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Abstract. Bai bao nay trinh bay phuong phép tai cau hinh ludi dién phan phél su dung thuét toan cuckoo
search (CS). Trong do6, dé nang cao hiéu qua cua thuét toan CS, co ché tim kiém cuc bo dugc bd sung dé
khai thac ving khong gian ton tai xung quanh chu hinh tot nhit cua quan thé trong qua trinh tim kiém.
Ham muyc tiéu cua bai toan la giam ton that cong suat trén ludi dién phan phdi. Két qua danh gia trén ludi
dién phan phdi 33 nut cho thay phuong phap dé xuat (enhanced cuckoo search - ECS) ¢6 wu diém vuot
trdi so voi phuong phap tai ciu hinh dua trén thuét toan CS thong thudong vé chat luong giai phap thu
duoc, sd lugng vong lap hoi tu.

Keywords. Thuat toan cuckoo search, tai cau hinh, ludi dién phan phéi.

OPTIMIZATION OF ELECTRIC DISTRIBUTION NETWORK CONFIGURATION
FOR POWER LOSS REDUCTION USING ENHANCED CUCKOO SEARCH

Abstract. This paper presents the method of reconfiguring the distribution network using cuckoo search
algorithm (CS). In which, to improve the efficiency of CS algorithms, the local search technique is
proposed to exploit the search space around the best configuration of the population during the search
process. The objective function of the problem is reduction of power loss of the distribution system. The
evaluated results on the distribution network with 33 nodes has showed that the enhanced cuckoo search
(ECS) method outperforms compared to the reconfiguration method based on conventional CS algorithms
on the solution quality obtained, the number of convergence iteration.

Keywords. cuckoo search, reconfiguration, distribution network.

1 GIOI THIEU

Ludi dién phan ph01 (LDPP) thuong duoc van hanh ho hay con goi la van hanh hinh tia. Viéc van
hanh hé LBPP ¢6 nhiéu vu diém so voi van hanh kin nhu 1a dé dang bao vé ludi, dong su ¢ nho, dé dang
diéu chinh dién ap va phan bd cong suat. Tuy nhién, do van hanh & muc dién 4p thap va dong dién 16,
LDPP thuong co ton that cong suat va do sut ap 16n [1]. Mic du duoc van hanh hé nhung dé nang cao do
tin cdy ctia hé thong phéan phdi, trén cac mach hinh tia thuong c6 cac khoa dién thuong mé c6 kha ning
két n6i dén cac mach khac. Ngoai ra, trén cac mach hinh tia cling c6 cac khoa dién thuong dong. Cac
khoa dién nay co thé thay dbi trang thai khi c6 yéu cu. Vi vay, trén LDPP xuit hién bai toan tai ciu hinh
LPPP. Tai cau hinh LDPP 14 qua trinh thay d6i cau tric hinh hoc ctia LDPP bang viéc thay dbi trang thai
cuia cac khoa dién thuong déng va thuong mo trong khi van dam bao théa man cac rang budc tiy theo
muc dich ctia nha van hanh.

Bai toan tai cau hinh LDPP dugc dé xuat lan dau vao nam 1975 bai Merlin va Back [2]. Trong
nghién ctru ndy, ban dau tat ca cac khoa dién dugc dong lai dé tao thanh Iudi dién kin, sau d6 cic khoa
dién 1an luot dugc mo dé khoéi phuc lai céu hinh hinh tia. Civanlar va cong su [3] su dung phuong phap
trao ddi nhanh dé giam ton that cong sut dua trén viéc chon lwa cac cap khoa dién. Y tudng cla phuong
phap la trong mot vong kin, mot khoa dién dang mé s€ dugc thay thé bang mot khoa dong dé giam ton
that cong suat. Khoa duge chon 1a khéa c6 mirc giam t6n that cong suét 16n nhat Sau gan bdn thap nién
thu hat sy quan tdm cua cac nha nghién ctru, cho dén nay nhiéu phuong phép tbi wu tong quat da duoc ap
dung dé giai bai toan tai ciu hinh LDPP va di dat duoc nhiéu ket qua. Trong [4]-[6], giai thuat di truyen
(genetic algorithm - GA) di duoc ap dung giai bai toan tai cdu hinh LDPP dé giam ton thit cong suét.
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Trong [7]-[9], thuat toan tbi uu bay dan (Particle Swarm Optimization - PSO) dugc 4p dung vao bai toan
tai cau hinh LDPP d¢ giam ton that cong suat. Trong [10], thudt toan budc nhay éch thich nghi (Adaptive
Shuffled Frogs Leaping Algorithm-ASFLA) duoc sir dung dé gidi bai toan tai cau hinh két hop vai lap dat
may phat phan tan trén LDPP. Trong [11], thuat toan t6i wu bay dan nhi phan chon loc (Selective Binary
Particle Swarm Optimization (IS-BPSO) duoc str dung dé giai bai toan tai ciu hinh giam ton that cong
suat. Trong [12], thuat toan tim kiém hai hoa (harmony search algorithm-HSA) dugc str dung dé gidi bai
toan tai cau hinh trén LDPP can bang va khong can bang.

C6 thé thiy rang dé gidi bai toan tai cau hinh ¢6 2 nhom phuong phap chinh bao gdém phuong phap
heuristic va phuong phap t6i wu tong quat: Phuong phap heuristic dua trén cdc tiéu chi ky thuat dé tim
mot giai phap tot. Nhom thtr hai 1a sir dung cac phuong phap heuristic tong quat. Cho dén nay, day 1a
nhom phuong phap hiéu qua va pho bién nhat trong viéc giai bai toan tai cAu hinh. Cac phwong phap nay
khong c6 yéu cau dac biét nao vé su khac nhau, tinh lién tyc, 16i 16m ctia ham muc tiéu va hiéu qua trong
viée xur 1y cac rang budc, toi wu rdi rac va nhiéu hudng. Tuy nhién, nhitng han ché ciia cac phuong phap
nay la cé thé hoi tu vao cuc trj dia phuong thay vi cuc tri toan cuc. Do do, mbi quan tdm chinh cta cac
nha nghién ctru trong nhém phuong phép nay 1a khic phuc van dé hoi tu som ciia cac phuong phap
heuristic tong quat.

Thuét toan CS duge phat trién bai Yang and Deb [13], ¥ tudng ciia thudt toan duwa trén tap tinh ky
sinh nudi dudng ctia mot s6 loai chim tu hu. Pay 14 loai chim khong c6 kha nang nudi con ma ching duy
tri noi giéng bang cach dé trimg nho trong t6 cua cac loai chim khac o trimg tuong ty vé mau sic va kich
thudc. Sau khi duoc ép, chim non ti hi nhanh chéong loai bé chim non hodc trirng ctia chim khac dé doc
chiém ngudn thirc dn tir chim b6 me nudi. Tuy nhién, khi dé nho trimg vao t6 cta cac loai chim khac,
chim tu hu ciing ¢6 nguy co bi chim khac phat hién ra trimg la va loai bo. Ké tir khi dugc dé xuat boi
Yang and Deb, CS da dugc ap dung thanh cong trong cac linh vuc cua hé thong dién nhu bai toan diéu do
thuy nhiét dién [14], [15], [16]; bai toan tai cau hinh [17]; bai toan dét vi tri mdy phat phén tan [18], [19].

Trong bai bao nay, thuat toan CS duoc ap dung dé giai bai toan tai cau hinh LDPP giam ton that
cong suat. Trong do, co ché tim kiém cyc b cua thuat toan CS dugc cai tién dé khai thac duoc ving
khong gian t6n tai xung quanh cau hinh tSt nhat hién hitu cta cta quan thé. Diéu nay gitp cho thuat toan
CS cai tién (ECS) tranh roi vao cuc tri dia phuong va tim duge cdu trac van hanh t6i wu voi sé vong lap
nho hon so véi thuat toan CS.

2 MO TA BAI TOAN
Giam ton that cong suét 1a mot trong nhitng muc tiéu quan trong nhét cua cong tac van hanh LDPP.
Mot trong nhitng wu diém lén nhat cua bién phap tai cau hinh LDPP 1a giam ton that cong suat. Ton that
cong suit (AP) ctia cAu hinh ludi X" duge xac dinh bing tong tén thit cong sudt trén cac nhanh:
= YN e, x R; x(P;Q’> (1)

i

Trong d6, Nbr 1a téng s6 nhanh trén ludi phan phdi. k; bing 0 néu khéa dién trén nhanh i mé va
nguoc lai bang 1 néu khoa dién trén nhanh i dong. R; 1a tong tré ciia nhanh i. P; va Q; 1an lugt 14 cong suat
tac dung va phan khang trén nhanh i. V; 1a dién ap cudi nhanh i.

Ngoai ra, trong qué trinh tai cAu hinh cin phai thda man cac didu kién rang budc can bing cong suit,
dién ap va dong dién nam trong gi6i han cho phép. Do d6, ham thich nghi ctia bai toan tai ciu hinh dugc
mo ta nhu sau:

Fit = NPT R; (P +Ql) + Ky X max(Viin,cp = Vinin, 0) + K2 X max(Viax — Viax,cpr 0) + K3 X

max(kl,max - kI,cp: 0) (2)

Trong d6, Ky, K, va Kj 1an lugt 1a cac hé s6 phat khi cau hinh luéi vi pham cac rang budc vé thap ap,
qué ap va qua tai. max 1a ham tra vé gia tri 1n nhét trong tap doi so. Vimin,ep V& Vinax,cp 1an Iuot 14 bién do
dién 4p nho nhat va 1on nhat cho phép duogc chon bang 0.95 p.u. va 1.05 p.u.. Viyin VA Vg 1an luot 14
bién d¢ dién 4p nho nhat va 16n nhét trong cdu hinh ludi dang xét. k;max 1a hé sO qua tai 16n nhat trong
hé théng, ki cplahe s6 qua tai cho phép trén dudng day duoc chon bang 1.
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3  PHUONG PHAP DE XUAT

Khéng gidng nhu cac thuat toan metaheuristic khac, thuat toan CS tao ra hai quan thé giai phap xem
xét cho bai toan thong qua phép Leévy va phép phép phat hién trimg la random walk. Trong d6, quan thé
dugc tao ra tir phép Lévy co tinh chat khai ph4 khong gian tim kiém. Trong quan thé nay mdi c4 thé duge
tao ra thuong rét Kkhdc bi€t so vdi ca thé tuong tmg trude do do sy phén phéi ngdu nhién ciia ham Lévy.
Trong khi do, quan thé duoc tao ra tu phép phat hién trang la c6 tinh chat khai thac khong gian tim kiém.
Dic diém ciia quan thé nay, la mot sO ca thé duoc cap nhat sang vi tri moi. Tuy nhién, viéc lya chon cac
c4 thé dé cdp nhéat cling nhu s6 bién trong mot ca thé duogc lya chon dé cap nhat cling mang tinh ngau
nhién.

Mic du hai co ché khai pha va khai thac cua thuat toan CS rat hiéu qua dé tim giai phap tdi vu. Diéu
nay da dugc chimg minh théng qua rat nhidu bai toan da duoc duoc ap dung thanh cong. Tuy nhién, khi
ap dung giai bai toan tai cau hinh LDPP, thuét toan CS van co nhimg han ché khi chua khai thac dugc
vung khong gian lan cén giai phap t6i wu hién hitu. Day 1a nhiing cau hinh LDPP kha thi t6n tai xung
quan cau hinh t6t nhat hién hitu, chung duoc tao ra bang viéc thay ddi lan lugt timg bién diéu khién cua
cAu hinh tét nhat hién hiru. Vi vay, mot co ché tim kiém cuc bd dugce dé xuét bd sung cho ECS dé khic
phuc nhugc diém trén cta CS. Chi tiét cac bude thuc hién nhu sau:

Buoc 1: Khoi tao

bé giai bai toan tai cAu hinh st dung thuit toan ECS, ban dau mot quﬁn thé cac cAu hinh LDPP duge
khoi tao ngau nhién va ching duoc danh gia ham thich nghi boi biéu thie (2). Qua trinh ma héa céu trac
LDPP va khéi tao qu?m thé ban diu duoc thuc hién nhu sau:

X; = round[XlOW,j + rand X (Xm-gh,j - Xlow,j)] 3

Trong do6, X; 1a cau hinh LDPP thtr i,véii =1, ..., N. Xiow,j = L. Xnign,j v6ij=1, ..., D la vi tri 16n
nhit trong vong kin thir j. Luu y, Vong kin 1a tap hop cac khoa dién tao thanh vong kin trén LDPP va
vong kin thtr j duoc tao thanh thong qua viéc dong khoa dién mo ban dau thw j. N va D lan Iuot 1a kich
thudc clia quan thé va sé lugng khéa mé trén LDPP.

Buoce 2: Tao ra giai phap moi thong qua phép di chuyén Lévy

Tu quan thé g1a1 phap hién tai, mot quan thé mdi duoc tao ra dua trén phép Lévy. Neu tung ca thé
trong quan thé méi c6 sy cai thién trong ham thich nghi so véi ca thé tuong ung trong quan thé hién tai,
thi cac ca thé nay duoc cip nhat vao quan thé hién tai. Qua trinh tao ra quan thé méi str dung phép Lévy
duoc thuc hién nhu sau:

X" = round[Xbest; + a X rand x AX]**"] (4)

Trong d6, round 12 ham 1am tron dén s nguyén gan nhét, a > 0 14 thong sb budc di chuyén duoc
chon theo Yang [13], [20], rand 14 gia tri ngiu nhién trong khoang [0, 1] va gia s6 AX*®" duoc xé4c dinh
bdi biéu thirc:

rand, Ox (.8 )
T X
|rand,)| /s oy(B)

Trong d6 randy va rand, 1a hai bién phan phdi ngdu nhién véi d¢ léch chuén o, () va o, (). Ham
o, () dugc tao tir ham phan phdi gamma va ay(B) = 1.

Buée 3: Tao ra gidi phdp méi thong qua co ché phat hién triing la dwa trén phép di chuyén random
walk

Sau phép Lévy mot quan thé méi dugc tao ra va nhing ca the t6t duoc cap nhat vao quin the hién
tai. Twong tu nhu vay, két qua cua phép random walk ciing 1a quan thé méi va cac ca thé trong quin thé
méi dugce tao ra tir phép random walk s€ dugce cdp nhat vao quan thé hién tai néu ham thich nghi cla
chung tot hon ham thich nghi cta cac ca thé trong quan thé hién tai trong tng. Qua trinh tao ra cac giai
phap méi dya trén phép random walk dugc thyc hién nhu sau.

AXPOY =

X (Xbest; — Gbest) (5)

X" = round[Xbest; + K(i,: )QAX[**"] (6)
Trong d6 K 1 ma tran trong d6 cac phan tir bang 0 hodc 1, duoc x4c dinh bang:
K =rand (N,D) > P, @)

Trong do, Pa la xac suét phat hién triing la, dugc chon bﬁng 0.2.
Va gia s0 AX**" duoc xac dinh bai:
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AX[*®" = rand x [randp,(Xbest;) — randp,(Xbest;)] (8)
Trong do, rand la s6 ngau nhién trong khoang [0, 1], randp; (Xbest;) va randp,(Xbest;) la nhiéu
loan ngau nhién cua vi tri cac giai phap trong quan thé.

| Khi tao ngau nhién quén thé cau hinh LEPP |
2

- DBanh gid ham thich nghi
- Tim cu hinh t6t nhat ctia quan thé

la
N

| Tao ra quan thé maéi béng phép Lévy flights |
L 2

[ Danh gia ham thich nghi |

v
| Cap nhat quan thé hign hiu |
v

| Tao ra quan thé méi bang phép random walk |
k2
[ Danh gia ham thich nghi |
k2

| cap nhat quan thé hien hou |
v
[ Tim cu hinh tt nht tai vong lap thiv i |

| TinhtoanhgséRI |

Sal RI < toll
Dung

Tao ra cac cau hinh m&i 1an can cau hinh &t nhat hién hiru
L2

- Banh gia ham thich nghi

- Cép nhét cau hinh tot nhat tai vong lap th i

[ Xuét két qua: Cau hinh tét nhét tai vong Iap thev i |

Hinh 1: Thudt toan ECS cho bai toan tai cdu hinh LDPP.

Bue 4: Tim kiém cuc bo bang co ché cdp nhdt gidi phdp tot nhat hién hiru

Do béi bai toan tai ciu hinh 1 bai toan rdi rac, viéc thay doi dii 1a mot gia tri nho cac bién diéu khién
(cac khoa dién) trong mot cAu hinh c6 thé din dén mot ciu hinh hoan toan méi. Diéu nay dan dén gia tri
ham muc tiéu s& rat khac biét so v6i cAu hinh hién hitu. Nhu vay, cac thuat toan t6i wu nhat thiét phai
duoc trang bi co ché tim kiém cuc b sao cho c6 thé tim kiém duoc cac ciu hinh 1an can cAu hinh tbt nhat
hién hitu dé gitip thuat todn khong bé sét cac cau hinh 1an can cAu hinh tt nhat hién hitu va nhanh chong
xac dinh dugc cAu hinh t6i wu toan cyc.

Dé thuc hién dleu ndy, mot co ché tim kiém cuc bo duogc sit dung de trang bi bd sung cho ECS dé
cap nht lai cAu hinh t&t nhat néu phat hién giai thuat dang roi vao diém t6i wu cuc bd. Néu sau hai Vong
lap lién tiép khong c6 su cai thién trong gia tri ham muc tiéu dugc xac dinh bang biéu thic (9), co ché nay
duoc str dung dé cap nhat lai ca thé tot nhat hién hiru.

RI= f (Xgpese (i = D)) = f K goest (D) < toll ©
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Trong d6, toll 1 hang s6 nho dé phan biét dugc hai cau hinh so sanh 13 khac nhau va gia tri cia toll
duoc chon b:fmg 0.01.

Khi do, tir ca thé tot nhét, 1an luot c6 D ca thé mdi duge tao ra thong qua viéc thay ddi 1an lugt ting
bién diéu khién cta ca thé t6t nhat nhu biéu thirc (10). T D c4 thé mai, gia tri ham muc tiéu duoc tinh
toan va néu co su cai tién trong gia tri ham muc tiéu thi ca thé tdt nhat duoc cap nhat. Nhu vay, co ché
nay khong lam phat sinh thém quin thé méi ma chi tao ra mot s ca thé xung quanh ca thé t6t nhat hién
hiru.

Xnew,j = round[KI(j’:) X d X rand + Xpes ()] withj = 1,2,...,D (10)

Trong d6, round 1a ham 1am tron dén sé nguyén gan nhat. Kl 1a ma tran don vi. Dé thay doi gia tri
mot bién diu khién trong D bién cta c4 thé tot nhat, gia tri d dugc st dung dé didu khién khoang cach tir
bién hién tai d&én bién cap nhat. Gid tri d nay duoc lua chon dua trén khdng gian cta cac bién diéu khién.

Buéce 5: Piéu kién dimg gidi thudt.

Diéu kién dimg cua thuét toan 1a s6 vong lip dat dén sb vong lap thiét 1ap 16n nhét (iterpa,). Luu dd
thuét toan ECS duge mod ta nhu Hinh 1.

4 KET QUA TINH TOAN VA BAN LUAN
4.1 Két qua tinh toan

D¢ danh gia hiéu qua ctia phuong phap tai cAu hinh LDPP d¢ xut, LDPP 33 niit dugc sir dung dé tai
cau hinh. LDPP 33 nut c6 cap dién ap 12.66 kV bao gébm 37 nhanh, 32 khoa dién thuong dong va 5 khoa
thuong mo. Thong s6 nhanh va nit cta ludi dugc tham khao [21]. Tong cong suat cua h¢ thong la 3.72 +
j2.3 MVA. So d6 don tuyén cta hé thong dugc cho & Hinh 2. Dong dién dinh mirc ctia cac nhanh 1a 255
A [22].

Thuat toan ECS cho bai toan tai ciu hinh LDPP dugc xay dung trong phan mém Matlab phién ban
2016a va chay trén mdy tinh cd nhan c6 cau hinh’ Intel Core i5-2430M @2;4GHZ, 4GB DDR3 RAM,
Hard Drive’ 500GB, Wir]dOWS 10 (64-bit). Thong s6 cua ECS va CS duge thict 1ap dya trén thuc nghiém
nh}I sau: SO hIgng cathé N dupc dat bang 10, so Vbng 1ap itermay 16n nhat 100, khoang cach tir gia tri cta
bién hién tai dén gia tri ctia bién cap nhat d dugc dat bang 4.

Hinh 2: LOPP 33 mit.

Két qua tai ciu hinh dugc trinh trong Bang 1. Trong do, két qua tai ciu hinh bang giai thuat dé xuat
ECS dugc so sanh véi ciu tric ludi ban dau va két qua tai cdu hinh bang giai thuat CS. Ngoai ra, Bang 1
cling ciling trinh bay két qua qua so sanh giita ECS voi mot sd nghién ciru da thuc hién nhu FWA [23],
GA [23], [24] va HSA [23], [24].

Céc dic tuyén hoi tu ciia ECS va CS trong 50 lan thyc hién doc 1ap dugce trinh bay ¢ Hinh 3. Cac
duong dac tuyén héi tu trung binh, 16n nhat va nho nhét caa ECS va CS trong céc lan thue hién d6 duoc
trinh bay & Hinh 4. Bién d6 dién ap trude va sau khi tai cdu hinh bang ECS duoc trinh bay & Hinh 5. Hé
s6 mang tai trén cac nhanh cua luéi dién dugc trinh bay & Hinh 6.
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Bang 1: Két qua so sanh phuon

phap d& xuat ECS véi CS va cac phuong phéap khac.

Phuong phap Ban dau ECS CS FWA [23] FZ'j‘f] [23], [Hzi]A 23],
htams 33,34, | 7,9,14, |7,9,14, |7,9 14 |7,9,14 |7, 10,14,

| 35,36,37 | 32,37 |32,37 |28,32 |32,37 |36,37
Ton that (kW) 202.69 | 139.5543 | 139.5543 | 139.98 139.55 | 142.6816
Gid tri 16n nhat ham : 1407726 | 147.2806 | 15575 | 202.67 | 195.10
thich nghi
Gia tri nho mhat ham| 9407706 | 140.7726 | 140.8580 | 140.7726 | 144.3231
thich nghi
Gia tri trung binh ham : 1407726 | 1413288 | 14563 | 1662 | 152.33
thich nghi
]r?g‘-’hi1¢Ch chudn ham thich |\ = 0 13026 | 549 | 1453 | 11.28
S6 lan thanh cong/so lan i 50/50 33/50 i i i
chay
Vong ldp hoi tu trung i i i i
oo 25 40
Thoi gian thuc hién (s) - 9.5984 7.9653 - - -

200 Tt T T

N
(o]
o

RN
(@]
o

Gia tri ham thich nghi
> X
S o

RN
(&)
o

140

- Cs

ECS

20

Vong lap

Hinh 3: Adc tuyén héi tu ciia ECS va CS trong 50 lan chay doc lap.
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200 = T ‘
1 “_‘ === CS (Trung binh)
190 - ‘, 1 = CS (Nhd nhét)

1 1 === CS (L&n nhét)
£ ll |. =—ECS (Trung binh)
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Hinh 4: Pgc tuyén héi tu lon nhat, nhé nhdt va trung binh cia ECS va CS trong 50 lan chay doc ldp.
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Hinh 6: Hé s6 mang tdi Ciia cdc nhdnh truéc va sau khi tai cau hinh.
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4.2 Ban luin

Tir két qua duoc tai cAu hinh dugc trinh bay & muc 4.1 ¢6 thé thiy duoc wu diém vuot troi cua ECS
so v6i CS ciing nhu mot s6 phuong phap khac. Cu thé nhu sau:

Bang 1 cho théy mac du ca ECS va CS déu tim dugc ciu hinh LDPP t6i wu voi cac khoa dién mé {7,
9,14,32,37} va ton that cong suét tuong tmg 139.5543 kW nhung gia tri trung binh sau 50 lan chay doc
lap cho thay ECS co nhiéu wu diém hon so v6i CS. Cu thé, trong 50 lan thuc hién ECS tim dugc cau hinh
ti uu trong tat ca cac lan chay, trong khi CS chi tim duoc cdu triic toi wu trong 33 1an chay doc lap thap
hon 34% so voi ECS. Gia tri thich nghi trung binh cua ECS 1a 140.7726 so voi 141.3288 thu duogc tu CS.
Do léch chuin ciia ham thich nghi ciia ECS 1a 0 nho hon 1.3026 so v&i CS. Pic biét sé vong lip hoi tu
trung binh cia ECS nhé hon nhiéu so véi CS. Trong cac lan thyc hién, ECS hdi tu trong khoang 25 vong
lap, trong khi CS thuong hoi tu sau 40 vong lap. Diéu nay cho thdy, nho co co co ché tim kiém cuc bo ma
ECS c6 kha ning tim dugc cu trac toi wu véi ti 16 thanh cong 16n hon va s vong 13p nho hon so véi CS.
Thoi gian tinh toan trung binh ciia ECS cao hon 1.6331 s. Tuy nhién, do ECS c6 kha ning tim duogc cdu
tric toi wu voi s6 vong lap nho nén dé rat ng{m thot gian tinh toan cia ECS bang cach thiét 1ap s6 Vong
13p nho hon so v6i CS. Hinh 3 cho thay trong tat ca cac 1an thuc hién ECS déu hoi tu dén cing mot gia tri
t6i uu v6i s6 vong lap nho hon nhiéu so véi CS. Cac duong déc tuyen hoi tu trung binh, l6n nhat va nho
nhit & Hinh 4 chung té rang ECS vuot troi vé kha nang hoi tu dén gia tri tdi wu toan cuc so véi CS.
Puong dic tuyén trung binh cua ECS gin v6i dudng dic tuyén nho nhat hon so voi CS. Diéu nay ching
minh sy 6n dinh va do tin cay cua két qua thuc hién trong cac 1an thuc hién cua ECS so véi CS. Ngoai ra,
sau khi thuc hién tai ciu hinh bﬁng ECS, bién d6 dién ap cac nit (dugc trinh bay & Hinh 5) dugc cai thién
dang ké so véi trude khi thuc hién tai ciu hinh. Hé sb mang tai trén cac nhanh (duoc trinh bay ¢ Hinh 6)
cho thay khong c6 nhanh nao bi qua tai.

Bang 1 ciing cho thdy, sau khi thuc hién tai cau hinh, ton that cong suat giam tir 202.69 kW xudng
139.55 kW. Két qua nay hoan toan tuong tu véi két qua thuc hién bang cac phuong phap GA va tot hon
két qua thyc hién bang céac phuong phap FWA va HSA. Co thé thdy rang, FWA thu duge cau trac ludi
{7, 9, 14, 28, 32} voi ton that 139.98 kW, Ciu hinh nay chi khac mot khoa dién so voi cAu hinh t6i uvu
toan cuc. Piéu nay cho thdy co ché khai thac dé xuat c6 ¥ nghia khi giai bai toan tai cAu hinh LDPP.

5 KET LUAN

Bai béo trinh bay phuong phap tai ciu hinh LDPP giam ton that cong suat dua trén giai thuat CS cai
tién. Bé ap nang cao hiéu qua cua thudt toan CS khi giai bai toan tai cAu hinh, co ché tim kiém cuc bo
dugc trang bi dé khai thac khong gian tim kiém Ian can cac giai phap toi wu hién hitu. Bé chirmg minh
hiéu qua ctia thuat toan, ludi dién 33 nut duoc sir dung dé tai ciu hinh. Két qua so sanh giita ECS va CS
cho thiy ECS c6 nhiéu diém vuot troi so véi CS & chit luong giai phap thu dugc voi ti 16 thanh cong
trong 50 1an thuc hién cao hon 34%, cac gia tri 16n nht va trung binh cua ham thich nghi thu dugc bé hon
so véi CS, s6 vong lap hoi tu trung binh dén giai phap t6i wu ctia ECS thap hon 38% so véi CS. Vi vy,
ECS 1a thudt toan tin cdy va htra hen dé ap dung cho bai toan tai cAu hinh giam ton that cong suit noi
riéng va cac bai toan tai cau hinh thoa min cac myc tiéu khac néi chung.
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