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1. Mé& dau

Vén hanh t6i wu thiy dién vira va nho tai Viét
Nam 1 mot bai toan da muc tiéu phitc tap, nham
can bang gitta loi ich kinh t&€ (san lwong dién) va
cac muc tiéu xa hoi (an toan cong trinh, ki€ém soat
1, ddm bao dong chdy tdi thi€u)[1]. V& mat ly
thuyét, cac nghién ctru tién tién da chirng minh
kha nang ap dung hiéu qua cac mo hinh toan hoc
va thuat toan tri tué nhan tao, nhw Thuit toan Di
truyén (GA) [2] va m6 hinh mé phéng - t6i wu
(Mike 11 va SCE) [3], d€ giai quyét bai toan vin
hanh hé théng da ho chira. Vai tro cot 16i cia cac
mo hinh nay la tdi wu hda cong suat phat dién tir
ngudn nwédc dwoc dw bio vé ho, bang cach st dung
dir liéu quan tric thoi gian thuwe d€ dwa ra cac
quyét dinh diéu tiét hop ly [4]. Muc tiéu 1a tin
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dung t6i da lwu lwong dén ho dé phat dién, diac biét
12 vao gi¢ cao diém, trong khi van tuan thi cac quy
dinh vé muc nwéc truede 1i va dong chay téi thiéu
cho ha du.

DE khai thac t6i wu ngudn nuwéc, cic phwong
phap hién dai tap trung vao viéc dw bao dong chay
dén va ra quyét dinh t6i wu dwa trén du bao doé.

Cac mo hinh hoc may (Machine Learning - ML)
doéng vai tro quan trong trong viéc dw bao dong
chay dén (inflow forecasting). Vi du, mo hinh tri
tué nhan tao LSTM (Long Short Time Memory)
dwoc st dung dé€ du doan quyét dinh xa nwéc
hang gi®, gitp bo tro cac cach tiép cin t6i wu hoa
truyén théng, mic du hiéu suit ctia né c6 thé bi
anh hwong bédi sy bién dong lén cia dong chay
dén. Cac Mang no-ron nhan tao (ANN) dwoc ap
dung dé14p mo6 hinh mwa-dong chay, dw bao dong
chay vao ho chira va trir lwgng ho chira, ho trg van
hanh ho chira trong cac su kién cuc doan nhw li
lut hodc han han. May hoc véc to hd trg (SVM)
cling hiéu qua trong viéc dw bao dong chay va muc
nuwée ho chira [5].



DE t6i wu hda cic quyét dinh van hanh tir dir
liéu dw bio dong chay, cong tac 1ap lich va téi wu
hoéa san xuét thiy dién, cac thuat toan hoc ting
cuong, hoc tang cudng sau, (Reforcement
Learning -RL, Deep Reinforcement Learning -
DRL) dwoc st dung dé dwa ra chién lwoc lap lich
trinh san xudt thiy dién dai han, nham t8i wu hda
doanh thu hang nam dwa trén lvu lwgng nwéc
hang tuan va gia dién[6][7]. Trong ngan han, Lap
trinh quy hoach déng (Dynamic Programming -
DP), Lap trinh tuyén tinh hén hop s6 nguyén
(Mixed-Integer Linear Programming - MILP)
dwoc str dung dé t6i da héa san lwong nang lwong
bang cach tdi wu héa lwong nuéc xa va viéc bs tri
cac t6 may tua bin, c6 tinh dén dir liéu dong chay
dén trong twong lai va cac diém hiéu qua hoat
dong [8].

Trong ndi dung bai bdo nay dé trién khai tng
dung bai toan t6i wu hoéa quyét dinh vin hanh, mot
chwong trinh phan mém st dung thuit toan Lap
trinh quy hoach dong dwoc thiét ké dé ho tro ra
quyét dinh cho cic nha mday thiy dién nhd.
Chwong trinh thyc hién nhan dit liéu dw bao dong
chay theo ngay va hd tro xay dung k& hoach nuwéc
Xa.

2.Lap trinh quy hoach dong (DP)

Lap trinh dong 1a mot phwong thirc dé thiét ké
thuit toan. Co s& ly thuyét cia n6 dwoc xay dung
trén hai tinh chit quan trong ctia bai toan:

Tinh t6i wu con (Optimal Substructure): Mot
1o giai tdi wu ctia bai toan ban dau c6 thé dwoc xay
dung tlr cac 1o gidi toi wu cua cc bai toan con. Vi
du, con dwdng ngan nhat tir A dén C di qua B s&
bao gdm con dwong ngin nhit tir A dén B va con
duwdng ngan nhit tir B dén C.

Cac bai todn con chong ldp (Overlapping
Subproblems): Ciing mét bai toan con dworc giai di
gidi lai nhiéu lan trong qud trinh giai quyét bai
toan 16m. DP tAn dung tinh chit nay bang cach luu
triv két qua ctia cac bai toan con dé tranh tinh toan
1ap lai.

Lap trinh quy hoach dong co hai cach tiép cin
chinh: Top-Down va Bottom-Up

Top-Down (Pé quy c6 nhé - Memoization):
Giai bai todn tir trén xudng dwdi (tir bai toan 16mn
dén bai toan con). St dung dé quy nhuwng lwu két
qua vao mot mang hoic tir dién dé "ghi nhé™".

Bottom-Up (Lap - Tabulation): Giai bai toan
tlr dwdi 1én trén (tir bai todn con nhé nhat roi xay
dwng dan 1én). St dung vong ldp dé tinh va lwu triv
két qua ctia cac bai todn con mét cach tuln tu.
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Hinh 1. Gidn dd Ivu lwong nha mdy

Bai toan t6i wu Iwu lwong xa cho nha may thiay
dién.

O’ cac nha may thuay dién nwéc dwgc thu gom
tir mOt lwu vire cia dong song tao ra dong chay vé
ho (Q,,, )- Lwong nuwéc trong ho sé chay vé ha luu
nha may thuy dién thong qua lwu lwong nwéc qua
nha may (Q,,,) dé phat dién va luu lwong nuwéc

quadap (Q,,) trong cic truong hop xa dw. Chénh

léch lwong nwée vao vara (Q, ) sé duorc tich triv
duwéi dang thé tich nwéc trong long ho. Quan hé
trén dwoc thé hién bang phwong trinh can bang
nuoec.

Qvau = Qnm + de + QA

Luwu lwgng nwéc qua nha may, chay qua
turbine quay mdy phat, sé tao ra cong suit dién
theo cong thirc:

P:n(Q’H)prngnm XHhi

Trong d6: n(Q,H) 1a hiéu suit t6 may bao gobm
ca turbine va may phat & lwu lwong va cot ap
twong &ng; p khdi lwong riéng ciia nuwérc, g gia toc
trong trueong, Qnm lwru lwgng phat va cot ap hiru ich

H

hi
Cot ap htru ich dwoc xac dinh béi chénh 1éch
murc nwére thwong lwu () véi mire nwée ha luu
(H,;) vatoénthatcotap (H,):
H,=H,-H,-H,
Trong d6: mirc nwére thwong lwu 1a ham phu
thudc thé tich nwéc (V) trong ho H, = f(V);
Mitrc nwére ha lwu la ham phu thudc lwu lwong xa



H, = f(0,,+0,); ton thit cft 4p phu thudc

vao luu lwgng quanhamay H, = f(Q,,)

Bai toan t6i wu cho nha may thiy dién dwoc
x4y dwng trong bai bdo nay sé la tong nang lwong
dién (E) thu dwoc dwa trén dong chay vé ho va cac
rang budc ki thuat cda nha may. Trong twong lai
sé phat trién tiép dé toi wu vé kinh té khi c6 dirliéu
dw bao vé thi trweong gia dién.

3. Xay dwng thuit toan DP cho Nha may Thuy
dién

D€ ap dung DP, ching ta cin dinh nghia bai
toan qua 4 yéu to cot 16i:

a. Cac giai doan

Pay la cac bwée thoi gian ma tai d6 ching ta
can ra quyét dinh. Trong bai toan ca nha may
thiy dién, moi gio trong chu ky van hanh dwoc xac
dinh 1a mot giai doan (t=1,2,..,T, véi T 1a tong s6
gio trong chudi dw bao).

b. Cac trang thai

Trang thai dwoc coi 1a bién s6 md td "tinh
trang” clia hé théng tai mdi giai doan. N6 chira du
thong tin dé tir d6 ta co thé ra quyét dinh cho giai
doan tiép theo ma khong can biét qua khi. B6i véi
nha may thiy dién, bién trang thai quan trong
nhit chinh 12 thé tich nwéc trong hd chira V. (Thé
tich ho chiva vao dau giai doan t). Thé tich nwéc ho
1a mot bién lién tuc, d€ DP hoat dong hiéu qua can
c6 mot so hiru han cic trang thai. Do dé, V: can
phai dwgc roi rac hda.

Trong dai thé tich vin hanh [Viin,Vinax] thé tich
nuwéc trong ho chiva dwoc roi rac thanh N mirc
trang thai khac nhau: V(1),V(2),..,V(N). DPay la cac
trang thai kha di ma ho chira c6 thé & tai moi giai
doan.

c. Cac quyét dinh

Quyét dinh & day la hoat dong van hanh cla
nha may thuc hién tai moi giai doan. Trong bai
toan nay, quyét dinh chinh la tdng luu lwong nuwéc
x4 xudng ha luu Q. (Tong lwu lwong xa trong giai
doan t bao gobm lwu lwong phat dién va lvu lwong
Xa tran).

Twong tw nhw bién trang thai, bién quyét dinh
cling can roi rac héa. Dai lvu lwgng xa [0, Qxamax]
dwoc phan thanh M mtrc khac nhau: Q(1), Q(2), ...,
QM).

d. Ham chuyén trang thai va Ham lgi nhuén

Ham chuyén trang thai: La ham d€ xac dinh
trang thai tiép theo sé nhw thé nao dwa trén trang
thai hién tai va quyét dinh dwoc lwa chon. Trén
nha may thuy dién chinh 1a phwong trinh cAn bang
nwéec:

Vi =V, 4 (Qoos = CQa)- A

Trong d6 Quao 1a lwu lwong vé ho du bao trong
giai doan t.

Ham loi nhuén: Tinh toan loi ich thu dworc tai
mot giai doan t khi & mot trang thai nhat dinh va
thuc hién moét quyét dinh nhit dinh. Trong noi
dung bai bdo nay lgi nhuan dwgc xac dinh la nang
lwong (E)

Et (I/t s Qxa,t) = P(I/t s Qxa,t) : At

Trong d6 ham cong suat P(K, Qm,[) 1a mot

ham phi tuyén phirc tap
P=n(Q,H)x pxgxOx H

4. Cac bwdre tinh ca thuat toan DP

Thuit toan DP cho vin hanh ho chita dwoc
thyc xay dung hién theo 2 pha: Tinh toan nguwoc
va M6 phéng xudi.

Pha 1: Tinh todn ngwoc

Tinh toan nguoc dwoc thwe hién tir giai doan
cudi cung (t=T) lui vé giai doan dau tién (t=1).

Buwéc 1: Khéi tao tai giai doan cudi (t = T)

Tao mot bang lwu triv J. T(VT ) :1oi nhudn t6i wu
tai giai doan cudi T (rng véi moi trang thai thé tich
Vr.

Vé&i moi trang thai thé tich kha di Vp (voi
i=1..N):

 Thir tt ca cic quyét dinh xa kha di ) (vi

j=1..M).

o Tinh loi nhuén trudc mat: ET(VT(i), QJE;)T ) .

e (id dinh:Tai cudi giai doan T, khéng c6 loi ich

twong lai nao nira. Vay J. T( Vr(i) ) chinhlaloi

nhuan 16n nhat c6 thé dat dwoc.
J (V)= max, . {ET (V73 O.r )}

e Luu lai quyét dinh ch’a)t da tao ra lgi nhuan
t6i da nay.
Buoe 2: Vong Idp quy hoi (t=T-1, T-2, .., 1)
V&i moi giai doan t dang xét:



e Taomotbang J. T(VT ) va bang quyét dinh
toivu O,
o  V&imditrang thai thé tich khadi V"
o Véimdiquyétdinhxdkhd di Q) :
* Tinh loi nhuin trwéc mit
Et (I/t > Qxa,t) = P(Vt > Qxa,t) : At
» Tinh trang thai tiép theo:
I/tJrl = I/t + (Qvao,t - Qxa,t) ' At
* Tractu loi nhuin twong lai t3i wu:
Tim gia tri J,, (Vm)tir bang da
tinh & budc trudce (giai doan t+1).
Néu V ,, khong roi ding vao cac
diém roi rac, thi thwe hién phép noi
suy tuyén tinh gitra hai diém gan
nhat.
* Tinh t8ng loi nhuin: Téng = Loi
nhuan trwéc mit + Loi nhuan
twong lai toi wu.

o Tim quyét dinh QY cho ra téng loi

xa,t
nhuin lén nhat.
o Lwu tong loi nhuin 16n nhat d6 vao
T,
o Luwu quyét dinh t6i wu twong &rng vao
Q...
Sau khi vong ldp két thuc tai t=1, mot bo cac

bang "chinh sach vin hanh t6i wu" Q. , cho moi

trang thai va moi giai doan.
Pha 2: M6 phong xudi
Qua trinh mo phdng xudi sé€ tim ra mot dwong
di (tAp hop cac gia tri xa theo t) duy nhat téi wu.
Bit diu tai giai doan du (t=1): Biét trang thai
bandauctaholaV,,,.
Mo phdng tién theo thoi gian (t=1, 2, .., T):
o Taigiai doan t, trang thai hién taila V..
e Tra ctru trong bang chinh sach da tinh
& Pha 1 d€ tim ra quyét dinh t6i wu:
Qi = O (V) - (DUng ndi suy néu
V. khong roi vao diém roi rac).
e Ghinhin quyét dinh nay.
e Tinh trang thai cho giai doan tiép theo:

I/H—l = I/t + (Qvao,t - Qxa,t) : At

e Lip lai cho dén hét chu ky.
Két qua cudi cung cda Pha 2 la mot lich vin
hanh t8i wu duy nhit cho toan bé chu ky.

3. Xay dwng chwong trinh 14p ké hoach xa t6i
wu

Trén co s& thuit toan DP, phdn mém xay dung
ké hoach xa t6i wu duoc xay dwng véi giao dién
nhuw trén hinh.

57 Téi uu héa van hanh thily dién - Thust todn DP - o X
File
Coiditthemss  Dirlfuduvie DB tkEtqud
Tham 56 hé théng
Thé tich t thiéu (m?): Thé tich ti da fm?):
O
Coing sudt méi 18 may (MW): Lutt lrgng t5i da mi 18 mdy (m3/s):
He 56 tén that 6ng din: Hiéu sudt turbine: .50
Bt thiy ke
Thé tch - Cao trnh thugng ko
Thétich (m’) Cao trinh (m) ~
1 33930000 1220
2 A10NOONN. 182 hd
L g - Cao rinh ha
Luns lugng (m*/5) Cao tink (m) ~
10 14834
2100 1520 hd
Lt g - Héu sust
Luu lugng (m/5) Hieu suat (%) n
10 0
2 80 52

Hinh 2. Giao dién cai ddt tham s6

Giao dién dwoc xay dwng véi cac trang: cai dat
tham s&; Di¥ liéu dau vao; va Bo thi két qua.

Tai trang cai dat tham s6 cho phép thiét 14p cac
thong so thé tich ho chira thiy dién, s6 lwong va
thong s6 t6 may cung cac dic tinh co ban cia nha
may. Trang dit liéu dau vao cho phép m¢ file di
liéu dw bao dang .csv, thiét 1ap lwéi gia tri chay toi
wu cho thé tich nwéc trong ho va lwu lwong xa. Két
qua chay t6i wu DP véi ndng lwong dién thu duoc
cung v&i cac do thi mirc, cong suit, lwu lwong sé
dwoc tra vé & trang DO thi két qua.

4. Két qua va nhan xét

St dung phdn mém da xiy dwng dir liéu nha
may thiy dién Thac Xang véi cac théng sd chinh
nhuw trong Bang da dworc cai dat.

Bdng 1. Théng s6 nha mdy.

TT | Tham sé Ky hiéu | D.vi | Gid tri
/ Hé chira

1| Thiétké xa1a (Q1.0%) | MNLTK | _m | 183.00
2 Mcdrc nwée déng MND m | 183.00
3 Mukc nuée chét MNC m 182.00
4 Dung tich toan by Wi 106 43.89




m3
5 Dung tich hiru ich Whi | 10° 3.96
m3
6 Dung tich chét W, | 10° 39.93
m3
1l Dong xa
1 Dong xa cue dai Qmax | M3/ 90.14
s
2 Dong x& trung binh Qw | M3/ 12.11
s
1l Cét nuéc
1 Cét nuwéc cuc dai Hmax M 30
2 Cét nuéc cuec tiéu Hmin M 25.8
3 Cot nuérc thiét ké Hy M 25.8
IV | Théng sé néng lvong
1 Céng suét trung binh Np | MW 4.09
2 Cong suét lap dat Np | MW 20
3 Néng lwong phat ném E, | 106 90.55
kWh
4 | Ségio phat Hem | Gio | 4528
v Théng sé dw an
1 Dap
D6 cao dinh dap M 185.5
Chiéu cao cuc dai H M 37
DJ rong than dap M 6
D6 déc ha luu 0.75
2 Ctra nhan nuwéc Bé
téng
Sé ctra 2
Chiéu réng ctra Mx 3.80
m
3 | Nha didu hanh Ngoai
troi
Sé té méy 2
Céng suét N | MW 20
Loai Tuabin Kaplan

Dit liéu dw bao dong chdy trung binh (m3/s) vé
h6 chira trong 7 ngay dwgc mé trong file .csv nhw
sau:

Bdng 2. Dir liéu nwoc trung binh 7 ngay

Ngay + 1 2 3 |4 5 6 |7

Luuluong | 15.8 | 14.3 | 24 | 59.2 | 54.7 | 64 | 54.2

Dit liéu lwu lwong nwée vé hoé trung binh nhw
trong Bang 2 chwong trinh thwc hién phan chia
thanh 24 bwéc thoi gian/ngay. Gia dinh mirc nwéc
ban d4u 1a mic nwée chét (39930000m3), két qua
thu dworc sau khi chay t6i wu véi 50 mic thé tich
va 30 mirc lru lwong phat nhw Hinh 3. Vi thong

s6 chinh nhw sau:
============ KET QUA TOI UU DP ============
Téng nang lwong san xuét : 1683.42 MWh
Thé tich cudi ky : 39940985 m?
Sé giai doan t6i wu : 168 gidy
Sb trang thai mirc/thé tich : 50
S mirc lwu lwong phat : 30

B T8i wu héa van hanh thiy dién - Thudt toan DP - [m} X
File
Caiditthamsd DU liu dau vao BB thi két qué

Tai dif §éu d3u véo

Tai file CSV dong chay| B3 tai d igu dy béo: 7ngay

Tham 5§ t3i uu DP

56 trang thii thé ti |50 |

56 trang théi hu lang: |30 |

Chifc néng
Giibai todn DP | xudt o igu k&t qua

K&t qua va trang thai

D3 téi dif ligu dur béo dong chiy 1lr file CSV: 7 ngay ~
Dang gisi bai tosn DP... Vui long dgi.

== KETQUATGTUUDP ================
Téng néng lurong san xudt : 1683.42 MWwh
& tich cudil ey
56 giai doan i vy : 168 gir
55 trang thai mirc/thé tich : 50
S&mifcluu rgng phat & 30

Chi tiét van hanh (10 budc dBu):
Thési digm 0: Thé tich = 39930000 m2, Xa = 0.00 m?/s, Céng sudt = 0.00 MY
Turbine 1(OFF: 0.0MW, 0.0m?/s), Turbine 2(OFF: 0.0MW, 0.0m3/<) v

Hinh 3. Két qua gidi bai todn tdi wu DP

Trong d6 chwong trinh da thwc hién tinh toan
khai thac hau hét lwong nwéc vé ho (thé tich cudi
ky 39940985 m?®) va tao ra san lwong dién
1683.42MWh.

Cac bién dong vé lwong nwdc ho, mirc nworc,
lwu lwong dong chdy, trang thai va cong suat phat
clia mdi t6 may.

Trén Hinh 4 1a hinh dnh nhém cac do thi lwu
lwong cia Nha may trong qua trinh chay tdi wu. Do
lwong nuwée vé ho & mike vira di nén chwong trinh
t6i wu thwe hién st dung toan bo lwu lwong nuwéc
vé hd cho lwu lwong phat. Luu lwong x4 tran bang
khéng. Téng lwu lwong qua nha may dwoc lap ké
hoach str dung bam sat duwong leu lwong nuwéce vé
ho6, ddm khai thac toan bé lwong nwéc. Do d6 thé
tich nwéc ho cudi ky sap xi gia tri dau ky (3993000
m? dau ky so v&i 39940985 m?® cudi ky).

Nhom db thj Luu lugng
70

60 -

50 4

—e— Luu lugng vé hd
Luu lugng phat

=—e— Luu lugng xa tran

—e— Téng luu lugng qua nha may

40 4

30 A

Luu luong (m?/s)

20 4

10 +

T T T T T T T
0 25 50 75 100 125 150 175
Thai gian (h)

Hinh 4. Cdc thanh phdn luu lvong dong chdy

Twong g v&i cac lwu lwgng nwére van hanh trong
thoi gian t6i wu, cdc mirc nwde thwong lwu, ha luu



va cOt 4p ctia Nha may dwoc biéu dién trén Hinh 5,
Hinh 6.

Trong d6 muc nuéc thwong lwu dwgce t6i wu duy
tri trong khoang trén muwc nwéc chét va dudi muc
nuwédc dang (182.0m dén 182.45m), muc nwéc ha
lwu thay d6i trong khoang tir 148.25 m dén
150.75m.

Nhém dé thi Muc nuéc/Thé tich

175
T 150 4
E
S 1251
L —a— Muc nudc thugng luu
= 100 Muyc nudc ha luu
E =—e— CGt ap hiéu dung
g 75 A —e— T&n that cét ap
E
£ 50
-
o
25
0
0 25 s0 75 100 125 150 175
Thai gian (h)
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Hinh 7. Cot dp hitu ich va ton thdt ct dp

Cotap htru ich (hiéu dung) Hinh 7 dworc duy tri
trong khodng tir 27m dén 33,5m, ddm bao cot ap
van hanh ctia turbine may phat cia Nha may.

Két qua m6 phdéng hoat ddng phat dién ctia nha
may dwoc biéu dién trén Hinh 8. Theo két qua
chay t6i wu lap trinh quy hoach dong, trong
khoang 72 gi¢r dau chi c6 t6 may 1 hoat dong v&i
cong suat phat dién la khodng 4Mw va 6Mw. T
gior thir 72 ca hai t6 may dwoc 1én ké hoach dwa
vao van hanh vi t6 may 1 hoat dong t6i da cong
suit (11Mw), t6 may 2 dwoc ting dan cong suit
phat dén 6Mw.

Nhém dé thj Céng suét phat
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Hinh 8. Cdc thanh phdn céng sudt

Dua trén cac két qua thu dworc cho thay phan
mém da thyc hién xay dung dwoc mot kich ban
lwu lwong phat téi wu theo thuit todn 1ap trinh quy
hoach dong. Dir liéu két qua cho thiy cac thong s6
van hanh clia Nha mdy dam bdo trong cac diéu
kién gi¢i han dat ra.

Loi cdm on
Téc gid bai bao trin trong cdm on cong ty c6
phan Thuy dién St Pan da ho tro cung cip dir liéu

Nha mdy dé tac gia cé thé thuc hién thir nghiém
v&i phdn mém.

Tai liéu tham khdo
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