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TOM TAT

Du bao luu lugng nudc rat quan trong trong cong tac quan ly ngudn nudc dé canh bao 10 lut va
chli déng nudc cho ndng nghiép. Tuy nhién, du bdo chinh xac luu lugng nudc la viéc rat kho khan
do ¢6 nhiéu yéu t6 thily van téc dong. Cho nén, muc tiéu cla nghién ciu la buéce dau kiém tra
kha nang ap dung thuat toan Mang tri nhd ngan han dinh hudng dai han (LSTM, Long Short—Term
Memory), la mét thuat todn hoc sau clia hoc may, trong dy bao luu lugng nudc tai tram thdy van
My Thuan trén song Tién. D liéu luu lugng nudc st dung trong nghién cliu dugc thu thap theo
gi&rtrong ndm 2018. Cac chi s6 théng ké nhu Hé s6 xac dinh (Coefficient of determination, R2), L&
trung binh binh phuong géc (Root Mean Squared Error, RMSE), va Sai s6 tuyét déi trung binh (Mean
Absolute Error, MAE), dudc st dung dé dénh gia tinh chinh xéc cia mo hinh du bao. Nghién ctu
danh gid kha nang du bao luu lugng nudc cla thuat toan LSTM véi sé noron khac nhau (1, 2, 3, 4)
3 cac thai gian du bdo khac nhau: 1,2, 3,4, 5 gio tiép theo (t+ 1,t+ 2, t+ 3, t + 4, t + 5, tuong Ung).
Két qua cho thay md hinh mang LSTM c6 3 noron du bao téi uu nhat & 1 gid tiép theo (t + 1) vdi
R? = 0,937, RMSE = 2294,60, MAE = 1738,33 cho tap huén luyén, R* = 0,884, RMSE = 2655,66, MAE
=2064,30 cho tap kiém tra. M6 hinh mang LSTM du béo kha tét luu lugng nudc tram My Thuan va
tiém nang Ung dung cho cac tram thiy van khac.

Tur khoa: Bién ddi khi hau, chudi thai gian, déng bang séng Cliu Long, hoc sau, hoc méy

GIGI THIEU

La lut 1a hién tugng ty nhién nguy hiém, c6 thé anh
hudng dén doi séng ngusi dan, nhatla cong dong dan
cu vung ha luu. Dy bdo chinh xac thoi diém va déu
hiéu cua 1 lut 13 rdt quan trong trong cong tdc quin
ly nguén nudc d€ giam thiéu tic dong va cé ké hoach
ung pho kip théi véi tinh hudng I lut bat ngs. Tuy
nhién, dy bdo chinh xdc Iuu lugng nude 1a van dé
vO cung kho khén, do luu lugng dong chay chiu tac
dong ctia rit nhiéu yéu t6 thiy van nhu ché d¢ triéu,
ché d6 dong chay, lugng mua, dia hinh long song'.
Ngoai ra, hoat dong tich/xa nudc ctua hé thong dap
thay dién ving thugng nguén clng tic dong rit 16n
dén luu lugng dong chay. Ldy trudng hop hé thong
song Mé Kong lam dién hinh, sdu dap thuy dién &
thugng nguoén song Mé Kong da quyét dinh dén hon
40% luu lugng dong chay ving ha nguén?®. Nhiéu
nghién ctu di 6 ging dua ra cdc phuong phap dé
du bédo luu lugng nudc. Cac du bdo vé luu lugng
nudc cht yéu dy vao cac mo hinh todn va cé thé chia
cac md hinh nay thanh hai nhém: (1) M6 hinh tién
trinh (Process—based models) 1a loai m6 hinh két hop

toan—vat ly d€ dua ra du bdo, cic quy luat thuy van
dugc mo ta va ude tinh chinh xac nho cac quy luat vat
ly dugc nghién cttu va tich hgp sin trong mé hinh.
Uu diém ctia nhém nay 1a tinh chinh xdc rit cao va
cdc quy luat thuy vin c6 thé dugc giai thich thong qua
cac quy ludt todn—vét ly; tuy nhién, nhom nay thudng
doi hoi phai c6 chuyén gia vi m6 hinh van hanh rat
phtic tap. Hon niia, s6 lugng dau vao, 1a dii liéu ctia
cdc yéu t6 anh hudng dén luu lugng, phai rat 16n méi
dam bao tinh chinh xdc*>. Mot céch tiép can khic la
stt dung (2) céc thuét todn hoc mdy (machine learn-
ing) trong du bdo mién, vi du K-Nearest Neighbors,
Decision Tree, Random Forest, Support Vector Ma-
chine, Artificial eural etwork, va Long Short-Term
Memory (LSTM). Phuong phdp nay c6 vu diém la dé
ap dung, d6 chinh xdc cao, khong doi hoi s6 lugng dit
liéu 16n; tuy nhién, do cac mé hinh hoc may thudc
nhoém “black—box” nén do6i khi rdt kho dé giai thich
két qua %, Thu thap théng tin vé toan b¢ cic yéu t6
anh hudng dén luu lugng dong chay la vo cung kho
khin va thusng khong ddy dt?. Cho nén, lya chon
cac m6 hinh hoc méy d€ du bdo luu lugng dong chay
trong trudng hgp nay la phu hop.

Trich dan bai bao nay: Thai T T, Hoai P N, Quéc P B, Nhan N P, Dong N P, Liém N D, Phuong K T. Ap dung
mang tri nhé ngén han dinh huéng dai han (Long Short—-Term Memory) dé du bao luu lugng nuéc
tai tram thay van My Thuan trén séng Tién. Sci. Tech. Dev. J. - Nat. Sci.; 6(1):1884-1896.
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Hién nay, thuit todn mang tri nhé ngin han dinh
huéng dai han LSTM, 14 mét trong nhiing thuét toan
hoc sau (deep learning) méi nhét, m6 hinh nay da ting
dung thanh céng vao nhiéu linh vuc: Nhén dién giong
n6i®; chuyén d6i ngon ngit’, du bdo lugng khach
du lich 19, chiing khodn 1, luong mua 2. Cho nén,
LSTM cling tiém ning trong du béo cac dic diém thay
van hoc. M6 hinh LSTM rat thanh cng trong du bao
bién dong muc nudc & cic thuy vuc: 3 mot s6 hé
& Phan Lan véi d6 chinh xdc R tli 0,84 dén 0,977,
vinh Narragansett (Mj) v&i R? 14 0,994, hé Dongt-
ing (Trung Qudc) v6i R? 140,99 1°. Tac gia Le va cong
su da ap dung mo hinh LSTM trong dy bao luu lugng
nudc tai tram thiy van Son Tay trén song Hong, két
qua du bdo rat chinh xdac, gan nhu tuyét doi véi chi
s6 NSE (Nash-Sutcliffe Efficiency) dat ti 0,992 dén
0,993 & thoi gian du bdo t + 1'. Mic du dugc ding
dung rong rai va thanh coéng & rat nhiéu nai trén thé
gi6i, mang LSTM con chua dugc cha y nghién citu
nhiéu & Viét Nam. Ddc biét trong mo phong cac dac
diém thty vin, m6 hinh mang LSTM cho théy chiing
c6 thé du bdo & d6 chinh x4c cao.

Do d6, nghién ctu dugc thuc hién véi muc tiéu: (i)
Pénh gid tinh hiéu qua ctia mo6 hinh mang LSTM
trong du bao luu lugng nudc & tram My Thuén trén
song Tién, (ii) tim ra cac thong s6 t6i uu ctia mo hinh,
pht hgp véi b dit liéu hién cd. Két qua tii nghién
ctiu c6 thé cung cdp mot cach tiép can mdi, tiém ning
trong quan ly tai nguyén nudc va nghién ctiu dy bao
cac dac diém thuy vén, bién dong moi trudng.

VAT LIEU VA PHUONG PHAP

NGHIEN CUU

Thu thap va tién xi ly dir liéu

Tram thty van My Thudn ndm trén nhanh séng Tién,
thudc hé thong song Mé Kong, c6 dia chi tai 192
Vinh Thué4n Tan, x3 Tan Ngii, thanh phé Vinh Long
(Hinh 1). Dii liéu vé luu lugng nudc (m3/s) tai tram
My Thuin dugc thu thép ti Dai Khi tugng Thuy
van khu vigc Nam B¢ (http://www.kttv-nb.org.vn/),
s6 liéu dugc do theo gid trong nam 2018. Bang 1 mo
ta thong ké bo dii liéu luu lugng nudc vé s6 lugng di
liéu, trung binh, d6 1éch chudn, gid tri nho—16n nhét,
diém phan vi thi 25, 50, va 75.

Doi véi dit liéu chudi thoi gian, chét lugng di liéu (s6
lugng du 16n, lién tuc, it gid tri ngoai lai...) quyét dinh
dén tinh chinh xéc ctia cic moé hinh dy bdo'°. Cho
nén, di liéu dugc tién xt ly qua hai buéc trude khi
dugc dua vao mo hinh d€ huén luyén thuat toan:

1) Gid tri ngoai lai khéc thudng trong b s6 liéu can
dugc kiém tralai, néu d6 la gia tri 16i thi thay thé bang
trung binh ctia 4 gid tri gdn d6!7. Biéu d6 hop diing
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dé mo ta phan b6 ctia s6 liéu & 5 vi tri: gid tri nho nhét
(min), td phan vi thd nhat (Q1), trung vi (median), td
phén vi tht 3 (Q3) va gia tri I6n nhat (max). Gid tri
ngoai lai 13 gid tri ndm ngoai gidi han trén (Q3 + 1.5
* Do trai gitia (IQR, Interquartile Range)) va gi6i han
duéi (Q1 - 1.5* IQR) ctia biéu d6 hop '8.
2) Tat ca cac s6 liéu dugce chudn hoa vé€ chung mot
pham vi tii 0 dén 1 bang phuong phap binh thudng
héa dii liéu (normalization scaling, cong thtic 1), dugc
thuc hién trong thu vién scikit-learn ctia Python °:
X —min (x)

1

~ max (x) — min (x)

Trong do6, max(x), min(x) la gia tri 1én nhat/nho nhat
ctia bo dit liéu, x la gia tri di liéu, z 1a gid tri da dugc
chuén héa tu x.

Chudn hoa gitp hoi tu va ngin can sy phén tin cta
dit liéu?® (Bang 1). Ngoai ra, chufn hoa gitip ting téc
qua trinh huén luyén thuat toan ma khong anh hudng
dén tinh chinh x4c?!.

Mang tri nhé ngan han dinh huéng dai han
(LSTM, Long Short - Term Memory)

Mang noron héi quy (RNN, Recurrent Neural Net-
work) dugc thiét ké cho viéc xti Iy cac loai dit liéu c6
dang chubi tudn ty. Mang RNN nhin mot dau vao x;,
tién hanh xt Iy va dua ra ddura b, . RNN sé luu lai gid
tri ctia b; d€ st dung cho d4u vao tiép theo. C6 thé coi
mot mang RNN 13 mot chudi nhiing mang con giong
hét nhau, méi mang sé truyén thong tin né vita xi ly
cho mang phia sau né. Néu ta téch tiing vong lip xu
ly trong RNN ra thanh tiing mang nho thi sé c6 mot
mang RNN c¢6 kién trac nhu Hinh 2a. Chudi cac dau
Va0 X;_1, X, Xt+1 13 nhiing sy kién xay ra theo thu
tu thoi gian va c6 méi lién hé vé€ thong tin véi nhau.
Thong tin cta chung sé dugc gitt lai d€ xu 1y su kién
tiép theo trong mang RNN. V& mat Iy thuyét thi RNN
c6 thé€xti ly va luu tri thong tin ctia moét chubi dit liéu
v6i do dai bat ky. Tuy nhién trong thuc t€ thi RNN chi
to ra hiéu qua véi chubi dii liéu c6 d6 dai khong qué
16n. Nguyén nhéin do vén dé triét tiéu/bung né dao
ham (vanishing/ exploding gradient problems) khi xt
ly cac chuéi di liéu c6 do dai lén22.

Mang LSTM la mét kién tric ning cdp dic biét
ctia mang RNN dugc phat minh béi Hochreiter va
Schmidhuber nam 199723, Mang LSTM khic phuc
dugc nhugc diém cta mang RNN truyén thdng vé
phu thuéc xa (long—term dependencies)>?. Céu triic
ctia mang LSTM bao gém nhiéu té bao LSTM (LSTM
memory cell) lién két v6i nhau (Hinh 2b). Mang
LSTM b6 sung thém trang théi bén trong té€ bao va
ba cdng sang loc cdc thong tin ddu vao va dau ra cho
té€ bao bao gobm forget gate, input gate, va output gate.
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Hinh 1: Ban d6 vi tri tram thay van My Thuan trén song Tién

Bang 1: Théng ké mé ta bé dir liéu vé luu lugng nudc tai tram thay van My Thudn trong ndm 2018

Dic diém di lieu

Luu lugng tai My Thuén

Trudc chuin héa Sau chuén hoa

S6 dit liéu (Count) 8.760 8.760
Trung binh (Mean, m3/s) 5.652,06 0,54
Do léch chufn (Std, m3/s) 9.107,25 0,25
Cuc tiéu (Min, m3/s) -14.500 0,00
Phan vi 25% (m3/s) -2.110 0,33
Phan vi 50% (m?/s) 7.340 0,59
Phan vi 75% (m3/s) 13.200 0,75
Cuc dai (Max, m3/s) 22.500 1,00

Tai méi budc thoi gian, cic c6ng déu lan lugt nhan
gid tri ddu vao (dai dién cho mot phén tu trong chudi
dau vao) va gia tri cé dugc tu dau ra cta té bao tu
budc thoi gian trude do. Forget gate ¢6 nhiém vu loai
bo nhiing thong tin khong cén thiét, input gate chon
loc nhiing thong tin can thiét, va output gate xdc dinh
nhiing thong tin nao tii t€ bao dugc st dung nhu dau
ra. Co ché hoat dong bén trong ctia mot t€ bao LSTM
dugc mo ta chi tiét trong Nguyen Truong Long nam
20184,

Xay dung va danh gia mé hinh

Toan bd dii liéu dugc chia lam 2 phan: 70% cho tap
huén luyén (training), 30% cho tap kiém tra (test-
ing). Phuong phap danh gid d¢ chinh xac (trung
binh) ctia m6 hinh phan 16p (Cross Validation, CV)
dugc dp dung d€ han ché hién tugng mo hinh dy doan
qué khép véi dii liéu huén luyén (overfitting). CV la
phuong phdp chia nho tép training ra thanh N phan.
V6iméilan hudn luyén, mo hinh sé stt dung N—1 phén
cho huén luyén, sau d6 kiém tra dya trén 1 phan con
lai, diéu nay sé gitp cho mo hinh han ché gip phai
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Hinh 2: Cau trdc mang RNN truyén théng (a) va mang LSTM (b)

overfittings. Nghién ctiu stii dung CV = 10, day 1a s6
phd bién trong huin luyén thuit todn hoc may>°.

Ba chi s6 thong ké la H¢ s6 xac dinh (Coefficient of
determination, R2, cong thi 2), Lai trung binh binh
phuong goc (Root Mean Squared Error, RMSE, cong
thit 3), va Sai s6 tuyét d6i trung binh (Mean Absolute
Error, MAE, cong tht 4), dugc stt dung d€ danh gia
tinh chinh x4c cia mo hinh du bdo. R? phan anh mtc
do giai thich ctia cac bién doc 14p dd6i véi cac bién phu
thudc, gia tri R? cang cao thi mé hinh cang chinh xac
(R? dao dong tli 0 dén 1)2°. Ca MAE va RMSE déu
thé do su khdc biét gitta cac gia tri duy dodn va gia tri
thuc té, chung ndm trong khodng tii 0 dén co va gid tri
cang thap thi mé hinh sé sé t5t hon?’.

Y, (vi—50)?
Y (vi -y)?

1 o
X (i)

RZ_

)

RMSE = (3)
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MAE = %z;;l [9i — yil )
Trong d6, n 1a s6 mau, yi, yi, y tuong ting la gia tri du
bdo, gid tri thuc, trung binh gia tri thyc.

Nghién ctiu sé danh gid kha niang du bdo luu lugng
nudc cta thuét todn LSTM vdi s6 noron khic nhau
(1, 2, 3, 4) & cac thoi gian du bdo khdc nhau: 1, 2, 3,
4,5 gigtiép theo (t+ 1,t+2,t+3,t+4, t + 5, tuong
ung).

KET QUA

Lua chon s6 noron cho mang LSTM

D6i v6i mang LSTM c6 1 noron, chi s6 R? & thai gian
du bdo t +1 la cao nhét véi 0,785. Thai gian du bdo
tang 1én t + 2, t + 3, t + 4 thi gid tri R? giam d4n, tuong
ting 14 0,463; 0,324; 0,391. Tuy nhién, R? lai ting lén
0,453 khi thoi gian dy bao la t + 5. Gia tri RMSE va
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MAE dat thdp nhat v6i thoi gian du bdo t + 1 (3619,54
va 2818,47, tuong ting), sau d6 ting dan khi thoi gian
du bdo tang tli t + 2, t + 3, ti 5732,48 dén 6435,11 cho
RMSE, tu 2818,47 dén 5010,18 cho MAE. Dén thoi
giant+4, t+ 5, RMSE giam ti 6106,65 xudng 5785,13,
trong khi MAE giam tli 4762,33 xuéng 4619,48. Mang
LSTM c6 2—4 noron, & thoi gian t + 1, chi s6 R2 dat
cao nhit, dao dong ti1 0,912 dén 0,917. Khéc véi mang
LSTM c6 1 noron, khi R? gidm rdi ting khi tang thoi
gian du bdo, mang LSTM c6 2—4 noron cho théy chi
s6 R? gidm lién tuc khi ting thoi gian du bdo tir t +
11én t + 5. Cu thé, mang LSTM c6 noron = 2, R2
gidm tlr 0,915 xudng 0,341 tli t + 1 dén t + 5, noron =
3 c6 R? giam tii 0,917 xudng 0,361 va khi noron = 4
c6 R? giam tif 0,912 xudng 0,299. Mang 1 noron, chi
s6 RMSE va MAE ting r6i giam khi tang thoi gian du
bdo, trong khi mang 2—4 noron, chi s6 RMSE va MAE
tang dan. Vi du khi ting thoi giandubdo tlit+ 11ént
+ 5, RMSE tang tli 2272,76 dén 6348,02 (2 noron), tit
2249,64 1én 6251,10 (3 noron), tit 2318,36 1én 6545,82
(4 noron) (Bang 2).

] mang LSTM ¢6 1 noron, R? kh4 thép, chi tu 0,453
dén 0,785; tuy nhién khi ting s6 noron (i 2 dén 4),
chi s6 R? ting 1én rd rét. Cu thé, R? ti1 0,341 dén
0,915 (2 noron), tti 0,361 dén 0,917 (3 noron), tii 0,299
dén 0,912 (4 noron). Ngugc lai, s6 noron trong mang
tang lén lam gidm déng k€ gid tri RMSE va MAE. Vi
duy, RMSE tti 3619,54-6106,65 (1 noron) giam xudng
2272,76-5916,54 (2 noron). O thai gian t + 5, gid tri
R2g mang 1 noron cao hon cic mang con lai cé nhiéu
noron hon; hon nita, RMSE va MAE & mang 1 noron
thuong thap hon cdc mang c6 nhiéu noron. Ngoai ra,
gia tri R%, RMSE va MAE khong khéc biét nhiéu & cac
mang 2, 3, 4 noron (Bang 2).

Hinh 3 so sanh céc chi s6 danh gid tinh hiéu qua mo
hinh LSTM véi s6 lugng cac noron va thoi gian dy bao
khéc nhau. Nhin chung, khi tang th&i gian du béo, chi
s6 R? giam trong khi RMSE va MAE ting. Ngoai ra,
khi tang s& noron trong mang, chi s6 R? ting trong khi
RMSE va MAE giam. Cho nén, tinh chinh xdc cia mo6
hinh du bdo tang khi ting s6 noron trong mang. Hon
niia, khi tang thoi gian dy bao, mang LSTM trong
nghién ctiu c6 tinh chinh xdc kém di, thoi gian du bao
1 gio tiép theo (t + 1) 1a thoi gian du bdo t6i uu.

Ap dung mé hinh mang LSTM vao du bao
Iuu lWong nudc & thoi gian t + 1

Ham loss dung cho cd 3 mang LSTM (noron la 2, 3,
4) 1aloss = MSE, epochs = 100, batch size = 10, va op-
timizer = Adam. Dé6i v6i mang noron = 3, khong ghi
nhén trinh trang overfittings & 100 epochs do gid tri
loss ctia tap hudn luyén va kiém tra gidm dén khi ting

epochs, ngoai ra, ching gan nhu ndm trung 1én nhau.
Tuy nhién, cé overfittings xudt hién & 100 epochs véi
mang noron = 2, 4, mdc du rat thap (Hinh 4).

Trong qua trinh hudn luyén, tuong quan gitia gia tri
du béo va gia tri thuc t€ rt cao (r > 96%, p < 0,0001).
Cu thé, hé s6 tuong quan r 1a 0,969; 0,968; 0,966 v6i
mang 2, 3, 4 noron, tuong ting. Tuong tu, trong qua
trinh kiém tra, hé s6 tuong quan r 6 mang 2, 3, 4
ndron cling rét cao, tuong ting dat 0,957; 0,956; 0,955
(Hinh 5). Diéu nay cho thdy, gid tri du bdo tii mo
hinh r4t gan véi gia tri thuc t€, cho nén mo hinh véi
6 noron 2, 3, 4 khd chinh xéc. Ngoai ra, hé s6 tuong
quan r trong tap hudn luyén va kiém tra cia 3 mang
LSTM khong qua khac biét.

Hinh 6 so sdnh cac gid tri du bdo va thuc té & tip huin
luyén, kiém tra, va toan b¢ sd liéu. Nhin chung, gia tri
duy béo gan nhu trung khép véi gid tri thuc t€. Diéu
nay cho thdy moé hinh LSTM du bao khé chinh xac va
déng tin cay. Swigtek va Okruszko nam 2011 dé xuit
thang danh gia tinh chinh xdc cia moé hinh du bao
dya vao gid tri R2, cu thé nhu sauw: Mb hinh xuit sic
(0,99 < R? < 1,00), rat t6t (0,95 < R% < 0,99), t&t (0,90
< R% <0,95), kha t5t (0,85 < R? < 0,90), trung binh
(0,80 < R? <0,85), chdp nhan dugc (0,70 < R? < 0,80),
khéng déng tin ciy (R? < 0,70)%°. Nhu vay, mé hinh
LSTM ting véi s6 lugng noron 2, 3, 4 du bao luu lugng
nudc tai tram thily van My Thuan dugc dénh gia t6t
trong giai doan huén luyén va khd tét trong giai doan
kiém tra. Tuy nhién, cic mé hinh nay van c6 xuét hién
overfittings nhung & mtic thip do R? tap hudn luyén
cao hon tap kiém tra (Bang 3).

THAO LUAN

Mang LSTM t6i uu cho du bao luu lugng
tram thay van My Thuan

Nhin chung d6 chinh xdc trong du bao cia mo6 hinh
LSTM véi s6 lugng noron 1 khong cao, do mang
khong du noron dé hoc va boc tich quy luat ctia chudi
s6 liéu thoi gian, nhat 13 véi cac chuéi di liéu Ion.
Chubi dit liéu vé& muc nude cua tram My Thuan véi
8760 gia tri, nhin chung tuong déi 16n, nén mang
LSTM don gian véi 1 noron khong thé dép ung tot.
Tuy nhién, chi cin thém 1 noron vao mang, két qua
da cai thién ro rét tinh chinh xac cia m6 hinh du bao.
D¢ tin cdy ctia mo6 Hinh 2, 3 va 4 noron la kha cao va
khong c6 su khac biét 16n. Tuy nhién, mang LSTM
v6i 3 noron la thich hgp nhét vi (i) gia tri loss cta
mang nay it overfitting nhat (Hinh 4), (ii) gid tri du
bdo va thuc té€ gan nhu tring nhau (Hinh 6), (iii) trong
qué trinh hudn luyén va kiém tra, R? cia mé hinh nay
cao nhat va RMSE, MAE thép nhét (trit RMSE huin
luyén) (Bang 3).
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Bang 2: So sanh cac gia tri R>, RMSE, va MAE & thai gian du bao va sé lugng noron khac nhau

Chi s6 Thoi gian du bao S6 noron
1 2 3 4
RZ
t+1 0,785 0,915 0,917 0,912
t+2 0,463 0,767 0,771 0,745
t+3 0,324 0,587 0,593 0,556
t+4 0,391 0,428 0,439 0,399
t+5 0,453 0,341 0,361 0,299
RMSE t+1 3619,54 2272,76 2249,64 2318,36
t+2 5732,48 3770,60 3739,86 3848,28
t+3 6435,11 5027,57 4991,21 5210,06
t+4 6106,65 5916,54 5857,71 6062,59
t+5 5785,13 6348,02 6251,10 6545,82
MAE t+1 2818,47 1628,23 1585,02 1632,95
t+2 4525,23 2775,04 2720,43 2857,96
t+3 5010,18 3784,60 3724,07 3869,40
t+4 4762,33 4540,97 4469,01 4602,73
t+5 4619,48 4957,45 4866,19 5075,89
1 4 7000 -
08 A 6000
5000 A
L 061 w 4000 -
= 04 - £ 3000 -
2000
02 1 1000
0 4 0
1 2 3 4 1 2 3 4
Naron Noron
mt+1 pt+2 @gt+3 mt+4 gt+5 Et+1 @t+2 mt+3 mt+4 Ot+5
6000 -
5000 -
4000 -
g 3000 -
2000 -
1000 +
o 4
1 2 3 4
Noron

mt+1 gt+2 @t+3 mt+4 Ot+5

Hinh 3: So sanh cac chi s6 danh gia tinh hiéu qua mé hinh LSTM véi s6 lugng cac noron va thoi gian du bao khac
nhau
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Hinh 4: Ham loss cho mé hinh LSTM du bao luu lugng nudc véi s6 lugng naron khac nhau & thai gian t + 1

Bang 3: Hiéu qua du doan luu lugng ciia mé hinh LSTM véi s6 lugng noron khac nhau & thai gian t + 1. T: Tét, KT:

Kha tét
Noron Hudn luyén Kiém tra
R? RMSE MAE R? RMSE MAE
2 0,936" 2287,04 1754,48 0,8565T 2964,49 2400,15
3 0,937 2294,60 1738,33 0,884KT 2655,66 2064,30
4 0,9327 2359,79 1828,71 0,853KT 2999,59 2423,90

Do chinh xdc ctia mé hinh du bdo sé gidm khi ting
thoi gian du bdo va 6 thoi gian t + 1 sé c6 két qua du
bdo chinh xdc nhat, diéu nay da ghi nhin trong cac
nghién ctiu ctia Le va cdng su (du bao luu lugng song
Hong) 1. Sudriani va cdng su (dy bao luu lugng song
Cimandiri, Indonesia)?®, tic gia Phan va Nguyen
(du bao muc nudc song Hong) 29 Ren va cong su 30,
Trong nghién ctiu, v6i mang 2, 3, 4 noron & thai gian
du bdo t + 2 c6 R? tuong ting 13 0,767, 0,771, 0,745.
Tinh chinh x4c ctia md hinh véi gia tri R? nay vin &
mtic chap nhan dugc theo Swigtek va Okruszko nim
20112°, Tuy nhién, & thdi gian dubdo t + 1, R? ¢ mang
2, 3, 4 ndron rit cao, tii 0,932 dén 0,937 & tip hudn
luyén, tit 0,853 dén 0,884 & tap kiém tra. Nhin chung,
nghién ctiu xdc dinh s6 noron = 3, thoi gian dy bao t
+ 114 t6i vu v6i b dit lidu luu lugng theo gio & tram
My Thudn nidm 2018.

Mang LSTM: Pon gian va hiéu qua

RO rang, mang LSTM trong nghién ctiu c¢é hiéu qua
va tinh chinh xac tuong d6i cao (da dugc thao luan
& trén). Diéu dang ghi nhin & day 14 cdu tric mang
LSTM trong nghién ctiu rit don gian véi [116p LSTM
c6 2-3 ndron va tangent activation + 1 16p Dense
v6i 1 noron va tangent activation + Compile (MSE
loss, Adam optimizer véi learning rate 0.001)]. Mang
LSTM nay dugc thi hanh véi chi may tinh ciu hinh
phd thong (Intel(R) Core(TM) i5-4310U CPU 2.60
GHz, 4GB RAM) nhung thdi gian thyc thi rat nhanh,
tuong tng la 146,674 gidy, 158,450 gidy, va 160,959
gidy v6i mang LSTM 2, 3, 4 noron.

Thuc té cho thdy cac dic diém thiy van hé thong song
Mé Koéng (trong d6 c6 luu lugng nudc) 1a vo cung
phiic tap do chiu anh hudng ti nhiéu yéu 63132,
Cho nén dic diém thay vin song Mé Kong da dugc
phén tich va du béo bing nhiéu phuong phép hién
dai nhu MIKE?3-3°, vién thdm3%%7. Uu diém cta
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Hinh 5: Quan hé tuyén tinh gitra luu luong thuc té va du bao bang mé hinh LSTM vdi s6 lugng naron khac nhau
& thai gian t + 1. Giai doan huan luyén (a—c), giai doan kiém tra (e—f)

cac phuong phép nay 14 tinh chinh xdc rat cao va cac
quy luét thuy van (vi du luu lugng nudce) cé thé dugce
gidi thich thong qua cac phuong trinh todn—vat ly; tuy
nhién ching thudng van hanh réit phic tap va yéu cau
s6 lugng di liéu dau vao rét I6n va ddy da méi dam
béo tinh chinh xdc®°. Thu thap thong tin vé toan bo
cac yéu t6 anh hudng dén do luu lugng la vo cung
khé khin va thudng khong ddy da?. Cho nén, lya
chon cdc moé hinh hoc may d€ du bao luu lugng trong
truong hop nay 1a phu hgp. Phuong phap nay c6 uu
diém 1a dé dp dung, d6 chinh xdc cao, khong doi hoi
s6 lugng dit liéu 16n 467,

Mang LSTM da dugc ap dung rong rai trén
thé véi va tiém néng (ing dung & Viét Nam

Cé4c mo6 hinh du bdo c6 thé chia lam 2 nhém: dinh
tinh (qualitative models), dinh lugng (quantitative
models). M6 hinh dinh tinh 13 dya vao kinh nghiém
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va quyét dinh ctia cic chuyén gia con mo hinh dinh
lugng la dya vao cac phuong trinh todn hoc - vat ly.
Mo hinh dinh lugng tiép tuc chia lam 2 nhém nho:
M0 hinh nguyén nhén - két qua (causal models) va mo
hinh chudi thoi gian (time series models). M6 hinh
nguyén nhan - két qua mo t& moi quan hé giia bién
phu thudc (bién du bdo) va bién doc lap (cic yéu t6
tac dong). Mo hinh chudi thai gian dua vao sy tuong
tac, quan hé gitia cc s6 liéu trong qua khi d€ lam
6 56 du bao cho tuong lai*®. Do c6 kha ning thuc
hién cé 2 kiéu dy bdo (nguyén nhén - két qua va chubi
thoi gian) nén mang LSTM dudgc ting dung rong rai
trong cdc nghién ciu mo6 phong, nhit 13 dy bdo cac
dac diém thay vin. Néi vé du bdo chudi thoi gian, khi
cung cép s liéu du t6t va du 16n, mang LSTM da cho
thdy kha ning duy bdo rit chinh xdc (Bang 4). Mang
LSTM cén s6 lugng dt 16n dii liéu d€ hudn luyén cac
noron, khi cung cdp it s6 liéu, qud trinh huén luyén
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Hinh 6: So sanh gilta luu lugng thuc té€ va dy bdo bang mé hinh LSTM vai s6 lugng noron khac nhau & thdi gian t

+1
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Bang 4: Ung dung mang LSTM vao du bao luu lugng nuéc trén thé gisi

Dia diém Dii lieu

Luu lugng

My Thuén, song Tién, Viét 8760 gid tri do theo gic

Nam trong nam 2018

Son Tay, song Hong, Viét 5475 gia tri do theo ngay
trong 15 ndm: 1972-1978;

1997-2004

Nam

Song Cimandiri, Indonesia ~ Tram Leuwilisung: 6205
gid tri theo ngay trong 17
nam.

Tram Tegaldatar: 4745 gia
tri theo ngay trong 13 nam

Thi nghiém moé phong 4464 gia tri
Muc nude
69 h6 6 Phan Lan 42 ho: 12775 gia tri

theo ngay trong 35 nam
(1984-2018). 27 ho:
11315 gia tri trong 31 nam
(1984-2014)

Vinh Narragansett, My 26280 gia tri theo gid trong

3 nam (2013-2015)

Ho6 Dongting, Trung Quéc 3650 gia tri theo ngay trong

11 ndm (2003-2013)

Hiéu qua Tham khao

R? hudn luyén: 0,937, R? kiém tra: Nghién cliu
0,884, RMSE huén luyén: 2294,60 m3/s,  nay

RMSE kiém tra: 2655,66 m3/s (mang 3

noron, t + 1)

NSE: 0,992-0,993 (t + 1) !

RMSE Leuwilisung: 4182 m3/s, RMSE 28
Tegaldatar: 2625 m3/2 (t+1)

R? hufn luyén: 0,991-0,992 &
R? kiém tra: 0,978-0,986

R2: 0,84-0,97, RMSE: 0,02—0,07 m 13
R2: 0,99, RMSE: 0,05 m, MAE: 0,03 m 14
RZ: 0,99, RMSE: 0,85—0,99 m =

c6 thé khong hiéu qua®>*0. Ngoai ra, chit lugng clia
s6 liéu ciing anh hudng rat16n dén tinh chinh xac ctia
mo hinh du bdo chudi thoi gian néi chung va LSTM
néi riéng '°, cho nén sé liéu can phii xem xét va tién
xt ly ky cang trudc khi dua vao huén luyén moé hinh.
Khi dép ung céc yéu cdu trén, LSTM cho thdy rét tiém
nang trong ting dung d€ phan tich, du bao, va moé
phong cac quy luat ty nhién, nhat1a cac dic diém thuy
vin hoc. Trong thdi gian sap t6i, mo6 hinh LSTM cén
dugc quan tAm nhiéu hon vao cic dy béo cho thién tai
va cac bién dong trong moi trudng boi vi tinh chinh
xdc va hiéu qua ctia md hinh mang lai la rdt tiém nang.

KET LUAN

Nghién ctiu danh gia kha nang cia m6 hinh LSTM
trong du bdo luu lugng nudc & tram thay vin My
Thuén trén song Tién, tinh chinh xdc ctia m6 hinh dya
vao céc chi s6 nhu R%, RMSE, MAE. Tt di liéu hién
tai va nhiing két qua dat dugc, nghién ctu di dén mot
6 két luan nhu sau: M6 hinh LSTM duy béo luu lugng
nudc tram My Thuan chinh xdc nhdt & thoi gian dy
bdo t + 1, (i) mdc du khong c6 khac biét 16n 6 mang
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¢4 2, 3, 4 ndron nhung nghién ctiu nhan thdy mo hinh
t0i uu 13 3 noron va du béo cho t + 1, (iii) két qua dy
bdo rat kha quan cho thdy tiém nang {ing dung mo
hinh LSTM vao céc nghién ctiu du bdo, mé phong &
Viét Nam, nhat 1a cac qua trinh thay vin va bién dong
moi trudng.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Tha Dau Mot
trong dé tai ma s6 “DT.21.2-036".

DANH MUC TU VIET TAT

CV: Cross Validation

IQR: Interquartile Range

LSTM: Long Short-Term Memory
MAE: Mean Absolute Error

MSE: Mean Squared Error

NSE: Nash—Sutcliffe Efficiency

R2: Coeflicient of determination
RMSE: Root Mean Squared Error
RNN: Recurrent Neural Network
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XUNG POT LOI iCH

Céc téc gid cam doan rang ho khong cé xung dot loi

ich.

DONG GOP TAC GIA

Nghién ctiu nay dugc thiét ké boi Tran Thanh Théi
va Pham Ngoc Hoai. Tran Thanh Théi phén tich s6
liéu va hoan thién ban thao. Pham Ngoc Hoai, Pham

Béo Qudc, Nguyén Phuong Dong, Nguyén Duy Liém,
va Khuét Thuly Phuong ho trg phan tich thuat toan
va cung tdc gid chinh viét phan phuong phap, két

qua—théo luan. Nguyén Phan Nhan t6ng hop tai liéu

dé viét phan Téng quan. Tat ca tac gia tham gia thao

luén, gép y va chinh stia hoan thién ban thao.
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Application of Long Short—Term Memory neural network for time
series prediction of flow rate at My Thuan hydrology station, Tien
river

Tran Thanh Thai'"", Pham Ngoc Hoai2, Pham Bao Quoc?, Nguyen Phan Nhan3, Nguyen Phuong Dong?,
Nguyen Duy Liem?, Khuat Thuy Phuong®

BRI
;ﬁ'i' S5 ABSTRACT
i Flow rate prediction has an important role in water resource management to reduce potential dam-

age caused by floods for urban residential areas. However, prediction of flow rate presents great

Use your smartphone to scan this challenges because the task requires a number of information, such as hydrological, geomorpho-

QR code and download this article logical data. The objective of this paper is to apply an effective approach for flow rate forecasting
at My Thuan hydrology station (Tien River), based on the construction of a Long Short—Term Mem-
ory (LSTM) neural network model using flow rate monitoring data These data composed of 8760
hourly flow rate data points within 2018. Coefficient of determination (R%), Root Mean Squared
Error (RMSE), and Mean Absolute Error (MAE) are used to evaluate performances of LSTM model.
The study evaluates the ability of LSTM algorithm to predict water flow with different number of
neurons (1, 2, 3, 4) at different forecasting time: 1, 2, 3,4, 5 hours ahead (t + 1, t + 2, t + 3, t + 4,
t + 5, respectively). The research results indicated that the LSTM model with 3 neurons achieved
a high performance for flow rate forecasting. When forecasting one hour ahead (t + 1), R?, RMSE,
MAE reached 0.937, 2294.60, and 1738.33, respectively for training period, and was 0.884, 2655.66,
and 2064.30, respectively for testing period. The findings of this study suggest that the LSTM model
has promised as a potential tool in flow rate forecasting at the My Thuan and for other hydrology
stations in Vietnam.
Key words: Climate change, deep learning, machine learning, Mekong Delta, time series
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