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TOM TAT

Bai bao trinh bay vé viéc tng dung thuat toan thong minh lai bang viéc két hop giira
thuat todn mang no ron lan nguoc (Back Propagation Neural Network :BPNN) vai thuat
toan tim kiém chim Cuc cu (Cuckoo Search :CS) nham cai tién cu tric mang neural.
Tir 46, tng dung md hinh dé xuat trong viéc nhan dang su ¢6 hé thong dién (HTD), hd
trg c6 vige sa thai tai khoi phuc HTD. Bén canh do, bai bdo cling dé cap viéc ung dung
chi s6 d6 nhay tuong quan dién 4p nham phan chia luong sa thai phu tai. Phuong phap sa
thai dé xuat dugc kiém nghiém trén hé thong dién IEEE 37-Bus va mo phong bang pham
mém POWERWORLD. Két qua phuong phap dé xuat dap ung duoc yeu céu khoi phuc
tan so trong gia tri cho phép. Hon thé nira, lugng sa thai phu tai giam gan gap 2 1an so véi
phuong phép truyen thong. Cac so liéu dugc dua vao cac mo hinh mang neural khac nhau
dé so sanh hiéu suat va chon ra cdu trac phu hop véi dit lidu.

Tir khoa: On dinh hé thong dién, Sa thai phu tai, Mang neural nhan tao, thudt todn
tim kiém chim Ctc cu
ABSTRACT

This article presents the application of hybrid intelligent algorithms by combining
Back Propagation Neural Network algorithms (Back Propagation Neural Network: BPNN)
with Cuckoo Search algorithms (Cuckoo Search: CS) to improve neural network structure.
Subsequently, model is proposed inidentifying power system faults, supporting load shedding
to restore the power system. Besides, the article also mentions the application of voltage
correlation sensitivity index to divide the amount of load shedding. This load shedding
method is tested on IEEE 37-Bus power system and simulated with POWERWORLD
software. The results of the method satisfy the requirement of restoring the frequency within
the allowable value. Furthermore, the amount of load shedding is reduced by nearly 2 times
compared to the traditional method. The data input into different neural network models to
compare performance and choice the structure that suitable with the data.

Keywords: Power System Stability, Load Shedding, Artificial Neural Network (ANN),
Cuckoo Search algorithms (CS)
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1. Gi6i thi¢u

Trong nhimng nam gan déy, ing dung
mang neural trong viéc nhan dang su )
hé théng dién (HTD), hd tro c6 viéc sa
thai tai khoi phuc HTD. Mang neural lan
truyén ngugc (BPNN- Back Propagation
Neural Network) [1] 1a loai neural duoc s
dung pho bién trong cac bai toan nhan dang
nhung cﬁng ¢6 mot s nhuoc diém nhu dé
roi vao diém cuc tiéu dia phuong (Local
Mlmmum) Bai viét tiép can va giai quyét
van dé ciia BPNN bang cach luan phién sir
dung cac thuat toan hudn luyén cai tién nhu
thuat toan bay dan (PSO) [2], thuat toan dan
kién (ACO) [3], thuat toan tim kiém chim
Cuckoo (Cuckoo Search -CS)[4] nham phat
trién cac kién trac mang mdi va tim ra dugc
cau trac phu hop voi dir liéu huén luyén.

Tinh trang thiéu hut dién ning cua Viét
Nam van dang 1a méi lo ngai, dic biét trong
giai doan 2021-2025, theo bao cdo HTD
Viét Nam sé& thiéu hut khoang 12 ty kWh
[5]. HTD tai Viét Nam d3 phai d6i mat voi
nhiéu khé khan, trong d6 c6 ca van dé vé
ngudn cung va truyén tai. Nhiing su ¢d nay
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d3 gay ra nhitng hdu qua dang ké nhu mét
dién, gian doan trong cung cap dién, dong
thoi tao ra nguy co dbi vdi an toan ctia con
nguoi va tai san. [6]. HE thong dién ¢ Vit
Nam dang d01 mat voi nhleu thach thu:c
bao gdm van dé vé ngudn cung va truyén
tai, dan dén mét dién, gian doan cung cép,
va de doa an toan. Cac nguyén nhan nhu
mat can bﬁng cung cau, qua tai, sy ¢ tu
nhién, mat can bang cong suit phan khang,
va mdi de doa an ninh mang déu gop phan
vao tinh trang khong on dinh. Cac bién
phap truyén thong, nhu sa thai phu tai,
khong con phu hop, doi hoi nhiing gidi phap
moéi nhu quy hoach hé thong dién va diéu
khién dong cong suét. Trong truong hop
khan cap, chién luoc xtr Iy phi hop 14 quan
trong dé ¢am béao 6n dinh va tin cay cua hé
théng. Bai bao gidi thiéu mot phuong phap
sa thai tai thong minh, két hop tinh toan chi
s6 anh huéng va mang neural dé ing phé
v61 nhitng thach thae nay.

2. M6 td mo hinh du bao va sa thai tai

Luu d6 phuong phép sa thai phu tai dé
xuat dugc trinh bay trong hinh 1.

Két lugn khﬂng sa thiti
Ghi nhin thong sb hé théng ~———

o SRR
i Phwong phap sa thai tai dé xuat
- - 1 . 'Mchnhmtr;nnmbth.
Tinh toan lugng sa thai tai toi thiéu 20 aq
Py i’ :: Wl
NC)
Psmin = Apm — (—Af o X B) — APrng cap ﬁﬁll_
Két lu@n sa thai
Ghi nhin théng sé h¢ théng
Tinh toin chi sé 9 nhay dién ap RVS
A RV,
RYS, = 40, S
S olF, od RVS,
a0, a0, o %

11&1, Tich tap du lléu thanh 85%
Train va 15% Test

Hinh 1: Luu d6 phuong phdp sa thdi phu tai dé xudt
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Trong cac t6 mdy phat trén ludi dién
khi ¢é cac bién dong xuat hién thi diéu
chinh so cap va thir cap s& dugce kich hoat.
N6 12 bién phap ngin chin su cd mit can
bang ma con 1a qua trinh t6i wu hoa va duy
tri hiéu suat cua hé théng dién. Qua trmh
diéu chinh giup duy tr1 dién 4p va tan s6 6n
dinh trong HTD. Sy 6n dinh nay 1a quan
trong dé tranh nhimg su c¢b nhu mat can
bang cung cau va giam thiéu rai ro mét
dién. Vi thé, trong viéc tinh toan lugng sa
thai tai khi tin s6 khong dat gia tri cho phép
can quan tam dén yéu t6 diéu chinh so-thtr
cap trong cac to may phat. Phuong trinh
tinh toan lwong sa thai tai t6i thiéu dwa vao
[7] dugc trinh bay nhu sau:

PLS””” - Apm - (_Af;P X,B) - APThdcd'p (1)
Trong do:
4f, ; d0 léch tan s6 (pu);

P, .. cong suat sa thai toi thi€u (pu);

Ap, : dd Iéch cong suat co dau ra cia
tuabin (pu);

AP i cong suat diéu khién thu cip

bom vao hé thdng.

Sau khi tinh toan lugng sa thai tai tir
phuong trinh (1), 4p dung d¢ nhay dién ap
dV/dQ dé phan bd lugng sa thai cho phu
hop. Chi s phan bd luong sa thai dua
vao viéc xac dinh nhitng Bus tdi c6 tac
dong 16n trong hé thdng, nhitng bus nay
s€ dugc phan chia lugng sa thai 16n hon
nhitng Bus tai khong quan trong kiém
chimg lai cac phuong phap bang phan mém
POWERWORLD trén so d6 IEEE-37 Bus.
Toan bo dit li¢u thu thdp trong qua trinh
mo phong s& duge dua vao mang neural dé
xudt dé hoc tap va danh gia hiéu xuat. Luu
d6 mo hinh d& xuat trinh bay ¢ Hinh 1.

Trong hinh 1, quy trinh tinh toan sa
thai tai dugc khai quat nhu sau:
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Bude 1: Tur ma tran Jacobian trong so
dd HTD trich xuit ma tran J4 1a ma tran
d6 nhay cong suat phan khang theo dién ap
v6i k 14 s6 1an lap trong viée tinh toan phan
bd cong suat, n 1a thr tu cac nat trong hé
thong ludi

5Q(k) aQ(k)
oy, e,
) )
aQ(k) aQ(k)
o, e,

Buéc 2: Pao nguoc cic phan tir trong
ma tran Jacobian J4

o)), o], |
aQ(k) aQ(k)
) 3)
op, o,
00 " aoP |

Bude 3: Tinh toan do nhay dién ap

Dé quyét dinh th tu sa thai, dwa vao
0V/0Q. Cac thanh cai voi do 16n oV/0Q
16n nhit duoc dua 1én dau danh sach va
sap xép theo thir ty giam dan. P nhay
dién 4p cua Bus thir i [8] dugc trinh bay
nhu sau:

o,
RVS, = %0 4)
( ov, oV, ov, j
—L4+ 24+
00, 90, 20,

Buéc 4: Tinh chi s6 sa thai phu tai cho
tung Bus thir i

5= VS

STRYS,
i=1

Buéc 5: Phan bd lugng sa thai phuy tai
cho tirng Bus

)

P_=SxP __ (6)

LSmin
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3. M6 hinh mang neural cdi tién
trong so

Thuat toan Backpropagation cling co
nhiéu han ché nhu 14 téc d9 hoi tu cham va
khong 6n dinh. Piéu ndy c6 nguyén nhan tir
viéc diéu chinh cic trong s6 thanh céac gia
tri rat 16n va kho khan trong viéc thoat khoi
cac diém tbi thiéu cuc bd, 1am cho qué trinh
hoéi tu cua thuat toan tré nén nhay cam véi
gia tri khoi tao ban dau. Theo nhu nghién
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ctru [9], tac gia dd dé& xudt mot phuong
phap két hop giira thuat toan tdi wu hoa
PSO va mang neural nham cai thién mang
trude khi tién hanh huin luyén, tir d6 nang
cao hiéu sudt va giup mang tranh duoc cac
diém tdi thiéu cuc bd trong qué trinh huan
luyén. TUr y tudng cai thién trong s6 két nbi
trong mang neural, bai bao dé& xuit dung
nhiéu thuat toan thong minh mé phoéng so
sanh do hi¢u qua mo hinh tr d6 chon mo
hinh va thong s cai dit phu hop.

Lan truyén ngwgc

Thuit todn
thong minh

AUy, —

Aflnu i

APg—

AP, —

-

AN A

Gid tri ding (y°)

>.——> Gid tri du bio (y')

123 Bién

1Bién

Truyén thiing

Hinh 2: Mé hinh mang neural cdi tién trong s6

Hinh 2, md ta khai quat mo hinh d& xuét
ctia bai bao. Viée dau tién, md hinh nhan tin
hiéu dau vao 1 cac thong sb tiéu biéu cua hé
thong dién tién hanh x4y dung cau tric mang
theo chiéu thudn, tiép theo 4p dung tinh toan
ham muc tiéu dua vao MSE két hop thuat
toan tim kiém thong minh dé cai tién trong
s0 sau do tién hanh khau lan truyén nguoc
dé danh gi4 hiéu suat cia mang

4. Khio sat phwong phap va danh gia

4.1. Sa thai tai theo chi s6 do nhay
dién ap

Thu nghiém dénh gid mo hinh sa thai

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

phu tai dé xuat trén so do hé thong dién
IEEE-37 Bus. Py la so d6 luéi dién chuin
duogc str dung rong rai trong mé phong ludi
dién vé6i sy phirc tap vé ciu trac cung nhiéu
loai phéan tir gitip mo phong céc tinh hudng
da dang va phtrc tap trong hé théng luéi
dién. Bén canh d6, mot tiéu chuan duoc
cong nhan va st dung rong rai trong cong
ddng nghién ctru va nganh cong nghiép,
gilip tao ra sy dong nhat trong cac nghién
ctru va so sanh két qua mo phong. So do
luéi dién gdm c6 9 may phat dién c6 thong
s6 1a loai GENCLS, mé hinh diéu khién
kich tir 14 loai IEEET1, mé hinh diéu tbc
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1a loai TGOV1, 26 bus tai. Cac Cép dién ap Bus 13 0,013 [0.018] 0.606
trén cac bus cia so do tir 350kV dén 70kV Bus 14 0.012 10.017] 0564

POWERWORLD, xét sy c6 mat may phat
trong hé thong dién. So d6 IEEE-37 Bus
duoc trinh bay nhu sau:

Bus 16 0,003 10.004| 0.121
Bus 17 0,009 10.012| 0.413
Bus 18 0,003 10.004| 0.122

Truong hop mét may phat PEAR138 Bus 19 | 0,010 |0.014| 0.475
muc tai 90%, sau khi xem xét ti€u chi 6n Bus 20 0,011 [0.016] 0.518
dinh vé tan so (> 59,7Hz). Panh gia tinh Bus 21 0.007 |0.010] 0324
toan luong sa thai tai toi thieu bang (1) tinh Bus 24 0.008 10.012] 0382
duoc lugng sa thai khoang 33,3MW, sau do Bus 27 0,003 |0.005]| 0.152

tién hanh tinh toan phan b luong sa thai

pe s . Bus 30 0,003 10.004| 0.134
tai trinh bay nhu sau:

Bus 33 0,012 10.018| 0.584

Bing 1: Lieong phdn bo sa thai phu tdi Bus34 | 0,010 |0.014] 0.458
cho tit:ng bus thir i trong truong hop xem Bus 37 0,003 [0.005| 0.154
xet mat may phat PEAR 138 murc tai 90% Bus 44 0,269 [0.383| 12.751

Chi | Chi | Lwong Bus 48 0,003 [0.004| 0.146

Tén bus tai | s6 dd | s6 sa | sa thai Bus 50 0,269 {0.383| 12.751

nhay | thai | (MW) Bus 53 0,001 [0.003| 0.084
Bus 3 0,006 {0.009| 0.292 Bus 54 0,001 [0.002| 0.063
Bus 5 0,013 {0.018| 0.591 Bus 55 0,015 [0.021| 0.708
Bus 10 0,006 {0.009| 0.282 Bus 56 0,009 [0.012| 0.411
Bus 12 0,003 {0.005| 0.151 Tong lwgng sa thai 33,3

SLACK345

= = = = = . = x| L = =, = = =, = =< < # - - . 4
D N <l T
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Hinh 3: So dé hé théng dién IEEE-37Bus
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Biéu dd tan s6 tai Bus OAK345

0 2 4 6 8

== Phwong phap ERCOT

e====P o nhay dién ap

59,701Hz
14s

10 12 14 16 18 20

Sy c0 PEART138#

Hinh 4: Ddnh gid dé héi phuc tdn s6 Bus OAK345

Két qua md phong dugc danh gia so
véi chuong trinh sa thai ERCOT chuong
trinh sa thai theo phan trim tai khi tin s6
giam xudng dén gia tri quy dinh, qua trinh
khoi phuc tan sb trong ting truong hop
dugc trinh bay trong Hinh 4. Gia trj tan sd
tai Bus OAK345 sau mo6 phong trong tung
truong hop cho thay gia tri on dinh khi mat
may phat PEAR138 mirc tai 90% la 59.56
Hz véi thoi gian khoi phuc 1a 18s. Sa thai
theo phuong phiap ERCOT tan sb khoi
phuc 59.75 Hz v6i thoi gian 12s khoi phuc.
Phuong phép tinh ton dé xuit c6 két qua
khoi phuc tan s6 dat 59.7 Hz trong 14s voi
tong luong sa thai 33.3MW it hon phuong
phép ERCOT té1 15.61 MW. Qua do, viéc
tinh toan va phan b luong sa thai c6 xem
xét yéu to ky thuat s& gitip giam thiét hai
kinh té cta viéc sa thai di dang ké.

I BPNN Train [l BPNN Test

M BPNN-GATrain [l BPNN-GA Test

105,00
103,00
101,00
99,00
97,00
95,00
93,00
91,00
89,00
87,00
85,00

Po chinh xdc (%)

4.2. Két qua do dac thwe nghiém séng
hai ciia ngudn dién

Sau khi mé phong, bude tiép theo tién
hanh thu thap dir liéu véi tirng mirc tai khac
nhau tir 50% dén 100%. Khéi dit liéu hoc
clia mang gdm co 165 bién tin hiéu dau
vao 1a cac thong sd tiéu biéu thé hién trang
thai cua hé théng dién va 1 bién dau ra la
két ludn sa thai hay khong sa thai. C4u trac
mang theo luat hoc cia BPNN dung thuat
toan kich hoat nit mang la Bayesian tng
dung nhiéu thuat toan t6i wu khac nhau tim
kiém trong sb céu trac mang phu hop nhu
duoc trinh bay ¢ muc 3. Bén canh do, trong
qua trinh hoc tap dé kiém tra do twong thich
thi s6 tin hiéu dau vao thay doi tir 15 dén
165 bién v6i mdi lan thir 13 ting 15 bién.
Két qua so sanh dugc trinh bay nhu sau:

[l BPNN-CS Train [[] BPNN-CS Test

Il BPNN-PSO Train [l BPNN-PSO Test

il

Hinh 5: D$ héi tu két qud hudn luyén giita cdc phuong phdp hudn luyén mang neural

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG
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Bing 2: Két qua so sanh @ chinh xdc cua timg phwong phdp

BPNN_BR BPNN-CS_BR

S6 bién Train Test Time CPU Train Test Time CPU
15 100.00 100.00 0.29 100.00 100.00 12.51
30 99.98 91.55 0.62 100.00 100.00 12.26
45 99.18 94.09 0.32 99.64 100.00 9.85
60 94.05 85.81 0.38 99.28 100.00 7.63
75 94.47 100.00 0.91 99.64 100.00 15.25
920 99.98 100.00 0.53 100.00 100.00 15.21
105 95.66 89.48 1.73 100.00 100.00 18.57
120 94.12 99.99 0.61 100.00 100.00 112.23
135 97.08 99.24 0.62 100.00 100.00 38.09
150 99.98 99.89 0.89 100.00 100.00 64.81
165 100.00 99.99 0.93 100.00 100.00 34.81
BPNN-GA_BR BPNN-PSO_BR
So bién | Train Test | Time CPU| Train Test | Time CPU
15 97.45 99.77 1071.62 99.98 99.99 23.09
30 99.93 88.06 1424.99 99.99 99.93 46.07
45 100.00 100.00 877.90 99.76 99.83 21.56
60 98.06 93.69 947.02 94.63 99.79 27.66
75 93.46 98.67 1019.35 99.99 99.99 26.03
920 95.49 100.00 846.03 99.76 99.98 41.56
105 91.48 94.72 681.74 94.99 99.97 65.37
120 100.00 85.71 1227.76 99.84 99.99 58.61
135 98.72 100.00 715.73 99.98 99.99 105.69
150 100.00 99.64 610.24 99.76 99.99 83.20
165 95.42 93.28 2587.87 95.48 99.97 101.69
Thong qua Hinh 5, cho thay d6 hoi tu 5. Két luan

v6i mang dung thuét toan cai tién CS cho
dd hoi tu cao va phu hgp voi dir liéu hoc
du cho s6 tin hiéu dau vao bj tac dong thay
d6i. Pong thoi do chinh xéac thu dugc ciing
& muc cao va thoi gian huin luyén nhanh
dung thir 2 trong cac thuét todn dé xuat.

Viéc cai tao trong s6 lién két cua mang
neural bang viéc dung thuat toan tim kiém
thong minh can co sy két hop so sanh danh
gia vé nhiéu khia canh tur yéu t6 dit liéu, cAu
tric mang ban dau dén viéc chon thuat toan
cling nhu cai dat ban dau cho thuat toan tim

50 TAP CHi KHOA HOC | r1ingci72020
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kiém. Trong cac thudt toan, mang BPNN
don gian dé thyc thi, chi cn cai dit mot
s6 thong sb quan trong thi ¢ thé tién hanh
huén luyén, tuy nhién, no6 c6 mot sd nhuoc
diém. CS c6 sy hiéu qua hon cac thuat toan
khac, do phuong phap nay tim kiém theo
dang da chiéu, mdi ca thé tim kiém 1a mot
don vi doc 1ap nén dé dang thoat khoi viing

ISSN 261 5-9945

cuc tri cuc bo nhu da dé cap 6 BPNN. Xay
dung chuong trinh sa thai tai thong minh
nén két hop yéu t6 vé mit kinh té va yéu t6
ky thuat. Két qua thu dugc cho thiy viéc sa
thai tinh toan chinh xac s& gop phan giam
luong sa thai khong can thiét giup giam gia
tién phat va nang cao dg tin cdy vdi khach
hang sir dung.
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