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NGHIEN CUU, UNG DUNG MANG NO RON NHAN TAO
PE DU BAO, CHINH BIEN TAI LIEU MUC NUOC SONG
KHONG BI ANH HUONG BOI THUY TRIEU

Tran Canh Duong
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Tai lieu lvu lwong nuoc va muc nuoc rat quan trong trong phuc vu kinh 16, xd hoi
va an ninh quéc phong. Tuy nhién, viéc thu thdp tai liéu nay khong du va khong lién tuc
trong mét khoang thoi gian dai nén can phal 6 buée chinh bién tdi liéu. Bai bdo nay dé
xudt sir dung mang no ron nhdn tao nhiéu I6p - MLP dé mé hinh hoa va tinh toan, dy bao
mure nede song khong bi anh huong boi thity triéu véi mét sai sé cho phép. Tdc gid can
cur dir lieu quan trdc thue té ciia muc nuwdc mot dong song, s dung mang no ron MLP
dé dir bdo mure nurde séng sau mot ngay va sau muwoi ngay. Két qua dw bdo dirge so sanh
voi két qua thue té da dwoc quan tric tie do danh gid sai sé. Sir dung mang no ron MLP
dé mé hinh héa va tinh todn, dy bdo miec nude soéng khong bi anh hudng béi thity triéu
dd cho két qua phit hop véi sai s6 cho phép. Khi sir dung phirong phdp dy bdo nay cdc
can b ky thuat can da vao sé lidu quan trdc cu thé va can cir nhu cau dw bdo dé diéu
chinh tham sé dau vao, tham sé dau ra ciia mang no ron MLP mét cach thich hop. Nhw
vay, ta cé thé img dung phwong phdp nay dé dir bdo s6 liéu muee nwée séng theo yéu cau
thuee té dong thoi ho tro cong tac chinh bién dit liéu thiy van.
Tur khéa: Dt liéu thuy vin; Mang no ron nhan tao nhiéu 1ép - MLP; Xt 1y tin
hiéu sd; Gia tri cuc tri da bién; Tham sb hoc thich nghi.
Abstract

Research and application of artificial neural networks to forecast and correct
water level at rivers unaffected by tides

Data of water flow and water level are very important in socio-economic
development and national security. However, such data may be insufficient or
discontinuously collected over a long period of time, thus, in some cases, data
estimation is required. This paper proposes to use Multi Layer Perceptron - MLP
neural network to model and calculate, estimate water level of rivers unaffected by
tides with an allowed error. Based on actual monitoring data of a rivers water level,
MLP neural network was used to forecast river water level after one day and after
ten days. Forecast results were compared with actual observed results in order to
evaluate errors. Using MLP neural network to model and calculate, estimated river
water levels were acceptable with the allowed error. Using this forecasting method,
technicians should base on specific monitoring data and forecasting needs to adjust
input and output parameters of the MLP network appropriately. Thus, this method
could be applied to forecast river water level data according to actual requirements
and support for the correction of hydrological data.

Keywords: Hydro-data; Multi Layer Perceptron - MLP neural network; Digital
signals processing; Multivariate extreme values; Adaptive learning parameters.
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1. Pit van dé

Hién nay, c6 nhiéu phuong phéap du
bao da dugc dua ra dua trén mo hinh vat ly
va toan hoc v6i két qua dang ghi nhan. Theo
Changhyun Choi va cdng su (2019) [3] da
trinh bay viéc phat trién mot mo hinh dy
doan muc nudc bing cach sir dung cac mod
hinh hoc may khac nhau, chéng han nhu
mang no-ron nhan tao (ANN), cdy quyét
dinh (DT), rimg ngau nhién (RF) va may
vecto hd trg (SVM). Viing dat ngap nudc
Upo, 1a ving dat ngap nudc noi dia 1n
nhat & Han Qudc, dugc chon lam nghién
ctru. Dt liéu do muc nudc hang ngay tu
ndm 2009 dén nim 2015 dugc st dung
lam bién phu thudc, trong khi dir liéu khi
tugng va dit liéu do myuc nude thuong luu
dugc sir dung nhu céc bién doc 1ap. Panh
gia hiéu suit du dodn bang cich st dung
RF 1am mo hinh cubi clng tiét 16 gia tri
0,96 cho mdi tuong quan hé sb (CC); 0,92
d6i v6i hiéu qua Nash - Sutcliffe (NSE);
0,09 d6i voi sai sb trung binh cin béac hai
(RMSE) va 0,19 cho chi s bén bi (PI)v
[3]. Cac két qua nghién ciru cia céc nha
khoa hoc Han Qudc di cung cap dit liéu co
ban dé phat trién mot phuong phép quan ly
dét ngédp nudc, st dung muc nudc du bao
cua cac khu vuc trudc day chua ting dugc
do dac.

Tac gia Nguyén Chinh Kién (2020)
[6] da nghién cuu xay dung mo hinh thuy
vin thong sb tap trung trong du bao li
cho cac luu vuc song ¢ Viét Nam. Noi
dung cua d¢é tai dua ra phuong phap giai
bai toan udc tinh thong sé tdi wu trong
mo hinh thay van giup giai quyét duoc
bai toan hiéu qua, tim ra bo thong sd phu
hop nhit cho ting ving phuc vu cho quéa
trinh tac nghiép du bao thuy van mdt cach
chinh xac hon. Dé tai da gidi thiéu so db

Nghién ciru

khdi mé hinh thuy van Nielsen - Hansen
va so d0 khdi cac phuong phap giai bai
toan udc tinh thong sd téi wu: Phuong
phéap 6 vuong, Phuong phép Rosenbrock,
Phuong phdp Nelder - Mead, Phuong
phap Hooke - Jeeves, Giai thuét di truyén,
Phuong phap SCE. Tac gia da xay dung
phin mém dy béo 1 bang md hinh thiy
vin thong s tap trung c6 sir dung phuong
phap ude tinh thong s6 téi vu.

Cong tac chinh bién hién nay trong
nganh thuy van Viét Nam cha yéu van
duge thuc hién bang phuong phép thu
cong. Phan mém HYDRODB 2010 (Hé
chuong trinh xtr 1y s6 liéu thiy vin) da hd
tro mot sb cong viéc nhu tinh todn muc
nudc trung binh ngay, luu lugng nude,
luu lugng chét lo ltmg, tinh todn céac dac
trung,... Tuy vdy, phan mém nay con mot
sO ton tai nhu st dung phan mém can
nhiéu budc trung gian, giao dién chua phi
hop, tdc d6 tinh toan chim, van con nhiéu
budc thu cong dé nhap dit liéu.

MG&i mé hinh déu cé nhiing wu va
nhuge diém nhét dinh, van ¢ can thiét d6
13 tim kiém phuong phap phti hop, dap tng
dugc cac yéu cau thyc té giai quyét bai toan
du bao thuy van van 1a ndi dung nghién
ctru thoi su hién nay. Ung dung mang no
ron nhan tao cho linh vyc thuy van c6 mét
sO wu diém nhét dinh. Bai bao nay dé xuat
sir dung mang no ron nhén tao nhiéu 16p -
MLP @€ mo hinh héa va tinh toén, du bio
muc nudc song khong bi anh huong boi
thiy triéu véi mot sai s6 cho phép.

2. Phan tich kha ning @wng dung

mang no ron nhan tao cho linh vue
thiy van

Mot trong nhitng vmuc dich chinh
cua nganh tri tu¢ nhan tao (Al- Artificial
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Intelligence) 1a nghién ctru va phét trién
cac mo hinh mé phong nhiing kha nang vé
tu duy, phén tich va xur ly thong tin ctia con
nguoi. Mang no ron nhén tao la mdt trong
nhiing chuyén nganh cua tri tu¢ nhan tao
dugc phat trién manh mé hién nay vdi cac
g dung rong rdi nhidu van dé vé k thuat.
Céac mang no ron cé mét dac trung khac
50 v6i cac hé thong tinh todn tuyén tinh va
phi tuyén trudc day d6 1a mdi mang no ron
dugc trang bi mot hodc nhiéu thuét todn
hoc cho mang. Ta co thé st dung mot )
cong cu tinh todn ti iru trong qua trinh tim
giai phap cho cac van dé k¥ thuat [4]. Gia
tri cuc tiéu clia mot hé phuong trinh phi
tuyén da bién c6 thé dugc xéc dinh b%mg dd
thi hodc cac chum 1€nh [7]. Céc thuat toan
cho phép chung ta xay dung, lwa chon ciu
tric cho mang ciing nhu diéu chinh thich
nghi céc théng s ciia mang dé phu hop
voi yéu cau cla bai toan thue t& duoc ra
cho mang. Tri tu€ nhan tao dang dan duge
tham nhdp vao moi linh vuc cua cude séng
con nguoi va g dung vao khoa hoc cong
nghé, trong d6 co linh vuc khi tuong thuy
van. Tai liéu Iuu luong nudc rat quan trong
trong phuc vu kinh té, x4 hoi va an ninh
qudc phong. Tuy nhién, viéc thu thap tai
liéu nay khong da va khong lién tuc nén
can phai co bude chinh bién tai liéu. Ta c6
thé str dung mang no ron dé hd trg mot sé
cong viéc nhu tinh todn muc nude trung
binh ngay, tinh luu lugng nudc, luu lugng
chét lo ling, tinh toan cac dac trung,...
Viéc nghién ctru ap dung cong nghé tri tu¢
nhan tao (Al) vao cong tac du bdo, chinh
bién tai liéu luu lugng nudc nhim dam
bao bo dit liéu chudn, sat v6i thue té trong
nhiéu nam véi sai sé nho nhét, giam bét
cac thao tac thi cong bang chudi thao tac
mat cach tu dong.

3. Ciu triic mang MLP va sai s6
trong qua trinh hoc ciia mang MLP

Tac gia st dung mang MLP dé du
bdo muc nudc boi 1€ mang nay 1a mdt
trong nhitng mang no ron kinh dién nhat,
c6 mot s6 wu diém va st dung thuan tién
ddng thoi c6 sé lwong 16n tng dung phd
bién trong cac nghién ctru trong nhiéu
linh vuc. Ngoai ra, cdu tric mang MLP
dugc st dung rong rdi trong vi€c tai tao
céc anh xa ddu vao véi dau ra ma ching
duoc x4c dinh tir bd sb liéu mau. Qua tim
hiéu tac gia thdy riang, cic ham thé hién
quan h¢ dir li¢u dau vao véi dau ra cia
muc nudc cadc dong song la cac ham phi
tuyén bac cao, mit khac cac sb lidu quan
tric lai chtra nhiéu nhiéu do d6 dé han ché
cac nhuoc diém néu trén thi viéc chon mo
hinh x4p xi bing mang no ron trd nén hiru
hi¢u, dac biét viéc sit dung mo6 hinh mang
kinh dién MLP c¢6 nhiéu thugn tién va
hiéu qua cao véi sai sé cho phép.

Mang no ron nhan tao nhiéu 16p -
MLP (Multi Layer Perceptron) la mdt
mang truyén thang véi cac khdi co ban
la cac no ron McCulloch - Pits. Céc no
ron dugc sip xép thanh cac 16p (layer).
Mot 16p ndi dén cac kénh tin hi¢u dau vao
(input layer), mot 16p ndi dén cac kénh tin
hiéu d4u ra (out layer) va c6 thé thém mot
s6 16p trung gian (16p 4n - hidden layer)
[1]. Cac nha khoa hoc da chung minh
rang, chi can sir dung tdi da hai 16p an 1a
c¢6 thé mo hinh héa mot ham phi tuyén véi
dd chinh xac tuy chon. Mang MLP duoc
su dung dé tao cac anh xa s liéu vao - ra
trén co s& cac bo s6 liéu mau. Bo sb liéu
mau 14 mot tap hop gébm p cic cip mau
duoc cho dudi dang véc to dau vao - véc
to du ra tuong tng véii =1, 2,...p, ,
trong d6 N 1a s6 dau vao va K 1a sé dau
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ra cia mang no ron. Mang MLP ¢6 thé ¢6
nhiéu dau ra dong thoi nén gia tri d. 1a mot
véc to nhiéu thanh phan. Dya theo bo s6
liéu mau ta can xac dinh mot mang MLP
v6i cac thong sd céu triic va cac trong s6
ghép ndi twong mg theo cau tric da chon
dam bao mang MLP co thé xac dinh lai
duoc anh xa tir dau vao dén dau ra cta cac
56 ligu mau [5].

Céc gia tri dau vao X, dugc dua vao
dbi twong nghién ctru s& cho ra két qua
d. va gia tri x, dugc dua vao mang MLP
s& cho két qua ¢ dau ra la y. Nhu vay,
v6i cling mot dau vao thi diu ra cia mang
MLP phai xdp xi bang dau ra cia doi
tugng nghién ciru [5]. Sai sd tong cong
trén cdc mau tién téi mot gia tri cuc tiéu:

14
1
E = EZ”MLP("i) — 4,1 - min
i=1

Trong d6 ky hiéu IMLP(x;) — dl|
biéu dién chuan khoang cach.

Chuan khoang céch gitta cac véc to
thuong dugc dung theo cong thire Oclit:

N
xe R d(0) = llr—cl = ) (g - o)
i=1

Nghién ciru

4. St dung mang MLP dé du bao
muc nudc §6ng khong bi anh huéng
béi thiy trieu

4.1. Dy bdao mwc nwdc song sau
mot ngay

Phan mém MLP dugc sir dung dé méd
phéng viéc du bdo dir liéu muc nudce song
[2]. Dua trén s6 lidu do thuc té ta 14p bang
gbm 12 ¢t va 93 hang. Cot ID chi ra dinh
danh cua dit li€u mdt hang (cé gia tri tur
0 dén 93). S6 ID cudi cho biét tong cac
tap dit lidu. S lidu tap dir lidu co thé diéu
chinh tuy theo s6 liéu do thuc té c6 sdn va
theo yéu cau du bao cu thé. Céc cot Xi véi
ichay tr 0 dén 7 biéu thi myuc nuée trudce
ngay hién tai 8 ngiy, 7 ngay,...cho dén
1 ngay. Cot X8 biéu thi myuc nudec ngay
hién tai, ma nd dugc xac dinh theo tung
hang va duoc chi ra theo s6 liéu ctia nhan
(LABEL) & ¢6t cudi ciing. Cot Y 1a s6 licu
thuc té do duoc sau 1 ngay tinh tir ngay
hién tai. Ta biéu thi mot sé dong dau va
mot s6 dong cudi ctia bang nhu sau:

ID X0 X1 X2 X3 X4 X5
0 250 261 299 295 242 216
1 261 299 295 242 216 210
2 299 295 242 216 210 209
3 295 242 216 210 209 199
88 142 131 131 133 126 123
89 131 131 133 126 123 127
90 131 133 126 123 127 129
91 133 126 123 127 129 111
92 126 123 127 129 111 106

X6 X7 X8 Y LABEL

210 209 199 187 30-9-10-2016
209 199 187 165 1-10-2016
199 187 165 156 2-10-2016
187 165 156 166 3-10-2016
127 129 111 106 27-12-2016
129 111 106 115 28-12-2016
111 106 115 131 29-12-2016
106 115 131 129 30-12-2016
115 131 129 129 31-12-2016
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S6 liéu muc nudc tai hang cudi tuong tng ngay 31-12-2016, trong d6 cot X8 1a
muc nudc ngay hién tai cé gia tri 129. Tét ca cac dong thé hién s6 liéu do thuc té, riéng
gia tri 129 trong 6 twong mg cdt Y tai hang cudi ta gia dinh d6 1a myc nudc ngay 1-1-
2017 (bang myc nudc ngay 31-12-2016). Ta s& ldy gia tri tin hiéu ra cia mang no ron
sau khi dao tao tai ngay 1-1-2017 lam gia tri myuc nudc du bdo cho ngay 1-1-2017.
Hinh 1 biéu thi mc tin hiéu vao khi chua dugc chuan héa.
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Hinh 1: Mikc tin hi¢u vao khi chwa dwoc chuin héa

Sau khi chuén hoa dit 1iéu dau vao ta c6 két qua dugc thé hién & Hinh 2. D6 thi
biéu dién bao gdbm céc tin hi¢u vao theo thoi gian; Tin hi¢u dao tao va tin hi¢u kiém
tra; Tin hi¢u ra cua mang no ron sau khi dao tao.
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Hinh 2: Do thi biéu dién cdc tin hi¢u theo thoi gian sau khi tin hiéu dau vao dwoc
chuan hoa

Khi cho trudc mét bo s6 liéu mau ciia muce nude dau vao, viée xac dinh mot mang

MLP @¢é téi tao lai b so li€u bao gom vi¢c xac dinh cac thong s6 ve cau trac nhu s6 dau

vdo, s6 dau ra, s6 16p an, s6 no ron trén moi 16p, cac ham truyén dat. Cac ham truyén
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dat ctia 16p ra phu thudc chu yéu vao dai tin hiéu dich. Néu dau ra duoc gidi han trong
doan [0,1] thi ta st dung ham logsig, néu dau ra duoc gidi1 han trong doan [-1,1] thi ta
sir dung ham tansig. Truong hop dau ra vuot ra ngoai doan [-1,1] thi ta ¢ thé s dung
ham tuyén tinh. Trong qua trinh dg bdo myc nudc, can bd k¥ thuat co thé thay ddi tham
s6 dao tao dé chon bd tham sb thich hop. Ch:fmg han, cac tham sd dao tao mang can
duoc lya chon mot cach phu hop nhu duoc chi ra ¢ Hinh 3.
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Hinh 3: Cira s6 lwa chon tham sé dao tao
Céc tham s6 c6 thé tham gia vao qua trinh diéu khién thich nghi cia mang MLP 14
céc trong s6 ghép ndi gitta cac 16p. Hinh 4 cho thay cira s6 x4c nhan qud trinh dao tao
thanh cong va db thi biéu dién trong sd.

[ [ — Wikl el Avesice lpist Crich
Ao Nanmrum Yaus S L) R Mnaraprn Yisk e Ras
i3 -
45
ol }
15
2 &
33 i
FIET
oW 6 N A W6 e T M M o EE. MW MR S B0 W G e
= TP | L ¥ ¥ J
(1} Eres
o T
ad
od ]
t |
] T "B ' W M1 4 W e P R e
Tiareng | iinas Dttt Trarnny Crigh
Tonhng i |
s Lasx parad i maicn

T progress

Epoch progress |

S W

Aty Pancion for Hidde Cnss Wy Tanh
At it B CRRtgl Lael - Hygoes T
Firual Lsrring vl O 0B TAEAESRATEA )
Finall MESE of Trarig Sol - FFSS B 105H557
Final WS of Tastng Set FELGE JRERCSEASTD
Bt o wieed data 85

B of kemed dofec
Fedeers dongbirs T

ot Wl Bom Ny

Fia —_

Hinh 4: Cira s6 xdc nhin qud trinh dao tao thanh cong va do thi biéu dién trong so

Theo db thi cua tin hiéu ra cta mang no ron sau khi dao tao ta théy muc nudc du
bdo ngay 1-1-2017 nhé hon so v&i muc nudce ngay 31-12-2016.
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Ta ¢6 két qua mo phong dit liéu ra do mang no ron dua ra sau khi ddo tao ciing vai
dir liéu déu ra thuc té (Data with NN Outputs and Desired Outputs), chiing dugc biéu
dién trong mot bang. S4 liéu mot s6 dong dau bang va mot s6 dong cudi bang dugc thé
hién nhu sau:

activated Function for Hidden Layer: Hyperfanh;
Activated Function for Output Laver: HyperTanh;
Final Learming rate: O, 0047 24909966025153;

Findl MSE of Training Set: 23252.9411679537;
Final MSE of Testing Set; 21531,3998635272;
Number of trained data: 65;

Number of tested data: J8;

Taken iterations: 1000;

Mo, X0 X0, X2, X3, %4, %5, %6, %7 08, Y_Das ired, ¥_Modeling, LABEL Used as

0, 0. TECGT 36007 S6098 , 0. A14A 34146341463 1, 0. SR0RTANEETA04T 0. T 11051 21951 2195, 0. 5051 219512109517, 0. S6ARS 165453
G385,0. 5600756007 56098 .0, 51219512195122,0.75,1. 5710317 3408962 , 30-9-10-2016, Training,

1,0, B14634146341463 1,0, 9480487 FO487 5040, (b 7 2195121951219% 0, 595121951 219512, 0. 56585 3658536585 0, 56097 560975
GOOR, 0. 5021950219512 0. A5 16383 36585 366, 0, 57 258064516170, 1, 3556501 7465204, 1-10-2016, , Testing

2,1,0, 9804587 804475049,0, 721951219512195, 0. 5951 21951 21951 2 ,0. 56585 3658536585, 0. 56097 26007 56098, 0, 51219512195
122,0. 452658536585 3166, 0. 196341463414634 0.5 1. §2823669901192 2-10- 2016 Training,

1,0, 9B04BTA04ET 049, 0. 721951 219512195, 0, 595121951 219512, 1. 56985 36565 16585, 0. S6097 5609756098, 0, 3121951219512
7,0, 4536585 26585 366, . J46341 463414634 0. 302430024300244 | 0. 580645161200323, 1. 4707 4609743277, 3-10

2006, Training,

4,0, F21451 219512195 0, 5851 21951219512 ,0, 56565 3658536585 , 0. 56007 5600756098, 0, 51719517195122, 045 36585 1658536
6,0, T46TALAE 3414634, 0, 302430024 300244, 0, 351219512195122 0. T4193548 3870068, 1. 39341586022 342 4-10

206, Training,

5,0, 585121951 219512, 0. 5658516585 16585, 0. 56007 5609756098, 0. 5021951 2195122 .0, 4536585 36585 366, 0. 3463414634146 3
4,0, 302430024 390244 0. 35121950 2195122, 0, 446780487 R04ETE, 0. 84677 4103548387 1. MR I4600551252,5-10

F016, Training,

6,0 56585 3658536585, 0. 5609756007 56008, 0. 5121951 2295122, (0. 453656536585 366, 0. 346341463414634 0. 302439024 39024
A4,0.351 219512095122 0, A487 80487 B0487E,0, 5120951 2095122 0. 822580645161 28, 1. 315821 76960683, 6-10-

85,0, 208756097 560476, 0. 307 IL707 31707 32,0, 07 3170730707 32,0, 234140 341463415, 0. 1048 TROME 78049 0. LEDMBTR04878
049 01902439024 39024 0, 136097 36097 361 , 0. 141463414634146, 0, 2661 29032258065, 0, 90705058901 642 , J4-17~
2046, Training,
86, 0. 30731707 31707 32,0, 3073170731707 32 0. 23404634146 3415 0. 1204 ETR0437 8049 0, 1R048TE0487 2049 0. 190243007430
Ok 0. 156007 36097 561, 0. L4140 54146 34146 , 0. 16097 58007 56008 | 0. 2822580645161 29, 0. R84 361096383860, 25-12
20186, ,Testing
7,0, 30731707 31707 32,00 2341 46341461415 0L 1 ROARTROART 2049, 0. LEMMETROMRTR049, 0, 1902439024 39024 , 0. 136007560975
61,0. 141463414634 146, 0, L6007 56007 56098, 0. 1707 31707 3L707 3, 0. L3T0967 74193548, 0, B453 318704431 386, 26-12
2016, ,Testing
B8, 0.234146341463415, 0. 18048TR0487 0L 0. 1R0S87R0487 8049, 0. 19024 3902439024 0, 156097 560M7561 , 0. 141 4634146341
dﬁ,ﬂ.]&ﬂﬂ?iﬁﬂﬁ?iﬁﬂﬁ&,ﬂ.l?ﬂ?ii?ﬂ?%l?DTi,D.ﬂR?QIGE}Q?ESJQ?’ 0. Dﬂﬁ:’d1ﬁiid33a’[ 0. Eﬂﬂﬂlﬁﬁﬂdﬁﬁiiﬁ& 7-12
2006, Training,
8%, 0. 1804B7R048730:49 0. 1804780457804 0. 1902430024 39024, 0. 15600756097 561 ,0. 14146341 4634146, 0_ 16097 56097 560
98, 0170737073707, 0. 082 0268202682927 0 058536585 3658537, 0. 169354838709677 0. TASA2S 764541826, 28-12
2016, Training,
90,0, 180487 304878040, 0, 19024 3902439024, 0. 156097 56057 561, 0. 141463414634146, 0, 1600756097 56098, 0. 1707 317073170,
Eaig.$3232§3292532523.ﬂ.DEEES&EES!ﬁESS}?.G.1&2439&243ﬁﬂ2d4.ﬂ.zﬂﬁi&?ﬂﬁﬁ??4194.ﬂ.EE??S*?lﬂG!#lEE.?E-I?—

o Tra1mIng,
91,0.19024 3902439024, 0, 136097 56097301 , 0, 141403419034146, 0. 10097 30097 50098 0, 1707 3170731707 3, 0. 082968202082
BE’ 0. U&Ehiﬁﬁﬂii&h&b]? 0. lUEdiﬂUEﬂJEGE## 0. IEH4BISG4E’HD49 0. 23125#0&451&119 0. ﬁ?}ﬁ:lh!ﬁizﬁﬁij 3012~
2016, Traiming,
EE,D.libUﬂfﬁﬁuﬂFﬁhl.u.l#l46]414ﬁi41¢&.ﬂ.lhﬂﬂ?hﬁUEFSEU?B.D.IFUEIIFﬂ?il?ﬂfi,U.UHJBE&HIHE&EE?!?,U.ﬂ335$h§35355
335?10.1@25]9“?4390244,U.lEDdHFEﬂ#H?EH#E,H.IFHIJI?UIJI?D?E,U.232253Uh451h1!9.ﬂ.hhﬂ&4l&iu€93¢ﬂl.51-12-
201G, Training,

Nhu vay, hé¢ sb Y (dr liéu myc nudc dy bdo) cua ngay 1-1-2017 Ia
0,668641630493483. Ta c6 thé lam tron thanh 0,669. Twong tu hé sé dit liéu hoc may
cua ngay 31-1-2016 1a 0,693921676226953, ma n6 dugc lam tron thanh 0,694. Ta co
thé tham chiéu dit liéu thuc cua muc nudc ngay 31-1-2016 1a 129. Tu @6 ta tinh dugc
muc nudc du bao ngay 1-1-2017 nhu sau:

(129:0,694) x 0,669 = 124,353

Theo théng ké s liéu muc nude do thuc té ngay 1-1-2017 1a 120 cm. Nhu vay két
qua du bao gan sat véi thuc té.
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4.2. Dw bdo mwc nwéc song sau mwoi ngay

Ta 1ap bang dir liéu thuc do dugc trén thuc té.

IDT-30 T-20 T-10 T T+10 ng-th-nam

0 210 276 300 357 299 13-6-2013

1 276 300 357 299 318  23-6-2013

2 300 357 299 318 453  3-7-2013

3 357 299 318 453 556  13-7-2013

78108 210 170 108 131  10-12-2016

79210 170 108 131 131  20-12-2016

80170 108 131 131 131  30-12-2016

S6 liéu du ra sau 10 ngay ciia 20-12-2016 chinh 1a s liéu thuc ngay 30-12-2016.
S6 li¢u ngay 30-12-2016 la thyc. Tuy nhién, s6 li¢u sau 10 ngay cua ngay 30-12-2016
chinh Ia myuc nudc ngay 9-1-2017 1a s6 li¢u gid dinh (dugc xem bang s6 liéu myc nudc
ngay 30-12-2016). Sau khi dao tao, mang no ron s& dua ra s6 liéu du bdo muc nude
ngay 9-1-2017 (sau 10 ngay so vdi ngay 30-12-2016) nhu dugc chi ra & Hinh 5.

£ [.-f B Inpat 0 o o dnpud 1 o B Input 2 v B Input 3 ]
1 m | O =
o E‘Hgm CECE
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- # om—l e
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a2 o | ._';!n' - & :-_ i #! o GEEEE0n Ei.‘-ﬁ:ﬁm
ﬁ!. i HJEE :-_!‘_ . L e
1 ool oL L] e m |
Qo L ] i -] 20 e ] n a5 o EL] L -] L] - T i =
o [ W Trarng Supa o |
o F] |-
o
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= B =
g e
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i m' a | »
F] o ™~ ... mTy ml -.. Sana l..
02 R g - a nf_n CLI
g un ® .t s " ® 5 pum
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15 oy ™
145 = b my H R
14 ..' = e woall gy s
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i ; | m m B . . ™ - 1 -“l..
i ] By ® ol my
125 By - L = [ | m =
V3 m =
116 | L ot "oa m
0 5 1 15 20 2% 30 5 40 45 50 55 il 65 70 5 #l

Hinh 5: Sé liéu dw bdo muwe nwéc ngay 9-1-2017 (sau 10 ngay so véi ngay 30-12-2016)
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Activated bunction for Widden Laver: Wypertianh;
Actieatad Fumction Foc Du..pql. Ly Ih'ner!d."h.
Final Leariing rate: 0.

Final B5E of Trainang Set; SRH-S LE - el iy B
HuRGar of Trained daga: £1;

Taken frerations: RO0R;

mo.  T-30, T-20,T-10, 7, T+10. Desired, ToL0_Moge | ing. LABEL , sed a5

Q.0 TS 7 32 38680503, 0. 330022 P2 FLA8AT 0. 37X AS0650005 0, A7 T IS0 1600000, 0, STHSHE 300, 1, 300SELTATLLL, 3622003 Fraining,

L. 0 J5092224 2314647 0. 37432 EBE06 S0095, 0. 477 TR 0F1 695619 0. 37251 3562 36098, I!I 1E'Edi < HO37 Iiﬂlsnl- 2352013, Fraining.
20 ATANIBAO6S 099 0. 47 TG0 1E9081 S 0. J72913967 IRA9E, O 408K 71609405255, 0. >901ﬂu¢o e I T 3-T-200%, Training,
300, 477 60IEETAB19_0_ 3725116210080, S0BAT IR0 01255 0. 60945 T S045 204 | . 250689 159703 L 13-7-2003, Training,

&, B FTISEIS6ISR60E 0 AGET LENA03T5T, 0. OGS TI0MS POB, 0. B 37751 3562 36605, 0. S07 S 650 rﬁﬁ A307 (23T e, Tratning,
5.0, A0BATIE0AA0I2ES 0. GA0AM 575045208, 0, K17 251 1362 5604 0. RA511 74086 TL6] 0. 97ETOAT 8657 !-ﬁé 1, ATOAAE04L 27454, 2 -6-201] Training.
0. BA0994 57T 4045 04 _0_ 8172313567 E0GR 0, £03117 540087161 0. 0TE ANTIANKI1E MG, O 60047 IdARIITIIE 1. SIS ENIAHICE 13-8- 2004, Trafning,
FoBBITINT 4562 HEIE 0, A5 511/ SL0BRTLEL , 0. 078 2001 208 1186, u APEILIRIF0OSIBIAY , O, G0 SA 06 S0 2400, 1. S 00505 NI AT 25, 0 F-H- B0L L. Training,
&, 0, F0SILTS40637TE6Y 0. 0733000806 31476, 0, Y031 I8 IB0506745 0, B0 IBAGEIEEIA03, 0, GART4I7 SE1EITAE 1 SI0LAL 7055505 1-0-200 3, Frafaing,
)i, 97 B A0K F1 826, 0, 593126 FUOGD6745 1, GO0BE]BE IG5 J0T 0, 6 A9 L 102405061 0, 4414606975 26500 1. 49146397 32375 10 0. ML F. Training,
10,0, S001 2E1B0S0ATIY D, BOOIELAGIES IR 0§11 190806 5, B A300 PP AER IS AEY O MA4EIISERTOTEN 1 £3FRELATSII0NNA , IL-H- 2018 Trainlisg,
1% 0, GO0 BELES 208 PRS0, B220TL 300 S0S063 0. 4305 0 EEEELARE | ) SITLE 30040504 330, S0 O B ESET 1, 4IIE0547 67 TeT, B 10- 2003, Tratning,
L}, 0 630011 392405063 0, 4 30ATTERZ 443 0. 32901 39405063 3, 0, F11T 732 I68A060 1,0, 210081 37 20E4A06, 1. 3T TEAIMEIA5TAT N1-10-20LF, Tratning,
L3, AS0E7 3 P68 5443 0. SR FOI05063T, 0. 21157 32 50AT0RGS, 0. A 2530 7 3006060, 14BI00ED 1000945 1 FLESEN404 6200, ¥ -10- 200 %, Fraining,
Bd, 0 52501 Bakand e 3 0. 3015745 ARGE90 0. 2005 T 1IEF A4 A05 | 0. L THIS0L0ET A%AET |0 150011 TR0ORLE0A T, 1. 3E004a0 R 50k0 F1-10-2003 , Tralning,
15,0, P11 30 S BHO0E 0. 003 3320 305805, 0. 13 5059k 4300710, l-'J.e‘W-H:rﬂi:'-Iir-! 24111 :'D«'*:'MH-'.‘-.-J-H?D’-'HM-'M.w 11 ."I.IJ. 3. Traimi
L6, 0, ROOT2I2ITIOS6G, 0, L 2EISOSGETASORT 0, AT TR0 0SLATA 0, (0L SOL 3007233 0. OF2 0GR 1077 SREET, 1. 0622556020082, 2011~ 2013, Tra rILﬁ‘tnl--gu.
170 1285005 96745027 0, 7L GO0 35081374 0. (0041550 120072 35, ‘.ozui';v§15u:1zb{41.1,1§553199910Quu.3u-z1;e¢11.1r¢1n|»g.

B3, 00 P IAFTOTTOROM 0. TIRAS IR AT 0 I2DAROGI 00045 TS, 0. POGASL19A FRATT 1, 0. 3127 IORAB0G65 17,1 J265AG5 MART0T, 1>-i 2016, Training,
B4, 3EUBY5 333 BEEGL0. J2LERIALO0M5T 10, U6 SHALIEI I 3 0. POBYSA1T8 208 210, 522065107 A9850 .1 LN EIIOBESLEND | JE - ¥ - 208, Training,
65,0, 321 AA06500RA5TS 0. JGESEA10E 057 3,0, 2065641050837, 0, 3117 BAO6ETLO00 , 0, 5035 IZR6R00E 04 1. MMG62 174140071, 2 “§=2006, Training,

£ L1V, PORSEAI0S2ARIT I0, 206564 A5 29437 1,0 5117 SADERT] 6004, 0, $01REISATATI905 1, 1. 1174707107254 17-R=2006, Training,

B0 FOBYBEIUA AR £, S EL T SAU6R 0N 0, ALOGISEARL LG % 1.0, £97 5 INELFBETEA B A5 S0 U041 IAL ) 30-8- 2008 | rr&ininq.

B0, SL1T 40087 E09S 0. A5LEG2T6TELI1RES 1, G, ]ss!d-ua19-'..11&",1:.2!50510-:!3:5115@9- L. 5A7RIEAETA04%, 1 -0- MILG Tralfning,

£4, 0, A91AEILETATTE I 1, 0. I TIE B 1871 06T 0 D TRARIM J6S AP PR 0. I0NES TTI0PAT 15, 1 DEARAT P1630005 071 -5- 2 £, Training,

0,0, FBIP6IATIOTLOGT 0, 77 SASE0L 656023, 0, JRD2I0AXI2A2ALS, 0, 1 300450 36IDET6, L 42ITTEEOT 027 18, 21 -3 2OLE, Irrlnfrlo.

71,0, 3RII634TLOTI0ET 0. ITRARLCL 655028, 0. FA032000 2242345 0, 1609301631736 0. 110247 20A23227 1. MT6TTAT607AET  1-10- 2006 Tratiing,
JEL0 PTRABIOY 26 626 0, 2695 MR V15 0. LGSR PLAR] 7 b6, . R168E ] 35055 13,0, 06717 JLEAR 65250 1) 27 ARES 24 1046 11 10 16 Tratning,
TH.0. ZE0NICAZINATILT 0. LEGIHICEEHL B 0. IOLERITASSRES 1L B OFSOMS BATOEREG G, O, DIAFIAREITEN 1451 T Ra0RR0AI F AL b1 0-r1E TrAiAT g,
T4, 0 1ER9REA 1041 TG, 8190481 7 EA0R518Y 0 OFISIARETABRRL TG, O O01AOE VLA NAOI ALY | B ASGSREIGEA 11T % 1aR394T1 1 ARA . 1 -1 0- 010 LTraining.
S50, 19164E7 1302855310, u-mw gk A, DOTEUS SRSB4 347 U DRI 104 7T 3060217 0. LS6E10 S D858 ), 1, 1P4041 087 35414, 10 1] 20ik, Traim
76,0, (75043367 0SRENT S, B, (T R0EI1A2EA01A4T , 0, 0371 IAT 7 19602170, 211 571136830603 .0, 1530106507 06714, 1, 1700L044 3631, 0-11 - 3016, Training
) ﬁﬂiﬂnﬁ!1ﬂ36¢?l44? 0, 037127 TISENILT 6 FL157 1 FRARGEOT D 1190406120114, 0 GAEOEIREATLT 1, 1495 THR0RES 15, W18 - 2015, rr41nhq;_
P DFFLIE T AL ] 2RE ST 3T R0REEN 0. L NPT (R IE LA 0, 00 T L 24P 7 SR02ET | 0, 0L 0GR (6 1 38 1, IR T4, 10-12- 2006, Fraining,
9.4, z;1$;lziua$959! . 1319240308 525114 0. 0271297 FRR0TLT 0, 0087 lﬁﬁ!ﬁﬂsiﬁdQI*D OSCIOLO00 D67 157K, 1. 20661 TIGLIEAS, 20-10- 2016, Training,
B, i, T8 240G M1 14 00, 00T 27 P 586471 7L 0. RERF Ai%a0 12540 F B O6AFTOne 121498 (v G90ROG0OF06 T TR 1. 1574 FF R e 1l S0 ;mvt. Trainirg,

pr

| 1T1EIR5%, 11-3- Il:I]l'.-. Traiming,

4237TEEOTO20IR, J1 -3 2016 Training,

10247 $4982 3323, ] E‘!"..’{u.?"'ﬂn.-"‘{l.'l."ﬂ-3?.: 140 20LE, Traini

COTE7 1448763251, 1. 280 T4AB5 241046 11-10- 2046, Tradnine,
b 03arenaa 3Rl 1 TahnReha e3Pl 3 10 2l Training,
17,0, 0494690€ 4604311 1. 1080047112384 31 10 2016, Tra‘ning.
15,0, 27oes107 8 ssAT 1. 174041087 35414, 00 11 2006, Training,
503, 0, 1590006007 06714, 1, 170010443631, 20-11- 3016, Training,
4.0, DREEIMEEER4T1T, 1, 4233008001534, 30. 11 2015, Training,
0 QI DETOETLITE, £, T 5333154'9!]’4] 10-17- 2006, Trai ning,

P 0. PI0T06D0T06T1 37, 1, 206617611848, 20-12- 20k, Trainis
37 0. DLOED0T 6L ATE 1. 15’-37"94-39.3#& 0-12- 2006, Traintng,

1, JT8063E30049, 102086, Training,
1.
:

e

g

Nhu vay, ta co hé¢ s6 T+10 (dtr liéu muc nudce du bao do may dua ra) cia ngay 9-1-
201712 1,15757779488344. Ta c6 thé 1am tron thanh 1,158. Tuong tw hé sb dit liéu hoc
may clia ngay 20-12-2016 dua ra du bao hé s6 cho ngay 30-1-2016 14 1,2066172611848
ma né duoc 1am tron thanh 1,207. Ta ¢o thé tham chiéu dit liéu myuc nude thuc ngay
30-12-2016 1a 131. Tlr d6 ta tinh dugc muc nudc ngay 9-1-2017 nhu sau:

(131:1,207) x 1,158 = 125,682

Luu y: S6 lidu do ngay 9-1-2017 muyc nude 1a 181. Muc nude do duge ngay 8-1-
201612 99. Ta ¢6 thé ldy myc nudc trung binh 2 ngay gan nhau (8-1-2017 va 9-1-2017)
la 140. Ta théy két qua du bao gén ding v6i muc nude do dugc trén thuc té.

Ta thém dit lidu du vao ddi v6i nam 2012.

IDT-30 T-20 T-10 T T+10 ng-th-nam

0 272 332 311 290 261 13-6-2012

1 332 311 290 261 332 23-6-2012

2 311 290 261 332 417  3-7-2012

3290 261 332 417 419  13-7-2012

DR R R I I I I P P I I I I IR I AP I AP I AP AP A AP
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96135 94 108 210 170  20-11-2016

9794 108 210 170 108  30-11-2016

98108 210 170 108 131 10-12-2016

99210 170 108 131 131  20-12-2016

100 170 108 131 131 131 30-12-2016

Sau qua trinh hoc may, mang dua ra két qua nhu duoc biéu dién & Hinh 6.

0 [i# & tpur & [ B inped § v 8 nput 2 0 Inpar 3
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Hinh 6: Do thi bié’u dién dit ligu vao, dir liéu ra dao tao va dir liéu mang MLP sau khi
thém dir liéu dau vao nam 2012

Activated Function for Hidden Layer: HyperTanb;
Activated Function for Qutput Laver: HyperTanh;
Final Learning rate: O. 0044990993807 00/71 ;

Final MSE of Training Set: 98432.5262970911;
Husber of trained data: 101;

Taken jteralions: 1000;

MNO. T-30,T-20,T-10, T, T+10_Desired, T+10_Modeling,LABEL ,Used as

0,0, 243869200800264 0. 33501 3079000074 0. 297003 24TO%64, 0, 268302 370572207, 0, 247302543507 363,11 . 68118
761356151,13-6-2017, Training,

1,00 325610 307901 9074, (0. 2970027 2479564 , 0, 2683923705 72207 , 0, 228882833787 466, 0, 337 349397590361 ,1. 67995
509717862 23-6-20012 Training,

200 207 2479504 0, 20839237067 2207 0, 228882813787 406, 0. 3256130/ 9014907°4, 0. 45113788487 2825 1 080/ G
030541103, 3-7-2012, Training,

1,0, PGEIFIVOSTII00 0, 2IEERIAIITATAGE, O, 32561 3079010074, 0, 4414164037207 0, 453815 26104417 7,1 GRS
HA19F0231 137 - 2. Training.

95,0, 144414168937 33,0, 0572207 084408663 , 0. (1362 39762016349, 0, 020435967 3024523 ,0, 1740294511 37885, 1.6
3525568630&31 10-11- 2016, Training,

&, 0.0% ’?)(!r’ﬂﬁddhﬂbﬁﬂ Q. tIII'J1 ie? I.E].-'Elel.'l"l G349 0, 020435067 3024523 0, 1504005449591 28 0, 120481927 710843 1.
515436163ﬁ4593 20-11 Eﬂiﬁ Teaining,

g7 0001 362 sq-.-'ﬁ;rcamsag i Ll-j-.’fl-lij‘!l‘:lf.ﬂ:b?ﬂ 523,0.1594005849591 08 , 0. I0ESMETA] 52589, 0. 03748 5200 3939291 1.
63922997915933, 30-11-2016, Traiming,

O8,0. ﬂ?nd?ﬁﬂﬁ?iﬂ?45?1 0. 153400544459128, 0. 1049046321 52589 0. 020435967 3024523 0. 06R2TI0923604779,1. 6
5ﬂﬂslldﬁ£ﬁjuf 10-12- leb Training

04,0, 1504005440591 28 L8 1ﬂ¢904532152539 L. 020435067 3024523 0.0517711171662125 0.0682730923694779 . 1.6
$734325 270061 Lal=17= H6 JTraining,

100, 0, 104?&453115?55? 0. 02ﬂ63595730?4523 0L B5E7F11ITI662L2S 0 05771017 1I662125 0. 0GE2T 30923694779, 1
LB3T14027T813478 ,30-12- M6, Training,
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Nhu vy, ta ¢6 hé s T+10 (dit liéu
muc nuoc du bao do may dua ra) cua
ngay 9-1-2017 1a 1,63114027813478. Ta
c6 thé 1am tron thanh 1,631. Tuong tu h¢
sO dit liéu hoc may cua ngay 20-12-2016
dua ra du bao hé sb cho ngay 30-1-2016
la 1,65734325270061 ma nd dugc lam
tron thanh 1,657. Ta c6 thé tham chiéu dit
liéu muc nudc thuc ngay 30-12-2016 1a
131. Tu do6 ta tinh dugc muc nudc ngay
10-1-2017 nhu sau:

(131:1,657) x 1,631 = 128,944

Luu y: S liéu do ngay 9-1-2017 muc
nudce la 181. Muc nude do dugce ngay 8-1-
2016 12 99. Ta c6 thé 1dy muc nudc trung
binh 2 ngay gin nhau (8-1-2017 va 9-1-
2017) 1a 140. Ta thdy két qua dy bao gan
ding v41 muc nude do dugc trén thuc té.

Nhdn xét: Theo tap dir li€u tur 13-6-
2013 dén 30-12-2016 ta c6 myc nudc du
bdo ngay 9-1-2017 1a 125,682 cm. Theo
tap dit lidu tir 13-6-2012 dén 30-12-2016
ta ¢ muc nude du bdo ngay 9-1-2017 1a
128,944 cm. Nhu vay sai s6 muc udce cho
hai truong hop chi khoang 3 cm. S6 liéu
nay khi so sanh vdi s6 liéu muc nudce do
thuc té ngay 9-1-2017 ciing khong chénh
léch dang ke.

Phuong phap du bdo muc nude néu
trén d3 dat dugc mot sd két qua nhéat dinh.
Tuy vay, vé ly thuyét ciing nhu thuc té c6
rat nhidu phuong phép dy bio, mdi phuong
phap ¢ nhitng uu, nhuoc diém khéc nhau.
Phuong phap nay mudn st dung hiéu qua
cling can van dung vao thuc té mot cach
linh hoat, ¢ diéu chinh cac tham sb mang
MLP mot cach thich hop.

5. Két luan

St dung mang no ron MLP dé mo
hinh héa va tinh toan, du bao muc nudc
song khong bi anh huong boi thuy tricu da
cho két qua phu hop véi sai s6 cho phép.
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Ta c6 thé ung dung phuong phéap nay dé
du béao s6 liéu muc nude song theo yéu
cau thyc té ddng thoi hd tro cong tac chinh
bién dir li€u thuy van. Khi st dung phuong
phap du bao nay cac can b k¥ thudt can
dua vao sb liéu quan tric cu thé va can ctr
nhu cau dy bao dé diéu chinh tham s6 dau
vao, tham sb dau ra cia mang MLP mot
cach thich hop dé duoc két qua tdi wu.
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