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MO PHONG DONG CHAY LUU VUC SONG VU GIA-THU BON
SU DUNG CAC MO HINH HQC MAY MANG GRU VA LSTM
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Tom tz'lt Cac mo hinh hoc may da dwoc vmg dung réng rdi trong nhiéu linh viee d@é tinh todn va dy bdo cdc
yéu t6 khdc nhau, trong do c6 mo phono dong chay trén cac luu vuc song Nghién ciu nay vng dung hai mo
hinh Mang bo nho ngan dai (LSTM) va Mang than kinh don vi dinh ky ¢6 kiém sodt ( GRU) dé mé phong dong
chay trén luu yue song Vu Gia-Thu Bon tai hai tram do Thanh My (séng Vu Gia) va Néng Son (séng Thu
Bon) Chuoi s6 liéu mua va dong chay theo ngay cua 45 nam (tw 1/1/1978-31/12/2022) tai hai tram Thanh My
va Nong Son duoc sur dung trong nghzen cuu duoc chia lam 2 phan (voi 80% so li¢u cho dao tao va 20% cho
kiém tra mé phong). Pé chinh xdc cia két qua mo phong duoc xdc dinh thong qua hé s6 twong quan (R), do
sai léch quan phirong trung binh (RMSE) va sai s6 tuyét doi trung binh (MAPE) Két qua mo phong duoc tién
hanh cho thoi doan tir 1/1/2014-31/12/2022 tai 2 tram khi tugng thity van cho thay ca 2 mo hinh LSTM va
GRU déu cho gid tri mé phong phit hop véi két qua thuc do véi hé s6 R>0,80 va MAPE<2,5%. Mé hinh
LSTM cho két qui mé phong chinh xdc hon & cd 2 tram do véi cdc chi tiéu danh gid dé chinh xdc ciia mé hinh
tai tram Thanh My (R=0,84, RMSE=99,6m’/s, MAPE=1,9%) va tram Néng Son (R=0,87, RMSE=295,5m’/s,
MAPE=1,6%). Trong khi @6, mé hinh GRU cho két qua mé phong it chinh xdc hon véi cdc chi tiéu mé hinh
tai tram Thanh My (R=0,80, RMSE=103, 7m’/s, MAPE=2,5%) va tagi tram Néng Son (R=0,82,
RMSE=347,5m%/s, MAPE=1,8%). Néu so sanh két qua mo phong cua hai tram do thi M6 hinh LSTM va GRU
dp dung cho tram Néng Son cho két qua mé phong c6 do chinh xac cao hon so vdi tram Thanh My Két qua
nghlen cuu coy nghza trong viéc ung dung nhzeu cong cu md nguon mo trong viéc mo phong va dw bdo cac
yeu to thiy van cua cac luu vie dya trén yeu 16 khi twong dau vao.

Tir khéa: Ma nguon mé, LSTM, GRU, dong chdy trén luu viec song.

Summary: Machine learning has been widely applied to calculate and forecast various variables, including
daily streamflow simulation on river basins. This study adopted two models: Long Short Memory Network
(LSTM) and Gated Recurrent Unit Neural Network (GRU) to simulate discharge in the Vu Gia-Thu Bon River
basin at two Meteorological stations Thanh My (Vu Gia River) and Nong Son (Thu Bon River). Daily rainfall
and streamflow data series of 45 years (from 1/1/1978 to 31/12 2022) at these stations used in the study are
divided into 2 parts (with 80% of the total data for training and 20% for simulation testing). The accuracy of
the simulation results is determined through the Correlation coefficient (R), the Root mean square error
(RMSE), and the Mean absolute percentage error (MAPE). Simulation results from 1/1/2014 to 31/12/2022 at
two hydrometeorological stations show that LSTM and GRU models give simulated values consistent with
observed values (R >0,80 and MAPE<2,5%). The LSTM model represented more accurate simulation results
at both meteorology stations, in which at Thanh My station (R=0,84, RMSE=99,6m’/s, MAPE=1,9%) and
Nong Son station (R=0,87, RMSE=295,5m’/s, MAPE=1 ,6%). Meanwhile, the GRU model shows less
accurate simulation results with model criteria at Thanh My station (R=0,80, RMSE=103,7 m’/s,
MAPE=2,5%) and Nong Son station (R=0,82, RMSE=347, 5m’/s, MAPE=1 ,8%). The LSTM and GRU models
applied to Nong Son station give better results than those at Thanh My station. The research results are
meaningful in adopting open-source tools for simulating and predicting hydrological factors of river basins
based on input meteorological factors.

Keywords: Open source models, LSTM, GRU, Daily streamflow river basin.

1. GIOI THIEU CHUNG ¢ cac dic trung luu vuc va yéu t6 khi hau.
Nghién ciru mé phong dong chay trén song
thuong st dung cac phan mém thuong mai
truyén théng nhu mé hinh MIKE NAM, HEC-
RAS, SWAT, SWMM,...vv. Céc mo hinh
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diém cta luu vue: dién tich luu vuc, do dbc
luu vyc, chiéu dai luu vuc,..vv.Tuy nhién,
thue té mo phong dong chay cho mét luu vic
rong 1on thi cac cac dac trung nay doi hoi khao
sat chi tiét, do d6 viéc tinh toan gip nhiéu kho
khan khi dp dung cac md hinh thuong mai
truyén thong. Dé khic phuyc tinh trang thiéu sb
liéu khao sat, trong nhitng ndm gan ddy cac thuat
toan hoc may (Machine learning) va hoc sau
(Deep learning) duoc Gng dung rong rai nham
du doan theo chudi thoi gian. Mot s nghién ctu
st dung thuat toan di chuyén tich hop
(Autoregressive Integrated Moving Average-
ARIMA) d mé phong dong chay trén cac luu
vue song 1on. Nghién ctu cia tac gid Zi Ning
Yap [1] ung dung md hinh ARIMA cho viéc du
bao dong chay trén song Pahang, st dung s6 liéu
quan tric tai tram Temerlohand Lubok Paku,
Malaysia v6i d6 chinh xac kha cao nhung thap
hon so v6i mo hinh cai tién SARIMA. Nghién
ctiru cua tac gia Mehdizadeh str dung 6 mo hinh
lai ARIMA (GEP-AR, GEP-ARMA, BN-AR,
BN-ARMA, MLR-AR, va MLR-ARMA) d¢ mo
phong dong chay cua song Shafarood and
Polrood, Iran trong thoi doan dai tir nam 1964-
2014 [2], cho thiy viéc két hop cac mo hinh dy
bao cho thay do chinh xé4c ting cao hon so voi
thuat toan ARIMA don 1é. Cac mang than kinh
thr phat (RNN-Recurrent Neural Network) véi
cac mang cai tién nhu mang bd nhé ngan dai
(LSTM-Long Short Term Memory) dugc su
dung pho bién hon trong nhimg niam gan day
nho tinh nang vuot trdi dua vao céc céng bd
sung dé c6 thé ghi nhd chudi dir lidu dau vao dai
hon [3]. Tac gid Yizhuang Liu [4], du bdo muc
nudc 1 trén séng Truong Giang, Trung Qudc sir
dung m6 hinh LSTM cho két qua chinh xac nhét
v6i hé s6 RMSE <0,2 m. Bén canh cac mé hinh
LSTM va dang cai tién bo nhé ngin dai
Bidirectional LSTM (BiLSTM) [5], nhiéu
nghién ctru da st dung md hinh todn mang
than kinh don vi dinh ky c¢6 kiém soat (GRU-
Gate Recurrent Unit). Tac gia Lé Xuan Hién
st dung mo6 hinh GRU du bdo muc nudc song
ving anh hudng cta thiy triéu sit dung mang
GRU [6] v6i két qua m6 phong chinh xac muc
nude khu vuc nghién ctru.

Trong nghién ctru nay, dong chay cua luu vuc
song Vu Gia-Thu Bon tai tram do Néng Son
va Thanh My dugc mé phong dya vao céc
thuat toan hoc may LSTM va GRU duogc xay
dung trén nén ngudn ngit lap trinh Python. Bén
canh do, nghién ctru s€ so sanh Két qua md
phong cta hai mé hinh LSTM va GRU dua
trén s liéu thuc do cua luu vuc song Vu Gia-
Thu Bon, Viét Nam.

2. PHUONG PHAP NGHIEN CUU

2.1 Pham vi va ddi twong nghién ciru
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Hinh 1: Ranh gioi hanh chinh cua luu vue
Song Vu Gia-Thu Bon

Luu vyc séng Vu Gia - Thu Bon véi dién
tich luu vyc 1a 10.035 km?, trong d6 phan
dong chinh séng Vu Gia va séng Thu Bon
chi yéu chay trén dia ban tinh Quang Nam
(chiém 84,5% dién tich tinh Quang Nam).
Luu vuc song dugce gigi han boi: Phia Bic
gidp voi day nui Bach Ma; Phia Tay giap
voi day Truong Son Nam. Theo dia gidi
hanh chinh, luu vyc séng Vu Gia-Thu Bdn
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bao gébm 13 huyén: Tra My, Tién Phuéc,
Phuoc Son, Hi€p DPuc, Nam Giang, Qué
Son, Duy Xuyén, Hién, Pai Loc, Pi¢n Ban,
huyén Thang Binh cua tinh Quang Nam;
quan Cam Lé, Ngii Hanh Son, Son Tra,
huyén Hoa Vang, quan Thanh Khé cua TP
Pa Ning; huyén Dak-Glei tinh cua Kon
Tum. Trén luu vuc c6 2 tram thuy van do
lvu luong trén 2 nhanh chinh bao gom:
Tram Thanh My (song Vu Gia) va tram
Noéng Son (séong Thu Bon).

2.2 Phwong phap nghién ciru

Mang bd ngin dai LSTM

LSTM 1a mot dang cai tién cia RNN bang
cach dua cac cng chirc ning vao cau tric cta
té bao, qua do giai quyét duoc cac van dé phu
thudc dai han (long-term dependencies) [7].
Mo hinh LSTM cho cac két nbi phan hoi, cho
phép khai thac cac by nhé tam thoi gitra céac
chudi dit liéu, do d6 no thich hop trong viéc
xur ly céc dur liéu tudn tu: du bao chudi thoi
gian (Time series forecasting), xu 1y ngdn
ngtt tu nhién (Natural language processing-
NLP) .vv [8]. LSTM kiém soat thong tin qua
ba cong dat biét: cong quén, cong vao va
cong ra. Cu triic cua LSTM [9],[10],[11] thé
hién trong hinh sau:

LSTM memory cell
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Hinh 2: Cdu triic trong bé nhé ngdn han
LSTM

Mang cong hdi quy-GRU

GRU la mot dang bién thé don gian khac
cua LSTM [6], céu truc cua mang GRU nhu
hinh sau:
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Hinh 3: Céu triic trong bé nhé ngdn han GRU

Trong d6: o thé hién ham sigmoid; Tanh thé
hién ham hyperbolic tangent; trang thai an cell
truée Crs; her; dir lidu ddu vao x; trang théi
am cell méi C; va h, X va (+) thé hién viéc
chia va thém ty 1€ thong tin. Nghién ctu su
dung lap trinh ngdn nglr python dua trén ma
ngudn mé voi thap toan Tensorflow va Kenras,
cac budc quy trinh m6 phdng dong chay luu
vuc dugc chia lam 4 budc: Lua chon tinh
nang, xir Iy dir liéu, diéu chinh tham sd, du béo
va danh gia.

Xir 1y s6 li¢u

S6 lidu khi twgng va dong chay tai cic tram
thudc luu vuc séng Vu Gia-Thu Bon duge sir
dung dé thuc hién cac phép tinh dao tao va
kiém tra mé phong. Dir liéu mic dinh dau vao
bao gdm sd liéu mua va dong chay theo ngay
(Daily streamflow). Viéc xtr ly dir li¢u dugc
ding cho hoc méay chia 1am 2 phan, dir liéu
cho ddo tao (Training) chiém ty trong 80%, sd
lidu cho kiém tra (Testing) chiém 20%. Tham
s6 ciia mo6 hinh LSTM va GRU dugc st dung
bao gém c6 ba 16p mang: 16p dau vao, 16p an,
va 10p dau ra. D6i cic tham s6 véi Baches,
nghién ctru nay sir dung Batch=72 va sd vong
lap Epochs=100 dé ting do chinh xac trong
qua trinh mo6 phdng.

Danh gia m6 hinh du bao

Do chinh x&c cia mo hinh dugc danh gia thong
qua chi s6 he s6 twong quan (R), d 1éch chuan
ciia sai s6 binh phuong (RMSE -Root Mean
Square Error), sai sO tuyét d6i trung binh
(MAPE-Mean Absolute Percentage Error).
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Trong d6: X1: 1a s6 liéu thuc do; Xi: Két qua
md phong; Xo: Gia tri trung binh thyc do; N s6
lwong mau quan tric.

3. KET QUA NGHIEN cCUU VA
THAO LUAN

Nghién ctru st dung s liéu quan tric vé luu
luong theo ngay tir 1/1/1978 dén 31/12/2022
tai tram thay vian Nong Son (song Thu Bon) va
tram Thanh My (song Vu Gia) (Hinh 4, Hinh
5) dung cho dao tao va kiém tra mé phong mo
hinh LSTM va GRU.
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Hinh 4: Dong chay (Streamflow) va lwong muwa Hinh 5: Dong chay (Streamﬂow) va luong mua
(Rainfall) ngay tram Thanh My-song Vu Gia
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Hinh 7: Quan hé gitta lvu luong thuc do (Qob)
va mé phong (Qcal) tram Nong Son
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Bang 1: So sanh gitta m6 hinh LSTM va GRU tai tram thiay van Thanh My va Nong Son

S Correlat | Root Mean Square Error Mean absolute
TT Tram Thuay Van ion (R) RMSE (m?/s) percentage error)
MAPE(%)
1 Thanh My (LSTM) 0,84 99,6 1,9%
Thanh My (GRU) 0,80 103,7 2,5%
) Noéng Son (LSTM) 0,87 295,7 1,6%
Nong Son (GRU) 0,82 347,5 1,8%
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Hinh 8: So sanh giita luu lwong thuc do (Qob) va mé phong (Qcal) tram Thanh My, LSTM
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Hinh 9: So sanh gitra lvu lwong thuc do (Qob) va mo phong (Qcal) tram Thanh My, GRU
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Hinh 10: So sanh gitra luu lwong thuc do (Qob) va mo phong (Qcal) tram Nong Son, LSTM
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Hinh 11: So sanh gitta luu lwong thuc do (Qob) va mo phong (Qcal) tram Nong Son, GRU

Dua trén s liéu quan tric lugng mua va luu
luong cua tram Thanh MY trén song Vu Gia va
tram Nong Son trén séng Thu Bon trong vong
45 nam, cho thdy mirc d6 twong quan cao giira
dong chay va lwong mua quan trac tai hai tram
khi twong thily van nay. Theo s6 liéu quan trac
tai tram Thanh My (dién tich Iuvu vuc 1850
km?): Luu luong 16n nhit ghi nhan 1a 4540
m3/s (ngdy 29/9/2009) tuong {mg véi tran
mua trong 2 ngay (400mm), dinh It thtr 2 ghi
nhan vao (20/11/1998) vé61 lugng mua ghi
nhan trong vong 4 ngay dat khoang 50mm;
Luu lugng trung binh ndm cua cua tram Thanh
My 1a 117,81 m’/s; Luong mua trung binh
nam cua tram Thanh My khoang 2.316mm. S6
ligu quan tric khi tuong thuy van tai tram
Nong Son (dién tich luu vuc 3.155 km?) trén
song Thu Bon cho thiy, luu luong dong chay
trung binh niam 301 m3/s gan gap 3 lan so véi
tram Thanh My (song Vu Gia), luu lugng 16n
nhit (ghi nhan vao 22/11/1998) 8.580 m?/s
tuong (mg véi tran mua kéo dai 4 ngay (tong
luong mua quan tric tai tram Nong Son 1a 756
mm). Luu luong quan tric tai tram Nong Son
song Thu Boén 16n hon nhiéu so vé&i tram
Thanh MJ trén song Vu Gia do dién tich luu
vuc cua tram Nong Son béng 1,7 1an luu vuc
song cua tram Thanh M¥ va lugng mua trung
binh nim tram Noéng Son (3.005mm) nhiéu
hon 1,3 lan lwong mua tram Thanh My
(2.317mm).

S6 ligu luu lwong tir 1/1/1978 dén 31/12/2013
duoc s ~dé dao tao md hinh (chiém 80% so
luong mau cho training). M6 hinh LSTM va
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GRU sau d6 dugc kiém tra mo phong luu
luong tir 1/1/2014 dén 31/12/2022 (chiém 20%
tong s6 mau quan trac cho testmg) tai cd 2
tram Thanh My va Noéng Son. Két qua mé
phong kiém tra dbi v6i tram Thanh My trén
song Vu Gia cho thdy cic mo hinh LSTM va
GRU déu cho d6 chinh x4c cao véi hé sb
tuong quan (Hé sd trong quan R>0,8) va mirc
do chénh léch thép voi so véi gia tri thuc do
(RMSE <103,7m%/s, MAPE <2,5%). Néu so
sanh gitra hai m6 hinh véi nhau thi, LSTM cho
két qua md phong chinh xac hon so voi md
hinh GRU: Hé s twong quan ctia LSTM
(R=0,84) so v6i GRU (R=0,80); Mtrc d0 sai s6
ciia md hinh LSTM véi chi s6 (RMSE=99,6
m?/s; MAPE=1,9%) so v6i mdé hinh GRU
(RMSE=103,7 m*/s; MAPE=2,5%).

Pb6i véi tram Nong Son trén song Thu Bon
cling cho thay xu huéng tuong ty nhu tram
Thanh My, két qua mo phong cho thay ca hai
mo hinh LSTM va GRU déu cho thdy gia tri
md phong pht hop véi gid tri quan tric véi cac
chi s6 danh gia do chinh x4c ciia mo hinh
(R>0,81, RMSE <347,5 m%/s, MAPE <1,8%).
So sanh két qua mo phong luu luong tai tram
Néng Son ciia 2 md hinh cho thay, mé hinh
LSTM c6 hé sb twong quan (R 0,87) cao hon
md hinh GRU (R=0,82), chi s6 sai léch quéan
phuong va sai so tuyét ddi trung binh ctia mo
hinh LSTM déu nho hon (RMSE=295,5 m?/s,
MAPE=1,6%) so vo6i mdé hinh GRU
(RMSE=347,5 m%/s, MAPE=1,8%).

Néu so sanh giita két qua mo phong cua hai
tram Nong Son va Thanh My, mac du chi so
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RMSE ctia tram Nong Son 16n hon so voi tram
Thanh My nhung tinh theo ty 18 sai sd tuyét
d6i trung binh MAPE (%) thi két qua mé
phong cua tram Nong Son st dung md hinh
LSTM va GRU murc do chinh xac cao hon. Cu
thé, dbi voi cing mo hinh LSTM tram Nong
Son ¢ hé sd twong quan giita thuc do va mo
phong 1a R=0,87 cao hon so v&i mo hinh nay ¢
tram Thanh My (R=0,84). Tuong ty mo hinh
GRU tram Thanh My c6 chi s6 R=0,82 16n
hon so véi tram Nong Son (R=0,80). Cac chi
s6 khac nhu MAPE nhu d4 phan tich & trén tai
tram Nong Son cia m6 hinh LSTM 1a 1,6%
thép hon so véi 1,9% ¢ tram Thanh My, mo
hinh GRU c6 MAPE 1a 1,8% tai tram Nong
Son thép hon so véi 2,5% tai tram Thanh My.
Diéu ndy ching t6, mdé hinh LSTM co do
chinh xac cao hon so véi mo hinh GRU. Muc
d6 chinh x4c caa LSTM thé hién & viéc n6 cho
két qua mod phong dinh 1 kha tdt, trong khi
mot s6 dinh 1d ¢6 luu luong dot bién thi mo
hinh GRU cho thdy mé phéng it chinh xac hon
¢ cd 2 tram do. Trong giai doan mua kiét, ca
hai mé hinh LSTM va GRU déu cho thiy mé
phong chinh xac cao.

Nhu véy, tir két qua mo phong luu lugng trén
song Vu Gia va Thu Bén tai 2 tram thily vin
Nong Son va Thanh My cho thiy, ci 2 mb
hinh LSTM va GRU déu cho gia tri tinh toan
phu hgp véi gid tri thuc do, trong d6 mo6 hinh
LSTM cho két qua mo phong chinh xac hon so
v61 m6 hinh GRU vé hé sb twong quan (R) va
cac chi s6 sai phuong binh quéan va sai s6 tuyét
d6i (RMSE m?/s, MAPE %).

TAI LIEU THAM KHAO
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3. KET LUAN

Trong nghién ctru nay, tac gia da ung dung mo
hinh LSTM va GRU dé mé phong dong chay
trén luu vuc song Vu Gia-Thu Bon tai tram
thuy van Thanh My (séng Vu Gia) va Nong
Son (song Thu Bon) Chu01 s6 liéu sir dung
cho mé phong bao gém s6 liéu mua va dong
chay tai 2 tram quan tric tr 1/1/1978-
31/12/2022, trong d6 s6 liéu dung dé dao tao
(Training chiém 80%), s6 liéu kiém tra mo
phong (Testing chiém 20%). M6 hinh toan
mang LSTM va GRU ung dung cho luu vuc
song Vu Gia-Thu Bon dugc xay dung trén nén
ngon ngir lap trinh Python st dung thép toan
ma nguon m¢é Tensorflow va Kenras. Két qua
md phong sir dung LSTM va GRU cho thay,
hai mo hinh déu cho két qua tinh toan véi do
chinh x4c cao so vdi gia tri thuc do. Trong do,
mo hinh LSTM véi két qua mé phong c6 hé sd
tuong quan (R) va sai sé quan phuong binh
quan RMSE (hodc sai s6 tuyét dbi trung binh
% MAPE) nhd hon so v6i mdé hinh GRU. Cu
thé, tai tram Thanh My, céc chi ti€u danh gia
dd chinh xac ctia mo6 hinh LSTM (R=0,84,
RMSE=99,6m?/s, MAPE=1,9%) so v&i md
hinh GRU (R=0,80, RMSE=103,7m%ss,
MAPE=2,5%). Tai tram Nong Son, cac chi
tiéu danh gia do chinh xac cua m6 hinh LSTM
(R=0,87, RMSE=295,5m%/s, MAPE=1,6%) so
voi mo hinh GRU (R=0,82, RMSE=347,5m’/s,
MAPE=1,8%). M6 hinh LSTM va GRU é&p
dung cho tram Néng Son cho két qua mo
phdéng c6 d6 chinh xdc cao hon so véi tram
Thanh My.
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