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One of the key requirements in operating the power system is achieving
economic  efficiency in electricity production, transmission,
distribution, and use. To do so, the system must run at the lowest cost
possible, which necessitates minimizing both fuel costs and power
losses. The optimal power flow (OPF) problem addresses this by
seeking to minimize the total generator fuel cost while satisfying all
voltage constraints, reactive power limitations at generator nodes, and
transformer tap ratios. This research investigates the application of the
application of the artificial bee colony (ABC) algorithm for solving the
OPF problem. Inspired by the foraging behavior of honeybees, ABC
utilizes a population of ‘bees’ to search for optimal solutions and share
information with each other. Tests on the Ben Tre power system using
PowerWorld software demonstrate the algorithm's ability to find
optimal solutions quickly. Therefore, the ABC algorithm shows
promise as a viable tool for solving the OPF problem.
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Thuét toan dan ong nhén tao
Hé thong dién

MGt trong nhimg yéu cau quan trong trong vén hanh h¢ thong dién la
dat duoc hiéu qua kinh té trong san xuat, truyén tai, phan phi va sir
dung dién. Pé lam dugc nhu vay, hé thdng phai chay ¢ mirc chi phi
thap nhét c6 thé, diéu nay doi hoi phai giam thiéu ca chi phi nhién liéu
va ton that dién nang. Bai toan dong cong suét tdi wu (OPF) giai quyét
vain dé nay bang cach tim cach giam thiéu tong chi phi nhién liéu cua
may phat dién trong khi van dap ing tat ca cac rang budc vé dién ap,
giéi han cong sudt phan khang tai cic niit may phat va ty sb phan ap
ciia may bién ap. Nghién ctru nay khao sat viéc tng dung thuat toan
dan ong nhan tao (ABC) dé giai bai toan OPF. Lay cam hing tir hanh
vi tim kiém thirc an cua ong mat, ABC sir dung dan ong dé tim kiém
giai phap ti wu va chia sé thong tin véi nhau. Cac thir nghiém trén hé
théng dién Bén Tre st dung phan mém PowerWorld chiing minh kha
ning cua thuat toan trong viéc tim ra giai phap tdi wu mot cach nhanh
chéng. Do d6, thuat toan ABC hira hen 1a mot cong cu kha thi dé giai
quyét vin dé OPF.
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1. Giéi thiéu

Mot trong nhiing yéu ciu quan trong nhit khi van hanh hé thong dién, do 1a tinh kinh té cho
viéc san xuat, truyén tai, phan phoi va st dung dién nang. Dé thyc hién yéu cau do, can dam bao
hé thong dién lam viéc v6i muc chi phi thip nhit bang cach giam dén mirc ti thiéu chi phi nhién
liéu va ton that dién ning. C6 nhiéu bai toan dé tdi wu vé& mat kinh té cho van hanh hé thong dién,
trong d6 bai toan phan bd cong suit tdi wu cé ¥ nghia quan trong trong viéc diéu tiét cong suét va
dam bao sy cin bang thu phat cong suat trong hé théng, giup hé théng ludén 1am viée 6n dinh. Tur
do, hudng toi viée giam chi phi trong van hanh h¢ théng di¢n. Can bang thu phat cong sut trong
hé théng dién 14 trang thai ma tong cong sudt phat cia ngudn bang tdng cong suét tiéu thu cua tai
tai moi thoi diém. Trao luu cong sudt trén cac duong diy truyén tai thay doi theo thoi gian.
Chiang han, tai mét thoi diém nao do6 trong hé thong dién c6 nhirng dudng day bi qua tai trong khi
cac duong day khac lai non tai va nguoc lai. Vi thé, viéc st dung hiéu qua va tbi uu cac nguon
cung cap s& thay dbi phan bd cong suat duong day va tram bién ap van dam bao duoc cung cip
dién lién tuc cia hé thong dién.

Hién nay, c6 rat nhiéu thut toan duoc dua ra dé giai quyét bai toan nay ching han nhu:
phuong phap kinh dién Newton - Raphson [1], quy hoach tuyén tinh (Linear Progrmaming) [1],
quy hoach phi tuyén (Nonlinear Progrmaming) [1], Tabu search [2], SA - Simulated annealing
[3], thuat toan di truyen (GA - Genetic Algorithm) [4], [S], quy hoach tién hoa (DE -
Differential Evolution) [6], thudt toan t&i uvu hoéa dan kién (ACO Ant Colony Optimization)
[7], thuat toan bay dan (PSO Particle Swarm Optimization) [8] va phuong phap lai cai tién.
Gan day, mot ky thuat tinh toan tién hoa moi, duge goi la da‘m ong nhan tao (Artificial Bee
Colony - ABC), da duoc dé xuét va gidi thidu boi Karaboga [9]. Thuét toan duoc phat trién dya
trén viée kiém tra hanh vi cta nhitng con ong mat trong viéc tim mat hoa va chia s¢ thong tin
vé ngudn thire dn cho nhing con ong trong td ctia chiung. Uu diém chinh cta thuét toan ABC so
v6i cac phuong phéap tbi uu hoa khac 1a tinh don gian, linh hoat cao, it tham sé didu khién, d&
két hop v6i cac phuong phap khac, kha ning xur Iy muc tiéu c6 tinh chit ngiu nhién, hoi tu
nhanh, vira thim do wira khai thac [10].

Bai bdo tap trung nghién ciru va ing dung thuat toan dan ong nhan tao dé giai quyét bai toan
phan bd t6i wu dong cong suat trong hé thong dién. Ddi twong duoc nghién ctru hudng dén 1a ludi
dién cua tinh Bén Tre, viéc tinh toan phan b cong sut trén ludi dién két hop voi thuat toan ABC
s& dugc md phong trén phan mém MatLab va PowerWorld. Tir két qua mo phong, bai bao ciing
phan tich tiém ning cua thuat toan ABC va tinh kha thi trong viéc (mg dung thuat toan nay vio
cac phuong an phat trién hé théng dién.

2. Phwong phap nghién ciru
2.1. M6 hinh bai toan
2.1.1. Ham muc tiéu
Ban chét cua bai toan OPF ndm & viéc cuc tiéu hoa ham muc tiéu va déng thoi thoa man cac

rang budc can bang ma khong vi pham cac riang budc khong can bang. Ham chi phi nhién liéu
cho may phat dugc mé ta nhu [10]:

Ng
b
minimize F(x) = E (ai + biPg; + Cipéi) 7 (1)
i=1

Trong do:
Ng : sb luong may phat; a; : hé s6 chi phi co ban ctia may phat th i.
b; : hé s6 chi phi tuyén tinh cia may phat thi i.
¢; - hé s6 chi phi binh phuong ciia may phat thir i.
Pg; : cong suat tac dung ngd ra ctia may phat thir i (MW).
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2.1.2. Cdc diéu kién rang bugc

Trong nghién ctru nay, rang bugc can bang cong suit ciia bai toan OPF 1a sy rang budce vé can
bang cong suat thu phat cta h¢ théng dién. Rang budc can bang cong suit tac dung va cong suat
phan khang cta hé théng dién tai nat thir i duoc thé hién qua phwong trinh (2). Tén thit cong sudt
tac dung va ton that cong suat phén khéng tai niit thir i luén bang 0 [10]:

Pi(V.0) - (Pgi - Ppy)
[ ] [Q (V.0) - Qg - QDI)] 0 @)
P;(V,0) = Z viv; (Gl]cosﬁ + B; szn@l]) (3)
0.(V0) = Z VV(GUsan + B, cos@l]) 4)

Trong do:

P;: cong suat tac dung tai nit i; Q; : cong sut phan khang tai nut i
Nj : téng s6 nat cia hé thong.

Gj; : dién dan giira 2 nat i va j; Bj; - dién cam gilra 2 nit i va j.

Pg; : cong suét tac dung phat ra cia may phat thir i (MW).

O, cong sudt phan khang phét ra ciia may phat thir i (MVAr).
Pp;: tai thye nat i (MW); O, - tai khang nat i (MVAr).

V;: bién d6 dién ap tai nat i; V;: bién do dién ap tai nat j.

0;: gbc dign ap tai nut i,j.

Céc rang budc khong cin bing cua bai toan OPF phan anh su gidi han trén cac thiét bi vat 1y
trong hé théng dién ciing nhu sy gidi han dugc tao ra dé dam bao d6 an toan hé théng. Cac rang
budc khong can bang nay duoc mo ta nhu [10]:

Gi6i han cong suit tic dung, cong suit phan khang, dién 4p tai nit may phat:

G < Pgi <SPG (MW)véii=1,2, .., Ng (5)
Qgi" < _QGi < Q’gfx (MVAr) voii=1, 2, ..., Ng (6)
. G;n < VGi < Vg?XVO"ll = ], 2, veey NG (7)
Gi61 han bu cong suat phan khang tai nat:
O <0 SOE" (MVAr) véii=1,2, ..., Ne (8)

Trong d6: N 1a tong s6 tu bu
Gi6i han vé chi sé chinh dinh may bién ap:

M <T, <T'véii=12, ..., Ny 9)
Trong do: Ny 1a tong s6 may bién ap
Gidi han dién ap tai nit téi'

min <y <V yeii=1,2, .., Ny, (10)
Trong d6: N, 1a tong s6 nit tai

2.2. Ap dung thudt todn dan ong nhén tao dé gidi bai todn phéin bo cong sudt toi wu
2.2.1. Thudt toan dan ong nhan tgo

Trong budc dau tién cia thuat toan ABC [10], cac giai phap ban dau dugc tao ngiu nhién
trong pham vi cu thé ctia cac bién x; (i=12,3...,S). Thtr hai, moi con ong tho xac dinh cac giai
phap méi c6 sb lugng bang mot nira téng s ca thé. Phuong trinh (11) dugc sir dung dé tim giai
phéap mdi.

Vl] + ¢ (xy xk]) (11)
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Trong phuong trinh (11), k € {1, 2,..., N} vaj € {1, 2,..., D} 1a nhitng chi sé dugc lya chon
ngau nhién. Mic du k dugc xac dinh gia tri ngau nhién, k phai khac véi i va 9 1a mot s6 ngiu
nhién giita [0,1]. Thong sb nay kiém soat viéc tim kiém cac ngudn thirc dn l4n cAn xung quanh va
thé hién sy so sanh hai ngué)n thirc an x;; mot cach tryc quan béi mot con ong. Sau khi moi nguén
thie an V;; duoc tim kiém va sau d6 dugc danh gia boi ong quan sat, chit lugng cua né duoc so
sanh v&i ngudn thuc an trude d6. Néu nguon thitc an méi c6 mat hoa bang hoac tot hon nguon
thire an cii, n6 dugc st dung dé thay thé mat hoa cii trong by nho. Néu khong, cai cli duge gitr lai

trong bd nho. . )
Thtr ba, nhitng con ong quan sat chon mdt nguon thirc an voi xac suat dugc dua ra trong (12).
fit.
P = 5 12
T -

Trong do: ﬁtl.’ la gia tri té} uu cia glél‘ phép i ty 1& thuan véi lugng mat hoa cia nguon thirc an
O vitriivajla so lugng nguon thirc an bang so lugng ong thg.

Nhitng con ong trinh sat chiu trach nhiém rat nhiéu cho cac tim kiém ngau nhién & mdi dan.
Nhitng con ong trinh sat khéng st dung bét ky kién thirc va su kién ndo khi chung dang tim kiém
nguén mat hoa, do d6 tim kiém cua ching duoc thuc hién ngiu nhién hoan toan. Nhiing con ong
trinh sat duoc chon trong s6 nhirng con ong thg dugc xem xét dén cc thong sé gioi han. Néu mot
trong giai phap cua ngudn thire dn khong duge cai thién vai s6 1an danh gia vong ldp thi ngudn thirc
an nay sé& bi loai bo. Con ong ciia ngudn thirc an d6 xac dinh ngudn thire n méi duge chon 14 ong
trinh sat. Xac dinh mot ngudn thirc an méi ctia mdt con ong trinh sat dwoc dua ra trong (13).

Xy = X"+ (X - X" *rand(0,1) (13)

Trong d6: X" va X;"“" 1a gi6i han toi thiéu va t6i da ciia tham s can dugc t6i uu hoa.

2.2.2. Ap dung thudt todn ABC vao OPF

14
.....

Budc 1: Bit dau thiét 1ap thong sé dau vao theo thong sé mang dién cho thuét toan ABC.

Budc 2: Tinh todn OPF str dung thuat todn Newton - Raphson theo cac gié tri ban dau.

Budc 3: Tinh ham muyc tiéu dua trén két qua tinh toan phan bd cong suat. Dit giai phap ban
dau 1a giai phap tot nhat. Dat by dém thanh 1.

Budc 4: Ong thg do tim giai phap tt nhat trong kich thudc bay dan ngiu nhién ban dau.

Budc 5: Giai bai toan phan bd cong suat bang phuong phap Newton - Raphson duya trén giai
phép mdi cua nhitng con ong tho.

Budc 6: Tinh todn ham muyc tiéu twong tng véi gidi phap mai cua nhiing con ong tho.

Budc 7: So sanh gia tri méi ciia ham muc tiéu va gia tri da khoi tao dé thu dugc gia tri tot nhat.

Budc 8: Ong quan sat dugce danh gia, chon giai phap tot nhat tir dé xuat ong tho va quay lai
bude 5.

Budc 9: Qua trinh thyc hién cta ong trinh sat. Xac dinh gidi phap khong dugc cai thién khi
vuot qué “gidi han”.

Budc 10: Néu co giai phap khong cai thién vuot qua “gidi han” dit ra trong thong sd dau vao,
ong tho tao ra gidi phap do s€ tré thanh ong trinh sat di tim giai phap maoi va tinh toan.

Bude 11: Cap nhat giai phap tot nhat va cac gia tri ham muc tiéu twong ung.

Budc 12: Néu khong dat duge sb 1an ldp tdi da, hdy ting bo dém va quay lai Budc 4.

Thuét toan dan ong nhan tao ap dung giai bai toan phan bd cong suat duoc thyuc hién theo cac
budc trén va thé hién luu do thuat toan theo Hinh 1.
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Nhiip thong sé myng dién va thiét 1ap thong sé diu vao cho
thuiit todin ABC.

'

Tinh toin phin bi cong suiit sir dyng thudt toin Newton-
Raphson va tinh ham muyc tiéu dya trén eice gid ori ban diu

|
v
Quii trinh thye hi¢n cia ong thy, ong thy sinh giii phip méi. Giii bai toin
phiin bo cong suat bang phwong phip Newton-Raphson va tinh todan ham
muyc ti¢u dya trén gid tri caa nhitng con ong thy.
1

v

So sdinh gid tri méi ciia him myc tidu va gig e da khi o _ o
@é thu dwee gid trj tht nhit. K havi m_u um‘l phip nm:l_flm ong quan :\al( v
Lanh gia chit lwgmg gidi phap biang cie gia|
| tri naty
A
Fidi phip dwa ra bii ong thy cal On an sit tinh todn xdc suiit lya chon cic gidi phip On an sit sinh giai phiap mdi
thién so voi gidi phip trude 46?2 ng quan s:t tin An xdc suat lys on cic gidi phap ng quan s:it sinh gidi phiap mdi

> Xide dinh gidi phip khong car Pi tim gidi phip méi thay thé giai phip
thi¢n vugt qua “gidéi han™ khong cii thi¢n

S | Pianh gii giai phap tt nhét cho cic Zidi
phip nay

Y

Cap nhiit giii phap va edc gis tri ham mye téu bt nhic

Tiéu chi dirng théa min?

Hinh 1. Luu do6 thudt todn ABC-OPF
3. Két qua nghién ctru va ban luin
3.1. Gigdi thigu téng quan vé mang dién tinh Bén Tre

Bang 1. Du bdo nhu cau phu tai 2025

Nut phu tai Céng suat cue dai (MW) Nut phu tai Cong suat cue dai (MW)
4 15 24 41
15 10 25 39
18 76 26 38
19 24 27 48
20 41 28 26
21 38 29 37
22 21 30 20
23 49 - -

Nghién ctru nay ap dung thuat toan dan ong nhan tao vao bai toan phan bo cong suat mang
dién dugc xét & cap dién ap 220 kV va 110 kV tinh Bén Tre trén co s quy hoach phat trién dién
luc 2016 - 2025, ¢ xét dén nam 2035. Trong bai str dung két qua tong hop du bao nhu ciu cong
sudt theo cac huyén, thanh phd tinh Bén Tre dén nim 2025 s6 liéu thong ké nhu trong bang 1.
Ngoai ra, Bén Tre trao d6i ngudn véi tinh Vinh Long va Tién Giang théng qua tram 110 kV Bén
Tre va tram 110 kV Chg Lach [11].
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3.2. Théng sé dau vio
3.2.1. Thiét lgp cdc théng sé cho thudt todn ABC

S ca thé trong quan thé NP = 50.

Gidi han ngudn thirc an khong dugc cai thién L = 100.

So ch’rc 1ap toi da Iimax = 200. ) . ) ‘

H¢ so phat rang budc chung cho tat ca cac rang budc can bang cong suat, duong day truyén
tai, dién 4p nit may phat va ddu phan ap tram bién ap K = 10°
3.2.2. Théng s6 dau vao mang dién

Thong s6 diu vao ciia hé théng dé tinh toan cho mang dién tinh Bén Tre nhu trinh bay tai Bang
2 va Bang 3. Trong do, R (resistance), X (reactance), TRF (transformer), TRL (Transmission Lines)
la dai dién cho dién trd, dién khang va cac may bién 4p, duong day truyén tai.

Bang 2. Thong s6 nguon phdt va phu tai mang dién

. May phat (MW) -
Nut Téi thidu Tbi da Phy i (MW)
1 0 0 0
2 0 0 0
9 0 180 0
10 0 540 0
29 0 0 37
30 0 0 20
Bang 3. Thong sé dwong ddy va tram bién dp ciia mang dién
Tur nut Dén nit R(pu) X(pu) Cong suat (MVA) Tén niit
1 3 0 0,044 250 TRF
2 12 0 0,088 125 TRF
5 19 0 0,275 40 TRF
6 11 0,00808 0,01283 119,6 TRL
13 17 0,01111 0,02545 2393 TRL
17 14 0,02979 0,06826 239,3 TRL

3.3. Két qud

Thuat toan ABC duoc ap dung bai toAn OPF chitng minh vao mang dién tinh Bén Tre va céc
két qua thu duoc tai Bang 4 duoc so sanh voi két qua mo phong trén phan mém PowerWorld.
Thuat toan ABC duogc 1ap trinh trong Matlab R2016a va chay trén bd vi xir [y AMD Ryzen 5
5500U, Radeon Graphics CPU 2.10 GHz vé6i 8,0 GB RAM. Tiéu chi ding cua thuat toan 1a sb
1an ldp tdi da. Trong nghién ctru nay, tinh toan phan bd cong sudt cho mang dién tinh Bén Tre st
dung phuong phap Newton Raphson dugc 1iy tir Matpower 7.1 [12].

Bang 4. Két qua phdn bo cong sudt 10i wu

May phat Céng suat (MW)
9 180
10 294,64
14 60
Tén thét cong suat(MW) 11,64
Chi phi ($/h) 1389,12
Thoi gian(s) 27,11
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Max = 385.9648, Min = 11.643

300 -

W
N
a
<]

Power loss (MW)

10° 10’ 102 10°
Number of iterations = 200

Hinh 2. D6 thi cong sudt ton that

Cac két qua thu duogc bé“mg cach st dung thuat toan ABC duoc dua ra trong Bang 4, Hinh 2
cho thiy dic tinh hoi tu gid tri vong lap 100 vong cua thuét toan ABC. Két qua toi vu téng chi
phi 1389,12 ($/h) va ton that cong suat 11,64 (MW), thoi gian ngin 27,11 (s) cua thuat toan ABC
duogc so sanh v6i két qua mo phong trén phan mém PowerWorld nhu trong Bang 5.

3.4. Kiém tra phin bé céng sudt bang phan mém PowerWorld

Kiém tra do 6n dinh va kha ning tai cia dudng diy va may bién ap st dung phan mém
PowerWorld. Dua vao Hinh 3 ta thay mirc d6 dap ung cua dudng diy va tram bién ap. Hinh tron
trén duong day va tram bién ap thé hién phan tram mang tai duong day va tram bién ap.

CHI PHi: 1399,38 $/h

7

“2¢15 MW

J»

76 MW 378,20 $/h

l 52,20 $/h t” : 2t I %
S @ 5
17 + I 14 I S

Hinh 3. Kiém tra phin bo cong sudt ciia hé thong dién tinh Bén Tre
Bang 5. So sdanh két qua phén bo cong sudt gitta thudt toan ABC va két qud phan mém PowerWorld

o pi o

41 MW

. - A A <X n £ . Phan mém Thuét toan
Nt phu tai Cong suat cuec tiéu Cong suat cuc dai PowerWorld ABC
Pg9 (MW) 0 180 180 180
Pg10 (MW) 0 540 296,29 294,64
Pgl4 (MW) 0 60 60 60
Tén that (MW) 13,3 11,64
Chi phi ($/h) 1399,38 1389,12
CPU (s) - 27,11
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Theo Bang 5 ta thiy thuat toan ABC cho két qua tot hon so véi két qua md phong trén phan
mém PowerWorld, két qua tong ton thit cong suat 11,64 (MW) va téng chi phi nhién liéu may
phat 1389,12 ($/h) cho két qua tét hon 0,73% so vdi két ‘qua m6 phong trén phin mém
PowerWorld trong khi tat ca cac rang budc vé dién ap, cong sudt phan khang tai nit may phat va
chi s6 chinh dinh may bién ap déu dugc thoa min. Pong thoi thoi gian tinh toan 1a mot chi sb
quan trong dé danh gia hiéu nang cua thudt toan. Trong nghién ctru nay, két qua dat duoc su hoi
tu voi thoi gian ngdn 27,11 (s) cho viée giai quyét bai toan tdi wu hoa.

4. Két luan

Trong bai bao nay, thuat toan ABC dugc ap dung dé giai bai toan OPF. Uu diém cua thuat
toan la 1t tham so thiét 1ap, th0'1 glan tinh toan ngan sy hoéi tu nhanh va ket qua tin cay Trong
c6 thé bo qua nhu’ng loi giai tét hon. Bén canh d6, viéc do tim giai phap tot nhat cla thuat toan
ABC con mang tinh cuc bd. Két qua tinh toan phu thudc nhiéu vao cac thong sé cai dit duoc quy
ddi tir cac thong sb thuc cua mang dién tinh Bén Tre, vi thé phai mAt nhiéu thoi gian dé thir
nghiém va kiém tra. Viéc danh gia giai phap t6i vu chu yéu dua vao 1y thuyét xac sut. Thuat
toan ABC di duoc ap dung vao mang dién tinh Bén Tre. Két qua mo phong tir Matlab dugc kiém
tra lai trén phém mém PowerWorld. Tir d6, ¢ thé théy duoc trién vong, tinh wu viét va kha nang
g dung rong rii cac bai toan trong hé théng dién cta thuat toan ABC trong tuong lai.

Loicam on

Nhoém tac gia xin cam on Truong Dai hoc Ky thudt — Céng nghé Can Tho d3 tao diéu kién va
thoi gian nhom tac gia hoan thanh ndi dung nghién ctru.
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