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KYTHUAT - CONG NGHE
XAC PINH VI TRi TOI UU PAT NGUON PIEN MAT TROI
TREN LUOI PIEN PHAN PHOI

Lé Tién Pat'*, Tran Ngoc Nam?
Tém tat

Bai bdo nghién civu vé thudt todn toi wu bay dan (Particle Swarm Optimization
- PSO) de giai bai toan xac dinh vi tri dat nguén dien mat troi trén lwoi dién
phdn pho”'i. Thuat toan PSO duwoc xdy dung dva trén khai niém tri tué bcfy
dan dé tim kiém loi gidi cho cdc bai todn toi wu héa trén mét khong gian
fim kiém nao dé. Dady la mot dang cua thudt toan tién héa quc”in thé véi sw
twong tdc giita cdc cd thé trong mot quan thé dé kham phd mét khéng gian
tim kiém. Thudt todn PSO dwoc dé xudt dé xac dinh vi tri dat nguén dien
mdt troi voi muc tiéu toi wu ton that cong sudt va dieu kién rang buoc gioi
han dién dp cho phép. Thudt toan nay dwoc dp dung cho hé thong mang
dién chuan IEEE 33 bus.

Tir khéa: Thudt todn bdy dan, ludi dién phdn phéi, ton thdt cong sudt, nang
lwong tdi tao.

Abstract

This article studies the Particle Swarm Optimization (PSO) algorithm to
solve the problem of determining the location of solar power sources on the
distribution grid. The PSO algorithm is built based on the concept of swarm
intelligence to find solutions to optimization problems on a certain search space.
This is a form of population evolution algorithm with interactions between
individuals in a population to explore a search space. The PSO algorithm is
proposed to determine the location of solar power sources with the goal of
optimizing power loss and allowable voltage limit constraints. This algorithm
is applied to the IEEE 33 bus standard electrical network system.

Keywords: Swarm algorithm, distribution grid, capacity loss, renewable energy.
1. Gidi thi¢u tan cai thién sy 6n dinh dién ap ciia mang so

C6 nhiéu nghién ctru vé anh hudng cua voi CPV tap trung, mang lai tic dgng tich cuc

vi tri dat nguén dién tai tao dén ludi dién phan
phéi cho thdy: M6 dun quang dién (CPV) phan

! Truong dai hoc Cuu Long
* Nguoi chiu trach nhiém bai viét: Lé Tién Dat
(Email: letiendat@mbku.edu.vn)
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hon d6i voi van dé 6n dinh dién ap, gop phan
giir cho tan sd va dién ap 6n dinh khi xay ra
cac su ¢b ngoai nha may. Mot so thuat toan
dugc tng dung dé xac dinh vi tri dat nguén
dién tai tao trén ludi dién nhu: Giai thuat di



TAP CHi KHOA HOC DAl HOC CUU LONG Eesmss

truyén (genetic algorithm — GA) két hop voi
phuong phap Newton — Raphson dé cung cip
mot cach thuc tim ra vi tri dat va cong suét
phat cho mét s6 ngudn phén tan trén ludi dién.
Néu ap dung phuong phap trén cho ludi dién
don gian thuat todn s€ hoi tu nhanh. Tuy nhién,
néu ap dung thuat toan trén cho ludi dién 16n
phirc tap hon thi ton nhiéu tai nguyén ctia may
tinh va tham chi khong hdi tu [3]. Nghién ctu
g dung phuong phap Hé s ton that co uu
diém 1a tinh toan nhanh, c6 két qua chinh xac
va dé xdy dung chuong trinh tinh toan trong
moi truong Matlab. Tuy vay, thuat todn méi
tinh dén chi tiéu ton that cong suat trén ludi
khi tim cac diém dit va qui mo cong suit cta
ngudn phan tan (Distributed Generation - DG)
trong diéu kién cb dinh cac chi tiéu kinh té,
ky thuat khac ciia nguon DG [4]. Thuat toan
Téi wu dan kién ( Ant Colony Optimization
— ACO) 1a phwong phap nghién ctru 14y cam
htng tir viéc mo phong hanh vi ctia dan kién
trong ty nhién nham muc dich giai quyét cac
bai toan toi wu phtc tap trong thuc té. ACO
da thanh cong trong viéc tim diém toi vu voi
tdc do hoi ty nhanh va c6 kha niang ap dung
trong mang dién 16n. Tuy nhién, thuat toan
ACO ciing c6 han ché 13 két qua tinh toan
phu thudc nhiéu vao thong sb cai dat va mat
nhiéu thoi gian va cong stc dé thir nghiém va
kiém tra [5]. Trong bai bdo nay da nghién ctru
tmg dung thuit toan toi wu bay dan (Particle
Swarm Optimization — PSO). Day 1a thuat
toan tién hoa dya trén viéc mo phong cach
cu xu x4 hoi, 1a mot trong s6 nhirng phuong
phap t6i vu dya trén dan sb bay dan, duoc lay
¥ tudng tir hanh vi x3 hoi cia bay chim hay
dan cé trong viéc tim kiém thirc dn. PSO 1a
mot cong cu cung cip mot quy trinh tim kiém
dua trén bay dan ma trong d6 mdi cé thé thay
ddi vi tri cta né theo thoi gian. Thuat toan

PSO khong c6 dao ham, co sb lugng tham $b
gi6i han va tac dong cua cac tham sb dén giai
phap 1a nho so véi cac ki thuat téi wu hoa
khac, don gian va dé tinh toan trong mot thoi
gian ngan it phu thudc vao mot tip hop céc
diém ban dau. Vi vay PSO cho két qua dang
tin cdy, lam co s& cho cac tinh toan thiét ké
két nbi nguodn dién tai tao vao ludi phan phdi.

2. Thuat toan PSO

Pay 1a thuat toan tién hoa méi khac voi
cac ky thuat tién hoa trude day & chd néd dua
trén viéc mo phong cac cu xir xa hdi. Giai
thuat toi wu hoa bay dan 13 mét trong nhiing
phuong phap t61 uu dya trén dan sd bﬁy dan,
dugc lay y twong tir hanh vi xa hoi bay chim
hay dan cé trong viéc tim kiém thirc an. PSO 1a
mot cong cu cung cap mot quy trinh tim kiém
dua trén bay dan ma trong d6 mdi cé thé thay
d6i vi tri cia né theo thoi gian. Mot 10 giai
tiém ning cho mdi bai toan co thé dugc dai
dién nhu mot ca thé trong dan, thong tin nhan
duge mdi ca thé s& didu chinh hudng bay va
van toc theo hudng vé noi ¢ nhiéu thirc an
nhat, dan chim bay trong khong gian tim kiém
¢4 D chiéu [10].

«%Biéu thirc co' ban ciia thuit toan PSO

Trong thuat toan PSO, mdi phan tir trong
bay dan s& thay doi vi tri bang cach di chuyén
nhiéu vi tri khac nhau trong khong gian tim
kiém cho dén khi tim dugc vi trf tot nhat. Quy
dao ciia mdi cé thé trong khong gian tim kiém
duogc hiéu chinh bﬁng cach thay ddi van toc
clia ting ca thé, thong qua kinh nghiém bay
ctia né va kinh nghiém bay ciia nhiing c4 thé
trong khong gian tim kiém. D6 thi mot diém
tim kiém cta giai thuat PSO duoc biéu dién
¢ hinh sau:

S6 36 nam 20241 11



Hinh 2.1 P6 thi mjt diém tim kiém
cua PSO

Trong do:

X*: Vi tri c4 thé thé i tai thé hé thir k

X*1:Vitri 4 the thir i tai thé he thir k+1

V: Van toc ca the thir i tai thé hé thir k

V¥1: Van toc ca the th i tai thé hé thir
k+1

P, Vit tdt nhit ca ca thé thir i

G, . Vitri tot nhat cia ca thé trong
quan thé

Mai cé thé trong quén thé cap nhap vi tri
cua ca thé do theo vi tri tot nhat cia n6 va cia
ca thé trong quan thé tinh t41 thoi diém hién
tai dya vao cac cong thuc sau:

Vit = w X VE+ ¢ X1y X(Pyeg—XF)
k
+ Cy X I X (Gbest - Xi )

(3.1)

(3.2)
+ CZ X Tz X (Lbest - Xlk)

Xkt = xk 4 kit (3.3)
Trong do:
w: La h¢ s6 quan tinh
c, c,:Caché sO gia toc thuong nhan gia
trila 2

r,, r,: La s6 ngau nhién nhan gia tr1 [0,1]
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% Luu do thuat toan

Luu dd thuét toan PSO tdi uu hoa vi tri:

Bat dau

)

Khoi tao vi tri va vén tdc ca thé, quan
the ban dau

Panh gia mdi ca thé bang ham thich
nghi

Tim vi tri tét nhat mdi ca thé
Tim vi tri tot nhat ctia ca quan thé

!

Cap nhat van toc va vi tri clia ca thé

!

DPanh gia mdi ca thé bang ham thich
nghi

Vong lap = Vong lap + 1

!

Dung
Vong lap <=
Vong lap toi da

Sai

Xuét két qua (vi tri tét nhit ctia quan
thé)

v

Dung

Hinh 2.2 So dd thuit toan PSO
tim vi tri toi uu



TAP CHi KHOA HOC DAl HOC CUU LONG Eesmss

¢ Thuat toan PSO

Thuét todn PSO gdm ba ndi dung chinh:
- Khéi tao quan thé

+ Thiét 1ap cac hang so: K o0 €1,
+ Khoi tao ngau nhién vi tri ca thé thudc

X! mién D trong tap IR”, voii=1,2,...s

+ Khoi tao ngau nhién van toc cé thé 0
SVISVre veii=12, .8

+Patk=1.

- Ti wu hoa

+ Dénh gia ham f* bang toa do cua Xt
tinh toan trong khong gian tim kiém

+Neuf </l thifl =fivaP/=X]

+Néu f < /5, thi f5,= [ va PE=X;

+ Néu thoa min tiéu chuan hoi ty thi
dung lai va thuc hién budce 3

+ Cap nhap tit ca cac véan toc VEva vi
tri X*

+Tang inéui>sthiditi=1tingk

+ Quay lai budc dau

- Két thuc

3. Ung dung thuit toan PSO giai bai
toan xac dinh vi tri dit ngudn dién mit troi
trén mang IEEE 33 bus

Nhiém vu cua thuat toan s& giai quyét
cac van dé:

- Xac dinh vi tri dat nguén dién mat tro1
trén mang dién IEEE 33 bus.

- T61 thiéu héa dugc ton that cong suat
trén mang dién.

- Pam bao do dao dong dién ap trong

gid1 han cho phép.
3.1 Ham muc tiéu cta bai toan:

- T6i thiéu hoa ton that cong suat:

2, 02
f=min(AP) = min ¥ R; (%) (3.8)

- Trong qua trinh tinh toan ton thit cong

suét dugc tinh theo:

2 2
AP=R, (%) (3.9)

- Diéu kién rang budc vé dién ap:
U <U <U
min bus max
- Vi tri tot nhat ctia moi PV ¢ thoi diem
hién tai duoc xac dinh:

t+1 —
Pbest,i -

t : t+1 t
{Pbest,i lf fl * > Pbest,i (3-10)
xl?+1 if fit+1 < Plgest,i
- Vi tri tot nhat cia PV trong ludi dién
duoc xac dinh:
i t
Gbest - mln{Pbest,i (t)} (3-11)

- Van toc cua cac PV trén ludi dugc cap

nhap theo biéu thirc:

V= wxVE+ e xn X(Pbest—Xik)

(3.12)
+ Cy X ) X (Gbest _Xlk)

- Vi tri ctia ngudn dién mit troi (PV) trén

lu6i duge cap nhap theo biéu thirc:
Xkt = xk 4+ vkl 3.13)

S6 36 naim 20241 13
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3.2 So' db giai thuat

Thiét 1ap thong sé dau vao cua hé théng

v

Thiét 1ap thong s cho vong lap

v

Thiét 1ap thong sd ban dau cia PV

v

Xac dinh van toc va vi tri ban dau ctia

[
>

A 4

Cap nhép vén tdc va vi tri cia PV

Tinh toan phan bd PV trén hé théng tai

A

Danh gia lai ham muc tiéu tai vong lap

A

Vong lap = Vong lap + 1

Vong lap <=

Sai

A

Xuét két qua (vi tri tét nhét ciia quan thé)

Duing

Hinh 3.1 So’ @6 thuit toan PSO ap dung

cho bai toan toi wu vi tri dit PV

3.2.1 Cac bwdc thue hién ciia thuat toan:
- Budc 1: Thiét lap thong sé dau vao:
thong s6 duong day, thong so tai, cac hé so

cua thuat toan;

- Budc 2: Thiét lap thong s6 cho vong lap;
- Budc 3: Thiét 1ap thong sb ban dau

cho PV;
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- Buéc 4: Xac dinh vén tdc va vi tri ban
dau cta PV;

- Budc 5: Tinh toan phan bd cong suét
PV trén luoi dién;

- Budc 6: Tinh toan ham muc ti€u va
xét diéu kién;

- Budc 7: Cap nhép van tdc va vi tri
cua PV;

- Budc 8: Xac dinh vi tri tot nhat va
cong suit PV;

- Budc 9: In két qua t6i wu khi vong lap
16n nhat duogc thuc hién va ding chuong trinh,
néu khong thi thyc hién lai budc 6.

3.3 Cic thong s6 ciia mang dién IEEE
33 bus [9]

19 20 4 2

% 278 2930 31 323

Hinh 3.2 So' 40 mang dién IEEE 33 bus
Bang 3.1: Thong sb cac nhanh

S6 T Pén REQ X
TT  bus bus km) km)
1 1 2 0,0922 | 0,0470
2 2 3 0,4930 | 0,2511
3 3 4 0,3660 | 0,1864
4 4 5 0,3811 | 0,1941
5 5 6 0,8190 | 0,7070
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Bang 3.1: Thong so cac nut

S$6 T Pén REQ X (@

TT bus bus km) km) Bus P, Q, Vbase Vmax Vmin
thiri (kW) (KWAR) (kV) (pu) (puw)
6 6 7 | 0,1872 | 0,6188 | 0 T i Tas
7007 § | 07114 | 0,2351 2 | 100 60 | 12,66 | 1,0 | 09
8 8 9 1,0300 | 0,7400 3| 90 40 | 12,66 | 1,0 | 0,9
9 | 9 | 10 | 10440 | 07400 | | 4 | 120 80 | 1266 | 1,0 | 09
10 | 10 11 | 0,1966 | 0,0650 0 | 60 50 |12,66] 10 | 99
i i 6 | 60 20 | 12,66 | 1,0 | 0,9
11| 11 12 | 03744 | 0,1298 7 1 200 100 | 12.66 | 1.0 | 0.9
12 | 12 13 | 1,4680 | 1,1550 8 | 200 100 | 12,66 | 1,0 | 09
13| 13 | 14 | 05416 | 0,7129 9 | 60 20 | 12,66 | 1,0 | 0.9
1 1
14 | 14 15 | 0,5910 | 0,5260 0| 60 20 | 12,66 1.0 | 05
11 | 450 300 | 12,66 | 1,0 | 0,9
15 | 15 16 | 0,7463 | 0,5450 2| 60 350 | 12,66 | 1.0 | 0.9
16 | 16 17 | 1,2890 | 1,7210 13 | 60 350 | 12,66 | 1,0 | 0,9
17 | 17 | 18 | 0,7320 | 0,5740 14 | 120 80 | 12,66 | 1,0 | 0.9
18 | 2 19 | 0,1640 | 0,1565 15| 60 10 11266} 10 | 09
16 | 60 20 | 12,66 | 1,0 | 0,9
19 | 19 | 20 | 1,5042 | 1,3554 71 o 20 | 12.66 | 1.0 | 0.9
20 | 20 | 21 | 04095 | 04784 18 | 90 40 | 12,66 | 1,0 | 0,9
21 | 21 | 22 | 0,7089 | 0,9373 191 9% 40 | 12,66 | 1.0 | 0.9
22 | 3 23 | 04512 | 0,3083 20| 90 40 | 12,66 | 1,0 | 09
21 | 90 40 | 12,66 | 1,0 | 0,9
23 | 23 | 24 | 0,8980 | 0,7091 > | 90 20 | 1266 | 1.0 | 09
24 | 24 | 25 | 0,8960 | 0,7011 23 | 090 50 [12,66 | 1,0 | 09
25 | 6 26 | 02030 | 0,1034 24 | 420 200 | 12,66 | 1,0 | 09
26 | 26 | 27 | 02842 | 0,1447 2 || e 20 || 260 | LY U
26 | 60 25 [ 12,66 | 1,0 | 0,9
27 | 27 | 28 | 1,0590 | 0,9337 T 25 [12.66 | 1.0 | 0.9
28 28 29 0,8042 0,7006 28 60 20 | 12,66 | 1,0 | 0,9
29 | 29 30 | 0,5075 | 0,2585 29 | 120 70 112,66 | 1,0 | 0,9
30 | 30 | 31 | 09744 | 09630 | |30 ]200] 600 12,66 1.0 | 0.
31 | 150 070 | 12,66 | 1,0 | 0,9
31 | 31 32 | 03105 | 0,3619 = o0 100 | 12.66 | 1.0 | 0.9
32 32 33 0,3410 0,5302 33 60 40 | 12,66 | 1,0 | 0,9
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3.4 Két qua chay thuit toan trén
Matlab

Bus Bus Trwdc khi co Sau khicé
PV (kW) PV (kW)

dau cuoi

-‘Ton that.(A:ong suat duogc to1 thiéu hoa 4 4 5 19,034 5.498
theo ham muc tiéu 3.8.
- Gi6i han dién ap cac bus tir 0,9 pu dén > > 6 38,930 10,886
1,0 pu. 6 6 7 1,958 1,589
- Cong suit ciia ngudn ning luong mat 7 7 8 4,950 3,984
troi duoc két ndi bang 30% cong suit tai clia 8 8 9 4278 3,408
mang dien. , 9 | 9 | 10 | 3,644 2,895
] Pang 3.3: Két .una tinh toan sau 10 vong 10 | 10| 11 0,566 0,449
1ap dau trén mang dién
7 5 I | 11 | 12 0,902 0,713
. P £, A on itri
Vong Tén thitcong 4o 2| 12] 3] 2729 2,153
lip  sudtw) SuatPv o PV
*P (kW)  (Bus sd) 13 | 13| 14 0,746 0,588
1 139,7858 1.114 30 14 | 14 | 15 0,366 0,287
2 139,8618 1.114 30 15 | 15 | 16 0,288 0,226
3 139,86138 1.114 30 16 | 16 | 17 0,258 0,202
4 139,3618 1.114 30 17 | 17 | 18 0,054 0,043
5 139,8618 1.114 30 18 % 19 0,265 0,246
6 139,8618 1.114 30 19 | 19 | 20 0,850 0,788
7 139,8618 1.114 30 20 | 20 | 21 0,103 0,095
8 139,8618 1.114 30 21 | 21 | 2 0.045 0,041
9 1 1 1.114
39,8618 30 22 | 3 | 23 3,250 2,888
10 139,8618 1.114 30
23 | 23 | 24 5,254 4,662
Bang 3.3 cho théy thuat toan hoi tu o 24 | 24 | 25 1,315 1,163
vong lap thir 2 v6i cong sudt PV két ndi 1a
1.114 kKW va vi tri ddt toi wu & vi tri bus 30. 2> | 626 2,656 %129
. . . 26 | 26 | 27 3,401 1,026
Bang 3.4: Ton that cong suat trude va ’ ’
sau khi dat PV trén mang dién 27 | 27| 28 11,549 4,298
Bus Bus Trwéce khi co  Saukhico 2| 2| 2 S0 R
diu cudi PV (kW) PVKW) 29 |29 | 30 3,982 3,933
1 1 2 12,471 10,556 30 | 30 | 31 1,632 1,288
2 | 2] 3 52,758 29,505 31 | 31| 32 0,218 0,172
3 3 4 20,261 15,774 32 | 32| 33 0,013 0,011
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Két qua nay ching t6 khi két ndi PV trén
mang dién tai cic bus gan tai tiéu thy da dap
tmg duoc mot luong cong suit dang ké cho

STT

Trwdce khi co PV Sau khi ¢c6 PV

(pw)

(pw)

e 1a n £ A iar X , 23 0,98 0,98
tai, lam cong suat truyén tai cia ngudén chinh
giam nén ton that trén duong day giam. 24 0,97 0,98
Bang 3.5: Su thay doi dién ap tai cac 25 0,97 0,97
bus trude va sau khi dat PV tai vi tri toi uu | 26 0,95 0,96
trén mang dién 27 0.94 0.96
Trwéce khi c6 PV Sau khi ¢6 PV 28 0.93 0.96
o (pu) (pu) ’ ’
& 5 29 0,92 0,96
! 1,00 1,00 30 0,92 0,95
2 1,00 1,00 31 0,92 0,95
3 0,98 0.99 32 0,92 0,95
i e os 33 0,92 0,95
5 0,97 0,98 . ;
X s o 3 vi B2 5 thé hid
6 0.95 0.97 - Po th; ,Hlnh 3 3 va angm3 5 ’t ¢ hién
dién ép tai cac bus cia mang dién co6 sy thay
7 0,95 0,96 d6i khi két néi PV
8 0,94 0,96 Do thi dien ap
9 0,93 0,95 Emnesnl
10 0,93 0,95 098
11 0,93 0,95 7%
12 0,93 0,94 5
13 0,92 0,94
14 0,92 0,94 0.03 ot
15 0,92 0,94 092 5 10 1I5 20 25 30 35
Bus
16 0,91 0,93
17 091 0,93 Hinh 3.3 Do tl}i dién ap trudc va sau khi dat
PV tai vi tri toi wu trén mang IEEE 33 bus.
18 0,91 0,93 . NP 2
Puong mau do trén do thi Hinh 3.3 thé
19 1,00 1,00 hién dién ép tai cac bus trudc khi c6 PV va
20 0,99 0,99 dudng mau xanh thé hién dién 4p tai cic bus
71 0.99 0.99 sau khi co PV, trong d6 cac bus cudi mang dién
> ’ duogc cai thién nhiéu nhat va dam bao trong
22 0,99 0,99 gii han cho phép (0,9 pu dén 1,0 pu).
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Bang 3.6: Két qua chay thuat toan PSO
trén mang Matlab
Ton that )
Pt on
e giam ton dat

vitri D€
... apnho

suat , nhat
that (%) PV
aw)y Hate) (pu)
khi c6(202,095 0,91
PV
Sau khi 0 Bus
6 PV 111,659 (44,74% 30 0,93

Thuét toan PSO tim vi tri tdi vu két ndi
nguén dién mat troi trén mang di¢n chuan
IEEE 33 bus cho két qua tdi wu tai vi tri bus
30, tong ton that cong suat 1a nho nhat (111,659
kW), gidm 90,436 kW va dién ap tai bus nhé
nhat ting tir 0,91 (pu) dén 0,93 (pu). So vai
két qua thuat toan GA 13 giam ton thit cong
suat 73,64% va dién ap cai thién tir 0,91 dén
0,96 pu [14]. Thuat toan PSO hoi tu & vong
1ap thtr 2 con thuat todn GA héi tu & vong lap
thir 50. Nhu vay so voi giai thuat GA phai qua
2 giai doan va thuc hién chay 20 lan doc lap
con PSO chi 1giai doan nén hoi tu nhanh hon
va viéc thuc hién don gian hon.

4. Két luan

Bai bao da trinh bay mdt phuong phap
xac dinh vi tri dat nguon dién mat troi bang
cach ap dung thuat toan toi wu hoa bay dan.
Két qua cho thay viéc ap thuat toan PSO da
xac dinh duoc vi tri dat nguén dién tai tao
trén ludi dién phan phdi 1a phu hop va thoa
cac diéu kién rang budc. Thuat toan thyc hién
trén mang dién chuan va chay trén phan mém
Matlab, cho thdy duoc vu diém 1a tinh toan
nhanh, don gian va cho két qua dang tin cay.
Tiém ning ctia phuong phap cé thé duogc ap
dung v6i cac mang dién trong thuc té va ham
muc tiéu ctia bai todn c6 thé mo rong thém cac
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diéu kién rang budc vé kha ning qua tai caa
duong day va muc tiéu kinh té.
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