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DU BAO MU'C NUGC SONG CAM, THANH PHO HAI PHONG
BANG MO HiNH MANG NO-RON LSTM

Ho Viét Hung
Truong Pai hoc Thuy loi

Tém tat: Song Cam la séng I6n thude dia phin Hdi Phong, giit vi tri trong yéu vé kinh té, quoc phong
va véin héa khéng chi ciia Hdai Phong ma ciia mién Bac nwde ta. Gan ddy nhiéu khu do thi 16n, hién dai
diroe xdy dung bén borséng Cam. Vi vy, dir bdo chinh xdc muc nwée séng Cam sé gép phan quan trong
trong viéc phong chong ngdp lut, dam béo an toan doi song nhdn dén va phat trién kinh té, xa héi. Theo
do, tdc gia bai bdo nay da thiét lgp mét mé hinh Long Short-Term Memory Neural Network (LSTM),
mot dang dac biét cua Mang no-ron hoi quy (Recurrent Neural Network - RNN) dé dy bdo mue nuede
song Céam tai tram Cira Cam, Hdi Phong. Mo hinh du bdo chi can dir liéu dau vao la muc nuede thue do
tai cac tram thuy van va hai van trong khu viec nghién cueu. Lwong muea tai cac tram: Cao Kénh, Kién
An, Phii Lién, Cira Cam c6 hé s6 twong quan thdp nén cac chudi sé liéu nay khong duwoc sie dung cho
mé hinh. H¢ s6 Nash (Nash Sutcliffe Efficiency), Sai s6 binh phirong trung binh (Root Mean Squared
Error), Sai s6 tuyét doi trung binh (Mean Absolute Error) di dwoc sir dung dé danh gid sai s6 tri s6 du
béo. Két qua dir bdo c6 dj chinh xdc cao, chat heong die bdo la dii @6 tin cdy. Do d6, cé thé dp dung mé
hinh nay d@é dur béo muc mede séng Cam va cde séng khdc & Hai Phong.

Tiur khéa: Mang no-ron héi quy (RNN), LSTM, di bdo mirc nwée, séng Cam, Hai Phong.

Summary: The Cam River is a big river in Hai Phong, holding an important position related to
economy, national defense and culture not only of Hai Phong but also of Northern Vietnam.
Recently, many large and modern urban centers have been built on the banks of the Cam River.
Therefore, accurately forecasting the water levels in the Cam River will make an important
contribution to flood prevention, ensuring the safety of people's lives and socio-economic
development. Accordingly, the author of this article has set up a Long Short-Term Memory Neural
Network (LSTM) model, a special type of the Recurrent Neural Network (RNN), to predict the
water levels of the Cam River at Cua Cam station in Hai Phong. The input data of the forecast
model is only the water levels measured at the hydrological stations in the study area. Rainfall at
stations: Cao Kenh, Kien An, Phu Lien, Cua Cam have low correlation coefficients, so these data
series are not used for the model. Nash Sutcliffe Efficiency, Root Mean Squared Error, Mean
Absolute Error were used to evaluate the errors of the forecast values. The forecast results are
highly accurate, predictive quality is sufficiently reliable. Therefore, this model can be applied to
forecast the water levels of the Cam River and other rivers in Hai Phong.

Keywords: Recurrent Neural Network (RNN), LSTM, water level forecast, Cam River, Hai Phong.

1. GIOI THIEU CHUNG phuong ma ciia mién Bac nudce ta. Toan bd song
CAm thudc dia phan Hai Phong, bat dau tir nga
ba Hop Thanh (ttr vi tri nhap luu cua song Kinh
Thay - Kinh Mén) dén nhap luu vao song Bach

Séng Cam la song 16n, quan trong vao loai bac
nhat Hai Phong, gitr vi tri trong y€u vé kinh te,
quoc phong va van hoa khong chi cua dia
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Ding dé db ra bién qua cira Nam Triéu. Song
CAm nbi véi song Lach Tray qua séng Tam
Bac. Song c6 chiéu rong tuong ddi 16n, chd hep
nhat khoang 200 m, chd rong nhat 700 m (tir
cau Kién ra phia bién). Cao d6 day song & chd
sau nhat 1a -12 m,

Gan day nhiéu khu d6 thi 16n, hién dai dugc xay
dung bén bo séng CAm. Vi vay, du béo chinh
x4c muc nudc song CAm s& gop phan quan
trong trong viéc phong chéng ngap lut, dam bao
an toan doi sdng nhan dan va phat trién kinh té,
x4 hoi.

Hién nay & Viét Nam ciing nhu trén thé gidi,
cac moO hinh mang no-ron nhan tao (Artificial
Neural Network - ANN) ngay cang dugc Gng
dung nhiéu trong cac linh vuc khac nhau, trong
d6 c6 nganh Thuy lgi. M6 hinh ANN dugc st
dung dé du bao muc nude, luu luong dong chay
trong song nham céanh béo 1i lut, han han [1],
[3], [4], hoac du bao muc nudc & cac céng tuoi
tiéu két hop trong hé thong thay loi [5]. Pay la
cac du bao thoi han cuc ngén hay thoi han ngén,
phuc vu truc tiép cho cong tac diéu hanh hé
théng hodc phong chong thién tai. M6 hinh
ANN khéc v6i cac mo hinh thiy van, thay luc
truyén théng 1a khong yéu cau mot lugng 16n
cac dir liéu dau vao nhu dia hinh, dia mao, cac
hé¢ sé va kich thude cia cic cong trinh trén
song, kénh... Trong truong hop khong co6 du tai
liéu dia hinh, dia mao, bién — dai duong va tiy
theo yéu cau thuc té, cac mo hinh ANN c6 thé
dugc 4p dung dé dy bao cac yéu té thury vin,
thuy luc cia dong chdy. Cac m6 hinh nay dua
trén mdi quan hé giita cac dir liéu dau vao va
dau ra dé hoc cac quy luat cia dong chay tir d6
thuc hién cac du bao.

Trén thé gidi, cic md hinh ANN da dugc sir
dung dé du bao muc nuée song tr nam 1990.
Sau do, cac thuat toan cia mo hinh ANN da
duoc cai tién nham tang do chinh x4c trong dyu
béo [1]. Asaad Y. Shamseldin (2010) [7] da st
dung mo hinh ANN dé du béo luu luong dong
chay song Nile xanh ¢ Sudan. Trong nghién ctru

cua minh, tac gid da sir dung gia tri luu lugng
dong chay trung binh ngay ctia song Nile xanh
do tai Eldeim gan bién giéi Sudan - Ethiopia va
dir liéu lugng mua trung binh ngay trong khu
vuc cho giai doan bdn nim 1992-1995 dé du
bao. Chen, J.F. va nnk (2014) [8] da du bao luu
lwong dong chay dén hd Hoa Binh, Viét Nam
bang mé hinh ¢ st dung thuit toan Cuckoo
Search. Sung va nnk (2017) [10] da stir dung mo
hinh mang no-ron hdi quy (Recurrent Neural
Network - RNN) dé du bao muc nudc trén song
Anyangcheon, Han Qudc, trude 1 gio va 3 gio,
v6i dit liéu du vao 1a myc nude song trong khu
vuc nghién ctru. Veintimilla-Reyes (2016) [11]
da dy bao Iuu lugng dong chay song
Tomebamba, Ecuador bang mé hinh ANN véi
thoi gian dy bao 1én dén 3 ngay. Dir liéu dau
vao cua mo hinh 1a lugng mua va luu lugng do
tai cac tram khi tugng, thuy van trén luu vuc
song.

Ngoai ra, con ¢d cac nghién ctru ¢ trong nudc
nhu: Lé Xuan Hién, HO Viét Hung (2018) da
ung dung md hinh mang no-ron Long Short-
Term Memory (LSTM) dé dy bao muc trudc
trén cac song & Hai Phong. Cac tac gia da su
dung dir licu dau vao 1a myuc nudc theo gio dé
du bao myc nudc song tir 1 gid dén 5 gio trong
tuong lai [1]. Lé Xuén Hién va H) Viét Hing
(2018) da xay dung mot mo hinh toan dua trén
mang no-ron hdi quy dé du bao luu lugng lii
song Pa tai Lai Chau trudce 1 ngay [2] va du bao
luu lugng dong chay séng Hong tai tram Son
Tay trude 1 ngay, 2 ngay va 3 ngay [3]. Mo hinh
ma céc tac gia dé xuat khong doi hoi cac dir lidu
vé dia hinh, dia mao, chi can cac dit liéu vé luu
luong dong chay. Lé Xuan Hién va nnk da sir
dung m6 hinh LSTM dé du bao luu luong nudc
vé ho Hoa Binh trude 6 gio, 12 gid va 18 gid
[9], [6]. HO Viét Hung (2019) [4] da thiét 1ap
mot md hinh mang no-ron hdi quy dé dy bao
lwu luong dong chay séng Hong va dinh 1i tai
Ha Noi trudce 1 ngay, 2 ngay va 3 ngay. HO Viét
Tuén va H6 Viét Hung (2019) [5] dé ung dung
mé hinh LSTM dé dy bao muc nudc tai ha luu
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cdng - au thuyén Cau Cat trén song Thai Binh,
thoi gian du bao 1a 6h, 12h, 18h va 24h. Nhitng
nghién ciru trén day cho thay rang, cac mé hinh
ANN va RNN ngay cang dugc ung dung rong
rai trong linh vyc thuy van, thuy luc dé du bao
thoi han ngén cac tri s6 muc nudc hodc luu
lrong dong chay trong song.

Theo d0, tac gid bai bao nay s€ trinh bay sau day
viéc thiét 1ap mot mo hinh todn dua trén mang
no-ron hdi quy (RNN) dé du bao muc nudc
song Cam tai tram Ctra Cam, Hai Phong. M6
hinh du bdo chi str dung dir licu dau vao 1a muc
nude thuc do tai cac tram thuy van, hai van ¢
Hai Phong. Py 1a du bao thoi han ngan: 1h, 3h,
6h.

2. PHUONG PHAP NGHIEN CUU VA DU
LIEU

Trong nghién ctru nay, thu vién phdn mém ma
ngué)n m¢o Keras, cac thu vién Numpy, Pandas,
cung voi ngon ngit 1ap trinh Python 3.6 da dugc
str dung dé thiét 1ap mot mé hinh LSTM.

2.1. Mang no-ron LSTM va cac dir li¢u dau
vao mo hinh

Mang no-ron RNN c¢6 chtra cac vong 1dp bén
trong, cho phép thong tin dugc luu lai. Mang
no-ron LSTM ciing nhu RNN c¢6 thé giai quyét
cac bai toan c6 su phu thudc dai han (long-term
dependency). Cac mo6 hinh RNN dua trén mdi
quan hé giita cac dir liéu da c6 dé hoc cac quy
ludt trong qua khur, tir d6 dua ra cac du bao cho
tuong lai. Cac moé hinh LSTM xuét hién lan
dau tién vao nam 1997, cho dén nay da dugc
cai tién nhiéu va phd bién rong rai [5], [6].

Mang no-ron LSTM ¢6 ciu tric dang chudi,
gém nhiéu md dun duoc 1ap lai, n6 co6 4 tﬁng
tuong tdc vdi nhau mot cach dac biét nhu Hinh
1 dudi day [5].
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Hinh 1: Cdu tric ciia mét mé dun LSTM [5]

M&i mé dun LSTM gdm cé: trang thai té bao
(cell state); cac cong (gate) [5]. Cell state
chay xuyén sudt tir mé dun nay sang mé dun
khéc, gitp thong tin duoc truyén di dé dang;
cac cong 1a noi sang loc thong tin. Trong mdi
mo dun ¢ 3 cong va 4 tang. Pau tién 1a tang
cong quén f; (forget gate layer), n6 quyét dinh
thong tin ndo can loai bo tir Cell state. Pau
vao cla tang nay 1a he. (gia tri dau ra tai thoi
diém t-1) va x; (dir liéu dau vao hién tai); dau
ra clia ting nay 1a fi, mot s6 trong khoang tir 0
dén 1 cho mdi s6 trong Cell state Ct.1.

f=o(W, [h1x1+b) (1)

Trong d6: O laham sigmoid, Wi va br 1an luot 13
trong sO va tham so cua tang cong quén.

Hai tang tiép theo s& quyét dinh thong tin luu
vao Cell state va cap nhat gia tri cho nd, do la
tang cong vao it (input gate layer) va mot ting
tanh Nt (tanh layer).

i, =o(W.[h_,,x]1+b) 2)
N, :tanh(wc '[ht—l’xt] +bc ) 3)
C = ft*ct—l +it* N, (4)

Trong d6: Cr1 va Ct 1a Cell state 1an luot ¢ thoi
diém t-1 va t; Wi va bi 1an luot 1a trong sd va
tham sb cua tang cong vao. Wc va be 1a trong
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s6 va tham sb cua Cell state; tanh 13 ham
hyperbolic tangent.

Cubi cing 13 tAng cong ra ot (output gate layer),
gia tri dau ra (he) s& duoc quyét dinh boi Cell
state mudn xut ra.

Ot =O—(Wo'[ht—1’xt] +bo)
h =0, *tanh(C,)

()
(6)

Trong d6: W, va bo 14n luot 13 trong sé va tham
sd cua tang cong ra.

bé phuc vu cho m6 hinh LSTM, cac dir liéu
da duoc thu thap gém cé: lugng mua va muyc
nudc thuc do theo gid ¢ cac tram khi tugng,
thay vin trén cac song: Thai Binh, Kinh Thay,
Cam, Lach Tray va dao Hon Dau. Tac gia bai
bdo nay da tham khdo céac tai li¢u, bdo cdo cua
céc nghién ctu trude day vé dong chay trén
cac song ¢ Hai Phong trong mua 1ii, danh gia
s6 liéu cua tran 1d 16n thang 8/1996 va thang
8/2002. Tac gia di so sanh muc nude 1 thiét
ké tai tram Ctra CAm (song Cam) trong trudng
hop ¢6 nude dang, theo sé liéu cia nam 2011,
v6i myc nude i thiét ké theo cong vin sb

527/BNN-TCTL ngay 6/3/2012 cua B§ Nong
nghi¢p va PTNT vé viéc thoa thuan qui hoach
phong 1ii chi tiét cac tuyén séng c6 dé trén dia
ban thanh phd Hai Phong dén nam 2020, thiy
rﬁng cac sb 1iéu myuc nudc mua 1 ndm 2011
l1a phu hop cho mo6 hinh du bao.

Trén co s& dit 1iéu hién co, cac b lidu duoce st
dung cho bai bdo nay bao gém: lugng mua &
Hai Phong va myc nudc theo gio dugc do &
céc tram Ctra Cam trén séong Cam, Cao Kénh
trén song Kinh Thay, Kién An trén song Lach
Tray va dao Hon Dau, trong thoi gian tir 0 gio
ngay 14/7/2011 dén 23 gio ngay 30/9/2011
(1896 s6 licu). Céc s6 liéu thuc do da duoc xir
1y va danh gia bang hé s twong quan r khi d6i
chiéu luong mua va muc nudc tai cac tram véi
muc nudc tram Cira CAm (Bang 1). Lugng
mua tai cac tram: Cao Kénh, Kién An, Phu
Lién, Cira Cam c6 hé s twong quan thap, nhu
vay, chudi muc nudc & Cira Cam khong co
twong quan rd rang voi lugng mua trong khu
vue. Do d6, cac chudi sé liéu lwong mua khong
dugc su dung cho mo hinh du béo.

Bang 1: Hé s6 twong quan (r) ciia cic chudi dir liéu

Cao Kénh Kién An Hon Déu Ctra Cim
(s. Kinh Thay) (s. Lach Tray) (Bién Dong) (s. Cam)
Hésor 0,986 0,988 0,917 1,0

Nhu vay, cac chudi dit liéu muc nudc thuc do
tai cac tram Cao Kénh, Kién An, Hon Dau va
Cira CAm duoc str dung lam dix li¢u dau vao cho
mo hinh. Téap dir liéu dau vao dugc chia thanh
3 phan véi cac muc dich khac nhau. Phan tha
nhit 1a chudi 1536 sb liéu duge do dac tir Oh
ngdy 14/7/2011 dén 23h ngay 15/9/2011, dung
dé hiéu chinh mé hinh (training), phin nay
chiém 81% dit liéu. Phan tht hai la chudi sb liéu
do tr Oh ngay 16/9/2011 dén 23h ngay
28/9/2011 dugc dung dé kiém dinh mé hinh

(testing). Phan thtr ba 1a chudi s liéu tir Oh ngay
29/9/2011 dén 23h ngay 30/9/2011 dugc sir
dung lam dir liéu dau vao dé chay thtr mo6 hinh
nhim kiém tra mot 1an nita (validating). Nhu
vay, 19% dit liéu dugc dung dé kiém dinh mo
hinh. So d6 mang ludi song va vi tri cac tram
thity van dugc thé hién trong Hinh 2.
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MANG LUOT SONG SUGH THANH PHO HAI PHONG

I

QUANG NINIE

HALDUONG

Hinh 2: Mang luoi song o Hai Phong [1]
2.2. Thiét ké md hinh LSTM

[ kHoAHOC [TV
Tac gia da chay mo hinh v&i nhiéu bo thong s6
khéac nhau dé chon mot b thong s6 cho két qua
du bao tét nhét. S6 16p 4n ciia md hinh LSTM
la mot. Cac thong s6 khac cua md hinh duoc
tom tit dudi day

- S6 lwong unit trong mdi mé dun: 20; 30
- Hé s hoc (Learning rate): 0,001

- B6 t6i wu hoa (Optimizer): Adam

- S6 1an lap t6i da (Epoch): 5000

- Céc k¥ thuat dugc su dung: Early Stopping,
Regularizer.

- Muc tiéu du bao: muc nudc tai Cira Cam &
thoi diém (t+1), (t+3), (+6)

- Dit liéu dau vao: muc nudce tai Cao Kénh, Kién
An, Hon Déu, Ctra Cam. C6 3 trudng hop du
bao dugc thong ké cy thé trong Bang 2.

Bang 2: Cac truwong hgp du bao

Bién phu thudc

Bién doc 1ap

Muc nude Ctra Cam ¢ thoi diém
(t+1)

Muc nudc Cao Kénh, Kién An, Hon DAu, Cira CAm &
thoi diém (t), (t-1), (t-2) ... (t-5)

Muc nude Ctra CAm & thoi diém
(t+3)

Muc nuée Cao Kénh, Kién An, Hon D4u, Cira Cam &
thoi diém (1), (t-1), (t-2) ... (t-8)

Muc nude Ctra CAm & thoi diém
(t+6)

Muc nudc Cao Kénh, Kién An, Hon DAu, Cira CAm &
thoi diém (), (t-1), (t-2) ... (t-11)

2.3. Phuwong phap danh gia sai s6

DPé danh gia sai s6 cua tri s6 du bao va chat
luong du bdo, tic gia st dung Sai sb binh
phuong trung binh (RMSE), Sai sé tuyét d6i
trung binh (MAE), Sai sé trung binh (Bias) theo
Thong tu sd 42/2017/TT-BTNMT, ngay
23/10/2017, Quy dinh k¥ thuat déanh gia chat
luong du bao, canh bdo thuy van [12], va h¢ )
Nash (Nash Sutcliffe Efficiency — NSE) [1],
duogc tinh toan theo cac cong thirc dudi day. Mo
hinh du béo c6 dd chinh xéac cao khi tri s6 NSE
gin bang 1.

RMSE = l_zn:(e -0,) (7
MAE:%i(m—oJ) (8)

Bias:EZn:(Pi -0)
e 9)
>(0,-RY
NSE=1—':1—2
(oi—(_)i)

=1

(10)

Trong do: O;, 0iVva P; lan luot 14 tri s6 thue do,

TAP CHi KHOA HOC VA CONG NGHE THUY LQ!I SO 64 - 2021 5



|  KHOAHQC

trj s6 thuc do trung binh va trj s6 du bao twong
mg thir i; n 1a s6 lan phét bao.

DPé xac dinh d6 tin cay cua tri s6 du bdo, sai sb
cho phép (Scf) va do 1éch chuén caa yéu t6 du
béo (o2) dugce tinh toan bang cong thie (11) va
(12), theo [12].

S, =0,674c, a1

(12)
Trong d6: Scr 1a sai s6 cho phép; o2 1a do Iéch
chuan ciia yéu t6 du bao; Yi Ia tri s6 cia yéu td
trong dy sb tinh toan; Y 1a chuan ctia ddy s6 tinh
toan; n 1a so so hang trong day so tinh toan.

Chat lwong du béo tri s6 duoc xac dinh 1a "du do
tin cdy" khi sai s0 tri sO du bdo nhd hon hodc
bang sai s0 cho phép cia yéu to6 du bao.

(of0] e} \[e]3]2

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

Mo hinh LSTM d4 duoc kiém dinh bang phan
dir liéu thr hai. Két qua kiém dinh t6t nhét cua
ba truong hop du bao dugce thé hién trong Bang
3 va cac Hinh 3, 4, 5. Bang 3 cho thy rang, Hé
s6 Nash dao dong tir 99,9% (du bao 1h) dén
89,7% (du bao 6h); Sai sé binh phuong trung
binh dudi 20 cm cho tit ca cac trudng hop du
b4o, khi du bao 1h sai s6 12 khong dang ké, khi
du bao xa hon, d6 chinh xé4c (hé s6 NSE) giam
xubng. Co thé thdy muyc nudc 16n nhat khi du
béo 6h thap hon thyc do. Két qua kiém dinh mo
hinh 13 tot. Chat luong du béo 1a "du d6 tin cay"
vi cdc sai sb déu nhoé hon sai s cho phép. Md
hinh di diéu kién va dat yéu cau dé tién hanh
du bao.

Biang 3: Két qua kiém dinh mé hinh dyu bio muc nuéc

S5 burg ) 54 Sai s6 cho
0 bwoc | & O | g51an | RMSE | MAE | Bias phép NSE
thoi gian dis lwgng I
debdo | o | unit | | (m | (m) | (m) (m) (%0)
li¢u
t+1 4 20 920 0,023 0,017 0,003 0,409 99,9
t+3 4 20 1284 0.078 0,060 | -0,028 0,412 98,3
t+6 4 30 730 0.197 0,156 0,138 0,415 89,7
Muc nuéc theo h V6i 56 liéu dir bdo 1 gior
15 : | | A Thuc.do )
« ’,«! | ’: ij Ii I Du bdo Muc nudc theo h
b 3 | — Thuc do
10 \ AA :{ 'l " l‘ ; ‘. || [ || ll '\ t\l. l."\ 151 " i |l I’ .*. Du béo
_ \ ".l | \ I\ ‘ ‘ ‘ | I ‘ ' l | ' | . : .\ | ll g | X % F\ ’| ; ' ‘. ’\
E 05 ‘«;"'"|‘li'.|‘ll|"h]lli"ln!"‘ 10 .\ ,'\ﬁ,”l“' ( “lnaﬁ\
N \ x_|||% LR YRIRY, R N L f .
ot AUV UV UUN YL = ARV ]'x' \f
\ | | | \ { J 'i | |
-05 1 \"'i ".‘ "‘ \l[ \'.l .\," y vy 001 \ ‘| \ | \ ' li | ll ' " ' " ' II( \ .'1 } \ } \'JJI
0 0 100 150 200 250 300 w05 V ‘\" y V.V
t(h) i . . . . .
0 50 100 150 200 250 300
Hinh 3: So sanh muc nuwéce thuce do tm
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Hinh 4: So ,sdnh muc nwoc thuc do
voi s0 lieu dy bdo 3 gio
Sau qua trinh hi¢u chinh va kiém dinh, cac
thong s6 ciia moé hinh da duoc chon cho ting
truong hop du bdo. Cac mé hinh nay duoc ghi
lai thanh 4 files dudi dinh dang *.h5 phuc vu
cho tung truong hop du bao khac nhau.

15 [ s [T Thuc do
| ‘ Du bao

0 100 150 200 50 00

Hinh 5: So sanh so liéu thuc do voi muc nwoc

duw bdo 6 gio
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3.2. Két qua du bao thir nghiém

Tac gia tiép tuc kiém dinh mo hinh bang cach
dy bao thir myc nudc tai tram Cira CAm trudc
1h, 3h va 6h véi dit liéu dau vao 1a 6; 9 hodc 12
s6 liéu muc nudc tai thoi diém bat ky trong cac
ngay 29/9 va 30/9/2011. Bé tién hanh dy bao
thir nghiém cho ting truong hop, tc gia cho
chay céc file dinh dang *.h5 trong moi truong
Python 3.6 c6 su dung cac thu vién Keras,
numpy, pandas, sklearn. Phan dit liéu tht ba da
dugc sir dung cho muc dich tht nghiém nay.
Day la tap dir liéu doc 1ap, chua duoc su dung
truéc ddy nham dam bao tinh khach quan cua
viéc du bao.

Két qua du bao dugc so sanh voi 36 liéu thuc do
nham danh gia mo hinh thém mét lan nira (xem
Béng 4). Bang 4 cho thay: sai sb tuyét ddi dao
dong tir 1 cm dén 24 cm; sai s 16n nhat xay ra
khi du bao 6 budc thoi gian. Myc nudc du bao
¢6 xu thé thip hon thyc do.

Biang 4: Két qua du bao muc nwée & thoi diém bat ky

'II'\Ihg;yg,, (;:‘r EIIZ;I ;); l‘igl:) MNd:)hl'rc MN du bio | Sai s6 Chsoa:):;p
29/9/2011 | 17:00 | 1 gio 6 -0,13 -0,12 0,01 0,409
29/9/2011 | 19:00 | 3 gio 9 -0,09 0,03 0,12 0,412
30/9/2011 | 4:00 6 gio 12 0,55 0,31 0,24 0,415

Tiép theo, tac gia tién hanh dy bio muc nudc
16n nhét & cudi thang 9, xuét hién luc 5h ngay
30/9/2011. Chi tiét vé két qua du bao dugc thé

hién trong Bang 5. Sai sb tuyét ddi trong khoang
tir 1 cm dén 20 cm. Két qua nay 1a chap nhan

dugc. Céc sai s6 déu nhoé hon sai s6 cho phép,
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tire 13 chat luong du bao du do tin cay. Nhu vy,

sau hai lan du bao thir nghiém véi sai s6 nho,
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md hinh LSTM di duoc kiém dinh xong.

Bang 5: Két qua dw bao mue nwée 16m nhit (lac 5h ngay 30/9/2011)

T |G MM e i
NT\;“NG" MN | dwbdo | (s§) (m) (m) m | (m
30/9/2011 5:00 1 gio 6 0,59 0,60 0,01 0,409
30/9/2011 5:00 3 gio 9 0,59 0,48 0,11 0,412
30/9/2011 5:00 6 gio 12 0,59 0,39 0,20 0,415
4.KET LUAN qud du bao, do d6 khong dugce s dung trong

Trong bai bdo nay, tac gia da trinh bay phuong
phap nghién ctru dé xdy dyng mot moé hinh
LSTM, trinh bay két qua thiét 1ap va kiém dinh
mo hinh nham dy bdo muc nude song Cam, Hai
Phong, véi dit liéu dau vao 1a myc nude thyc do
theo gio tai 4 tram: Cao Kénh, Ctra Cam, Kién
An, Hon DAu. Luong mua thuc do trong pham
vi Hai Phong anh huong khong dang ké dén két
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song Cam va cac song khac & Hai Phong.
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