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AP DUNG ARTIFICIAL BEE CONOLY (ABC) CHO BAI TOAN
TAI CAU TRUC LUG1 BIEN VOT HAM MUC TIEU CUC TIE
CHI PHI VAN HANH VA CHI PHI NGUNG CAP BIEN

APLICATON ARTIFICIAL BEE CONOLY FOR RECONFIGURE DISTRIBUTION NETWORK
FOR MINIMUM FUNCTION OPERATING COSTS AND COSTS OF POWER SUPPLY

TOM TAT

Trong lwdi dién phan phdi, bai toan tai cau tric wdi dién theo st thay ddi clia
phu t&i v6i muc tiéu giam ton that cong sudt da phan nao lam gidm duoc chi phi
van hanh clia lu6i dién, tuy nhién s& anh hudng dén do tin cay cung cép dién clia
phu tai. Do d6 trong nghién ciu ndy, nhém téc gia trinh bay phuong phép sk
dung thuat toan Artificial Bee Colony (ABC) cho bai toan tai cu trac lwéi dién véi
ham muc tiéu ctia bai toan Ia gidm chi phi van hanh va chi phi ngling cap dién
trén Iu6i dién phan phdi. Thut toan Artificial Bee Colony (ABC) la mét trong
nhiing thuét toan tdi uu toan cuc duoc phat trién béi Karaboga vao nam 2009,
Gidi thuat nay dua trén viéc nghién ctu cac hanh vi bay dan clia dan ong trong
qua trinh ldy mat. Hiéu qué clia phuong phap d& xuét duoc kiém tra trén ludi
dién méu ctia IEEE, két qua nghién cttu cho théy viéc st dung ABC cho bai toan téi
cAu tric dang tin cdy cd tinh hiéu qua.

Tlr khda: Ludi dién phan phdi; ton that cong suat; dd tin cdy, thuat todn ABC,
tai cau trac ludi dién.
ABSTRACT

The distribution network, the problem of grid restructuring according to the
change of load to reduce power loss has partly reduced the operation cost of the
grid but will affect. to the power supply reliability of the load. Therefore, in this
study, we present the method of using Artificial Bee Colony (ABC) algorithm for
the problem of grid restructuring with the objective function of the problem is to
reduce operating costs and stop costs. electricity on the distribution grid. The
Artificial Bee Colony (ABC) algorithm is one of optimization algorithms
developed by Karaboga in 2009. This algorithm is based on the study of the herd
behavior of bees during honey collection. The effectiveness of the proposed
method was tested on the sample grid of IEEE, the research results gave reliable
results showing the use of ABC for the restructuring problem.

Keywords: Distribution network; power loss; reliability; ABC algorithm,
reconfiguration distribution network.
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Nguyén Tlng Linh",
Trueong Viét Anh? Nguyén Ngoc Quy?

1.GIOI THIEU

Lugi dién phan phéi (LDPP) lam nhiém vu cung cap dién
nang dén cac phu tai tiéu thy, duoc thiét ké kin nhwng van
hanh hé bdi cé nhigdu vu diém so véi van hanh kin nhu dé
dang bao veé ludi, dong su ¢6 nho, dé dang diéu chinh dién
ap va phan b6 cong suéat, tuy nhién do van hanh & muc
dién ap thap va dong dién Ion, LDPP thuong co6 ton that
cong sudt va do sut &p I&n [1]. Hang ndm tén that cdng suat
trén lu¢i dién phan phéi chiém khoang 5 - 6,5%, vi vay viéc
giam ton cong suét trén LDPP la nhiém vu quan trong.

Trong thuc t€ muc tiéu cla bai toan tai cau trdc ludi
dién phan phadi la di tim ra mét cdu trac lwéi dién cé nhitng
lgi ich vé mat kinh t€ 1a I6n nhat nhung van dam bao vé
mat ky thuat dé lwdi dién phan phoi van hanh 6n dinh
trong diéu kién van hanh binh thuwong cling nhu sy co.
Nhtng lgi ich v& mét kinh té€ bao gdm ca chi phi tdn that
trén luGi dién, chi phi chuyén tai (d6ng cét cac khoa dién)
chi phi thiét hai clia khach hang do bi ngirng cung céap
dién, va ca chi phi khong ban dwoc dién cta cong ty dién
lvc. Viéc ngirng (gian doan) cung cép dién cho khéach hang
va cdng ty dién lvc khéng ban dwoc dién phu thube nhiéu
vao do tin cdy cung cap dién cua tirng phan t tao nén cau
trac lwgi dién phan phoi. Diéu nay thé hién qua chi tiéu do
tin cdy cung cép dién cla lvdi phan phdi ENS (thiéu hut
nang lvgng dién). Nhu vay, di tim 1o giai cho bai toan tai
cdu tric lwgi dé nang cao do tin cay cung cadp dién cling
chinh la tim ra cdu trtc lvdi phan cé chi phi van hanh va chi
phi nglrng cung cdp dién la bé nhat.

Bai toan tai cdu trdc LBPP dwoc dé xuét lan dau vao nam
1975 béi Merlin va Back [2]. Civanlar va cong su [3] st dung
phuong phap trao déi nhanh dé giam ton that cong suét
dva trén viéc chon lya cac cap khoa dién. Shirmohammadi
va Hong [4] d& xuat phuong phap tai cdu tric giam ton that
cdng suat dva trén phuong phap clia Merlin va Back. Tiép
theo d6 la hudng nghién ctru tap trung vao viéc ap dung
cac thuat toan (genetic algorithm - GA) [5-7], thuat toan t6i
wu bay dan (Particle Swarm Optimization - PSO) [8-10],
(Fireworks Algorithm - FWA) [11], thuat toan tim ki€m Tabu
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cdi tién (Improved Tabu Search - ITS hay Modified Tabu
Search - MTS) [12, 13], (Harmony Search Algorithm - HSA)
[12], thuat toan canh tranh dé quéc cai tién (Improved
Adaptive Imperialist Competitive Algorithm - IAICA) [12]
cho bai toan tai cau trac lwéi dién. Pay la nhitng phuong
phap thuong tiép can ngau nhién ma khéng co cac yéu cau
dac biét nhu tinh lién tuc cGia ham muc tiéu va hiéu qua
trong viéc xt ly cac bai toan t6i wu cé rang budc [12]. Tuy
nhién, déi vai cac thuat todn heuristic tong quat thi van dé
can quan tam la chiing c6 thé roi vao cuec tri dia phuong
thay vi toan cuc va mét s thuat toan lai yéu cau mét so
lwvgng I&n cac thdng sé can diéu chinh trong qué trinh thuc
hién. Vi vay, trong linh viec nady viéc ngan nglra sy hoi tu
sém vao cuc tri dia phuvong cla cac thuat toan heuristic
téng quat thu hut dwgc nhiéu sy guan tam clia nhiéu téc
gia [12]. Bai bao nay s dung thuat toan ABC cho bai toan
toi vu ham muc tiéu gidm chi phi van hanh va chi phi
nguwng cap dién. Hiéu qua clia ABC cho bai toan tai ciu tric
dwoc kiém tra trén lwdi dién mau ca IEEE. K&t qua nghién
clru cho thay viéc 4p dung thuét toan ABC cho két qua tin
cdy va tim duwoc cdu trdc téi wu cho bai toan dat ra.
2. MO HINH BAI TOAN

M@t cdu tric LDPP dwoc tai cdu tric bang cach mé céc
khoa phan doan va déng cac khda chuyén mach sao cho
cau trac lugi dién van la hinh tia va tat ca cac khach hang
déu duoc duoc cung cép dién. Do d6 dong céng suét di
gua cac nlt, ton that cong suat va do tin cay cla luéi dién
phan phoi ciing thay d6i. Tai cdu triic LDPP thuwong dwoc
thwc hién dé giam qua tai trén duong day, may bién ap,
giam tén that cong sudt va nang cao do tin cay cung cap
dién goi la gidm chi phi ngung cap dién.
2.1. Chi phivan hanh lu@i dién phan phoi

Gia sir so do don tuyén clia mot phat tuyén cé dang nhw
hinh 1.

0 i+l

PO,QO P QOI Pl 1 Ql 1 | P Ql

—> —>
1 PLl QLI 1 PLI lQLl 1 1 PLI QLl 1 PLHI QLHI

Hinh 1. So d6 don tuyén mdt phét tuyén
Cong suét tac dung va cong sudt phan khang chay trén
nhanh (i+1) lan lvgt dwoc tinh theo cong suét gan dung sau:

Py, Q1+l P Q"

P} +Q?

Piii =P =Priys =Ry i iTl @)

P} +Qf

Qi+1 =Qi —Quriy1 =X, i+1[|_vi2| ()

Ton thét cong sudt tac dung clia mot phan duong day
giranativanati+1;

P} +Q?

APG 49 =R}, i+1[w 3)

Gia st cong sudt phan khang va céng suat phu tai nhw
trong do thij phu tai nhv hinh 2.

Ham chi phi van hanh cho LBPP mdt mua trong nam.
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P +Ql t (4)

Cost =Co. mYfL,APt; =C,. mEP_;

trong do:
AP;: 6n that cong sudt tac dung tai thoi diém ij.
P, Q:cdng suat tac dung va cong suét phan khang trén
nhanh thi i.
V; : dién &p nat két n6i clia nhanh trén nhanh thi i.
P kW)
)

[

24 gio

0 3 6 9 12 15 18 21

Hinh 2. B0 thi phu tai hang ngay ctia lu6i dién trong mdt mua

Diéu kién rang budc ma lwéi dién phan phéi phai théa
man la dién ap va dong dién phai duy tri trong gi¢i han
cho phép.

Vi, nin < |V1| Svi, mx (5)

1G] <Tj max (6)

Lwu d6 tinh chi phi van hanh LDPP trong mét mua nhuw

hinh 3.

Doc di¥ liéu tir d thi phu tai

Giai bai toan phan bé céng suat bang Newton
Rapshon

Dung

Cost, = C, ZAPJt)‘.m

i=1

Hinh 3. Thuét toan tinh chi phi van hanh trong mt mua /ndm

Céc buéc thuc hién nhu sau:

Buéc 1. Boc gia tri cong suat tdc dung va cong suat
phan khang tir do thi phu tai.

Budc 2: Gidi bai toan phan bd céng suét theo phuong
phap Newton Rapshon tai thoi gian t;.

Bwdc 3: Kiém tra xem da phan b6 cong suét tai thoi
diém t; = 24 chua? Néu chua thi quay lai buéc 2, néu ding
tinh chi phivan hanh cta lwéi dién.
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2.2. Chi phi ngtrng cung cép dién
Xét luéi dién don gian c6 mot ngudn nhu hinh 4.

1 z b
i A Taer A2, Ter
P;+jQoi P2+jQo2i

Hinh 4. So d6 mang mot nguon hai phu tai
Gia st moi trén moéi doan luvdi déu cd thiét bi phan
doan, thoi gian mat dién clia tirng phu tai:

Trar =21 Tseq
Traz =A2Tsc2 + T pan
hay Tpgi =2AiTsci +T maia (7)

Trong do6, A, Ty Tmaia 12N lvot la cuwdng do su c6, thoi
gian st ¢6 tai nat thi i va thoi gian ngirng dién tir nguon,
hodc may cat téi nat thivi - 1.

bién nang khong cung cap dién duoc cho khach hang
[Uc nay la:

A=Tpy P +T P, (8)

Bai toan tinh chi phi ngirng dién cla luéi dién phan
phdi cé thé duoc tinh thong qua chi phi thiét hai do sy ¢
gay ra cho khach hang bi gian doan cung cap dién:

Cost, =C;A=C XL PATsq ©)

trong do:

n la s6 phu téi trong luoi dién.

C, la don gia dién nang khi ngirng cung cédp dién, hay
con goi la don gia vi pham hgp dong cung cap dién cla
phu tai thi i ($/kwh), don gid nay thwong cao gap nhiéu lan
S0 v@i don gid ban dién thdong thuong C,.

A lalvgng dién nang khdng cung cap duoc cho khach hang.

P, la cong suat tac dung tai nat thi i (kW).

T la thoi gian sira chita ctla phu tai thii (h).

Ay la cuwong do sw cd clha nit tai thi trén tuyén day
(lan/nam).

M®b ta céac buéc thuat ton tinh chi phi nglrng cung cép
dién (hinh 5) nhu sau:

Bwéc 1: Nhap thong s6 luéi dién nhue (thong sé ndt,
nhanh, cvong do va thoi gian s co).

Bwéc 2: Nhap cdu truc lwéi dién hinh tia (Cau tric nay
duoc thay d6i bang cach thay déi cac khoa dién lién két).

Buwéc 3: Tao tap ngudn va tap tai tir cau tric lwéi dién.

Budc 4: Tao tap két nbi ngudn, tap tai tir cau trdc luéi dién.

Buwoc 5: Thoi gian nglring dién tirng két noi

Budc 6: Chuyén tap tai vira dwgc chon (nat thit i) sang
tap nguon.

Budc 7: Kiém tra ludi dién cé phai la hinh tia khong?

- Néu sai thi loai két n6i dwgc tao tir ngudn moi cap
nhat va quay tré lai bwéc 4 thyc hién lai.

- Néu dung nhay dén thyc hién buéc 8.

Website: https://tapchikhcn.haui.edu.vn

Buwac 8: Tinh chi phi nglrng dién cau trac dién hién hiru,

_ Nhip thongs6 lwdidién )
(Thong =0 nut, nhanh cwongzdo vathol gan swed)

v
) Nhip ciu tric hedi dién hinh tia
(Cau tric nay tao rado thay doi cdc khda dién)

v

Taotip nguém, tap i tir cdu tric hedi dién

»
>

 Taotip ngudn, tip tii tir cdu tric lwdi dién
(Cau tric hwdi dién cho biét khd ning kétnoi cac phu tii)

v
Tinh thoi gian ngimg dién cho tip k& ndi
T-.‘x =/.-1Tu1 g T-t.'x-.’

v

Chu}'én nut tdi viradwocchon (nut thiri)

tir tip tal sang tip ngudn

¥

Tinh chiphingimgdién cholwoidiénhién hiru
n

Costy; = C, ZP‘T,
(=1

Hinh 5. Thut toan tinh chi phi nglng dién cho mdi cdu tric
2.3. Ham muc tiéu ctia bai toan

TUr muc tiéu clia bai toan giam chi phi van hanh va chi
phi ngirng cung cép dién cla khach hang ta c6 thé dvara
dwoc ham muc tiéu cho bai toan tai cau truc lwdi co xét dén
dd tin cay cung cdp dién nhu sau:

COST =mi n {Cost, +Cost,}

=mi n{ [, Co X2%,APt]. m+Cy B PAseiTscid

trong do:

m la s6 ngay khdo sat trong mot nam.

P, la cbng sudt tiéu thu tai nat thi i (kW)

AP, 1a tng t6n théat cong suat trén luGi dién tai thoi
diém thi j

t; la thoi gian khao sat trong mot ngay.

(10)

T, la thoi gian stra chira phu tai thi i (h).
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Ay la cudng do sv c6 cla nuat tai thiv trén tuyén day
(lan/nam hoac lan/mua).

C, la don gia ban dién théng thuwong ctia mot phu tai
thi i ($/kWh).

C, la don gia ban dién khi nglrng cung cap ctia mot phu
tai the i ($/kWh).

a;, g latrongsé chon lva ham muc tiéu.

3. PE XUAT AP DUNG GIAI THUAT ABC CHO BAI TOAN
TAI CAU TRUC LBPP VOI HAM MUC TIEU GIAM CHI PHI
VAN HANH VA CHI PHI NGUNG CAP BIEN

Pé xudt ap dung giai thuat ABC cho bai toan tai cau trdc
v@i ham muc tiéu gidm chi phi van hanh va chi phi ngung
cap dién.

3.1. Gi¢i thiéu thuat toan ABC

Thuat toan dan ong nhan tao (ABC), duoc dé xuat béi
Karaboga dé t6i wu héa cac van dé s6 trong [13], m6 phdng
hanh vi tim kiém théng minh cla bay ong mat, la mot
huéng tvong déi méi trong tri thirc bay dan. St dung hanh
vi clia cdc nhém ong trong qua trinh di ldy mat bao gém:
Ong thg, Ong trinh sat, on that nghiép, hanh vi clia dan ong
mat st dung mot s6 ki thuat nhu nhay tc lac dé xac dinh
ngudn thirc dn t6t nhat va tim cac ngudn moi. Viéc nay
khién chidng tré thanh phwong an tot cho viéc phat trién
thuat toan tim kiém thdéng minh méi.

3.1.1. Khéi tao cac vi tri ngudn thuc pham [15]

Gigi han cla cac ngudn thuc phdm x,; duoc khai tao
(m=1,...SN, SN la kich thuéc gidi han). Tr mdi ngudn thuc
pham, X, 1a mot vector cho bai toan t6i vu hoa, moi %,
vector gilr cac gia tri x,,; (i = 1, 2...n) twong ¢ng voi cac
tham s6 clia mot nghiém clia bai toan t6i wu héa va n la sé
cac tham s6 t6i vu. Nguon khéi tao duoc xac dinh béi

Xmi = I + rand(0,1).(u; - 1) (11)

trong do: |, va u; la rang budc trén va rang budc duéi ctia
tham s6 x,, twong tng.

3.1.2. Giai doan ong lamviéc [15]

Ong lam viéc di tim ngudn thic an méi (%,) cd thém
mat hoa trong khu virc 1an can cac ngudn thyc pham (%)
trong bd nhé clia chdng. Ching tim thdy mét nguén thic
an lan can va danh gia gia tri nguon thtc an. Vi duy, ching
c6 thé xac dinh mot ngudn thic an lan can (%,) st dung
cong thirc (12) va danh gia kha nang ctia minh bang cach
str dung phuong trinh (14).

Vi = Xmi + @i (X = Xi)

trong do:

(12)

%, 1a ngudn thyc pham lva chon mot cach ngau nhién.
i 1a chi s8 tham s dwgc chon ngau nhién.
o 1a MOt s6 ngau nhién trong [-a, a.

Sau khi tim dwoc ngudn thirc an méi (%), gid tri cla né
duoc tinh toan va lva chon duwoc 4p dung gittav,, vax,,
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Gia tri c6 thé duoc ap dung cho viéc giai quyét cac bai
toan t6i vu tim gia tri max hoac gia tri min c6 diéu kién rang
buéc dugc ap dung theo cdng thirc sau:

1
1:itm(x_.m) =1+ fm(X—"1)

L+abs(fr (%))

trong dé: fm(@ fm(x )12 gid tri chi phi cGa cac ham muc
tiéu cho cac gidi phap X,,,.

3.1.3.0ng giam sat [15]

Trong thuat toan ABC, mdt con ong giam sat chon mot
nguodn thirc an tuy thudc vao cac gia tri tinh toan xac suat
str dung théng tin c6 gia tri dwgc cung cap béi ong lam
viéc. V&i muc dich nay, mét phuvong phép dua trén ky thuat
Iva chon cé thé duoc st dung.

Gia tri xac suat cho X,,, p,,. V&i X, duoc lva chon boi
mot con ong giam sat c6 thé duoc tinh bang céch st dung
biéu thirc dwgc dua ra trong (14)

(13)

n =gt (14)
Z fitm(xm)
m=1

Sau khi mot ngudn thyc pham X, cho mot con ong
giam sat chon, mot ngudn khu vuc 1an can v,,, duoc xac
dinh bang cach s dung cong thic (12) va sau dé gia tri ctia
né la s6 lwvgng mat dwgc xac dinh dwa trén viéc mo ta hanh
vi. Nhu trong giai doan ong lam viéc, mét lya bd nghiém
duoc lya chon thong qua gittra X, vav,,.

3.1.4.0ng trinh sat [16]

Nhirng con ong that nghiép chon ngau nhién céc
ngudn thrc phdm clia chiing duoc goi la scouts. Dau tién,
trong thuat toan ABC, ong lam viéc khéng tim dugc giai
phap tét hon thdng qua viéc thir nghiém thi né trg thanh
nhitng con ong scouts. Tiép theo, ching bat dau dé tim
kiém céc giai phap mai, ngau nhién. Vi du, néu cac giai
phap x,, da bi bd qua, nhitng giai phap moi duoc phat hién
b&i con ong scout clia nhitng nguti dd dugc nhitng con
ong lam viéc clia x,,, c6 thé duoc xac dinh bang cong thirc
(12). S6 lwgng cac lan ther nghiém la mot tham sé quan
trong kiém soat dwoc goi la "gidi han hodc tiéu chi bé qua”.

3.1.5. Ap dung thuat toan ABC cho cac bai toan téi vu

Céc bai toan t6i wu véi diéu kién rang budc (Constrained
optimization) nhdm muc tiéu tim ra vecto ¥ theo céng
thitc (15) dam bao ham muc tiéuf(x) dat gia tri min hoc
max véi cac diéu kién rang budc (16), (17), (18).

Minimize f(X), X = ( Xy, X, X3, X4,...X) €R" (15)
L<x<u,i=12,...n (16)
Ham rang buéc

gi(X)<0v6ij=12.q (17)
h(®=0v6ij=gq+1,..m (18)

Ham muc tiéu f(X) duoc xac dinh trén mot khéng gian
tim ki€ém, S dwgc dinh nghia la khéng gian n chiéu trong R"
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(S € R") Mién cua cac bién duwgc xac dinh béi gi¢i han dudi
va trén clia chdng (16).

Céac buéc clia thuat toan ABC mo ta code [13]:

1: Inatialization

2: Evaluation

3:cycle=1

4: repeat

5: Employed Bees Phase

6: Calculate Probabilities for Onlookers

7: Onlooker Bees Phase

8: Scout Bees Phase

9: Memorize the best solution achieved so far

10: cycle =cycle +1

11: until cycle = Maximum Cycle Number
3.2. bé xuat giai thuat ABC cho bai toan tai cau trac
lwéi dién

Thuat toan ABC ap dung cho bai toan tai cau tric luéi
dién v&i ham muc tiéu gidm chi phi van hanh va chi phi mat
dién dugc trinh bay trong hinh 6.

Xic dizh khong gian tm oém. bao gém sb hegng khoa
maldong (s ca the)

*

Khat t30 cac gia uj ban diu (s leeng cic logi cog.
6 vong 13p MCN)

T30 t3p ngudn. t3p til tir Clu tric ludi diéa

Te

L2

Kb t30 56 ngudn ban diu theo cong thic: Xmi =1; +nd(0.1) *(u; - 1,)
Dinh gid nguda lin cin: v =x_ +¢_ (X, ~X,) o k=)

Goi chuong trinh con tinh chi phi ngimg cip diéa
Goi chuong trinh con tinh chi phi via
Tinh gia orj ham myc téu caa bai toan (10)

v

Xic dinh gia trj ham mec tiéu theo cong thirc (13)
(Trong do fix) = ham Cost)

Sé dyng nguyén Iy tham lam dé xac dinh Dgudn té vu gidd X Va v,
thdng qua tinh xac suit theo cong thirc (14)

v

Tmbh toan viic sir dyng cac gia
oj ham myc tiéu cua ong lam

Ap dyng thujt toan tham lam xac dinh
nhom ong tim kiém gida X vavi

v

Xic dinh phin bS cho ong tim kiém
theo phep tnh gia trj cua bam myc teu.

Chon gia phip it nhit
Cycle=Cycle~1

Sa

Cycle> MCN

Hinh 6. Thuat toan tai cau tric LDPP sit dung ABC
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4. KET QUA TINH TOAN VA MO PHONG

Bai toan tai c4u tric giam ton that cong sudt dva trén ap
dung thuat todn ABC duwoc kiém tra trén LDPP 33 ndt.
Chuwong trinh tinh todn duoc xdy dwng duwéi dang “file.m”
va chay tir “Command Window” clla phan mém MATLAB
trén may tinh c6 cdu truc Intel Core i7 TM 7500 CPU @ 2.70
GHz, 1 CPU, Motherboard Aspire 4740, 8 GB DDR3 RAM,
Hard Drive ST9250320AS ( 1TB), Windows 10 (64-bit).

Xét cac truong hop chi phi van hanh va ngirng cung cép
dién cla lu6i dién cia mdt ngdy mua ndng va mot ngay
mua mua. Gia st ludi dién van hanh trong mia néng thi
cwong do s cd va thoi gian stra chita trén cac tuyén day
bang nhau va nguoc lai lwéi dién van hanh trong moa mua
thi cwong do sv ¢ trén cac tuyén day la khac nhau, thoi
gian stia chira cling khac nhau. Cuec ti€u chi phi van hanh va
chi phi ngirng dién dwoc tinh theo ham muc tiéu (10). Lugi
dién cé don gid ban dién lac van hanh binh thuong la
C, = 0,1% va don gia dén bu khi nglrng cung cép dién la
C, = 0,5$. D€ kiém tra tinh chinh xéc cla giai thuat t6i wu
trong truong ABC, van hanh lu¢i dién c6 ba truvdng hop

Trudng hop 1: Van hanh lwéi dién sao cho cé chi phivan
hanh lwéi dién la thap nhat st dung gidi thuat ABC khong
xét dén chi phi nglrng cung cép dién. Hay la bai toan tinh
chi phi van hanh la bé nhat. Ham muc tiéu cta bai toan lic
nay l&:

24 n

COST = min {COZAPjtj]180+O~C12Pi)\stci (19)
=1 i=1

Chi phi van hanh cda lv¢i diénla:
24

COST = min{COZAPjtJ}iSO} (20)
=

Treong hop 2: Ludi dién van hanh trong moa ndng cé
cwdng do su ¢6 trén cac tuyén day la bang nhau va cé cuing
thoi gian sita chira hay ham muc tiéu c6 trong s6 uu tién
cllahammuctiéulaa, =a,=1.

Trudng hop 3: Lwdi dién van hanh trong mua mua co
cwong do su cd trén cac tuyén day la khac nhau va c6 cuing
thoi gian stra chira hay ham muc tiéu c6 trong s6 uu tién
clahammuctiéulaa, =a,=1.

Mang dién 3 nguon clia IEEE goém 13 nat nhw hinh 7.

® P $16 -@ s15 Py :
Hinh 7. Ludi dién IEEE c6 3 ngudn ¢d 16 nit
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Mang 3 nguon tiéu chuan [9], dugc dung dé kiém tra hai
giai thuat, gém cé 3 thanh céi dau nguon, 13 nit phu tai,
dién ap 22,8kV, téng cong sudt phu tai la 28,7MW,céc khoa
m& ban dau la S5, S11, S16 nhw hinh 7 va do thj phu tai cda
lw6i dién duwgc trinh bay trong bang 1 c6 8 nac thoi gian
trong mot ngay vathoi giant; = 3.

Bang 1. Hé s6 phu tai tai cAc nlt trong mdt ngay.

it Do thi phu tai trong mét ngay
0-3]3-6|6-9|9-12 |12-15/15-18|18-21|21-24
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0,5
41 06 0,8 1 11 1 1 0,6 0,5
51 06 0,8 1 11 1 1 0,6 0,5
6| 06 0,8 1 11 1 1 0,6 0,5
71 06 0,8 1 11 1 1 0,6 0,5
8| 06 0,8 1 11 1 1 0,6 0,5
91 06 0,8 1 11 1 1 0,6 0,5
10| 06 0,8 1 11 1 1 0,6 0,5
111 06 0,8 1 11 1 1 0,6 0,5
12| 06 0,8 1 11 1 1 0,6 0,5
13| 06 0,8 1 11 1 1 0,6 0,5
14| 06 0,8 1 11 1 1 0,6 0,5
151 0,6 0,8 1 11 1 1 0,6 0,5
16 | 06 0,8 1 11 1 1 0,6 0,5

Ta xét lwgi dién trong 3 trwong hop sau:

Truong hop 1: Van hanh lwéi dién sao cho c6 chi phivan
hanh lwéi dién si dung gidi thuat ABC khong xét dén chi
phi nglrng cung cap dién theo ham muc tiéu 16

K&t qua tinh todn sau 20 vong ldp va s6 vat thé ban dau
n = 10 cho biét dwogc cuc ti€u chi phi van hanh va ngirng
cung cép dién la Cost = 148.350% va khdéa mé luc nay la S9,
S7,S16 va AA = 1.483.500kWh va cdu hinh lugi dién sau khi
thuc hién tai ciu tric ludi duoc thé hién nhu hinh 8.

®

S B S i
s6
@S s12
13
51 s8 . 87
4 > 10 14 Si4
52 K J
5% s11 813
$3 R 1 $10
§ on
7 16 15
.L‘ .......... S16 el ® 515 8

Hinh 8. Cau hinh lw6i dién sau khi tai cdu tric trudng hop 1
Trwdng hop 2: Lwi dién van hanh trong moa ndng nén ta
gia thiét cuong do su cd xay ra trén céc tuyén day la bang
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nhau A, = 0,1 (lan/mua) véi thoi gian stra chita nhv nhau
(t, =5 gid) vamirc do quan trong cac phu ti Ia nhw nhau.

VGi s6 vat thé ban dau bang 10, két qua kiém tra giai
thuat ABC trong bai toan tai cdu truc lugi dién sau 20 vong
1&p cho biét dugc cuc ti€u chi phi van hanh va nglrng cung
cdp dién cho khach hang Cost = 346.680$ va khéa mé S9,
S7, S16 va AA = 1.483.500kWh. Cau hinh luéi dién sau khi
thyc hién tai cdu tric lvgi thé hién & hinh 9 va do hoi tu clia
ham muc tiéu bai toan thé hién hinh 10.

—— ] —— 2 —— 3
s6
L N +
. 13
o3 58 N §7
9
4 ® 10 u /51
) x4
= §9 - $11
s n .~ $10
s3 .
:
S o" $13
6 s4 7 16 15

Hinh 9. Cau hinh lw6i dién sau khi tai cdu trdc trudng hop 2

Artificial Dee Colomy Algerithm  demo

(3.3

S Pmmnen

I st file

© 3 s Flange

Sume(s)

Open switche: § 7 16> Cost 148345.6622 8

L

Hinh 10. D6 hdi tu va gid tri clia ham muc tiéu truong hop 2

Truong hgp 3: Lwdi dién van hanh trong mua mua nén co
thoi gian ngirng dién trén cac tuyén day khac nhau, thé hién
& bang 2. Cac tuyén con lai ¢é thoi gian mat dién bang 0.

Bang 2. Thoi gian ngirng dién trén cac tuyén déy truong hop 3

Bestasty

maraman

Nhanh Thoi %Ia;r:] rzgltgr;g cap Nhanh Thoi %Zr:] rzgltgr;g cap
1-4 0,5 8-9 0,5
2-8 0,5 9-11 0,5
3-13 20 9-12 0,5
4-5 0,5 8-10 0,5
4-6 0,5 10-14 20
5-11 0,5 13-14 20
6-7 0,5 13-15 0,5
7-16 0,5 15-16 0,5
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K&t qua tinh toan sau 20 vong ldp va s6 vat thé ban dau
n = 10 cho biét dwogc cuc ti€u chi phi van hanh va ngirng
cung cdp dién la Cost = 658.160$ va khéa mé& S9 S14 S13va
AA = 1.856.000kWh. Cau hinh lu6i dién sau khi thuc hién tai
cau truc lwdi thé hién & hinh 11 va dd héi tu ctia ham muc
tiéu bai toan thé hién hinh 12.

o:
.
6 s 7 16 115

S16 S15
[ L @ ®

(S

Astificial Bee Colony Algorithm  demo

o put ile

yyyyyy

lwdi mAu IEEE c6 thong s6: Ludi dién 33 nat 1 ngudn (hinh
13), théng s6 dwoc thé hién trong [9]. Gia thiét rang thoi
gian sw c6 trén tat ca cac tuyén day bang nhau va bang 1
gio/nam. C4u hinh ban dau véi tdng cong sudt phu tai la
3,72MW, c6 cac khéa mé la S33, S34, S35, S36, S37 tuwong
(Png va ton that dién nang ban dau AA = 900.320kWh.

3 2425

B 14 ;16 17 :
0000
15 18

19 2021 2

Hinh 13. Lugi phan phdi mAu IEEE - 33 niit

Tuong ty ta cling xét lwdi dién van hanh trong 3 truong
hop va cho két qua nhu trong bang 4.

Bang 4. So sanh két qua trudc va sau khi tai cu tric lwdi dién

Chi phi theo Ton that dién
ham muc tiéu Khda mé nang 1 mua
($/mua) (kWh)
(rrres = TH1:90.032
& " Bandau  |TH2:306.190 $33,534,535,536,537 900.320
TH3: 354.750
: Truong hop 1 60.007| S7,537,59,514,532 600.070
Hinh 12. B9 hoi tu va gia tri cla ham myc tiéu truong hop 3 Trudng hop 2 228.740| 57,528,510,514,532 607.770
Bang 3. So sanh két qua trudc va sau khi tai cau trlc lvdi dién Truong hop 3 310.390| $33,528,510,514,536 654.290
Chi phi theo ham Khéamd Ton that dién Tong ton that dién ndng lwgi dién ban dau la
muc tiéu ($/mla) nang 1 moa (kWh) | 900.320kWh (*ng vai cac khoa mé la S33, S34, S35, $36, S37.
TH1: 162.930 Sau khi tai cdu trdc lwéi dién thi tinh duoc cuc tiéu chi phi
. , van hanh va chi phi ngirng cung cdp dién. Nhan thdy lvgng
Ban dau 2301960 S9S11518 L628300) 461 thit dien nang trén lu6i giam di 33.34% va 32,49% (g
TH3: 1.143.000 véi treong hop 1 va 3 so véi lvgng ton that ban dau. Riéng
Trudng hop 1 148.350| S9 §7 §16 1483500|  trong truong hop 2 thi lvgng tén that cong sudt c¢é Ién hon
Truding hop 2 346.680| 9 57 S16 1483500  trong trrong hop 1 va 3 la vi ltc nay ludi dién o chi phi
Trabng hop 3 658.160 | 9 514 S13 1,856,000 dén bu khi nglrng cung cép dién I&n nén phai chdp nhén

Tong ton that dién nang ban dau 1.629.300kWh véi
khéa mé ban dau la S5, S11, S16. Sau khi tai cdu trac lugi
dién thi tinh dwoc cuc tiéu chi phi van hanh va chi phi
nglrng cung cap dién thi lvéi dién van hanh trong truvong
hop khac nhau. Nhan thdy lugng ton that dién nang trén
lwgi giam di 8,9% so voi lugng ton that dién nang ban dau.
Riéng trong trwong hop 2 thi lvgng ton that dién nang
khong gidam ma lai tang Ién nhiéu (-13,9%) vi ldc nay luGi
dién c6 chi phi dén bu khi nglring cung cap dién 16n nén
phai chdp nhan lvgng tén that dién nang lén dé giam chi
phi cho ham muc tiéu clia bai toan. Twong tw kiém tra trén

Website: https://tapchikhcn.haui.edu.vn

lwvong t6n that dién nang I&n dé giam chi phi cho ham muc
tiéu clia bai toan.
5.KET LUAN

Trong bai bdo nay, thuat todn ABC dad dwoc ap dung
thanh cong dé giai bai toan tai cau tric LDPP. Phrong phap
dé xuat da dugc ki€ém tra trén hé théng 13 va 33 nit duoc
xét trong 3 truong hop véi tan suat mat dién khac nhau dé
danh gia anh hwdng dén ham chi phi. Két qua tinh toan cho
thay chét lvgng gidi phap thu dwoc dua ra dwoc phrong an
tdi cau truc t6i vu ddm bao chi phi van hanh |a bé nhat. Bay
la bai toan tai cau tric luoi dién véi muc tiéu xét dén anh
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huéng cda cung cép dién trong qud trinh van hanh luéi
dién. Vi vay day la cong cu tiém nang va hiéu qua dé giai
bai toan tai cau trdc LDPP ¢é thé dp dung trong van hanh.
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