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PHUC HOI DU LI EU SONG BIEN BANG MANG NEURON NHAN TAO

PANG VAN TO
Trwong Pai hoc Khoa hoc Tw nhién, Thanh phé Hé Chi Minh

Tém tit: Nghién ¢u nay xay dng nung neuron nhangb OceanANN trén dm
MATLABdé phuc hvi dit liéu séng bén. Chrong trinh OceanANNwoc thiét ké than thin
Vdi nguoi sir dung nhy cac giao dén tién ich. Dra trén thuit toan Levenberg-Marquardt,
OceanANNfuoc thiét ké vaéi 1 16p nhip, 2 bp an va 1 bp xuit. Tong @ng 30 neuron cho
ting 6p dn duwoc s dung dé hoc ban chit ciia chusi di liéu. Bé &p ding OceanANNdp &5
ligu séng bén thec do ngoai klvi ¢ Tweed Heads (Australia) vao thang @m 199644
duwoc 9r dung. Tdp  liéu nayduwoc chia thanh 3 piin: 70% $ liéu dungdé hoc, 15% &
liéu dungdé kiém dinh va 15% 6 liéu con ki diroc o3 y lam thit thoatdé phuc hoi. Mang
neuron nhando rat thich bop dé s dung cho cac & liéu séng bén Vi d@é phi tuyén cao va
nhiéu dgng lon. Cac I s twong quan gia < liéu tinh toan va & liéu thuc do co thi
khaing quan tic 1 giv cho céc trong hop huin luyén mung, kém dinh nung va mé pbing
mang déu c6 ket qua trén 98%

l. GIOI THI EU

Két qua tinh toan aa nhu md hinh 8 khéng phi ltc nao ding dang tin @y vi cac
sb liéu thuc do khéngday du va c6do bit dinh. Vi th, cacirng ding thrc tién cia cac mo
hinh $ gap nhiéu han ché. Tuy nhién, vc coduoc cac $ liéu thec do, ddy du vadang tin
cay khoéng plai ltc nao d¢ing & dang thrc hién duoc. Céac 8 liéu séng hay dong élg do
dac ngoai khvi thuong hay b that thoat, théu hut vi nhiéu ly do, trongdé diéu kién tu
nhién thaydoi dot ngdt (nhr séng to, giddn...) haic cac nguy&n nhar con ngrdi (nhu
cit phao, 4y cip thiét bi...) thuong hay xy ra. Tat ca cac kit dinh trén throng nim ngoai
du kién cia ngroi thuc hién nghién éu. Vi vay, mot chubi s liéu do dac khéng phi
khong c6 niing ctb giandoan thay vi lién «c nhe mongdoi. Trong khidd, cac mé hinh
sb thudng yéu éu cac $é liéu dau vao lién ac nhim thas man caatiéu kién bién vadiéu
kién bandau aia mé hinhDiéu nay ¢ing quan tong trong véc sr dung $ liéu lién tc
thuc do dé can ctinh va kém dinh k&t qua md hinh tinh toan. Vi th viéc phuc hi dir liéu
that thoat trong chdi s liéu do dac giandoan c6 y ngfia thrc tién quan tong.

Bai bao nay c6 nt dich xay drg mang neuron nhanad OceanANN trén én
MATLAB dé phuc hoi dit liéu séng bin. Co v ly thuyét caa mang neuron nharao, khu
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vuc nghién éu va $ liéu chuin bi nhim &p ding a1 thé thuit toan @a bai toandn heot
dugc trinh bay K tiép theo sau.

ll. PHUONG PHAP VA TAI LI EU

1. Co sé' ly thuyét mang neuron nhan tio (ANN)

Mang neuron nhanad ANN [& mdt md hinh tling ké toan bc dea trén & md
phong cac hat dong aia ke than kinh sinh lic. ANN khéng é ging dé md prong céac
hoat dong tinh € cua b ndo, nleng chiing 6 ging tai ko cac hat dong logic dia bh néo
bang cach ap hop nhiéu di liéu dau vao cé dng neuron thn kinh dé thuc hién cac quéa
trinh tinh toan hay riim thic.

Hau hét cAc mng neurondéu cé & dd chung la neuron vaia tric lién Kt mang
(hinh 1). M5i mét neuron bao @m hai pln: ham $ mang (net function) va hambskich
hoat (activation function). Hamdsmang xacdinh phrong thrc lién Kt caa d liéu nhap
{yi; 1< j <N} véinhau trong neuron. Trong mé hinh neuron nayi, lién két tuyén tinh

N
co tong © U= Wy +6 duoc ap ding, Wi w; la trong 6 {w; ; 1<j <N} va 61add
]

léch dingdé mé ptong ngrdng dia neuron. B liéu xuit caa neurondugc ky hiéu 1a a;,
no lién Kt véi dir liéu nhap u; cua mang neuron nb ham kich het (hay phép in doi
tuyén tinh hac phi tuyn f): a= f(u). Nhiéu ham mang va ham kich ha khac nhau
duoc sr dungdé thiét 1ap ciu trac mang neuron khac nhau. Chétticd thé tham khio trong
cac tai leu mang neuron [1].

Hinh 1: M6 hinh neuron

1.1. Mang nhan thirc nhidu 16p

Mang nhin thic nhiu 16p (MLP) 1a mt mang lan trugn tién (feed-forward)iuoc
xép thanh nhiu 16p. Mai mét neuron trong mng MLP c6 ndt ham kich hat phi tuyén,
thudng 1a ham sigmoid hay ham tanhyerboliduQinh tiéu bdu caa mang MLP dugc thé
hién trong hinh 2. Trong hinh nay, cac hinh tron mééc neuron va chindyroc sip xép
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theo trng lop. Mang neuron nay cé 3p: 16p nhap (hinh ng giac), bp an (hinh tron M va
H) va I6p xuét (hinh tron N). Kt qua caa cac p an theang khdng nhin thy duoc.

Hinh 2: Ciu hinh mng neuron c6 3

Mot trong nhirng diéu kién &p ding thanh céng mé hinh MLP la@hdidng cac ma
tran trong 9. Phrong phap pb bién dé chon ding cac ma #in trong $ 1a sr dung phrong
phap 6i uu hoa hay phong phap hén luyén lan trugn ngroc sai $ (error back-
propagation training method). ®ng phap naytuoc biét nhe sau. Nu gi binh phrong
sai $ cua mang:

E= [e(R]" =2 [dR- ¢ =3[ d k- wWx(R] (1)
Trongdd W la mdt ma tén trong 9, x la vector & liéu nhap, d(k) 1a dr liéu huin
luyen {d(k); 1< k< K}, 2(K) 12 di lidu xuét {z(K); 1< k< K } va e(k) = d(K) — 2(K).

Nhu vy, muc tiéu tim ma #én trong $ t6i vu W s trong ang Wi viéc arc tiéu hoa
binh phrong sai 8 E. Diéu nay dn dén bai toan di vu hoa binh phong ©i thiéu phi
tuyén. Hién cé kha ntiiu phrong phapdé giai bai toan 6i vu loai nay, W co ban chiing c6
thé dugc thuc hién boi céng thic lip nhy cac thdt toan 6i wu sau:
W(t+1) =W (t)+AW (t). O day AW(t) 1a d6 hiéu chinh aia cac tong $ hién thoi W(t).
Céc thuat toan khac nhau éhyéu s khac nhau & dang aia AW(t). Nhiéu thuat toan nhr
phuong phép gradient lién ép, phrong phap Newton... thong hayduoc sr dung [1].

1.2. Mang lan truyén nguoc (Back Propagation - BP)

Mang lan trugn ngroc tiéu béu thuong sr dung thifit toan gradient iong xubng
(gradient descent) @ng nhr phép lrc Widrow-Hoff. Trong nang nay, cac tng $ duogc
thayddi hay di chugn doc theo gia tram @a gradient éa ham tlec hién. Thuit ngit lan
truyén ngroc dugc Sr dung vi né lién quardén phrong céach tinh toan gradienda cac
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mang neuron nkdu I6p phi tuyén. Hién nay cé kha nku bién thé cua thuit toan © ban
lan truyén ngroc dugc xay drng, chdng hu hét dua trén cac % thuat co ban caa 6i wu
hoa nhr pheong phap gradient liénglp haic phrong phap Newton.

Trong thrc t dé tién hanh thit ké haic sr dung cac mng neuron lan tridn ngroc
dé hoc hay hidn luyén cac mang truyén thing nhim giai mot bai toan g thé naodo, cac
budc oo ban sauday throng dugc tién hanh: a) 3p hop cac d liéu duoc hoc haic hién
luyén; b) Xay drng mang neuron; c) Hin luyén mang; d)Ung ding mang neuronié md
phong cac & liéu moi. So dd khdi cua mang lan trugn ngroc dugc biét nhr sau (hinh 3).

Neural Network

— > including connections Compare
(called weights) P
Input between neurons Output

Adjust
weights

Hinh 3: So d6 khdi mang lan trugn ngroc

1.3. Thuat todn lan truyén ngwec Levenberg-Marquardt

Mot sd thuat todn hidn luyén lan truyn ngroc nhr gradient hdng dic xuéng c6 6c
do hoi tu cham. Vi vay, mot trong nhiing thuit toan @i thién toc do hoi tu hay B¢ do hoc
cia mang neurontt 10 chodén 100 &n la mang hudin luyén lan trugn ngroc theo that
toan Levenberg-Marquardt [2, 3]. ThHuoan Levenberg-Marquardtroc xay drng c6 bc
do6 hudn luyén nhanh ép 2 ma khéng an tinh dén ma tan Hessian @ing nhr phuong
phap Newton. 8u ham thrc thi c6 ding ©Hng cac binh plong, lGcd6é ma tin Hessian co
thé duoc xap xi nhe sauH =J" 0 va G =J" [&, trongd6 J 1a ma #n Jacobian afra cac
dao ham Hc nhit cia cac sai& mang di vai trong $ W vado léch b va e vector sabs
cia mang. Ma tan Jacobian cé thduogc tinh thdng quakthut lan truyn ngroc chuin
khi 4y viéc tinh toandon gian hon viéc tinh todn ma #n Hessian [2].

2. Nguon sb liéu
2.1. Khu wec nghién aru

Australia c6 mt mang leéi phaodo séng hén dai duoc thiét 1ap doc theo b bién
Queensland. Trondd, phaodo sénges Tweed Heads thie dr &n TRESBP do hai bang
New South Wales (NSW) va Queensland (QLD) cupgiiit dé sr dung. O Tweed Heads
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phaodo séng cé tén Waveriddirgc dit & do sdu 25 m, c6 kinkdo 2810.745 va ¥ do
15334.597’, cach b khaang 2100 m (hinh 4). &liéu song 4i Tweed Headstuoc lay
mau Vvéi thoi khoang 0.78 sec §h $ 1.28 Hz) vaduoc ghi thanhing nhém (burst) 2048
diém (hay khang 26 phut) mt lan ghi lién tic. Khaing thyi gian do giira hai in do 1a 1
gio (hay obs quanic = 1 gb). Vi thé s liéu séng thu thp tr phaodo séng Waverider
khéa 6t. Khi c6 bao, & liéu songdo dac < day dit hon. Mac du \ay, sr lién tuc vé s liéu
theo y¥u ciu dau vao @a mé hinh toan, vird10 phit c6 rit s6 liéu séng chng han, la
khéng tté co.

s oolangatta //
T ‘Q'»—__/-_ %Iwr stathon

QUEENSLAND

i6
Kilometres

Hinh 4: Mangdo dac va phaato séng 4i Tweed Heads (NSW), Australia

2.2. Chuén bi sb liéu

Trong bai bao naygdiéu song tlrc do tirng giv tai Tweed Heads vao thang 02m
1996 (hinh 5) &dugc sr dung cho md hinh OceanANNDé c6 thé &p ding OceanANN
phuc hdi dit liéu thit thoat va kim tra tinh ki thi caa md hinh,dng $ 670 $ liéu dia
thang 2 Bm 1996 § duoc chia ra thanh 47@diéu (= 70% Hng $ 5 liéu) dwoc mé hinh
OceanANN dungté huin luyén (train) hay bc theo that toan c6 giam sat (supervise),
100 $ liéu (=15% Bng $ lidu) € duoc dungdé kiém dinh md hinh (verification), 100s
lieu (=15% $ liéu) & duoc chpn ndiu nhién va & y lam tHit thoat trong chdi sb liéu
tong dng. Saudd md hinh OceanANN&sduoc Sr dung d¢ mé phong (test/model) va
phuc hoi lai sb liéu that thoat vira gia dinh mit di. Sb liéu that thoatduoc mé plong king
mé hinh OceanANN&duoc so sanh & 15% $ liéu thuc do dé danh gia ki ning tng
dung ding nhr d6 tin cay @ia md hinh. it ca cacdanh gia & dya trén 1§ sb tuong quan.
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S lieu song bién thuc do tling gio tai Tweed Heads, thang 2 nam 1996
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Hinh 5: S5 liéu séng thrc do vao thang 2am 1996 4i Tweed Heads (NSW)

. K ET QUA TINH TOAN

Véi cac $ liéu da chuain bi, OceanANN 3n sangduoc sr dung va Kt qua tinh toéan
duoc trinh bay trong hinh 6, hinh 7.

Hinh 6 trinh bay & qua tinh toan éng hop cia mé hinh OceanANN, trondp cac
ky hiéu hinh tam giac cdinh hrong I&n trén va hinh tam giac dinh hréng xubng dréi
chi 5 liéu nhap va xdit trong ltc foc cé giam séat khi mé hinteangdugc xay drng. Ky
hiéu hinh tam giac cdinh hréng \é phia trai va hinh tam giac dénh hréng \é phia phi
chi s liéu nhap va xuit trong qué trinh Kim dinh mé hinh. Ky Hu hinh tron va ch thap
chi 5 liéu dugc mé ploing hay 8 liéu thit thoatduoc phuc hdi. Chir thap ky hiéu & liéu
thit thoatduoc phuc hoi va vong tron la & liéu do dac twong tng Wi sb liéu gia thuyét bi
thit thoatdé so sanhbuong nétdut gay ch khaing sai 8 trong cac qua trinh tinh toan.
Puong cHim chim chi dudng cong kidp cac 6 liéu thec do bang da thic bic 10.Puong
cong lén nét ladudng cong mé pbng tir OceanANN i 30 nGtan nham phuc hoi cac $
lidu that thoat. Két qua tinh toan cho thy c6 sr phu hp rat tét caa € lidu duoc phuc hoi
va $ liéu thuc do. Chi tét md # vé trang thai loc c6 giam satia mo hinh OceanANN va
cacdanh gia sai&MSE duoc trinh bay trong tai du tham klao [4].
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Phuc hdi da liéu tha't thodt bing ANN
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Hinh 6: Két qua tinh Hng hyp trong véc phuc hoi dit liéu séng bin

Hinh 7 md & hé sd trong quan aa cac phép tinh trong mé hinh. Hinhordoc trai
trén cung moéd gia ti thuc do va gia tr tinh toan éa mang OceanANN. Hinh&nay cho
thiy gia ti thuc do va tinh toantt phép hc c6 st phi lyp khé cao i hé s tuong quarR
=0.999.Déi véi hinh ntd bén trén goc ph, mang oceanANN @ng cho Kt qua kha 6t. O
day $ liéu thyc do va $ liéu tinh toant md hinhdé kiém dinh c6 & s tuong quanR =
0.985. Hinh nb bén drsi géc phi mé t b liéu dugc md plong va $ liéu thuc do. O day
sb lieu md phdng duoc gia sr nhu & $ lidu thit thoat trong chdi sb liéu cin duoc phuc
hoi. Két qua cho thiy s5 liu cin duoc phuc hbi gan gibng W6i s liéu thuc do v6i hé sb
twong quanR = 0.998. Nix vy, mang OceanANN c6 thduoc sr dung dé phuc hdi sb
lidu bi thit thoat i do tin ciy cao. Sau cung la hinh &ld dudi goc phii chi 6 liéu tinh
toan va 6 liéu thec do king mé hinh OceanANN chattca ba tirdng hop riéng & vira
dién giai trén.

Tom ki, mé hinh vra duoc xay drng hoan toan dt dugc ban chit cia $ lidu Vi
cac ¢ s5 trong quan 4t cao R ~ 0.99). Vi té né c6 tk duoc dungdé phuc hdi s6 liéu
that thoat hdc co tté dungdé du bao $ liéu trong lai khi chra c6 $ liéu do dac dung cho
mo hinh §.
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Training: R=0.98876 Validation: R=0.98465
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Hinh 7: Két qua hé sb twong quan @a huin luyén, kiém dinh, md pléng va tng hyp cia
mod hinh OceanANN

IV. KET LUAN

Nghién ¢ru nayda xay drng duwgc mot mang tri tt€ nhan 4o c6 tén OceanANN trén
nén MATLAB dung cho véc xir ly sb liéu séng bin ngoai kivi. Dya trén mang lan
truyén ngroc Voi thuat todn Levenberg-Marquardt, OceanANNoc thiét ké vai 1 16p
nhap, 2 bp 4n va 1 bp xuit. Téng dng 30 neuron charhg lop an duoc ar dung dé hoc
ban chit caa chii dir liéu.

Pé tng ding OceanANN, 4p £ liéu song bin ngoai khi & Tweed Heads,
Australia vao thang 2am 199644 duoc thu thip. Tap £ liéu nayduoc chia thanh 3 gn:
70% $ liéu dungdé hoc, 15% $ liéu dungdé kiém dinh va 15% & liéu con hi duoc o y
lam tHit thoatdé phuc hbi tir OceanANN.

OceanANN kidp dit liéu séng &t hon nhiéu so \6i viéc khop di liéu bing da thic
bac 10. Cac & liéu song caid phi tuyén cao va nldu dong I6n chi thich hyp véi viéc ar
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dung cac mng neuronié tinh toan.

OceanANNda duoc st dung dé phuc hoi dit liéu séng tht thoat bi Australia \oi két
qua rat tot. Vé6i thoi khoang ghi $ liéu song lién #p cach nhau 1 §j cac i§ s twong
quan gira $ liéu tinh toan va&liéu thec do cho cac wong hyp hién luyén mang, kiém
dinh mang va mé pbng mang déu cé Kt qua trén 98%. Vi th, OceanANN cé th ding
dé phuc hoi dir liéu thit thoat haic md plong $ liéu trong trong lai Wi dé tin ciy cao.
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RECOVERY OF WAVE DATA USING AN ARTIFICIAL NEURAL NE TWORK
DANG VAN TO

Summary: This study aims at developing an artificial neuredtwork OceanANN in
MATLAB to recover missing wave data. The prograredD&NN was designed friendly to the
user for their convenient and useful interfacességhon the Levenberg-Marquardt algorithm,
OceanANN was established with 1 input - layer,ddén - layers and 1 output - layer. Each
hidden layer consisting of 30 neurons was usedcéonl the nature of data series. For the
application of OceanANN, the wave data recordeshafife of the Tweed Heads (Australia) in
February 1996 was employed. The data set was dhiitte 3 segments: 70% of the data for
learning, 15% for verification and the rest 15% tife data deliberately removed for
OceanANN to recover. Artificial neural networks aeitable tools for the application on
wave data of high non-linearity and fluctuationdeTregression coefficients showing the
relationship between the computed data and recontied with hourly observations for the
learning process, verification and testing procass always higher than 98%.
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