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Abstract. Predicting dry season flows play an important role in distributing and managing
water resources. Hydrological models can predict the flow with good quality results for the
flow in large basins, mainly affected by rainfall and buffer surface properties. The discharge
is usually very small flow in the dry season and influenced by many factors. But, none of
them has a strong weight, so it is difficult for experts to predict the flow. The article presents
the results of the application of artificial neural network (ANN) with error backpropagation
networks (EBN) for predicting the dry season discharge for Thuong Nhat station on Ta Trach
river, Thua Thien Hue province, Vietham. The structure of ANN is similar to the human
brain, so it is possible to find the relationship between inputs and outputs data by "learning"
from existing data. EBNs have been established with an input and output neuron layer and
two hidden layers. The input layer includes the water level, discharge in the previous period
and rainfall in the later period corresponding to the predicted rainfall. The output layer is
predicting discharge. The results of sort and mid-term prediction have good quality with more
than 80% output neuron satisfy the target error. The 24-hour prediction has the best accuracy
with good pattern rate reaches 98.4% in July. The 30-day prediction showed the lowest
quality with good pattern rate of 81.3%.
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Tom tat. Dy bao dong chay kiét dong vai tro quan trong trong viéc diéu phdi va sir dung hop
ly ngudn nuéc. Cac md hinh thiy vin c6 thé du béo tét cho dong chay trén nhimg luu vuc
I6n, chiu chi phdi chu yéu bai yéu té mua va tinh hinh mat dém. Luu luong dong chay mua
kiét thuong rat nho, chiu chi phdi béi nhiéu yéu t6. Nhung khong c6 yéu té nao chiém wu thé
nén viéc du béo gap nhiéu khé khin. Bai béo trinh bay két qua (g dung mang neuron nhan
tao (ANN) thuat toan sai s lan truyén nguoc (EBN) dy bao luu lugng dong chay moa kiét ap
dung cho tram thuy van Thuong Nhat trén song Ta Trach, tinh Thura Thién Hué. ANN Ia hé
thong mang neuron nhan tao co cau trdc gan glong cau tric bo ndo ccon nguoi, €O thé tim duoc
moi quan hé chudi dau vao véi dau ra bang viéc "hoc™ tir nhiing s6 liéu da c6. Nghién ctru da
thiét 1ap mang EBN gom 1 16p neuron dau vao, 1 16p neuron dau ra va 2 16p an. Lép dau vao
la chudi gia tri muc nudc, luu lugng trung binh thoi doan trude va luong mua thoi doan sau
tuong ung Voi gia tri lwong mua du béo theo thoi doan. Lép dau ra 1a luu luong trung binh
thoi doan du béo. Céc két qua du béo han ngan va han vira déu dat trén 80% s lan du bao
thoa man sai s6 muc tiéu so véi thuc do. Phuong an dy bao trudc 24 gid co6 do chinh xac tét
nhét, ty 1 du bao dung 1én t&i 98,4% vai dong chay trong thang VII. Dy bao han vira truge 30
ngay cho két qua thap nhat vai ty 1¢ du bao dung dat 81,3%.

Tir khéa: Mang neuron nhan tao, Mang sai sé lan truyén nguoc, Dong chay kiét, Luu vuc
song Huong, Dy bao dong chay.
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1. PAT VAN PE

Tir trude dén hay, cac md hinh thuy van thuy luc duoc ap dung rong rai ¢ Viét Nam ciing
nhu trén thé gisi dé tinh toan dong chay trong song phuc vu cong tac du bao, quy hoach
phong chéng i hay han han xam nhap man [1]. Tuy nhién, cic mé hinh nay thudng yéu cau
mot lugng 16n cac dir liéu dau vao nhu dia hinh, lrong mua, luu lwgng hay muc nudc. Cac
thong s6 caa mo hinh phai duoc hiéu chinh va Kiém dinh rat chi tiét & nhiéu diém khac nhau
trén hé thdng bang sé liéu thuc do. Hién nay, véi sy phat trién cua thuat todn va cong nghé
thong tin, nhiéu mé hinh dwgc ra doi, trong d6 c6 mo hinh mang neuron nhan tao duoc ¢ng
dung ¢ nhiéu linh vuc. Trudng hop khong c6 du tai lidu dia hinh, dia mao va tiy theo nhu cau
thue t&, mo hinh mang neuron nhan tao (ANN) c6 thé duoc ap dung dé dur béo céac yéu t thuy
van, thuy lec. Lé Vin Nghi [2] da thdng ké va phan tich cac nghién ciu vé dy bao dong chay
trong va ngoai nudc, trong do cé cac nghién ctru trong nudc irng dung mang neuron nhan tao
nhu Lé Xuan Cau va cs., Tran Thyc va nnk., Lé Vian Nghinh va cs., Hoang Nam Binh,
Nguy&n Thé Hing va cs.. C4c tac gia trén déu thuc hién nghién cau du béo cho dong chay li
trén cac luu vuc séng nhu Cau, Tra Khic, Vé, Dinh, Ta Trach, Hoang Long, Vu Gia - Thu
Bdn va cac séng ¢ Binh Dinh, Quang Tri.

Luu vyce séng Huong thudc tinh Thira Thién Hué duoc hinh thanh tir 3 sdng 16n la song
Bd, séng Hitu Trach va sdng Ta Trach. Song Ta xuat phét tir vang ndi huyén Nam Pong, chay
theo huéng Nam, Pong Nam - Bic Pong Bac va nhap luu véi sdng Hitu Trach tai Ngi Ba
Tuan [3-5]. Hang nam luu vuc song Huong thudng don nhan nhitng tran bio 1i gay ngap lut
ha du thanh phd Hué dién hinh nhu tran 1d lich sir ndam 1999 [4]. Véi viéc quan thé di tich cb
d6 Hué dugc UNESCO cong nhan 1a Di san van hoa thé gidi vao nam 1993 [6] thi viéc
nghién ciru cac giai phap giam thiéu thiét hai do 1ii cho ha du song Huong cang nhan dugc
nhiéu sy quan tam cua cac nha khoa hoc va quan 1y.

Hién nay, thuc trang bién d6i khi hau gay nang han kéo dai khién mua kiét trén luu vuc
thuong xay ra tinh trang thiéu nuéc cho ha du. Thoi diém tir thang XII dén thang IV hang
nam, toan tinh Thira Thién Hué gap han hén, thiéu nude cho san xuat vu Pong Xuéan va He
Thu [7-8]. Do d6, viéc du bao dong chay mua kiét ciing trd nén cap thiét nham phuc vu cong
tac diéu hanh ho chua trén luu vuc lam hai hoa giita cap nude, phat dién, giao théng va dich
vu. Dong chay mua kiét thuong rat nho, chiu chi phdi bai nhiéu yéu t6, mang tinh ngau nhién
rat I6n [1]. Do d6 phurong phap du bao bang mé hinh thiy van tat dinh théng dung nhu NAM,
TANK, SSARR... chua mé phong day du ban chat hién tugng, két qua du bao gap sai sb 6n
khién viéc van hanh diéu tiét ho chaa gap nhiéu bat loi, gay thiét hai cho chi hd va cac nganh
kinh té dung nuéc & ha luu [5]. Bai bao trinh bay két qua ung dung mang neuron nhan tao
thuat toan sai s lan truyén nguoc du bao dong chay mua kiét han ngan va han vira cho song
Ta Trach thudc luu vuc séng Huong, tinh Thira Thién Hué.

2. PAC PIEM DONG CHAY KIET SONG TA TRACH

Luu vuc Huong c6 hé théng song rat da dang, phan Ién 1a séng nho c6 luu vuc tir vai
chuc dén gan 3.000km?. Séng ngodi phan bé ddng déu nhung hau hét déu ngan, doc, da phan
bat ngudn tir swon Pong dai Trudng Son va duge diéu hoa bai hé thdng dam pha chay doc bo
bién trude khi d6 ra bién thdng qua hai cira Thuan An va Tu Hién. Céac song chinh déu do
hoat dong kién tao, mai mon, tao dong tu nhién, tuy c6 bién ddi nho vé huéng chay, x6i 16
nhung van giit nguyén dugc hinh thai tir khi hinh thanh. Huong ¢6 8 nhanh cip 1, 16 nhanh
cap 11, 3 nhanh cap III va 8 phan luu, khong ké nhiing song sudi c6 do dai nho hon 10km [2].
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Séng Ta Trach 1a nhanh chinh phia thuong ngudn séng Huong thudc dia phan huyén
Nam Pong, xuét phét tir ving ndi huyén Nam Déng, chay theo huéng Nam, Dong Nam - Bic
DPoéng Béc va nhap luu véi sdng Hiru Trach tai Ng& Ba Tuan. Phan mién nui cao c¢6 do dbc
I6n, séng cit sau vao dia hinh dén sau tram thiy van Thuong Nhat thém séng ha thip va mo
rong tao cho khu vuc xa Duong Hoa nhu mét thung ling song. Tai doan nay long song mo
rong, ndng va chay trén nen cugi soi. Sau Duong Hoa long song lai b6 hep gitra 2 trién doi vé
dén Nga ba Tuan [3-4].

Trén toan vung nghién cau va l1an can cé 4 tram khi twong: Hué (dong bang), Nam Péng,
A Lu6i (mién nui), Pong Ha (d6ng bang - Quang Tri), 11 tram do mua hang ngay va c6 8
tram thay van, trong d6 5 tram do muc nude va luu lwong, con lai 1a do muc nude. Dén nam
2002 chi con 1 tram thity van cap | 1a tram Thuong Nhat trén séng Ta Trach (Hinh 1) [2].

107712 107" 38" 1087 00

QUANG TRI

167 36"

167 36

12

18°
181

10712 1077 36" 108° 00

Hinh 1. So db vi tri cac tram khi twong thuy van tinh Thira Thién Hué.

Dién tich Iuu vuc séng Ta Trach tinh dén tram thay van Thuong Nhat 1a 186km? véi
module dong chay nam 81, 70/s/km? va hé sé dong chay la 0,73. Lugng dong chdy ndm ¢
Thira Thién Hué noéi chung va luu vuc sdng Ta Trach néi riéng 1a rat Ion nhung phan b
khong déu theo khéng gian va thoi gian nén trong mua kho thuong thiéu nguon nuéc dé sir
dung. Luong nudc tap chung cha yéu vao 3 thang mua li (thang X - XII) chiém 70 - 75%
tong lwong dong chay nim. Mua Kiét kéo dai 9 thang, luong dong chay chiém 25 - 30% luong
dong chay nam ké ca thoi ky co I tiéu man vao thang V, V1. Luu lwong trung binh cua cac
thang mua Kiét kha chénh léch nhau, thang | la thang chuyén tiép tir mua lii sang mua kiét va
thang V, VI la thoi ky tiéu man c6 luu lugng twong ddi 16n hon. Thang IV ¢6 luu luong binh
quan nho nhat 1a 3,71m%/s. Luu lugng binh quan ngay nho nhat la 1,42md/s [2].

3. MANG SAI SO LAN TRUYEN NGUQC

Mo hinh toan thuy van da duoc cac nha khoa hoc nghién cuu lién hé chat ché vai co sé
toan - ly trong su tao thanh nhitng mé hinh toan co ban cta hang loat cac qué trinh thuy van
tir nhimg nam dau thé ky XX. Theo Nguyén Hitu Khai [9], cac nha khoa hoc dién hinh dat
nén moéng cho linh vyc md hinh toan thuy van nhu Green-Amp, Sherman, Linsley, Chow,
Sugawara, Fleming, Tonidi, Singh... véi cac dang mé hinh thuy vin tat dinh va ngau nhién.
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M6 hinh mang neuron nhan tao duoc nghién ciru, phét trién va (ng dung trong rat nhiéu
linh vuec, trong do6 c6 linh vuc du bdo dong chay. Nam 1943, khoa hoc tri tué nhan tao dat cot
méc hinh thanh véi sy phét trién mang neuron dau tién do Warren McCulloch va Walter Pitts
dua ra. Hé thbng mang neuron nhan tao (Artificial Neural Network - ANN) c6 ciu tric gan
gidng cau trac bo ndo con ngudi dugc ra doi.

Neuron nhan tao mé phong bdn chic ning co ban caa neuron sinh hoc tu nhién, nhung
don gian hon. Gid tri dau vao cia mang duoc bicu dién bang biéu tugng toan hoc xi. Mdi dau
vao duoc nhan véi trong sb lién két, cac trong. s6 nay duoc biéu dién 14 ai. Trong truong hop
don gian nhat cac san pham nay la phép tinh téng va sau d6 thong qua ham chuyén ddi chora
két qua cudi cung (Hinh 2). Bé c6 duoc mot hé thbng mang neuron nhan tao theo y mudn thi
ngudi sir dung phai trai qua mot cong viéc kha cong phu va tén nhiéu thoi gian - do 1a viéc
xay dung mang bang phuong phap thir sai (Trial and Error method) [1,9].

Dau vao

L6p dduvao Lépé&n1 L6p&nn  LOpdaura

Hinh 2. So d6 neuron nhan tao. Hinh 3. Mang neuron lan truyén nguoc.

Mang neuron nhan tao dwgc phét trién véi nhiéu dang thuat toan khac nhau nhu Mang
ham tdm co so (Radial Basis Function network - RBF), Mang neuron hdi quy (Recurrent
neural networks - RNN), Mang Kohonen duoc xay dung va phét trién boi Tuevo Kohonen
nam 1977 va mang sai s6 lan truyén nguoc (Error backpropagation networks - EBN).

Mang sai sé lan truyén ngugc EBN (Hinh 3) 1a mét trong nhiing loai mang duoc st dung
kha rong rai & mot sb linh vuc bai chiing phan anh tap s6 liéu kha chinh xéac [10]. Mang c6 ba
hozc nhiéu hon ba 16p, trong d6 c6 mot 16p dau vao, mot I6p dau ra va mot hodc hon mot 16p
an. Sai s lan truyén nguoc 1a cach st dung sy méi quan hé cua cap gia tri dau vao - dau ra
ma méi quan hé nay duoc biéu thi bing mot ham nao d6. Mang sai s6 lan truyén nguoc sé tim
cac thong sb dé xay dung ham sé xap xi ham géc. Mang thuc hién luyén ("hoc” - learning)
phu thugc tap s6 liéu dau vao va dau ra. Xét vé mat ton hoc, méi vecto du ra ¥ 1a mot ham
f cia vecto dau vao X . Nhiém vu ctia mang sai s6 lan truyen nguoc la tim ra ham f [10]. bé
tim dugc ham f thi mang thyc hién tim quy luat cua mau dau Vao tng Voi quy luét mau dau ra.
Mang c6 mot vecto thong s6 trong s6 ma cac gia tri ciia no dugc thay doi dé 1am cho ham tinh
toan ' xap xi ham f thuc. Sai sé gitra ham tinh toan f' véi ham f cang nho cang tot.

Mang EBN sir dung mét sé ham chuyén dbi f(x) = x (ham linear); f(x) = sgn(x) (ham
step); f(x) = tanh(x) (ham tan-hyperbol) va dac biét l1a ham sigmoid (1) dugc su dung kha
nhiéu trong cac mo phong.

1

f(x)=
()1+ex

1)

Sai s6 quan phuong 1 chi tiéu danh gia su can ddi cua sé liéu, duoc xac dinh theo (2):
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N K
Z Z an _tkn
E= n:lkleNK (2)

trong d6: N - s6 tap s6 liéu; K - sb gia tri ddu ra ciia mang; zkn - gié tri dau ra thyc té thu k
ung Vi gia tri dau vao thi n; tkn - gia tri dau ra thir k cia mang ung véi gia tri dau vao tha n.

Mang EBN thyc hién céc thuat todn "hoc" tir co s& dit lidu c6 sdn dé tim méi quan hé
gitra gia tri dau vao vai dau ra. Cac trong so luon dugc thay doi trong qua trinh "hoc" dé sai so
quan phuong giam dan dén sai s6 muc tiéu.

4. KET QUA MO PHONG
4.1. Yéu to du bao

4.1.1. Lwa chon yéu 16 dw bdo

Muc tiéu cua nghién ctu 1a du béo dong chay mua kiét nén yéu té du bao 1a luu lugng
dong chay (Q, m%s). EBN duoc thiét 1ap vai 1 neuron & I6p dau ra. Theo két qua phan ky li
[7,8], mUa li chinh vy trén luu vyc dién ra tir 15/IX dén 30/XI va 1d muon tir 01/XII dén
31/X11. Do d6 yéu té dy bao thudc thoi doan tir thang I dén thang VIII hang nam.

4.1.2. Han dw bdo

Tai Piéu 8 ciia Thong tu sé 06/2016/TT-BTNMT do Bo Tai nguyén va Méi truong ban
hanh ngay 16/5/2016 quy dinh vé loai ban tin va thoi han du bao, canh bao khi tuong, thay
vin c6 néu han du béo ngudn nude nhu sau: Han ngan: du bao dén 07 ngay; Han vura: du bao
tir trén 07 ngay dén 30 ngay; Han mua: du bao tir 01 thang dén 06 thang; va Han nim: du bao
tir 06 thang dén 12 thang. Can ctr vao sé liéu thu thap duoc, nghién ciu thir nghiém thoi doan
du béo: 24 giod, 07 ngay va 30 ngay véi yéu té du bao 1a luu lwong trung binh thoi doan.

4.1.3. Vi tri dw bao

Mang EBN st dung mdi quan hé giira s6 liéu dau vao va dau ra dé xay dung ham mo
phong, trong d6 16p dau vao co thé c6 mot hoac nhiéu thdng tin (neuron). Véi tinh hinh sé
liéu trén nhanh séng Ta Trach c6 tram thuy van tram Thuong Nhat do luu lwong nén nghién
ctu lya chon vi tri dyu bao tai tram thiy van Thuong Nhat.

4.2. Du bao trwée 24 gio

Sau nhleu lan thi sai, md hinh mang dy béo trudc 24 gio (DBlngay) duoc lya chon c6 4
I6p neuron gom 1 16p dau vao, 1 lop dau ra va 02 16p an. Lop an 1 ¢6 6 neuron, 16p an 2 ¢6 3
neuron (Hinh 4). Lép dau vao gom 3 neuron la muc nudc trung binh ngay Hngay i, luu lwong
trung binh ngay Qngay i Cua ngay thir i (thoi diém hién tai) va luong mua Xngay i+1 ctia Nay thir
i + 1 (thoi diém dy bao). Lép dau ra gom 1 neuron 1a luu lwong trung binh ngay Qngay i+1 Clia
ngay thir i + 1 (thoi diém du béo).

Nghién ctu thuc hién du bao cho tirng thang trong mua kiét, tir thang I dén thang VIII.
Chudi sé liéu thu thap tir 1979 - 2017 duoc chia thanh 2 chudi gém: 1 chudi st dung cho
mang "hoc" dugc quy luat phu thudc gitra bién diu vao vai bién dau ra (chudi phy thudc); va
1 chudi dung dé danh gia két qua "hoc" ciia mang (chudi doc 1ap - danh gia két qua du béo).
Dé két qua dau ra ciia mang c6 do chinh xac tét thi tap co so dir liéu cho mang "hoc™ can phai
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|6n, dong nghia chudi phu thudc can du dai va bao quat mot thoi ky hodc chu ky nao d6. Theo
kich ban bién d6i khi hau do Bo Tai nguyén va Mai trudng thuc hién nim 2016 [11], c4c yéu
t bién dbi du bao cho twong lai dwgc so sanh vai chudi thoi ky co so (1986 - 2005). Cin cir
mébc nam cubi cua chudi thoi ky co s, nghién ctu thuc hién thanh 1ap chudi phu thudc co do
dai cua chudi 13 27 nam tir 1979 dén 2005 va chudi doc 1ap 1a 12 nam tir 2006 dén 2017. Néu
két qua "hoc" cho sai sb gitta gia tri thuc do va tinh toan trong pham vi cho phép thi md hinh
mang c6 thé sir dung dé dy bao dong chay cho tram Thuong Nhat. Két qua "hoc" cua mang da
thiét 1ap duoc cac trong sb lién két gitra cac neuron trong cac lop. Gia tri cac trong sé dbi voi
mdi md hinh mang 1a khac nhau, phu thugc vao qué trinh "hoc" caa mang tir tap sb liéu dau
vao va dau ra cua chudi phu thudc. Hinh 4 thé hién s neuron trong cac 16p va trong sé lién
két gitra cac 16p neuron ddi véi phuong an dy bao trudc 24 gio cho md hinh dong chay kiét
thang 1. Cac mo hinh du béo cho cac thang tiép theo c6 so dd 16p neuron twong ty thang |
nhung gid tri cac trong sé duoc thay doi dé phi hop véi dic diém rang budc gitra gia tri dau
vao véi gia tri dau ra.

Trong sb Lép Lop &n Lép

(weight) diuvao  (hidden daura
_11.446 (input layer) layer) (output layer)
I'Z;%‘S“ e O
8917
8.074
i3 49 «—— SO LUONG LIEN KET
3501 2 ! SO THU TU' LOP
507 -1.080025 1.403684 -2.666106 -7.819715
2172 -0.969895 0.255717 2.779083 1.526253 : S
0286 3.895982 -3.671996 -2.587808 5.898770 L CAC TRONG SO LIEN KET
501 6.217453  -3.397498  -1.889956 2.716287 LOP 1 VO1 LOP 2
2044 1.316158 1.743838 -4.079584 -9.811238
5% 5.212551 3.025905 -7.958374  -8.63151 . .
e 3 SO THU TU' LOP
LEN -5.342641  -1.246323 0.193322 1.198166 -2.851482 9.888047  -0.654399
740 5.642356 -8.305750 -0.946180  4.783173 3.970845 -2.598311  -5.440242
8.769 0.471914 1.940658 10.036810 -1.359027 10.551090  1.854653 -11.446460
10.475 4 A ’ A
I:}gaz;; R 6.712694 -9.231668 13.004730 -5.772847 SO THU Ty LOP
+13.005
So dd 16p neuron Trong s6 lién két neuron giira cac 16p

Hinh 4. So d6 16p neuron va trong sé lién két neuron giita cac 16p mang DB1ngay thang I.

Céc két qua md phong gia tri luu lwong dong chay mua kiét phuong an dy bao trudc 24
gio cho thang I dén thang VIII thé hién trén Hinh 5 dén Hinh 12. Gia tri tinh toan (Net-1) cua
mang kha chinh xac so vai gia tri thuc do (Target-1). Buong qua trinh thuc do va tinh toan
bam sat nhau di véi tat ca cac md hinh dy bao. Két qua "hoc" ciia cac mang déu cho ty &
trén 90% gia tri tinh toan dat sai s6 muc tiéu so véi gia tri thuc do, trong d6 mé hinh mang c6
ty I¢ dat nho nhat 1a 92% va 16n nhat 1a 99% (Bang 1).

50 30

40 4 Target-1 25 / Target-1
& & 20
E 30 Net-1 2 - / Net-1
o [e]

Db LM T e il
WO\J\J\U “\f‘"‘ \l’[\\“\\_, M’\ﬂ\\; \‘._UN\‘HJ’J\\, }(ﬁ\ ‘ U ol L‘d \\ ol »J"L!“KJ\ ’ay\,\‘f‘ ”‘P’k, L\)J (“'I»aL\‘;)'”u&F‘ ‘\f}\"uf“\‘-‘\(\ 5 N W ‘M‘\r‘\k
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Thang 1 Théng 2
Hinh 5. Luu lugng thuc do va tinh toan Hinh 6. Luu lugng thuc do va tinh toan
véi mé hinh mang DB1ngay thang |. vai mo6 hinh mang DB1ngay thang Il.
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Thang 3
Hinh 7. Luu luong thuc do va tinh toan
védi mé hinh mang DB1ngay thang I1I.
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Hinh 9. Luu luong thuc do va tinh toan
véi mé hinh mang DB1ngay thang V.
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Hinh 11. Luu lugng thuc do va tinh toan
véi mo6 hinh mang DB1ngay thang VII.
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Hinh 8. Luu lugng thyc do va tinh toan
véi mé hinh mang DB1ngay thang IV.
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Hinh 10. Luu lugng thuc do va tinh toan
véi mé hinh mang DB1ngay thang VI.
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Hinh 12. Luu lugng thuc do va tinh toan
véi mé hinh mang DB1ngay thang VIII.
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Bang 1. Panh gia két qua DB1ngay.

T | Thing Sai s6 muc tiéu ~ Ty I¢ dat (Good pattern) %
(Target Error) | Chuoi phu thudc (1979 - 2005) Chuoi doc lap (2006 - 2017)
1 I 0,05 94 93,2
2 1 0,05 92 82,3
3 Il 0,05 99 97,6
4 v 0,05 96 92,7
5 V 0,05 98 97,6
6 VI 0,05 98 94,4
7 VII 0,05 99 98,4
8 VIII 0,05 98 95,2

Véi gia tri dau ra cia mang kha chinh xac so véi gia tri luu lugng thuc do, co thé coi
mang dd "hoc" duoc sy phu thudc gitra cac bién dau vao véi bién dau ra. Nghién ctu tién
hanh dy bao luu luong dong chay kiét tir chudi dit liéu doc 1ap. Chudi gia tri 12 nam tir 2006 -
2017 khong dugc dua vao bo co so dir liéu cho mang "hoc", do d6 két qua dau ra cia mang tir
cac bién dau vao caa chudi doc lap duoc xem la két qua du béo. Chudi gia tri tinh toan tir dau
ra cuia mang @ng vai thoi diém du bao duoc so sanh véi chudi luu lwgng dong chay mua kiét
thuc do cung thoi diém dé danh gia do chinh xac cua két qua du bao. Bang 1 cho thay ty I¢
mau dat sai s6 muc tiéu ddi vai chudi doc 1ap 6 thap hon chudi phu thudc nhung van duoc
danh gia 1a tot vai ty 1¢ dat hau hét trén 90%, ngoai trir thang 11 1a 82,3%.
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Tnang1 Théng 2
Hinh 13. Luu lwgng dong chay kiét du bao Hinh 14. Luu lwgng dong chay kiét du bao
véi mé hinh mang DB1ngay thang |. vai mo hinh mang DB1ngay thang II.
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Thang 3 Thang 4
Hinh 15. Luu lwgng dong chay kiét du bao Hinh 16. Luu lwgng dong chay kiét du bao
véi mé hinh mang DB1ngay thang IlI. vai mo6 hinh mang DB1ngay thang IV.
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Thang 5 Thang 6
Hinh 17. Luu lugng dong chay kiét du béo Hinh 18. Luu lugng dong chay kiét du béo
vai mo6 hinh mang DB1ngay thang V. vai mo6 hinh mang DB1ngay thang V1.
150 25
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Thang 7 Thang 8
Hinh 19. Luu lugng dong chay kiét du béo Hinh 20. Luu lugng dong chay kiét du béo
véi mé hinh mang DB1ngay thang VII. vai mo6 hinh mang DB1ngay thang VIII.

Két qua du béo Iuu lwong dong chay mua kiét (Net-1) cac thang I dén VIII duoc so séanh
Véi gia tri thuc do (Target-1) trén cung d6 thi (Hinh 13 - Hinh 20) cho thay xu thé duong qua
trinh du béo tuong dbi phu hop vai thuc do. Trong 8 md hinh mang du bao trude 24 gid, md
hinh mang du bao cho thang 11 c6 s6 mau du bao dat sai s6 muc tiéu 1a thap nhat véi 102/124
lan dy bao c6 sai s6 dudi 5% twong tng ty 1& du bao dat 1a 82,26%, 6/124 lan dy bao ¢ sai s6
I6n hon 10% tuong Gng 4,84%, sai s6 tuyét ddi 16n nhat 1a 2,33m®%/s (du béo 28,33m?%/s, thuc
do 26m®s) va sai sb twong ddi 16n nhat 1a 11,2% (du bao 17,41m%s, thuc do 19,60m?s)
(Hinh 21). M hinh mang dy béo thang VII c6 sé6 mau du bao dat sai 6 muc tiéu la cao nhat
VGi 122/124 1an dy bao dat twong tng 98,39%, 1/124 lan du b&o c6 sai s 16n hon 10% twong
g ty 1 0,81% (du béo 4,52m?%/s, thuc do 5,15m%/s) (Hinh 22).
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Thang 2 Thang 7
Hinh 21. Sai s6 du béao Hinh 22. Sai so6 du bao
mo hinh mang DB1ngay thang II. mo hinh mang DB1ngay thang VII.

4.3. Du bao trwéc 7 ngay

Phuong én dy bdo trusc 7 ngay (DB7ngay) ciing xdy dugc mang sau nhleu Ian thr sali.
Mang dugc lua chon c6 4 16p gom 1 l6p dau vao, 1 16p dau ra va 02 I6p an. Lép an 1 c6 6
neuron, 16p an 2 ¢6 3 neuron tuong ty DB1ngay. Lép dau vao gom 3 neuron la muc nudc
Hangay i, Tuu Tugng Qrngay_i trung binh 7 ngay thoi doan trudc va tong luong mua 7 ngay
X7ngay i+1 thoi doan sau. Lép dau ra gdom 1 neuron 1a luu lugng trung binh 7 ngay Q7ngay i+1
thoi doan sau. Chudi s liéu ciing duoc chia thanh chudi phu thudc (1979 - 2005) va chudi
doc lap (2006 - 2017) twong tw DB1ngay.

Két qua "hoc" ciia mang cho ra 8 bo trong sé lién két cac neuron wng véi 8 mé hinh du
bao DB7ngay cho 8 thang mua kiét. D6 thi thé hién két qua "hoc" cia mang (Hinh 23 - Hinh
30) cho thay gia tri tinh toan (Net-1) va thuc do (Target-1) c6 twong quan rét tét, duong qua
trinh tinh todn luu lugng dong chay kiét cac thang di kha sat v6i duong qua trinh thuc do. Két
qua 8 md hinh du bao DB7ngay ciing cho thiy khong c6 diém sai khac I6n gitra gia tri thuc
do va tinh toan. Ty I¢ tinh toan dat sai s6 muc tiéu caa 8 md hinh mang déu trén 90% (Bang
2), trong d6 ty 18 dat thap nhét 1a 92% ddi voi md hinh mang thang IV, VII va ty Ié dat cao
nhat 12 98% d6i véi md hinh mang thang V1.
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Hinh 23. Luu lugng thuc do va tinh toan Hinh 24. Luu lwgng thuc do va tinh toan
véi md hinh mang DB7ngay thang |. véi md hinh mang DB7ngay thang 11.
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Thang 3 Thang 4
Hinh 25. Luu lugng thuc do va tinh toan Hinh 26. Luu Iuong thuc do va tinh toan
véi mé hinh mang DB7ngay thang Il1. vai mo hinh mang DB7ngay thang IV.
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Hinh 27. Luu luong thyuc do va tinh toan
véi mé hinh mang DB7ngay thang V.
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Hinh 28. Luu lugng thyc do va tinh toan
véi mé hinh mang DB7ngay thang VI.
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Hinh 30. Luu Iuong thuc do va tinh toan

Hinh 29. Luu lugng thuc do va tinh toan ]
véi mé hinh mang DB7ngay thang VIII.

véi mé hinh mang DB7ngay thang VII.
Bang 2. Panh gia két qua DB7ngay.

7T | Thang Sai s6 muc tiéu _ Ty Ié dat (Good patteNrn) %
(Target Error) | Chudi phu thuoc (1979 - 2005) |  Chudi doc 1ap (2006 - 2017)
1 | 0,05 97 96,0
2 I 0,05 97 96,0
30 m 0,05 97 95,2
4 v 0,05 92 85,5
5 Vv 0,05 96 92,7
6 VI 0,05 98 96,8
7 VII 0,05 92 83,9
8 VIII 0,05 94 91,1

Véi két qua dat duoc sau qué trinh "hoc" ciia mang, ¢6 thé nhan dinh 8 mé hinh mang
DB7ngay d nhan dién dugc quy luat phy thudc gitra 3 bién dau vao véi bién dau ra. Md hinh
mang thu nhan duoc dat d6 tin cay dé tién hanh du bao luu lwong dong chay 8 thang mua kiét
véi chudi s6 liéu doc 1ap (2006 - 2017).
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Hinh 31. Luu lugng dong chay kiét du bao vai
mo hinh mang DB7ngay thang I.
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Hinh 32. Luu lugng dong chay kiét du bao voi
md hinh mang DB7ngay thang I1.
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Hinh 33. Luu lugng dong chay kiét du béo véi
m6 hinh mang DB7ngay thang Il1.
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Hinh 37. Luu lugng dong chay kiét du bao véi
mo hinh mang DB7ngay thang VII.

Tap 71, Sb 8 (10/2020), 1000-1015

20

w |
10 i J 1\\ \\ \Nem

[

0 1z % % 48 s 2 4 %
Thang 4

Hinh 34. Luu lwgng dong chay kiét du béo vai
mo hinh mang DB7ngay thang IV.
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Hinh 36. Luu lwgng dong chay kiét du bao véi
mo hinh mang DB7ngay théng VI.
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Hinh 38. Luu lugng dong chay kiét du bao véi
mo hinh mang DB7ngay thang VIII.
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Két qua du bao truéc 7 ngay yéu té luu luong dong chay (Net-1) 8 thang mia thé hién
trén cac do thi (Hinh 31 - Hinh 38) cho thay gia tri du béo pht hop véi gia tri thuc do (Target-
1) va khong xuat hién nhiing diém cé sai khac Ion. Twong tw md hinh mang DB1ngay, cic
thong sé danh gia thé hién trong Bang 2 cho thay ty 16 mau dat sai s6 muc tiéu d6i vai chudi
doc 1ap thap hon chudi phu thudc nhung van dugc danh gia 1a tét véi ty 18 dat hau hét trén
90%, ngoai trir thang 1V la 85,5% va thang VI1I la 83,9%.

Déi véi md hinh mang du bdo cho thang IV, sé mau du bao dat sai s6 muc tiéu Ia véi
106/124 1an dy béo c6 sai s6 dudi 5% tuong tng ty 1& du bao dat 1a 85,48%, 4/124 1an dy béo
c6 sai s6 16n hon 10% twong ung 3,23%, sai s6 16n nhat 1a 13,51% (du bao 2,77m?%/s, thuc do
2,44m?3/s) (Hinh 39). M hinh mang dy béo thang V11 ¢6 s6 mau du bao dat sai s6 muc tiéu l1a
cao nhat voi 104/124 lan dy bao dat twong tng 83,87%, 4/124 lan du béo c6 sai s6 lon hon
10% tuong tng ty 18 3,23%, sai s6 16n nhat 1a 13,01% (du bao 4,51m®%/s, thuc do 5,19m%s)
(Hinh 40). B4i véi md hinh mang dy bao cho thang VI, két qua sb 1an du bao dat sai s6 myc
tiéu 1a tét nhat trong cac md hinh mang DB7ngay. Sb lan du béo dat 1a 120/124 twong ung ty
16 96,77% (Bang 2), 1/124 1an duy béo c6 sai s6 1én hon 10% twong wng ty 18 0,81%, tuyét doi
I6n nhat 12 1,41m%/s (du bao 24,66m®%/s, thuc do 26,07mP%/s), sai s6 twong d6i 16n nhat Ia
14,78% (du bao 6,54m?/s, thuc do 5,70m3/s).
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Hinh 39. Sai s6 du bao Hinh 40. Sai so du bao
mo hinh mang DB7ngay thang IV. mo hinh mang DB7ngay thang VII.

4.4. Du bao trwéc 30 ngay

Dbi v6i phuong an dy bo truée 30 ngay (DB30ngay), nghién ciru khong chia thanh cac
treong hop du bao tng véi ting thang nhu 2 phuong an du bao trén. Vi dir liéu cua thang
trude 13 dau vao dé mang "hoc" mé phong dong chay cho thang sau, trong khi chudi phu
thudc 1a 27 nam (1979 - 2005) nén néu chia thanh ting thang thi tip mau chi c6 27 phan tu.
Diéu ndy s& khién co so dir liéu luyén cho mang rat nho, khang thé hién duoc day du moi
quan hé¢ gitra cac yéu t6 dau vao vai dau ra. Do d6 nghién ciru thiét 1ap tap so liéu lién hé gitra
cac yéu té khi twong thily van cua 30 ngay trudc véi 30 ngay sau lién tyc trong 27 ndm nham
dam bao bao ham duoc hau hét cac dic tinh ngau nhién cuaa chudi.

Vi thoi gian du bao 16n nén méi quan hé giira cac bién dau vao véi bién dau ra rat phuc
tap. Qua nhiéu thir nghiém, nghién ciu lra chon dugc 2 méd hinh mang pha hop nhét cho
phuong an dy bao trudc 30 ngay. Mé hinh mang cu thé nhu sau:
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Hinh 41. So d6 cac lop neuron Hinh 42. Luu Iuong thuc do va tinh toan
vai mo hinh mang DB30ngay3n vai md hinh mang DB30ngay3n.
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Hinh 43. So d6 cac lop neuron Hinh 44. Luu lwong thuc do va tinh toan
vai md hinh mang DB30ngay2n. vai md hinh mang DB30ngay2n.
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- DB30ngay3n: Mang gom 3 neuron Iép dau vao 1a muc nudce trung binh 30 ngay Haongay i,
luu Iuwgng trung binh 30 ngay Qsongay_i thoi doan trudc va tong lwong mua 30 ngdy Xsongay i+1
thoi doan sau. Lop dau ra gom 1 neuron la Iuu lugng trung binh 30 ngay Qsongay_i+1 thoi doan
sau. Lop an cd 2 16p, trong d6 16p an 1 ¢6 6 neuron va 16p an 2 ¢6 3 neuron (Hinh 41).

- DB30ngay2n: Mang gom 2 neuron 16p du vao 1a luu luong trung binh 30 ngay Qaongay i
thoi doan trudc va tong lwong mua 30 ngdy Xsongay i+1 thoi doan sau. Lép dau ra gom 1
neuron 1a luu lwong trung binh 30 ngay Qsongay i+1 thoi doan sau. Lép an ¢6 2 16p, trong d6 16p
an 1 ¢6 8 neuron va 16p an 2 ¢6 4 neuron (Hinh 43).

Chudi sé liéu ciing dwoc chia thanh chudi phu thudc dé mang "hoc" quy luat phu thudc
giira c4c bién dau vao véi bién dau ra va chudi doc lap dé thuc hién kiém dinh do chinh xac
cua két qua du bao. Két qua "hoc" cuia mang da thiét 1ap duoc bo trong sé lién két cac neuron
(Hinh 41, Hinh 43), gi4 tri dau ra caa mang thé hién trén Hinh 42 va Hinh 44.

Bang 3. Panh gia két qua DB30ngay.

Sai s muc tibu Ty I mau dat (Good pattern) %
TT M® hinh mang (Target Error) Chuoi phu thuoc Chuoi doc lap
(1979 - 2005) (2006 - 2017)
1 3 neuron 16p dau vao 0,05 90 81,3
2 2 neuron 16p dau vao 0,05 92 79,2

Panh gia két qua dau ra ctia hai md hinh mang déu cho ty 16 mau dat sai s6 muc tiéu tir
90% (Bang 3). Gi4 tri dau ra caa mang phd hop véi duong qua trinh thuc do (Hinh 42, Hinh
44), mac du van ton tai nhitng diém tinh toan c6 sai sé vuot hon gip 4 lan sai s6 muyc tiéu.
Tuy nhién voi két qua da thu nhan duoc thi méd hinh mang DB30ngay3n va DB30ngay2n c6
du d6 tin cay dé thuc hién du bao Iuu lugng dong chay trung binh thang trong moa kiét.

Bang hai md hinh mang da duoc thiét 1ap, nghién ciu tién hanh tinh toan duy bao tir cac
bién dau vao cua chudi doc 1ap. Két qua cho thay ty 1 du bao dat sai s6 muc tiéu caa md hinh
mang DB30ngay3n (81,3%) tot hon mé hinh mang DB30ngay2n (79,2%) (Bang 3).

Déi voi nhiing thoi diém luu lwong nho hon 50m®/s thi md hinh mang DB30ngay2n du
bao tét hon mé hinh mang DB30ngay3n (Hinh 45, Hinh 46) vi luu luong dong chay trung
binh thang mua kiét c6 gia tri nho thi phu thugc cha yéu vao luu luong dong ngam vi lugng
mua khong c6 hoic rat it va muc nudc trén song thay doi khdng nhiéu. Do d6, vai hai bién
dau vao 1a luu lwong trung binh thang thoi ky trudc va tong luong mua thoi ky du bao da giap
cho mang DB30ngay2n dé tim duoc quy luat hon mang DB30ngay3n. Nguoc lai, véi nhiing
thoi diém c6 luu lwong I6n hon 50m®/s thi mé hinh mang DB30ngay3n lai dy béo tét hon mo
hinh mang DB30ngay2n vi gia tri luu luong thoi diém nay khong chi phy thudc vao luu lugng
dong ngam ma con phy thudc vao lugng mua va myc nudc trén song.
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4.5. Nhan xét

Céc phuong an du bao duoc mang "hoc™ véi chudi doc 1ap cho ty & phan tram sé lan dy
bao dat sai s6 muc tiéu I trén 90%. Mang di tao ra duoc ham &nh xa kha sat véi ham thuc
cta chudi s6 liéu thuc do. Két qua danh gia kha ning dy bdo caa cac mé hinh mang véi chudi
dir liéu dau vao doc lap ciing cho ty 1 dir bao dat twong ddi tét, hau hét cac phuong an du bdo
déu dat ty & trén 80% phan tir tinh toan thoa méan sai s6 muc tiéu.

Theo khuyen cao va kinh nghiém tu nhiéu nguoi dung thi md hinh mang thuong chi nén
chon 1 16p an va sé neuron trong 16p 4n khéng qua 2 lan sb neuron 16p dau vao. Tuy nhién,
d6i voi nghién ctru nay, cac phuong an mé6 phong bang mo h|nh mang 1 16p an véi nhiéu thi
nghiém vé sb neuron trong I6p an cung su thay dol cac thong sé cua mo hinh déu cho két qua
"hoc" ciia mang c6 ty 1& phan trim mau dat sai s6 cho phép 1a thip hoic rat thip. Do do, ddi
v6i dong chay mua kiét trén luu vuc séng Huong, nghién cu khuyén céo nén sir dung mo
hinh mang EBN ¢6 2 16p an.

Qua céc thir nghiém cho thay, han du bao cang dai thi mac d6 ngau nhién cua mdi quan
hé giita cac bién dau vao véi bién dau ra cang Ién. Gia tri luu lugng dong chay mua kiét trén
song Ta Trach ¢ quan hé chat ché véi lugng mua thoi doan dy bao va muc nudc, luu lugng
tai thoi diém thuc hién du bao ddi vai cac kich ban du bao han ngan.

S6 neuron 16p dau vao cang it thi méi quan hé gitra cac neuron l6p dau vao voi lép dau ra
cang long. Nguoc lai, sb neuron 16p dau vao cang nhiéu thi cang tdng muc rang bugc, giam
tinh ngau nhién lam cho moi quan hé gitra cac neuron 16p dau vao va 16p dau ra cang chat.
Tuy nhién, s neuron cang nhiéu thi thoi gian dé mang "hoc" cang I16n, viéc lya chon sé I6p
an va neuron trong mdi 16p an gap nhiéu kho khan.

Déi voi phuong an du bao trude 24 gio va 7 ngay, véi sé lieu dau vao gom muc nudc,
Iuu Iwong trung binh thoi doan tai thoi diém thyc hién du béo va tong lugng mua thoi doan du
bao cho két qua dau ra phi hop véi s6 liéu thuc do. Céc két qua dy bao hau hét co ty 1é sb lan
dat sai s6 muyc tiéu trén 90% ngoai trir md hinh mang DB1ngay thang 11 (82,3%) va DB7ngay
thang 1V (85,5%), thang V11 (83,9%). Tuy nhién sé 1an dy bao véi sai sé trén 10% la khong
I6m, d6i vai md hinh mang DB1ngay thang Il 12 6/124 lan va DB7ngay thang 1V, thang VII
cung 1a 4/124 lan.

Déi voi phuong an dy bao trude 30 ngdy, nghién ciu da tim duoc 2 mé hinh mang cho
két qua "hoc" tot, dat ty Ié tinh toan dung trong pham vi sai s6 cho phép 14 trén 90%. Vi md
hinh mang DB30ngay2n c6 2 neuron I6p dau vao, mang da "hoc" duoc quy luat phu thugc tét
hon mo hinh mang DB30ngay3n khi Ivu lwgng du bao dugi 50m?%s. Nguoc lai, mo hinh mang
DB30ngay3n du bao tét hon DB30ngay2n khi luu lugng trén 50m®/s. Xét vé tong thé mau du
bao thi DB30ngay3n cho két qua sé lan du bao dat tét hon DB30ngay2n.

5. KET LUAN

M6 hinh mang neuron nhan tao thuét toén sai s6 lan truyén ngugc dwoc nghién ciu tng
dung thtr nghiém bude dau trong viéc du bao dong chay mua kiét trén séng Ta Trach. Két qua
dat duoc trong cac phuong an du bao cho thay tinh kha thi cia phuong phap. M6 hinh du bao
truéc 24 gid va 7 ngay hoan toan du tin cay, kha ning du bao dat trong pham vi sai s6 muc
tiéu 1a rat 16n. Di v6i phuong an dy bao trude 30 ngay, dé giam sai s6 du béo, c6 thé &p dung
mé hinh mang DB30ngay3n, néu két qua du bao cho gia tri luu lugng nho hon 50m%/s thi dy
bao lai 4p dung mé hinh mang DB30ngay2n. Trong thyc té nghiép vu dy bao, tap sb liéu phu
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thuoc cho mang "hoc" thuQng duoc cap nhat sau mdi chu Ky tinh toan nhim tang hoan thién
mo hinh du bao, giam sai so du béo.

LOI CAM ON

Tac gia bay to long cam on chan thanh toi GS. TS. Lé Van Nghi - Vién Khoa hoc Thuy loi
Viét Nam di cung cap so liéu thuc hién nghién ctru nay.
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