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This paper introduces the application of the Reference Vector Guided
Evolutionary Algorithm to optimize the integration of distributed
generation into electrical distribution systems. The optimization model is
designed with three main objectives: maximizing the capacity of
distributed generation, reducing power losses, and improving the voltage
stability of the system. The algorithm was tested on 33-node and 69-
node distribution systems and compared with the Cuckoo Search
Algorithm, Salp Swarm Algorithm, Adaptive Cuckoo Search Algorithm,
and Coyote Optimization Algorithm. The results demonstrate that the
proposed algorithm outperforms others by achieving the highest
distributed generation capacity, significant reductions in power losses,
and notable improvements in voltage stability. The advantages originate
from the capability of the algorithm to flexibly adjust the reference
vector, facilitating faster convergence and reducing the risk of being
trapped in local optima. This study confirms that the algorithm is an
effective tool for addressing the integration of distributed generation into
distribution systems while paving the way for new research directions in
optimizing distributed generation integration in modern power systems.
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Téi vu da muc tiéu

Ngudn dién phéan tan
Thuét toan meta-heuristics
On dinh dién ap

Giam ton that cong suit

Bai bao nay gidi thiéu ung dung cia thuat toan Reference Vector Guided
Evolutionary Algorithm dé tbi uu tich hop ngudn dién phan tan vao hé
thong dién phan phéi. M6 hinh tbi uu véi ba muc tleu chinh: téi da cong
suat clia ngudn dién phén tan, giam ton that cong sut va cai thién do 6n
dinh dién ap cua hé thong Thuat toan da dugc thir nghiém trén cac hé
thong dién 33 niit va 69 nut, déng thoi so sanh véi cac thudt toan Cuckoo
Search, Salp Swarm, Adaptive Cuckoo Search va Coyote Optimization.
Két qua cho thiy thuit toan vuot trdi v6i cong suat ciia ngudn dién phan
tan cao nhat, ton that cong sut cua hé théng giam manh, va 6n dinh dién
ap dugc cai thién dang ké nho kha ning didu chinh vecto tham chiéu linh
hoat, gitip hoi tu nhanh va tranh cyc tri cuc bg. Nghién ciru khing dinh
thudt toan nay la cong cy hiéu qua cho van dé tich hop ngudn dién phan
tan vao h¢ thong dién phan phdi va mé huéng nghién ctiru méi vé toi wu
tich hop ngudn dién phan tan vao hé thong dién hién dai.
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1. Gioi thigu

Hé thong dién hién dai dang ngay cang chuyén ddi theo hudng phan tan, v6i sy tham gia ngay
cang nhiéu cua cac ngudn dién phan tan (Distributed Generation - DG) 1a niang luong tai tao, dic
biét 1a hé thong pin quang dién (Photovoltaic - PV) [1]. Sy tich hop cac DG vao hé thong khong
chi mang lai loi ich vé kinh té va moi trudng ma con gitp cai thién hiéu qua van hanh va d¢ tin
cdy cua hé théng [2]. Tuy nhién, viéc xac dinh vi tri va cong suat cua cac DG 1a mot bai toan tbi
uu phirc tap, can nhic nhiéu yeu t6 ky thuat va kinh té, bao gom tbi da cong suat cua DG, giam
ton that cong suat va dam bao 6n dinh dién 4p tai cic nit trong hé théng dién phan phdi 1a rat
quan trong [3].

Tich hop DG vao hé thong dién phan ph01 khong dung cach co thé din dén nhiing tac dong
ti€u cuc nhu gia tang ton that cong suat, mat can bang dién ap va tham chi anh huong dén do tin
cay cua hé thong Do d6, viéc xdy dung cac phuong phép tdi wu dé xac dinh vi tri va cong suit
céc DG 1a rat quan trong. Trong d6, cac thudt toan metaheuristic dd dugc chimg minh 13 cong cu
hiéu qua dé giai quyét cic bai toan phi tuyén va cé rang budc phuc tap. Céc thudt toan nhu tim
kiém Cuckoo (Cuckoo Search Algorithm - CSA) [4], Salp Swarm (Salp Swarm Algorithm -
SSA) [5], va Coyote (Coyote Optimization Algorithm - COA) [6] did duoc ap dung thanh cong
trong nhiéu nghién ctru. Tuy nhién, nhitng han ché trong kha nang cén béng gilta cdc muyc tiéu
xung dot va da dang giai phap cua cdc thudt toan nay dat ra nhu cau can thiét phai nghién ctru va
phat trién cac phuong phap t6i wu hiéu qua hon.

Thuat toan Reference Vector Guided Evolutionary Algorithm (RVEA) di ndi 1én nhu mot
phuong phép hiéu qua trong linh vic t6i wu da muc tiéu, nho kha niang xir 1y hiéu qua cac xung dot
gita cac muyc tiéu dong thoi duy tri sy da dang trong tap hop giai phap [7]. Véi viée str dung cac
vecto tham chiéu dé dinh hudng qua trinh tim kiém, RVEA duoc dénh gia 1a mot Iya chon 1y tudng
cho bai toan tich hgp DG vao hé théng dién phan phdi, dap mg dong thoi ba muc tiéu la tdi da
cong suit cua DG, giam thiéu ton that cong sudt, va cai thién do on dinh dién ap cua hé thong.

Bai b4o nay tng dung RVEA dé t6i wu tich hop DG vao hé théng dién phan phéi 33 nut va 69
nat, so sanh voi cac thuat toan khac [8]. Két qua khong chi minh ching hiéu qua ky thuét vuot
troi cua phuong phap RVEA ma con mo ra huong tiép can tiém niang cho quan Iy va van hanh
cac hé théng dién phan phdi trong tuong lai.

2. M ta bai toan va phwong phap dé xuit
2.1. Xdy dwng ham muc tiéu va diéu Kign rang bugc

Mo hinh toan hoc tbi wu tich hop DG vao hé thong dién str dung ham da muc ti€u nham can
bang gitta: (1) t6i da cong suét cua DG, (2) giam ton that cong sudt, va (3) cai thién on dinh dién
ap. Cac rang budc ky thuat dugc tich hop dé dam bao giai phap kha thi va an toan. Him muc tiéu
duoc xac dinh nhu sau:

POSS N us
Fow = w1+ (= S0 Poc) w2 - (22) bws - (525 1V = Virl) ()

loss,0

Trong do:

® Ppg,i: Cong sudt cua DG thw i.

® Pposs: TONQ tON thét cong sudt c6 DG.

® Pioss 0 Tn that cong suét ban dau.

e V;: Dién 4p tai nntj.

o V..¢: Dién ap chuan (1.0 pu).

@ Nyus: SO nut trong hé thng.

e Wy, Wy, wz: Céc trong sb cua muyc tiéu.

Bai toan phai tudn thu cac rang budc k§ thuat quan trong dé dam béo tinh kha thi va van hanh
an toan cta hé thong:
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- Rangbudc dién ap: Vipin < Vj < Viay,  VJ € Npys (2
- Rangbudc dong di¢n: I;; < Imax, v(i,j) (3)
Véi [;j 1a dong di¢n qua nhanh ij va I, 1a dong di¢n t6i da cho phép.

- Rang budc cong suét cuia DG: YN, PpGi < Prax 4
Trong d6, P, 12 tong cong suit cua DG t6i da duoc phép lap dit.

- Rang budc cén bang cong suit: Y Pocneration = 2Pioad T Ploss ()

Cac bién quyét dinh: Vi tri ctia DG (x;) va cong suit cua DG (Ppg ;).
2.2. Pé xudt phwong phdp dp dung thudt todan RVEA cho bai todn téi wu

Phan nay trinh bay chi tiét phuong phéap t6i wu tich hop DG trong hé thong dién phan phdi béng
RVEA [7]. Thuét toan nay dugc ap dung daé ~giai bai toan t6i uu da myc tiéu, bao gom: (1) t6i da
téng cong sudt DG, (2) giam t6n that cong sudt, va (3) ci thién 6n dinh dién ap. M6 hinh duoc trién
khai két hop voi mot ham fitness phtt hop, nham dénh gia va lwa chon céac giai phap t6i uu.

2.2.1. Gioi thiéu thudt toan RVEA

RVEA 13 mét thuat toan metaheuristic tién tién, dugc phat trién dé giai quyét hiéu qua cac bai
toan toi wu da muc tiéu. Piém dic biét cia RVEA nim & viéc st dung cac vecto tham chiéu
(reference vectors) nham dinh huéng qué trinh tim kiém, giup duy tri sy can bang tbi wu giira
viéc khai thac cac giai phap tiém niang va kham pha cac ving chua dugc khao sat trong khong
gian giai phap. Vi co ché diéu chinh vecto tham chiéu linh hoat, RVEA khéng chi dam bao hoi
tu dén cac giai phap chat lugng cao ma con duy tri sy da dang trong tap hop cac giai phap tim
duge. Quy trinh chinh cia RVEA bao gom:

- Khai tao quan thé va vecto tham chiéu: Quan thé ban dau dugc tao ngau nhién véi N ca thé,
mdi ca thé dai dién cho mot giai phap gdm vi tri va cong suit ciia DG; Vecto tham chiéu dugc
phan b ddng déu trong khong gian cac muc tiéu, dam bao bao phu tét cac giai phap.

- Panh gia ham fitness: Tung c4 thé trong quan thé dugc danh gia thong qua ham fitness, tich
hop ca muc tiéu va rang budc. Ham fitness nhu sau:

Fitness(X) = wy - fi(X) + wy - f,(X) + w3 - f3(X) + Penalty(X) (6)

Trong do:

fiX) = =% Pog,i
= folx) =T

Ploss,0
" f00 =T V00 — Vier |

Ham phat cho cac giai phap vi pham rang bugc:

Penalty(X) = A - max(O, Vinin — V]) + 1, maX(O, V- Vmax) + 13- max(O, I;j — Imax) @)

Céc hé s6 wy, w,, ws x4c dinh mirc do uvu tién cho ting muc tiéu.

- Thyc hién cac phép toan lai ghep va dot bién dé tao ra thé hé méi; Cac giai phap méi dugc
danh gia lai va cap nhat vao quan thé néu chung cai thién fitness.

- Vecto tham chiéu duoc diéu chinh dinh ky dua trén tién trinh hoi tu cua quén thé, dam bao
tim kiém hiéu qua hon & cac viing it giai phap.

- Qua trinh lap lai cho dén khi dat sb vong lap t6i da hodc khong con cai thién dang ké.

Hinh 1 14 lvu dd cua thuat toan RVEA, RVEA nbi bt v6i kha nang quan 1y xung dot giira cac
muc tiéu nho vecto tham chiéu, giup duy tri sy da dang va cin bang trong cic giai phap. Thuét
toan nay diéu chinh linh hoat vecto tham chiéu dé tang toc d¢ hoi tu, dam bao dat duoc cac giai
phap t6i wu nhanh chong. Ngoai ra, RVEA c6 tinh m¢ rong cao, phu hop dé ap dung cho h¢
thdng dién 16n hon hodc tich hop thém cac ngudn niang luong tai tao khac, mang lai tiém ning
mg dung rong rii trong thyc tién.
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Budc 1: Khi tao thuat toan, doc cac tham sé ddu vao (s6 bién quyét dinh, sb
muc tiéu, kich thude quan the, so vector tham chiéu, so the h¢ toi da).

v

Budc 2: Khi tao quan thé va vector tham chiéu (tao quén thé ban dau ngiu
nhién, sinh cac vector tham chiéu déu trong khong gian myc tiéu).
2
Bude 3: Danh gia gia tri ham muc tiéu (tinh toan gia tri ham muyc tiéu cho
tirng cé thé trong quan thé).

Budc 4: Thyc hién phép lai ghép va dét bién (chon cac c4 thé cha me thong
qua thuat toan chon loc, tao thé hé con bang phép lai ghép va dot bien.

v

Bude 5: Danh gia thé hé con (tinh gié tri ham muyc tiéu cho thé hé con).

v

Budc 6: Két hop quin thé (két hop quan thé cha me va thé hé con thanh mot
quan thé tam thoi).

v

Budc 7: Chon qué”m thé méi, thue hién lya chon moi trudng (se'ip xép dua trén
su chi phoi Pareto, lya chon dya trén khoang cach deén vector tham chicu).

Két thic

Hinh 1. Luu d6 cua thudt toan RVEA
2.2.2. Trién khai bai toan

- Bién quyét dinh: x;: Vi tri ctia DG, cong suét ciia DG tai nat i.
- Ham fitness: Ham fitness duoc thiét ké @€ can bang gitra ba muc tiéu:
Pioss(X)

. -3¥  Ppci Ploss,0
Fitness(X) = =+ +
maxp maxj, maxy

N
T2V~ et

+ Penalty(X) (8)

maxp, max;, maxy 1a cac gia tri t6i da duoc chuan hoa cia ting thanh phan.

- Dién ap: 0,95 V; < 1,05 pu, dong di€n: [;; < Iy, tong cong suat DG khong vuot qué tai.

- Thong sb: SO ca thé N = 100; S vecto tham chiéu: 20; S vong lap toi da: 300; Hé s6
phat: 1000.

Phuong phap RVEA tim kiém hiéu qua cac giai phap toi wu, dam bao yéu cau ki thuat va
nang cao hiéu qua, do tin cay ciia hé thong. Dé danh gia hidéu qua RVEA trong tdi wu vi tri va
cong sudt DG, cac thir nghiém trén hé thong 33 nut va 69 nat duoc thuc hién véi thong sb dac
trung va ty 18 lai ghép, dot bién cua cac thuat toan: CSA (ty 18 p, = 0,25; ty 1é lai ghép 0,8; ty 1¢
dot bién 0,2), SSA (ty Ié salp theo leader F = 0,2; ty 18 lai ghép 0,7; ty & dot bién 0,3), ACSA
(Adaptive Cuckoo Search Algorithm — ACSA c6 d6 diéu chinh ty dong cua xac suat chim tu hu,
ty 1¢ lai ghép 0,8 va ty 1& dot bién 0,2), COA (ty 1& séng sot Ry = 0,2; ty 18 lai ghép 0,75; ty 1& dot
bién 0,25), va RVEA (sé vecto tham chiéu N,, = 20; ty 1¢ lai ghép 0,9; ty 1& dot bién 0,1). Mdi
thuat toan sir dung kich thudc quan thé 100 va sb thé hé t6i da 300.

3. Két qua mé phéng va thio luan

Qua trinh m6 phong dugc thuc hién trén MATLAB R2022a, st Qung cac cong cu toi wu dé trién
khai thuat toan RVEA. M6 phong duoc thuc hién trén may tinh cau hinh Intel Core i7 3.4 GHz,
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RAM 16 GB va hé diéu hanh Windows 10. Hé thong dién phan phéi 33 nit va 69 niit dwoc sir dung
dé kiém tra higu qua cua thuat toan. Théng sé mé phong chinh bao gém kich thuéc quan thé N =
100, s6 vecto tham chiéu R = 20 va s6 thé hé téi da 1a 300. Qua trinh nay nham danh gia kha ning
t6i ru da muc tiéu cua RVEA trong viée tich hop hé thong DG vao hé théng dién phan phdi.

3.1. H¢ théng dign phin phoi 33 nit

23 24 25

118

Hinh 2. So d6 hé thong 33 nit

Hinh 2 thé hién so d6 don tuyén cua hé théng 33 nut duoc sir dung phd bién trong nghién ciru
[9], [10]. Két qua tdi uu cho hé théng 33 nit & Bang 1 va Hinh 3 d& minh chirng RVEA vuot troi
so vOi cac thuat toan CSA, SSA, ACSA va COA. Vi téng cong suat DG dat 3,9012 MW, RVEA
khong chi khai thac toi da kha nang tich hop DG ma con dam bao vi tri phan bd hop 1y tai cc niit
(3, 15, 28). Ngoai ra, ton that cong suét ciia hé thong giam xudng muc thap nhat 1a 70 kW, tuong
g véi ty 1¢ giam ton that 65,48%, cao hon so véi cac thudt toan con lai.

Bang 1. Két qua t6i wu cho hé thong 33 niit

e o S Ppc Vi tri (Cong suit - MW) AP On dinh Giam
Thugttedn o\, ciia DG (KW)  dién dp (pu) TAP (%)
CSA[4] 3,7150  3(1,9756); 14 (0,7316); 30 (1,0078) 76,76 0,9696 62,13%
SSA [5] 3,2545 14 (0,754); 24 (1,0994); 30 (1,0714) 71,47 0,9687 64,74%

ACSA[11] 29248  14(0,7536): 23 (1,1004); 29 (1,0706) 71,45 0,9686 64,75%
COA[8] 32548 14 (0,7540); 24 (1,0994): 30 (1,0714) 71,46 0,9687 64,74%
RVEA 3,9012 3 (2,001); 15 (0,901); 28 (1,0001) 70,00 0,9750 65,48%

Téng céng suét PV (MW) Tén that céng suét (kW) Convergence of Algorithms
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Hinh 3. So sdnh cdc théng sé va dg héi tu phirong phdp ciia hé thong dién phan phoi 33 niit

RVEA cho thiy kha ning tim kiém giai phap toi uu vuot troi, dic biét trong viéc can bang cac
muc ti€u xung dot. Pién ap tbi thiéu tai cac nat dat 0,975 pu, cao hon ngudng an toan va cac thuat
toan khac, khéng dinh vai tro cia RVEA trong viéc 6n dinh dién ap. Két qua hoi tu d& minh ching
RVEA vuot troi so véi CSA, SSA, ACSA va COA ca vé tée d6 hoi tu va chat luong giai phap cudi
cung. Vai tbc d6 hoi tu nhanh, dat gia tri fitness thép tir sém va 6n dinh & cac thé hé sau, RVEA
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khai théc hiéu qua khong gian tim kiém, tranh méc ket trong cuc tri cuc bo. Nhitng dac diém nay
cho thay RVEA khong chi pht hgp ma con 1a lua chon t6i uu cho bai toan tich hgp DG.

3.2. H¢ théng dig¢n phén phéi 69 nit

3 37 38 39 40 41 42 W43 44 45 igg
36 37 738 39 40 T 4L 427 43 44 T 45

Hinh 4. So do hé thong 69 niit

H¢ thong dién phan phdi 69 nit v6i 73 nhanh va 5 khéa mo 1a md hinh tiéu chuan trong rat
nhiu nghién ctru dé mo phong va so sanh nhu ¢ Hinh 4 [11].

Bang 2. Két qua t6i wu cho hé thong 69 niit

Thuat SPos Vi tri (Céng suit - MW) SAP g;‘éf‘:: %‘Z'g‘
toan (MW) cua DG (kW) ('pu) %)
CSA[4] 37996  17(0,5230); 49 (1.4242); 61 (18524) 7124 0,9813  62,85%
SSA[5] 29826  11(0,5268): 18 (0.3804): 61 (1.7190)  72.44 09790  61.98%
ACSA[L1] 26262  10:05270; 17 (0,3800); 60: 1,7180) 6944 09789  63.37%

COA[8] 3,2548 18 (0,533); 61 (1,00); 62 (0,773) 69,41 09791  63,38%
RVEA 4,0102 17 (0,601); 49 (1,501); 62 (1,91) 68,50 0,9850 64,12%
- Téng cong suét PV (MW) & Tén that cong suat (kW) . ' Gonvergence ol Algorithms .
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Hinh 5. So sanh cdc théng sé va dg héi tu phiong phdp ciia hé thong 69 it

Két qua t6i wu cho hé théng 69 niit & Bang 2 va Hinh 5 cho thiy thuét toan RVEA vuot trdi so
VGi cac thuat toan khac nhu CSA, SSA, ACSA, va COA trong ca ba muc tiéu téi wu. Véi tong
cong suat DG dat 4,0102 MW, RVEA khong chi tan dung ti da kha ning tich hop DG ma con
dam bao phan b hop 1y cong suit tai cac vi tri (17, 49, 62). Ton thit cong sudt cia RVEA 1a 68,5
KW, thdp nhét trong cac thuat toan, véi ty & giam ton that dat 64, 12%, cao hon dang ké 50 Vi
CSA (62,85%) va SSA (61,98%). RVEA t6i uu hiéu qua sy danh doi gira giam ton that va duy
tri cong suit cia DG cao, vdi 6n dinh dién ap dat 0,985 pu, vuot troi so véi cac thuat toan khac,
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dam bao chét lugng dién 4p va an toan h¢ théng. Két qua nay khing dinh RVEA khong chi tim
kiém giai phap toi uu hidu qua ma con phi hop cho cac bai toan tich hop DG trong hé thong dién
phuc tap, gop phan thiic day g dung tich hop néng luong tai tao trong thuc tién.

Do thi hoi tu & Hinh 5 cho thay RVEA vuot trdi so vai CSA, SSA, ACSA, va COA véi toc do
héi ty nhanh, dat gia tri fitness thép tlr sém va on dinh & cac thé hé sau. Nguoc lai, cac thuat toan
khac hdi tu cham hon, dac biét ¢ giai doan dau, va hiéu qua kém hon RVEA. Vi kha nang tranh
dao dong va mic ket tai cuc tri cuc bd, RVEA khéng dinh 14 lua chon ti wu cho bai toan tich hop
DG vao hé thong dién phan phbi.

4. Két luan

Két qua nghién ctru da chimg minh rang thuat toan RVEA 1a mot phuong phép t6i wu hiéu qua
trong viéc tich hop DG vao hé théng dién phan phdi. RVEA khong chi dat duoc tong cong suat
DG cao nhit ma con giam ton that cong sut mot cach dang ké, véi ty 1€ giam dat 65,48% trén h¢
thong 33 nit va 64,12% trén hé théng 69 nat, dong thoi cai thién 6n dinh dién ap 1én mic 0,975
pu va 0,985 pu. Uu diém ndi bat cia RVEA bao gém kha nang hdi tu nhanh, duy tri sy da dang
trong cac giai phap va tranh mic ket tai cuc tri cuc bd, nhd vao co ché diéu chinh vecto tham
chiéu linh hoat. Tuy nhién, thuit toan yéu cau tai nguyén tinh toan 16n khi ap dung cho céc hé
thdng 16n hon. Trong tuong lai, viéc m6 rong nghlen ctru ¢6 thé tap trung vao viée tich hop thém
cac ngudn ning lugng tai tao khac, t6i uu thoi gian tinh toan va ap dung cho cac hé thong dién
phue tap hon. Két qua ‘nay khang dinh tiém ndng (ng dung cua RVEA trong viéc t6i wu DG vao
hé théng dién phan phdi, gop phan vao phat trién bén vimng cua hé thong dién hién dai.
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