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TOM TAT

Nghién ctru nay giai bai toan t01 uu dong cong sudt (Optimal power flow - OPF) trén hé théng
dién truyen tai voi muyc tidu cuc tiéu ton that cong suat tac dung (active power loss - APL). Pé dat duoc
muc tiéu d& ra, nghién ciru d 4p dung Thuat toan tdi uu by dan (Particle swarm optimization-PSO) va
mot phién ban cai tién dua trén hé s6 co gidn trong qué trinh cap nhat nghiém mai (constriction factor-
based Particle swarm optimization: CF-PSO). Hai phuong phap nay duoc ap dung cho ludi dién truyen
tai tiéu chuan IEEE 30 nut voi su tich hop cdc ngudn nang luong tai tao va cdc thiét bi bu cong suét
phan khang nhu thiét bi bu ndi tiép diéu khién bang Thyristor (TCSC) va thiét bi bu cong suat phan
khang tinh (SVC). Bén trudong hop nghién ctru xem xét ludi chi ¢6 ning lugng tai tao, ludi c6 ca hé
thdng ning lugng tai tao va cac thiét bj thudc hé théng truyén tai dién xoay chiéu linh hoat (FACTS).
Viéc thay d6i cau hinh hé théng trong cac truong hop nay dan dén su thay déi dang ke trong khong gian
nghiém cua bai toan, tao ra mot nén tang thir nghiém ly tuong dé so sanh hiéu sudt caa PSO va CF-
PSO. Két qua nghién ctru cho thiy CF-PSO vuot troi hon hén so v6i PSO goc trén ca hai khia canh: do
6n dinh cua qua trinh t61 wu hoa va téc d6 hoi tu dén nghiém téi wu. Cu thé, CF-PSO di giam duoc ton
that cong suét tac dung lan luot 14 4,8%, 6,6%, 0,9% va 0,4% so v6i PSO trong bon truong hop nghién
ctru. Nhitng két qua nay khiang dinh CF-PSO 1a mot cong cu tdi vu hoa hiéu qua va manh mé cho bai
toan OPF trong h¢ théng dién hién dai, dic biét khi c6 sy tham gia clia cac nguf‘)n nang lugng tai tao va
céc thiét bi bu. Nghién ctru nay cung cip mot cai nhin sdu sic vé tiém ning cia CF-PSO trong viéc giai
quyét cac bai toan tdi wu héa phirc tap trong linh vuc ning lugng.

Twr khoa: Cuc tiéu ton that cong sut tac dung, ludi dién truyén tai, nang lugng gio, thiét bi FACTS,
thudt toan t6i wu bay dan.

1. GIOI THIEU

Cac thanh phan co ban nhét ciia mot hé thdng dién 14 cac nha may dién, hé thong cac may bién
ap, ludi truyén tai, ludi phan phdi va phu tai [1]. Nha may dién 1a noi san Xuét ra cong suat dién. Tai
dau ra cta nha may dién thuong dugc trang bi cac may bién ap ting ap dé néng cao dién ap, tao didu
kién thuén loi cho viéc truyén tai dong cong suét 1én hé thong duong day tmyen tai mot cach hiéu qua,
giam thiéu ton that ning lugng. Hé thong cac may bién ap, bao gdm ca méy bién 4 ‘ap tang ap tai ngudn
va may bién ap giam 4p tai cac tram trung gian va tram phan phéi, dong vai tro thiét yéu trong vigc didu
chinh dién ap de truyén tai va phan phéi dién nang dén phu tai [2]. Puong day phan phéi nhan dién tir
duong day truyen tai va cung cap dién cho phy tai. Cac duong day phén phdi dong vai tro trung gian
trong viéc truyén tai dién ap & cac cap trung thé dén phu tai [3]. Vi vay, bai toan t6i wu hoa dong cong
sudt (OPF) cho mang luéi dién truyén tai da tré thanh mot van dé& quan trong trong hé théng dién.

Bai toan tdi wu hoa dong cong suét (OPF) truyén thong di thu hat nhidu nghién ctru, tip trung vao
cac muc tiéu nhu giam chi phi nhién li¢u phat dién [4], gidm lugng phat thai sinh ra trong qua trinh dot
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céc loai nhién liéu hoa thach dé phat dién ctia cac nha may nhiét dién (TPs) [5], va cai thién dién ap [6].
Véi xu hudng st dung nang luong tai tao ngay cang tang, cac nha may dién gié va dién mat troi quang
dién dang duoc xem xét cung v6i TP nhu cac ngudn dién chinh trong ludi truyén tai [7]. Tuy nhién, sy
¢ duong day truyén tai van 1a mot thach thirc 16n, déc biét khi cac nha may dién nang cap cong suét
hodc nhu cau phy tai ting 1én [8]. Cac yéu té nhu lip dat thém td may phat nhiét, nha may dién gi6 va
dién mat troi méi, hodc nang cip cac nha may hién c6, ciing nhu thay doi cong nghé, déu c6 thé din
dén tinh trang qua dong trén duong day truyén tai [9].

Muc tiéu chinh ctia OPF la tim ra ké hoach van hanh t6i uu cho céc to may phat dién va thiét bi
dién khac, nham giam chi phi san xuét dién, giam ton that nang luong, va néng cao chat lugng dién (tin
s, dién ap, do tin cay) trong khi van dam bao tuan thu tat ca cac rang budc [10]. Trong qua trinh md
phong bai toan OPF, phan mém hd trg mé hinh héa cac thong s6 cua thiét bi dién thanh bién diéu khién
va bién phu thudc. Céc bién diéu khién duoc xem 1a dir liéu dau vao, con bién phu thudc 1a Kkét qua cua
phuong phap Newton-Graphson [11]. Mot giai phap dugc coi 1a hop 1¢ néu ca hai loai bién déu nam
trong gidi han cho phép. Tuy nhién, mot giai phap toi wu can thoa mén tat ca cac rang budc va c6 ham
muc tiéu tot [12].

Viéc xem xét van dé sy ¢6 1am tang thém do phirc tap cho viée tim kiém giai phap OPF, thdm chi
¢6 thé khong tim thiy giai phap hop 1 ngay ca véi céac phuong phap manh mé nhit. Xu hudng hiéu qua
hién nay 1a két hop cac phuong phap dong cong suat nhu Gauss-Seidel/Newton-Graphson vdi cac thuat
toan metaheuristic [13-15]. Vi du, Mathpower da dugc st dung dé tinh toan dong cong suét, trong khi
céc thuét toan nhu thuat toan di truyén cai tién [13], tim kiém chim cu gdy cai tién [14], va thuat toan
tim kiém stra (JSA) [15] da dugc ap dung thanh cong dé tim céc bién diéu khién. Tuy nhién, ngay ca
nhirmg phuong phap hiéu suat cao nay ciing co thé khong tim dugc giai phap hop 1y khi cac nha may
dién phai san xuat va truyén tai mot luong dién 16n dén phu tai.

Dé giai quyét cac thach thuc da dé cap, viéc tich hop cac thiét bj thudc hé thong truyén tai dién
xoay chiéu linh hoat (FACTS) vao hé théng dién da dwoc dé xuét. Nhiéu bo didu khién FACTS khac
nhau da duogc trién khai dé giam thiéu ton that cong suat tac dung, giam sut ap va ngin ngira cc tinh
hudng khan cép cua hé thong. Ching bao gom, thiét bi bu tinh (SSSC) [16], thiét bi bu dong bo tinh
(STATCOM) [17], thiét bi ndi tiép diéu khién bang Thyristor (TCSC) [18-24] v&i nhiéu thuat toan khac
nhau (thuét toan tdi wu by dan [18], thuat toan su tir kién [19], thuat toan Gen [20], tong quan nhiéu
thudt toan metaheuristic va cac mirc d6 tham nhap ctia nang luong tai tao [21], thuat toan Gradient [22],
thuét toan 1ap trinh toan hoc [23] va thut toan lai gitra hai phuong phap [24]), thiét bi diéu khién dong
cong suit thong nhét (UPFC) [25, 26], thiét bi hidu chinh goc pha diéu khién bang Thyristor (TCPAR)
[25], va cac cau hinh két hop nhu su két hop gitta TCPAR va TCSC [27-29], SVC va TCSC [30].

Nghién ctru nay s& ap dung phuong phap t01 uu héa bay dan (PSO) va mot bién thé cai tién, CF-
PSO, dé giai quyet bai toan tdi uu dong cong sudt (OPF) trén ludi truyén tai 30 nat chuan IEEE véi muyc
tidu giam thiéu ton that cong suét tac dung (APL). PSO 1a mot thuat toan meta-heuristic dugc dé xuat
lan dau boi Kennedy va Eberhart vao nam 1995 [31]. Lay cam hung tir hanh vi tap thé cua cac nhom
dong vat nhu dan chim hodc dan ca trong qua trinh tim kiém thirc an, PSO mé phong chuyén dong cua
cac ca thé trong mot khong gian tim kiém xdc dinh. Mai c4 thé, duoc dic trung béi vi tri va van tde, ban
dau kham pha khong gian dya trén van toc riéng cua n6. Khi mot vi tri giau tai nguyén hon dugc phat
hién (vi du: vi tri c6 nhiéu thirc in hodc ngudn sdng phi hop), thong tin nay s¢ lan truyen trong toan bo

dan. Qua trinh nay 14p lai cho dén khi dan xac dinh dugc mot vi tri t01 wu, noi cac didu kién song va
ngudn thire an 13 t6i vu cho ca dan. CF-PSO [32] 12 mot phién ban cai tién cua thuat toan PSO gbc, tich
hop thém mot hé s co gidn nhiam ting tdc qua trinh tim kiém va do d6, cai thién hiéu qua tong thé khi
ap dung cho cac bai toan tbi wu.

Céc diém méi va dong gop chinh ciia nghién ctru nay dugc liét ké nhu sau:
— Ap dung thanh céng PSO va CF-PSO dé giai quyét bai toan OPF véi cac truong hop khac nhau.
— Lam 16 hiéu qua ctia CF-PSO so véi phién ban gdc PSO dua trén cac yéu t6 so sanh va s lidu cu thé.

— Xem xét mirc d6 anh huong cua viéc tich hop nha may dién gio, TCSC, va SVC Ién luéi khi
giai quyet bai toan voi ham muc ti€u chinh 1a cyc tiéu ton that cong suat tdc dung APL.

— Chi ra truong hop ma cu thé ma su két hop giira cac thiét bi da néu ddi véi gia tri ton that cong
suat nhd nhat.
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Ngoai phin gi6i thiéu, cac phan con lai cua nghién ctiru dugc cdu trac nhu sau: Phin 2 trinh bay
mo hinh bai toan, bao gdm ham muc tiéu va cac rang budc lién quan. Phin 3 gidi thiéu chi tiét vé phuong
phap PSO va CF-PSO, dong thoi phan tich su khac biét trong qué trinh cap nhat nghiém cua hai phuong
phap. Phan 4 trinh bay két qua va thao luan lién quan dén céc trudng hop nghién ctru va hiéu qua cia
céc phuong phap. Cudi cting, Phan 5 tong hop cac két luan chinh cta toan bo nghién ciru.

2. MO HINH BAI TOAN
2.1 Ham muc tiéu
Nhu da dé cap trude d6, nghién ciru nay tap trung vao viéc giam thiéu ton that cong suat tic dung
(APL) [11] biéu thtre todn hoc cia ching dugc trinh bay nhu sau:

Nno Nno

APL = Z Z CDyp X (U2, + U2 — 2 X Uy, X Uy, X COS@y) (MW) 1)

m=1 n=1, m#n

Trong Céng thirc (1), U, va U, 1an luot 13 dién 4p tai nlit m va nat n; cos@,,, duge xac dinh bang
Omn = Pm — Pn trong d6 @, 12 goc pha cia dién ap tai nut m; ¢, 1a goéc pha cua dién ap tai nit n.

2.2 Mo hinh ciia TCSC

B0 bu nbi tiép diéu khién bang Thyristor (TCSC) 1a mot loai thiét bi truyén tai dong cong suat xoay
chiéu linh hoat (FACTS). Céc thiét bi FACTS duoc lap dit trén ludi truyén tai dién nham dat hiéu qua
kinh té va cac muc tiéu k¥ thuat, ching han nhu t6i vu hoa dong cong suat truyén tai, giam thiéu sut ap, va
giam thiéu ton thit cong suét tac dung. Mot duong day truyén tai tich hop TCSC dugc mé ta nhu sau:

Node m JXrcsc Zmn = Ry + jXmn  Noden

]

Hinh 1. M5 hinh duong day véi thiét bj TCSC

Cam khang cua dudng day truyén tai mn sau khi 1ip dat TCSC dugc xéac dinh nhu sau:
Xmn = Xmn — Xrcsc (2)

X} va X, 1an luot 1a cam khang ctia dudng day sau va trude khi lap dat TCSC; Xr¢sc cam khang cua
TCSC. Mit khac, dién dan va dién nap cua duong day cling bi thay d6i sau khi TCSC duoc lap dit va
duogc xac dinh nhu sau [33]:

Rmn

CTCsC — 3
e Rén + (Xpn — Xresc)? ®)

S};ﬁisc — _(an B XTCSC)
Rim + (Xmn — Xresc)?

“4)
+ ~TCSC 5 TCSC 13 T , \ A A a .
Trong do, Cpy© va Spsr” 1an luot 1a dién dan va dién nap ctia dudng day truyén tai mn sau khi

TCSC duoc 1ap dit. Ry, va Xy, 14 dién tré va cam khang cua dudng day truyén tai mn trude khi lép
dat TCSC; Xpcse 12 cam khang ciia TCSC.

2.3 Cac rang bugc cia bai toan OPF véi TCSC
2.3.1. Cdc rang budc cin bang

Cong sudt tac dung va cong suit phan khang tai niit m phai thoa min cac cong thirc sau day:
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Nno
CrCSC x cos(@mn)
P _p —U Z U. x [ mn mn
Gm Dm " 1 " +517rv1(';‘156 X Sin((pmn) (5)
n=

Nnﬂ
CresC x cos(@Pmn)
Qoo = Qo = U 3 x| R 05 m
QG,m QSC,m QD,m mn:1 m _Srfl%sc Xsin(<pmn) (6)

Pg 1 va Qg 1a cong sudt tac dung va cong suét phan khang bom vao nit m bai cac ngudn phat dién;
Pp m va Qp ., 12 cOng suat tdc dung va cong suat phan khang cua tai tai nat m; Qg¢ , 12 cong suat phan
khéng cung cap bdi cac thict bi bu tai nut m.

2.3.2. Rang bugc bt cin bang

Nhimng rang budc nay dugc xem xét dé thoa man cac rang budc van hanh ciia cac thanh phan
dién trong mang ludi truyén tai dién, chang han nhu may phat nhiét, tu dién, tai, may bién ap, dudng
day truyén tai va cac thiét bi. Cac rang budc dugc thé hién nhu sau [11, 12]:

PIim < Py, < PI* (7)
Q™ < Qgi < QF™ (8)
Q54 < Qscq < QY ©9)
VBT < Vipy < VIBT (10)
Vn < Vg S v (11)
ST < ST, < ST (12)
S, < Spax (13)

X7tsep < Xrescp < XTesep (14)

Trong d6, g™ va P lan luot 1a lvong cong sudt tac dung nho nhit va 16n nhét phat boi té may
thir i; Q@™ va QI 1an luot la lugng cong sudt phan khang nho nhat va 16n nhat phat béi t6 may thu
i; Vi va V3% 1an luot la gi6i han dién ap nho nhét va 16n nhat cua tai tha ; V7™ va VI 1an luot
4 di¢n ap phat nho nhat va lon nhat ciia méy phét thtt i; ST/™™ va ST 1an luot 1 gi6i han nho nhét
va 16n nhat cua dau phan ap cua may bién ap thur 7 véir=1,2, ..., Nrg va Nrg 13 s0 luong may bicn ap
trong hé thong; S, va 55" lan luot 1a lugng cong suat bicu kién va lugng cong suat bicu kien 16n nhat
chay trén nhanh thir 5 v6i b =1, 2, ..., Ng va Ny 1a s0 lugng nhanh cta ludi dién duge xem xét; Qsc 4 12
luong cong suat khang duge cung cap boi thiét bi bu thir ¢ voi g = 1, 2, ..., Ng¢ v6i Ng¢ 12 s6 lugng thiét
bi bu trén ludi; Vip,; va Vg ; 1an luot 1a dién 4p cia tai tai nut thir / va dién 4p phat cia may phat thir i;
ST, vi tri thiét 1ap d4u phan &p ciia may bién ap thir #; X. Ten VA X lan luot 12 gia tri cam khang nho
nhat va lén nhat cua thiét bi TCSC thit p voip =1, 2, ..., Npcse V01 Npese 1a s0 Tugng TCSC trén ludi.

3. THUAT TOAN TOI UU BAY PAN (PSO)

3.1 Thuit toan tdi wu biy dan (PSO)

Nhu da duoc dé cap trong Phan Gidi thiéu, thuat toan ti wu bay dan (Particle swarm optimization:
PSO) dugc xdy dung dua trén viéc mé ta qua trinh tim kiém thirc dn ctia cac bay quan xa sinh vét trong
tu nhién. Qua trinh tim kiém két thiic khi xac dinh dwoc vi tri tot nhat toan cuc, biéu thi giai phap tdi vu
cho vén dé dang xem xét. Co ché cap nhét van tdc cho mdi ca thé dong vai trd quan trong trong viéc
xéc dinh vi tri t8i wu toan cuc nay:
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VTS =VTs + gty X § X (Xps — Xi) + gt, X 8 X (X5 — X)) (15)

XPeW = X; + VT]eW (16)

Trong d6 VY va X" 1an lugt 1a van tdc méi va vi tri mai clia ca thé thir s vois =1, 2, ..., Ns
v6i Ns 1a kich thudc dan sé ban dau, VT, va X; 1a van tdc hién tai va vi tri hién tai cta ca thé s; gt; va
gt, 1an luogt 14 cac hé s6 gia toc; § 1a gia tri ngau nhién trong khoang tir 0 dén 1; X Bs Va Xgp la vi tri t6t
nhit cia cé thé thir s tinh cho dén thoi diém dang xét va vi tri t6t nhat cua toan bo dan sb.

3.2 Thuit toan tdi wu bay dan cai tién (CF-PSO)

Dé nang cao hiéu qua ciia qua trinh cap nhat van tdc, nghién ciru [32] da dé xuit mot cai tién nho,
dan d&n viéc hinh thanh mot bién thé méi cua thuat toan PSO, dugc goi 1a PSO véi hé sb co gidn
(constriction factor-based Particle swarm optimization: CF-PSO). Cu thé, mot hé sb co gidn duoc tich hop
vao quy trinh cip nhat van tdc ctia mdi ca thé. Quy trinh cdp nhat van tdc mdi duoc mé hinh hoa nhu sau:

VT = CF x (VT; + gt; X § X (Xp,; — X)) + gty X 8 X (Xgp; — X)) (17)
Trong d6 CF 1a hé sb co gidn, duoc xac dinh bang cong thirc sau day:
_ 2

|2 = (gts + gt2) =/ (gts + gt2)? — 4 X (gt, + gt,)|

CF (18)

Toan b qua trinh tim kiém ctia CF-PSO cho mét bai toan tdi wu co ban duge trinh bay nhu luu
do giai thuat ¢ Hinh 2.

Khai béo cac tham sb ban dau bao
gom Kichrthudc dan $0 ban dau
(Ns) va S6 vong lap toi da (MI)

Khéi tao ngu nhién dan sé ban dau

v
- Tinh gi tri ham danh gi4 cho mdi c4 thé
- Chon ra cé thé c6 gia tri ham danh gia tét
nhét
- Thiét lap sé vong lap hién tai CI=1

- Tinh van té¢ mé&i cho mdi
c4 thé theo Cong thirc (17)

- Cap nhat vi tri m&i cho m&i
c4 thé theo cong thuc (16)

Kiém tra tinh hop 18 cua cac
ca thé moi dugc cap nhat
Thuc hién sang loc dé chon
ra ca thé c6 gia tri ham danh
gia tot nhat

CI=CI+1

Durng qua trinh ldp va
bao cdo nghiém toi uu
toan cuc

Hinh 2. Qué trinh tim kiém ciia CF-PSO cho mét bai toan tdi wu co ban
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Luu ¥ rang, lwu dd thyc thi cia CF-PSO va PSO chi khac nhau duy nhét & budc cap nhat vén tdc
ma&i cho moi ca thé. Cu thé 14, qua trinh cdp nhét van toc mdi cia PSO s€ dugc st dung Cong thirc (15)
thay cho Cong thirc (17) nhu trong Hinh 2.

4. KET QUA VA BAN LUAN

Trong phan nay, PSO va CF-PSO s€ duoc ap dung dé xac dinh nghiém t5i uu cho bai toan cuc
tiéu ton that cong suit tac dung trén ludi truyén tai IEEE 30 nat voi sy hién dién cua nha may dién gio,
TCSC, va SVC theo bon trudong hop dudi day:

—  Truong hop 1: Ludi c6 sy hién dién ctia 02 nha may dién gi6. Mdi nha méay c6 cong sudt lap dat
10 MW,

—  Truong hop 2: Ludi co sy hién dién cua 02 nha may dién gié nhu Truong hop 1 va c6 thém 01 TCSC,

—  Trudng hop 3: Ludi co6 su hién dién ciia 02 nha may dién gié nhu Truong hop 1 va 01 SVC,

—  Trudng hop 4: Ludi c6 sy hién dién cia 02 nha may dién gié nhu Trudng hop 1 két hop véi 01
TCSC va 01 SVC.

. Cac thong tin co ban cua ludi dién truyén tai IEEE 30 nat dugc trich dan tir nghién ctru [11] va so
d6 don tuyen cua ludi dugc the hién trong Hinh 3. D61 v6i PSO va CF-PSO, hai phuong phap nay s&
dugc cai dat cac thong so di€u khién giong nhau ve kich thude dan s6 ban dau (Ns) va so luong vong
lap toi da (MI) d€ phuc vu viéc danh gid va so sanh. Bén canh d6, moi phuong phap s€ dugc chay thu
50 lan d¢ chon ra lan chay t6t nhat trudce khi tién hanh cac so sanh khac. Chi tiét cua cac thong s6 dicu
khién cia PSO va CF-PSO cho 04 truong hop nghién ctru dugc thé hién trong Bang 1.

Bdng I. Thong sb diéu khién cta PSO va CF-PSO

Phuong phép PSO CF-PSO

Théng sb Ns MI Ns MI
Trudng hop 1 100 300 100 300
Trudng hop 2 100 500 100 500
Trudng hop 3 100 500 100 500
Truong hop 4 100 600 100 600

Viéc thiét 1ap cac tham s didu khién - cy thé 1a kich thudc quéan thé ban dau (Ns) va sé vong lap
t6i da (M7 - cho ca hai thuét toan PSO va CF-PSO duoc thyc hién dya trén danh gia quy mo bai toan.
Quy m6 ¢ déy chinh la s6 luong bién diéu khién can duoc xac dinh t6i vu. Bang 2 trinh bay s6 luong
bién nay cho timg truong hop: Truong hop 1 co it bién nhit, Trudng hop 2 va 3 ¢6 cung so bién, va
Truong hop 4 co nhiéu bién nhat. Can clr vao do, cac gia tri tham so trong Bang 1 dugc chon nhu sau:
Trudng hop 1- it bién nhat c6 Ns va MI nhé nhit; Trudng hop 2 va 3 vé6i sd bién bang nhau c6 cing gia
tri Ns va MI; va Trudng hop 4 - nhiéu bién nhit c6 Ns va MI 16n nhit.

Bdng 2. S lugng cac bién diéu khién cin dugc x4c dinh twong (g véi mbi trudng hop nghién ciru

S6 thir tur Bién didu khién | Truonghop 1 | Trudnghop2 | Truong hop 3 | Truwong hop 4
1 Pg2 (MW) X X X X
2 P (MW) X X X X
3 PG 4(MW) X X X X
4 Pes(MW) X X X X
5 Pc.6 (MW) X X X X
6 Ve1(V) X X X X
7 VG2 (V) X X X X
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Hinh 3. So db don tuyén cua luéi truyén tai IEEE 30-niit

S thu t Bién diéu khién | Truonghop 1 | Truonghop2 | Truong hop 3 | Truong hop 4
8 Ves (V) X X X X
9 VeG4 (V) X X X X
10 Ves (V) X X X X
11 Ve (V) X X X X
12 STi (%) X X X X
13 ST> (%) X X X X
14 STs (%) X X X X
15 ST+ (%) X X X X
16 VTrcscr X X
17 Xrescr (pu) X X
18 VTsvci X X
19 DLsvci (MVar) X X
20 VTwi X X X X
21 VIw: X X X X
Tbng s6 luc_mgrbiérll diéu khién can 17 19 19 71
xac dinh
3E 28
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Hinh 4. Gia tri tdn that sau 50 14n chay cua PSO va CF-PSO cho 4 truong hop
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Hinh 5. Diac tinh hoi tu cta lan chay tét nhat dat dugc boi PSO va CF-PSO cho 4 trudng hop
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Hinh 4 trinh bay phan bé gia tri ham muc tiéu thu dwoc tir 50 1an thyc thi doc 1p ciia thuat toan PSO
va CF-PSO cho ca bon truong hop nghién ctru. Két qua cho thdy CF-PSO dat dugc gia tri ham muc tiéu
thap hon so v&i PSO trong toan b 50 1an chay. Pang chu y, CF-PSO 1a phuong phap duy nhét dat duoc
gié tri t6i uu ciia ham muc tiéu trong tat ca bdn trudng hop nghién ctru. Nguoc lai, PSO cho thay hi¢u suat
kém hon CF-PSO v¢é gia tri ham muc tiéu sau mdi lan chay va khong thé dat dugc gia tri t6i wu. Cac gia
tri APL ctia CF-PSO sau 50 lan chay thir trong ca bon truong hop nghién ciru déu ¢ vi tri thap hon so véi
céc gia trj tuong ing cua PSO ciing chi ra rang, CF-PSO 1a mot phuong phép c6 hiéu suat tim kiém 6n
dinh hon nhiéu so véi PSO. P9 on dinh trong cac 1an chay cling véi toc dd hoi tu som dén gia tri toi wu
clia ham d4nh gi4 dugc xem xét 12 hai tiéu chi hang dau dé danh gia hiéu qua toan dién ciia mot thudt toan
t6i rru kiéu meta-heuristic khi so sanh véi cac phuong phép khac. Thong thudng yéu t “d6 on dinh” cua
mdt thuat toan meta-heuristic s€ dugc do luong béng gia tri cia do 1éch chuén — STD. M6t thuét todn meta-
heuristic ¢c6 STD cao trong khi gidi quyét mot bai toan tdi uu cu thé, so v6i mot thuat toan khac ¢ cling
s6 1an thyc thi nhung STD thép hon, su thiéu 6n dinh vé mat hiéu qua tim kiém va do tin cay thép. Diéu
nay c6 nghia 1a thuat toan c6 STD cao tao ra cac két qua khéc nhau va khong dang tin cdy qua nhiéu 1an
chay, bi anh huong nhiéu boi cac thiét 1ap ban dau ngau nhién. Sy that thuong nay thuong xuét phat tir sy
mat can bang gitra kha nang kham pha va kha nang khai thac cac vung khong gian nghiém kha thi. Do
d6, hiéu suét ciia nd trén cac bai toan méi tré nén kho du doan va it tin cay hon cho cac ting dung thuc té.
Nguoc lai, mot gid tri STD thép cho théy hiéu suét cua thuét toan 6n dinh va nhat quan hon, it bi anh
hudng bai cac didu kién khoi tao va ¢ sur can bang tot hon giira kham phé va khai thac. Céac thuat toan
nhu vy c6 xu hudng tao ra cac két qua c6 chét lugng twong duong nhau qua cac lan chay khéc nhau, giup
du doan hiéu sut cta chiung dé dang hon va dang tin cay hon.

Hinh 5 minh hoa dac tuyén hoi tu tdt nhat dat duoc boi PSO va CF-PSO khi ap dung cho boén
truong hop nghién ctru. Quan sat cho théy CF-PSO vuot troi dang ké so véi PSO vé toc d6 hoi tu, dat
dugc gia tri toi wu cia APL mot cach nhanh chong. Két qua thir nghiém cho thdy CF-PSO thé hién kha
ning hoi tu vuot trdi so véi PSO. Cu thé, trong hai trudng hop dau tién, CF-PSO chi can hon 100 vong
lap dé dat duoc gia tri APL tdi thiéu, mot hiéu suat ma PSO khong thé sanh dugc ngay ca khi chay voi
s6 lugng vong 1ap tdi da cho phép. Su vuot troi ciia CF-PSO tiép tuc duoc khang dinh trong hai trudng
hop con lai. B6i véi Truong hop 3, CF-PSO hoi tu dén gia tri APL ti wu chi sau hon 300 vong lap, va
khoang 400 vong lp cho Trudng hop 4. Nguoc lai, PSO da khong thé hoi tu dén gid tri tdi wu cua APL
trong bat ky lan chay t6t nhit nao cua no.

Kha nang hoi ty nhanh chong cua CF-PSO mang lai tinh kha thi cao hon khi Gmg dung vao giai
quyét cac bai toan thuc té. N6 giup giam dang ké thoi gian thyc thi ma van dam bao kha nang tim duoc
nghiém t6i wu, dong thoi giam thleu viéc tiéu thu tai nguyén may tinh. Diéu nay dic biét quan trong
trong viéc duy tri do bén va tinh on dinh cua cac hé thdng tinh toan vat 1y, boi cac thanh phan quan
trong nhu CPU, RAM va 6 cting khong can phai hoat dong lién tuc & muc hiéu suat cao.

Hinh 6 trinh bay chi tiét cac gia tri ton that cong suat tac dung (APL) va thoi gian thuc thi cta
PSO va CF-PSO trong bén truong hop nghién ciru. Dit liéu tir hinh cho thdy CF-PSO dat duoc gié tri
APL thap hon so vdi PSO trong tét ca cac truong hop. Cu thé, CF-PSO hiéu qua hon PSO lan luot 1a
4,8% trong Truong hop 1, 6,6% trong Truong hop 2, 0,9% trong Trudng hop 3 va 0,4% trong Truong
hop 4. Khi két hop véi cac dit liéu va phan tich da duogc trinh bay trude d6, CF-PSO dugc xac nhén 1a
phuong phap hiéu qua hon PSO trong viéc giai quyét bai toan dang dugc xem xét trong nghién ciru nay.

2,45 648,60 700
600 _
500 g
400 E === PSO APL
300 5 CF-PSO CF-PSO
200 %‘3 PSO TC
100 £ e CF-PSO TC
0

Trudng hop

Hinh 6. Gia tri ton thit cong suat (APL) va thoi gian thuc thi ciia PSO va CF-PSO trong 04 trudng hop
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Hinh 7 va Hinh 8 lan lugt thé hién gia tri cong sudt phat cta cac to may va dién ap tai mdi nit thu
dugc boi thuét toan CF-PSO tuong tmg véi bon trudng hop nghién ciru. Quan sat tir Hinh 8 cho thdy,
Trudng hop 3 mang lai mirc cai thién dién ap tai cdc nit cao nhat, trong khi Trudng hop 4 cho thay muc
cai thién dién ap thap nhét trong s6 cac truong hop nghién ciru da duoc mé ta trude d6. Tuy nhién, can
lwu ¥ rang myc tiéu chinh ctia nghién ctru nay 1a dat dugc gia tri APL nho nhét, chir khong phai 1a dat

dugc muec cai thién dién ap cao nhat.

Cong suit phat (MW)

EPGl mPG2 mPG3 mPG4 mPGS5 mPG6

80,0
60,0
40

20,0

0,0
Truong hop 1

Trudng hop 2

Truong hop 3

Trudng hop 4

Hinh 7. Cong suét phat cta cac td may xac dinh béi CF-PSO trong 04 truong hop nghién ctru
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Hinh 8. Pién ap cac mit trén ludi dat dugc boi CF-PSO trong 04 truong hop nghién ctru

Nghiém ti wu cua bai toan dat duge bai phuong phap CF-PSO dugc béo céo trong Bang 3.

Bdng 3. Nghiém t6i wu tim dugc béi CF-PSO cho 4 trudng hop nghién ctru

Tén bién Truong hop 1 Truong hop 2 Truong hop 3 Truong hop 4
Pc, 1 (MW) 50,00 50,00 50,06 74,42
PG> (MW) 60,60 60,66 61,70 39,29
Pg3 (MW) 50,00 50,00 50,00 50,00
P 4(MW) 35,00 35,00 35,00 35,00
Pgs(MW) 30,00 30,00 30,00 29,99
Pg6 (MW) 39,98 40,00 38,76 40,00
Vei(V) 1,10 1,10 1,10 0,95
V62 (V) 1,10 1,10 1,09 0,95
Ves (V) 1,08 1,08 1,08 0,95
Ve (V) 1,09 1,09 1,10 0,95
Ves (V) 1,10 1,08 1,10 0,95
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Véis (V) 1,10 1,10 1,10 0,95
ST1 (%) 1,05 1,04 1,10 0,92
ST> (%) 0,90 0,93 0,90 0,90
ST3 (%) 1,02 1,07 1,00 0,90
STy (%) 0,99 1,01 0,99 1,10
VTrescr 0 29 0 16
Xrescr (pu) 0 0,80 0 0,80
VTsvci 0 0 21 30
DLsyci (MVar) 0 0 16,60 20
VTwi 30 30 30 2
Pwi (MW) 10,00 10,00 10,00 10,00
Vw2 19 24 24 4
Pw> (MW) 10,00 10,00 10,00 10
APL (MW) 2,18 2,26 2,12 5,31

5. KET LUAN

Nghién ciru nay da thanh cong ap dung thuét toan t6i wu bay dan (PSO) va mot bién thé cai tién
tir thudt toan PSO voi hé ) co gian, CF-PSO, dé giai bai toan t6i wu dong cong suat (OPF) v&i muc tiéu
giam thiéu ton that cong suit tic dung. Bén truong hop nghién ciru khac nhau da duoc xem xét, bao
gdm sy tich hop ciia nha may dién gi6 va cac thiét bi bu nhu TCSC va SVC. Két qua cho thiy CF-PSO
vuot trdi hon PSO vé ca do 6n dinh va tde do hoi tu dén nghiém t8i wu trong tAt ca cac kich ban thu
nghiém. Sy vuot tréi ndy duge chimg minh théng qua gia tri ham muc tiéu dat dwoc sau 50 1an chay va
dic tuyén hoi ty tdt nhit cuia mdi phuong phap. Mic dii d6 phirc tap cua ting trudng hop nghién ciru
khéc nhau do s luong bién diéu khién can tdi wu hoa khac nhau, CF-PSO van thé hién hiéu suit vuot
trdi so v6i PSO, cho thy tinh hiéu qua va do tin cdy cao cta phuong phép nay.

Phén tich gi4 tri ton that cong suét tac dung (APL) cho thiy trudng hop 4, bao gdm nha may dién
gi6, TCSC va SVC, mang lai gia tri APL thap nhit. Tuy nhién, khi danh gia mirc d6 cai thién dién ap,
truong hop 3, két hop nha may dién gié va SVC, cho thdy mirc d6 cai thién dang ké nhit trong sé bon
truong hop nghién ctru.

Loi cAm on: Bai bao nay 1a san pham cua dé tai Cap Bo ma sé B2024-SPK-08 dudi sy tai tro ctia Bo
Giao duc va Bao tao Viét Nam.
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This study focuses on solving the optimal power flow (OPF) problem on the transmission system
with the objective of minimizing the active power loss (APL). To achieve the proposed objective, the
study applies the Particle swarm optimization (PSO) algorithm and the constraint factor-based Particle
swarm optimization (CF-PSO). To evaluate the effectiveness of the two methods in solving the OPF
problem on an IEEE 30-node grid with the integration of renewable energy sources and reactive power
compensation devices such as TCSC (Thyristor Controlled Series Compensator) and SVC (Static Power
Compensator) using four different case studies. These cases consider the impact of integrating the
components (renewable energy plants, TCSC, SVC) into the grid independently and together. Changing
the system configuration in these cases leads to a significant change in the solution space of the problem,
creating an ideal testbed to compare the performance of PSO and CF-PSO. The results show that CF-
PSO outperforms the original PSO in both aspects: the stability of the optimization process and the
speed of convergence to the optimal solution. Specifically, CF-PSO can reduce the active power loss
by 4.8%, 6.6%, 0.9% and 0.4% compared to PSO in the four studied cases, respectively. These results
confirm that CF-PSO is an effective and powerful optimization tool for the OPF problem in modern
power systems, especially when renewable energy sources and compensation devices are involved. This
study provides an insight into the potential of CF-PSO in solving complex optimization problems in the
energy sector.

Keywords: Active power loss minimization, transmission power grids, wind energy, FACTS devices,
particle swarm optimization.
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