDWI)
(Xu, 2006), va Automated Water Extraction Index
(AWEI) (Feyisa et al., 2014) dwoc xac dinh tir cac
kénh anh green (kénh 2), near-infrared (kénh 4),
va SWIR1 (kénh 6) ctia Landsat 5 TM.
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Hinh 1. Khu vire nghién citu (dnh Landsat 8 OLI t6 hop RGB: 753).

Bdng 1. Di¥ liéu dnh vé tinh nghién ctru.

Anh Path/row Thoi gian chup | May che phii (%) | P06 phan gidi (m)
Landsat 8 OLI 126/46 17/09/2017 9.79 30
LC81260462017260LGN00 03:17:45
Planetscope Strip_id 17/09/2017 0 3
20170917_024558_0f25 761211 02:45:58
20170917_024559_0f25 02:45:59
20170917_024600_0f25 02:46:00
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Cac chi s6 nay dwoc thiét ké nham lam néi bat
cac déi twong nwédc bé mit trén anh quang hoc
thdng qua viéc tang cwong sw khac biét gitra cac
diém anh mang thong tin nwéc va cac diém anh
mang thong tin ca cic doi twong khac lién ke,
dong thoi loai bd cac diém anh nhiéu (Yang et al,,
2015).

Nam 1996, McFeeters va dong nghiép dwa ra
cong thikc tinh chi s6 nwéc st dung hai kénh Green
va NIR:

NDWI = Green — NIR (D
" Green + NIR

Viéc lwa chon cac kénh anh nay 1a nham: (1)
T6i da kha nang phan xa dnh sang c6 buwdc song
trong dai xanh 14 ciy (green) cta cac doi twong
nuwéc. (2) Gidm dén mire ti thi€u phan xa cia anh
sang c6 budrc song trong dai cAn hong ngoai (NIR)
cla cac d6i twong nwéec. (3) Tan dung tinh phan xa
manh ctia tia NIR khi gdp thuc vt va dat trong.

Trén anh NDWI, cic d6i twong nuwéc sé cé gia
tri NDWI16n hon khéng, trong khi dat va thuwe pha
trén can c6 gia tri NDWI 4m hodc bang khong.Gia
tri NDWI bién thién tir -1 dén 1.

Chi s6 MNDWI dwoc dé xuat bdi Xu (2006),
chi s6 nwéc MNDWI dwoc phat trién tir chi s6
NDWI ctia McFeeters (1996). Tac gia chi ra nhwoc
diém cua chi s6 NDWI la cho d6 chinh xac khéng
cao doi véi khu vue dat dé thi.Nwédc dwoc chiét
tach tir khu vuc nay thuong bi 1an voi dat do
thi.Diéu nay c6 nghia la khu vuc xay dung ciing c6
gid tri NDWI16n hon khdng. Nguyén nhan 1a do gia
tri phan xa ctia ca dat xay dwng va nwéc ho & kénh
Green manh hon & kénh NIR (Xu, 2006). Tuy
nhién, cac khao sat chi tiét vé dic diém phan xa
phd cta dat do thi & kénh hong ngoai trung (MIR)
cho thiy gia tri phan xa phd & kénh nay 1é6n hon
kénh Green. Do d6, d€ phan biét gitra dat xay dung
va nwéc, kénh MIR dwgc st dung thay thé kénh
NIR trong coéng thirc tinh NDWI. Sy thay déi nay
cho ra chi s6 méi la MNDWI:

Green — MIR
e — 2
MNDWI Green + MIR @

Cac thuc thé nwéc bé mit rat da dang vé kich
thuéc, hinh dang va dia mao, vi du hé trén nui
khac v&i ho & khu do thi vé hinh dang, bao quanh
béi thyc phu khac nhau va dic trung phé khac
nhau. Dwa vao y twéng nay, cong véi cac khao sat
c4n than va chi tiét, Feyisa et al. (2014) st dung
nam kénh anh Landsat TM dé tao ra mot chi sd

nuwéc AWEI, chi s6 nay goém hai chi s6 la AWEI, va
AWEInsh.
AWELpy = Ppanar + 2.5 X Ppanaz -1.5 x
(Pbands + Prands) — 0.25 X Ppand7

AWElsh = 4 X (Pbandz - Pranas) —0.25 x @)
Pbands + 2.75 X Pband7
Trong do, p la gia tri phan xa pho ctia 5 kénh
anh Landsat TM sau:
Band 1: kénh blue; band 2: kénh Green; band
4: kénh NIR; band 5: kénh SWIR 1; band 7: kénh
SWIR 2.

3)

3.2. Co’ s6' todn hoc cuia phwong phdp phdan cum
mo (FCM)

Thuat toan FCM dwoc dé xuit IAn diu tién
b&iDunn (1973), sau d6 dwoc phat trién
b&iBezdek (1973). Pau vao thuit toan la bo dir
liéu X, thuat toan cho phép phan cum khong gian
dit liéu X. Véi s6 lwong cum cho truée1a C (C = 2),
m 1a s6 thue (m > 1), st dung qua trinh 13p dé dwa
ham muc tiéu (J) dat gia tri cuc tiéu.

C n
J = ZULT || X, —V; I (5)
j=1 k=1

Trong d6: m la s6 mo hoéa; cla s6 cum, n la s6
phan tr di liéy, r 1a s6 chiéu cta dir liéu; Uy la gia
tri thanh vién cta phan ti dit liéu Xk trong cum j;
Xx€ Rr1a phin ti thir k ctia X = x1, X2...Xn; vj la tAm

cda cum j.

P& dwa ham muc tiéu vé cuc tiéu, can dam bao
A1 .0 N P
ditukién X5, uy, = 1,tacé a—] =0 Vaa—] = (.Cac

u 4
diéu kién nay cho ta cac nghiém sau:
B 1
Ug = 7
3 % -V, Iljml (6)
i=1 ” X —Vi ”
va
n
m
Ui X,
__ k=1
V; (7

_ n
m
Zukj
k=1

Mot s6 nghién ctru da chi ra rang phan cum la
bai toan phan loai cic phan tir thanh cic cum ciing
d6 dong nhat vé thudc tinh nao do6 (Adhikari et al.,
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2015; Chuangetal,, 2006).Thong thwong cac phan
tlr 1an cin nhau (phan ti 1ang giéng) c6 su twong
quan 16m va phu thudc 1an nhau.Trong khi thuat
toan FCM truyén thong khong tinh t&i sy twong
quan gitta cAc phan tir 1ang giéng, dan téi dd chinh
xac phan cum thip.Dé nang cao d6 chinh xac phin
cum, mdi quan hé khong gian gitra cc phan t
lang giéng dugc st dung tinh gia tri thanh vién,
phwong phap nay dwoc goi la phan cum mo lang
giéng thich nghi (MFCM).C4c phén t nao cé cang
nhiéu cic phan t lang giéng c6 cung thudc tinh
vGi no thi xac suit cia cic phan tir nay thudc vé
cung cum véi cac phan ti lang giéng cang cao.Viéc
dwa thong tin khong gian sé giup loai bd nhiéu.
Cong thirc tinh t&i sw &nh hwdng cua cac phin ti
lang giéng dwoc thé hién nhw sau:
£ = it i ®)
1y = M

Trong do: fj gia tri trong s6 dwoc tinh thong
qua cac phan tir 1ang giéng.N,la ctra s6 hinh vudng
vGi phan tir xét & tAm cia né. M s6 lwong cac phan

tl trong ctra so.
Luc nay, gia tri thanh vién dwgc tinh nhw sau:
o = (uip)P (fij)? ©)
Yo Y1 )P (fi )4
Va gia tri tdm cum dworc tinh nhw sau:
N m
j=1%ij%
v,i = N m (10)
j=1ty

Trong d6 p va q la cac tham s6 khong ché tim
anh hwoéng cla cac gia tri thanh vién tinh theo
cong thirc (6) va (8).

3.3. Thudt todn tw ddng chiét tach nwéc mat
bang thudt todn phdan cum mé ldng giéng thich
nghi

Thuat toan cia chwong trinh dwoc mo ta nhw
Bang 2.

3.3. Phwong phdp chiét tach nwéc mdt stv dung
két hop MFCM va chi sé nwérc Wis

3.3.1. Cdc gidi phdp két hop MFCM va Wis

Giai phap két hop gitra phdn cum mo MFCM
va chi s6 nuwérc Wis ¢6 thé duwoc thue hién theo cac
quy trinh <1>, <2>, <3>, <4>.(Yang et al., 2015):

<1> Ap dung MFCM 1én c4c kénh anh géc, sau
dé méi tao cac kénh chi s6 nwoec.

<2> Cac chi s6 nwdc dwoc tao ra tir cac kénh
anh goc, va ap dung MFCM lén cac kénh chi s6
nudc nay.

<3> Lwa chon cac kénh chi s6 nwéc phu hop
nhat dé tao ra mot bo dir liéu gom cac kénh thanh
phan chinh déc 1ap nhau (uncorrelated principal
components), sau d6 méi ap dung MFCM.

<4> Ap dung ki thuat tron anh 1én két qua cta
qua trinh xtr ly cac kénh chi s6 nuwéc bang MFCM.

Bdng 2. Thudt todn chwong trinh tw ddng chiét tdch nwéc mdt MFCM.

Input

Anh chi s6 nwéc

Output

Anh gom 2 16p nwéc va khong phai nwée

MFCM

S6 cum C = 2, ngudng dirng € = 0.000006, s6 mo héa m, chon buwédclip t=1.

Xac dinh histogram ctia anh chi s6 nwéc va tinh khai tao gia tri cho tim cum v = [vj].j =1, 2.

Lira chon kich thwérc cira s6 N.

Repeat

t=t+1

Tinh khoang cach Euclidean cua tirng pixel t&i tdm cum.

Tinh gid tri thanh vién theo cong thixc (6)

Tinh gia tri trong so f; theo cong thic (8), chon q = p =2, tinh lai gi4 tri thanh vién va gia tri
tdm cum theo cong thic (9) va (10).

O 0 |INOVUT[D|W|IN |-

Until||veD-vO|| < &

—_
o

Ifvi> v, then
Cum 1 la nwére; Cum 2 1a khong phai nwéc
Else
Cum 1 la khéng phai nwéc;Cum 2 1a nwéc




60 Cao Xudn Cwong, Vé Ngoc Diing/Tap chi Khoa hoc Ky thudt M6 - Dia chdt 59 (4), 55-66

Cac quy trinh <1>, <3> va <4> dwgc danh gia
la twong déi phirc tap va c6 thé chi cho do chinh
xac dwgc ning 1én khong dang ké so véi quy trinh
<2> (Yang et al,, 2015). Tinh phtc tap 1a do viéc
mdi chi s6 nwéc can st dung cac tham s6 xi ly
khac nhau, viéc két hop sé can bd tham sé xt ly
phitc tap hon. Diéu nay sé tao ra khaéi lwong tinh
toan lomn.

DéE tao ra gidi phap chiét tich nwéc don gian,
hiéu qud, chinh xac va tw dong, sw két hop gitra
MFCM va WIs dwgc thuc hién theo quy trinh <2>.
Sor d6 quy trinh dwoc thé hién chi tiét nhw Hinh 2.

3.3.2. Khdo sdt lwa chon cdc tham sé mo héa va sé
Iwong diém dnh ldng giéng

D€ c6 mot gidi phap t6i wu, tham s6 mo hoa
va kich thwérc clra s6 sé lan lwot dwoc khao sat voi
cac gia tri ghi trong Bang 3.

Bdng 3. Cdc tham s6 lwa chon khdo sdt.

Gia tri m¢ héa (m) Kich thwdrc clra s6 (N)
1.5 3x3
2 5x5
2.5 7x7
3 9x9
3.5 11x11
4 21x21

Nwéc mat tai khu vuee civa song sé dugce chiét
tach trén anh Landsat str dung MFCM va Wis véi
lan lwot tirng tham s6 mo hoéa va kich thuéce cira
s0. K&t qua chiét tach sé dugc danh gia do chinh
Xac va so sanh dé rdt ra tham sé m va kich thwéc
clra s tdi wu.

3.3.3. bdnh gid do chinh xdc ctia phwong phdp dé
xudt

Phwong phap danh gia d6 chinh xac dwoc st
dung kha phé bién 1a ma trdn sai s6 (error
matrices) va chi s6 kappa sé dwoc st dung dé
danh gia do chinh xac cac chi s6 nwéc néu trén.
Bén canh d6, phwong phap phan loai dat nguwdng
ciling sé dwoc str dung vao phan loai khu vuc thyc
nghiém. Két qua phan loai bang phwong phap dit
nguwdng dwgc str dung dé so sanh véi phwong
phép chi s6 nwéc két hop véi phan cum mo.

Do tinh chit da dang cta 16p phi nén dac
diém phan xa pho cta cac d6i twong nay trén tirng
kénh anh twong doi phirc tap. Cac chi s6 nwéc néu
& trén duorc tinh dya trén cac kénh anh nay nén cé
ca wu diém va han ché. Khi stt dung phwong phap

phan ngwdng cho céc chi s6 nwéc, can cé cac khao
sat toan dién dé xac dinh nguwdng nao 1a t6i wu
nhat cho tirng chi s6 nwéc. Can ci vao biéu do
histogram cda cac kénh anh chi s6 nwéc dé lya
chon cac ngwong tham gia vao qua trinh khao sat
x4c dinh nguwdng t6i wu. Cac ngwdng nay dwoc dua
vao phén loai, cic diém anh c6 gia tri nhé hon
ngudng khao sat dwoc dwa vé 16p khong phai
nuwéc, nguoc lai néu 16n hon ngwdng khao sat thi
sé thudc vé 16p nuwée. Cac sai s6 14y thira va bo sot
dwoc tinh nham tim ra ngwdng t6i wu. Viéc quyét
dinh ngudng nao la téi wu d6i véi tirng chi sé
nwéc, sé cin clr vao sai sd 14y thira hodc 1an
(commission) va sai s6 bd sot (omission). Thong
thwong khi sai s6 1ay thira 1om thi sai s6 bo sot sé
nho va ngwoc lai. Do d6, ngwdng téi wu sé la
nguwdng ma cho két qua phan loai cé sai s6 1ay thira
bang sai s6 bo sot.

Coéng thirc tinh cac sai s6 nhw sau:

SLén = A/B*100% ; (12)
Sbé s6t = C/D*100% ; (13)

Trong dé: A - 1a s6 pixel bi phan loai nham tir
khéng phai nuéc sang nwéc; B - 1a téng s6 pixel
dwoc phén loai thanh nwéc; C - 1a s6 pixel bi phin
loai nham tir nwéc sang khéng phai nwéc; D - 1a
tong so pixel nuéc tham khao.

4. Két qua va thao luan

4.1. Xdc dinh ngwéng t6i wu cho cdc chi s6 nwéc

Cac anh chi s6 nwéc dwoc xac dinh va thé hién
nhw trong Hinh 3. V&i anh chi s6 NDWI, cac
ngudong co gia tri tir -0.426 dén 0.128 dworc lwa
chon dwa vao phéan loai. Két qua cho thiy nguwong
-0.138 cho két qua phéan loai védi sai s6 14y thira va
bé sét gan nhw bing nhau. Do d6, nguéng ngay
dwoc chon la ngwdng t6i wu cho anh NDWI. Lam
twong tw v&i cac anh chi s6 nwéce con lai, két qua
dwoc nhw sau: véi MNDWI c6 ngwdng t6i wu la
0.118, AWEIsh c6 nguong t6i wu la -0.03, va
AWElInsh c6 nguéng t6i wu 12 -0.028 (Bang 4). Tty
day, két qua phin loai cia cic nguwdng nay sé dwoc
so sanh véi két qua phén loai dung phwong phap
MFCM.

4.2. Két qud khdo sdt xdc dinh cdc tham sé cho
MFCM

Qué trinh khdo sat cac tham s6 cho trong
Bang 3 cho két qua nhw Bang 5.
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Hinh 3. Cdc dnh chi sé nwéc khu viee nghién ciru.
Bdng 4. Két qud khdo sdt xdc dinh nguwéng t6i wu cho cdc chi s6 nwéc.
Chi s6 nwérc NDWI Chi s6 nwérc MNDWI
Nguong _ Sai s6 _ Nguong _ Sai s _
Lan Bo sot Lan Bo sot
0.128 0.4 25 -0.166 15.66 3.05
0.002 1.11 20.69 -0.078 11.03 547
-0.138 2.69 15.63 -0.006 8.49 7.68
-0.342 8.26 8.27 0.011 7.97 8.23
-0.355 8.8 7.8 0.021 7.71 8.5
-0.395 10.74 6.38 0.305 2.63 17.65
Chi s6 nwéc AWEIsh Chi s6 nwé'c AWEInsh
-0.055 14.68 2.83 -0.064 16.62 3.64
-0.037 9.3 5.86 -0.052 16.31 4.99
-0.030 7.5 7.44 -0.028 8.19 8.76
0.013 1.01 22.01 -0.023 7.29 9.65
-0.008 4.76 13.18
0.046 0.3 36.41
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Bdng 5. Két qud khdo sdt tham s6 MFCM.
m | OA% | T(9 | N | 0A%
1.5 92.912 815 3x3 92.910
2 92.910 555 5x5 92.909
2.5 92.909 995 7x7 92.908
3 92.907 997 9x9 92.908
3.5 92.905 1105 | 11x11 | 92.900
4 92.901 1127 | 21x21 | 92.861

(OA: sai s6 toan cuc; T: thoi gian xt 1y (giay).

Két qua khao sat cac tham s mo hoa (m) cho
thay mac du sw khac biét vé do chinh xac phan loai
1a khong dang ké (khac biét 16n nhét 13 0.011%),
tuy nhién, van cé thé thdy dwoc qui luat 1a khi m
tang thi d6 chinh xac gidm. Bén canh d6, xét vé téc
do tinh todn, véi m = 2 thi thoi gian xtr Iy nhanh
nhat T = 555 gidy (cho anh kich thwéc 6290 x
6460 trén Matlab™ 9.0 va mday tinh Intel(R)
Core(TM) i7 CPU 2.0 GHz).

Két qua khao sat cac kich thwéc ctra s6 cling
cho két qua twong tw véi sw khac biét khong dang
ké vé do chinh xac (16m nhat1a 0.049%) va mét xu
hwéng gidam dan vé do chinh xac chiét tach khi
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kich thuérc clra s6 tang 1én. Tuy nhién, vé thoi gian
xtr ly thi gin nhw khéng c6 khac biét. Két qua khao
st cho hai tham s6 tdiwvum=2va N =3.

4.3 Két quad phan logi bang phwong phdp phén
cum mo ldng giéng thich nghi

Déi véi treong hop chi str dung cac chi sb
nuwéce, két qua danh gia do chinh xac phan loai cho
thiy cac hé s6 kappa (KC) tir 0.84 dén 0.86. Trong
dé, chi s6 nwéc AWEIsh c6 do chinh xac cao nhit
véi KC = 0.86 va do chinh xac toan cuc (OA) la
92.86%, chi s6 AWEInsh cho d6 chinh xac thap
nhit véi KC = 0.84 va OE = 91.96% (Bang 6).

Két qua chiét tich nwére st dung chwong trinh
phan cum m¢o lang giéng thich nghi cho két qua
nhu trong Bang 6. C6 thé thiy riang, phwong phap
MFCM va WIs cho két qua chinh xac cao hon so v&i
phuong phap st dung ngudng.

Khao sat bang mat, c6 thé thiy rang phwong
phdp phin nguwdong cho két quad phan loai véi
nhiéu diém anh phan loai sai hon so véi phuong
phap MFCM (Hinh 4).

Bdng 6. So sdnh d¢ chinh xdc phan logi ctia phwong phdp Wls va phwong phdp FCM.

(2) Két qua sé hda tir anh
Planetscope

(b) Két qua phan ngwdng

Sai s6 Phuong phap
NDWI |FCM - NDWI| MNDWI | FCM - MNDWI | AWEIsh |FCM - AWEIsh| AWEInsh |FCM - AWEInsh
KC 0.84 0.85 0.85 0.87 0.86 0.86 0.84 0.84
0A (%) | 92.13 92.37 92.3 93.08 92.89 9291 91.96 92.02
CHU GIAI

W[ ] Khu vye nghien ciru
w — Khong phai nude
- Nuée

. - Phin loai sai

() Két qua MFCM

Hinh 4. So sdnh két qud chiét tdch nwéc mdt gitva phwong phdp phdn ngwéng va MFCM.
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Hinh 5. Két qud chiét tdch nwéc bang MFCMkét hop cdc dnh chi s6: a. NDWI; b. MNDWI; c. AWEIsh;
d. AWEInsh.

4.3 Thdo ludgn

Trong thuét todn FCM lang giéng thich nghi,
hai tham s6 quan trong nhit c6 anh huwdng téi két
qua chiét tach thong tin nwéc mat la tham s6 mo
héa (fuzzification) va s6 lwong cac diém anh lang
giéng duoc xac dinh théng qua kich thwéc cira s6
trwgt (N). Gia tri mo hdéa m lam gidm anh hwdéng
clia nhiéu trong qua trinh tinh gia tri dai dién cta
mdi cum. Bén canh dé, vai tro ctia gia tri thanh vién
u;j, cling phu thudc vao tham sé m. Gia tri m cang
16m sw phu thudc cang nhiéu. (Lin et al,, 1996). Két
qua thuc nghiém da cho thiy khi gid tri mo héa
tang thi d6 chinh xac chiét tach théng tin sé giam.
Trong khi d6, kich thwérc clra s6 trueot st dung tinh
trong s6 khong gian ctia cac diém anh xét sé quyét
dinh s lwong cac diém anh lang giéng. Khi cang
nhiéu cac diém anh lang giéng tham gia qua trinh
tinh p thi kha nang loai bé nhiéu cang cao, tuy
nhién, kha nang phan loai sai cling tang lén
(Adhikari et al, 2015). K&t qua thuwc nghiém da
cho thiy diéu nay.

1067351 106°40T " 106 WOE

106745T

(d)

Nwéc khu vuc clra séng la moi truedng phire
tap chira nhiéu bun, chit lo Itrng, pht du va thue
vat (Fujii, 2012).Cac thanh phin nay dwoc xac
dinh 1a ngu6n sai s6 chinh cho chiét tich nwéc bé
mat & khu vure clira s6ng.Mo6i lién hé gitra d6 chinh
xac két qua phan loai va sinh vit phu du, ham
lwong chat lo lieng trong nwée dwgce thé hién rat
ro trong Hinh 6 (Yang et al,, 2015).

biéu nay di dwoc chirng minh trong nghién
ctru nay, khi phwong phap chiét tich nuéc st
dung két hgp phan cum mo lang giéng thich nghi
va chi s6 nwéc MND-WIs cho két qua chinh xac
hon céc chi s6 nwéc khac. Day mot phén la do chi
s0O MNDWI st dung kénh SWIR (kénh 5 véi
Landsat 5 TM, kénh 6 v&i Landsat 8 OLI), kénh nay
it chiu &nh hwdng cta do duc, cac sinh vat phu du
va chitlo lirng trong qua trinh thuy triéu rat & khu
v ven bién, trong khi dé, kénh NIR (kénh 4 véi
Landsat 5 TM, kénh 5 véi Landsat 8 OLI) bi tac
déng manh béi cac diéu kién nay (Ryu et al,
2002). Chi s6 NDWI str dung kénh NIR nén két qua
chiét tich nwéc song duc va nong cé do chinh xac
khoéng cao (Yang et al,, 2015).
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Hinh 6. Anh hwéng ctia sinh vdt phil du trong
nwdérc téi do chinh xdc phdn logi(Yang et al, 2015).

5.Kétluin

M6i trwong nwéce clra song phirc tap va anh
hwéng ré rang téi do chinh xac chiét tich nwéc bé
mat trén tw liéu vién tham. Phwong phap phan
cum m¢ FCM ap dung trén anh chi sé nwéc Wis la
mot gidi phap nhanh, chinh xac, va hiéu qua.Cac
tham s6 mo héa va s6 diém anh lang giéng la hai
trong s6 nhitng tham s co ban cda thuit toan
MFCM.Hai tham s6 c6 anh hwéng tuy khong 16m vé
do6 chinh xac nhwng rat ré rang vé thoi gian xtr 1y.
Trong nghién ctru nay, mo héa m =2 va kich thwéc
ctra s6 N = 3 (s6 diém anh lang giéng la 8) dwoc
xac dinh 1a t6i wu. Phwong phap str dung cho do
chinh xac cao hon phwong phap dat ngudng nho
két hop wu diém cua ca hai ky thuit tao anh chi s6
nuwédc va phian cum mo ldng giéng thich nghi. Bén
canh dé, qua trinh xr Iy dworc tw dong hoan toan,
tiét kifm dwoc thoi gian va cong stic so véi
phuwong phap dit ngudng. Viéc str dung két hop
gitra clra s6 trwot va histogram khéi tinh gia tri
tam cum hay gia tri dai dién cta cum da giup cai
thién dang ké qua trinh khdi tao cta thuét toan
FCM. Véi khu vuc clra song chira nhiéu phu sa,
chat lo lirng, va sinh vat phu du, chi s6 nuwéc
MNDWI, AWEIsh cho d6 chinh x4c chiét tach nwéc
mat cao hon NDWL
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ABSTRACT

Modified fuzzy c - means based approach for water body extraction
from water index images

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

While surface waters play a crucial role on terrestrial life, this resource is under threats due to both
human and natural activities. Extracting water bodies is an important task for the management of water
resource. Traditional remote sensing based methods have difficulties in the water body extraction
because of the coarse spatial resolution and spectral reflectance heterogeneity of satellite images. This
paper presents a new approach for detecting water bodies from water index images based on the
modified fuzzy c-means (MFCM). The approach was designed to improve the water extraction accuracy.
It was applied to Landsat 8 OLI images captured over the Bach Dang estuary situated in Hai Phong and
Quang Ninh. Results showed the MFCM method improved the accuracy of water extraction in comparison
to the density slicing method in term of kappa coefficients, with 0.87 and 0.84, respectively.



