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SU DUNG MANG NO-RON NHAN TAO DU BAO MUC NUGC SONG
CHIU ANH HUONG CUA THUY TRIEU

HO Viét Tuén

Cong ty TNHH Framgia Viét Nam
Ho Viét Hung

Truong Dai hoc Thuy Loi

Tém tit: Mang no-ron hoi quy (Recurrent Neural Network - RNN) dwoc sir dung réng rdi trong
nhiéu linh vuc khéc nhau, trong do co thuy lgi. Cac mo hinh RNN duoc ung dung dé du bdao muc
nieée song, luu lwong dén ho chira... Trong bai bdo nay, cdc tac gia da thiét lgp mét mé hinh Long
Short-Term Memory network (LSTM), mot dang dac biét cua RNN, dé du bdo muc nuée 6 ha leu
céng - du thuyén Cau Cdt thudc hé théng thuy loi Bdc Hung Hai. Dir liéu dau vdo ciia mé hinh
chi la myc nude & ha leu cong Cau Cdt trong qud khit, két qua du bdo la muc nuwde ¢ dé cho 6
gio, 12 gio, 18 gio va 24 gio trong twong lai. M6 hinh ma cdc tac gia dé xudt cho két qud c6 do
chinh xdc cao va on dinh, hé s6 Nash dao déng tir 95.3% dén 91.6% twong vmg véi cdc truong
hop du bao. Vi vay, co thé ung dung mo hinh nay dé duw bdo muee nude tai cdc céng vung triéu,
gitip cho viéc van hanh cong an toan, hiéu qua.

Tir khéa: Mang no-ron hoi quy (RNN), LSTM, du bdo muc nuée, du thuyén Cau Cat.

Summary: Recurrent Neural Network (RNN) is widely used in many different fields, including
irrigation. RNN models have been applied to forecast river water levels, reservoir’s inflow... In
this paper, the authors developed a Long Short-Term Memory Network model (LSTM), a special
type of RNN, to predict water levels downstream of Cau Cat Culvert in the Bac Hung Hai irrigation
system. The input data of the model are just the water levels downstream of Cau Cat Culvert in
the past, the predicted result is the water level there for 6 hours, 12 hours, 18 hours and 24 hours
of lead-time in the future. The model proposed by the authors provides results with high accuracy
and stability, with Nash coefficients ranging from 95.3% to 91.6% corresponding to the predicted
cases. Therefore, it is possible to use this model to forecast the water level in the tidal sluice,
helping to operate the culvert safely and effectively.

Key words: Recurrent Neural Network (RNN), LSTM, forecast river water levels, Cau Cat
Culvert.

1. GIOI THIEU CHUNG & cac cong tudi tiéu két hop nham giup cho quy
Tri tué¢ nhan tao (Artificial Intelligence - Al) trinh van hanh CfA) ng ph hop va hiéu qua. Nham
giup doc gid hiéu rd hon cac tng dung cua Al
trong linh vuc tai nguyén nudc, bai bao nay
trinh bay mot mo hinh d4p dung mang no-ron
nhan tao (Artificial Neural Network - ANN) dé
du bdo muc nudc song vung chiu anh hudng
ctia thuy triéu.

ngdy cang duoc ng dung rong rai trong nhiéu
linh vyre khac nhau cua doi sdng. Al c6 thé duge
ap dung trong nganh Thay lgi & du bio muc
nude hodc luu lugng dong chdy trong song
nhim canh bao 1, gop phan giam nhe va phong
ngura tac hai cua i lut, hodc du bao myc nudc
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Tt trude dén nay, cac mo hinh thuy luc dugc ap
dung rong rdi & Viét Nam ciing nhu trén thé gisi
dé tinh toan dong chay trong song ving chiu
anh huong cia thuy tridu, phuc vu cho cong tac
quy hoach phong chdng lii Iyt hay han han, xAm
nhap médn. Tuy nhién, cdc m6 hinh nay thuong
yéu cAu mot lugng 16n cac dir ligu dau vao nhu
dia hinh, lugong mua, cac luu lugng chay qua
cdng lay nude hay thoat nudce... Cac thong sd
ctia mo hinh phai dugc hi€u chinh va kiém dinh
dwa trén nhiéu tai liéu thuc do, do d6 khong dé
dang lya chon cac thong s6 phu hop. Trong
truong hop khong cé du tai li€u dia hinh, dia
mao va tuy theo nhu cau thyc té, md hinh mang
no-ron nhan tao (ANN) c6 thé duogc 4p dung dé
du bao cac yéu td thiry van, thuy luc ciia dong
chay. Cac md hinh ANN dya trén mdi quan hé
gitra cac dir licu dau vao va dau ra dé hoc cac
quy luat trong qua khu tir do6 dua ra cac du bao
trong tuong lai.

Trén thé gidi, cic md hinh ANN da duogc sir
dung dé dy bao 1 tir nim 1990. Sau d6, cac nha
khoa hoc di 4p dung va cai tién cac thudt toan
trong mé hinh ANN nham ting d6 chinh xéac
trong du bao (L& Xuan Hién, HO Viét Hung,
2018) [1]. Asaad Y. Shamseldin (2010) [5] da
khai thac sir dung mang no-ron nhan tao dé du
bado luu lugng dong chay song Nile xanh &
Sudan. Trong nghién cuu nay, tac gia da su
dung gia tri luvu luong dong chdy trung binh
ngay cta song Nile xanh do tai Eldeim gan bién
gi6i Sudan - Ethiopia va dir li¢u lugng mua
trung binh ngay trong khu vuc cho giai doan
bon nam 1992-1995 dé du béo. Chen, J.F. va
nnk (2014) [6] da st dung thuat toan Cuckoo
Search dé du béo luu luong dong chiy dén hd
Hoa Binh, Viét Nam. Ngoai ra, ¢ thé ké dén
cac nghién ctru ¢ trong nudc nhu: Truong Xuan
Nam, Nguyén Thanh Tung (2016) da st dung
phuong phap Hoc sau dé du bao luu lugng nudce
dén ho Hoa Binh [4]. Trong nghién ctru ndy, cac
tac gia da st dung dir liéu dau vao 13 luu luong
muia kiét tir nam 1964 dén 2002 véi bude thoi
gian quan tric 10 ngay va dua ra dy bao luu

luong dong chay cho 10 ngay sau do. Lé Xuan
Hién, HS Viét Hung (2018) dd tng dung md
hinh by nhd gan xa, Long Short-Term Memory
(LSTM) dé dy bao muc nude tai cac tram thiy
van & Hai Phong, khu vuc bi anh hudng cua
thuy tridu. Cac tac gia da sir dung dir liéu 1a myc
nude gio dé dy bao myc nude trong tuong lai
tu 1 gio dén 5 gi0, tai tram Quang Phuc va Ctra
Cam [1]. HS Viét Hung va nnk (2018) di xdy
dung mdt mo hinh todn dua trén mang no-ron
hoi quy (Recurrent Neural Network - RNN),
mot dang Ung dung chuyén sau cia mé hinh
ANN, dé dy béo luu lugng 1o song Da tai Lai
Chau trudce 1 ngay [2] va du bao luu lugng dong
chay song Hong tai tram Son Tay trudc 1 ngay,
2 ngay va 3 ngay [3]. M6 hinh ma cic tac gia dé
xudt khong doi hoi cac dit liéu vé dia hinh va
tham phu bé mat luu vuc song, chi can cac dix
liéu vé luu lrgng dong chay. Lé Xuan Hién va
nnk (2018) di sir dung md hinh LSTM dé du
bao Iru lugng nude vé hd Hoa Binh trude 6 gid,
12 gid va 18 gid [7]. Nhimng nghién ctru ké trén
cho thiy riang, cac md hinh dy bao dong chay
dwa trén ANN ngay cang phd bién va co thé g
dung rong rai trong nganh Thuy lgi.

Trong bai bao nay, cac tac gia xay dung mot mo
hinh mang no-ron hoi quy (RNN) d& du bao
muc nudc 6 ha luu céng —au thuyén Cau Cét
thuc hé thong thuy loi Biac Hung Hai, véi 4
truong hop du bao: 6 gio, 12 gio, 18 gio va 24
gio.

2. PHUONG PHAP NGHIEN CUU VA DU
LIEU PAU VAO

2.1. Mang no-ron hdi quy (RNN) va mang
LSTM

Mang no-ron nhan tao dugc moé phdng dua trén
hoat dong cua hé théng than kinh dong vat, la
mo hinh xur 1y thong tin nhd mot lwgng 16n cac
no-ron duogc gin két véi nhau. Ciu trac co ban
cua mot ANN gém 3 thanh phﬁn, duogc goi la:
16p dit litu dau vao (Input layer), 1op an
(Hidden layer) va 16p dir liéu ddu ra (Output
layer) nhu Hinh 1 [3]. Mot ANN ¢6 thé c6 mot
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hodc nhiéu 16p an, phy thudc vao kich thude cua
tap dir licu dau vao va yéu cAu vé do chinh xac
ctia két qua du bao.

Mang no-ron hdi quy (RNN) khac voi mang
ANN truyén thong 1a: n6 chira cac vong lap bén
trong, cho phép thong tin co thé luu lai dugc.
Long Short-Term Memory networks (LSTM)
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Hinh 1: Cdu triic ciia mot ANN [3]

Mang LSTM c6 kién truc dang chudi gdm cac
md dun lap di lip lai, n6 khong chi ¢6 1 tang
no-ron nhu RNN chudn ma c6 t6i 4 tang twong
tac voi nhau mot cach dic biét (Hinh 2) [1]. Moi
md dun LSTM gdm cé trang thai té bao (cell
state) va cac cong (gate). Trang thai té bao chay
xuyén sudt qua tit ca cac mo dun gitp thong tin
duoc truyén dat dé dang, con cong 1a noi sang
loc théng tin di qua nd, c6 3 cong va 4 tang
trong mot moé dun LSTM. Pau tién 14 tang cua
cong quén f; (forget gate layer), no s& quyét dinh
thong tin ndo can bo di tir trang thai té bao. Pau
vao ciia tang nay 1a hey (gia tri dau ra tai thoi
diém t-1) va x; (dir liéu dau vao, hién tai); dau
ra ctia n6 1a f;, mot sd trong khoang tir 0 dén 1
cho mdi sé trong trang thai té bao Cyi.

JSo=oW,.[h_.x]+D,) (1)
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1 mot dang dic biét cia RNN nham giai quyét
cac bai toan c6 sy phu thudc dai han (long-term
dependency). LSTM xuét hién lan dau tién vao
nam 1997, sau d6 da duoc cai tién va phé bién
rong rai. Nhiéu mé hinh dy bao da cho két qua
t6t khi sir dung LSTM vi n6 ¢6 kha ning hoc
duogc cac phu thudc xa va ghi nhé thong tin
trong mdt khoang thoi gian dai [2].
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Hinh 2: Cau triic ciia mét mé dun LSTM [1]

lan
cong

Trong d6: O 1a ham sigmoid, W¢ va b
luot 1a trong s6 va tham sb cua tﬁng
quén.

Hai tang tiép theo s& quyét dinh thong tin luu
vao trang thai té bao va cap nhat gia tri cho trang
thai ndy, d6 1a tang cong vao i (input gate layer)
va mot tang tanh N (tanh layer).

i, =0(W.[h_,x,]+b) 2)
N, =tanh(W,.[h_, X, ] +b) 3)
C=1*C+i*N, 4)

Trong d6: Ce1 va C; la trang thai té bao 1an luot
& thoi diém t-1 va t; Wi va b; 1an luot 1a trong
s6 va tham sb cua tang cong vao. We va be 1a
trong s6 va tham sb cua trang thai té bao; tanh
la ham hyperbolic tangent.
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Cudi cung 14 tang cong ra o, (output gate), gia
tri dau ra (he) s€ dugc quyét dinh bdi trang thai
té bao mudn xuét ra.

0 :O_(VK'/ht—pxt]"'bo)
Jy =0, *tanh(C,)
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)
(6)

Trong do: W, va b, lan luot 1a trong s6 va tham
sO cuia tAng cong ra.

Trong nghién ctru nay, thu vién phin mém ma
nguén mé TensorFlow cua Google, cac thu
vién Numpy, Pandas, Keras cung voi ngdn ngi
lap trinh Python 3.6 da dugc sir dung dé thiét
1ap mdt md hinh LSTM.

2.2. Phuong phap danh gia

Pé danh gia mic d6 chinh xac ciia két qua md
hinh, céc tac gid sir dung hai tri s6, d6 1a RMSE
(Root Mean Squared Error — sai sO can quan
phuong) va NSE (Nash Sutcliffe Efficiency —
hé sb Nash), duoc tinh toan bang cac cong thirc

(7) va (8) [1].
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Trong do: O;, 0, va P; 1an luot 1a gia tri thuc do,
gia tri thuc do trung binh va gia tri du bao cua
mau tht i. M6 hinh dy bao c¢6 dd chinh xac cao
khi gid tri cia RMSE nhé va NSE lon.

2.3. Dit liéu diu vao ciia mé hinh

Mo hinh LSTM dugc xay dung dé dy bao muc
nude & ha ru cong — 4u thuyén Cau Cit, ndi
song Bic Hung Hai v6i song Thai Binh (Hinh
3). Pay la mot trong cac cong chinh cua hé
thong thity loi Bac Hung Hai, cdng — 4u thuyén
két hop lay nudc hoic tiéu nudc ra séong Thai
Binh, c6 hé théng do myc nudc 6 gid mot lan,
vao lac 1h, 7h, 13h, 19h. Céng co 1 ctra voi kich
thuéc B x H= 6.0 x 6.45 m; Cao trinh day cong
la-1.50 m [8].

Céng Cau Cat

i
A,
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Hinh 3: Vi tri cong Cau Cét trong so' do hé thong Bac Hung Hai

Du liéu dau vao ciia md hinh 1a myuc nuéc ha
lvu cong Cau Cét, phia song Thai Binh, 6 gid
do mot lan, tir 01h ngay 01/01/2000 dén 19h
ngay 10/11/2018 (27559 sb liéu). Tap dir lidu
niay dugc chia thanh 3 phan. Phan thi nhat 1a
chudi sb lieu duge do dac trong 18 nam (26059

s6 liéu) tir 01h ngay 01/01/2000 dén 19h ngay
31/10/2017 dung dé hiéu chinh (training) mo
hinh va lga chon cac thong s6 tot nhat cho mod
hinh LSTM. Phan thér hai 1a chudi sé liéu thyc
do trong 1 nam (1460 sb liéu), tir 01h ngay
01/11/2017 dén 19h ngay 31/10/2018, dung dé
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kiém dinh (test) cac théng s6 mo hinh. Phan thir
ba 1a cac sb liéu thyc do trong 10 ngdy dau
thang 11/2018 ding dé du bao thir myc nude ha
Iwu cong Cau Cét va so sanh két qua du bao véi
muc nude thye do tai cong nay.

2.4. Thiét ké mo6 hinh

M6 hinh LSTM dugc xay dung dé dy bao muc
nude l1an lugt cho timg trudng hop: 6 gio, 12
gio, 18 gid va 24 gio. Vi moi truong hop, cac
thong sd cta md hinh c6 thé dugc didu chinh
bang cach thir dan cho dén khi dat két qua tot
nhat. M6 hinh cling dugc 1ap trinh dé tu dong
tinh cac tri s6 cia RMSE va NSE theo cong
thirc (7) va (8). Sau qua trinh hiéu chinh va kiém
dinh, cac thong s phu hop nhat ctia mé hinh
cho mdi trudng hop dd duoc Iya chon dé phuc
vu viéc du bao. Dit liéu dAu vao ctia md hinh
LSTM la myc nudc thuc do trong 12 budc thoi
gian gan nhat (tir t-11, t-10,... dén t-0), tirc
trong 72 gid gan nhat trudc thoi diém t, dé du
bao cho 6 gio, 12 gid, 18 gid hodc 24 gio trong
tuong lai sau thoi diém t (tic t+1, t+2, t+3, t+4).
Chiéu dai chudi Ia 12 budc thoi gian (time step)
vi 72 gid gan nhat tac dong t6i két qua du bao
nhiéu nhat, cac s6 lidu trong qua khtr xa hon chi
bd sung thém thong tin. S6 lwgng mod dun
(LSTM cells) ciing duoc lira chon dya trén két
qua tinh thir dan cua timg truong hop, véi 42
hodc 43 md dun, NSE ¢o tri s cao nhat. Dé
tranh hién tugng qua khép véi thuc do (Over

[ KAOAHGE
fitting) trong qua trinh hi¢u chinh mo6 hinh, k¥
thuat dung lai sém (Early stopping) da dugc st
dung. Do d0, sb lan lip (Epoch) 1a do mé hinh
tu dong chon va né tu dung tinh toan khi co6 két
qua tét. Nhu vy, cac thong sd ciing nhu cu
triic cua mo hinh dugc chon thong qua qua trinh
thir dan va duoc danh gid dwa trén céc tri sd
RMSE va NSE.

3. KET QUA NGHIEN CUU
3.1. Két qua kiém dinh mé hinh

Str dung cAu triic mé hinh da dugce lva chon nhu
trén, cac tac gia tién hanh kiém dinh mé hinh cho
tat ca 4 truong hop, voi thoi gian du béo 1a 6 gio,
12 gio, 18 gio va 24 gid, bang cach so sanh két
qua dy bao véi s6 lidu thue do muc nudc tai ha
lru cdng Cau Ct trong thoi gian 1 nam, tir ngay
01/11/2017 dén ngay 31/10/2018. Két qua kiém
dinh mo hinh dwogc thé hién trén cac do thi tir
Hinh 4 dén Hinh 8 va Bang 1. C6 thé thiy ring,
két qua kiém dinh c6 do chinh xac cao, hé sb
NSE dao dong tir 95.3% dén 91.6%. Khi co li
trén séng Thai Binh, dinh 1i két hop véi dinh
triéu lam muc nude dang cao nhung md hinh vn
du bao ding thoi gian xuat hién dinh li. Tuy
nhién, muc nuédce du bao chan triéu co xu hudng
cao hon thuc do khi du bao 12 gid va xa hon. Dy
bdo 6 gid cho két qua tot nhét v6i sai s RMSE
chi c6 13cm. Khi dy bdo xa hon cho tuong lai,
do chinh xéac (hé s6 NSE) giam xudng.

Bang 1: Thong s6 md hinh va két qua kiém dinh cho 4 truong hop

D béo idudai | S6 51

oo | Chibudii | SSuam | LT S61in | prse | s
6 12 1 42 1200 0.131 95.3%
12 12 1 43 940 0.174 91.7%
18 12 1 42 1349 0.171 92.0%
24 12 1 43 1281 0.176 91.6%
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Hinh 4: So sanh so liéu thuc do voi muc nuwoc dy bdao 6 gio
35
e Thyodo 12 hours
3 — Dy béo

Muc nuwdc (m)
pry (2]
w r w

-

05
0
05
Hinh 5: So sanh so liéu thuc do voi myc nuwoce dy bao 12 gio
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Hinh 6: So sanh s6 liéu thuc do véi muc nuwde du bdo 18 gio
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Hinh 7: So sanh so liéu thuc do voi myc nuwoce dy bdao 24 gio
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Hinh 8: So sanh myc nuoc thuc do voi dw bao 6 gio (trai) va 24 gio (phai)

Sau qua trinh hi€u chinh va kiém dinh, céc
thong s6 cia md hinh da duge chon cho timg
truong hop. Sau do, tat ca cac sb liéu cua phan
1va phé‘ln 2 trong tap dir li€u dau vao da duoc
tap hop dé hoan thanh (Finalize) 4 mo hinh du
bao. Cac mo hinh nay dugc ghi lai thanh 4 files
dudi dinh dang *.h5 phuc vu viéc dy bao.

3.1. Két qua dw biao mue nwéc trong twong
lai gan

Pé tién hanh dy bo thir nghiém cho timg truong
hop, ching t6i cho chay céc file dinh dang *.h5
trong moi truong Python 3.6 st dung TensorFlow
backend, keras, numpy, pandas, sklearn.

Phin dir liéu the ba gdm 5 ngdy, tir ngdy
01/11/2018 dén 05/11/2018 da duoc sir dung,
trong d6: 72 gid ciia 4 ngay dau dugc dung nhu
dir liéu dau vao ctia mo hinh dé dwa ra két qua
du bao myc nudc, 24 giv ciia ngay cudi cliing
dung dé danh gia két qua dy bao. DAy la tap dit
liéu doc lap va chua dugc st dung trudc day
nhim dam bao tinh khach quan cua két qua du
béo. Két qua dy bao dugc so sanh voi s6 liéu
thuc do trong ngay 4/11 va ngay 5/11/2018. Cac
thong s6 mo hinh va két qua du bdo muc nudc
& ha luu cdng Cau Cét voi 4 truong hop khac
nhau dugc thé hién trong Bang 2.
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C6 thé thay rang, chénh léch giira két qua du
bao va thyc do 1a nho, tir lem dén 13cm. Lic
19h ngay 4/11/2018 xuét hién dinh triéu nén
sai s6 du bao 1én t6i 13cm (8.5%), mic du chi
du bdo 6 gio. Dy bdo xa nhét, 24 gio, cling co
sai s6 13cm (11.2%), day 1a sai s6 16n nhit.
Vao cac thoi diém con lai sai s6 nho hon (1em

va 3cm). RO rang viée do muc nudc 6 gio mot
lan ciing anh hudong dén két qua du bao. Néu
muc nude duge do 3 gid mot 1an, hoic mdi 2
gio thi két qua du bao s& tét hon, do chinh xéac
s€ tang lén, vi day la vung chiu 4nh huong cua
thiy triéu, myc nudc thay déi nhanh theo ting
gio.

Bang 2: Thong s6 md hinh va két qua du bao thir nghiém

Chiéu dai s MN | MN dy |Chénh | Sai
Ngay, Duw bao i LSTM | So lan .
] . Gio chuoi SL . thuc do | bao léch i)
Thang, Nam (h) A cells lap o
(s0) (m) (m) (m) | (%)
4-Nov-2018 |19:00| 6 12 42 | 4000 | 1.53 140 | -0.13 | -85
5-Nov-2018 | 1:00 | 12 12 43 | 2135 | 0.96 093 | -0.03 | -3.1
5-Nov-2018 | 7:00 | 18 12 42 | 2657 | 0.67 068 | 001 | 15
5-Nov-2018 | 13:00| 24 12 43 | 2628 | 1.16 129 | 0.13 | 112
4. KET LUAN diém ké trén 6 gio, 12 giod, 18 gio va 24 gio.

Trong bai bdo nay, cac tic gia da trinh bay
phuong phap nghién ciru dé xay dung mot mo
hinh LSTM va str dung n6 dé du bao muc nude
& ha Iuu cong Cau Cat thudc hé thong thuy loi
Bic Hung Hai. Dit liéu dau vao chi la myc
nude & ha luu cdng Cau Cat trong qua khi, tir
ngay 01/01/2000 dén ngay 31/10/2018. Két
quéa du bao 1a myc nude tai cong nay sau thoi

TAI LIEU THAM KHAO

[1]

San pham ciia nghién ctru nay 1a 4 files, ngudi
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