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Tém tit: Bai bdo ndy trinh bay cdc két qua mé phong lwu heong dong chdy trén luu vuc séng Thu Bon
tinh dén tram thity van Néng Son sir dung mé hinh bo nhé dai — ngdan LSTM. Chudi s6 liéu muea tai Nong
Son, Hiép Pirc, Tién Phude, Tra My va luu lwong dong chay tai Nong Son tir 1/1/1977 dén 31/12/2020 da
dwoc thu thdp dé phuc vu cho cdc ‘muc dich tinh toan. Phwong phap thir sai da dwoc s dung aé xdc dinh
gid tri phil hop cua cac thong s6 mé hinh LSTM, trong khi bon chi tiéu danh gla sai 5o (sal 6 quan
phirong - RMSE, sai sé trung binh tuyer doi - MAE, hé so twong quan - r va hé sé Nash-Sutcliffe
effICIency NSE) da duwoc ap dung dé danh gia sw phiv hop giita lwu heong dong chay tinh toan va thuc
do. Két qua tinh todn thé hién rang mé hinh LSTM da tai hi¢én kha 16t chudi luu hrong dong chay thyc do
trong thoi ky nhiéu ndam trén heu vuee nghién ciru. Hé s6 twong quan r thay doi tir 0,87 dén 0,95, trong khi
hé so NSE dao dong tir 0,73 dén 0,90. Gid tri RMSE va MAE ciia luvu lwong dong chdy nhé hon 3,52%
bién d luu lwong dong chady thwe do ghi nhdn tai tram. Trong bon tram mua thu thdp trén lweu viee nghién
cieu, dir lieu mua tai tram Tra My cho cdc két qud mo phong chuéi leu lwong dong chay thuc do tai Nong
Son tot nhdt khi sir dung mé hinh LSTM, véi hé s6 twong quan r 16n hon 0,94 va hé sé NSE 1ém hon 0,88.
Anh hwéng ciia div liéu muwea va kha nang ndang cao do chinh xdc két qua mé phong luu lwong dong chay
khi st dung moé hinh LSTM ciing dwoc thao lugn.

Tir khoa: Song Thu Bon, M6 hinh LSTM, Dong chay.

Summary: This paper presents the results of streamflow simulation in the Thu Bon river basin up to
Nong Son hydrological station using the long-short memory model LSTM. Rainfall data at Nong Son,
Hiep Duc, Tien Phuoc, Tra My and streamflow at Nong Son from 1/1/1977 to 31/12/2020 were collected
for different calculation purposes. The trial-and-error method was used to determine the appropriate
values of modelling parameters in the LSTM model, while four criteria (including root mean square error
- RMSE, mean absolute error - MAE, correlation coefficient — r, and Nash—Sutcliffe efficiency - NSE)
were applied to quantitatively evaluate the agreement between calculated and measured streamflow. The
results show that the LSTM model reproduced well the observed streamflow over the long-collected
period in the studied basin. The correlation coefficient r varies from 0.87 to 0.95, while the NSE
coefficient ranges from 0.73 to 0.90. The values of RMSE and MAE are less than 3.52% of the observed
magnitude of streamflow recorded at the station. Among the four rainfall stations collected in the studied
river basin, rainfall data at Tra My station showed the best simulation results of the observed streamflow
at Nong Son when using the LSTM model, with the correlation coefficient r is greater than 0.94 and NSE
coefficient is greater than 0.88. Finally, the effects of rainfall and the potential for enhancing the
accuracy of streamflow simulation using the LSTM model were also discussed.

Keywords: Thu Bon river, LSTM model, Streamflow.

1. PAT VAN PE ctru vé khoa hoc thiy van [1-2]. Tuy nhién,
Mb hinh b6 nhé dai — ngén LSTM dang ngay viéc ap dl,mg> cac md hinh trén trong cac
cang duoc 4p dung phd bién trong cac nghién nghién ctru veé tai nguyér} nudce, dong chay trén
cac luu vuc song cu thé & nudc ta con chua
Neay nhan bai: 08/3/2024 phf) b‘1en nhu czic hrih Y}rc khéc. Ly do 1a ‘cac
Ngay thong qua phan bién: 29/3/2024 mo hinh dya trén dt liéu nhu LSTM thuong
Ngay duyét dang: 02/4/2024 yéu cau mot lugng dir li€u quan trac da dai dé
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hoc duogc hi¢u qua cac dac trung dong chay.
Mait khac, cac ddc trung cia dong chay trén
luu vuc song phu thude vao vi tri dia ly va khi
hau, do do, cac luu vyc song khac nhau s€ co
cac dac trung dong chay khéac nhau, doi hoi
can c¢6 sy xem xét can than trong qua trinh tinh
toan, md phong. Nghién ctru, phat trién va Gmg
dung m6 hinh LSTM cho mo6 phong, du bao
dong chay 1a mot huéng tiép can méi nhiéu
tiém nang [1], 1am co s& cho viéc md hinh hda
va du béo dong chay mét cach chinh xac nham
dap tng cac yéu cau sir dung nuéc khac nhau
ctia cac nganh kinh té x& hoi.

Gan day, mot s6 nha khoa hoc da nghién
cru va ap duyng mo hinh LSTM cho mob
phong, du bdo cac dic trung dong chay tai
mot sb luu vyuc song & Viét Nam. Hien et al.
[3] di xay dung md hinh mang no-ron hoi
quy dua trén mi ngudn mé dé dy bao luu
lugng dong chay lu tai Lai Chau trén song
Da stir dung dir li€u dong chay ngay thuc do
tai tram Lai Chau trong thoi ky nhiéu nim
tir 1959-2004. Pham Van and Le [4] da phat
trién va ung dung md hinh LSTM cho mb
phong dong chay trén luu vuc séng Hiéu st
dung dir li¢u khi tuong thuy van trong thoi
ky nhiéu nam tr 1991-2020. Nguyen et al.
[5] tng dung m6 hinh LSTM cho du bao
dong chdy tai céc vi tri khac nhau vung
Pong bang song Ctru Long st dung chudi
s6 liéu thuy van trong thoi ky tir 2014-2018.
Két qua nghién ctru va ung dung mo hinh
LSTM cho théy su vuot troi cua mo hinh
LSTM trong viéc tinh toan, mé phdéng luu
lugng dong chay so v&i cdac mé hinh truyén
théng (nhu mua — dong chay NAM, phuong
phap duong quan hé muc nudc — luu
luong). Pong thoi, cac vi du trén cing
chting minh ring mé hinh LSTM hoan toan
c6 thé duge sir dung dé mo phong luu lugng
dong chay trén luu vuc séng Thu Bon.

Muc tiéu chinh cua bai bao nay la nghién
ctru tng dung mé hinh LSTM md phong luu
lugng dong chay trén luu vuc séng Thu Bon

tinh dén tram thuy van Néng Son. Muc tiéu
cu thé cua nghién cuu 1a (i) danh gia dinh
lwong anh huéng cua cac dir liéu dau vao
(mua tai bon tram trén luu vuc) dén két qua
mo phong luu lugng dong chay tai Nong Son
va (ii) udc lugng gid tri phu hop cua céac
tham sé khi ang dung md hinh LSTM. Chudi
s litu mua ngay tal Nong Son, Hi¢p Duc,
Tién Phudc, Tra My va luu luong dong chay
ngay tai tram NoOng Son trong thoi ky tu
1/1/1977 dén 31/12/2020 da thu thap va su
dung cho dao tao va kiém dinh mé hinh
LSTM. Bén chi tiéu danh gia sai s6 khac
nhau s& dugc st dung dé danh gia dinh
lugng su phu hop gitra luu lwgng dong chay
tinh to&n va giéa tri thuc do.

2. LUU VUC NGHIEN CUU VA THU
THAP DU LIEU

2.1. Gi6i thiéu vé lvu vue nghién ciru

Vu Gia - Thu Bon 1a mét trong nhitng luu vire
song 16n & Viét Nam (Hinh 1), voi tong dién
tich luu vuc 1a 10.350 km? thudc cac tinh Kon
Tum, Quiang Nam va Da Ning [6]. Lugng
mua hang ndm trén luu vuc thay do6i tir 2.000
dén 4.000 mm. Trong d6, & viing nui cao nhur
Tra My, Tién Phudc, Kham buc, lugng mua
hang ndm dao dong trong khoang tur 3.000
dén 4.000 mm. O ving nui trung binh nhu
Néng Son va Qué Son, lwong mua hang nim
bién doi tir 2.500 dén 3.000 mm. O ving nbi
thap va dong bang ven bién nhu Hoi Khéch,
Ai Nghia, Giao Thuy, Ho6i An, Tam Ky,
lwong mua hang ndm tir 2.000 dén 2.500 mm.
Luong mua phong pht nhu vay 1a diéu kién
tot dé thac day tang truong vé kinh té - xa hoi
lwu vuc séng Vu Gia — Thu Bon. Tuy nhién,
luong mua phan bd khong déu theo thoi gian
ma chu yéu tap trung vao 3 — 4 thang mua .
Vi thoi ky kho han kéo dai t6i 8 — 9 thang,
dan dén tinh trang thiéu nudc trong cac thang
mua kiét. Dic biét, trong nhitng nim gan day,
tinh trang thiéu nudc dién ra thuong xuyén
voi muce d ngay cang nghiém trong.
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Hinh 1: Bdn d6 luu viee séng Thu Bon
tinh dén tram thiyy van Néng Son

Do tic dong ciia bién doi khi hau két hop anh
huong cta cac hd chia thuy dién va nhiéu hoat
dong phat trién kinh t& xa hoi, dong chay trén
luu vic dd c6 nhimg thay doi ngdy cang kho
danh gid va du bdo. Hau qua cua su thay doi
nguén nude da tac dong manh me dén kinh té,
xa hoi va méi trudng [6]. Cu thé, vé kinh té, viéc
thiéu nudc thuong xuyén s& lam giam ning suat,
san lugng cdy trong va tir d6 thu nhap clia nong
dan ciing giam dang ké. Vé x4 hoi, thiéu nudc s&
thé gy ra tranh chép giira cdc nganh, nghé, linh
vuc st dung nhidu nudc véi cac nganh, nghé,
linh vyc st dung it nude hay tao ra su bét binh
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dang trong phan phdi nguon nudc gitra cac yéu
cau st dung nude. V& moi truong, thiéu nudce
trong thoi gian dai s& dan dén tinh trang han han,
tir 46 1am tang kha ning x6i mon dét, nguy co
suy thoai canh quan va ca rui ro chay rung. Do
d6, dé dam bao qua trinh phét trién kinh té x4 hoi
bén vimg, tinh toan dinh lwong dong chay va du
bao chinh xac ngudn nudc sir dung cic cong cu
hién dai (nhu tri tué nhan tao, hoc may, hoc sau)
1a viéc 1am hét sirc can thiét cho xdy dung ké
hoach phan bd, diéu tiét, khai thac va st dung
ngudn nude phu hop.

2.2. Thu thap dir liéu
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S6 litu mua ngay thuc do tai bon tram (Nong
Son, Hi¢p Buc, Tién Phudc va Tra My) va luu
luong dong chdy ngay tai Nong Son (Hinh 1)
trén luu vuc séng Thu Bon trong giai doan tir
1977-2020 (Hinh 2) da dugc thu thap dé phuc
vu cho cac myc dich tinh toan cua nghién ctru
nay. Chi tiét vé cac dic trung théng ké cua
lugng mua va luu lugng dong chay tai cac tram
néu trén duoc tong hop trong Bang 1. Luu y
rﬁng chudi s6 liéu mua tai cac tram s& duoc st
dung 1a dir liéu dau vao trong mo hinh bd nhé
dai ngan, trong khi s liéu dong chay thuc do
tai tram Nong Son s€ dugc st dung dé so sanh
danh gia két qua du ra ctia mo hinh.
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Hinh 2: Chudi sé liéu muwa ngdy tai: a) Hiép Pirc, b) Néng Son,
¢) Tién Phuoc, d) Tra My va e) luu lwong dong chay ngay tram Nong Son
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Bang 1: Dir liéu cac tram mwa va dong chay thu thap trong luu vuc nghién ciu

. o ren Thoi ky Gia tri trung Khoang X
Tén t Dirl i ‘ H t
én tram ir liéu thu thap binh bién dong ¢ s0 twong quan
Hiép Puc 8,27 0+ 527 0,593
Nong Son Mura, X (mm) 8,11 0+513 0,549
a, X (mm
Tién Phud ’ + 534 4
1?n udc 1077-2020 8,63 0+53 0,59
Tra My 11,32 0+782 0,669
L \
Nong Son | -0 luong. Q 201,33 4+ 8920 1,0
(m?/s)

3. PHUONG PHAP NGHIEN CUU
3.1. M6 hinh LSTM

M6 hinh LSTM Ia cai tién cua mang than kinh
hoi quy nham giai quyét van dé hoc, luu trit
thdng tin [2]. M6 hinh LSTM ciing ¢6 cau triic
mat xich tuong tu nhu mang than kinh hoi
quy, nhung cac module 13p c6 cau tric khac.
Cu thé, thay vi chi c6 mot 16p mang no-ron thi
LSTM co toi bon 16p, twong tac véi nhau theo
mot cau tric cy thé. Y tuong cét 18i caa mod
hinh LSTM chinh la trang thai nhé thong qua
cac no-ron. Trang thai nhé gidng nhu bing
chuyén, chay xuyén suét toan bo cac mit xich
(hay con goi la cac nit mang) va chi c6 mét sb
trong tac tuyén tinh dugc thyc hién. Piéu nay
gitp cho thdng tin it bi thay doi xuyén sudt
qua trinh truyén.

M6 hinh LSTM cé kha nang thém hoac bot
thong tin vao trang thai nhé, duoc quy dinh
maot cach can than bai cac cau trac goi 1a
cong (gate). Cac coéng nay la mot cach tuy
chon dé dinh nghia théng tin truyén qua
thdng qua cac ham sigmoid va mét toan tu
nhan pointwise. Ham kich hoat sigmoid c6
gia tri tir 0 dén 1, mo ta thong tin duoc phép
truyén qua tai mdi 16p mang. Néu thu duogc
gia tri 0 diéu nay c6 nghia 1a khong cho bat
ky thdng tin ndo truyén qua, nguoc lai néu
thu dugc gid tri 1a 1 thi c6 nghia la cho phép
moi thdng tin truyén qua. Md hinh LSTM ¢
ba cong nhu trén dé bao vé va diéu khién
trang thai cua no-ron. Qué trinh hoat dong
cia md hinh LSTM duoc thdng qua bdn

budc co ban [2].

Buéc 1: Bude dau tién ciia mo hinh LSTM Ia
quyét dinh xem thdng tin ndo can loai bo khoi
trang thai cia no-ron. Quyét dinh nay duogc
thuc hién théng qua maot 16p vai ham sigmoid
goi la cong chin (forget gate layer). Pau vao la
he_, va x, dau ra 13 mot gia tri nam trong
khoang [0, 1] cho trang thai C,_;. Gia tri 1
tuong duong vai gitr lai thong tin, gid tri 0
twrong duong véi loai bé thdng tin. Cong chan
f. ¢6 thé dugc tinh theo phuong trinh (1).

fe= U(Wf- [he—1,xe] + bf) (1)

Buéc 2: Khi can quyét dinh théng tin nao can
dugc luu lai tai trang thai no-ron. Viéc nay bao
gom hai thanh phan (hay 16p): (i) 16p st dung
ham sigmoid dugc goi 1a 16p cong vao (input
gate layer) dé quyét dinh cac gia tri nao s& cap
nhat va cong vao i, duoc tinh theo phuong
trinh (2) va (ii) 16p sir dung ham tanh dé tao ra
mot vector cho gia tri méi €, duoc thém vao
trong trang thai. €, duoc tinh toan bgi phuong
trinh (3).

ip = o(Wi(he—1,x¢) + by) (2)
C, =tanh tanh (W¢[he_1, %] + b¢) 3)

Buéc 3: O budc nay s& két hop hai thanh phan
& budc 2 lai dé cap nhat vao trang thai, tir
trang thai cii C,_; thanh trang thai méi C;. M6
hinh LSTM sé& nhan trang thai cit voi ham f;
dé bo di nhitng thdng tin quyét dinh quén
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trude do. Sau do, sé cong thém i, = C,. Pay la
gia tri mai ma mo hinh mudn cap nhat cho mdi
trang thai. Trang thai mai thu dugc nay phu
thudc vao viéc quyét dinh cap nhap mai gia tri
trang thai ra sao. Trang thai méi C, c6 thé
duogc tinh boi phuong trinh (4).

Ct:ft*Ct—1+it*€t (4)

Bwéc 4: Trong md hinh LSTM can quyét dinh
thong tin ddu ra. Dau ra ndy can duya trén trang
thai va thuong s& duoc loc bét thong tin. Pau
tién, ap dung I6p ham sigmoid dé quyét dinh
xem phan nao cua trang thai dy dinh s& dua ra.
Sau d6, s& day trang thai qua ham tanh (gia tri
trong khoang -1 va 1) va nhan véi mot cong
dau ra voi ham sigmoid (output sigmoid gate)
dé giir lai nhitng phan muén dua ra ngoai.

0 = o(Wy[he—1, x¢] + by) )
hy = o, * tanh (C;) (6)

M® hinh LSTM st dung cac cong thic néu
trén va lap lai tai ting budc thoi diém t.
Thoéng tin cua c4c trang thai dugce diéu khién
bai cau tric cac cong chan f,, cong vao i, va
cong ra o,. Trong d6 cong chan f; chinh 1a tu
tuong chu dao cua md hinh LSTM khi cho
phép diéu khién luwong thong tin dau vao
h._, tir cac thoi diém trugc. Cong ra o, va
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trang thai an h,c6 thé duoc tinh theo phuong
trinh (5) va (6). Cac théng sé chinh caa mé
hinh LSTM c¢6 thé ké dén 1a ty 1& hoc, sb
lugng 16p an, sb epochs. Gia tri thich hop
cua cac thong sb trén s& duoc xac dinh dua
vao chudi sé liéu dong chay thuc do trén luu
vuc nghién ctru.

|  KHOA HOC

3.2. Céc chi tiéu danh gia sai so

Bbn chi tiéu sai s, bao gom sai s6 quan
phuong (RMSE), sai sé trung binh tuyét ddi
(MAE), hé s6 twong quan (r) va hé sé NSE
(Nash—Sutcliffe efficiency) da duoc su
dung dé danh gia sy phU hop gitra luu
lugng dong chay tinh toan va thuc do. Sai
sb quan phwong va sai s6 tuyét dbi trung
binh biéu thi d6 16n trung binh cua sai sé.
Sai s quan phuong xét dén binh phuong
cua sai s6 nén khi sai sé 16n thi khi binh
phuong s& cang lén hon vi vay ma sai s6 sé
thién 16n trong khi do6 cac gia tri thién nho
c6 thé bi bo qua (sai s6 cang nho binh
phuong s& cang nho) [3, 4]. Chinh vi thé,
sai s tuyét dbi trung binh dugc st dung dé
bo sung cho sai sd quan phuong. Hé sb
twong quan r va NSE cang gan 1 thi két qua
tinh toan cang chinh xac.

3.3. Thiét 1ap cac tinh toin

Bang 2: Cac trwong hep tinh toan khi sir dung mo hinh LSTM

Ki hicu Tram mua Hiép Puc Nong Son Tién Phuéc Tra My
LSTM(HD) v

LSTM(NS) v

LSTM(TP) v

LSTM(TM) v

Chudi sb liéu mua va dong chay tai cac tram
duoc sir dung dé thuc hién céc tinh toan mo
phong khac nhau khi str dung mé hinh bo nho
dai ngan LSTM. Cu thé, chudi s6 liéu trong
khoang thoi gian tir ngay 1/1/1977 d&n ngay
14/10/2007 (twong Gng véi 70% chiéu dai cua
chudi sb liéu thu thap) da duoc sir dung dé dao

tao md hinh, trong khi chudi s liéu trong
khoang thoi gian tr ngay 15/10/2007 dén
31/12/2020 da duoc st dung cho kiém dinh md
hinh [2, 4-5]. S6 liéu tai ting tram mua da dugc
sir dung 1am dit liéu dau vao (nhu thdng ké trong
Bang 2). Chi tiét két qua dong chay cho budc
dao tao va kiém dinh mé hinh LSTM {ng Véi
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tirng tram mua duoc thé hién trong Muc 4.
4. KET QUA VA THAO LUAN

4.1. Két qua dao tao md hinh

Khi sir dung chudi $6 liéu mua ngay tai moi tram
lam dit liéu dau vao, cac thong s6 cia mo hinh
LSTM duogc xac dinh theo phuong phap thur sai.
Két qua ty 16 hoc = 0,001, s6 lwong 16p 4n = 128
va s6 epochs = 100 da duoc xac dinh cho qua
trinh dao tao mé hinh. Hinh 3 thé hién két qua so
sanh gilta luu lugng dong chay tinh todn (Ung
voi cac gid tri t6i wu cua théng s md hinh
LSTM ¢ trén) va dong chdy thuc do, trong khi
do6 gia tri ciia cac chi tiéu danh gia sai s6 dugc
thong ké chi tiét trong Bang 3. Két qua tinh toan
thé hién rang mod hinh LSTM thé hién rat tot
chudi s6 liéu dong chay thuc do trong luu vuc
nghién ctu. Hé s6 tuong quan r 16n hon 0,91,
trong khi hé s6 NSE thay dbi tir 0,82 dén 0,88.
Sai s6 quan phuong (RMSE) cua dong chay dao
dong tir 195 dén 236 m®/s va sai s6 trung binh
tuyét ddi (MAE) bién ddi trong khoang giira 91

va 96 m¥s (Bang 3). Gia tri cia RMSE va MAE
néu trén chi bang tir 1,03 dén 2,6% bién d6 cua
dong chay ngay do dac tai tram.

Trong 4 tram mua trén luu vuc, mdé hinh
LSTM cho két qua mé phong chudi dong chay
thue do tot nhat Gmg véi truong hop st dung
s6 liéu mua tai tram Tra My. Hé s6 tuong quan
r va hé s NSE lan luot bang 0,94 va 0,88,
trong khi gia tri RMSE va MAE cua dong chay
nho hon 2,2% bién d6 cua luu lugng dong
chay thuc do quan tric tai Nong Son. Cac két
qua tinh toan trén ciing pht hop véi hé sb
tuong quan gitra mua tai Tra My va luu lugng
dong chay tai Nong Son (r = 0.669) thong keé
trong Bang 1. Mat khac, m6é hinh LSTM cho
két qua mo phong luu lugng dong chay thuc
do it chinh x4c hon khi sir dung s6 liéu mua tai
No6ng Son lam dit liéu du vao ctia mo hinh.
Piéu d6 thé hién rang mua tai tram Nong Son
khong phan anh chinh xac dac trung mua trén
luu vuc nghién curu.

Bang 3: Gia tri ciia cac chi tiéu danh gia sai s6 cho dao tao md hinh LSTM

ic chi tiéu sai sb ] NSE RMSE MAE
Ki hi¢u (m3/s) (%) (m3/s) (%)
LSTM(HD) 0,92 0,85 217,77 2,44 96,06 1,08
LSTM(NS) 0,91 0,82 235,84 2,64 94,16 1,06
LSTM(TP) 0,92 0,85 219,01 2,46 94,55 1,06
LSTM(TM) 0,94 0,88 195,00 2,19 91,76 1,03
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Hinh 3: Luu lwong dong chay tinh todn va thyc do: a) LSTM(HD),
b) LSTM(NS), ¢) LSTM(TP) va d) LSTM(TM) cho dao tao mé hinh

4.2. Két qua kiém dinh mé hinh

D¢ kiém dinh md hinh LSTM, chudi s6 li¢u mua
va dong chdy trong khoang thoi gian tr ngay
15/10/2007 dén 31/12/2020 (twong tmg véi 30%
chiéu dai cta chudi sd liéu thu thap) da dugc st
dung. Gia tri t6i wu cua cac théng sé xac dinh
trong bude dao tao ciing dugc st dung trong mo

phong. Két qua so sanh Iuu lugng dong chay
tinh toan va thyuc do khi str dung s6 liéu mua tai
cac tram (Hi¢p Puc, Nong Son, Tan Phudc va
Tra My) cho budc kiém dinh mé hinh LSTM
duoc thé hién nhu trén Hinh 4, trong khi gia tri
clia cac chi tiéu d4nh gia sai s6 duoc thong ké
chi tiét trong Bang 4.

Bang 4: Gia tri ciia cac chi tiéu danh gia sai s6 cho kiém dinh mé hinh LSTM

ac chi tiéu sai s6 RMSE MAE
r NSE 3 3
Ki hi¢u (m?/s) (%) (m?/s) (%)
LSTM(HD) 0,91 0,82 253,91 2,86 122,51 1,38
LSTM(NS) 0,87 0,73 312,26 3,52 137,26 1,55
LSTM(TP) 0,89 0,79 280,12 3,15 119,31 1,34
LSTM(TM) 0,95 0,90 195,64 2,20 92,96 1,05
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Hinh 4: Luu lwong dong chay tinh todan va thuce do: a) LSTM(HP),
b) LSTM(NS), ¢c) LSTM(TP) va d) LSTM(TM) cho kiém dinh mé hinh

Két qua kiém dinh thé hién rang mo hinh LSMT
tai hién kha tot luu luong dong chay thuc do tai
ctra ra cua luu vue nghién ctru trong khoang thoi
gian tir ngay 15/10/2007 dén 31/12/2020 khi str
dung s6 liéu mura tai cac tram khac nhau trén luu
vuc. Cu thé, hé sb tuong quan r thay doi tir 0,87
dén 0,95, thé hién rang md hinh da thé hién rét
t6t xu hudng thay déi ciia chudi luu luong dong
chay thyc do theo thoi gian. Hé s6 NSE dao
dong tir 0,73 dén 0,90. Gia tri ctia sai sb quan
phuong (RMSE) thay ddi tir 195 dén 313 m®/s
(twong Ung bang tir 2,2 dén 3,52% bién do luu
luong dong chay thuc do). Sai sd tuyét ddi trung
binh (MAE) thay dbi tir 93 dén 138 m%s va sai
sO trén nho hon 1,55% luu luong dong chay
ngdy 16n nhét thuc do tai Nong Son. Pong thoi,
két qua ddo tao va kiém dinh mo hinh déu thé
hién rﬁng khi st dung s6 liéu mua tai tram Tra
My lam dir liéu dau vao, mod hinh LSTM cho két
qua mo phong luu luong dong chay thuc do tét
nhit so véi viée st dung s6 liéu mua cta tram
Nong Son hodc Hiép Ptic hoac Tién Phudc.
Didu d6 co nghia réng s6 liéu mua tai tram Tra
My hoan toan c6 thé dugc str dung dé tinh toan
mo phoéng dong chay trén luu vuc nghién ctru
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trong truong hop s6 liéu mua bi han ché, khi su
dung mo hinh LSTM.

Nhu thé hién trén Hinh 3 va Hinh 4, sy khac biét
gitra luu luong dong chay tinh todn va thuc do
van con ton tai, ddc biét 1a Gmg véi cac trudng
hop luu lugng dong chay 1én. Cac két qua tinh
toan luu luong dong chay 16n nhit tir mé hinh
LSTM van dang thién nho so véi thuce do, bét ké
viéc su dung mot trong bdn tram mua trén luu
vuc. Nguyén nhan dan dén hién tuong trén 1a do
gia thiét mua tai cac tram roi rac trén la luong
mua trén toan luu vuc. Do do, dé cai thién két
qua tinh toan luu lugng dong chay trén luu vuc
nghién ctru khi st dung mé hinh LSTM, lugng
mua trung binh luu vuc (theo da giac Thiessen
hay trung binh s6 hoc) nén duoc sir dung. Van
dé trén s& duoc xem xét, thuc hién trong nghién
ctu tiép theo khi sir dung mo hinh LSTM cho
mod phong va du bdo dong chdy trén luu vuc
nghién ctru phuc vu cho quy hoach, diéu tiét,
khai thac va str dung bén vitng ngudn nudc trén
luu vuc nghién ctu.

5. KET LUAN

M6 hinh LSTM va chudi s liéu mua tai bon

tram (Nong Son, Hi¢p Puc, Tién Phudc va Tra
My) da duogc su dung dé tinh toan luu luong
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dong chay tai cua ra cua luu vuc song Thu
Bon tinh dén tram thuy van Néng Son. Dya
trén cac két qua da trinh bay, mot s6 két luan
chinh ctia nghién nhu sau:

(i) M6 hinh LSTM t4i hién rét t5t chudi s6 liéu
luu lugng dong chay ngay thuc do trong thoi ky
nhiéu nam tir 1/1/1977 dén 31/12/2020. Hé s6
twong quan r thay di tir 0,87 dén 0,95, trong

CONG NGHE

khi hé s6 NSE dao dong tir 0,73 dén 0,90. Gia
tri cia RMSE va MAE nho hon 3,52% bién d0
luu luong dong chay ngay thuc do.

(i1) Khi st dung mé hinh LSTM, dir li¢u mua
tai tram Tra My cho cic két qua mo phong
chudi luu luong dong chay ngay thuc do tai
Noéng Son tét nhit, véi hé sd twong quan r 16n

hon 0,94 va hé s6 NSE 1én hon 0,88.
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