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Tém tit. Thi truong dién ra doi da mang lai nhiéu lgi nhuan xa hoi. Tuy nhién, n6 ciing 1am cho hé thong
thuong xuyén bi nghén mach. Nghén mach lam anh hudng tryc tiép dén cac hop ddng giao dich, 1am
giam loi nhuén xa hoi. Vi vay, dé giam nghén mach, cuc dai loi nhuan xa hoi, can phai xay dung moi cac
duong day truyén tai. Piéu nay thuong gap nhleu kho khin tir viéc diéu tiét chinh sach ciia nha nude va
mdi truong. Do do, viée can bang lai cong sudt trong hé thong bang cach sir dung thiét bj Thyristor
Controlled Series Compensator (TCSC) dé nang cao kha ning truyen tai va cyc dai loi nhudn xa hoi la
mot trong nhing van dé _quan trong d6i voi nguoi van hanh hé thong dién. Dé giai quyét van dé nay, mot
sO giai thuat tim kiém bay dan di dwoc dé xuat trong cac nghién ciru trude. Tuy nhién, viéc ap dung giai
thuat Cuckoo Optimazation Algorithm (COA) dé giai quyét vin dé nay chua duoc cic nhom nghién ciru
dé xuat trudce day. Vi Vay, trong bai béo nay, giai thuat Cuckoo Optimazation Algorithm (COA) da dugc
dé xuét va ap dung dé giai bai toan t6i wu cuc dai loi nhuan xa hoi théng qua xac dinh vi tri va dung luong
hop 1y cia TCSC. Phuong phap d& nghi dugc kiém tra trén trén hé théng IEEE 14 n(t va két qua mo
phong dugc so sanh vai cac giai thuat Genetic Algorithm (GA) Grey Wolf Optimization (GWO) da cho
thiy, COA ciing 1a mot trong nhitng phwong phap hitu ich dé t6i uu lap dat TCSC dé cuc dai loi nhuan xa
hoi.

Tu khoa. Loi nhuan xa hoi, nghén mach, thi truong dién, TCSC, FACTS

ENHANCING SOCIAL WELFARE IN ELECTRICITY MARKET WITH TCSC
DEVICE USING CUCKOO OPTIMAZATION ALGORITHM

Abstract. The creating electricity market has brought much social welfare. However, it also causes the
system to frequently congestion. Congestion has a direct impact on trading contracts and reduces social
welfare. Therefore, in order to eliminate congestion, maximum social welfare, need to build new
transmission lines. This is often difficult from regulating state and environmental policies. Thus,
rebalancing power flow by using TCSC to improve its transfer capability and maximization social welfare
is on of important problems for operator system. In order to solve this problem, many algorithms
metaheuristic have been proposed in previous reseach. However, the application of Cuckoo
Optimazation Algorithm (COA) to solve this problem hasn’t been proposed by the research groups
before. Thus, in this paper, COA has proposed and applicated to solve the OPF problem for maximization
the social welfare via optimal installation of TCSC devices. The method proposed is tested with IEEE 14
bus test systems. Result simulations are compared with GA and GWO show that the COA also is one of
the useful methods for TCSC installation to maximum social welfare.

Keywords. Congestion, Social Welfare, Electricity market, TCSC, FACTS.

1. GIOI THIEU

Xu huéng chuyén dich tir h¢ thong dién doc quyén co cau theo chiéu doc sang thj truong dién canh
tranh da va dang dién ra manh mé & nhiéu nudc trén thé gisi. Tai Viét Nam, 16 trinh cho viéc ap dung thi
truong dién cling da duoc Thu twéng Chinh phu phé duyét. Hién nay, dang dp dung nhimng budc thi diém
va sau do tién t6i xay dung mot thi trudng dién canh tranh. Viéc xuat hién thi truong dién da 1am ting nhu
cau tiéu thy dién va mang lai nhiéu lgi nhuan x& hoi. Tuy nhién, diéu nay 1am cho hé théng thuong xuyén
bi ngh&n mach do su gia ting nhu ciu tiéu thu dién va cac giao dich cong suat phat sinh ngoai ké hoach
dinh truéc. Nghén mach lam cho gia dién khac nhau dang ké giita cc viing véi nhau. Day 1a nguyén nhan
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chinh lam méo dang thi truong va giam lgi nhuan x& hoi, trong khi muc tiéu chinh cua thi truong dién la
nang cao loi nhuan xa hoi. Vi vay, dé giai quyét van dé nay, can phai xay dung méi cac duong day truyén
tai. Nhung viéc nay thuong gap nhiéu khé khin do chinh sach nha nudc va méi truong. Do do, nang cao
kha niang truyén tai cua ludi dién hién hitu bang cach su dung thiét bi (Flexible Alternating Current
Transmission System) FACTS d¢ dap tmg day du céc giao dich cong suét trong thi truong dién tro thanh
mét trong nhiing thach thirc cho ngudi van hanh hé théng dién.

Trong s6 cac thiét bj FACTS [1], Thyristor Controlled Series Compensator (TCSC) Ia thiét bi hiéu
qua trong viéc diéu khién phan b lai dong cong suat trong hé thdng, giup hé thdng hién hiru ¢ thé nang
cao kha nang truyén tai. Vi vay, viéc lap dat TCSC trén hé thong truyén tai la giai phap thay thé tét nhat
dé giai quyét ngh&n mach va cuc dai loi nhuan xa hoi.

Mot s6 c¢ong trinh nghién ctru tdi wu hoa loi nhuan xa hoi sit dung FACTS dé duoc dé nghi. Lin et al.
[2] sir dung phuong phap diém noi dé ma rong hé thong véi UPFC dé tbi da hoa loi nhuan xa hoi va quan
ly tic nghén. Yu et al. [3] sir dung chuong trinh phi tuyén tinh hn hop dé xac dinh vi tri téi wu cta
FACTS dé ti da hoa loi nhuan x& hoi dwa trén nhiéu khoang thoi gian. Giai thuat di truyén [4] duoc st
dung dé t6i uu hoa lip dat TCSC dé quan ly nghén mach va cyc dai loi nhuan xa hoi. Trong [5] dé nghi
giai thuat (Fuzzy-GA) dé cuc dai lgi nhuan x& hoi théng qua tdi wu hoa lip dat TCSC. Giai thuat GA va
GWO di duoc d& nghi trong [6] dé cuc dai loi nhuan xa hoi c6 thiét bi TCSC.

Gan day, mot giai thuat tim kiém bay dan goi 1a Cuckoo Optimization Algorithm (COA) dugc deé
Xuit boi Rajabioun, R. [7]. Giéng nhu giai thuat CSA [8], COA bit dau bai mot quan thé ban dau. Quan
thé chim Cuckoo ¢ nhitng moi truong song khac nhau bao gom 2 ddi twong la chim Cuckoo va tring.
Trong sudt qua trinh dau tranh sinh ton mét s6 con Cuckoo hoic trang cua no bi tidu diét, s6 con lai sé di
chuyén t6i moi truong sbng tét hon rdi tiép tuc qué trinh sinh san va dgt trang. QUa trinh thich nghi voi
mdi trudng sdng cua chim Cuckoo s& hoi tu lai tai mot moi truong séng duy nhat va tot nhat. Tuy nhién,
khéc véi giai thuat CSA, COA sir dung ban kinh dit trimg dé tim nghiém tbi wu thay vi sir dung huéng
bay nhu trong CSA. Ung dung cua gidi thuat COA da dugc thir nghiém trén cac ham toan hoc chuan da
cho thy kha ning giai quyét cac van dé téi vu hoéa c6 mirc d6 kho cao cua giai thuat [7]. Tuy nhién, viéc
&p dung giai thuat COA méi chi duoc gigi thiéu trong bai toan phan b cong suat tdi wu [9-10]. Do do,
trong bai béo nay, tac gia da trinh bay chi tiét cach thyc hién giai thuat COA dé giai quyét bai toan téi vu
véi nhiéu rang budc phuong trinh va bat phuwong trinh dé cuc dai loi nhuan x& hoi théng qua tdi wu 14t dat
TCSC. Phuong phap dé nghi duoc kiém tra trén trén hé thong IEEE 14 nat va két qua mé phong duoc so
sanh véi cac giai thuat GA [6] va GWO [6] di cho thay, COA ciing 1a mét trong nhiig phwong phap hitu
ich dé t6i wu lap dat TCSC dé cuc dai loi nhuan x4 hoi

2. MO HINH TINH CUA TCSC
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Hinh 1: M6 hinh héa dwong day truyén tai c6 TCSC

Anh huong cua TCSC trong mang dién duge xem nhu 1a mot dién khang diéu khién thém vao dudng
day truyén tai lién quan. Viéc giam tong tro ndi tiép duoc thuc hién bang cach giam mot phan dién khang
duong day. Do d6 cong suit truyén tai dwoc ting 1én. Md hinh mang dién c6 TCSC duoc thé hién trong
Hinh 2. TCSC ¢6 thé duoc xem xét nhur mot dién khéng —jXrcsc dudi trang thai tinh.
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TCSC dugc tich hop trong bai toan OPF bang cach hiéu chinh lai théng sé duong day. Dung luong
bl 16n nhat ciia TCSC duoc gidi han 1a 70% dién khang cia dudng day chua bu ma & d6 TCSC duoc lap
dit. Theo [11], dién khang mai cua dudng day duoc viét nhu sau

Xnew = xij — Xrese (1)

Xnew = (1- K)X; (2)
Trong d6 K = Xrcsc/X;; 1a mie d6 bu néi tiép va X;; 1a dién khang cia duong day ij.

Phuong trinh dong cong suat ctia duong day c6 dién khang méi nhu sau:

Pij ZV?Gij _Vivj(Gij 008 55+ Bij sing ;) 3)
Qjj =-V?Bijj—V,V,(Gjjsin 5~ Bjj c0s 5) 4)
Pji=V3Gijj—V,V,(Gijjcos§;—Bijjsins;) 5)
Qji=—ViBij+V,V(Gjjsin5;+Bij cos 5;) (6)
Trong do
Gi=——_, Ri 5 va ij=—2XNe‘”2 )
Rij + XRNew Rij * Xiew

3. THUC HIEN VAN PE

3.1 Ham muc tiéu lgi nhuan xa hoi

Muc tiéu cua thi truong dién 1a tao ra sy canh tranh gitra cung va cau dé tat ca nhitng nguoi tham gia,
tuc 1a cac cong ty san xuat dién va khach hang tiéu thu dién nang cao lgi nhuan cua ho. Loi nhuan san
xuit dugc biét dén nhu 1a chénh léch giita tién nhan duoc tir viéc ban dién va chi phi san xuét. Gia ban
dién la gia yéu cau téi thiéu ma cong ty phat dién chap nhan dé cung cap mot luong dién ning cu thé.
Trong khi, loi nhuan khach hang Ia chénh léch giira gia cia khach hang bang long tra va gia thyc su tra
cho viéc tiéu thu mot luong dién nang cu thé. Cong ty van hanh hé thong dién chju trach nhiém thyc hién
hop ddng mua va ban dién gita cac cong ty phat dién va khéch hang duya trén gia cung va cau sao cho
muc tiéu 1a cuc dai loi nhuan xa hoi. Loi nhuan x& hoi dugc xem nhu 14 tong loi nhuan san xuét va loi
nhuan khach hang, dugc trinh bay nhu cong thirc (8)

Fobi :(Zwi (Pg;) + ZWJ' (de)J

ieNg ieNg (8)
Trong do

W;(Pdj) 1a lgi nhuan cta khach hang cé duoc tir viéc st dung dién sau khi trir chi phi mua dién va
dugc trinh bay nhu c6ng thuc (9)

W, (Pd;)=B,(Pd; )-APd, )

Wi(Pgi) 12 lgi nhuan thu dugc tir viéc ban dién cua cong ty phat dién sau khi trir chi phi san xuat
va dugc trinh bay nhu cong thuc (10)

Wi(Pgi)=ﬂPgi _Ci(Pgi) (10)

C, (ng’)z a,;P; +byP,; +c, va B, (Pdf)z 3y, Pj +by Py +cy1a ham ch,i phi van hanh cua may
phat va ham lgi nhuan khach hang. Pg;, Pg;la cong suat cua may phat va cong suat tiéu thu cua khach hang.
) 1a gid ban va mua cho mdi MW. Gia nay 1a gid ma ngudi ban chap nhan ban va ngudi mua dong y mua.
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ag($/MW?h), by($/MWh), ¢, la hé sé chi phi caa may phét. as($/MW?h), by($/MWh), c41a hé sb lgi nhuan
cua khach hang. o
Tu phuong trinh (8-10) ham muc tiéu lgi nhuan x& hoi co thé viét lai nhu sau

Fobj :[ZBJ' (de)_ zCi(Pgi)J
ieNy ieNgy (11)
Vén dé téi wu can giai quyét trong bai béo nay 1a cuc dai ham muc tiéu (11). Muc tiéu cuc dai loi
nhuan x& hoi nay c6 thé duoc xac dinh bang cach giai quyét van dé tdi uu phan b cong suit sao cho thoa
man cac rang budc phuong trinh va bat phwong trinh.
Rang buoc
- Phuong trinh can bang cong suat

R(V,5)+P,—P, =0 i=1..,N, 12)

QiN’§)+Qdi_Qgi=0 i:L---1Nb (13)
- Gi6i han cdng suat may phat

Pi" <P, <P™ i=L...,N{ (14)

Q" <Qu<Qy™  i=L...Ng (15)
- Gidi han dién ap

Vv V™ j=1.., N, (16)
- Gioi han cdng suét chay trén dudng day

S <Sim =L N, an

3.2 Anh huéng cia TCSC dén lgi nhuan x& hi
Xét mot h¢ thong don gidan ¢ 2 nut, may phat tai nit 1 va tai tai nit 2 [12].Gisi han duong day gitra
nat 1 va 2 la Pyiyir, ton that duong day rat nho. Do thi cung cau dwoc chi ra trong Hinh 2.

Gia
($/MWh
C N
TN
- \7\ Loi nhun xa hoi
DPuong cung
—Lginhuan kivich ™N A
nan Fall D
ol
M \
Loi nhuan san xuat
B
/ Duong ciu
-~ ;
F— 7/ Chi phi san xuat
0 p* Cong sudt tiéu thy (MW)

Hinh 2. Lei nhudn san xudt va loi nhudn khdch hang trong trwong hop khodng cé rang bugc

Khi bo qua rang bugc duong day, diém can bang 1a tai A* ($/MWh) va P* (MW). Tuy nhién, khi xét
gidi han duong day nhu Hinh 3, thi dd xuét hién sy chénh léch gi4 giira hai ndt ndy. Tai nGt may phét, gia
giam trong khi tai ndt tai, gia tang. Két qua nay da lam giam loi nhuan san xuat va loi nhuan khach hang
nhu chi ra trong Hinh 3.

Didu nay da gy ra ton that xa hoi. Boi vi gia dugc xac dinh ngay tai cAc nit may phat va nut tai
tuong wng. K&t qua 1a da tao ra thang du cho ngudi van hanh thi truong. Thing du nay dwoc biét dén nhu
1a phi ngh&n mach. N6 duoc sir dung dé bu vao ton that hoac bu vao viéc huy dong ludi truyén tai hodc
chuyén dén cho céc thanh vién tham gia dya trén quy luat thij truong.
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Hinh 3. Thang dur tiéu thu va khdach hang trong truong hop c6 rang bugc khdng c6 TCSC
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Hinh 4. Thang dur trong truong hop ¢ xét rang bugc va c6 TCSC

Khi TCSC dugc lap dit tai vi tri hop Ii v&i dung lwong pha hop thi ngh&n mach s& duoc giam, két
qua md phong hé thdng 2 nit chi ra trong Hinh 4.

Nhu thay trong Hinh 4, cng suat 16n nhat cé thé chuyén tai qua duong day khéng c6 TCSC 1a Pyt
va gia tai nit may phat va nat tai 1a Age, va Ajoag tuong ung Phi nghé&n mach ma nguo’l van hanh nhan duoc
dugc cho boi ving EGHFE, d6 chinh 1a chénh 1¢ch gia nhan véi lugng cong suit 16n nhit chay qua cac
duong day két ndi; Pimit X (Aoad - Agen). Thang du ti€u thu va san xuat duoc cho boi ving tam giac EGCE
va FHOF tuong (ng. TCSC ¢6 thé nhanh chdng can bang lai cong suat bang cach diéu khién dong cong
suit chay qua nhiing nhanh khéng bi qué tai, nang cao kha ning truyén tai dé loai bo ngh&n mach. N6

load
dugc cho bdi Presc. Gia tai 2 vi tri nay ciing thay ddi. Gié tai nit tai dwoc giam dén Mreseva gia tai nat
gen

may phat tang dén ’LFCSC vi vay gia ndt trén toan hé thong s& nho. Anh huong d6 lam cho thiang du tiéu
thu va san xuét tang 1én va duoc cho bai ving IMCI va JNOJ tuong @ng. Phi ngh&n mach ciing thay ddi
va dugc thé hién trong ving IMNJL Truéc khi lap dat TCSC, phi nghén mach la trong ving EGHFE ma
I6n hon vung IMNJIL Thang du xa hdi dugce tang 1én do st dung TCSC duoc chi ra trong vung GMNHG.

4. AP DUNG GIAI THUAT COA GIAI QUYET BAI TOAN CUC DPAI LOI NHUAN
XA HOI
4.1 Giéi thiéu Cuckoo Optimization Algorithm (COA)

Giai thuat COA dugc phat trién dua trén doi sng cua quan thé chim Cuckoo [7]. Nhimg diém dic
biét trong cach sinh séng, cach dé triing va phat trién cua chiing 1a nén tang cho viéc phat trién COA.
Chim Cuckoo d¢ trang nhung khong ap trimg va nudi dudng chim non, sau khi dé triang ching s& gip
trang bo vao to cua loai chim khac, néu khéng bi phat hién chim Cuckoo non s& duoc ap va nudi dudng
boi loai chim khéac. Giéng nhu nhitng giai thuat tién hda khac, COA bt dau boi mot quan thé ban dau.
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Quan thé Cuckoo & nhitng méi trudng séng khac nhau bao gom hai d6i twong l1a chim Cukoo va trang.
Trong sudt qua trinh dau tranh sinh ton mot s6 con Cuckoo hoic trieng cua né bi tiéu diét, sé con lai s& di
chuyén téi méi truong séng tot hon rdi tiép tuc qué trinh sinh san va dat trang. Su thich nghi voi moi
truong séng cua chim Cuckoo hy vong s& hoi tu lai tai mot méi trudng song duy nhat va tét nhat. Cac
budc thuc hién caa thuat toan COA dé giai mot bai toan tdi wu dién hinh duoc thuc hién nhu sau:
4.1.1 Khéi Tao Quén Thé Cukoo Ban Péiu
Dé giai mot bai toan téi wu, viéc can thiét 1a phai dua cac bién vé dudi dang mot mang. Mang nay
trong giai thuat GA n6 duoc goi 1a nhiém sic thé (Chromosome), trong PSO n6 duoc goi 1 vi tri bay dan
(Particle Position), con trong COA né dwoc goi 1a méi trudng sdng (Habitat). Bai toan téi vu héa N chiéu
véi N 1 s6 lugng cac bién can téi uu hoa. Mot méi truong sdng (Habitat) 1a mot mang 1xN biéu thi cho
moi trudng séng cua Cuckoo, dugc dinh nghia boi:
MBoi trudng sdng = [x1, x2, . .., xNvar ] (18)
M3i mot tap hop bién (x1, x2...., xNvar) 1a cac bién sé thuc. Gia tri ham thich nghi cua méi trudng
séng duoc cho bai mot ham thich nghi fp nhu sau:
Ham thich nghi = fp(x1, x2, . . ., XNvar) (19)

Bét dau

h 4
Khai tao quan thé chim
Cuckoos ban dau

<
<

4

Chim Cuckoos s& dé va di Nhang con chim ¢6 xu huéng

dit trimg vao cac td loai bay vé con chim c6 gid tri loi
. chim khac nhuin 16n nhat

S

A 4

Mt s6 trimg chim bj phat Diéu kién dimg hai lon b Két thuc

hién va bj giét chét

Gilr lai s0 luong trimg chim
(N_max) c6 loi nhuan cao nhat

Tinh giai tri lgi nhuin ciia mdi
4 vi tri méi cla trimg chim

6i truong sdng nam
trong gidi han xét

A 4

Di chuyén méi trudng song
vé gidi han

Hinh 5. Luu do giai thudt Cuckoo Optimization Algorithm

4.1.2 Qua trinh dit trimg ciia chim Cuckoo )
Mot thoi quen khac ctaa con chim Cuckoo la né thudng dat trang trong mot ban kinh nhat dinh goi la
ban kinh dat treng ELR (Egg Laying Radius). Gia tri ELR nay dugc cho boi céng thic sau:

« humbercuckoo's eggs (varhi— Varlow) (20)
Total Number of egg

Véi o 1a 1a s6 nguyén ding dé diéu khién cuc dai ELR, ti s6 giita s6 lwong trang caa mdi con chim
Cuckoo va tdng sé tring cua tit ca cac con Cuckoo. Vary; va varp, 1a cac gigi han 16n nhat va nho nhat
ctia cac bién can toi wu hoa.
4.1.3 Sy cén bing sinh thai trong quén thé chim Cuckoo

Chim Cuckoo non sbng s6t sau mot thoi gian sé tiép tuc phét trién. Tuy nhién do diéu kién can bing
sinh thai, diéu kién moi truong séng va nguon thire an c6 han nén chi c6 mot s6 lugng toi da Ny, chim
Cuckoo non & nhiing noi tot (c6 gia tri lgi nhuan cao) phat trién thanh chim Cuckoo truéng thanh. S6
lwong Cuckoo con lai ndm & nhitng ving x4u (gié tri loi nhuan thap) s& bj tiéu diét.

ELR =
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4.1.4 Sy di chuyén t6i moi trudng song tot hon cia chim Cuckoo

Trong so nhitng chim Cuckoo truong thanh s& c6 mot con song trong moi trudng tot nhat (co giatri
loi nhuan cao nhat). Nhing con Cuckoo truéng thanh khac s& di chuyén dén gan méi truong séng tét nhat
d6 ¢. Khi ¢én mua sinh san, nhitng con chim nay tiép tuc Iap lai chu trinh dé trang va dat tring. Ca nhu
thé, sau nhiéu lan l3p di 1ap lai, quan thé Cuckoo s& hoi tu lai tai mot moéi truong séng tot nhat.

4.2 Trinh tu thuce hién COA trong bai toan cwe dai lgi nhuin xa hgi

Budc 1: Khai dong c4c bién va chon thong s6 COA
l gNg’ Pde ’V VgNg’ NTCSC' KTCSCJ (21)
- Giatri kh(n dQng cua Xjq duqc xac dinh nhu sau:
X,g = X" 4+ rand1* (X — X/1") 22)
- Mot vi tri muc tiéu caa chim cuckoo ciing dugc khai tao mot cach ngau nhién nhu sau:
GoalPoint = X" + randl*(XiT‘X - X{Q}'”) 23)
Vi randl la gia tri ngau nhién trong khoang [0,1].
Budc 2: tinh todn so lugng tritng cho chim cuckoo
Numbercuckoo' seggs = (MaxEggs — MinEggs) * rand 2 + MinEggs (24)
Budc 3: tinh ban kinh dat trang va cho chim Cuckoo dat trang
numbercuckoo's eggs * (X e X e )* RadiusCoeff
Total Number of egg

ELR. = ELR™ rand3 (26)

- Bé dat trang ta can tinh mot gid tri sai léch vi tri do chim cuckoo di chuyén khi bay gay ra, gia tri
d6 duogc tinh nhu sau:

Add, = ((—1)rand4 * ELR, *cosin(angles )+ ELR, sin(angles ))
- Cap nhat vi tri cho céc trang chim Cuckoo theo nhu dudi day
XW =X, +Add, 28)

MJi Xig* 1a mot tng vién cho 1oi giai cua bai toan cuc dai loi nhuan xa hoi, sau budc nay ching ta
cap nhat lai cAc gia tri can trén va can dudi cho Xig* va qué trinh dat tring da hoan tat.

Budc 4: Tiéu diét cac trizng nam chung mot to

- Vi mdi t6 chi c6 mét trimg chim ¢ co hdi sdng sét do d6 & budc nay ta kiém tra cac gia tri Xig
nao giéng nhau thi tiéu diét va chi gitr lai mot tng vién duy nhat. Viéc 1am nay c¢6 muc dich lam giam
thoi gian tinh toén 1ap lai khong can thiét.
Budc 5: Thyc hién phan bb cong suat theo Newton-Raphson
Budc 6: danh gia ham thich nghi ( Fobj) cho tung tng cfr vién Xiq

Fo = Fu =k (P =PI —k, (0, QI 20 V) —k Y6~

Budc 7: Can bang sinh théi quan thé chim cuckoo
- Bé dat dugc trang théi can bang sinh hoc trong quan thé chim cuckoo méi, ta gitt lai mot sb luong
chim cukoo t6i da c6 thé tdn tai trong cling mot khoang thoi gian va tiéu diét cac con con lai.
Budc 8: Di chuyén t6i diém muyc tiéu
- C4c con chim cuckoo con lai s& bay t6i gan diém muc tiéu (GointPoint) theo cong thirc sau:
X ?) = (Goalpoint— X ) rand5 * MotionCoeff + X 30)

Budc 9: Cap nhat lai quan thé chim cuckoo
- Vi tri méi caa quan thé chim cuckoo dugc cap nhat mai thanh X
- Luu gia tri caa GoalPoint va Bestcost

Budc 10: Kiém tra diéu kién dirng

ELR™ =

(25)

(27)

(29)
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- Kiém tra diéu kién ding, néu lter < ltermax thi lter = lter + 1 va tr¢ lai budc s 2. Nguoc lai thi
dung chuong trinh.

5. MO PHONG TREN HE THONG PIEN IEEE 14 NUT

Hé thong IEEE 14 n(t [11] bao gdm 5 méay phat 20 duong day nhu Hinh 6. Cac nt 1, 2, 3, 6 1a cAc
vi tri dat cac may phat G1, G2, G3, G4. Cac nut 4, 5, 9 dén 14 1a vi tri cua cac phu tai. Thong tin chi tiét
vé céc thdng s6 6 thé tham khao [13] va bang phu luc.

- Thiét lgp cdc théng sé cho gidi thudt COA

- NumCuckoos: Sé cé thé trong quan thé ban dau = 4

- Itermax: S6 budc lap téi da = 100

- MinEggs: S6 luong tring téi thiéu = 4

- MaxEggs: Sb luong tring téi da = 7

- MotionCoeff: Hé sb diéu khién hudng téi diém muc tiéu caa chim cuckoo = 1.2

- MaxCuckoos: Sé lugng cé thé chim Cukoo cd thé thé séng cung mot thoi diém xét trén diéu kién

dam bao can bang sinh thai = 4

- RadiusCoeff: H¢ s ban kinh diéu khién qué trinh dt triing ctia chim Cuckoo = 18

- Npar: S6 luong bién téi uu hoa, day ciing chinh 1a s luong bién diéu khién = 21

- Cac rang bugc can trén va dudi cua cac bién tdi uu.

- Heé sé phat chung cho tit ca cac rang budc can bang cong suat, duong day truyén tai, dién ap nat

may phat, chon K =10°

A
_|_13 A

2
(G) Generator

@ Synchronous Condensers

Hinh 6. Hé thong IEEE 14 nat

Két qua loi nhuan x& hoi, cong Ssuit phét cua cdc may phat va cong suét tiéu thu cua khach hang
trong truong hop ¢ va khdng c6 TCSC duoc trinh bay trong Bang 1-4. Tur. Bang 1 c6 thé thay rang, tong
cong suat phét ctia cAc méay phat va tong cong suét tiéu thu cua cac ndt tai (chit in dam) trong truong hop
sir dung giai thuat COA 14 cao hon so véi giai thuat GA [6] va GWO [6]. Hon nita, su phan b cong sut
tiéu thu tai cac nat tai cua giai thuat COA so véi GA, GWO ciing khac nhau da phan anh dugc gia tri cuc
dai loi nhuan x& hoi cua giai thuat dé xuat nhu thdy trong Bang 3. Tir Bang 3 c6 thé thay rang, lgi nhuan
xa hoi cua giai thuat GA[6], GWO [6] twong ung la 1501.81 ($/h), 1551.12 ($/h) trong khi COA la
1557.30 ($/h). So sanh vai giai thuat GA va GWO, lgi nhuan xa hoi cua giai thuat COA cao hon 3.56%
S0 v6i giai thuat GA va cao hon 0.39% so véi giai thuat GWO. Ngoai ra, cd thé thay tir Hinh 6, Hinh 7,
cong suat trén cac nhanh va dién ap tai cac nat khi sir dung giai thuat COA ciing déu thoa man cac gidi
han cho phép.
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Bang 1: So sénh cdng suat phat va cong sudt tiéu thu cua giai thudt GA, GWO va COA trong triong hop khdng c6
TCSC cua hé thong IEEE 14 nut.

GA [6] GWO [6] COA
Bus vV P Q vV P Q V P Q
no (pu) (MW)  (Mvar) (pu) (MW)  (Mvar) (pu) (MW)  (Mvar)
May 1 1.1 9497 4543 1.1 9755 4351 1.1 97.675 39.895
phét
2 1.089 100.0 56.58 1.089 100.0 54.57 1.091 100.00 59.818
3 1.095 100.0 29.86 1.095 100.04 29.18 1.100 100.00 34.050
6 1.035 52.08 7.22 1.035 50.31 15.29 1.027 52.176 10.825
8 1.09 0 25.28 1.09 0 25.21 1.086 O 24.995
Tong 347.0 164.67 3479 167.76 349.8 169.58
Tai 4 0.997 1109 53.75 0.998 1109 53.73 0.998 110.11 53.330
5 0.991 1313 63.61 0.994 1176 56.99 0.993 118.79 57.536
9 1.039 5.01 2.43 1.04 5.02 2.43 1.045 0 0
10 1.019 20.82 10.08 1.022 11.15 5.4 1.034 5.0015 2.4223
11 1.01 18.19 8.81 1.0 29.92 14.49 1.015 13.897 6.7306
12 0998 18.51 8.97 0.978 31.35 15.18 0.993 28.420 13.764
13 1.01 14.42 6.98 1.01 5.63 2.73 0.970 31.485 15.249
14 1.009 12.07 5.85 0.998 19.51 9.45 1.002 5.0000 2.4216
Téng 331.3 160.49 331.16 160.39 332.83 161.20

Bang 2: So sénh cdng sudt phat va cong sudt tiéu thu cua giai thudt GA, GWO va COA trong truong hop c6 TCSC
cua hé thong IEEE 14 n(t.

GA [6] GWO [6] COA

Bus Vv P Q Vv P Q Vv P Q
no (pu) (MW (Mvar) (pu) (MW) (Mvar) (pu) (MW) (Mvar)
May 1 1.1 98.37 53.65 11 9383 44.26 1.1 94903 32.391

phat

2 1.089 100.1 53.66 1.089 1011 5295 1.093 100.03 59.480
3 1095 1000 30.1 1.095 1011 28.42 1.099 100.00 28.517
6 1.035 6425 7.92 1.035 4938 15.42 1.051 49.492 19.235
8 1.09 0 25.49 1.09 0 26.0 1.092 0 24.987
Tong 362.8 170.82 344.8 344.87 344.43 164.61
Tai 4 0997 1254 60.74 0.999 1028 49.79 1.000 116.8 56.60
5 099 129.1 6254 0.994 1187 57.71 0.997 1176 56.97
9 1039 50 2.42 1.036 5.0 2.42 1.038 5.001 2422
10 1.019 20.12 9.74 1.019 14.46 7.0 1.019 2214 10.72
11 1.007 2048 9.92 1.001 26.95 13.05 1.014 20.13 9.749
12 0.995 27.99 13.55 0981 2771 1342 1.014 22.03 10.67
13 1.012 105 5.09 1.002 857 4.15 1.019 1145 5,546
14 1016 7.69 3.72 0985 24.14 11.69 0.996 2285 11.06
Téng 346.3 167.74 328.37 159.04 328.1 158.88
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Bang 3: So sanh lgi nhugn xa hgi cua giai thudgt COA véi gidi thudt GA[6] va GWO[6]

57

Khéng c6 TCSC Co TCSC
GA [31] GWO COA GA[31] GWO [31] COA
May phat 1408.93 14[]:.%;-.]50 1424.87 1494.77 1401.62 1396.48
Tai 2910.75  2966.62 2982.17 3014.85 2969.66 3022.30
Loinhuanxd héi ~ 1501.81  1551.12 1557.30 1520.08 1568.03 1581.21
Vitri TCSC Day1-5 Day6-13 Day7-9
Dung lugng TCSC (pu) -0.2315 -0.49 -0.693

1.1

1.05

Voltage [pu]

0.95 L

= Without TCSC
= With TCSC

No.Bus = 14

12 14

Hinh 6: Do thj dién dp trong trwong hop c6 va khong ¢6 TCSC
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=l =}
T T
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=
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M il
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No.Branch = 20
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[ With TCSC
1 Line Limit -

16 18 20

Hinh 7: Dé thj cdng sudt nhanh trong trieong hop c6 va khdng c6 TCSC
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Bang 4: Két qua diéu dé cong sudt mdy phdt va diéu dg tai trieong hop ¢6 va khong cd TCSC si dung
gidi thugt COA
Khéng c6 TCSC C6 TCSC
Bus Voltage Real Reactive Voltage Real Reactive
numbers (pu) power power (pu) power power
(MW) (Mvar) (MW) (Mvar)
May phat 1 1.1 97.6759 39.8956 1.1 94.9034 32.3914
2 1.0911 100.0001  59.8188 1.0935 100.0353  59.4800
3 1.1000 100.0003  34.0500 1.0999 100.0024 28.5171
6 1.0271 52.1765 10.8259 1.0511  49.4929 19.2359
8 1.0862 0 24.9951 1.0924 0 24,9875
Tong 349.8529  169.5854 344.4340  164.6120
Tai 4 0.9983 110.1130  53.3301 1.0050 103.1062 49.9366
5 0.9932 118.7988  57.5369 1.0011 115.3352  55.8594
7 1.0456 0 0 1.0521 O 0
9 1.0343 5.0015 2.4223 1.0410 5.0037 2.4234
10 1.0151 13.8970 6.7306 1.0227 22.2554 10.7788
11 0.9939 28.4203 13.7646 1.0178 19.7659 9.5731
12 0.9700 31.4859 15.2493 0.9954  30.8817 14.9567
13 1.0027 5.0000 2.4216 1.0255 5.0174 2.4301
14 0.9905 20.1220 9.7455 1.0063 26.6867 12.9250
Tong 332.8384  161.2010 328.0524  158.8830
: x10" . ‘ . .
0
-1 F -
2 4
E 47 1
=
£ 1
-7F —
8 —— BOA| 1
- PSO
9 —— COA| -
-10 : ‘ ‘ ‘ ‘ ‘ ‘ : :
0 20 40 60 80 100 120 140 160 180 200
Number of iterations = 200
Hinh 8: So sanh téc dé hdi tu cua gidi thugt COA Véi gidi thudt PSO va BOA trong trirong hop khong c6
TCSC
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Fitness function

— BOA |-
-— PSO
— COA

_2.5 L 1 | 1 1 1 1 1 1 |
20 40 60 80 100 120 140 160 180 200

Number of iterations = 200

Hinh 9: So s&nh tée d@é héi tu cua gidi thudt COA véi gidi thudt PSO va BOA trong trweeng hop ¢6 TCSC

Cong suat phat va cdng suét tiéu thy tai cac nat trong truong hop c6 TCSC cua giai thuat COA ciing
dugc trinh bay trong Bang 2. TCSC da phan bd lai ludng cong suat trén cac duong day, nang cao loi
nhuan xa hoi. Vi tri téi wu cua TCSC 1A tai duong day 7-9 voi dung lugng XTCSC = -0.693pu khi st
dung giai thuat COA. Tir Hinh 2, Hinh 3 ¢6 thé thay rang, dong cong suit trén cac nhanh trong hé théng
dugc phan b lai can bang hon, dién &p tai cac nit ciing déu nam trong gii han sau khi lip dat TCSC.
Loi nhuan x& hoi cua giai thuat GA, GWO va COA khi c6 TCSC ciing dugc trinh bay trong Bang 3 (Chir
in dam). Tir bang nay c6 thé thay ré“mg, loi nhuan xa hoi khi c6 TCSC cua giai thuat COA cao hon 3.86%
S0 v6i giai thuat GA khi c6 TCSC va cao hon 0.83% so véi giai thuat GWO khi c6 TCSC. Két qua diéu
d6 cong suat may phét va diéu do tai truong hop c6 va khdng c¢6 TCSC st dung giai thuat COA dugc
trinh bay trong Bang 4. Tur bang nay c6 thé thay rang, tong cong suat phat va téng cong suit tiéu thu tai
cac nat trong truong hop ¢6 TCSC la nhé hon mét it so véi truong hop khéng c6 TCSC, tuy nhién lgi
nhuan x4 hoi trong truong hop ¢6 TCSC lai cao hon so véi khong ¢6 TCSC nhur chi ra trong Bang 3. Diéu
nay cho thay rang TCSC da nang cao loi nhuan xa hoi. TCSC da phan bd lai ludng cdng suat, nang cao
kha ning truyén tai, do do tai cac n(t tai ma c6 hé s6 loi nhuin cao c6 xu hudng ting cong suét tiéu thu
nhu thiy trong Bang 4 (nat 10, nat 14), trong khi tai cc nat tai ma cd hé sé loi nhuan thap c6 xu hudng
giam cong suat tiéu thy nhu thay trong Bang 4 (nt 11, ndt 4), vi vay loi nhuan khach hang duoc ting 1én
va két qua loi nhuan xa héi trong trudng hop ¢ TCSC cao hon 1.51% so véi khi khong c6 TCSC. Ngoai
ra, dé cho thay duoc kha ning hoi tu cua giai thuat COA so véi cac giai thuat khac, bai bao da chay giai
thuat Particle Swarm Optimization (PSO) va Butterfly Optimization Algorithm (BOA) dé so sanh. Tir
Hinh 8, Hinh 9 c6 thé thay rang, COA c6 kha niang hoi tu nhanh so véi PSO va BOA. Diéu nay cho thiy
giai thuat COA c6 kha ning tim vi tri va dung lwong hop ly caa TCSC dé nang cao loi nhuan xa hoi trong
thi truong dién ciing nhu kha nang hoi tu cia giai thuat COA dé xuit.

6. KET LUAN

Su xuét hién thi truong dién da mang lai nhiéu loi nhuan cho céc thanh vién tham gia thi trudng,
tuy nhién né ciing tao ra nhiéu thach thixc méi cho ngudi van hanh trong viéc dam bao an ninh hé théng.
Dé giai quyét van dé nay ma khong can phai xay dyng duong day mdi, viéc sir dung thiét bi TCSC la mot
trong nhitng gidi phap thay thé hiéu qua. Bai bdo nay da trinh bay chi tiét cach thyc hién giai thuat COA
dé giai quyét bai toan ti wu véi nhiéu rang budc phuong trinh va bat ‘phuong trinh dé cuc dai loi nhuan
x4 hoi thdng qua ti wu 14t dat TCSC. Tir két qua phan tich, cd thé thy rang loi nhuan xa hoi phu thuoc
vao diéu do toi wu cua cac cong ty phat dién, nhu cau sir dung dién cua khach hang va kha niang truyén tai
cua hé théng. Nhitng két qua md phong tir phwong phap dé nghi duoc so sanh véi giai thuat GA va GWO
da cho thidy COA ciing 1a mét trong nhiing phuong phap hitu ich dé téi wu it dat TCSC dé cuc dai loi
nhuan xa hoi.
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Appendix A
Table Al: Generator data for IEEE 14-bus test system
Gen Bus P (MW) Q (MVAR) Generator cost factor
no Max Min Max Min a($/MW?h) b($/MWh)  c($/h)
Gl 1 100 20 50 -40 0.0245 1 0
G2 2 500 100 60 -40 0.0351 1 0
G3 3 500 100 40 -40 0.0389 1 0
G4 6 100 20 24 -6 0.0372 1 0
G5 8 - - 26 -6 - - 0
Cym(Pn) =2a,P2 +b P, +cC,
Table A2: Load data for IEEE 14-bus test system
P (MW) Q (MVAR) Customer profit factor
Loadno  Bus 2
Max Min Max Min a($/|\;IW h b($/MWh) c($/h)
L1 200 50 200 -200 -0.015 10 0
L2 200 50 200 -200 -0.015 10 0
L3 100 5 200 -200 -0.010 5 0
L4 10 100 5 200 -200 -0.015 10 0
L5 11 100 5 200 -200 -0.015 10 0
L6 12 100 5 200 -200 -0.018 12 0
L7 13 100 5 200 -200 -0.018 12 0
L8 14 100 5 200 -200 -0.018 12 0

Bdn(Pdn) =a, Pd2n + bn Pdn +C,
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