BAI BAO KHOA HQC

NGHIEN CUU KET HQGP MO HINH MO PHONG - TOI UU - TRi TUE
NHAN TAO NANG CAO HIEU QUA VAN HANH HE THONG
HO CHUA SONG BA TRONG MUA CAN

Lé Ngoc Son'

Tém tat: Nghién ciru xdc ldp co so khoa hoc va phwong phdp gidi quyét bdi todn ndng cao hiéu
qua phat dién cho hé thong hé chira (HTHC) thiy loi — thity dién bang cdch két hop cdc mé hinh:
(i) mé phong sir dung HEC-ResSim, (ii) t0i wu sir dung mé hinh quy hoach déng (DP) véi thudt todn
vi phdn roi rac (DDDP); va (iii) tri tué nhdn tao sir dung mang no-ron (ANN). M6 hinh két hop nay
duwoc dp dung cho HTHC gom 06 ho trén séng Ba, muc tiéu la dién lwong ndam 1én nhdt va théa
man nhu cau nwéc toi thiéu ha leu mia can quy dinh trong quy trinh van hanh lién hé. Két quad thir
nghiém cho ho séng Hinh cho thdy ANN rdt gan véi DP va ndng cao dwoc dién lwong khodng 2%
50 v&i van hanh thuc té.

Tiwr khéa: van hanh hé théng hd chira; HEC-ResSim; quy hoach dong; mang no-ron nhan tao;

song Ba.

1. PAT VAN PE

Hb chtra dong vai trd quan trong trong cung
cap nudc cho cac nganh kinh té, dong gop vao
phat trién kinh té ctia nude ta. Trong nhitng nim
gan ddy, thuy dién dong vai tro chi yéu trong
cung cip dién cho hé thdng véi nhu cau dién
tang rat nhanh va du bao van duy tri muc trén
10% trong nhitng ndm téi. V&i ngudn nude han
hep va nhu cau nudc tir cac nganh dang ting Ién
nhanh chéng dan dén su gia ting vé xung dot
gitra cic nganh tham gia st dung nudc thi van
dé thoi su dat ra la can nang cao hi¢u qua khai
thac ngudn nudc ndi chung va cac hd chira thuy
loi - thuy dién noi riéng.

Trén luu vuc song Ba, HTHC trén song Ba
da twong d6i hoan chinh trong d6 c6 06 hd chira
thity loi - thuy dién 16n, chi phéi cap nude va
phat dién cho toan luvu vuc (PECC 1, 2002). So
hoa cat doc HTHC song Ba néu ¢ Hinh 1. Nam
2014, Chinh phi ban hanh Quyét dinh s6
1077/Qb-TTg, ngay 7/7/2014 ban hanh Quy
trinh van hanh chdng 1l va van hanh cip nudc
mua kiét lién ho chta trén luu vuc song Ba, bao

" Khoa Nang luong, Pai hoc Thuy loi.

gém cac ho: Song Ba Ha, Song Hinh, Krong
H’Nang, Ayun Ha va An Khé - Ka Nak (“Quy
trinh 10777).

Han ché vé VHHTHC hién nay & song Ba
dugc nhan thiy nhu sau: (i) Piéu hanh duva trén
cac biéu dd dicu phdi hién tai duoc 1ap ké tir khi
thiét ké va khong dugc cap nhat thuong xuyén,
van hanh van 1a “tinh”, trong khi tai liéu thuy
van dén bién dong ngiu nhién, ciu trac hé théng
cling nhu nhu cau nuée thay doi. Quy trinh 1077
chi quy dinh Iuu luong tdi thiéu ha Iuu tai An
Khé va Pong Cam va muc nude hd tdi thiéu dé
dam bao yéu cau d6 trong mua can. Hién chua
c¢6 chi dan van hanh hiéu qua nhu thé ndo; (ii)
Hién nay van c6 khoang trong giita ing dung 16i
giai 1y thuyét tr cic md hinh tdi uu trong
VHHTHC dén ap dung thyc té diéu hanh ho
chira. Viéc giai quyét mo hinh ti vu cho HTHC
1a nhiéu kho khan do khdi lugng tinh toan 16m,
du bao thuy van dai han c6 do chinh xac han
ché. Do vay, viéc ap dung tdi wu vao van hanh
thuc can phai c6 cach tiép can phi hop.

Nghién ctru nay di xac 1ap bai toan, co s¢
khoa hoc va phuong phap giai quyét ap dung
cho HTHC trén song Ba.
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Hinh 1. So hoa cat doc HTHC trén song Ba

2. PHUONG PHAP GIAI BAI TOAN

Su phuc tap cuia HTHC va tinh ngau nhién la
hai thach thiec cho VHHTHC nén khong co thuat
todn hay mé hinh don 1é ndo la tong qudt giai
quyét toan dién cho bai toan VHHTHC. Do do,
tac gia dé xuét phuong phap giai quyét bai toan
VHHTHC theo hudng két hop cac mo hinh: (i)
mé phong siv dung HEC-ResSim, (ii) t0i wu sir
dung moé hinh Quy hoach dong (DP),; va (iii) tri
tué nhan tao sir dung mang no-ron (ANN). Két
qua cua mo hinh trudc tao dir ligu dau vao cho
md hinh sau, lién két truy xuét trén MS-Excel.
Day la cach tiép can "thich tng" va “cin t6i wu”
trong van hanh két hop giita 10i giai téi vu dwa
trén tai liu trong qua khir va ANN, trg giip
diéu khién quy dao muc nudc hd tiém can véi
quy dao toi vu.

3. AP DUNG MO HINH VAO VHHTHC
SONG BA

3.1. M6 hinh HEC-ResSim

Phan mém HEC-ResSim duoc phét trién boi
tr nam 1996 dén nay da nang cip nhiéu phién
ban cai tién hon nham mé phong cho HTHC da
muc ti€u. Chuong trinh cho phép tao ra nhitng
phuong an van hanh khac nhau. Mot phuong an
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bao gdm mdt tap hop mang luéi hd chira, mot
bd quy tic van hanh duoc thiét lap cho ting hd
chira trong hé thong.

Thong sb 06 hod chira thay loi - thity dién 16n
xem Bang 1. Ngoai phat dién, cic nhu cau nudc
khac trén luu vyc con c6 nude tudi cho ndng
nghi¢p va nudc cho sinh hoat va cong nghiép.
Trong Quy trinh 1077 c6 quy dinh 02 vi tri dong
chay tdi thiéu cho cip nudc ha luu trong mua
can (tir cudi thang XII dén cudi thang VIII) trén
luu vue gdm c6: (1) sau dap An Khé: cum cong
trinh An Khé — Ka Nak ngoai dam bao nhu cau
tudi va yéu cau khac ¢ ha luu dap An Khé thi
phan 16n luu luong phat dién dugce chuyén sang
b6 sung cho Iuu vuc song Kon thudc tinh Binh
Dinh; (2) trudc dap dang Pong Cam: luu luong
dén tr HTHC phia trén can dam bao cung cip
nude tudi thiét ké cho dién tich 19800 ha.

So d@6 HTHC va cac yéu cau dung nudc dugc
dua vao mo hinh HEC-ResSim dé md phong
nhu Hinh 2. Chudi sb liéu khi twong, thuy vin
va dong chay dén cac ho tir 1977-2005 dugc sir
dung cho tinh toan mé hinh hé thong. Cac thong
s6 khac cia HTHC, muc nudc hd va yéu cau tdi
thiéu ha luu 1iy theo Quy trinh 1077.
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Bang 1. Thong so ky thuit chinh ciia hd chira thity dién.

STT Thong sd DV(;H Ka Nak | An Khé Aglz n }Iérl\?;fg Sorll{gaBa SH(:E}%

Ho chira

1 | MNDBT m 515 429 204 255 105 209

2 | MNC m 485 427 195 242,50 101 196
Dung tich hiru ich 106

3 (Whig) m 285,5 5,6 201 108,5 165.,9 323

II | Nha may thiy dién

1 | Congsudtlapmiay | MW | 13,0 160 3,0 64,0 220 70,0

2 | Q16n nhét m3/s | 42,0 50,0 23,4 68,0 393 57,3

3 | Loai tua bin Kaplan | Francis | Francis | Francis Francis | Francis

Cac phuong an VHHTHC néu ¢ Bang 2.
HEC-ResSim tao ra bo sé liéu thong s hé
théng chuin (cac diéu kién bién nhu luu
lwong dén ho, luu luong khu giita, ton thét
nude trén cac hd chia va khu tudi). Két qua

chudi muc nudc ho chira dau ra cia md hinh

Hinh 2. So' d6 tinh toan HTHC theo HEC-ResSim
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Bang 2. Cac phwong an van hanh HTHC.

Ky hiéu Phuwong an M ta quy tic vin hanh

VH 1 Pua vao biéu dd diéu phdi chi co qui tic diéu hanh hd chira dé phat dién
(di) 7 N N 7 7

VH 2 Pua vao biéu do6 di€u phdi va c6 thém céc qui tdc van hanh véi thir ty vu
tién: sinh hoat — phat dién — tudi (Qsh — Npd — Q tudi)

VH 3 Pua vao biéu d6 diéu phdi va ¢ thém cac qui tic van hanh véi tht tu wu
tién: sinh hoat — tu¢ i- phat dién (Qsh - Q tudi — Npd)
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2th(m)
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242.0
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(b) Krong H’nang

210.0

tl(m)

(d) Song Hinh

Hinh 5. Pham vi bién doi miec nuéce cdac ho chira (Phwong dn VH2)

3.2. M hinh t6i wu DP

3.2.1. Bai toan DP

Ham muc tiéu: Vay ham muc tiéu cua
HTHC theo tiéu chuin dién luong tong cong
HTHC 16n nhat duoc chon (véi mdi budc thoi
doan khong d6i AT = 01 thang) sé la:

LE., (V;sy) = Maxo (ZE; (V) +

E.(V., Q) )

Trong d6 E*; s& 1a dién luong 16n nhét liy
tich ctia chudi gid tri tai trang thai V twong ung
tinh dén thoi diém t+1. Pbi voi hé thong hd chira
thi Vt va Qt phai hiéu 1a tap hop céc bién trang
thai V(i,j) va bién quyét dinh Q (i,j); i=1 dén N
14 s6 thoi doan; j=1 dén M 1a s6 ho.

Dién lugng thanh phan cia hd i, phat trong
thoi doan j duoc tinh bang cong thirc:

Eiijp = 98113 Qpacijp- Heo - AT (2)

trong do: Et: dién lugng phat trong thoi doan
AT; n 14 hiéu suat nha may; Q,q va H lan luot 1a
luu lugng va cot nude phat dién sau khi da trur

ton that; n, Q, H phu thudc vao dic tinh tua bin
van =f(Q, H).

Ham chuyén trang thai:

Viijer=Vij + (CijpQaiijy + Ohetip — Quiij) —

Oyeqijy- Opdij)- AT o 3)

Trong do6: Vij: dung tich hé dau thoi doan;
Vi1 dung tich hd cudi thoi doan; C: ma tran
thé hién su két ndi dong chay trong hé thong thé
hién do tré va chira nuc cua dong chdy trong
hé théng. Véi luu vuc nhé va thoi doan tinh
toan 1a thang thi C =1 (ttrc 1a khong c6 tré); Qq:
lvu luong thién nhién dén hodc tir hd chira
thuong luu; Qy: dong chay khu gitra; Qy: t6n
that (xa, bdc hoi, thim va cac ton that khac);
Qyc: luu lugng chuyén ra tir hd do yéu cau dung
nude thugng luu; Qpq: luu lwong phat dién.

Cac rang budc (voit =1,...,T):

Vmin(i, J) < V(l', J) < Vmax, (i.j) (4)

Opdnminij) = Opdij) < O pdmax(i) (5)

Nin, iy < Niijy < Niax i (6)
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Trong d6: Vmin V@ Vpma dung tich (hodc
khong ché qua myuc nuéc) nho nhat va 16n nhat
cho phép; Qumin vd Qumax: ltu lugng nhod nhét va
16n nhét cho phép qua tua bin; Npin va Npax:
cong suat nho nhat va 1on nhat (kha dung) cho
phép lay tir dic tinh thiét bi (hodc theo yéu cau
hé théng dién).

3.2.2. Thudt toan gidi bai toan DP:

Trong nghién ctru nay sir dung thuat toan DP
vi phan ro1 rac (Descrete Differential DP -
DDDP) (Labadie, 2004). Phuong phap DDDP
c6 diém nodi troi cia DDDP d6 la viéc giam
dang ké khdi luong tinh toan va ting d6 hoi tu,
tang do chinh xéc 1a do: (1) dinh trudc hanh lang
ban ddu tor mé hinh mé phong nhu HEC-
ResSim (Hinh 3); (i1) Viéc chia ludi thua trude
va khoang chia chi giam nho di sang lan lip ké
tiép khi ma ham muc tiéu dugc cai thién tdt hon.
M6 hinh DP sir dung thuat toan DDDP dugc tac
gid thyc hién trén 1ap trinh ngoébn ngr Visual
Basic for Applications (VBA).

3.2.3. Két qud tir mé hinh DP

Do nudc sau cum An Khé — Ka Nak chu yéu
chuyén sang luu vuc séong Kon nén duoc tach
tinh riéng. Chuong trinh DP dugc ap dung cho
04 ho con lai 1a: Ayun Ha - Krong H’ning —
song Ba Ha - song Hinh. Két qua chuong trinh
s& dua ra két qua 1 gia tri ham muc tiéu, chudi
tri s trung binh thang cac thong sd toi vu cia
hé théng nhu luu lugng dén, myuc nuée hd chua,
luu lugng qua nha may va cong trinh xa, cong
suét va dién lugng trung binh thoi doan tai tat ca
cac thanh phan HTHC va cac nut tinh toan cta
hé théng.

3.3. M6 hinh ANN

M6 hinh no-ron nhan tao (artificial neural
network - ANN) 1a mé hinh todn c6 kha ndng
md ta cho qua trinh phi tuyén dong phirc tap,
lién két giita cac bién vao va bién ra. Mo hinh

ANN st dyng thudt toan lan truyén nguoc
(Back Propagation-BP) d¢ giai.

Céu trac mang ANN duoc chon nhu sau:

Vei =1 (Vas; Que Va, 21:Qum, 15 Qnl (-1); Va, -
2; Qu, 125 Qnt -2)- - )

Trong d6: V¢ dung tich hd cubi thoi doan;
V. dung tich hd dau thoi doan; Q¢ luong dén
hd trong thoi doan; Vg it 5 Qu, ti; Qni, «i: Dung
tich, lwong nude dén, luong xudng ha luu (phat
dién) cua cac thoi doan ngay trude thoi doan
dang xét. Nhu vay tuy vao 1=0, 1, 2, 3 ma ta co
cac mang: ANN-0; ANN-1; ANN-2; ANN-3
tuong tng xét cac thoi doan lién quan dén quyét
dinh cac thoi doan trude day.

Qua trinh luyén (training hay learning) dugc
thuc hién béng mod-dun Neuro Solutions trong
MS-Excel v6i cac Iua chon vé s6 lan lap, ) 16p
an, thuat toan cuc tiu sai s6. Chudi két qua tir
DP trung binh thang tir 1977-2000 st dung dé
luyén ANN. Tiép do, kiém dinh mang (certification)
ANN d xac lap bang chudi két qua tir DP trung
binh thang tur 2001-2005. Chi tiéu danh gia
ANN so0 v&i DP 1a: (1) hé sb tuong quan; (2) R;
(3) sai s6 so v&i ham muc tiéu ¢ day la tdi da
dién luong.

Lot giai cua mo hinh dugc ap dung thu
nghiém cho hd chira song Hinh, so sanh giira két
qua quy dao muc nude hd cudi thoi doan cua:
(1) Van hanh thyc té tir nha may thu thap duoc;
(2) Mb hinh tbi wu; (3) Két hop giita ANN-DP.
Két qua cho théy viéc chon mang ANN diéu
hanh thuc té s& cho két qua kha sat voi DP (Hé
sd twong quan > 0,99 va R? > 0,97). Chénh giita
dién nang nam gitta ANN va DP chi 1a 0,2% va
dién ning ctia ANN sé& cao hon sd liéu van hanh
thuc té 1a 2,3%. Nhu vay, két qua tir ANN-DP
s& 1a gan toi wu, hiéu qua van hanh duoc ning
cao hon khi theo biéu do diéu phdi truyén thong
(xem Bang 3 va Hinh 6).

Bang 3. So sanh gia tri hAm muc tiéu - dién ning trung binh nam giira:
(i) Van hanh thuec té;(ii) DP; (iii) ANN-DP (d.vi: triéu kWh)

Mo hinh Thoi doan | Thyc té DP ANN-0 | ANN-1 | ANN-2 | ANN-3
Luyén ANN 1977-2000 | - 380.1 378.3 379.3 379.1 379.3
Kiém dinh ANN 2001-2005 | 369.5 380.7 378.1 377.8 378.1 377.9
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Hinh 6. So sanh dung tich hé séng Hinh khi kiém dinh ANN (2001-2005)

4. KET LUAN

Bai bdo da xac 1ap duoc cac co sé khoa hoc
dé tim ra ché do van hanh can tdi uu, nang cao
hiéu qua van hanh hé thong ho chta thuy dién
c6 xét dén rang budc lgi dung tong hop bang
viéc két hop gitra cac mo hinh: (i) M6 phong;
(ii) Téi vu st dung thudt toan Quy hoach dong
(Dynamic Programming - DP); va (ii1) Tri tué
nhan tao st dung thuat todn mang no-ron nhan

tao (ANN), nhim dat hiéu qua van hanh phat
dién t6t nhét trong bdi canh ngudén nude va nhu
cau dung nudc lién tuc bién d6i ngau nhién. Két
qua ap dung mo hinh dé& xuat nay cho HTHC
trén song Ba cho théy hiéu qua van hanh dugc
nang cao hon theo phuong thirc str dung biéu dd
diéu phdi hién c6. Nghién ctru tao ra tién dé c6
thé 4p dung phuong phap d6 dé giai quyét van
dé tuong ty cta cac HTHC khéac ¢ nudc ta.
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Abstract:
STUDY FOR INTEGRATION OF SIMULATION - OPTIMIZATION — ARTIFICIAL
INTELLIGENCE TO IMPROVE OPERATIONAL PERFORMANCE OF RESERVOIR
SYSTEM IN BA RIVER IN DRY SEASON

This study sets up methodology and resolves the problem to improve hydropower generation of
reservoir system. Methodology to resolve the problem is an integration of mathematical models: (i)
simulation using HEC-ResSim, (ii) optimization using Dynamic Programming (DP) with Discrete
Differential DP algorithm programmed by author,; and (iii) Artificial Neural Networks (ANN). The
methodology is applied to Ba river reservoir system consisting 06 reservoirs, and the objective is to
maximize power generation and to satisfy minimum downstream requirement stipulated in scheduling
inter-connected reservoirs. Testing result for Song Hinh reservoir operation shows that ANN has
output very close to DP and achieves about 2% power generation higher than actual operation.
Keywords: operation of reservoir system; HEC-ResSim; Dynamic Programming; Artificial Neural
Networks; Ba river.
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