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Ngé Viin Quén, P§ Phwong Thio,
Truong Dai hoc Thuy loi

Nguyén Xuin Thinh,

Vien Khoa hoc Thuy loi Viet Nam
Nguyén Vin Tién

Kiém todn nha nwée

Tom tat Dy bao keu begng medce dén ho chita cé y nghza rdt quan trong trong viéc van hanh an
toan ho chira va phdn phoz nwoc hop Iy cho cac nhu cdu s dung medc . Do vay, di cé nhiéu nghién
curu ndng cao do tin cdy cua viéc dy bao ﬁfong meGe dén phuc vu cho cong tac quan ly, van hanh ho
chira. Do do muc tiéu chinh cia nghién ciu nay la irng dyng mang than kinh nhén 1qo truyen thiang
nhiéu I6p (AZ\W) sw dung thudt toan lan truyén nguoc dé dy bdo luu heong mede dén ho chira Cira
Dat trudc 3 ngay trén co so phan tich, danh gza hai kich ban: (1) Dy bao luu lu’ong dén ho chi xét
dén yéu t6 leu lwong dong chayva (2) xét dén yéu t6 heu heong dong chay va yéu to lwong mura. Két
qud cho thdy, khi ¢6 xét them yéu té heong muwa cho do chinh xdc cao hon. Cu thé, véi dir liéu ciia
tram Cua Dat sai s6 qudn phwong RMSE giam tir 75.04091 m3/s xuong con 56.35318 m3/s va chi
s6 xac dinh R nang cao z‘u’ 0.68 lén 0.72, trong tir VOl tram Cam Thiiy, sai s6 RMSE ciing gidm
xuoéng va chi sé xdc dinh R tang lén. Két qua nghzen cuu cung cap mot phu"ong phap hitu ich trong
bai toan dy bao, dac biét co y nghza trong cong tac quan ly nguon meoc va gop phan quan trong
frong viéc xdy dyng cic phwong an quan ly van hanh hé chira dieoc chii déng hon.

Tir khéa: ANN, mang thin kinh nhén tgo, dw bdo luu lugng.

Summary: Forecast of the water flow to the reservoir has a very important significance in the
operation of the reservoir safety and rational distribution of water for the water use needs.
Consequently, there have been many studies enhance the reliability of the forecast of the amount of
water to serve for the management operation of the reservoir. Therefore, main objective of study is to
apply of artificial neural network (ANN) direct use of reverse propagation algorithm to forecast the
water flow to the Cua Dat reservoir before 3 days on the basis of the anabysis, assessment for two
scenarios: (1) To forecast water flow to reservoir only consider about flow element and (2) consider
both of flow and rainfall elements. The results showed that, when considering both of flow and rainfall
factors for higher accuracy. In partzcular with the data of the Cwa Dat station is error (RMSE)
reduced from 75.04 to 56.35 m Sk m3/k and the index of R increased from 0.68 up 0.72, with similar
error (RMSE), Cam Thuy station also dropped and index R’ increased. This research results provide a
useful method in forecasting, that is particularly meaningful in the management of water resources and
significant contributions in building the reservoir operation management scenarios are more active.
Keywords: ANN, The artificial nerve network, forecasts of water flow.

1. PAT VAN DE trong d6 lwong mua c6 anh hudng truc tiép
Bién dbi khi hau (BDKH) da téc dong dén sy 4¢n dicn bicn dongchay, tac dong t6i cong tic
thay d6i luu lwong tai cac ving, lwu vuc trén quan 1y van hanh ho chira trén ca nudcz day Ia
thé gi6i néi chung va Viét Nam noi riéng, m(:)t th? ch thirc ngiy cang 16n trong dicu kien
' bién do6i khi hau [1,13], doi hdi can phai giai
- — quyét bai toan vé du bao trwde luu luong dén
Nge‘Ly nh?n bai: 20/ ‘}/2 0.1A7 h6 dé xay dung quy trinh van hanh hd hop 1y
Ngay thong qua phan bién: 26/6/2017 L N X A . .
Ngdy duyét dang: 26/72017 co6 y nghia rat quan trong trong cong tac quan
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Iy van hanh hé théng thay loi néi chung va van
hanh ho chtra néi riéng,

Céac nghién ctru vé bién d6i khi hau di chi ra
rang trong ba thap nién téi, lwong mua & cic
luu vuc nho tai Han Qudc s& ting tir 6.6% dén
9.3% va nhi¢t do khong khi c6 xu hudng ting
thém tr 0.8°C dén 3.2°C (Bae. DH et al,
2011). béi vai Viet Nam, trong ndm thap nién
qua (1958 — 2007) nhiét do trung binh da tang
1én vao khoang 0.5°C-0.7°C (MORE., 2009).
Céac nghién ctru ciing chi ra su bién ddi cua cac
yéu t6 va hién tuong khi hau cuc doan, nhu
nhiét d6 cuc dai (Tx), trén toan Viét Nam nhin
chung c6 xu thé ting dién hinh 1a vung Tay
Bic va ving Béic Trung Bo; Lugng mua ngay
cuc dai tang lén & hau hét cac vung khi hau,
nhat 13 trong nhitng nim gin day; S6 ngay
mua I6n ciing ¢6 xu thé tiang 1én tuong ng va
bién dong manh, nhat 13 & khu vie Mién. Theo
du béo, nhiét dd khong khi trung binh ctia Viét
Nam sé& ting 1én dang ké, co thé lén téi
0.3°C/thép ky trong nira dau thé ky 21; Luong
mua ciing ¢6 xu thé tang lén trén hau hét cc
ving khi hau, dic biét 1a dai ven bién Mién
Trung (Thanh, et al., 2013). Nhirng tac dong
cia BPKH khong chi anh huéng dén hoat
dong kinh té, xi hoi ma san xuét lwong thuc
ciing dang va s& gip nhiéu rai ro vi nhitng tac
dong cia hién tuong bién doi khi hau
(Dasgupta S., et al., 2007; HLC, 2008).

Ho chia nude Cira Pat ¢6 nhiém vu cép nuroc
tudi cho néng nghiép va két hop phat dién,
khi thiét ké chua dé cap dén yéu tb bién doi
khi hiu nén nhitng nim gan day bién d6i khi
hau da anh huéng xau dén viéc van hanh hd
chira. Bén canh do, theo da phat trién cta xa
hoi thi nhu cau nuéc s& thay doi, theo xu
huéng ting, dan dén sy thay doi trong van
hanh, phan phéi nude. Vi vay, yéu cau dit ra
13 cAn du béo duge lugng nude dén ho phuc vu
cho viée van hanh, phan phdi nudc an toan va
hiéu qua. Bai viét ndy s& gioi thidu két qua du
bo Ivu lwong nude dén hod chira Cira Pat trén
co s& ung dung mang than kinh nhén tao

truyén thang nhiéu 16p (ANN) sir dung thuat
toan lan truyén nguoc.

2. POITUQNG NGHIEN CUU
2.1. HO Cira Pat

H) Cira Pat duoc khoi cong xay dung nim
2004, thudc dia phan xa Xuan My, huyén
Thuong Xuan, tinh Thanh Hoéa. Di¢n tich luu
vuc tinh téi tuyén dau mbi cong trinh Cira Dat
14 5.938 km’, trong d6 c6 4.906 km” thudc dia
phan Lao, chiém 82,6% dién tich luu wuc;
dung tich hiru ich 1a 1,45 ty m nurdc; nhiém
vu chinh ctia hd chtra Cira Pat 1a giam lii ung
v6i tan suat thiét ké P = 0,6%, cap nudc tudi
cho 85.115 ha dat canh tac ving ha du va cép
nudc phuc vu cidc hoat dong kinh té xa hoi
khac. Ho chira Ctra Pat duoc cung cép nudc tir
2 ngudn chinh 1a nuéc mua va nude dén tir
séng M3 (va song Chu ).

Khi hau luu vuc hdé Cira Pat chia lam 2 mua:
mua dong kho lanh va mia hé néng 4m. Mua
mua (tir thang V dén thang X) chiém tir 80-
85% lwong mua nam, mua kho bat dau tu
thang XI va két thic thang IV nim sau. Ba
thang c6 lwong mua nho nhét tir thang I dén
thang I11.

2.2. Mang thin kinh nhén tao

M ang than kinh nhén tao mé phong mang than
kinh va cach 1am viéc cua cac no-ron than kinh
trong bd ndo con nguwdi nham Gng dung giai
quyét cac bai toan phirc tap do hai nha nghién
cttu McCulloch va Pitts xdy dung va lan dau
tién gidi thiéu vao ndm 1943. Sau d6, mo hinh
nay dugc hoan thi¢n boi nhitng nha khoa hoc
khac va duoc ung dung nhiéu trong céc linh
vuc ky thuat. Mang than kinh nhan tao truyén
thang nhiéu 16p (Multilayer Perceptron -M LP)
thuong duoc st dung phd bién dé giai quyét
cac bai toan phi tuyén, phic tap, khi ma mbi
quan hé gitta cc qué trinh khong dé thiét lap
mot cach tuong minh.

! Séng Chu thyc ra 12 nhanh cép 1 cia Song Ma.

2 TAP CHi KHOA HOC VA CONG NGHE THUY LGOI SO 39 - 2017



1. PHUONG PHAP NGHIEN CUU

Nhitng ndm dau thé ky 21, trén thé gioi da bat
dau tng dung cac cong cy, phan mém dua trén
cac md hinh toan vao giai quyét cac bai toan
du bao khi twong thiy vin va cho két qua
dang tin cady. Mang than kinh nhan tao c6 uu
diém 14 kha nang hoc va xir Iy chudi sé liéu
dau vao tan dung triét dé duoc cac thong tin
(dir liéu do dac) hién c6, dua vao mdi quan hé
gitta cac dir liéu dau vao dé tir d6 dua ra cac
du bao. Vi vay, nghién ciru ndy s€ ing dung
phin mém Spcie — MLP MuliLayer
Perceptron) dugc viét rieng dé xdy dung mod
hinh mang than kinh nhan tao (Artificient
Neural Network) du bao ngin han (3 ngiy) luu
lugng nudce dén ho chaa Cira Pat.

2.3. Mang than kinh nhan tao truyén thing
nhiéu 16p

M ang no-ron nhan tao cé kha nang “hoc" va xtr
1y song song, N6 c6 thé tinh toan va dy bao gia
tri ctia bién dau ra voi mot tap hop cac thong tin
ctia bién dau vao duoc cho tnrde. M6 hinh mang
than kinh nhan tao (ANN ) s& duoc “huin
luyén” dé c6 thé “hoc” tir nhitng thong tin qua
khu. Tt d6, mang co thé dua ra k& qué du bao
dua trén nhirng gi da duoc hoc. Qua trinh nay sé€
dugc tién hanh bang cac thuét toan huan luyén
mang, pho bién 13 thuat toan lan truyén ngugc
(backpropagation algorithm) [1,6].

Mang than kinh nhén tao truyén thang nhiéu
16p duoc sip xép gom: Lép dau vao, cac 16p
an va 16p dau ra. Lop dau vao s& 13 noi nhan
cac tin hiéu dau vao. Céc tin hiéu nay cé thé 1a
mot hang sb, dir 1iéu tho hodc cling ¢ thé 1a
dau ra ciia mot man g no-ron khac. Cac gia tri
nay sé tac dong dén cac no-ron 16p an thong
qua bo trong sb wii. Tailop an, tin hiéu cua 16p
vao s& dugc xir Iy bang mot ham kich hoat
(activate function), thuong la ham Sigmoid
hodc ham Tan-hyperbolic sau d6 tin hi¢u s&
duoc truyén qua 16p ra thong qua bo trong sb
Wik [4,6]. Céc 16p an lien két gitra 1op dau vio
va lop dau ra, di€u nay lam cho mang than
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kinh nhan tao c6 kha ning mé phong mbi
twong quan phi tuyén tét hon.

Input signals
Output signals

i
N

INPUT LAYER HIDDEN LAYER OUTPUT LAYER

Hinh 2.1: Céu tric mang than kinh nhan tao

2.4. Phuwong phap hoc

C6 hai van dé can hoc ddi v6i mdi mang no-
ron nhan tao d6 1a hoc tham sb (parameter
learning) va hoc cau tric (structure learning).
Hoc tham s 1 viéc thay doi trong sb cua cac
lién két gitra cic no-ron trong mdt mang, con
hoc ciu truc 1a viéc diéu chinh cdu tric cua
mang bao gdm thay doi s6 16p no-ron, s no-
ron ctia mdi 16p va cach lién két giita chung,
Co ba loai phuong phap hoc: hoc cd gidm sat
hay con goi 1a hoc c6 thay (supervised learning),
hoc tang cuong (reinforcement learning) va hoc
khong c6 gidm sat hay con goi 1a hoc khong cé
thay (unsupperviced learning).

M6 hinh mang than kinh nhén tao xAc 1ap mbi
quan hé gitra mot tap hop cac bién dau vao X; (i
= T, =) véi mot hodc nhiéu bién dau ra Yy (k =
1,T) dwa vao dit liéu trong qua khtr [6]. Véi cac
no-ron & 16p dau vao, mdi gia tri dau vao X; lan
lugt duge nhan véi cac trong b wi, sau do duogc
cong voi nhau va cong voi mot do 1éch (bias).
Téng dugctao ra co thé sir dung ham kich hoat f
tao thanh no-ron trong 1ép 4n H;.
sl Y

Hi' - ,f [Zﬂ"i"ﬂ” +'I'!-'i"ﬂ'ﬁir|

Céc no-ron trong 16p an duoc tinh toan, tiép
tuc nhin véi cic trong s wj, va cong thanh
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tong net. Sau khi tong net dugc tinh toan, né
dugc chuyén thanh tin hi€u dau ra ¥, (gia tri
wde lwong) ban g viée ép dung ham kich hoat f

e
ﬁ-:;?mnm*-sl &'n.r..imh,. r:-a.

Ung véi mot gia tri quan sét thir t (t— 1, 1.7),do
léch gitra tin hleu dau ra ciia mang ¥ , va ¥,

dugc goi 1a sai b (bias), gia tri do léch ban dau
mic dinh 13 0. Dé tong binh phuong céc sai s6
nay 1a bé nhét, phai di tim bo trong s6 Wi Va Wi
hay tim g1atr1 be nhét ciia ham muyc tiéu E(w): [6]

Wi = -T Tﬂ‘i.i

Vi ham EW la m(}t ham phi tuyén nén khéng
thé tim cac trong s6 w bang phuong trinh hoi
quy tuyén tinh ma s& duoc sir dung thuat toan
lan truyén nguoc sai so.

2.5. Thuit toan lan truyén nguoc sai so

Thuat toan lan truyén nguoc sai sd (back
propagation algorithm) 1a mot thuat toan phirc
tap dé tdi thiéu hoa cac ham muc tiéu, phrong
phép 13 giam gradient dé diéu chinh cac trong
s6 lién két giita cdc no-ron. Y tudng co ban
cla thut toan nay la: khi trong s6 w thay doi
thi ham muc tiéu E(w) s& thay ddi va trng mot
ham E(w) s€ c6 mdt tap gid tri ciia cac trong sb
w ma lam cho ham E(w) dat gia tri cuc tiéu.

Pé uéc lugng cac trong sd6 w bang thuat toan
lan truyén nguoc sai sb, dau tién gan cho mang
mot bo trong s6 w ban dau, tir bo trong s6 nay
ta tinh toan duoc gia tri ham E(w). Sau do6 ta
s& diéu chinh trong sé w sao cho b trong s6
méi 1am cho ham E(w) bé hon, trong do, gia
tri ctia trong s6 phai giam néu dao ham OE/ow
1a duong. C6 thé biéu dién phuong phap giam
gradient bang cong thirc nhu sau:

S A gy PO i

Qua trinh tim bo trong s thich hop cho mang con
duoc goi 14 qua trinh hoc. Hangsb 1 con duoc goi
14 hang s6 hoc, 1 1a hang sd drong xac dinh téc

d6 giam gid tri ctia w, con ddu am chi chiéu giam
gradient. Qua trinh hoc s€ dugc 13p di 18 lai cho
dén khi Aw gan bang 0 (nhé hon mot mirc sai sd
cho trrde) hodc didu kién dirng hoc dugc kich
hoat. Pidu kién dirng hoc dwoc thié 13p nham
tranh tinh trang hoc qua (over-fitting).

Tuy theo dang bai toan cu thé ma mé hinh
mang than kinh nhan tao s& dugc xay dung vaoi
cac cdu trac co su khac nhau nham dat hiéu
qua tbi da, tuy nhién cach thic hoc ciia mang
1a khong thay doi.

3.NOIDUNG VA KET QUA NGHIEN CU'U

Pé tién hanh du bao luu lwong nudc dén hd
n6i chung va dén hd chira Cira Pat noi riéng,
trong nghién clru ndy su dung mé6 hinh Spice —
MLP (MultiLayer Perceptron). M6 hinh xay
dung chuyén dung st dung cac thuét toan than
kinh nhan tao (ANN). St dung phan mém
Spice — MLP kha don gian, két qua dau vao va
dau ra duoc nhap, xuat ra véi dinh dang cua
Microsoft Office Excel, thuan tién trong qua
trinh sir dung va tinh toan, kiém tra sd liéu.
Mang than kinh nhan tao noi chung va dugc
xdy dung bang phan mém Spice — MLP néi
riéng qua ba budce chinh:

Burée 1: Xac dinh cac bien dan
vao, dau ra ciia mo hinh

U

Bude 2: Chuan hoa dir liéu
dau vao, dau ra va chon ham

kich hoat

[

Buée 3: Xay dung va la chon
cdu tric mang

[

Budéce 4: “Hoe” va dur bao

Hinh 4.1: Cac buwoc xay diwng mo hinh Spice - ML P
3.1. Dir li€u st dung du bao
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Nuéc cta hé chira Cira Pat duoc cung cép
nude tir 2 ngudn chinh 1a mua va lwong nude
dén cta song Séng M3 (va song Chu). Trén
luu vuc co6 2 tram khi tuong, thiy vin quan
trac s liéu tir hai song nay 1a tram Cam Thuy
va tram Cura Pat. Do han ché vé chudi s liéu
quan tric nén bo dir liéu nhom tac gia str dung
dé du bao Iuu lwong nude trude 3 ngay dén hd
chtra Ctra Pat gdm co:

B6 dir liéu quan trac luu luon g tu nam 2004
dén nam 2006.

B¢ dir liéu quan tric luong mua: tur nam 2004
dén nam 2006.

Dit liéu ddu vao md hinh mang than kinh nhén
tao st dung phan mém Spice — MLP dugc chia
thanh: dit liéu hoc tir ndm 2004 dén ndm 2005
va dir liéu kiém tra 1a ndm 2006. Vi ngudn dir
liéu nay chua du tinh dai dién tét dé luyén
mang than kinh nhan tao nén c6 thé két qua du
bao chua dat duoc do tin cay cao nhét (sai sb
nho nhét).

Nhém nghién ciru tién hanh xdy dung2 phuong
an du bao luu lwong trede 3 ngly dén hd chua
Ctra Bat: phuong an 1 - Dy bao tnrde 3 ngdy xét
dén yéu té Iuu hrong dong chay va phuwong an 2
- Du béo trude 3 ngiy xét dén yéutd lru hrong
dong chay vayéutd rong mua.

Phwong dn 1: Dy bio trwdc 3 ngly xét dén
yéu td lru lwong dong chay.

Trong phuong an nay viéc du bdo luu luong
nudc tuong lai truoc 3 ngay Q(t+3) dua vao
cac Iuu lwong nude tai thoi diém hién tai va
qué khtr. Chung t61 sir dung ba gia tri luu
lrong 1am d4u vao ctia mang gdm:

- Luu lvong nude hién tai: Q(t)

- Luu lugng nudce trude do 3 ngay: Q(t-3)

- Luu lugng nude trude do 5 ngay: Q(t-5)
Biéu thtrc téng quat: O(++3) = £ (01, O(t-3),
Q(t-5))

Chiing t61 dung mang no-ron dugc xdy dung
trén phan mém Spice - MLP dé hoc duoc mdi

EELGON;CSMN  CONGNGHE |
quan hé giita cac bién dau vao nay. Sau khi hoc,
phﬁn mém du bao, cho ké& qua voi dir licu kiém
tra (test set) 1a hru lwong dong chay dén hd Cira
Dat ndm 2006. Puong qua trinh mé phong luu
lurong nudc dén hd Cua Pat tai cac tram Cua
Pat va Cam Thiy cing cac chi sd danh gia két
qua du bao lan lrot duoc thé hién nhu dudi day.

Két qua du bao Iwu lugng dong chay dén trude
3 ngiy str dung sd lidu quan tric tai tram Ctra
Dat co:

- Sai s6 cin quan phuong RM SE=75.04091 m’/s
- Chi s R* = 0.684653

o crimb B kg Lein e 8 gl ob Darod - irmms e T

Hinh 2.5: Puwong qua trinh luu lwong dy bdo
triede 3 ngay va thiee té - tram Cira Pat (PAI)

Két qua du bao lwu lwong dong chay dén trude
3 ngdy str dung s6 liu quan trc tai tram Cam
Thuy co:

- Sai s6 cin quanphrong RM SE=271.7461 ms

- Chi s6 R” = 0.692655.

Py sl irlnk b reng du ks D agls v ke 1 ormpmDim iy

Hinh 2.6: Puong qua trinh hru hrong dy bdao
triwde 3 ngayva thiee té - tram Cam Thity (PAI)
b) Phwong dn 2: Dy bao trude 3 ngiy xé dén
yéu té luu krong dong chay va yéu té wong mura:
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Theo cac nghién ciru thuy van, dir liéu vé mua
trén Iuu vyc ciing anh huong dén lwu wong nude
trong tuong lai. Viéc du bao can ca thong sd vé
lugng mua tai thoi diém hién tai va lrong mua
trong qué khir (do anh hudng dén trit krong nudc
ngam). Trong phuong 4n nay, du bao hru hrong
nudc trong lai trude 3 ngay Q(t+3) khong nhirng
chi dua vao céc luu luong nude qué khir va hién
tai Q(t), Q(t-3), Q(t-5) nhu phuong an 1 ma con
phu thudc vao lrong mura trong qua khir va hién
tai tai ou vue d6 X(t), X(t-3), X(t-5). [1]

- Luong mua ngay hién tai: Q(t)

- Luong mua trude do 3 ngay: Q(t-3)
- Luong mua trudc do 5 ngay: Q(t-5)

Biéu thirc tong quat: O(t+3) = f (O(1), O(t-3),
O(t-5), X(1), X(t-3), X{(t-3))

Sir dung phan mém Spice — MLP du béo, cho
két qua véi dir liéu kiém tra (test set) 1 luu
lugng dong chay dén hé Ctra Pat nam 2006.
Puong qué trinh mé phong luu luwong nudc
dén hd Ctra Dat tai cac tram Ctra Pat va Cam
Thiy cung cac chi s6 danh gia két qua du béo
1an Irot dwoc thé hién duéi day.

Két qua du bao lwu lugng dong chay dén trude
3 ngay st dung so liéu quan trac tai tram Cua
Dat co:

- Sai s6 cin quanphurong RM SE=56.35318 ms
- Chis6 R2 =0.721401.

Hinh 2.7: Puwong qua trinh luu lwong dw bao
triwde 3 ngay va thiee té - tram Cira Pat (PA2)

Két qua du bao lwu lugng dong chay dén trude
3 ngiy str dung sé lidu quan tréc tai tram Cam

Thuy co:
- Sai s6 can quanphwong RMSE =223.378 m'ss
- Chi s R* = 0.729415.

renp i Tmhlen Urpee oy bis swie ke vk g - g Tl 10

Hinh 2.8: Puong qua trinh bru hrong du bao
trueée 3 ngdy va thiee té - tram Cam Thity (PA2)

4. KET LUAN

Két qua du bao trude 3 ngay lru lwong nude
dén ho chira Cira Pat cho thiy khi xét thém
yéu t6 lwong mua cho d6 chinh x4c cao hon
chi ding sé liéu quan tric lvu lwong dong
chay. Tai tram Cua Dat, chi sb xac dinh R?
ning cao tir 0.684653 1én 0.721401 va sai sd
quan phuong RMSE giam tir 75.04091 m’/s
xudng con 56.35318 m’/s. Tai tram Cam Thuy,
chi sé xéc dinh R tir 0.692655 Ién 0.729415
va sai s6 quian phuong RMSE gam tir
271.7461 m’/s xubng con 223.378 m’/s. Nhu
vy, yéu td luong mua anh huéng dén qua
trinh dy bao luu lwong dong chay dén hd chira
Cura Dat.

Bo s liéu sir dung dé du bao con kha it, chua
day du nén co thé chua dap wng 1a chudi c6 tinh
dai dién tot nén man g than kinh nhan tao trén
phan mém Spice - MLP cho két qua du béo co
chi sb xac dinh R? chua thuc su cao. Vi vay, dir
litu quan tric cac yéu td khi twong, thuy vin
dai hon thi viéc du bédo trudc hru rong nudc
dén ho sé dat do chinh xac cao hon.

Du bao luu lugng nudc dén ho chira Ctra Dat
rng dung mang than kinh nhén tao (ANN) c6
¥ nghia quan trong, gop phan du bao trrde
trong viéc xdy dung cac phuong an quan ly vén
hanh hd chtra duge cha don g hon. Ngoai ra,
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nghién ctru c6 thé &p dung deé du bao luu lugng  dén cho cac ho chira khéac nhau trén ca nude.

TAI LIEU THAM KHAO

[1]

2]

[3]

[4]
[5]

[6]

[7]
[8]

[9]

[10]

[11]

[12]

[13]

Bae DH, Jung IW, Demeis PL (2011). Hydrologic uncertainties in climate change from
IPCC AR4 GCM simulations of the Chungju basin. Journal of Hydrology, 401: 90-105.

Lé Vin Nghinh, Hoang Thanh Tung, Nguyén Neoc Hai, Nghién ciru irng dung mang no
ron than kinh vao di bdo lii cdc séng & tinh Binh Dinh va Quang Tri.

Lé Vian Nghinh, Bui Cong Quang, Hoang Thanh Tung, M6 hinh todn thuy véin. Nha xuat
ban xay dung, 2006.

Cao Thang Huwdng dan sir dung phan mém mang no ron SPICE-MLP, 201 1.

Nguyén Ding Ha, Nghién citu ttng dung cong nghé théng tin dé hién dai hba quan Iy diéu
hanh hé chira nuée Cira Pat.

Nguyén Khic Hiéu, Nguyén Thi Van Anh, Dw bdo lam phdt tai Viét Nam bdang mé hinh
mang than kinh nhén tao, Dai hoc su pham ky thuét, tp. HO Chi Minh.

Quy trinh vén hanh diéu tiét hé chira nwde Cira Pat tinh Thanh Héa, thang 9 nim 2014,
Ibrahim Can, Cahit Yerdelen, Ercan Kahyal (2007), Stochastic modeling of Karasu River
(Turkey) using the methods of Artificial Neural Networks, Proceeding of the AGU

Hydrology Days 2007, March 19 - March 21, 2007, Colorado State University, Fort
Collins, Colorado, U SA, 138-144.

Paulin Coulibaly, Francois Anctil, and Bernard Bobee, Multivariate Reservoir Inflow
Forecasting Using Temporal Neural Networks, Journal of Hydrologic Engineering, 2001.

Oscar R. Dolling, Eduardo A. Varas, Artificial neural networks for stream flow prediction,
Journal of Hydraaulic research, 2002.

Demetris F. Lekkas, Development and Comparison of Data-Based Flow Forecasting
Methods, PhD Thesis, Department of Civil and Environmental Engineering, Imperial
College of Science, Technology and M edicine, London, 2002.

Lekkas D.F., Onof C, Improved flow forecasting using artificial neural networks, Sth
International Conference on Environmental and Technology, Rhodes Island, Greece,
September 2005.

Ngo Dtrc Thanh va CS, (2013). Bién déi khi hdu Viét Nam. Tap chi Khoa hoc Trai dat va
M 6i trudng, SO 2 (2013) 42-55.

TAP CHi KHOA HOC VA CONG NGHE THUY LGOI SO 39 - 2017 7



