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Tém tit: Bai bdo sir dung phirong phdp loc Kalman t6 hop va mé hinh tinh todn séng SWAN dwoc
tich hop trong phian mém OpenDA dé dong hod s6 liéu song trong khu viee Bién Péng. Cdc s6 liéu
tai 04 tram phao dwoc sir dung dé dong hod s6 liéu nham danh gid anh huong cia viéc dong hod
s6 liéu dén cdc diém trén mién tinh bcfng cach d(jng hod s6 liéu tuan tu tai tung tram phao va tai
cd 04 tram phao két hop véi s6 liéu vé tinh. Cdc két qud thir nghiém cho thdy hiéu qua ciia dong
hod s6 liéu trong viéc ndng cao chdt lwong tinh todn song va giam sai sé trong dw bdo séng ¢ ca
giai doan 24 gio va 48 gio & khu vue Bién Pong.

Tir khoa: SWAN, EnKF, Bién Péng, Tram phao, Vé tinh.

Summary: This paper uses ensemble Kalman filter method (integrated in OpenDA software) to
assimilate wave data in BienDong for SWAN model. Four buoy stations and satellite data were
used to assimilate data to validate the impact of assimilation on wave forecast over BienDong sea.
First results show the posstive effects of data assimilation in improving wave forecast by reducing
errors in wave prediction at both 24-hour and 48-hour periods in BienDong sea.

Keywords: SWAN, EnKF, East Sea, Buoy Station, Satellite data.

1. MO PAU chidu (4DVar), ndi suy ti wu (I0)... Trong do,
Vige tinh toan dy bdo nhim danh g4 tinh higu ~Phuong phdp dong hod s6 licu loc Kalman 16
hop (EnKF) dugc danh gia 1a c6 mot s6 vu dieém
noi tréi nhu 14 khong can phai phat trién cac mo
hinh tiép tuyén, diéu ndy cho phép EnKF duoc
ap dung d& dang vao cac mod hinh ma khéng can
can thiép vao phan 16i cia mo hinh. Hon nira,
EnKF cho phép tao ra truong nhidu ban dau
bién ddi theo thoi gian [1, 3]. Vi vay, bai bao
tién hanh thir nghiém dong hoa sb liéu do cao
song & cac tram phao va sb liéu vé tinh biang
phuong phiap EnKF két hop voi mé hinh
d6 ddng hoa sb liéu khac nhau duoc phat trién SWAN ' duoc ti?h hop trong bo phan mém
va mg dung trén thé gidi nhu dong hoa bién O.p;enDiA [13] d€ tinh todn séng cho khu vuc
phan 3 chiéu (3DVar), ddng hoa bién phan 4 Bién Dong.

qua va do chinh xdc cua trang thai mat bién
trong tuong lai. Pé tim duoc cac bién trang thai
t6i vu thi qué trinh ddng ho4 sb lidu s& cung cp
cac thuat toan khac nhau dé danh gia tham s,
ddng thoi ciing danh gia do tin ciy cua cac quan
trac cling nhu két qua dy bao tir md hinh sd.
Thong thuong cac so do dong hoa sb lidu
thudng bao gdm ba thanh phin co ban: mé hinh
s, cac sO liéu quan tric truc tiép hay gian tiép
va so d6 dong hoa sb liéu. C6 rat nhiéu loai so
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2. PHUONG PHAP VA SO LIEU TINH TOAN

2.1. Phwong phap dong hoi s6 liéu

Nghién ciru sir dung phuong phap dong hoa sb
liéu loc Kalman t6 hop (EnKF). Phuong phap
ndy dugc Evensen [6] phat trién dwa trén
phuong phép loc Kalman mé rong (EKF) vao
nam 1994, sau d6 n6 tiép tuc dugc ong hoan
thién vao cac nam 1999 [7] va 2003 [8].

Qué trinh tinh toan bang phuong phap EnKF
duoc chia thanh 2 budc nhu sau:

(1) Buéc dy bdo: gia thiét ring tai budc thoi
gian k co ¢ thanh phan t6 hop dé danh gia cac
trang thai ciia mo hinh x{ bang viéc st dung cac
sai s6 phan bd thong thudng. Xét mo hinh ngiu
nhién roi rac phi tuyén:

X1f< = f(Xy-1, Pr—1) + W1

(D
trong d6 ®y_, 1 vector diéu khién va wy_, 1a
sai sO ngau nhién trung binh tai thoi diém k-1.
Céc quan trac twong Ung véi trang thai cia md
hinh ¢6 thé duge mé ta nhu sau:

)
trong d6 H lién quan dén trang thai mo6 hinh x
voi quan tric 13 y va v 13 sai s6 quan tric.

Yk = Hxy + v

Néu x va y ¢6 cung sb lugng thi H ¢6 thé tro
thanh ma tran nhan dang.

Gia thiét tai budc thoi gian &, c6 ¢ thanh phan
trang thai mo hinh dy béo thi:

<]

f1 fZ
L] Xk

Xic = [xic xic - 3)
(2) BuGe phan tich: Sai s6 hiép phuong sai hay
sai s6 du kién cua cac trang thai md hinh dy béo
tai cac diém phan tich va cac diém quan tric c6
thé duoc x4c dinh boi cac thanh phan t6 hop tir
phuong trinh (2)

q
BHT = - (o —x) (] ~ )T (4
1=
trong d6 trang thai dung xt chua biét, sir dung
trung binh cac thanh phan t6 hop dé xap xi trang
thai dung nhu sau:

13
xi = xf = —Z 5)
Xg & X = q

thi phuong trinh (4) c6 dang:

q
B{HT = —12< X0 (Hx{ ©

~ Hx)"
Céan luu ¥ rang dé lam cho wéc tinh khong

chénh 1éch thi yéu tb 1/(g-1) dugc sir dung thay
cho 1/.

P HT trong phuong trinh (6) ¢ thé xac dinh
tryc tiép tir cac thanh phan t6 hop va HPHT 1a
ma tran toan mién cho tét ca cac trang thai mo
hinh dé tinh phwong sai giita cac gia tri du bao
tai cac diém quan tric. Can luu y rang voi tat ca
¢ thanh phan t6 hop thi thanh phan Kalman K
lubn ¢ clng gia tri voi tat ca trang thai ciia mo
hinh dugc phan chiéu thay vi mot gia tri riéng
ctia mdi thanh phan té hop, diéu nay lam giam
dang ké chi phi tinh toan. Ngoai ra, ma tran sai
s6 hiép phuong sai khong can phai duoc Iru cho
chu ky phan tich tiép theo, diéu nay ciing cai
thién hiéu qua md hinh bing cach giai phong
khong gian bd nhé dé st dung cho cac budc tiép
theo.

Hinh 1 bén dudi s&€ mo ta cac budc tinh todn
d6ng hoa s6 liéu bang phuong phéap loc Kalman
t6 hop (EnKF):

Sau khi thanh phﬁn Kalman K nhan duoc o
budc phan tich thi viéc phan tich thyc hién cap
nhat tit ca cac trang thai cia mo hinh thidm chi
cho ca céc khu vure khong c¢6 quan tric truc tiép
trong mién tinh. Viéc chuyén tir bude dy bao
sang budc phan tich dugc thuc hién thong qua
kiém tra s4 liéu quan tric. Néu khong c6 s6 liéu
quan tric thi quay trd lai tinh toan dy bao &
budc tiép theo, néu c6 sb lieu quan tric thi
chuyén sang budc phén tich.

EnKF sir dung quan tric bi nhidu loan dé duy
tri mot pham vi hop 1y cua dai t6 hop dé tranh
phan ky cua qua trinh loc [4]. Phuong phap nay
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cling 1a phuong phap dugc Verlaan va nnk [13]
thudc Pai hoc Cong nghé Delft, Ha Lan tich
hop vao trong bd phan mém OpenDA nham lién

Mo hinh chinh

XT0 = [xq,%5, ) Xy

Budc du bao
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két cac phuong phap dong hoa sb liéu véi cac
mo hinh s6 trong d6 c6 md hinh SWAN.

Doc va luu trit két qua caa bude

Thiét 14p cac thanh phén t6 hop
X, xrz, .. xra

A 4

Tinh toan du bao
X o xre . xra

Kiém tra so

phén tich
A
Budc phan tich
Thu nhén mé hinh t6i uu
X% =X’ + KX/
Tinh thanh phan Kalman K
K = PH"/(HPH" + R)

A

Yes

liéu quan trac

Hinh 1: So' do khoi cac budc tinh todn dong hod sé liéu bang EnKF

2.2. M6 hinh s6ng SWAN

SWAN 1a mé hinh tinh toan song thé hé ba
[12], tinh toan phd song hai chiéu bing cach
giai phuong trinh can bang tac dong song co
tinh t6i su lan truyén song tir ving nudc siu
vao viing nudc ndng ven bo, dong thoi trao doi
nang lugng voi gié thong qua ham ngudn cling
véi su tiéu tan nang luong song. SWAN (dugc

2N+
Ot

0 0 0

—CXN+5CyN+—CGN+ 0

ox oo 00

Thanh phin dau trong vé trai 1a thay d6i ctia phd
mét d6 tac dong theo thoi gian. Thanh phan thir
hai va tho ba la su lan truyén cua phé mat do
tac dong trong khong gian dia 1y (v6i van tdc
truyén la Cx va Cy tuong ting trong hudng x va
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viét tat tir Simulating WAves Nearshore) cho
phép tinh todn cac dac trung song ngoai khot,
viing gan b, trong cac hd va ving cira song tir
cac diéu kién cua gio, ma sat day va dong chay.
Trong SWAN su tién trién cta phd song duoc
mo ta bang phuong trinh can bang tac dong phd
cua Booij va nnk [2] duogc vidt trong hé toa do
Dé Céc nhu sau:

S
(7)

y). Thanh phan thr tu biéu thi sy thay ddi cua
tan sb dudi anh huong cuia do sau va dong chay
(voi van tdc truyén 1a C8). Thanh phan thir nim
biéu thi su tac dong cua d6 sau va dong chay
d6i v6i hidu ung khiic xa. Vé phai cua phurong
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trinh biéu thi cac ngudn ning luwgng song bao
gdm tat ca cac s6 hang phat sinh/tiéu tan va mo
ta tat ca qua trinh vat ly nhu tao song, tiéu tan
song va phan phéi lai ning lwong song Komen
va nnk [9]. Trong m6 hinh SWAN, 101 giai cia
phuong trinh can bing tac dong song duogc trién
khai bang mdt s6 so d6 khac nhau trong ca nim
chiéu (thoi gian, khong gian dia 1y, khong gian
pho).

2.3. Thiét 1ap mé hinh va s6 lidu thir nghi¢m

Mién tinh 14 toan bo khu vic Bién Dong trai dai
tr 1,5 dén 25 @6 vi bic (tr 150.000 dén

(1)
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(a)

2.800.000 hé toa dd VN2000 mii chiéu 105) va
tir 99 dén 121 d6 kinh dong (tir -150.000 dén
2.200.000 hé toa &6 VN2000 mii chiéu 105).
Ludi tinh 14 lu6i tinh phi céu trac véi bude ludi
& khu vyc gan b 14 10km va thua din ra ngoai
khoi, tong s6 6 ludi 1a 12.858 dugc tao boi phan
mém ADCIRC ciia SMS phién ban 10.0 [5]. Co
3 bién 16ng 13 bién eo bién Pai Loan (1), eo bién
Bashi (2) va eo bién Malacca (3). S6 liéu do sau
dugc thu thap tir ngudn sb litu ETOPO cua
NOAA [14] va céc s6 liéu dia hinh chi tiét tai
khu vuc gﬁn bo cua cac dot diéu tra khao sat
bién trong viing nghién ctru.
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(b)

Hinh 2: (a)-Bia hinh va lwdi tinh khu vuc Bién Péng, (b)-Cdc diém dong hod sé liéu

Trudong gidé dugc st dung trong nghién ctru la
truong gio tai phan tich toan cau CFSv2 cua
Trung tdm Du bao Mdi truong Qudc Gia My
(NCEP) véi budc ludi 1a 0,2x0,2 do va budc
thoi gian 13 01 gid tir ndm 1979 dén nay [10].
S6 litu song tai cac bién dugc dua vao lam dau
vao 1a do cao, chu ky va hudng song tai cac bién
la sb liéu song tai phan tich toan cau cua
ECMWEF véi budce ludi 0,25x0,25 d9, budce thoi
gian 6 gio tir nam 1979 dén nay [16].

Céc s6 li€éu phuc vu cho vi¢e dong hoa so li¢u

duogc thu thap tur 2 nguén chinh:

S liéu tai cac tram tram phao, vdi cac thong tin
dugc mo ta nhu sau: (Bang 1).

Céc tram phao duoc dat trén pham vi khé rong
trai dai tir bic Bién Dong xuéng nam Bién
Pong, cac tram ndy ciing c6 do sau thay doi kha
manh & ca khu vuc gan bd va xa bo.

- S6 liéu do cao song tur cac v¢ tinh dudi dang
tuyén track thu thap tir Trung tdm Dich vu Trich
xuat Sb liéu Tryuc tuyén [15], trong thoi gian
tinh toan chi c6 hai v¢ tinh hoat dong do la vé

4 TAP CHi KHOA HOC VA CONG NGHE THUY LO'I SO 55 - 2019



tinh ERS-2 va Geosat — Follow (G2). Voi su
phét trién ctia cong nghé vé tinh hién nay do cao
song c6 nghia (SWH) thu nhan dugc tir v€ tinh

| KHOAHOC [EEN«lelNcR el ]S
da ngay cang tiém cén so voi cac s liéu quan
trac tai cac tram phao trén toan cau va c6 sai so
nho hon 10% [11].

Bang 1: Bang thong tin vé cac tram phao

Tén tram Toa do Do sdu Thong tin mé6 ta
. . Cach bo bién tinh Quang Tri khoang 60km,
4001 17°18N, 107°35E 08m [ ch o Cdn Co khoang 30km
. . Cach bd bién tinh Nghé An khoang 8km,
4002 1879N, 105°48E 15m cach dao Hon Ngu khoang 3km
4003 15°39N, 109°17E 187m Cac%l bo khoang 56km, cach dao Ly Son
khoang 35km
4004 82N, 110°62E 1900m | Nim trong khu vyc DKI cta Viét Nam

Pé thyc hién viéc dong hoa sb liéu bang do cao
song tir vé tinh can phai tap hop céc sb lidu roi
rac ndy vé cac budc thoi gian déu nhau va tng
voi cac vi tri khong gian cb dinh, trong nghién
ciru nay st dung budc thoi gian 01 gio va 174
diém theo khong gian. Viéc truy xuit do cao
song duoc thuc hién tudn tu: Lya chon céac vé
tinh va tai cac file sé liéu dang tuyén track cua
mdi vé tinh ndm trong khoang thoi gian tinh
toan; Truy xuat do cao song dang tuyén track
vao 174 diém (hinh 2): vé khong gian str dung
phuong phap ndi suy trong sd tit ca cac diém
lan can mdi diém véi ban kinh 0,5 d9, vé thoi
gian chon tit ca cac thoi diém xung quanh gio
tron 30 phut. Céac thoi diém khong c6 s liéu s&
duogc gan gia tri -999 dé mo hinh khong dua cac
gia tri nay tham gia vao qua trinh tinh toén.

Céc sb lidu trén duoc xir 1y va chuyén doi theo
chudn dau vao cia SWAN ciing nhu cua
OpenDA dé dua vao tinh toan.

2.4. Cac chi so danh gia sai so
Dé danh gia sai sO cua cac két qua tinh toan
nghién ctru dua trén cac chi so sau:

- Sai s6 trung binh (ME - Mean Error)
ME = I, (for(i) — obs (i), (8)

trong d6 obs(i) 1a gia tri quan trac tai thoi diém
i, for(i) 1 gia tri du bao tuwong tmg tai thoi diém
i, va k 14 sb luong cac gia tri quan tric trong
chudi quan tric.

- Sai s6 binh phwong trung binh qudn phirong
(RMSE - Root mean square Error)

RMSE = J =YK (for(i) — obs())2 (9

3. NOI DUNG VA KET QUA TINH TOAN
3.1. N¢i dung tinh toan

Vé thoi gian tinh toan dugc phan theo nhom dé
danh gia:

- Tong thoi gian tinh (Toan thoi gian): tir 0 gid
ngdy 16/4/2001 dén 23 gid ngay 20/4/2001.

- Khoang thoi gian dong ho4 sb liéu (EnKF): tir
0 gid ngay 16/4/2001 dén 23 gid ngay
18/4/2001. Trong giai doan nay cac sb liéu timg
gio tai tram phao duoc dua vao dé tinh toan
ddng hoa sb liéu.

- Khoang thoi gian du bao 24 gio (Du bao 24
gid): tir 0 gio ngay 19/4/2001 dén 23 gio ngay
19/4/2001. Trong giai doan nay chi st dung
truong nén tai thoi diém 23 gid ngay 18/4/2001
va trudng gio tai timg thanh phan t6 hop dé tinh
toan du bao.
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- Khoang thoi gian du bao 48 gio (Du bao 48
gid): tir 0 gidr ngay 20/4/2001 dén 23 gio ngay
20/4/2001. Ciing giéng nhu giai doan trudc,
giai doan nay ciing sir dung trudong nén tai thoi
diém 23 gio ngay 18/4/2001 va trudng gio tai
ting thanh phan t6 hop dé tinh toan du bao.

Vé phuong an tinh toan: viéc tinh toan duoc
thuc hién tuan ty bang céch tinh dong hoé so

liéu tai tirng tram phao (4001, 4002, 4003,
4004) va danh gia két qua & tai ca 4 tram phao;
4 tram phao Kkét hop voi s6 liéu vé tinh.

3.2. Két qua tinh toan

3.2.1. Tram phao 4001

Cac két qua tinh toan cac phuong an tai tram
phao 4001 dugc thé hién nhu sau:

Hsm) e Hs TD
20 -
Hs_EnKF4002
16
«— Hs_EnKF_4Phao
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Thoi gian (hr)

Hinh 3: Bién trinh dg cao séng cé nghia trung binh t6 hop tai tram 4001 giita cdc phwong dn

Hinh 3 biéu dién bién trinh d6 cao song c6 nghia
trung binh t6 hop trong cac phwong 4n ddng hoa
s lidu trong ca giai doan dong hoa va giai doan
du bao. Cac két qua tinh toan cho thiy, viéc
d6ng hoa s6 liéu c¢6 anh huong kha 16n dén két
qua tinh toan trong cac phuong an dong hoa tai
tram 4001, tai ca 4 tram phao cling nhu viéc Kkét
hop v&i s6 liéu vé tinh. Trong giai doan dong
hoa thi bién trinh d¢ cao séng co nghia trung
binh t6 hop kha tring véi gia tri thuc do ca vé
pha va dg 16n, viéc d@)ng ho4 con anh hudng tiép
trong giai doan du bao thém 24 gio nira, tuy
nhién trong giai doan du bao 48 gio thi viéc
ddng hoa anh hudng it hon va ¢ xu thé trg vé
trang thai nhu phuong an khong dong hoa.

Viéc déng hod ¢ cac tram phao khac (4002,
4003, 4004) ciing c6 anh hudng dén két qua

¢ tram phao 4001, nhung mirc d¢ anh hudng
cling khac nhau tuy theo khoang céach giira
cac tram té1 tram 4001. bé danh gié chi tiét
hon anh hudéng cua viéc déng hoa s liéu,
nghién ciru tién hanh danh gia cac chi sb sai
s6 tai tram phao 4001, cu thé nhu sau: (Hinh
4).

Céc két qua tai hinh 4 cho thiy gia tri ME déu
dwong tirc 1a cac két qua tinh toan cao hon gia
tri thue do. Khi chi déng hoa tai tram 4001, cac
gia tri ME va RMSE déu kha nho (ME=0,03,
RMSE=0,1 trén toan thoi gian), cac két qua
ciing cho thay khi dong hod s liéu & cac tram
phao khac ciing tac dong tich cuc dén két qua
tai tram 4001 ca trong giai doan dong hod sd
liéu va giai doan du béo.
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Hinh 4: Chi s6 ME va RMSE tai tram phao 4001 giita cdc phwong én

3.2.2. Tram phao 4002

Cac két qua tinh toan tai tram phao 4002 duogc thé hién nhu sau:

Hs(m) Hs TD
20 - =
Hs_EnKF4002
16
Hs_EnKF_4Phao
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Hinh 5: Bién trinh dg cao séng cé nghia trung binh t6 hop tai tram 4002 giita cdc phiong dn

Cac két qua & hinh 5 cho thdy, khac véi tai tram
phao 4001, & tram phao 4002 két qua tinh toan
dugc chia thanh 2 giai doan. Trong khoang 2 ngay
dau két qua tinh toan c6 xu hudng thién cao so véi
thyc do, trong giai doan 3 ngay sau két qua lai co

xu huréng thién thap.

Ciing giébng nhu ¢ trén, nghién ctru ciing tién
hanh dénh giad cac chi so sai so tai tram phao
4002, cu thé nhu sau:

ME (m) RMSE (m)
0.4 0.4
EToan thoi gian B EnKF OToan thoi gian OEnKF
Duy béo 24 giy Duy béo 48 gioy 0.3 - - . -
0.2 Du bao 24 gio Du bao 48 gio
0.2
00 L[ _ P
“TH BT =X R % [ 0.1 - -
& S © & & :
B N P X L o7
0 & & R 0.0
/ S
< Q};ﬁ $
0.4 <
(a) (b)

Hinh 6: Chi sé6 ME va RMSE tai tram phao 4002 giita cdc phirong dn
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Nhu di nhan xét & trén, dbi v6i phuong an
NoEnKF trong 2 ngay dau két qua tinh toan ¢
xu huong thién cao ME ¢6 gia tri duong, trong
giai doan tiép theo ME ¢6 gia tri am tirc két qua
tinh toan c6 xu hudng thién thip. Doi véi
phuong an dong hoa sb liéu, cac két qua tinh
toan déu c6 xu hudng thién thip trong tt ca cac
giai doan. Tram phao 4002 nam tuong dbi gan

bd nén dd cao song & day nho, d6 cao song cao
nhat trong giai doan tinh toan chi khoang 0,8m
nén céac chi sé danh gi sai sé déu nho.

3.2.3. Tram phao 4003

Céac két qua tinh toén tai tram phao 4003 duogc
thé hién nhu sau:

Hs (m)
20

— - — NoEnKF

N SRR S S I S
N N o X Q,_\'\' o Q,;\'\' RASUFCSU
o » » A AN N M
BB MR AP R L SR S R R
L Ld Ld L L4 - - v

Hs_EnKF4003

Hs_EnKF_4Phao VT

Hs_EnKF4001

—=a— Hs_EnKF4004

R o O b ® O ap

V& o oF gV o P P oV oY
S\ LN PN ¢ P i 0 Sl 4

T T S i S S

AT AR AR T R B

PR B A A

Thoi gian (br)

Hinh 7: Bién trinh dg cao séng cé nghia trung

Khong gibng nhu véi 2 tram phao & trén, két
qua tinh toan & tram nay (hinh 7) bam kha tot
duong bién trinh do dac, dic biét 1a khi dong
hoa sb liéu tai chinh tram 4003.

binh t6 hop tai tram 4003 giita cic phwong dn

Tuong ty nhu trén, nghién ciru ciing tién hanh
danh gia cac chi so sai so tai tram phao 4003,
cu thé nhu sau:

ME (m) EToan thoi gian OEnKF RMSE (m) B Toan thoi gian O EnKF
0.4 - p P 0.4
Du bdo 24 gid Du bdo 48 gio Du bdo 24 gid Dy bdo 48 gio
0.3
0.2
0.2
0.0 +eol o 5 = = Bl =
' 0.1 = : : L
< N L"{ & o & ¥ I : :
S SE e Tﬂ ” Iﬁ lﬁ
-0.2%D v& < V‘é V$$ &g z < & 0.0 » \ \
® & 8 & ¢ & & & <
& & » » » » N o7
0.4 < < < < Q,&' )
Q)
(a) (b)

Hinh 8: Chi sé6 ME va RMSE tai tram phao 4003 giita cdc phirong dn

Trong toan by khoang thoi gian tinh, ngay
trong phuong 4n NoEnKF cac két qua & hinh
8 cho thay gia tri ME va RMSE di kha nho
(ME = 0,02m, RMSE=0,11m). Chinh vi vay,

8

viéc dong hod so li¢u cling lam giadm cac chi
s0 sai sO nhung mtrc d§ thay do6i la khong
dang ké gilra cac phuong an.
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3.2.4. Tram phao 4004
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Céac két qua tinh toan tai tram phao 4004 dugc thé hién nhu sau:

Hs (m)
20

Hs_EaKF4002

—s+—— Hs_EnKF_4Phao

o 2 ) % » > ol 4" > B 4 ]
DO I N BN N PR o ot S
i o T Q\-_;,\'\' Q:_\'\' o Q\'\' \\\‘1‘ S 0\‘1" o Q\"" le\"" Q,‘\"‘ Q;;S' QQ}" S
o o PN A S o WL N o A s N A
R S T I S P S P~ A S S S S P A D
B A A A A A A A A T AT A A A A Y Y A A
Théi gian (hr)

— - — - NoEnKF Hs_EnKF4001

Hs_EnKF4003 —=— Hs_EnKF4004

Hs_EnKF_4Phao VT

RGIRR GRS

Hinh 9: Bién trinh dg cao séng cé nghia trung binh t6 hop tai tram 4004 giita cdc phiwong dn

Puodng bién trinh d cao song & hinh 9 cho thiy,
trong giai doan tinh todn d§ cao song co6 xu
hudng giam dan theo thoi gian. Nguyén nhan
clia qua trinh thay d6i nay 1a do & giai doan dau
(3 ngay dau) trudng gio6 va kéo theo 1a truong
song & Bién Pong c6 hudng chu dao 1a dong
bac tdy nam kha manh; trong 2 ngay tiép theo
truong gié thay dbi dan, ¢ phia bic Bién Dong
van c6 huéng déng bic nhung & khu vire nam
Bién Dong gi6 chuyén dich sang hudng tdy nam
yéu.

Trong phuong an NoEnKF, c6 su khéc biét kha
rd gilra giai doan d@)ng hoa sb liéu va giai doan

du béo, trong giai doan d@)ng ho4 thi duong bién
trinh tinh todn kha sat véi thuc do nhung trong
giai doan dyu bdo cac Kkét qua tinh todn cd xu
hudng thién cao so véi thuc do nguyén nhan 1a
do do tan gi6 c6 xu hudng gia tang truong gid
0 khu vuc tinh toan so voi cac khu vuc khac
trong mién tinh, tuy nhién mirc gia tang nay 1a
nho.

Dé danh gia chi tiét hon anh hudng cua viée
d6ng hoa s6 lidu, nghién ctru tién hanh danh gia
cac chi sb sai sd tai tram phao 4004, cu thé nhu
sau:

ME (m) OToan tha gian OEnKF RMSE (m) B Toan thai gian OEnKF
4 4 - . .
’ Dy bdo 24 giv Dy bdo 48 gie . Dy bao 24 giv i Dy bdo 48 giv
0.3
0.2
l 0.2
oo LMEH il gl all il alil gl . Lall | |
< > N e e ) _‘:“K A
Frer s | DI T
B T S R e 0.0 R — " — —
Vo ¢ & ¢ & & & <
® § & & & & & ¢
oy F F F & &
04 4 : < < 9 < 5 &
¥ &
&
(a) (b)

Hinh 10: Chi s6 ME va RMSE tai tram phao 4004 giita cdc phiong dn
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Hinh 10 biéu dién céc chi sb sai sé6 (ME, RMSE)
giita cac phuong an. Céc két qua tinh toan cho
théy, cac chi sd sai sb déu dugc cai thién theo
hudng tich cuc va giam di dang ké sau khi thuc
hién dong ho4 sé lidu.

3.2.5. Két qud tinh todan voi 6 lidu vé tinh

Khong giong nhu vdi cac tram phao, céc so licu
v¢ tinh duogc trich ra theo cac diém trdi rong trén

khip Bién Poéng va duoc ndi suy dua trén
dudng di cta cac v¢ tinh. Trong giai doan tinh
toan chi c6 2 vé tinh cung cip do cao song co
nghia hoat dong do 1a v¢ tinh ERS-2 va v¢ tinh
Geosat - Follow (G2), nghién ctru tinh dugc 128
diém dé phuc vu dong hoa sé liéu tir vé tinh.
Céc két qua tinh toan ddi v6i sb liéu vé tinh
duoc thé hién nhu sau:

Hs(m) e Hs TD NoEnKF Hs_EnKF4001
2.0 -
Hs_EnKF4002 Hs_EnKF4003 —=— Hs_EnKF4004
il —+— Hs_EnKF_4Phao - Hs_EnKF_4Phao VT

e

0.4 -

h B e
' [ (W] v
|"-I ‘:' [ ." '1?: v
O e P T T T T T T M—
¢ & @ R N9 R C RN T R G S SR TR
& & & o LY I\ R LAY A AD B P A A A L
b ) B . . . ¥oaY e e o ol o0 .
\.\“ \Q,\\’\ \\'5‘\“ @‘ & \Q)‘\\ \(\,{\ g Q}\'\ \05‘\’\ \“‘\ b \Q,‘\‘b\.\"' \G}\‘ RO \Qg.‘} \@}‘ \@:\9
S & & ® o & & ORISR o
A B B SO RMIPN SN MO PN LA PO SIS I I SRR S LIPS R S Ol
Thoi gian (hr)

Hinh 11: D¢ cao séng c6 nghia trung binh t6 hop tai cdc diém vé tinh giita cdc phwong dn

Két qua trong hinh 11 cho thiy khong co su
khac biét nhiéu giita cac phuong an do céac
diém vé tinh nam tuong doi rai rac va ciing la
cac diém ndi suy lai dé quy vé cac thoi gian
tron ciing nhu quy vé cac diém cé dinh nén tai
nhiéu vi tri két qua tinh toan ciing chua bét tbt

két qua tur v¢ tinh.

Dé danh gia chi tiet hon anh hudng cua viée
dong hoa s li¢u, nghién ctru tién hanh danh gia
cac chi so sai s0 doi voi cac di€m vé tinh, cu thé
nhu sau:

ME (m) OToan théi gian OEnKF RMSE (m) BOToan thi gian OEnKF
04 1 04 1 - ~ - -
Durbdo 24 giv Dur bdo 48 giv | Du bao 24 giv ODu bao 48 gior
0.3
02 -
00 ol offl offl mafl sl of g il
4 - T ) > 2 &N
F & § & §F ¢S
& g & 8 T
025 <& < < <& 3 &s,
< & @‘J
&
04 y
(a) (b)

Hinh 12: Chi s6 ME va RMSE tai cdc diém vé tinh giita cdc phiong én

10
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Céc két qua ¢ hinh 12 cho thdy céc chi sb sai
s6 ME va RMSE déu nhé va it c6 su chénh léch
giita cac phuong 4n. Do céc diém dong hoa tir
s6 liéu vé tinh nam kha rai rac, cac diém nay
phan bd tuong dbi thua theo ca khong gian va
thoi gian nén tic dong cua viée dong hoa sd
lidu ddi voi cac sb liéu vé tinh it thay ddi giira
ddng hoa sb liéu va khong ddng hoa sb liéu va
giita cac phuong an dong hoa sb lidu.

4. KET LUAN

Nghién ctru da 4p duyng thir nghi€ém phuong
phap loc Kalman t6 hop két hop voi mé hinh
SWAN duoc tich hop trong bd phan mém
OpenDA va thiy rang day 1a cong cu kha hiéu
qua va hitu ich lam tang d6 chinh xac cta két
qua tinh toan va du bao.

Viéc déng hoé sb liéu dugc thuc hién tuan tu
voi tung tram phao (4001, 4002, 4003 va 4004)
cho thdy qué trinh ddng ho4 s6 liéu khong chi
anh huong tryc tiép téi tram phao duoc sir dung
dé dong hoa s6 lidu ma con anh hudng dén ca
mién tinh va déu lam giam sai s6 ciia cac tram
phao con lai khong tham gia dong hoa sé liéu.

Khi dong hoé so6 li¢u dong thoi tai cd bon tram
phao va ca so li€u v¢ tinh céc két qua cling cho

TAI LIEU THAM KHAO

[ KHOAHOC
thdy sai s tinh toan tai timg tram phao trong
phuong an nay cao hon so vdi cac phuong an
déng ho4 s liéu tai mot tram phao d6 nhung lai
t6t hon so vdi cac phuong an dong hod sé lidu
¢ céc tram phao khac.

Céc két qua tinh toan ciing cho thiy viéc dong
hoa s6 liéu khong chi lam ting d6 chinh xac ctia
tinh toan trong giai doan dong hoa s6 liéu ma
con 1am giam sai s6 tinh toan trong giai doan duyr
bao 24 gidr va tiép tuc tac dong tich cuc dén két
qua du bao trong 48 gio.

Loi cam on

Nghién ciru sinh va tap thé tic gia xin chan
thanh cam on Dé tai Khoa hoc cong nghé cip
Qudc gia “Nghién ciru, dé xuat giai phap cong
nghé phti hop, hiéu qua dé tiéu giam song nham
nang cao d an toan cho dé bién Nam Dinh”,
mi s6 DTPLCN.40/18 va Pé tai cip Bo
“Nghién ctru ap dung k¥ thuat dong hoa sé liéu
nhim xay dung bo dit liéu phuc vu lap cac ban
d6 truong séng va dong chay ting mit ving
bién ven by, ap dung thir nghiém cho ving bién
tinh Quang Binh (TNMT.2018.06.03)”, da tai
trg, cung cép cac dir liéu can thiét phuc vu
nghién curu nay.
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