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ABSTRACT

In this paper, the Metaheuristic algorithms has been employed to find the
optimal solution for optimal power flow problem of hydro-thermal power
plant. Some algorithms for search and optimization including the latest
trends in evolutionary algorithms were examined to prove the effectiveness.
As results, the analysis of these algorithms shows that they are useful to solve
the scheduling problem of the thermal and hydroelectric power plants
because they can achieve a good solution and results with a minimum
running time in optimal conditions. With these algorithms, Adaptive
Selective Cuckoo Search algorithm is most effective since it can obtain the
lowest objective function with the lowest maximum number of iterations.
The results also show that Differential Evolutionary algorithm, Bat
algorithm, and Particle Swarm Optimization algorithm are less effective but
they still achieve feasible solution.

Cii Tién Giai Thuat Tim Kiém Cuckoo C6 Pap Ung Cho H¢ Thong Phat Pién Sir
Dung Céc DPieu Kién Cia Lwéi Pién Truyen Tai

Nguyén Trung Thing’, Nguyén Ngoc Thiém? Lé Chi Kién®"

YTruong Dai hoc Tén Dirc Thang, Viét Nam

2Tywong Pai hoc Cong nghiép Thanh phd Hé Chi Minh, Viét Nam
3Truong Pai hoc Su pham Ky thudt Thanh pho Ho Chi Minh, Viét Nam

* Tac gia lién hé. Email: kienlc@hcmute.edu.vn

THONG TIN BAI BAO

Ngay nhén bai: 9/6/2022
Ngay hoan thién: 23/6/2022
Ngay chdp nhan dang:  5/7/2022
Ngay dang: 30/8/2022
TU KHOA

Chon loc thich nghi;

Giai thuat tim kiém;
Phan bé cong suit;
Thuy nhiét dién;
Rang budc truyén tai.

TOM TAT

Bai bao nay cho thy tiém ning cua giai thuat tim kiém Metaheuristic dé phan
bé cdng suit tac dung cho hé théng phat dién két hop sur dung nha may thuy
dién va nha may nhiét dién. Cac thuat toan tim kiém t5i wu phd bién da duoc
cai tién voi hiu qua cao nhét. Tinh hiéu qua cua cac giai thudt dugc xem xét
trén nhiéu nha may trong hé théng. Két qua ciia nghién ctru dugc so sanh voéi
céc cong bd trude day dé cho thiy tinh wu viét, tim ra cach van hanh tot nhat
va linh hoat lya chon ché do van hanh cho ting truong hop thuc té. Két qua
trong nghién ctru day cho thdy giai thuat Cuckoo dap tng Cho két qua kha
quan nhit. Trong cac giai thuat xem xeét, giai thuét dan doi, tién hoa vi phan,
va téi uu bay dan cho két qua khong t6i wu, tuy nhién van c6 thé duoc ing
dung trong nhirng hé théng nhé véi cu trac don gian.
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1. Gi6i thiéu

Phan b dong cong suat ti uu (Optimal Power Flow — OPF) 1 van d& kho khin khi xem xét rat nhiéu
diéu kién trén ludi dién truyén tai nhu diéu kién vé dién ap tai cac nut, dién ap phat ciia cac ngudn phét,
rang budc vé cong suit biéu kién, cong sudt tu bu ngang va dién ap thir cAp ctia cic may bién ap [1]. Bén
canh bai toan OPF, bai toan phdi hop hé thong nha may thiry dién va nha may nhiét dién (Hydrothermal
Scheduling — HTS) phirc tap bai cac rang budc tir ho thay dién va thoi gian didu do trong thoi gian dai
chia ra thanh nhiéu khoang xem xét. Gia tri & cac khoang anh huong qua lai dén 1oi giai cudi cung. Vé
diéu nay, OPF thuong chi xem xét mot khoang thoi gian hodc néu nhiéu khoang thi cac gia tri gitra cAc
khoang cting khéng anh huang voi nhau.

Tir d6 bai toan phan bd dong cong suat t6t nhat cho hé théng nha may thuy dién va nha may nhiét
dién (Hydrothermal Optimal Power Flow — HTOPF) s& xét dén tat ca cac diéu kién cua bai toan OPF va
bai toan HTS. Hién nhién, tinh phtc tap do cac rang budc trén ludi truyén tai va tinh phac tap cua hd
nude thuy dién véi nhiéu khoang thoi gian s& trg thanh thach thic 16n cho bai toan HTOPF. Xét cho
dén thoi diém nay, c6 rat it phuong phép giai vin d& HTOPF. Cac cong trinh trudc ddy di ap dung cac
giai thuat truyén thong véi muyc tiéu dat ra 1a co thé giai quyét céc diéu kién hon 1a tinh toan chi phi tdi
uu [2-5].

Vi nhitng 1y do trén, nghién ctru trong bai bao nay s& ap dung mot sd thuat toan tim kiém
Metaheuristic tiéu biéu nhu giai thuat tién hoa vi phan (Differential Evolution — DE), giai thuat Cuckoo
(Cuckoo Search Algorithm — CSA), cac giai thuat tdi wu bay dan (Particle Swarm Optimization — PSO),
giai thuat dan doi (Bat Algorithm — BA) va cac phién ban cai tién cua cac thuat toan nay [6-7]. Cac két
qué s& dugc kiém chimg trén hai hé thong IEEE 30-bus va 118-bus [8].

2. Mb hinh bai toan phan bd cong suit ti wu hé théng nha may thiy dién va nhiét dién
2.1. Ham muc tiéu
Chi phi phat dién nho nhat

Min Cr = ¥h-1 X4 tmFim (1)
Trong do:
Cr: tong chi phi san xuat dién trong khoang pham vi xem xét
tm: thoi gian caa khoang thir m
Fim: chi phi san xuat dién mdi gio ciia nha may thir i trong khoang m
Trong hé théng dang c6, viéc diéu chinh cong suét trong qua trinh van hanh dung viéc diéu tiét lugng
nude lam thay d6i 16n dén chi phi nhién liéu, dan dén viéc tinh toan chi phi dugc biéu dién nhu sau.

Fim = dgj + bsipsi,m + CSiPSZi,m + |dsisin[esi(PSI}lin - Psi,m)” (2)

2.2. C4c rang bugc hé théng nha may thay dign va nhiét dign

Chi phi nhién liéu

Cong suit

Hinh 1. Ham chi phi trong qud trinh vdn hanh tang céng sudt
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Rang budc thé tich nuée

Zg:ltm(h,m = ij; j=1.N (3)
Rang budc may phéat
Pgi,min < Pgi < Pgi,max}i =1.. Ng (4)
Qgi,min = Qgi < Qgi,max;i = 1..Ng (5)
Rang budc dién 4p may phat
Vgi,min < Vgi < Vgi,maxii =1.. Ng (6)

2.3. Cac rang bugc lwgi truyén tdi

Phuong trinh c¢6ng suit phan khang va cong suat tic dung

Ppi - Pfi = V] Z?I:ni Vi[GjiCOS(Sj - 81) + B]151n(8] - 81)] ;j =1.. Nm (7)

Qpi + Qdi - QCi = V] Zi\lzni VI[GJISIH(SJ - 81) + BjiCOS(§j —‘ 81)] ;i=1.. Nm (8)

Trong do Psi, Qci 1a cong sudt tai tai thanh cai i va Pyi, Qpi 12 cong suat ddu ra ctia cac ngudn phat thiy
dién va nhiét dién.
Gidi han ty bu

i Qdinn < Qai < Qaim;i=1..Ng 9)
Gidi han dau phan dién &p
Tipn < T < Tjn;i=1..N, (10)
Diéu kién dién ap trén tai
, Vhinn < Vhi < Vhins 1= 1..Ng (11)
Gioi han cong suat duong day
S] < Sl,max;l =1.. Nl (12)

Trong do Sy = max(|Sy|, |S;i)

3. Cac thuit toan Metaheuristic

3.1. Lwa chon théng so

Lya chon thong s6 cho thuat toan CSA: P, ¢6 3 gid tri tir 0,7 dén 0,9 va ngudng duoc chon bing
103

Lua chon thong sb cho thuat toan PSO: ¢; va ¢, dugc chon 2,05 VA omax €O 4 gia tri tir 0,7 dén 1
va omin €0 3 gid tri tir 0,1 dén 0,3

Lua chon théng sb cho cac phuong phap DE: chi sé bién d6i MF va chi s6 ghép CR lan luot duoc
chon 0,2 dén 1,2 va 0,2 dn 0,8

Lua chon thdng s6 cho cac phuong phap BA: Po 6n A dugc chon bang 1 va ti 18 phat sung r dugc
chon tir 0,1 dén 0,5

Tap hop bién va s6 vong lap 16n nhit duoc chon cho cac thuat toan nhu trong Bang 1 voi thuat toan
CSA st dung dan s nho hon cac thuat toan khac cho hai hé théng. Bén canh dé, thuat toan CSA st
dung 300 vong lap trong khi d6 tat ca thuat toan khac déu st dung 400. Cac thuit toan nay duoc kiém
tra trén hai hé théng IEEE 30-bus va 118-bus.

Bang 1. Lya chon thong s6

H¢ thong 30-bus H¢ thong 118-bus
Thuét toan
Np G max Np G max
PSO 20 150 40 400
DE 20 150 40 400
BA 20 150 40 400
CSA 10 150 20 400
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3.2. Thudt todn tim kiém Cuckoo

Khéi tao Np to chim X gom:
P, oin +rand, *(P, .., - P,

si,min si,mm)

qim.d :qj,mm +ra"d2 *(qj,mﬂx _qj,mm)

Tinh toén cong sudt cho tit cd nha méy
thuy dién va nhiét di¢n con lai

}

- Goi Xy la Xbesty
- Chon Xbest, c0 fitness nho nhat la Gbest

]

Tao nghi¢m mai sir dung Lévy flights

P,

simd =

Fy

X;™ = Xbest, +axrand, xAX;™

v

- Kiém tra va hiéu chinh nghi¢m mdi.

- Tinh cong sut cho tét ca nha may con lai.
- Tinh ham fitness cho tit ca Xbests
- So sanh nghiém cii va méi dé giir lai nghiém tbt hon
v
Tao nghi¢m mdi boi phét hi¢n trimg la
X% = Xbest, + Kx A&

v

- Kiém tra va higu chinh nghiém méi.

- Tinh cdng suat cho tat ¢z nha may con lai.

- Tinh ham fitness cho tat ca Xbest,

- So sénh dé giit lai nghiém t0t hon va tim nghiém tot nhét Gbest

Ding

Hinh 2. Luu dé gidi thudt CSA

3.3. Thudt todn téi wu bay dan

Chon thong sd diéu khién
Np, Max,

Khai tao Np nghiém CT(17)

va van toc CT(20)

Y

Tinh gié tri Fitness cho
timg cd thé CT(25)

L2

Xéc dinh cac ca thé
F X FGbe.st 2 XGbest

Best * “™ Best ?

v

Cap nhat van toc va vi tri
Ve, X nhue muc 4.2.3

L]

Tinh gié tri Fitness cho vi tri
mdi clia cac ca the F""CT(25)

Pung
FBest = F”ew
X = XHEW

Best

Y

P

Xac dinh Fipest> X pest

14

Dung

Sai

Dimg va xuit két qua
F, . X

Gbest ? “™ Gbest

Hinh 3. Luu do gidi thudt PSO
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3.4. Thudt todn tién héa vi phin 3.5. Thudt toan dan doi

Bit dau

| Khoi tao thuat toan

Nhip thong s6 ¥
thuat toan i=1
: Py =0
!
Tao ngau nhién Tao ngau nhién Duty
quekm thé ban dﬁu Cycle cho inc"n cathéi
‘l' I Tim duoc vpy va ipy
Tinh toan ham fitness cua I
tit ca ca thé | Tinh cong sudt Ppy(i) |
% v

| Ham Fitness(i) = Ppy |

Chon ngau nhién ba
ca thé trong quan the

v

Py.q = Fitness(i)
Dy = D(i)

Sinh ra dot bién |
J’ Pa danh gia
Lai ghép tht cd cd thé
Chon loc
g=gtl

Pat t4i s6 thé hé
tién hoa to1 da?

Két thiic

Hinh 5. Luu do gidi thudt BA

Lay ca thé t6t nhat

Két thac

Hinh 4. Luu d6 gidi thudt DE

4. Két qua
4.1. Két qua hé théng 30-bus

Hé théng bao gdm cac may phét chay bang turbine hoi va may phét thay dién. Thoi gian phan b
cong suat trong mot ngay dém 24 gid s& bi chia thanh hai phan thoi gian 12 gio. Tai ¢ khoang thir nhat
dugc ¢ dinh nhu théng s trén lugi 30 bus trong khi do tai ¢ phan thir hai bang 75% phan thi nhat. Két
qua dugc bdo cao trong Bang 2. Gia tri chi phi dugc xép hang nhu cac sb trong diu ngodc don. Ti 1é
thanh cong ciing duoc xép hang tuong tu. Két qua cho thay CSA xép hang 1 ca vé ti 1é cho két qua toi
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vu va chi phi. Thuat toan BA cho két qua vé chi phi kém nhét trong 4 thuét toan, trong khi xét vé ti 1¢
thanh cong thi thuat toan PSO cho két qua kém nhat mac du thudt toan nay cho két qua vé chi phi gan
tuong duong thuat toan CSA. Nhu vay rd rang 13 thuat todan CSA hiéu qua nhat trong bon thuat toan ddi
v6i hé thong dién IEEE 30-bus.

0.46
- 0.41
042 04 |
B 04f B 039 [
038 § \
038 }
g 0.36 =
£ 034 E 0.37
0.32 0.36 |
03 0.35
0 ‘5 1l0 1’5 2IO , ‘2‘5 3|0 315 4IO 4l5 50 0 |5 1|0 1I5 2‘0 zls 3.0 3Is 4Io 4I5
S0 lan chay S6 lan chay
————— PSO —— DE ----- PSO —— DE
—— CSA —— BA —— CSA —— BA
Hinh 6. Tinh héi tu cho hé théng IEEE 30-bus Hinh 7. Tinh héi tu cho hé thong IEEE 118-bus

Bang 2. Két qua tinh toan cho hé théng IEEE 30-bus

Thuat  Chi phi thdp nhat Chi phi binh quan  Chi phi cao nhat D¢ léch chuan  Ti 1¢ thanh cong

toan [$] [$] [$] [$] [%0]
PSO  13.723.968[2] 13.773.031 14.198.212 72.992 63,92 [4]
DE  13.799.042 [3] 14.073.579 14.951.523 251.901 70,42 [3]
BA  13.802.683 [4] 14.426.703 15.421.417 299.556 80,65 [2]
CSA  13.720.794[1] 13.757.250 13.817.511 21.818 84,75 [1]

4.2. Két qua hé thong 118-bus

Heé thong gom 45 may phat, 54 bus va 168 nhanh voi 9 may bién thé va 14 bo ty bu dit tai 14 bus
khac nhau. 24 gid trong ngay dugc chia ra lam hai khoang 20 gid va 4 gio. Khoang thir nhit mang tai
100% trong khi do khoang thir hai mang tai 70%. Két qua duoc trinh bay trong Bang 3. Két qua cho
thy thuat toan CSA xép hang 1 vé chi phi trong khi d6 v€ ti 1¢ thanh cong thi thuat toan nay x&p hang
3. Ti1¢ thanh cong cua PSO x€p hang 1 nhung x€p hang vé chi phi thi thuét todn nay lai kém nhat trong
4 thuét toan so sanh. Thuét todn DE c6 chi phi xép hang 2 nhung ti 1¢ thanh c6ng lai kém nhat, trong khi
thuat toan BA c6 chi phi xép hang 3 nhung ti 1¢ thianh cong lai dugc xép hang 2. C6 thé coi nhu thuat
toan DE va BA cho két qua gan tuong dwong nhau, nhung thuét toan DE cho két qua chi phi nhé hon
nén sé& c6 loi thé hon thuat toan BA.

Bang 3. Két qua tinh toan cho hé thong IEEE 118-bus

Thuat Chi phi thip nhat Chi phi binh quan  Chi phi cao nhat Do léch chuan Ti 1¢ thanh cong

toan [$] [$] [$] [$] [%]
PSO 2.928.368 [4] 3.198.327 3.751.568 212.932 76,92 [1]
DE 2.803.582 [2] 3.026.422 3.533.879 178.902,7 61,73 [4]
BA 2.854.678 [3] 3.070.512 3.539.901 137.070,4 72,46 [2]
CSA 2.787.516 [1] 3.025.943 3.630.107 192.463,9 63,29 [3]
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5. Két luan

Bai bao nay cho thay tiém ning ciia CAC giai thuat tim kiém Metaheuristic dé phan b6 cong suét tac
dung cho hé thdng phat dién két hop sir dung nha may thity dién va nha may nhiét dién. B6n thuat toan
pho bién di dugc xem xét va cho thay cac két qua khac nhau. Két qua cho thiy thuat toan CSA 1a phuong
phép t6t nhit trong cac truong hop kiém chimg, trong khi d6 thuat toan BA va PSO lan luot kém hiéu
qua nhat déi véi ludi 1IEEE 30-bus va ludi 118-bus. D4i voi ludi 30-bus thi thuét toan PSO cho ti 18
thanh cong thap nhat trong 4 thuat toan, tuy nhién néu xét vé tinh kinh té thong qua chi phi thi thuat toan
nay tot hon so voi cac thuat toan DE va BA. D6 voi ludi 118-bus thi c6 thé coi nhur giai thuat tién héa
vi phan va dan doi cho thay hét qua khong chénh 1énh nhau, nhung két qua ciia giai thuat tién hoa vi
phéan dua ra chi phi nhé hon nén s& ¢6 loi thé hon giai thuat dan doi. Bén thuat toan duoc khao sat trong
bai bao nay da chimg t6 dugc tinh hiéu qua trong cé4c tinh toan vé t6i wu ca vé ky thuat va kinh té cua
hé thdng két hop thuy dién va nhiét dién, dong g6p lam nang cao hiéu qua van hanh cta hé thong phét
dién két hop ¢ Viét Nam.
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