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TOM TAT: Bdi béo nay dé xudt cich ap dung phwong phdp téi wu héa phan tir bay dan véi hé
$6 giGi han (PSO-CF) nham gidi quyét van dé toi wu héa cong sudt phan khang (ORPD). Muc dich cuia
PSO-CF st dung toi wu héa phan tir bay dan trén co s6 hé s6 gici han dé giai quyét nhimg muc dich
kh&c ciia van d@é nhu: t6i thiéu ton thit cong sudt that, cdi tién hién trang dién dp, ndng cao on dinh
dién ap va c6 thé quan 1y duoc cac rang bugc vé gidi han cong sudt phan khang ciia mdy phat, bg tu bu
img dong, giGi han dién ap mit, giGi han diéu ap ciia mdy bién dp va giéi han vé cong sudt truyén tai
trén dwong day. Phwong phdp ciing dwoc thir nghiém trén hé thong 30 nit va 118 nit ciia tap chi khoa
hoc IEEE dé so sanh két qua im nghiém theo phwong phdp PSO trudc day trén thé gici. Két qua so
sanh cho thdy rang tong ton thdt cong sudt, do léch ap, chi s6 on dinh dién dp thap hon so véi cdc két
Qud truGe day. Vi vdy, PSO-CF ¢0 thé dp dung dé gidi quyét van dé téi uu hoa diéu @ cong sudt phan
khang trong hé thong dién (ORPD).

Tir khéa: Piéu dj ti uu cong sudt khang, toi wu héa bay dan, hé sé giGi han, sw léch dién dp,

chi sé én dinh dién ap.

THUAT NGU' Pgi, gdi Yéu cau cong suat thuc va
cbng suat phan khang tai nat tai thir i twong
Gij, B;j Dién din va dién cam giita .
ung.
nat i va nat j. Twong ing . . .
Pgi, Qqi Cong suat thyc va phan

9 Dién dan cia nhanh 1 dau ndi vao khang dAu ra cua may phat tht i tuong tmg.
gilra nut i va nat j. . . . .
Q. BU cOng suat phin khing tai nit thi i.
L; Chi s 6n dinh dién ap & nut i. . e
S Cong suat biéu kién trén duong day 1
N S0 nit. dAu néi vao gitka nut i va it .
Ny SO nit tai. Ty Néc diéu chinh cia may bién ap &

Ny S6 don vi mét phéy. nhanh thi k.
N S6 duong day truyén tai. Vg Dién 4p ciia may phat & nit thit i.
N, S6 may bién ap co bo didu ap. Vi, Vi Bién do dién ap cia may phat

nat thir i va tai nat th .
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Vi, 6 Bién d6 dién ap va goc dién ap ¢ nut
thu i
1. G101 THIEU

ORPD nhiam x4c dinh cé4c bién didu khién
nhu bién do dién 4p may phat, dung luong
VAR b tu bl tmg dong, nic diéu chinh may
bién ap vi thé ham muc tiéu cia van dé 1a cuc
tiéu va phai dap Gmg cac don vi rang budc cia
hé théng (Nanda, Hari & Kothari, 1992). Trong
van d& ORPD, muc tiéu c6 thé 1a tong ton that
cong suét, do léch dién ap & nat tai dé cai thién
hién trang dién ap (Vlachogiannis, & Lee,
2006), hay la chi s6 6n dinh dién ap nhiam ning
cao on dinh dién ap (Devaraj & Preetha
Roselyn, 2010). Vén dé t6i wu ORPD thi rat
phtrc tap va qui mb 1én v&i cac ham va rang
bugc khong tuyén tinh. Trong van hanh hé
thong dién, vai trd chinh cia ORPD la ¢am bao
dién ap tai nat tai bén canh nhimg gidi han clua
chinh n6 nham cung cép dién nang cho khach
hang voi chat luong cao nhat. Van dé nay da
duoc giai quyét boi nhidu k§y thudt khac nhau
tr phuong phap thong thuodng téi cic phuong
phép thdng minh nhén tao. Mt vai cac phuong
phap thong thuong d dugc dp dung dé giai bai
to4n Vé tuyén tinh hoa (LP) (Kirschen & Van
Megteren, 1988), két hop sb nguyén (MIP)
(Aoki, Fan & Nishikori, 1988), noi diém (IPM)
(Granville, 1994), dong hoc (DP) (Lu & Hsu,
1995), binh phuong (QP) (Grudinin, 1998).
Nhiing phuong phép nay 1a co s¢ dé tuyén tinh
héa thanh céng va sir dung do dbéc nhu la
hudng tim nghiém. Cac phuong phéap tdi uu
hoa thong thuong c6 thé ddi pho dang voi bai

toan t&i wu hoa xac dinh ham muc tiéu bac hai

va cac rang budc khac. Tuy nhién nhién ching
c6 thé bi sai léch tai cuc tiéu dia phuong ciia
van d& ORPD véi nghiém da cuc tiéu (Lai &
Ma, 1997). Gan day, phuong phap siéu tiém
can tré nén phd bién dé giai quyét van dé
ORPD va tiép tuc c6 kha ning giai bai toan t6i
uu phirc tap hon. Phuong phép siéu tiém can ap
dung giai quyét van dé chuong trinh tién hoa
(EP) (Lai & Ma, 1997), thuat toan gen (AG)
(Devaraj & Preetha Roselyn, 2010), thuat toan
t6i wu héa c6 1ap phan tir kién (ACOA) (Abou
El-Ela, Kinawy, EI-Sehiemy & Mouwafi,
2011) (Abou EI Ela, Abido & Spea, 2011), tién
hoéa kh&c (DE), thuat toan hai hoa (HS)
(Khazali & Kalantar, in press)... Cac phuong
phéap nay c6 thé vu diém hon dé giai bai toan
t6i wu hoa cho ORPD so vdi cac phuong phap
khic, nhung thoi gian tim nghiém van con
cham. Bén canh phuong phap siéu tiém can,
phuong phap PSO dugc sir dung phd bién nhét
dé giai quyét van d& ORPD bao gém nhiéu bién
d6i nhur PSO co s¢ da quan 1y (Zhao, Guo &
Cao, 2005), PSO nang cao (Vlachogiannis &
Lee, 2006) , PSO song song (Li et al., 2009),
PSO hoc va hiéu (Mahadevan & Kannan,
2010)... Phuong phap PSO di dugc cai tién
téng quat hon dé ting kha ning tim nghié¢m,
thoi gian giai quyét bai toan nhanh hon phuong
phép siéu tiém can, cling nhu két qua tim dugc
chat lugng hon. Hon nita, phuong phap don
hinh, phuong phap lai tap dd c6 nhiéu cai tién
b sung dé giai bai toén téi uu nhu lai tap GA
(Urdaneta et al., 1999), lai tap EP (Yan, Lu &
Yu, 2004), lai tap PSO (Esmin, Lambert-
Torres & Zambroni de Souza, 2005)... déu c6

uu diém hon so v6i phuong phap don hinh.
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Phuong phdp lai tap thuong cé hudng gidi
quyét chit lugng hon so véi phuong phap don
hinh nhung thoi gian tinh toan tuong déi dai.

Trong bai bao nay, phuong phap PSO-CF
nham muc dich giai quyét van dé vé ORPD.
Muc dich cia PSO-CF la téi wu héa phan tir
bay dan véi hé s gi6i han dap tmg cac yu cau
khac nhau nhu: tdi thiéu ton that cong suat
phan khang, cai thién dién ap 1dm viéc, nang
cao 6n dinh dién 4p khi c6 rang budc vé giGi
han cong suat phan khang ciia may phét, tich
hop hé thong tu bl tmg dong, gidi han dién ap
nlt, giéi han bo diéu ap ciia may bién ap, va
gi6i han truyén tai trén duong day. Két qua tinh
toan dugc thir nghiém trén hé thong 30 nat va
118 n(t cta tap chi khoa hoc IEEE cho két qua
va so sanh két qua cac phuong phap PSO va
cac phuong phéap khéc trudce day.

Céc phéan con lai ctia bai b4o gom cac phan
sau. Phan 2 thiét lap cong thirc cho bai toan
ORPD. B6 sung PSO-CF dugc trinh bay &
phan 3. Thir nghiém va két qua tinh toan tai
phan 4. Phan cubi 12 két luén.

2. DAT VAN DE

Muc dich ctia bai todn ORPD Ia tim cuc
tiéu gia tri ham muc tiéu thoa cac diéu kién
rang budc can bang va bat can bang. Cong thirc
todn hoc nhu sau:

Min F(x,u) (1)

Ham muc tiéu F(x,u) c6 thé dién ta boi mot
trong cac hinh thuc sau:

Cong suat thyc:

F(xu)=R, =N2'g. V-4V =20V, 0os(§ -3)

i<l
@)

Sai léch dién ap ¢ nut tai nhdm cai thién
dién ap (Vlachogiannis, & Lee, 2006)

F(x,u)=VD = i Vi-v.®

Voi: Vi la gid tri dién 4p tham khao tiéu
chuén tai nut thir i, Thuong chon gi tri 1.0 p.

Chi sb én dinh dién ap nhim nang cao do
tin twong dién ap (Kessel & Glavitsch, 1986;
Devaraj & Preetha Roselyn, 2010):

F(x,u) =L, =max{L}; i=1.. N,
4)

Vector cua cac bién phuy thude la:
.
X =[Qqurees Qg+ Vigrevs Vi, S Sy ]

Vector cua cac bién didu khién la:

®)

®)

u :[\/gll"‘l VgNgi T]_i“'i TN[’ chi"'! Q(;NC].r (6)

Rang budc can bang va bt can bing la:
Can béang cong suit thuc va cong suit

phan khang tai méi nat:
Ny

P~y =V, D V;[6, cos(s ~5,)+ BysinG )]
=1

i=1...N,

U]

=t

i=1..N,

®)
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Gigi han dién &p va cong suit phan khang

tai n4t may phat la:

Viimin Vg SVgimas 1=1, N
C)
Qgi,min < Qgi < Qgi,max; i 21,..., Ng
(10)
Gigi han hé thong tu bu
Qci,min < Qci < Qci,max; i=1..., NC
(11)
Rang budc bo diéu ap:
Temin ST STma K=1L.,N (12

Rang budc an ninh vé dién ap tai nat tai

va truyén tai trén duong day:

Vimin <Vi Vit 1 =10, N,

li,max ?

(13)

§, <S I=1..,N, (14)

I,max ?

Véi: S 1a trao luu cong suat cuc dai gitra

ndt i va natj xac dinh theo cong thuc:

Sy =max{|S; [,|S; I} (15)

3. TOI UU HOA PHAN TU BAY PAN VO
HE SO GIOI HAN (PSO-CF)
3.1. T6i wu héa phan tir by dan

PSO la giai phap tinh nghiém t&i wu phd
bién, k¥ thuét tinh dya vao hanh vi xa hoi cac
phan tir cia bay chim hodc ca. Tur kham pha
dau tién vao nim 1995 (Kennedy & Eberhart,
1995), PSO d4 tré thanh phuong phap tinh higu
qua trong van dé tdi wu hoa véi kha nang tim
nghiém t&i wu. Trong PSO thong thudng, phan
tir bay dan di chuyén trong khong gian nhim

tim nghiém t6i uu toan thé. Sy di chuyén cia

phan tir bay dan trong xa hoi ciia chung duge
xac dinh bang dia diém va van toc. Trong khi
di chuyén, van tdc ciia mdi phan tir thay doi
theo thoi gian va tai mdi vi tri khac nhau s&
duoc cap nhat. Xét bai toan gom co n chiéu di
chuyén, vec-to vi tri va van tdc ctia mdi phan tir
1a: Xg = [X1d, Xody «+r Xnd] VA Vg = [Vid, Vod, -
Vnal, VOi d = 1,..., NP va NP 1a s6 lugng phan
tir. Vi tri t6t nhét dau tién cia phan tir d duoc
xac dinh trén co s¢ gia tri cua ham kha dung 1a:
pbesty = [P1d, Pady ---» Poa] VA phan tir t6t nhat
trong tit ca cac phan tir dugc goi 1a gbest. Van
téc va vi tri ciia mdi phan tir trong bude 1ap ké
tiép (k+1) voi gia tri ham kha dung dugc tinh

nhu sau:

Vi = w v + ¢, xrand, x( pbestd’ —x{)

(0 _ 5 ()
+c, xrand, x(gbest® —x’)

(k+1) _ (k) (k+1)
Xid = Xig T Viy 17

V6i: hing s6 ¢; Va ¢, 1a hé s6 nhan thic va
hé sb x& hoi, rand; va rand, 1a gia tri ngiu
nhién t [0, 1]

2. B6 sung hé sb gi¢i han

Vi tri va van toc ciia mdi phan tir c6 giGi
han chinh n6. Xét giéi han vi tri, giéi han dudi
va gidi han trén dugc hinh thanh tir giéi han
cac bién sd cua vi tri mdi phén ttr. Gan day,
chat luong tim nghiém ciia PSO phu thudc vao
hé s6 d nhay, hé s6 nhan thirc va giéi han van
tc ciia mdi phan tir. Vi véy, kiém soat su kham
phé va nang lyc khdm phé cta thuét toan PSO
chinh 1a cac hé s6 nhan thic va x4 hoi hay
pham vi van toc trong giGi han [-Vigmax, Vidmax]-

Phuong phap PSO véi hé s6 giéi han (PSO-CF)
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(Clerc & Kennedy, 2002) dugc bd sung. Tac
gia khing dinh riang hé s giéi han co thé can
thiét dé dam bao do hoi tu 6n dinh cho phuong
phap PSO. Diéu chinh van tc cho phan tir véi

hé s6 gidi han duoc biéu dién nhur sau:
v = Ccx [vi(d") +¢, x rand, x ( pbest() — x( )

)]

+¢, x rand, x (gbest®’ —
(18)

2

C=— <
|2—(P—\/</’2—4¢’

; Where ¢ =c¢, +¢,, p>4

(19)

Trong phuong phap PSO-CF, hé s6 ¢ anh
hudng t6i dic tinh hoi tu cua hé théng va phai
I6n hon 4.0 dé dam bao 6n dinh. Tuy nhién,
néu gia tri ¢ ting, gidi han C giam s& lam da
dang hoa hudng nghiém va dap Gmg s& cham
hon. Thong thuong chon gia tri ¢ la4.1 (¢, =
¢, = 2.05). Khi h¢ s6 giéi han dugc bd sung vao
phuong phap PSO, d6 hoi tu nghiém dugc ddm
bao trén ly thuyét toan hoc. Két qua, PSO-CF
c6 thé tim nghiém tt hon phuong phap PSO
thong thuong.
3. PSO-CF véi vin d¢ ORPD

Theo cai tién PSO-CF, Vi tri mdi phan tir
V6i cac bién didu khién duoc dinh nghia nhu

sau:

T
Xd Ngld' " gNd' 1d' QNCd]

d=1..,NP

Md' Qugreeo

(20)
Gi6i han trén va duéi cho vén téc ciia mdi
phén tir duoc x4c dinh trén co s& chin trén va

dudi cua vi tri:

=Rx (X - xd'mm) (21)

d max d, max

Vy min — _Vd,max (22)

V6i: R 1a hé s6 giéi han cia van toc mdi
phan tir.
Vian tbc va Vi tri cia mdi phan tir duoc tao

V61 gidi han cua chinh n6 cho bdi cong thire:
0 —
Xg = Xg min T A3 X (Xg oy = Xg min) (23)

0) _
Vd - Vd,min + rand4 X (Vd,max - Vd,min) (24)

Véi: rand; va rand, la gi tri ngdu nhién tir
[0, 1].

Trong sudt qua trinh ldp, vi tri va van tdc
clia céc phan tir luon diéu chinh trong gidi han
cia né, sau mdi vong lap van tde va vi tri duge
tinh nhu sau:

Vgew = min <{vd,max » max {Vd,min Vg }} (29)

new

Xy = Mmin {Xd,max , max {Xd,min )

Ham kha dung phai cuc tiéu trén co so
ham muc tiéu va céc bién phy thudc bao gdm
cong suat phan khang may phat, dién ap tai nat
tai, cong sudt truyén tai trén duong day. Ham

kha dung dugc dinh nghia nhu sau:
NQ
FT =F(u,x)+ KqZ(Qgi —

+K Z( i)

Véi Kg, Ky, va Ks 1a cac hé s6 phat cua
cong suat phan khang may phat, dién ap tai nat
tai, cong suét truyén tai trén duong day tuong

ung.

Trang 93

Xy Jj (29)

Q)+ Kvi(v" Y

@7)



Science & Technology Development, Vol 16, No.K2- 2013

Gi6i han cia cac bién phu thu¢c trong
cbng thie (25) dugc xac dinh trén gid tri coa

chinh no:

(28)
Xoin T X< X

K Iim {Xmax if X> Xy
min

V6i: x va x"™ 13 gid tri va gidi han coa cac
thdng s6 Qgi, Vii, OF Symax-

Toan by qua trinh PSO-CF dugc tinh theo
cac budc nhu sau:

Butel: Chon céc thong sd didu khién
PSO-CF bao gém sb lugng phan tir bay dan
NP, tong s6 vong 1p ITpa, hé s6 nhan thic va
hé sb xa hoi ¢; va ¢, hé s gi6i han cho cuc dai
van toc R, va hé sb phat cho céac rang budc.

Bueée 2: Chay NP phan tir bay dan véi cac
bién kiém soat trong gi6i han ciia n6 bao gom
Vi tri ban dau X4 ,vec-to cac bién kiém soat
trong cong thic (5), van tdc vig trong (23) va
(24),voii=1, .., Ng+ N +N;vad=1, ...,
NP.

Bude 3: Véi mi phan tu, tinh gia tri cia
céc bién phy thugc trén co sé trao luu cong suat
sir dung dung cu Matpower va tinh ham kha
dung Fypesig trong (27). Xéc dinh gia tri toan thé
ctia ham kha dung Fypest = Min(Fopesta)-

Bude 4: it pbestiq toi Xiq cho mdi phan tir,
va gbest; t6i vi tri cia mdi phan tir twong (mg
Fobesta- Dt s6 vong lap k = 1.

Bude 5: Tinh vén tée méi v¥%gq va cap nhat
vi tri x®4 cho m&i phan tir sir dung (18) va
(17) twong tmg. Chd y rang van tc va vi tri
clia phan tir s& bi gidi han trong cén trén va can

duéi ciia n6 dugce cho trong (25) va (26).

Butc 6: Tinh trao luu cong sudt st dung
dung cu Matpower trén co s¢ gia tri vi tri méi
ctia mdi phan tir.

Budc 7: Danh gia ham kha dung FTq trong
(27) cho mdi phan tir voi vi tri méi. So sanh
FTa V6i F&Ypea dén khi co dugc gia tri ham
kha dung tot nhét t&i vong lap hién tai F® jpeqq.

Bude 8: Chon lai gia tri vi tri pbest®q
tuong timg véi F(k)pbestd cho mdi phﬁn tlr va Xac
dinh gia tri toan thé mai cia ham kha dung
F(k)pbestd tuong Umg voi vi tri gbest®;.

Buée 9: Néu Kk < ITpay, k = k + 1 tro lai
bude 5, Nguoc lai thi dimg tién trinh.

4. KET QUA TiINH TOAN

PSO-CF dugc thir nghiém trén hé thong 30
nat va 118 cua tap chi IEEE véi cac muc tiéu
khac nhau bao gom ton that cong sudt phan
khang, d¢ léch dién ap, va chi s6 6n dinh dién
&p. Dir liéu cua hé théng co thé tim trong
(Dabbagchi & Christie, 1993; Zimmerman,
Murillo-Sanchez & Thomas, 2009). Pic diém
va dir liéu thir nghiém cho trong bang 1 va 2.

Trong bai béo nay, trio luu cong suat clia
hé théng duoc tinh theo bd dung cu Matpower
(Zimmerman, Murillo-Sanchez & Thomas,
2009). Ba thdng sb bién ddi ciia PSO 1a trong
luong cuia vong lap bién doi thoi gian (PSO-
TVIW) (Shi & Eberhart, 1998), hé sé gia toc
bién d6i thoi gian (PSO-TVAC), hé sb gia st
tw t6 chirc bay dan véi gia toc bién doi thoi
gian (HPSO-TVAC) (Ratnaweera, Halgamuge
& Watson, 2004). Thuat toan ctia phuong phap
PSO dugc mi hda va chay trong phan mém
Matlab voi may tinh téc do 2.1 GHz, 2GB
RAM. Céc thdng s6 ciia hé thong thir nghiém
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cho trong bang 3. Tong s6 vong lap cho PSO
dugc cai dat 1a 200. M&i truong hop thu
nghiém, PSO dugc chay doc lap 50 lan.

Bang 1. Dic tinh h¢ théng thir nghiém

va 27-28. Céc bo ty bl tmg dong lap tai cac nit
10, 12, 15, 17, 20, 21, 23, 24, va 29 véi dung
lugng tr 0 t6i 5 MVAR tuong ung. Gidi han
céc bién diéu khién cho trong (Abou El Ela,
Abido & Spea, 2011), cong suit phan khang

sb Sénit | S4may | S6bo sb ] ] ]
H¢' thénh | méy | bigngp | tab | bién may phat cho trong (Lee, Park & Ortiz, 1985),
thong r phat didu va cbng suat truyen tai trén duong day cho
khién trong (Alsac & Stott, 1974). S6 cac phan tir cia
IEEE 41 6 4 9 19 phuong phap PSO duogc cai dat toi 10.
30 bus i i
Bang 4. Két qua tinh theo PSO ctia hé thong
IEEE 186 54 9 14 77 L .
118 IEEE 30 nut véi yéu cau ton that cong suat
bus Phwong phap Pso- | Pso- | HPsO-| Pso-
. s A TVIW | TVAC | TVAC | CF
Bang 2. Co sé thir nghiém
Min P (MW) | 4.5129 | 45356 | 4.5283 | 4.5128
Hé 2P ZQm Poss Qloss ZPg. ZQg.
. AVg. Pos (MW) | 45742 | 45912 | 45581 | 4.6313
thong
IEEE | 283.4 | 126.2 | 5.273 | 23.14 | 288.67 | 89.09 Max Pos (MW) | 5.8204 | 49439 | 46112 | 5.7633
30 Std. dev. Py 0.1907 | 0.0592 | 0.0188 | 0.2678
bus (MW)
IEEE | 4242 | 1438 | 132.863 | 783.79 | 4374.86 | 795.68 VD 2.0540 | 1.9854 | 1.9315 | 2.0567
118 Livax 0.1255 | 0.1257 | 0.1269 | 0.1254
bus
Avg. CPUtime | 1098 | 1085 | 10.38 | 10.65
Bang 3. Thong s6 cac phuong phap PSO ©
Phuong |  PSO- PSO- HPSO- | PSO- Bang 5. Két qua tinh theo PSO cua hé thong
phap TVIW - TVAC | TVAC CF IEEE 30 n(it v6i yu cu do léch dién ap
Winax 0.9 - -
Phuong PSO- PSO- HPSO- | PSO-
Wanin 0.4 - - phap TVIW | TVAC TVAC CF
€1, G 2 - 2.05 Min VD 00922 | 0.1210 0.1136 | 0.0890
Cuiy Car - 25 25 - Avg. VD 0.1481 | 0.1529 0.1340 | 0.1160
Cif, Cai - 0.2 0.2 - Max VD 05675 | 0.1871 0.1615 | 0.3644
R 0.15 0.15 0.15 0.15 Std. dev. VD | 0.1112 | 0.0153 0.0103 | 0.0404
4.1. Hé théng thir nghiém IEEE 30 nGt Pioss (MW) 5.8452 5.3829 5.7269 | 5.8258
Trong hé thong thir nghiém, cic may phat Linax 0.1481 0.1485 0.1484 | 0.1485
dat tai cac nat 1, 2, 5, 8, 11, va 13, cac may Avg. CPU 9.97 9.88 9.59 9.89
bién 4p dit trén cac duong dy 6-9, 6-10, 4-12, time (5)
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Bang 6. Két qua tinh theo PSO ciia hé thong

IEEE 30 n(t v6i yéu cau chi s6 6n dinh dién ap

Phuwong phap PSO- PSO- HPSO- | PSO-
TVIW | TVAC TVAC CF

Min Lpax 0.1249 0.1248 0.1261 | 0.1247
Avg. Linax 0.1261 0.1262 0.1275 | 0.1265
Max Limax 0.1280 0.1293 0.1287 | 0.1281

Std. dev. Lmax 0.0008 0.0009 0.0006 | 0.0008

Pioss (MW) 49186 | 4.8599 | 5.2558 | 5.0041

VD 1.9427 1.9174 1.6830 | 1.9429

Avg. CPUtime | 13.42 | 13.39 13.05 | 13.39
©)

Két qua tim duoc bang viéc sir dung cac
phuong phap PSO cai tién véi cac yéu cau khac
nhau bao gom ton that cong sut, do léch dién
ap, cai thién dién ap 1am viéc, va nang cao chi
sb on dinh dién ap cho trong bang 4, 5 va 6.
Két qua tt nhit dugc cho trong phu luc Al,
A2, va A3.

Bang 7. So sanh két qua tot nhét hé thong 30

nlt gitra cac phuong phap

(Mahadevan & Kannan, 2010), va cac phuong
phéap PSO bién dbi khac cho trong bang 7. Véi
muc tiéu la téng tdn that cong suat va do léch
dién ap, két qua tir PSO-CF 1a nho hon céac
phuong phap khac, néu muc tiéu 1a chi sé én
dinh dién ap thi PSO-CF cho két qua gan giéng
cac phuong phap khac nhung tot hon phuong
phap HPSO-TVAC. Xét yéu t6 théi gian tim
nghiém, CLPSO trung binh 1a 138 gidy cham
hon rét nhiéu so véi PSO-CF. Phuong phéap DE
khéng c6 bao cao thoi gian tim nghiém.
2. Hé théng thir nghiém IEEE 118 nat

Trong hé théng nay, gi6i han trén dudi cia
tu bu tng dong, va giGi han trén dudi cua cac
bién diéu khién duoc cho trong (Mahadevan &
Kannan, 2010). S5 phan tir dugc cai dit 1a 40.

Bang 8. Két qua tinh theo PSO ciia hé thong

IEEE 118 nt véi yéu cau ton that cong suat

Phuwong | PSO- PSO- HPSO- | PSO-CF
phap TVIW | TVAC TVAC

Min Pioss | 116.6500 | 124.3335 | 116.2026 | 115.6469
(Mw)

Phwong Ténthit | Doléchdién | Chisd dn
phép cong suit ap dinh Avg. Pioss | 117.9076 | 129.7494 | 117.3553 | 116.9863
MW
(MW) (VD) (Linsd) (MW)
oF 25550 0,091 01246 Max Poss | 120.8162 | 134.1254 | 118.1390 | 119.8378
(MW)
CLPSO 45615 - -
Std. dev. | 0.7919 2.1560 0.4696 0.8655
PSO-TVIW 45129 0.0922 0.1249 P
PSO-TVAC 4.5356 0.1210 0.1248 (MW)
HPSO- 45283 0.1136 0.1261 VD 2.0719 1.4332 1.8587 2.1306
TVAC La 0.0644 | 0.0679 | 0.0650 | 0.0647
PSO-CF 45128 0.0890 0.1247 Avg. 9172 85.32 85.25 91.86
Két qua t6t nhat tim dugc tir PSO-CF dugc CPU
time (s)

50 sanh voi cac phuong phap khac nhu DE
(Abou EI Ela, Abido & Spea, 2011), CLPSO

Trang 96




TAP CHi PHAT TRIEN KH&CN, TAP 16, SO K2- 2013

Bang 9. Két qua tinh theo PSO ciia hé thong

PSO-TVAC 124.33 0.3921 0.0607
IEEE 118 niit voi yéu cau do léch dién 4p HPSO- 116.20 0.2074 0.0607
Phuong PSO- | PSO- | HPso- | Pso-ck TVAC
phap TVIW | TVAC | TVAC PSO-CF 115.65 0.1801 0.0606
Min VD 0.1935 | 03921 | 0.2074 | 0.1801 Két qua tim duoc tuong duong truong hop
Avg. VD 0.2291 | 0.4724 | 0.2498 | 0.2143 h¢ thong thir nghiém 30 nat va duoc cho trong
Max VD 0.2809 | 05407 | 03012 | 0.3384 bang 8,9 va 10. So sanh cac két qua tot nhat tim
std. dev. 0.0206 | 0.0316 | 0.0215 | 0.0286 dugc dugc cho trong bang 11. Véi muc tiéu 1a
vD tong ton that cong suat, két qua tir PSO-CF la

Pioss (MW) | 176.4582 | 179.7952 | 146.8104 | 164.9722

Liax 0.0672 0.0667 0.0670 0.0669

Avg. CPU 78.49 78.70 74.90 78.13

time (s)

Bang 10. Két qua tinh theo PSO cua h¢ thong

IEEE 118 nit véi yéu ciu chi s 6n dinh dién

ap
Phuong PSO- PSO- HPSO- PSO-CF
phap TVIW TVAC TVAC

Min Liax 0.0606 0.0607 0.0607 0.0606

AVQ. Lmax 0.0607 0.0609 0.0608 0.0607

Max Liax 0.0612 0.0613 0.0612 0.0610

Std. dev. 0.0001 0.0001 0.0001 0.0001

Limax

Pioss (MW) | 183.8687 | 184.5627 | 155.3915 | 203.7265

VD 1.3814 1.2103 1.34401 1.5400

Avg. CPU 119.66 119.22 119.16 119.86

time (s)

Bang 11. So sanh két qua tét nhat hé thong 118

nlt gitra cac phuong phap

Phuong Tén thit Dj lech Chi s6 6n
phap cong sudt dién ap dinh
(Mw) (VD) (Limax)
CLPSO 130.96 - -
PSO-TVIW 116.65 0.1935 0.0606

nho hon CLPSO va cac phuong phap PSO bién
d6i. Xét vé muc tiéu do léch dién ap, PSO-CF
tim dugc két qua tét hon cac phwong phap PSO
bién d6i khac. Néu muc tiéu 1a chi s§ én dinh
dién ap, két qua cia PSO-CF gan gidng cac
phuong phap PSO khac. Vé thoi gian tim
nghiém, PSO-CF nhanh hon rét nhiéu so véi
CLPSO véi thoi gian trung binh tim nghiém 1a
1472 giay.
5. KET LUAN

Trong bai bdo ndy, PSO-CF 1a phuong
phap hiéu qua va bo sung tich cuc dé giai quyét
van ¢& ORPD. PSO-CF dugc cii tién don gian
tir cac phuong phéap PSO thong thudng va dam
bao do hoi tu nghiém trén co s¢ 1y thuyét toéan
hoc. PSO-CF d4 dugc thir nghiém trén hé thong
IEEE 30 n(t va 118 ndt voi cac yéu cau khac
nhau bao gom ton thit cong suat, do léch dién
ap, chi s6 6n dinh dién ap. Két qua thir nghiém
chimg minh rang PSO-CF tim ra két qua ton
thit cong suat, do léch dién ap,va chi s6 on
dinh dién ap nho hon cac phuong phdp PSO
khac. Vi vay, PSO-CF la phuong phéap hitu
dung va higu qua dé giai quyét van dé ORPD
trong hé thong dién.
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6. PHU LUC Vg2 1.0036 1.0256 1.0083 | 1.0030
Cac giai phap t6t nhit ciia phuong phap Vgs 10184 | 1.0077 1.0169 | 1.0159
PSO Véi cac yéu cau khac nhau thir nghiém Vgs 1.0079 1.0014 1.0071 | 1.0078
trén hé thong IEEE 30 nit duoc cho trong bang Vi 1.0240 1.0021 1.0707 | 1.0558
Al A2 vaA3. Vais 10220 | 1.0046 1.0060 | 1.0059
Bang Al. Céc giai phap tot nhat cta hé thong Tos 1.0387 | 1.0125 1.0564 | 1.0780
IEEE 30 n(t véii yéu cu ton that cong suat To-10 0.9000 | 0.9118 0.9076 | 0.9000
Bién diéu khién | PSO- | PSO- | HPSO- | PsO- Tosz | 0.9964 | 0.9617 | 0.9545 ) 0.9799
TVIW | TVAC | TVAC | CF Toras 0.95% | 0.9663 0.9695 | 0.9654
Vau 1.1000 | 1.1000 | 1.1000 | 1.1000 Qeto 3.1805 | 5.0000 15543 | 5.0000
Voo 1.0943 | 1.0957 | 1.0041 | 1.0944 Quiz 0.0000 | 1.5065 1.4242 | 5.0000
Vs 1.0748 | 1.0775 | 1.0745 | 1.0749 Qus 49903 | 3.9931 25205 | 4.7892
Vs 1.0766 | 1.0792 | 1.0762 | 1.0767 Qurr 15245 | 3.7785 1.6400 | 0.0000
Vour 1.1000 | 1.1000 | 1.0996 | 1.1000 Qo 50000 | 3.2593 50000 | 5.0000
Vois 1.1000 | 1.0970 | 1.1000 | 1.1000 Qe 50000 | 4.1425 1.8539 | 4.9069
Tes 1.0450 | 1.0199 | 1.0020 | 1.0435 Qus 50000 | 4.9820 3.3035 | 5.0000
To0 0.9000 | 0.9401 | 0.9498 | 0.9000 Qe 41862 | 4.5450 45941 | 5.0000
Tisz 0.9794 | 0.9764 | 0.9830 | 0.9794 Quzo 16848 | 4.1272 35062 | 2.1107

Torze 0.9652 1 0.9643 | 09707 | 0.9647 Béng A3. CAc giai phap tét nhit ciia hé théng

Quo >0000] 45982 | 23238 | 5.0000 IEEE 30 nit véi yéu cau chi sé 6n dinh dién 4p

Qurz 4.9952 | 2.8184 | 2.8418 | 5.0000 ——

Biéndidu | PSO- PSO- HPSO- | PSO-

Quis 5.0000 | 2.3724 | 3.6965 | 5.0000 Khién viw | Tvac TVAC CF
Qerr 5.0000 | 3.6676 | 4.9993 | 5.0000 Vau 1.1000 |  1.1000 1.0979 | 1.1000
Qez0 4.0765 | 4.3809 | 3.1123 | 4.0041 Vg2 1.0911 | 1.0934 1.0997 | 1.1000
Qo1 5.0000 | 4.9146 | 4.9985 | 5.0000 Vs 1.0440 | 1.0969 1.0500 | 1.1000
Qezs 25071 3.6527 | 3.5215 | 2.3834 Vs 1.0734 | 1.0970 1.0663 | 1.0766
Qeza 5.0000 | 5.0000 | 4.9987 | 5.0000 Voir 1.1000 |  1.1000 1.0561 | 1.1000
Qezo 2.2284 | 21226 | 2.3743 | 2.2176 Vi 1.1000 |  1.1000 1.0886 | 1.0834
Bang A2. Céc giai phap tot nht cua hé thong Tes 0.9701 | 1.0935 0.9939 | 1.0040
IEEE 30 niit v6i yéu ciu do léch dién 4p Teww | 0.9000 | 0.9000 | 1.0150 | 0.9000
Sitnade | Pso. 5o rrso. | pso. Tisz 0.9451 | 0.9579 09121 | 0.9182
khién TVIW | TVAC TVAC CF Ty | 0.9425 | 0.9651 0.9406 | 0.9414
Var 1.0090 | 1.0282 10117 | 1.0080 Qa0 3.7186 | 3.1409 3.7685 | 3.4792
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Qc12 2.2318 3.0186 4.6323 0.0000 Qca1 2.6790 5.0000 2.1071 2.5272
Qcis 0.5772 1.4347 2.6542 2.5747 Qc23 0.1350 0.0000 3.1044 1.1154
Qc17 0.0000 3.8498 2.6897 0.0061 Qc24 1.2181 2.1733 2.1797 0.0000
Qc20 2.3728 0.0000 2.8806 2.3822 Qcag 1.3609 2.2708 3.5843 0.0000

PARTICLE SWARM OPTIMIZATION WITH CONSTRICTION FACTOR FOR
OPTIMAL REACTIVE POWER DISPATCH

Vo Ngoc Dieu®, Le Anh Dung®”, Vu Phan Tu®
(1) University of Technology, VNU-HCM
(2) VNU-HCM

ABSTRACT: This paper proposes a simple particle swarm optimization with constriction factor

(PSO-CF) method for solving optimal reactive power dispatch (ORPD) problem. The proposed PSO-CF

is the conventional particle swarm optimization based on constriction factor which can deal with

different objectives of the problem such as minimizing the real power losses, improving the voltage

profile, and enhancing the voltage stability and properly handle various constraints for reactive power

limits of generators and switchable capacitor banks, bus voltage limits, tap changer limits for

transformers, and transmission line limits. The proposed method has been tested on the IEEE 30-bus

and IEEE 118-bus systems and the obtained results are compared to those from other PSO variants and

other methods in the literature. The result comparison has shown that the proposed method can obtain

total power loss, voltage deviation or voltage stability index less than the others for the considered

cases. Therefore, the proposed PSO-CF can be favorable solving the ORPD problem

[1.

(2.

TAI LIEU THAM KHAO
Abou El Ela, A.A., Abido, M.A. & Spea,
S.R., Differential evolution algorithm for
optimal reactive power dispatch, Electric
Power Systems Research, 81(2), 458-464

(2011).
About  El-Ela, A, Kinawy, A., El-
Sehiemy, R., Mouwafi, M., Optimal

reactive power dispatch using ant colony

[3].

[4].

optimization algorithm, Electrical
Engineering (Archiv fur Elektrotechnik), 1-
14 (2011). .

Alsac, O.& Stott, B., Optimal load flow
with steady-state security, IEEE Trans.
Power Apparatus and Systems, 93, 745-751
(1974).

Aoki, K., Fan, M. & Nishikori, A., Optimal

VAR planning by approximation method

Trang 99




Science & Technology Development, Vol 16, No.K2- 2013

[5].

(6].

[71.

(8l.

9.

[10].

[11].

for recursive mixed integer linear

programming, IEEE Trans. Power Systems,
3(4), 1741-1747 (1988)..

Clerc, M. & Kennedy, J., The particle
Explosion, and

swarm - stability,

convergence in a multidimensional complex

space, IEEE  Trans. Evolutionary
Computation, 6(1), 58-73 (2002).
Dabbagchi, I. & Christie, R., Power

systems test case archive, University of
Washington (1993).

Devaraj, D. & Preetha Roselyn, J., Genetic
algorithm based reactive power dispatch for
voltage stability improvement, Electrical
Power and Energy Systems, 32(10), 1151-
1156 (2010).

Esmin, A. A. A., Lambert-Torres, G. &
Zambroni de Souza, A. C., A hybrid
particle swarm optimization applied to loss
power minimization, IEEE Trans. Power
Systems, 2(2), 859-866 (2005)..

Granville, S., Optimal reactive power
dispatch through interior point methods,
IEEE Trans. Power Systems, 9(1), 136-146
(1994)..

Grudinin, N., Reactive power optimization
using successive quadratic programming
method, IEEE Trans. Power Systems, 13(4),
1219-1225 (1998)..

Kennedy, J. , Eberhart, R., Particle swarm
optimization, Proc. IEEE Conf.
Networks (ICNN’95), Perth, Australia, 1V,
1942-1948 (1995)..

Neural

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Kessel, P., Glavitsch, H., Estimating the
voltage stability of power systems, IEEE
Trans Power Systems, 1(3), 346-54 (1986).
Khazali, A. H., Kalantar, M., Optimal
reactive power dispatch based on harmony
search algorithm, Electrical Power and
Energy Systems.

Kirschen, D. S., Van Meeteren, H. P.,
MW/voltage
programming based optimal power flow,
IEEE Trans. Power Systems, 3(2), 481-489
(1988)..

Lai, L. L. & Ma, J. T., Application of

control in a linear

evolutionary programming to reactive
power planning, Comparison with nonlinear
programming approach. IEEE Trans. Power
Systems, 12(1), 198-206 (1997).

Lee, K.Y, Park, Y.M., Ortiz, J.L., A united
approach to optimal real and reactive power
dispatch, IEEE Trans. Power Apparatus
and Systems, PAS-104(5), 1147-1153
(1985).

Li, Y., Cao, Y., Liu, Z, Liu, Y. & Jiang, Q.,
Dynamic optimal reactive power dispatch
based on parallel particle swarm
optimization algorithm, Computers and
Mathematics with Applications, 57(11-12)
1835-1842 (2009).

Lim, S.Y, Montakhab, M. & Nouri, H., A
constriction factor based particle swarm
optimization for economic dispatch, The
2009 European Simulation and Modelling
Conference (ESM’2009), Leicester, United
Kingdom (2009).

Trang 100



TAP CHi PHAT TRIEN KH&CN, TAP 16, SO K2- 2013

[19].

[20].

[21].

[22].

[23].

Lu, F.C., Reactive

power/voltage control

Hsu, Y. Y,
in a distribution

substation using dynamic programming,

IEE Proc. Gen. Transm. Distrib., 142 (6),

639-645 (1995)..

Mahadevan, K. P.S.,

Comprehensive learning particle swarm

&  Kannan,

optimization for reactive power dispatch,
Applied Soft Computing, 10(2), 641-652
(2010)..

Nanda, J., Hari, L. & Kothari, M. L.,
Challenging algorithm for optimal reactive
power dispatch through classical co-
ordination equations, IEE Proceedings - C,
139 (2), 93-101 (1992)..

Ratnaweera, A., Halgamuge, S K., Watson,
H. C., Self organizing hierarchical particle
swarm optimizer  with  time-varying
acceleration IEEE Trans.
Evolutionary Computation, 8(3), 240-255
(2004).

Shi, Y. & Eberhart, R., A modified particle
swarm optimizer, Proc. The 1998 IEEE
World
Intelligence, Piscataway, NJ, IEEE Press,

69-73 (1998)

coefficients,

Congress on  Computational

[24].

[25].

[26].

[27].

[28].

Urdaneta, A. J., Gomez, J. F., Sorrentino,
E., Flores, L. & Diaz, R., A hybrid genetic
optimal

algorithm  for reactive power

planning based upon successive linear
programming, IEEE Trans. Power Systems,

14 (4), 1292-1298 (1999)..

Lee, K. Y. A

Comparative study on particle swarm

Vlachogiannis, J. G.,

optimization for optimal steady-state
performance of power systems, IEEE
Trans. Power Systems, 21(4), 1718-1728
(2006).

Yan, W., Lu, S., Yu, D. C., A novel optimal
reactive power dispatch method based on an
improved hybrid evolutionary programming
technique, IEEE Trans. Power Systems,
19(2), 913 (2004).

Zhao, B., Guo, C. X, Cao, Y. J, A
multiagent-based particle swarm
optimization approach for optimal reactive
power IEEE Trans.

Systems, 20(2), 1070-1078 (2005)..

dispatch, Power
Zimmerman, R.D., Murillo-Sanchez, C.E.,
R.J.,

optimal power flow architecture,

Thomas, Matpower's  extensible
Proc.
Power

Meeting, IEEE, 1-7 (2009).

and Energy Society General

Trang 101



