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This paper presents a multi-objective optimization approach for planning
distributed generation in unbalanced three-phase distribution networks.
The proposed model considers real world asymmetries, including
unequal line impedances, uneven load distribution, and generation units
connected to single or two phases. The objective is to minimize active
power losses, voltage deviations, and phase imbalance. The Weighted
Interaction Optimizer is employed to solve the nonlinear and mixed-
variable optimization problem. The method is tested on two benchmark
power systems with 18-bus and 33-bus. Simulation results show that the
proposed approach effectively reduces power losses and improves phase
balancing, especially under highly unbalanced operating conditions. The
model offers a practical and efficient solution for integrating renewable
energy sources into modern distribution networks.
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Bai bao nay trinh bay mot phuong phap t6i vu héa da muc tiéu cho bai
toan quy hoach ngudn phat phan tan trong ludi dién phan phéi ba pha
khong d6i ximg. M6 hinh dé xuét xét dén cac bat ddi xing thyc té trong
ludi dién nhu tré khang duong day khong dong déu, phan b tai léch
pha va cac ngudn phat mot pha hozc hai pha. Muc tiéu tdi wu 1a giam
t6n that cong suat, sai léch dién ap va do léch pha. Giai thuat Weighted
Interaction Optimizer dugc ap dung dé giai bai toan phi tuyén c6 bién
hdn hop. Phuong phap dugc kiém nghiém trén hai ludi dién tiéu chuan
gom 18 nat va 33 nat. K&t qua md phong cho thiy phuong phap dat
hiéu qua cao trong viéc giam ton thit cong sudt va cai thién can bang
pha, dic biét trong diéu kién ludi khong ddi ximg. M6 hinh 1a mét giai
phap hiéu qua va thyc tidn cho viéc tich hop cac ngudn ning luong tai
tao vao ludi dién phan phdi hién dai.
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1. Gioi thigu

Hé thong dién phan phbi (Distribution Networks - DN) hién dai ngay cang ching kién sy gia
tang tich hop ciia cac ngudn phat phan tan (Distributed Generation - DQG), dac biét la nang luong
tai tao nhu dién mat troi va dién gio [1]. Viéc quy hoach vi tri va cong suat cac nguén DG hop 1y
khong chi gop phan gidm ton that cong sudt, cai thién dién ap ma con ting cuong hiéu qua van
hanh hé théng [2]. Tuy nhién, phan 16n cac nghién ctru hién nay gia dinh h¢ thong 1a can bang ba
pha, trong khi thuc té cho thdy da s6 DN tai Viét Nam va nhiéu qudc gia dang phat trién 1a ba pha
khong d6i ximg, do anh hudng tir tai khong dong déu, trd khang day dan khac nhau va két ndi
DG moét hodc hai pha [3]. Su bt dbi ximg nay gdy ra hién tugng 1éch pha, sut 4p cuc bd va chit
luong dién nang kem, ddc biét khi ¢6 sy hién dién cuia DG néu khong duoc t6i uu ding phuong
phap [4] Diéu nay dit ra yéu ciu can c6 mot md hinh t6i wu moi cd thé quy hoach DG phu hop
v6i diéu kién ba pha khong dbi xtmg, ddng thoi dam bao giam ton thit, duy tri dién ap 6n dinh va
cin bang pha toan hé thdng [5].

Trong nghién ctru nay, mot bai toan t6i wu da muc tiéu duoc xay dung voi ba muc tidu chinh:
giam ton that cong sudt, giam sai léch dién ap va giam d6 1éch pha, duoc do ludng théng qua chi s6
léch pha UPI (Unbalance Performance Index). Giai thuat Weighted Interaction Optimizer (INFO)
[6], mdt phuong phép tdi vu méi c¢6 kha ning khai thac khai phé hiéu qua, dugc st dung dé giai bai
toan phirc tap nay. M6 hinh dugc kiém chimg trén cac hé thong IEEE 18 nut va 33 nut da dugc mé
rong thanh luéi ba pha khong dbi ximg. Két qua duoc so sanh véi nhiéu giai thuat metaheuristic
nhu Grey Wolf Optimizer (GWO) [7], Arithmetic Optimization Algorithm (AOA) [8], Marine
Predators Algorithm (MPA) [9], Reptile Search Algorithm (RSA) [10] va Whale Optimization
Algorithm (WOA) [11], nhdm danh gia hiéu qua tuong dbi cua phuong phép dé xuat.

Nhirng dong gop chinh cua bai bdo nay bao gom: (i) dé xuat mot mod hinh t6i wu cho quy
hoach DG, trong d6 c6 xét dén dic tinh bat d6i xing ba pha ctia DN thuc té; (ii) xdy dung ham
muc tiéu da tiéu chi tich hop ba yéu t6 quan trong 1a tén thit cong suat, sai 1éch dién ap va do
léch pha théng qua chi s6 UPI; (iii) lan dau tién ap dung giai thuat INFO cho bai toan téi vu DG
trong moi truong ba pha khong dbi xung; va (iv) thyc hién danh gia toan dién hiéu qua cua mé
hinh dé xuat thong qua so sanh v&i nhiéu giai thuat metaheuristic hién dai trén hai hé thong thur
nghiém chuén IEEE 18 va 33 nut da duoc mé rong thanh ludi ba pha khong ddi ximg.

2. Phuong phap nghién ciru
2.1. M6 hinh lwéi di¢n phén phéi ba pha khéng doi xirng

Trong hé théng dién ba pha khong ddi xing, cac théng sb duong day, phu tai va DG dugc xac
dinh riéng biét cho tung pha. Tr¢ khang duong day dugc bicu dien dudi dang ma trdn 3x3 bao
gom tuong tac gilia cac pha:

Zaa Zab Zac
Zl] =(Zba Zbp Zpc 1)

- an Zcb ch

Phu tai tai moi nut ciing dugc mo ta theo ting pha:
Sloadl - [Pla +jQLa: ib +thbr PLC +lec] (2)

Viéc két nbi DG c6 thé theo ting pha riéng 1¢, hai pha hodc ba pha, tao nén su bat dbi xtmg bd
sung cho hé¢ thong Do do, bai toan quy hoach can xét dong thoi ca vi tri, cong suat va phan pha
ctia tirng nguon DG. Vi cac bién quyét dinh:

e Vi tri DG: lya chon niit i € N dé dat nguon DG.

* Cong suat DG theo ting pha: PP¢ = [PEC, PR¢, PPC]

° Tong s6 DG duoc cai dit 1a Nnpe, duge xac dinh trudce hodc tdi wu cung luc.

Bai toan tbi wu duoc xﬁy dung duéi dang da muc tiéu, két hop ba yéu té chinh:

(1) Ton that cong suat toan hé thong: P! = Yijyer Lphetapefipn - Rijpn (3)
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(2) Sai léch dién 4p gitta céc nit: oy = |5 $pp (Vipn — 1)? )
(3) D3 Igch pha (UPI): UPT = £ T, (et tl—ta (5)
Trong do6 Iy, = —Iiaﬂéb hal: (6)
Ham myc tiéu tong hgp: min F = wy - Pk?st:l + w, - UPL + w3 - oy (7)

Trong do wy, w,, w3 la cac hé sO trong s6 phan anh murc d6 uu tién gitra cac myc tiéu.

Dé tinh toan dién ap nat, dong dién nhanh va ton that cong suat trong mdi trudong ba pha
khong d6i ximg, nghién ctu nay st dung phwong phip giai tich dua trén  thudt
Backward/Forward [12], [13]. Phuong phdp nay cho phép tinh toan ludng cong suat hiéu qua
trong hé thong hinh tia, xtr 1y cac dic tinh bat dbi xtmg do tai 1éch pha, tré khang khong dong déu
va DG no6i mot hoac hai pha. Viéc ap dung thuat toan nay giap dam bao d6 chinh xac cao va thoi
gian tinh toan nhanh, dac biét phu hgp khi tich hop bén trong vong 1ap danh gia cua cac giai thuat
t6i wu metaheuristic.

Vai cac rang bugc Ky thugt:

e Di¢n ap ting pha Viyin < Vipn < Vimax Vi, ph € {a, b, ¢}, Viin = 0,95, Vinax = 1,05 (pu)

e Gi6i han cong suat DG theo pha: 0 < P75, < PB3X

e Can bang cong suit theo timg pha (phwong trinh dong dién va dién ap ba pha).

e Rang budc cau tric ludi dang hinh tia

e Gidi han s lugng DG: np; < nidx

2.2. Phwong phdp gidi quyét bai todn

Giai thuat INFO mé phong hanh vi tuong téc c6 trong sb giita cac ca thé trong quan thé. INFO
sir dung ba co ché chinh: tuong tac khai pha, twong tac khai thac, va twong tac can bang, nham duy
tri 46 da dang trong quan thé nhung vin dam bao tdc d6 hoi tu. Nho ciu trac linh hoat va kha ning
diéu chinh huéng tim kiém theo hiéu suit ca thé, INFO duoc danh gia 1a phit hop véi cac bai toan
t6i uru phi tuyén, nhidu rang budc nhu quy hoach DG trong hé théng dién khong ddi ximg.

Trong bai todn nay, mdi ca thé trong quan thé duoc ma héa dudi dang mot chudi chira thong
tin v& vi tri va cong suat pha cua tirng nguon DG. Céu trac vector 11 giai nhu sau:

X = [x1, Xz oo Xnpgy PSR, PY,. RO, p00), plod)] ®)

Trong d6: x; € {1,2,..., N} 1a vi tri ntit noi dat nguon DG thu i, Pp(;l) 1a cong suat phat ctia DG
i trén pha ph € {a, b, c}, Tong chiéu dai vector tiy thudc vao sd luong ngudn np, duoc xét.

Madi c4 thé duoc dam bao nim trong gii han cong suit cho phép, va vi tri dat khong trung lip
néu bai toan yéu cAu. Thuét toan INFO duoc trién khai theo cac budc chinh nhu sau:

1. Khéi tao quan thé: Tao ngau nhién mét tap hop cac 101 giai kha thi dya trén rang budc hé thong.

2. Panh gia ca thé: Mai ca thé dugc tinh toan gid trj ham muc tiéu tong hop F, gdm tn thit
cong sudt, do 1éch dién ap va chi s6 bat d6i xing pha (UPI).

3. Tuong tac gilra cac ca thé: Trong giai doan khai pha, ca thé c6 chat lugng kém bi anh
hudng manh bai cac ca thé t6t hon dé mo rong khong gian tim kiém. Trong giai doan khai thac,
cac ca thé tt cai thién 1o giai bang céach trao ddi thoéng tin véi cac ca the c6 chét luong gin
tuong duong. Giai doan can bang duoc diéu chinh dong thong qua tham s6 thich nghi nham duy
tri d§ da dang va kiém soat hoi ty.

4. Cap nhat quan thé: Cac 16i giai t6t nhat sau tuong tac s€ dugc chon dé hinh thanh thé hé moi.

5. Dumg thuat toan: Thuét toan két thuc khi dat dén s6 vong lip t6i da hodc khi khong con cai thién.

Dé dam bao 10 giai thoa man cac rang budc Ky thuat nhu gisi han dién ap, cong suat va cau
triic hinh tia, bai todn str dung ham phat hiéu chinh ham muc tiéu. Ham muc tiéu c¢6 dang:

F'=F + ¥ A - max(0, g, (X)) (9)
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Trong d6, g (X) 1a do vi pham ctia rang budc thir k, con A, 1a hé sb phat twong tmg. Cach tiép
can nay giap thudt toan duy tri duoc sy linh hoat trong tim kiém loi giai, nhung van dam bao tinh
kha thi vé mat k¥ thuat.

INFO dic biét phii hop voi bai todn quy hoach DG trong ludi ba pha khong d6i xing do kha
nang xir Iy bién roi rac (vi tri DG), bién lién tuc (cong suat timg pha), va md hinh phi tuyén da
rang budc. Kha nang duy tri sy da dang quan thé va chlen luge cép nhat linh hoat giup INFO
tranh duoc viéc hoi tu sém va tim ra cac cau hinh DG t6i wu c¢6 hiéu qua vé ton that, dién ap va
cin bang pha.

_Trong qua trinh t6i rru, mdi 10i giai do giai thudt INFO sinh ra bao gom thong tin vi tri va cong
suat mdi pha ciia cac nguoén DG. Dé danh gia chét luong cua timg loi giai, mo-dun giai tich cong
suat ba pha khong d6i xtmg s& dugc goi lap lai trong mdi vong 1ap cua giai thuat t6i wu. Cu thé, 7y
mdi ca thé, phuong phap Backward/Forward s& duoc thue hién dé tinh toan dién 4 ap tai céc nut, ton
that cong suat, va UPL. Nhiing gié tri ndy s& duoc tong hop thanh ham muc tiéu tong hop dé thuat
toan st dung trong viéc cdp nhat va lya chon ca thé t6t hon & cac thé hé tlep theo. Viéc tich hop
chit ch& gitra giai thudt t6i vu va mé hinh mé phong gitip dam bao do chinh xac va tinh kha thi cua
101 giai trong méi trudong van hanh thyc té ciia hé thdng dién phan phdi khong dbi xtng.

3. Két qua va ban luan

Bang 1. Thong s6 mé phong cia lwéi IEEE 18 va 33 niit

Théng sb IEEE 18 nit IEEE 33 miit
SO nit (bus) 18 33
S0 nhanh (line) 17 32

Tong cong suét tai (P/Q) 1070 kKW /660 kVar 3715 KW / 2300 kVar
Phan b6 tai pha A/B/IC 40% / 35% / 25% 37% / 33% / 30%

Gi6i hg}n dién ap 0,95-1,05 pu 0,95-1,05 pu
S6 DG 2 2
Cong suit toi da mdi DG 300 kw 300 kW

Bang 2. Thong sé cdu hinh cdc giai thudt toi wu

Thuit toan Kich thwéc quan thé (Np)  S6 vong 13p téi da (Gmax)  Tham sb ndi

INFO 30 200 Tu thich nghi
GWO 30 200 -

AOA 30 200 a=5p=05
MPA 30 200 B=15r=02
RSA 30 200 n=2;Q=15
WOA 30 200 a€R —0b=1

Dé danh gia hiéu qua ciia mo hinh va giai thuat dé xuét, hai hé théng phéan phdi IEEE gém 18
nat va 33 nat duge str dung 1am nén tang md phong. Cau trac ban dau cia ludi 18 nat dugce tham
khao tir [14], trong khi ludi 33 nit dya trén mo hinh dugc tham khao tir [15]. Nham phan anh dic
diém van hanh thyc té trong cac ludi dién ba pha khong ddi xtng, ca hai hé thong dugc mé rong
bang cach thiét 1ap tré khang duong day dudi dang ma tran 3x3 véi tré khang pha A/B/C dugc
phan theo ty 1& 1,0/1,05/1,1 dé thir nghiém, trong d6 pha A dugc chon lam chuan. Viée st dung
cac hé sb 16n hon hodc bang 1,0 gitp don gian héa md hinh va dam bao tinh 6n dinh, dong thoi
van phan anh rd hiéu tng bat d6i xtng trong tinh toan ton tht va do 1éch pha. Phu tai tai cac nut
ciing dugc diéu chinh dé phan bd khong déu giita ba pha, phu hop vé6i cdu hinh ¢ Bang 1. M6
hinh sau khi mé rong dugc st dung dé danh gia hiéu qua cuia thuat toan INFO so véi cac thuét
toan metaheuristic phd bién khac gom: GWO, AOA, MPA, RSA va WOA. Tét ca cac thuit toan
déu duoc thiét 1ap v6i cung kich thude quan thé va sé vong lap t6i da nhim dam béo tinh cong
bang trong so sanh. Cac tham sb cai dat cu thé dugc trinh bay trong Bang 2. Toan by mé phong
dugc thyc hién trén nén MATLAB R2021b.
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3.1. Két qua trén h¢ thong IEEE 18 nit

LDPP 18 nat ¢co cép dién ap danh dinh 12,6 kV,
v6i so d6 don tuyén dugc trinh bay nhu trong Hinh 1
[14]. H¢ thong bao gdm 17 nit phu tai va mot nut
ngudn, duge cdu hinh thanh ludi hinh tia dién hinh,
c6 ddc diém bat dbi xtmg giita cac pha vé ca phu tai
va tro khang duong day. Dir liéu phu tai dugc phan
bd khong déu giita ba pha, voi tong cong suit danh
dinh 1a 1070 kW va 660 kVar, chia theo ty 1€ 40% :
pha A, 35% pha B, 25% pha C. Hinh 1. LDPP 18 nut

Bang 3 trinh bay két qua tdi wu tir cac thuat toan, gdm vi tri diat ngudn phét phan tan, cong
sut theo pha, ton that cong suét, do léch dién ap va chi sb léch pha. Trén luéi 18 nat, INFO cho
két qua vuot troi & ca ba tidu chi: ton that thip nhit (22,45 kW), giam tir 5,9% dén 10,3% so voi
céc thuat toan khéc; sai 1éch dién ap trung binh thap (0,0172 pu), cho thdy dé 6n dinh cao; va chi
s6 l1éch pha nho nhat (0,0441), thip hon dang ké so voi RSA (0,0592). V& vi tri, hiu hét cac thuat
toan déu chon nut 6 va 15, trong d6 INFO va AOA dong thuan lwa chon cip nut trung tim nay,
phit hop véi cdu triic tai. Khac biét chinh nam & phan bd cong suat: INFO wu tién phat nhiéu hon
tai pha A va C — hai pha chiu tai cao hon. Tai nut 6, pha A dat 290 kW, 16n hon pha B (240 kW);
tai nut 15, pha A 14 260 kW so véi 210 kW & pha B. Trong khi d6, RSA va MPA phét cong sut
thap hon, khién hiéu qua bu léch va giam ton that kém hon. GWO va WOA phén b cong suat
déu nhung khong di manh dé xir Iy mat can bang tai cac nhanh tai 16n.

Bang 3. Két qud t6i wu cho hé thong 18 niit khéng cdn bang

Thuat Vi tri Cong suit DG (KW): Ténthat  Sailéch ap

todn DG Pa/Pb/Pc (kw) (pu) UPI
INFO 6,15 290/240/270, 260/210/200 22,45 0,0172 0,0441
GWO 7,14 270/230/250, 240/190/190 24,13 0,0211 0,0578
AOA 6,15 275/235/260, 245/200/195 23,85 0,0197 0,0526
MPA 8,14 265/225/250, 230/180/185 24,64 0,0209 0,0563
RSA 7,13 260/220/240, 225/175/180 25,02 0,0228 0,0592
WOA 6, 14 270/230/255, 235/185/190 24,75 0,0206 0,0531

Két qua nay chirng minh rang INFO khong chi tim dugc vi tri DG t6i uu ma con khai thac
hiéu qua tinh khong ddi xung theo pha, tir d6 giam ton that, gir dién ap 6n dinh va can bang hé
thdng tét hon. Pay 1a diém manh néi bat cua INFO khi ap dung vao cac bai toan c6 khong gian
tim kiém két hop roi rac, lién tuc va rang budc nhiéu 16p nhu quy hoach DG cho DN ba pha
khong dbi xtmg. INFO dat hiéu suat tot nhat véi mirc giam ton that hon 7% va giam dang ké chi
s6 leéch pha UPI so véi cac thudt toan con lai. Vi tri dat DG tai cac nuat trung tam (6, 15) két hop
v6i phan bd cong suit phu hop theo pha gitp can bang hé théng hiéu qua hon.

3.2. Két qua trén hé thong IEEE 33 nut

LDPP 33 nat dugc trinh bay trong Hinh 2, v6i cAu hinh so dd don tuyén twong tGng voi Hinh 2
trong [15]. Hé théng nay van hanh & cdp dién ap danh dinh 12,66 kV, bao gom 32 nhanh va 32 nuit
phu tai, 1a mdt trong nhimg mé hinh Iudi chuan thuong duge sir dung dé danh gia cac thudt toan i
uu cho DN. Tong cong suét tai ciia hé théng vao khoang 3715 kW va 2300 kVar, véi phan bb tai
khong déu gitra cac pha: 37% pha A, 33% pha B va 30% pha C. M4 hinh tr¢ khang day dan duoc
thiét 1ap dudi dang bat ddi xtng, phu hop véi dac diém thyc té cia DN tai Viét Nam.

Két qua tir Bang 4 trén hé théng 33 nit, ~giai thuat INFO tiép tuc chimg minh hiéu qua vuot
trdi so v6i cc thudt toan so sanh. Cu thé, ton that cong suit sau tdi wu cia INFO chi con 34,88
kW, thip hon 3,27 kW so v6i GWO (tét ding tht hai), twong tng véi muc tiét kiém khoang
8,6%. Pong thoi, INFO duy tri sai 16ch dién ap & mirc thip 0,0226 pu, va dic biét 1a chi s6 UPI
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dat 0,0513, thap nhét trong tat ca cac phuong phap. V& vi tri va cong suat DG, INFO lya chon dit
cac nguon tai nut 11 va 30, day deu la cac nut gitia hodc cudi ludi, cod vai trd quan trong trong
viéc cai thién dién 4p khu vuc xa ngudn chinh va ho trg can bang phu tai theo pha.

23 24 25

26 27 28 29 30 31 32 33

{18

19 720 T 21 35

Hinh 2. LOPP 33 nut
Bang 4. Két qud t6i wu cho hé thong 33 niit khéng cdn bang

Thuit toan Vi tri DG Cong ;‘;“/‘;t[))/gc(kw)' T‘(’Evtvr;at Sai (';E')‘ P upl
INFO 11, 30 295/275/285, 270/260/250 34,88 00226  0,0513
GWO 12, 29 280/260/270, 255/240/245 38,15 00272 0,0627
AOA 10, 30 285/270/275, 260/250/240 36,79 0,0254  0,0601
MPA 12, 28 275/260/265, 250/235/240 38,02 00260  0,0634
RSA 13, 27 270/255/260, 245/230/235 39,10 0,0287  0,0659
WOA 11, 28 280/265/270, 255/245/240 37,65 0,0256  0,0610

INFO phén b cong suat giita cac pha kha dong déu, dong thoi uu tién pha c6 tai cao. Tai nut
11, cong suat phat 1a 295/275/285 kW; tai nut 30 1a 270/260/250 kW, cho thay su diéu chinh phu
hop véi ddc diém tai timg pha. Trong khi d6, cac thuat toan nhu GWO, MPA va RSA chon céc
nat khac nhung thuong phat cong suat thap hon, dic biét & pha B va C, dan den hiéu qua kém
trong giam ton that va léch pha. RSA c6 ton that cao nhat (39,10 kW) va chi s6 léch pha lon nhét
(0,0659), phan anh kha ning diéu chinh kém. AOA va WOA cho két qua kha can bang nhung
chua vugt duge INFO. Du AOA dat nguén tai cc niit tvong tu INFO (10 va 30), cong suat phat
thap hon, thiéu bu theo tai pha, gy ton that cao hon (36,79 kW) va léch pha 16n hon (0,0601).
Nhin chung, INFO khéng chi giam t6n that hiéu qua ma con phén bd cong sut hop 1y theo timg
pha, tir do cai thién chét lugng dién ap va van hanh 6 6n dinh trong ludi khong dbi xtng. Trén hé
théng 16n hon, INFO van dan dau, giam ton that hon 10% so voi RSA va cai thién dang ké chi sb
can bang pha.

3.3. Ban lugn két qud

INFO cho théy hiéu qua vuot troi trong toi wu vi tri va cong suat DG theo ting pha. Viéc uu
tién phat cong sudt & pha c6 tai cao hoic dién 4p yéu giup giam dong l¢ch pha va nang cao do on
dinh hé théng. Véi kha niang xir 1y bién hdn hop va co ché twong tac trong sb thich tng, INFO thé
hién tinh linh hoat va kha nang khai thac khong gian nghiém hiéu qua. So véi cac giai thuat khac,
INFO khong chi giam tn that cong suét t6t nhat ma con duy tri dién ap 6n dinh va cai thién déng
ké do léch pha, thé hién qua chi s6 bat dbi xiang. Két qua hoi tu ¢ Hinh 3 da cho thdy INFO dat
gi4 tri téi wvu nhanh va én dinh sau khoang 60 vong 1ap, trong khi GWO, AOA, WOA hdi tu
cham va kém on dinh hon. RSA va MPA c6 két qua yéu nhat do dé roi vao cuc tri cuc bo. Nhiing
két qua nay khing dinh INFO la cong cu hiéu qua de giai bai toan tbi uu trong ludi dién ba pha
khong dbi xung. Su khac biét V& vi tri va cong suit tdi wu giita cac thuit toan 1a do co ché tim
kiém khac nhau. INFO duy tri cdn bang tt giita khai pha va khai thac nén tim dugc 1oi giai hiéu
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qua hon, trong khi GWO, RSA d& roi vao cuc tri cuc bd. Diéu nay dan dén su hoi tu tai cac vi tri
DG khéc nhau trong cung mot bai toan. Vé kich thudc quan thé Np = 30, day 1a lya chon ph
bién dé dam bao cong bang khi so sanh céac thuat toan. Tuy nhién, véi cac hé thong 16n nhu ludi
33 nit, mot s6 thuat toan c6 thé can Np 16n hon dé tranh bo s6t nghiém tot. Day 1a yéu td can
dugc can nhéc trong cic nghién ctru ma rong.

D6 hdi tu chia cac giai thuat téi wu trén hai hé théng thir nghiém
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Hinh 3. D¢ hdi tu cia cdac phwong phdap
4. Két luan

Bai bdo nay nay da dé xuat mot phuong phap t6i ru hoa da muc tiéu hidu qua cho bai toan
quy hoach DG trong ludi dién phén phéi ba pha khong dbi xang, str dung giai thuat INFO. M6
hinh da xét dén cac yéu td bat dbi xung thuc té cua ludi dién va huéng dén viéc giam ton that
cong suat, sai léch dién ap va do léch pha thong qua mot ham muc tiéu tich hop. Két qua mo
phong trén ludi 18 nat va 33 nat mo rong cho thady INFO vuot troi so véi cac giai thuat GWO,
AOA, MPA, RSA, WOA V¢ hiéu qua ky thuat va do on dinh hoi tu. Dac biét, INFO dat mirc
giam ton thét 1én dén 10,3% va cai thién dang ké do can bang dién ap va pha trong diéu kién léch
pha nang. Phuong phap dé xuit c6 tinh linh hoat cao, phui hop cho cac ludi dién thuc té c6 ngudn
DG mét hoic hai pha. Hudng nghién ctu tiép theo s& mé rong mé hinh dé xét dén méo hai, chi
phi dau tu va bién dong phu tai ngdu nhién nhim ting cuong kha ning wng dung thuc tién.
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