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TOM TAT

Mang no-ron nhan tgo (ANN) duwoc coi la mot cong cu manh ae gidi quyél cac bai toan co
tinh phi tuyén, phirc tap, moi quan hé giita cdc théng sé khéng dé thiét ldp mot cach twong minh.
Mang no-ron nhan tgo dwoc ung dung trong cac linh vuc khoa hoc ky thudt khdac nhung chua
dwoe tng dung nhiéu doi voi nghién ciru thity dong liwc viing ven bién. Sir dung ANN c6 wu diém
dang ké trong xit Iy di¥ liéu lom, toc d gidi nhanh véi @ chinh xdc dam bao. Trong nghién citu
nay, nhdm tdc gia si dung mang no-ron nhan tao dé tinh todn mé phong va dw dodn chiéu cao
song gan bo thugc khu viee bién Cira Pai tinh Qudng Ngai trong giai doan thang 6/2016 va dau
thang 7/2016. Tap dit liéu hudn luyén mang ANN bao gom cdc dir li¢u ddu vao dwoc ldy tir s6
liéu séng ngoadi khoi ciia NOAA, dir liéu dau ra dwoc ldy tiv két qua tinh ciia mé hinh Mike 21 SW
(Spectral Wave) tai bién Cira Pai. Ngodi ra, nham ting dé tin cdy khi xdy dwng mé hinh Mike 21
SW, két qua dau ra ciia mé hinh Mike 21 SW sé duoc so sanh voi két qua do thuc 16 tai bién Cira
Dai trong vong 7 ngay dau thang 7/2016. Két qua tinh todn mé phong va dw dodn dé cao séng
gan bo ciia mang ANN dirge so sanh voi két qua ciia mé hinh Mike 21 SW va két qua do thuec té.

Tir khoa: Mang no-ron nhan tao; DJ cao séng c6 nghia; Du doan song; Mike 21SW.
1. MO PAU

Trén thé gi6i hién nay, viéc ap dung cac giai thuat thong minh hay moé hinh ANN trong céc
bai toan tinh toan m6 phong ciing nhu dy doan dang dan tré nén pho bién hon. Mot s6 nghién
clru cong bd gan day trén thé gioi va trong nudc da cho thay su phat trién manh mg& ciia cac tmg
dung ANN trong nghién ctru song bién. Tac gia Scott C. James va dong nghiép di mo phong
song trén mién tinh 2D tai khu vuc bién hg, vinh Monterey bang mé hinh SWAN va mé hinh hoc
méay (ML), so sanh twong quan két qua dat dwoc do chinh xac trén 90% [1]. Nhom nghién ctru
ctia Jadran Berbic dy bao song trong vinh kin Adriatic tai cac diém c6 dir liéu quan trac dai han
theo chudi thoi gian va két qua cho do chinh xac déu trén 90% [2]. D.J. Peres va cic cong sy su
dung ANN véi dir liéu dau vao 1a tde do gi6 U, V tai phan tich cia NCEP/NCAR tng dung cho
ving bién RON ¢ Italia, két qua phan tich bang ANN dugc so sanh véi két qua tir mé hinh tién
tién nhu WaveWatch III/CFSR va chi ra md hinh hoat dong tdt, c6 tinh thyc tién cao [3]. Bén
canh do, c6 cac nghién ctru khac nhu dy bao song phan xa do cac cong trinh trong bé cang, du
bao dg duc cua nude bién, dy bao su lan truyén song gin bd tir dit lidu song toan cau [4-6]. Tai
Viét Nam, mot sb nghién ctru c6 st dung ANN trong linh vuc thiy van va hai van ciing da dugc
cong bd [7-8]. Trong linh virc dong luc hoc song bién phai ké dén tac gia Pang Van To va Tran
Hong Thai. Tac gia Pang Van T6 va cac ddng nghiép phuc hoi dir lidu song bién bang mang
ANN v6i chuong trinh OceanANN, tap sO liéu song co6 san dugc ¢ y 1am that thoat va sau do
khéi phuc lai, két qua dat duoc cho thay s6 liéu khoi phuc ¢6 d6 chinh xac dat trén 98% [9].
Nhom nghién ctru cua tac gia Tran Hong Théi dy bao do cao song tai tram Con Co (Quéang Tri,
Viét Nam) duoc thyc hién bing mé hinh ANN hdi quy, theo cac han du bao 6, 12, 18 va 24 gio.
Trong do, tac gia st dung md hinh don bién va mé hinh hai bién, két qua cho thiy d¢ tin cay
chap nhan duoc ciia mo hinh hai bién, hé s6 twong quan dat trén 58% [10]. C6 thé thiy rang, cac
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nghién ciru st dung ANN ddi v6i linh vuc nghién ctru thity dong lyc bién dang rat méi va thu hat
duoc su chu y cia cac nha khoa hoc trong va ngoai nude.

Song gan bo dong vai tro quan trong ddi v6i nghién ctru didn bién twong tac thuy dong luc va
cong trinh bién, nd cling la dau vao cho thiét ké cac cong trinh bao vé ven bién nhu dé, ke, dap
chdn séng, cang bién, v.v. Bén canh d6, song gan b rat c6 ¥ nghia ddi v6i cac hoat dong kinh té
ving ven bién tai Viét Nam (khai thac va nudi trong thuy hai san, van tai bién, du lich bién).
Trén thyc té, song 16n s& gy ra x6i 10 bai bién, gay hu hong va sat trugt cong trinh, can tré va
gdy mat an toan cho tau thuyén khai thac tai ving bién. Tinh todn lan truyén séng co thé thuc
hién bang nhiéu mo hinh toan khac nhau va dat d6 chinh xac & mic chap nhan duoc (md hinh
Mike 21 SW, DELFT3D, TELEMAC, SWAN). Van hanh khai thac cac mo6 hinh nay doi hoi
nhiéu bd tham sd, kinh nghiém va kién thuc chuyén séu dé dat duoc hiéu qua cao. bé thyuc hién
duoc mot md phong can thoi gian dai tir luc xir Iy s6 liéu dau vao dén tinh toan va thiét 1ap céac
thong s vat ly dic trung, chay kich ban mé phong. Pic biét, viéc mé phong dai han rat kho khin
do téc do tinh toan clia may tinh c6 han din dén thoi gian mé phong mét hang tuan hodc hon
nita. Viéc tng dung ANN dé giai quyét bai toan mé phong, dy doan cac thong s thiy dong luc
vung ven bién nhu dé chi ra ¢ trén déu cho két qua tét, c6 d6 chinh xac dam bao, dap tng sb liéu
dau vao dai han. Tuy nhién, dé thu dugc mé hinh ANN phu hop, yéu cau dir liéu huan luyén
mang phai du 16n, dai han va c6 dd tin cay cao. Viéc do dac khao sat song ngoai khoi va song
gan bd doi hoi kinh phi 16n, d6i khi khong thuc hién duoc do yéu to thoi tiét bat loi. Trong bai
bao niy, nhém tac gia nghién ctru img dung mang ANN tinh toan mo phong do cao séng gan bd
tai khu vuc bién Cira Pai tinh Quang Ngai. M6 hinh mang ANN dugc huén luyén 1a co s& cho
tinh toan dy doan d6 cao song trong khoang thoi gian ngan han 7 ngay tiép theo. Qua trinh xay
dung dit liéu hudn luyén mang st dung ngudn dir 1iéu mo phong dugc trinh bay trong phan 2. D
liéu mé phong séng ngoai khoi duoc lay tir mé hinh WAVEWATCH 11, dit lidu séng gan bo lay
tor m6 hinh Mike 21 SW, tép dit liu nay thay cho dir liéu thuc do dé huén luyén mang ANN. Két
qua tinh toan mo phong va dy doan dya trén mang ANN duoc thyc hién trong thoi gian thang
6/2016 va dau thang 7/2016 dugc trinh bay trong phan tiép theo. Cudi cing 1a két luan va cac két
qua dat dugc cia bai bo.

2. XAY DUNG DU LIEU HUAN LUYEN MANG ANN
Dir liéu huén luyén mang no-ron

Viéc tién hanh do dac song bién dai ngay tao dit liéu hudn luyén mang ANN rat khé khin ca
vé mit k¥ thuat 1an chi phi tai chinh. Dé giai quyét bai toan xdy dung dit liéu huan luyén mang
ANN nhém nghién ciru st dung mé hinh WAVEWATCH 111 va md hinh Mike 21 SW tao két
qua mo phong sd tai khu vuc ngoai khoi va khu vuc gan bo bién Cira Dai. Hinh 1 duéi day mé ta
dir lidu dau vao cia mang ANN 1a sb lidu séng ngoai khoi cia NOAA (National Oceanic and
Atmospheric Administration) dugc tinh toan béi mé hinh WAVEWATCH |11,
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Hinh 1. Biéu do s6 liéu song ngodi khoi bién Cira Pai tir 01/6/2016 dén 30/7/2016.
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Mo hinh Mike 21 SW dugc thiét 1ap v6i pham vi dia hinh bao trim toan bd khu vuc bién Cira
Dai tinh Quang Ngai (hinh 2.a), gi6i han ¢ phia Nam va phla Béc ¢ vi tuyén 14,3° va 15,5°, gi6i
han phia Bong nam ¢ Vung ngoai khoi tai kinh tuyén 109,5°. Diéu kién bién phia ngoai khoi 1a
cac thong so song ngoai khoi (d9 cao song: Hs, chu ky song: Tp, huéng song: a) duogc lay tur
ngudn dir liéu song toan cau ERA5 (hinh 2.b). S6 liéu song dé kiém dinh mé hinh 1a chiéu cao
song duogc do khao sat ¢ gan bo thude khu vuc Cira Pai tinh Quang Ngai, da do dac tir 30/6/2016

dén 7/7/2016 (hinh 3).
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b. Piéu kién bién phia ngoai khoi.
Hinh 2. Thiét ldp va kiém dinh mé hinh lan truyén séng Mike 21 SW.
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Hinh 3.,Bié7u d6 dg cao séng gan bo Hi (m) dige khao sat do dac
tai bién Cua Dai tinh Quang Ngai tir 30/6/2016 den 7/7/2016.
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Qu4 trinh mo phong séng gan bd tai khu vuc bién Ctra Pai duoc thiét 1ap tir 01/6/2016 dén
30/7/2016, thoi gian tién hanh tinh toan m6 phong theo mé hinh Mike 21 SW 1a 48 h. Két qua do
cao séng Hi (m) duoc ldy theo ba khoang thoi gian tir 01/6/2016 dén 29/6/2016, khoang thoi gian
tir 30/6/2016 dén 7/7/2016 va tir 7/7/2016 dén 30/7/2016. Poan két qua thir hai duoc st dung dé
kiém dinh mé hinh du bao cua mang ANN (hinh 4).

Hinh 5a dudi day 1a két qua kiém dinh do cao séng trong thoi gian tir 30/6/2016 dén 7/7/2016,
d6 cao song tinh todn theo mo hinh Mike 21 SW twong d6i phu hop voi két qua khao sat do cao
song tai khu vuc gﬁn bo bién Ctra Dai. Hinh 5b thé hién twong quan gitra d§ cao song do duoc va
d6 cao song tinh toan, hé sb tuong quan dat xap xi 85%. Két qua nay cho thay mé hinh Mike 21
SW dua tin cdy dé sir dung nhu 1a bd tao nhan dir liéu huén luyén mang ANN.
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a. Do thi do cao song gan bo theo moé hinh Mike  b. Twong quan ket qua mo phong va két qua
21 SWva khao sat tir ngay 30/6/2016 den khdo sat.
7/7/2016.

Hinh 5. Chiéu cao séng gan bo duoc khdo sdt va tinh toan bang Mike 21SW.
3. XAY DUNG MANG ANN MO PHONG VA DU POAN PQ CAO SONG GAN BO

3.1. Lwa chon m6 hinh mang ANN

Trong nghién ciru ndy, viéc du bao song gan bo tai khu vuc bién Cira Pai tinh Quang Ngii
dugc thyc hién bang mang no-ron nhan tao da lop (Multi- layer Perceptron - MLP) va giai thuét
lan truyén nguoc (Backpropagation algorithm). D¢ hudn luyén mang no-ron can chuan bi mot tap
dir liéu huén luyén (bao gom dir liéu dau vao va nhan dir liéu). Qua trinh huin luyén mang no-
ron str dung giai thuat lan truyén nguoc 1a qué trinh t&i wu hoa trong s6 dé dua sai s6 vé gia tri
nho nhat. Hinh 6 mé ta cau trac mang MLP voi dau vao la thong s6 song ngoai khoi: chiéu cao
song Hs, chu ky song Tp, huéng song o ké t1ep 1a 16p an, sb lugng no-ron & 16p 4n s€ dugc xac
dinh cu thé trong phan tiép theo, cudi cung 1a dau ra cia mang ANN, chiéu cao séng gin bo Hi.
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Hinh 6. Cdu triic mang ANN MLP 3 dau vao va 1 dau ra.

3.2. Xay dung mé hinh mang ANN trén phin mém Matlab

Mang ANN duoc khoi tao voi giai thuét lan truyén nguoc (back ‘propagation algorithm) trén
phan mém Matlab, ham kich hoat duoc lya chon 1a ham tansig(), s6 16p 1a an 14 1, s6 no-ron &
16p an 10 no-ron. Dir liéu huin luyén mang chia theo ty 1€: tap huén luyén (tralnmg set) chiém

70%, tap ti wu (validation set) chiém 15% va tap thir nghiém (teSt set) chiém 15%
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a. Khoi tao mang ANN trén phan mém Matlab. b. Két qua huan luyén mang.

Hinh 7. Qud trinh tao mang ANN va thiee hién mé phong song gan bo Cira Pai
tir 1/6/2016 dén 29/6/2016.

Hinh 7b cho thiy qua trinh hudn luyén, kiém dinh, tinh thir nghiém dat d6 chinh x4c cao v&i
hé s6 tuong quan trén 99%. Do cao song gan bd Hs tinh bang ANN va mo hinh Mike 21SW
trong gian doan tir 01/6/2016 dén 29/6/2016 cho két qua hoan toan trung nhau. Dé thiy 16 hon vé
hiéu qua cta viéc sir dung ANN trong bai toan du doan chiéu cao séng, nhom tac gia tiép tuc sir
dung mang ANN da duoc huén luyén ké trén, dy doan song gﬁn bo Ctra Pai trong thoi gian 7
ngay dau thang 7/2016 va cac ngay con lai ciia thang 7/2016 véi dir lidu dau vao 1a song ngoai
khoi tir ngudn WaveWatch III. Két qua thé hién nhu hinh 8a cho thiy 3 rét su twong dong giira
két qua tinh toan bang hai cong cu khac nhau, tuong quan két qua giita hai mé hinh dat 98,33%,
trong khi d6 sir dung ANN du doan cho két qua trong khoang 10 s, nhanh hon rit nhiéu so voi
tinh toan bang Mike21SW mat dén gan 48 h mé phong tinh toan. Do do twong quan giira két qua
du doan bﬁng ANN va Mike 21SW 16n, chung ta hoan toan cé thé két luan vé mtc do tuong
quan vé két qua du doan bang ANN va dir liéu do thuc té trong thoi gian dau thang 7/2016, gia
tri nay co thé dat trén mirc 84%, tuong tu nhu hinh 5b.
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a. Két qua Hs tinh bang ANN va Mike 21SW. b. Tuwong quan Hs tir ngay 30/6/2016 dén
7/7/2016 tinh bang ANN va Mike 21SW.

Hinh 8. Két qud qud trinh mé phong tir 30/6/2016 dén 7/7/2016 bang ANN.
4. KET LUAN

Nghién ctru da cho thiy rd kha ning va tinh Umg dung ANN hay mang no-ron nhén tao trong
viéc tinh todn mo phong, du doan dg cao song gan bo tur sO liéu séng ngoai khoi. Béng cach sir
dung hai m6 hinh gébm Mike 21SW va ANN, nhom tac gia da dy doan tham sd d6 cao song Hs
(m) tai khu vuc gan bd bién Ctra Pai tinh Quang Ngii véi xuat phat 1a song khoi diém ngoai
khoi. M6 phong dugce thuc hién trong cac khoang thoi gian tir 1/6-29/6/2016. Dang luu y, trong
giai doan du doan tir 30/6/2016 dén 7/7/2016 c6 s lidu khao sat s6ng ngoai thuc té dé kiém tra
cac md hinh, két qua cho thay d6 chinh xac cao. Tuong quan két qua tinh bang ANN so véi sb
liéu khao sat dat trén 80%, so voi Mike 21SW dat dén trén 98%, toc do giai ciia ANN cho mot
thang dit liéu chi dién ra trong 10s va nhanh hon rat nhiéu so vi mo hinh Mike 21 SW.

Loi cam on: Nghién ciru nay duoc thuc hién trong khuon khé dé tai KHCN tiém nang cap Bg Nong
Nghiép va Phdt trién néng thén “Nghién ciru mang no ron nhan tao ANN dir dodn tham sé séng gan bo
khu vue Cua Dai tinh Quang Ngai”.
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ABSTRACT

Research on application of Artificial neural network to predict high waves
near the shore in Cua Dai sea area, Quang Ngai province

Artificial Neural Networks (ANNSs) are considered as a powerful tool to solve complex
and nonlinear problems, especially in cases where relationships between processes are
not explicitly established. Currently, artificial neural networks are widely applied in
various fields of science and technology and in hydrodynamic studies in coastal estuaries
IS no exception. Using ANN has significant advantages in large data processing, fast
resolution with guaranteed accuracy. In this study, the authors used an artificial neural
network to calculate, simulate and predict high waves near the coast in Cua Dai sea area
in Quang Ngai province during the period of June 2016 and early July. 2016. The ANN
training dataset includes starting data taken from NOAA offshore wave data, the output
data is taken from the calculation results of Mike 21SW mathematical model at Cua Dai
Sea. Ability to enhance reliability when building the Mike 21SW mathematical model, the
output results of the Mike 21SW model will be compared with the actual measurement
results at Cua Dai beach within the first 7 days of July 2016. The results of computational
simulation and prediction of high near-shore broadcast rates of the ANN are compared
with the results of the Mike 21SW mathematical model and the actual survey results.

Keywords: ANN; Significant wave height; Wave prediction; Mike 21SW.
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