|  KHOAHQC CONG NGHE

NGHIEN CUU AP DUNG THUAT TOAN PSO TOI UU VAN HANH
HE THONG PA HO CHUA THUY PIEN TREN LUU VUC SONG PA

Ho Sy Méo
Truong Pai hoc Thuy loi

Tom tit: Hé thong da hé chira thiy dién trén ciing mot heu viee séng c6 moi quan hé thity vin,
thity loi va thity luc. Van hanh bdt ky mét ho chiva nao déu anh huéng dén cac hé chira khéc do
dé dé van hanh t6i wu can phai xét dén sw lam viéc déng thoi cia cde hé chira. Bai todn vin
hanh hé thong da hé chira la bai todn rdt phitc tap vi lién quan dén nhiéu an sé va c¢6 méi quan
hé phi tuyén. Céc phuong phdp thudn tiy todn hoc khéng gidi quyét dwoce vi s6 lwong qud I6m vé
16 hop tinh todn va chiém tdi nguyen may tinh. Thudt todn PSO la thudt todn tim kiém théng
minh cé thé tim dwoc toi wu tong thé ciia bai todn hé thong da hé chira. Bai bdo dwa ra cich dp
dung thudt toan PSO dé tinh todn hé lhong 4 ho chira diéu tiét nam trén lwu vire song Da bao
g5n1 Lai Chdau, Ban Chdt, Son La va Hoa Binh.

Tir khéa: Hé théng da ho chira, thugt toan PSO, thiy dién bdc thang

Summary: The multi-reservoir hydroelectric system within the same river basin has a
hydrological, hydraulic, and irrigation relationship. The operation of any reservoir affects other
reservoirs, so optimal operation requires considering the simultaneous operation of all
reservoirs. The problem of operating a multi-reservoir system is very complex because it
involves many variables and non-linear relationships. Purely mathematical methods cannot
solve it because of the large number of combinations and computing resources. The PSO
algorithm is an intelligent search algorithm that can find the overall optimal solution to the
problem of a multi-reservoir system. This paper presents an application of the PSO algorithm to
compute the operation of a four-reservoir system for regulating flow in the Da river basin,
including the Lai Chau, Ban Chat, Son La, and Hoa Binh reservoirs.

Keywords: Multi-reservoir system, PSO algorithm, cascade hydropower

1. GIOI THIEU thuy dién 16n khong chi mang lai lgi ich cho
nén kinh té quéc dan ma con bao dam su on
dinh ctia hé thdng dién cho qudc gia ma co
ngudn thay dién trong hé thdng dién 16n nhu &
Viét Nam. Bai toan van hanh tdi wu da hd chira
1a mot bai toan rat phirc tap va di duoc nhiéu
nha nghién ctu trén thé giéi dé xuat va ap
dung nhiéu phuong phap, thuat toan, cong cu

Van hanh hé théng da hd chua diéu tiét nam
(dai han) 13 mot vin dé then chdt trong van
hanh hé théng tai nguyén nudc cua mot qudc
gia. Cac hd chtra 16n c6 vai trd quan trong
trong dam bao an ninh ngudn nudc, luong
thuc, ning luong trong d6 vin d& ning luong
hay san xuit dién ning 1a mot thanh phan <Y ! =
chinh trong thiét k& va van hanh hd chira. van ¢ giai quyet. Trude thap nién 80 cia the ky
hanh t5i wu phat dién dbi véi hé théng hd chira 20 hau hét cac thuat todn 61 wu déu dua trén

nén tang toan hoc nhu quy hoach tuyén tinh
Ngay nhan bai: 17/4/2023 (LP), aw hoach phi wyen A(NLP)’ hoge quy
Ngay thong qua phan bién: 12/5/2023 hoach dong (DP). K§ thuat DP (Bellman,
Ngay duyét dang: 01/6/2023 1957)[1] dugc ap dung nhi€u trong tinh toan
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van hanh hé thong tai nguyén nudc tuy nhién
n6 ¢6 mot nhuge diém 1a can giai s6 luong 16n
vé cac to hop tinh toan trong qua trinh tim

.....

trong hé thong ting 1én thi kha ning tinh toan
khong dam bao tham chi khong thuc hién duoc
do sy “bung nd vé t6 hop” va nhuoc diém do
cling dugc chinh tac gia chi ra d6 1a “curse of
dimensionality”. Cac thuat toan phat trién tir
DP dé giai quyét cac bai toan da hd chira ciing
dugc cédc nha nghién ciru dé xudt nhu hé
thdng 4 hd chura gia dinh ctia Larson (1968)[2]
v6i cac diéu kién rang budc ¢ thé tim dugc
nghiém t6i uu tong thé bang LP va ciing dugc
tac gia thuc hién bang IDP. Bai toan nhu 1a
mot md hinh mau 1y tuong dé cac nghién ciru
sau nay thir nghiém dé tim ra cac thuét toan
ma&i Heidari et al (1971)[3] da giai bai toan
bang ky thuit quy hoach dong sai phéan
(DDDP). Céc thuat toan phat trién tir DP c6
kha ning giai cic bai toan da hd chira tuy
nhién céc t6 hop tinh toan van rat 16n va chiém
nhiéu tai nguyén may tinh ciing nhu thoi gian
thuc hién. Véi céc bai toan thuc té khi céc diéu
kién rang budc va diéu kién bién phi tuyén tinh
thi sir dung céac thuat toan Quy hoach dong rat
kho thanh cong. Hién nay thuat toan tdi wu
PSO 1a mot k¥ thuat hiéu qua dé giai quyét cac
bai toan tbi wu da hd chira.

Thuét toan PSO dya trén tim kiém théng minh
dé tim cac giai phap tdi wu. Cu thé PSO dugc
md ta dya trén kha ning tim kiém thirc n cua
dan chim va duoc cai thién dan qua timg thé
hé. Hién nay, nhiéu nha nghién ctru & nhiéu
linh vuc 4p dung va cai tién thuat toan PSO
cho cong trinh nghién ciru cia minh. Mot sb
cong trinh nghién ciru trong phdi hop van hanh
thiy nhiét dién nhu S. Titus va A. Jeyakumar
(2007)[4] da s dung ky thuat PSO dé giai
quyét bai toan phéi hop thuy nhiét dién véi cac
ving van hanh bi cdm; V. Hinojosa va C.
Leyton (2012)[5] da trinh bay mot cach tiép

can méi dua trén tdi uu bay dan tién hoéa hon
hop-nhi phan (MB-EPSO) dé giai quyét bai
toan két hop thuy nhiét dién; V. Jadoun et al
(2015)[6] da sir dung k¥ thuat PSO duoc diéu
khién dong dé giai quyét bai toan van hanh tdi
vu hé théng thay nhiét dién. Trong linh vuc tai
nguyén nudc, thuat todn PSO cling ngay cang
dugc tmg dung rong rai cho cic hé thdng hd
chta don va da muc ti€u. Kumar va Reddy
(2007)[7] da dé xuit mot k§ thuat tdi wu hoa
bay dan dot bién dan uu ta (EMPSO), ap dung
noé cho mot hé théng da ho chira gia dinh va
mét hd chira da muc tiéu thuc té. J. Zhang et al
(2010)[8] ap dung cai tién thuat toan PSO dé
van hanh t6i wu hé thong 5 hd chua diéu tiét
dai han trén séng Minjiang, Trung Qudc.
Thuat toan PSO cho thdy ngdy cang phat huy
hiéu qua kha niang tng dung dé giai quyét cac
bai toan phurc tap da ho chira.

Trong bai bao ndy tic gia mudn trinh bay ap
dung thuat toan PSO cho hé thng 4 hd chira
16n diéu tiét dai han trén luu vuc song Pa bao
gom Lai Chau, Ban Chat, Son La va Hoa
Binh. Téac gia cling su dung thudt toan di
truyén GA dé danh gia va kiém ching két qua.

2. THUAT TOAN PSO

Thut toan PSO ban dau dwoc dé xudt boi
Kennedy va Eberhart (1995)[9] dya trén hanh
vi x4 hoi cua cac sinh vat nhu dan chim hoac
dan ca. Gidng nhu nhiéu k¥ thuat tinh toan tién
hoa khac, chang han nhu GA, thuét todn PSO
bat dau béng cach tao ra mot tap hop ban dau
cac giai phap tiém ning ngdu nhién va tim
kiém khong gian giai phap dé dat duoc mirc do
phit hop t6i wu theo co ché tdi wu hoa ciia no,
cai tién timg ca thé va tap hop (bdy dan) thong
qua mdt tinh toan lap di lap lai. Mdi cé thé c6
hai thudc tinh, vi tri va van tdc, duge ky hiéu
tuong ung la P (Positions) va V (Velocity), va
viéc cap nhat thudc tinh cta chung dua trén
kinh nghiém cua chinh ching va kinh nghiém
cla cac ca thé 1an can, tuong ung dai dién cho
cép d6 nhan thirc ca nhan va cép do nhéan thirc
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x4 hoi. Gia str khong gian nghiém 1a D chiéu,
vi trf cta ca thé thir i cua mot béy 6 thé duoc
biéu dién bing mot vecto D chiéu, P; =
(L, L. ., p5p)T. D6 vai t lan lap lai trude
d6, vi tri tot nhéat (best local) cua ca thé i
duoc danh dau 1a P, = (pl, ph.., pp)T Va céa
thé t6t nhit trong bay, v&i gia tri thich nghi
toan cuc (best global) tot nhat, duoc danh
ddula By = (p51, p52- .:pgD)T. Do d6, van tde
va vi tri méi cua ca thé thir i duge diéu chinh
nhu sau:

Vith = X[wvitd + o1 (pltd - pitd) (1)
+ o1y (Pgt;d - Pitd)]
Pid’t =i +vig" )

Trong d6 d =1, 2,.., D; ry va r2 1a hai sb ng'?lu
nhién phan b6 déu trong [0, 1]; c1 va ¢z 14 hai
hé s gia tdc 1an luot duoc got 1a mirc d§ nhan
thirc ca nhan va mirc dd nhén thirc xa hoi; o la
hé $6 quén tinh, va y 1a hé s6 co thit dé dam
bao kha nang hdi tu.
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Hinh 1: Luu do thudt toan PSO
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Quy trinh thyc hién thuat toan PSO dugc thé
hién nhu Hinh 1.

3. BAI TOAN AP DUNG

Pé danh gia k¥ thuat toi vu duoc dé xuat, hé
thdng 4 ho chira diéu tiét nim Lai Chéau, Ban
Chat, Son La va Hoa Binh (Hinh 2), dugc
xem 1a mot trudng hop nghién ciu dé phat
trién cac chinh sach van hanh ti uu hd chira.
Thuy dién Hudi Quang nim bac dudi thiy
dién Ban Chat khong duoc xét t6i trong so dd
do hd chira nay chi diéu tiét ngay dém. DPap
thuy dién Lai Chau, Son La, Hoa Binh nam
trén dong chinh cua song Pa, con dap thuy
dién Ban Chat nam trén nhanh Nam Mu d6
vao ho Son La. Ho chira Lai Chau, Ban Chét
c6 nhiém vu chinh la phat dién; hd Son La
ngoai nhi¢m vu phat dién con c¢6 nhi€ém vu la
phong 11; hd chira Hoa Binh 13 mot hd chua
da muc tiéu vé phong 1i, phat dién, cip nudc
thuy loi, cép nudc sinh hoat, duy tri chét
lugng nudce ¢ ha du.

F ]

L LAl CHAT
g 2. BAN CHAT

HUO! QUANG

3. SON LA

4. HOA BINH

Hinh 2: Hé thong 4 hé chiva diéu tiét nam
trén luu viee song Pa

H6 thity dién Lai Chau c6 dung tich hitu ich
0.8 ty m® MNDBT la 295m; cong suét lip
may 1200MW. Hd thay dién Ban Chét co
dung tich hiru ich 1.7 ty m®;, MNDBT la 475m;
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cong suat lap may 220MW. Ho chira thuy dién
Son La c6 dung tich hitu ich 1a 6.5 ty m3; dung
tich phong 1 14 4.0 ty m®; cong sut lap may
2400MW. H chira thuy dién Hoa Binh c6
dung tich hitu ich 1a 6.06 ty m3; dung tich
phong i 1a 3.0 ty m% cong sudt lip may
1920MW.

Mo ta bai toan:

Ham muc tiéu dugc xem xét trong mo hinh la
t6i da hoa san lugng thiy dién hang nim cua
hé thdng 4 ho chira.

Max E = ¥f %120 9.810;,:Q; ¢ H; e AT;, (3)
Trong d6 dién niang E hang nam (108 KWh); i-
chi s6 ho chira trong mé hinh; t =0 = 11 twong
tmg véi s6 thang trong 1 nam; 00t hiéu suit
tude bin; Qi luu lwong xa ra tir tuabin thiy

e o o
{Si(t+1)}=4S§(t)}+{li(t)}+
s,e+1) o) o)

- Piéu kién rang budc vé dung tich:
SIS Sy < S (6)

Trong d6 Si™", S twong tng 1a dung tich tdi
thiéu va dung tich toan phan cua hd chira i.
Ngoai ra Sit phai théa man duong cong dac
tinh 1ong hd i va quy trinh van hanh lién ho
chtra [10].

- Piéu kién rang bugc vé luu lwong xa:

Q"™ < Qi < Q'™ (7)
Trong d6 Qi™", Q™ twong ung la luu luong
x4 qua tudc bin to1 thi€u va to1 da cia ho chira
i. Ngoai ra Qit phai théa man duong cong dac
tinh van hanh luu luong cia tude bin hd i.

- Diéu kién rang budc vé muc nuoc theo Quy
trinh van hanh lién ho chira :

Zmin < 7, < 7 (8)

min max

Trong do Z;;", tuong Ung la muc

dién ho i trong giai doan t (m®s); va Hig, cot
nudc phat dién cua thuy dién hd i trong giai
doan t (m); ATitthoi gian phat di¢n trong giai
doan t cua hd i (gio).

Céac diéu kién rang budc:
- Phuong trinh lién tuc:
Si,t+1 = Si,t + i+ MR, 4)

Trong d6 Siy, lit, Rit trong tng 1 dung tich ho
chtra, dong chay vao hd, luong xa ra khoi hd
chura i tai giai doan t; Siw11a dung tich ho chira
tai giai doan tiép theo; M 13 ma tran hé sb thé
hién dong chay vao hodc ra khoi hd chira.

Hé théng c6 4 hd chira duoc quy dinh hd 1:
Lai Chau, h6 2: Ban Chat, hd 3 : Son La, hd
4: Hoa Binh, phuong trinh lién tuc biéu dién
nhu sau:

-1 0 0 0 (ngtg\
-1 0 o0]]R(t
1 -1 0 {R;(t)} ©)

o 1 -tlg,

nudc to1 thiéu va toi da cua ho chura 1 ¢ thoi
doan t theo quyét dinh cua Quy trinh van
hanh lién ho chua.

- Diéu kién rang budc vé cong suat:

Nimin S Ni,t S Nl_max (9)

Trong d6 Ni™", Ni™® tuong (mg 1a cong suét
phéat t6i thiéu va t6i da cia nha may thay
dién hd chua i. Ngoai ra Ni¢ phai thoa man
duong cong dic tinh van hanh cia tube bin
thuy dién ho i.
- DPiéu kién rang bugc vé luu lwong xa
yéu cdu:

Cc
Qi = Q7 (10)
Trong d6 Qiy tc 1a luu luong xa yéu cau hang
thang ctua hd chta i, nd phu thudc vao nhu cAu

loi dung tong hop ngudn nudc cho cac muc
dich khac.
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- Diéu ki¢n rang budc vé dung tich dau va cuoi
chu ky tinh toan:

y+1 _ ¢y
Si,o _Si,T

(11)
Trong d6 S7; " 1a dung tich dau thoi doan tinh
toan cua nidm tiép theo cua hd chua i; Sg’T la
dung tich cudi thoi doan tinh toan cua nim
hi¢n tai. Diéu kién ndy dam bao tinh lién tyc
ctia myuc nude hd chtra giira cac ndm tinh toan
lién tiép nhau.

4. PHAN TiCH KET QUA

Trong bai toan van hanh t6i wu hd chira bang
k¥ thuat PSO céc c4 thé dugc khoi tao ban dau
gdm 2 tap thudc tinh twong tmg véi vi tri va
van tdc ban dau. Boi véi truong hop 4 hd chira
Lai Chau, Ban Chat, Son La va Hoa Binh
dugc tinh todn voi 12 budc thoi gian (12
thang) tuong tmg c6 48 bién quyét dinh dugc
biéu dién trong 2 tap thudc tinh. Do d6, mdi ca
thé dai dién cho mot giai phap tiém nang cho
bai toan bao gdm 48 gia tri thuc dugc tao ngiu
nhién gilta cac gidi han dudi va trén duogc xéac
dinh trude, va dam bao cac bién quyét dinh
dugc gan 1a cac bién lién tuc va bao phu toan
bd khong gian tim kiém. Chon nam tinh toan
1a ndm kiét thiét ké (P=95%) tuong tmg véi
nim thiy van dién hinh 1992-1993. Két qua
tinh toan dugc so sdnh véi phuong phap tinh
theo thuét toan di truyén GA .

Kich thude quén thé 1000 dugc chon dé co thé
duy tri mtrc 6 da dang vé dic tinh cia timg ca
thé. S6 lugng thé hé duoc chon 1a 3000. Su
thay d6i cua gia tri ham thich nghi téi da voi
s0 thé hé ciia 2 phuong phap dugc thé hién
trong Hinh 3. C6 thé quan sat thdy tir biéu dd
rang PSO, GA lién tuc cai thién giai phap qua
ting thé hé. Pudng cong tao ra tir PSO ¢ do
ddc 16n hon GA trude thé hé 300 va dat duoc
gié tri thich nghi gan véi gid tri toi da trong khi
dudng cong GA dat gia tri thich nghi nhdé hon
tuong dbi nhiéu. Trude thé hé 1200 GA lién
tuc cap nhat cac gié tri ham thich nghi méi va
dan dat gia tri 6n dinh. Sau thé hé 1200 toc do
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cai thién cta 2 phuwong phap chdm dan va dat
dén gia tri 16n nhit. Thoi gian chay cta 2
phuong phap khoiang 30 phuat trén may tinh
Core i7-2.5GHz, RAM 32GB.

FIINGSS VALLES

3 1008 10
WLMERATION

Hinh 3: Sw thay déi gid tri ham Fitness
theo thé hé ciia 2 phirong phdp

Gia tri ham thich nghi ti da chinh 1a gi4 tri dién
luong trung binh nim 16n nhat cta nim tinh
toan. Véi sb thé hé duge chon 1a 3000 thi gia tri
muc tiéu cta hé thong 4 hd thu duoc tir PSO 1a
23003.3 (GWh), GA 14 22042.5 (GWh). Piéu d6
cho thiy phuong phéap PSO cho giai phap tot
hon so v6i GA. Dé c6 duoc két qua do do co ché
tim kiém giai phap t6i vu cua PSO duya trén cai
thién muc tiéu cia timg ca thé trong khi GA chi
dwa vao co ché di truyén véi vat lidu di truyén it
thay ddi (thay doi mét ty 1¢ nho do dot bién qua
timg thé hé). Néu trong qua trinh khéi tao ban
dau ciia GA khong co bo gen tot thi GA kho dat
dén toi uu tong thé. Chinh vi nguyén nhan do
PSO ¢6 thé cho cac giai phap toi uu tong thé
trong cac diéu kién hop 1y.

Gia tri muc tiéu vé dién luong con phu thude vao
muc nude ban dau. Ddi véi tinh toan cho chudi
nam thi myc nude dau nam tinh todn phai bing
v&i muc nude cudi ndm ctia nam trude do dé dam
béo tinh lién tuc. Trong bai bdo nay tac gia chon
nam tinh toan 13 nam kiét thiét ké va gia thiét muc
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nuéc dau thoi doan tinh toan 1a muc nudc thap
nhit cia cac hd chira. Trong van hanh thyc té
muc nude ndy can phai xac dinh trudc thong qua
tinh toan chudi nam hodc thu thap tir s liéu van
hanh. Hinh 4, 5, 6 va 7 thé hién sy thay d6i muc
nudc hd chira trong 12 thang cua 2 giai phap do
PSO va GA tinh toan. Quy dao muc nude dugc
quyét dinh thong qua cac giai phap dat gia tri t6t
nhit ctia ham muc tiéu. Muc nude cta cac hd
chira déu c¢6 xu hudng ting 1én vao mua li va
gidam vao mua kiét. Do ndm tinh toan 1a nam kiét
thiét ké nén muc nude cudi thoi doan tinh toan
cta cac hd xudng vé muc nudc thap nhét. Quy
dao muc nudc do 2 phuong phép tuy c6 thay ddi
nhung phan anh xu huéng chung ctia qua trinh
lam viéc dong thoi ctia 4 hd chira.
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Hinh 4: Muc nuée ho Ban Chat
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Hinh 5: Muc nude ho Lai Chdu

" &
"\ | =
(! .‘, ‘-..~
0 Ia" . T
. A )
FFy-o]
194 | ] |\ //\ ": ﬁ
108 /' { \ / \\ / \
T [ 1 ¥ b'l |
' f A A
CH / _." 1
108 /". 1 \|
g :
L] / ! h
% # AR
y '/"/ ‘:"4" Kf.‘
M I
by 1093 October 1062 Jersary 1903 Agrd 1000
1107 DOAN [ THANG |
Hinh 6: Muc niweéc ho Son La
& =0
? s - o
//.-—0’ l
15 R
. ;'Y-\'r’ ot |I
1 J
N . e |
: \VARE|
o A W
| 1 'l |
-k
|
_ [
8 I| 1
- . | fi
m 1 \ A \
.':" 'l I. |
:'l’ g1 |
[ ',', " |
B .'(' || ‘
/o |
T = b
Ay e Dot o0 BNy 1902 Agrt1ws2

THOT DOAN [THANG |

Hinh 7: Muc nuée ho Hoa Binh

5. KET LUAN

Bai bao trinh bay co s ap dung thuat toan tbi
wu PSO vao hé théng da ho chira thuy dién bac
thang. Tinh todn ap dung cho hé théng 4 ho
chura thuy dién diéu tiét nam trén luu vuc séng
ba la Lai Chau, Ban Chat, Son La va Hoa
Binh. Két qua duoc so sanh v6i phuong phéap
su dung thuat toan tdi uwu di truyén GA. Két
qua cho thay phuong phap PSO cho giai phap
tdt hon vé gia tri ham muyc tiéu khi cung )
phan tir va thé hé tinh toan. Toc d6 hoi tu cua
PSO ciing nhanh hon GA khi méi ¢ thé hé thu
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300/3000 thi PSO gin dat gi4 tri tdi da trong dung cho cic bai toan hé théng hd chua véi
khi GA tiép tuc phai cai thién giai phap. Piéu  ham muc tiéu phi tuyén va diéu kién rang budc
d6 cho thiy PSO la k¥ thuét t6i wu c6 thé ap  phuc tap.
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