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Ude lwong dong dién phu tai tram dién kéo dwomg sat do thi

Trén Vin Khéi’
Truong Pai hoc Giao théng Van tai, 3 Cau Gidy, phiong Lang Thweong, qudn Dong Pa, Ha Noi, Viét Nam
Ngay nhan bai 15/8/2022; ngay chuyén phan bién 18/8/2022; ngay nhan phan bién 8/9/2022; ngay chip nhan dang 12/9/2022

Tém tit:

Du bio dong tai dién kéo cé y nghia quan trong trong van hanh va quan 1y ning lwong ciia cac tuyén duong sit dé thi. Po
12 ciin cir dé xdy dung cac chién lge phan phdi va diéu khién dong niing lwong cung cip cho phu tai doan tau mt cach
hiéu qua, gitip tiét kiém ning hrong, giam s dao dong va bién dd dao dong dién ap. Bai bio dé xuit mot phwong phap dy
b4o dong dién DC tai thanh cai tram dién kéo sir dung thuit toan hoc may c6 giam sat. S6 li¢u dau vao két hop gia tri lich
sir ciia dong dién thanh cai va dong dién ciia cac feeder. Bén canh dé, cAu hinh mang no-ron va sé chu ky huén luyén dwgc
xac dinh dé dat dwoc d9 chinh xdc mong mudn. Phwong phap dé xuit dwoc tién hanh kiém nghiém dwa trén so6 liéu van
hanh thye tai tram dién kéo ga Lang ngay 24/6/2022. Két qua du bo so sanh véi s liéu do lwomng tir h¢ thong giam sat da
minh chitng ring, sai s6 tuyét doi 16n nhat khéng qua 5 A, sai s6 twong ddi 16n nhit khong qua 0,005; sai sé binh phwong

trung binh khéng qua 0,01 trong toan thoi gian vin hanh m§t ngay, tir 4h45’ t6i 22h45°.

Tir khéa: du bao phu tai tram dién kéo, mang no-ron thin kinh, quan Iy ning lwong, tau dién dé thi.

Chi s6 phén logi: 2.2

1. Dat van de

Tau dién d6 thi 1a phuong tién van tai cé sic chd hanh
khach 16n, van hanh lién tuc trén tuyén dudng riéng, do vay
chung mang lai hi€u qua cao. Tuy nhién, muc tiéu thu nang
luong cta hé thong tau dién & muc 16n ciing gdy anh hudng
dang ké toi cac khia canh kinh té va méi truong. Do vdy, van dé
tiét kiém nang lugng trén cac tuyén duong sit chay dién 1a chi
dé thu hut nhiéu sy quan tim cua cc nha nghién ctru ciing nhur
cac don vi quan 1y van hanh cac tuyén dudng sit chay dién.
Do d6, cac nghién ctru gan day vé viéc giam cong suat dinh
bang cach lip dit cac thiét bi tich trit ning lugng trén cac doan
tau hodc trong tram dién kéo dang duoc trién khai & cac tuyén
duong sit do thi [1-3]. Dé co duge chién lwoc diéu khién giam
cong suit dinh phu hop va hiéu qua, viéc du bao dong dién phu
tai can duoc thue hién chinh xéc.

Tri tué nhan tao (Al Artificial intelligence) phan tich hé
théng va dua ra du doan dua trén dit liéu lich st ¢6 sin trude
d6 dang tré thanh mot cong cu hitu ich va khong thé thiéu trong
linh vic tmg dung hé thong dién [4]. Nhidu nha khoa hoc da
va dang nghién ctru vé du bao phu tai dién hoat dong véi cac
phuong phap va mé hinh du bao khac nhau. Cac phuong phap
du bao phuy tai co thé dugc phan thanh hai loai: doan thong
thuong nhu phan tich hdi quy, phuong phap chudi thoi gian
va phuong phap du doan mau xam; du doan dya trén Al nhu
mang no-ron nhan tao (ANN) va hé théng chuyén gia. Mot sb
tac gid da su dung mo hinh mang no-ron va hé théng mo. Tuy
nhién do duya trén mé hinh tuyén tinh, nén ching gay ra sai soO
dang ké & phan tai thay ddi phi tuyén tinh, vi vay rit kho dé ap
dung trong thoi gian thuc [5, 6]. Mot phuong phap du bao phu
tai hé théng dién str dyng marc do twong ty phu tai, do tuong
tu dugc xac dinh chi béng cach sir dung mau qua khir cho toan
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bo phu tai [7, 8] K. Shaloudegl va cs (2012) [9] da phat trién
céu trac lién két ANN dé udc tinh tai dién tai mot gio cu thé
trong ngay bang cach st dung dit liéu phy tai cia 4 gio trudc.
Phu’orng phap dua trén k¥ thuat hoi quy tuyén tinh du bao cong
sudt yéu cau ctia phu tai phuong tién giao thong dién da duogc
thuc hién [10]. Phuong phap nay dua ra khuyén céo lya chon
bac mé hinh bang 3, trong Gmg vi 3 dir liéu cong suét lich sir
can thiét dé thyc hién quy trinh dy béo gia tri cong sudt yéu ciu
tai ting thoi diém. V. Veeramsetty va cs (2020) [4] da xay dung
mo hinh dy bio cong suit phu tai clia tram trung ap 33/11 kV,
str dung dir liéu lich st cua 3 gid trude, dong thoi sir dung dir
liéu lich sir cing gio ciia 4 ngay trude do dé woc lwong cong
sudt tai trong gid hién tai. K&t qua cua nghién ctru cho thiy,
trung binh binh phwong sai sb ciia tit ca cac mau co thé dat 0,2.

Trén hé théng duong sit do thi chay dién, phu tai tau dién
¢6 d6 dao dong cong suat tire thoi 1on do ddc diém cua no 1a
phu tai chuyén dong. Qua trinh cip dién duoc thyuc hién song
song tir cac tram dién kéo lién ké cho dong thoi ca tuyén 1én
va xuong Tir d6 tao ra két ndi vat ly, gdy nén nhung tuong tac
qua lai vé mat nang luong giita tuyén 1én va tuyén xudng trong
cung mét phan doan, ciing nhu gitra chiing trong hai phan doan
lién ké. Do nhimng ddc diém nay, viéc dy doan dong dién phu
tai dién kéo chi bang cach sir dung miu quéa khir cho toan bo
phu tai, ma khéng xem xét mdi twong quan anh hudng cta phy
tai glua cac tuyén trong cting phan doan va trong cac phan doan
lién ké sé& kho dat dugc do chinh x4c mong mudn.

Bai bao nay d& xuit mot phuong phap méi dé du doan dong
dién thanh cai phia mot chiéu tai cac tram dién kéo. Phuong
phép st dung mo6 hinh mang no-ron, trong do co s¢ dir liu
dugc phan tich cho du bao bao g@)m gia tri dong dién hién tai
cua cac feeder c6 lién quan va dir li€u lich sir cua dong dién
thanh céi. Trong phuong phap d& xuét, cau hinh mang no-ron
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Abstract:

Load-current forecasting is important in the operation and
energy management of urban railway lines. It helps control
strategies to manage and distribute energy optimally,
thereby saving energy and reducing voltage fluctuations.
This paper presents a method to predict the traction
current at the busbar of a substation using the supervised
machine learning algorithm. Because the traction power
load is supplied from both adjacent traction power stations,
and the energy exchange process between trains also takes
place during work, the input data are selected to combine
the value history of busbar currents and feeder currents.
Besides, the neural network configuration and the number
of training cycles in the estimated model can be adjusted
to achieve the desired accuracy. The proposed method
was tested and adjusted based on the actual operation
data at the Lang traction station on 24 June, 2022. The
estimated results compared with measurement data from
the supervisory control and data acquisition (SCADA)
have proven that the largest absolute error is no more than
5 (A). The maximum relative error is not more than 0.005,
and the mean squared error does not exceed 0.01 over the
whole operating time of a day from 4h45 to 22h45.

Keywords: energy management, neural network, substation
load forecasting, urban railway.

Classification number: 2.2

gdém 2 lc'rp an, sb luong phén t lc'rp an dugc chon dua theo
nguyén tic ngén tay va bang 3/2 sé lugng dit liéu 16p dau vao.
O 16p dau vao, 4 dau Vao dir lidu tai thoi diém t-1 cua cac
feeder dugc gitt ¢b dinh, sb dir liéu lich st cua dong dién thanh
cai dugc diéu chinh ting dén theo thtr ty thoi diem t-1, -2, t-3,
dit liéu tai cing thoi diém cua ngay hém trude cho dén khi dat
duoc dd chinh xac yeu cau. Pé xac dinh tinh hitu dung cua
phwong phap dé xuit, mét md hinh mé phong trén nén tang
ung dung Matlab 2020b dugc thuc hién dya trén dir liéu do
duogc tai tram ga Lang cia tuyén tau dién s6 2 Cat Linh - Ha
Dong trong ngay 24/6/2022. Sai s6 cuia két qua dong dién du
doan duoc so sanh véi két qua do ludng dé minh hoa hiéu qua
ctia phuong phép dé xuit.
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2. Néi dung nghién ciiu
2.1. Diic diém phu tii dwong sit do thi

Trong hé thong duong sit do thi, phu tai 16n nhét 1a tau
dién c6 d6 dao dong cong suat tirc thoi 16n do dic diém cua
n6 1a phu tai chuyén dong, dong thoi nhan dién song song tir
2 tram dién kéo. Cur khoang 2-3 km sé& dugc lép dat cac tram
bién ap dién kéo c6 cong suét 1,5-3 MVA dé dam bao do sut
ap trong pham vi cho phép va mdi tram cung cip dién cho 5-6
ga. Hinh 1 cho thﬁy so d0 mot soi cua tram dién kéo ga Lang,
tuyén dudng sat do thi Cat Linh - Ha Pong. Hai dudng vao la
mach vong trung ap 22 kV duogc cung cip tir tram bién ap 220
kV Thanh Cong va tram bién 4p 110 kV Vian Quén. Trong tram
trang bi 4 may bién ap. 2 may bién ap 3 cudn day T3 va T4
cung cap dién cho phu tai dién kéo v6i phu tai la cac doan tau.
2 may bién ap con lai 1a T1 va T2 tuong tmg cung cap dién cho
cac tai phi dién kéo, bao g6m phu tai dién cua cac dich vy tién
ich va cong trinh cua nha ga.

Mang trung ap 22 kV
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Hinh 1. So d6 mét s¢i ciia tram dién kéo ga Lang.

Hinh 2 cho thay, dong phu tai dién kéo ngay 24/6/2022 ciia
tram ga Lang, tuyén dudng sit Cat Linh - Ha Pong dugc trich
xudt trong hé théng SCADA. Do phu tai doan tau 1a chuyén
dong, phu thude rat 16n vao lam viéc (khéi dong - tang tdc, tbe
d6 khong ddi, chay da, him, ding) cua doan tau ciing nhu vi
tri cia doan tau so véi vi tri cua tram dién kéo. Ttur @6 1am cho
phuy tai dién kéo bién dong nhanh va trong dai pham vi 1on.
Trong trang thai van hanh hién tai, tuyén dudng st s6 2 mai
van hanh 6 doan tau trén toan tuyén twong tmg 2/3 miic cong
sudt ctia ca tuyén. Quan sat d6 thi dong dién tai cac feeder ciing
nhu tai thanh cai tram dién kéo ga Lang, dong dién bién thién
trong khoang 700-2200 A. Thoi gian dong dién bién d6i kha
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nhanh, khoang 15-60 gidy. Su bién d6i nhanh ciia dong dién
trong pham vi rat rong, ngoai viéc phu thudc vao tai trong doan
tau, su di chuyén cua doan tau, con do sy trao ddi nang lugng
gitra cac phan ving cép dién tur cac feeder cua tram dién kéo.
T d6 tao nén tinh chat rat phtrc tap cta phuy tai tram dién kéo.
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Hinh 2. Dong dién kéo tai cac feeder va bus cta tram ga Lang ngay
24/6/2022.

2.2. M6 hinh wéc lwong dong dién phu tdi tram dién kéo
2.2.1. Thiét ké mang no-ron

Vi muc tidu du bao dong dién thanh cai cung cip cho phu
tai dién kéo & thoi diém hién tai, dit liéu can thiét dé thuc hién
bao gém di liéu lich su cua dong dién thanh cai va dir li€u
dong dién tai cac feeder, tir d6 hinh thanh cau trac lién két
ANN ctia md hinh (hinh 3). M6 hinh ANN dugc d& xuit co
t6i thiéu 5 no-ron trong 16p dau vao, 16p dau ra chi bao gdm 1
no-ron. Bé dat duoc d6 chinh xac mong mudn, sb lugng no-ron
16p dau vao c6 thé duoc bd sung trong qua trinh huin luyén, tir
d6 s6 lwong no-ron trong 16p 4n ciing s& ting theo. O cdu tric
lién két, md hinh dé xuat sir dung hai 16p 4n dé dam bao mo
ta chinh xac tinh chat phi tuyén ciia dong dién, dong thoi giam
thiéu d¢ phirc tap trong ciu tric va rat ngin thoi gian thyc thi.
S6 lugng no-ron trong 16p 4n chon bang 3/2 s6 luong no-ron
trong 16p du vao. Thuat toan Quasi-Newton duoc ap dung dé
t6i wu héa ham mat mat binh quan quéan phuong véi cac trong
sb duoc thiét 1ap ty dong theo tdi wu hoa d6 déc gradient.
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Hinh 3. Sor d6 cAu tric lién két ciia mé hinh.
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2.2.2. Pénh gid hiéu sudt ciia mé hinh

bé do luong hi¢u suét va dua ra lua chon ciu tric mé hinh
t6t nhét cia cac mo hinh du béo, thong thuong cac ky thuat
thdng ké duogc sir dung dé danh gia két qua du bao nhu sai
sO binh phwong trung binh (MSE) [11]. Trong nghién ctru
nay, hiéu suit ciia mang no-ron trong qué trinh dao tao va thir
nghiém cling dugc danh gia dya trén sai s6 MSE. Bén canh
d6, gi4 tri binh quén sai s6 (MAPE) 1a gia tri binh quén sai s6
tuong ddi cuia mdi mau udc luong ciing dwoc sir dung dé dam
bao d6 chinh xac twong ddi trén toan dai gia tri. Ngoai ra, gia
tri sai s6 tuyét ddi ciing duoc quan tim dam bao gia tri sai léch
16n nhat cho phép chdp nhan duoc cua timg méiu udc lugng
duoc kiém soat. Cac dai luong sai s6 nhu minh hoa trén cac
biéu thie (1), (2) va (3).

MSE — i z (I:“easured _ Iipredicled )2 ( 1)
m i
1 [measured _ ppredicted |
MAPE= Y1~ ©)
m 12:1: I;’neasured
__ |ymeasured __ ypredicted
Brr, = [ -1 (3)

trong d6: m 14 tong s6 mau udc luong; [ 13 gia tri dong
dién do luong; 1% 13 ¢i4 tri dong dién du bao.
s i ! en dy

2.3. Hudn luyén, thir nghi¢m va trién khai mé hinh

MG&i mé hinh may hoc st dung ANN déu can dugc phat
trién véi mot chudi cac bude nhu thu thap dir licu, xu ly di
liu, phat trién kién tric ANN, dao tao va thur nghiém mo6 hinh
dé trién khai. Cac budc quy trinh dé phét trién mo hinh ANN

Khoi tao
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Hinh 4. So’ db thuat toan quy trinh huan luyén va trién khai mé hinh.



t6i wu trong nghién ciru nay dugc thuc hién nhu mé ta & hinh
4. Co s6 sir dung 1a phuong phap thir nghiém va tim kiém, qua
trinh thir nghiém cAu hinh cho dén khi dat d6 chinh x4c theo
yéu cau thi ding lai. Khoi tao qua trinh thir nghiém tir s6 lugng
no-ron 16p dau vao ti thiéu (5 no-ron), sau do ting dan theo
thoi diém qua khi t-2, t-3, dit liéu cung thoi diém ngay hom
trude, tuln trude. Néu sb no-ron 16p ddu vao du 16n ma van
khong dat dugc do chinh xac yéu cau trong huan luyén thi s&
thuc hién tang cAu hinh s 16p. Qua trinh thuc hién nhu vay cho
dén khi dat duoc do chinh xéc yéu cAu.

3. Két qua va ban luan

Trén co s phuong phap dé xuat, mot mé hinh thir nghiém
duogc xay dung trong Matlab 2020b. Dir lidu str dung trong mo
hinh dé thu nghiém va so sanh dua trén co s¢ dir li¢u cua tram
ga Lang trich xudt tir hé théng SCADA ngay 24/6/2022 nhu
minh hoa & hinh 2. D¢ ddm bo tinh 6n dinh cua hiéu suit md
hinh, s6 mu lya chon trong qua trlnh huan luyén can du 1on.
Trong nghlen cliru nay, lua chon so méu trong qua trinh huan
luyén t6i thiéu bang 1/4 tong s6 mau wdc lugng, twong tng s&
chon cic méu trong thoi gian tir 4h45 dén 8h45. Cac mau con
lai tir 8h45° dén 22h45" duoc sir dung trong qué trinh kiém tra
(test). Két qua dong dién uéc lugng theo phuong phap dé xuét
so sanh voi dong dién do luong trich xuét tir hé thong SCADA
trén céc feeder va thanh cai minh hoa twong tmg ¢ cac hinh 5-9.
Quan sat két qua c6 thé nhan thiy, dong dién phu tai dién kéo
xuét hién véi cac xu hudng dién bién rat khac nhau va khong
¢6 tinh quy ludt. Tuy nhién, két qua udc lugng theo phuong
phap d& xuét luén bam theo cac két qua do luong thuc té trong
toan pham vi mau thir nghiém ca trong giai doan huan luyén va
trong giai doan test. Mdi twong quan giita gia tri wdc luong va
gia tri do luong 1én dén 99,997%.
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Hinh 5. Két qua wéc lwgng dong dién tai feeder 1.
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Hinh 6. Két qua wérc lwgng dong dién tai feeder 2.
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Hinh 7. Két qua wéc lwgng dong dién tai feeder 3.
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Hinh 8. Két qua wéc lwong dong dién tai feeder 4.
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Hinh 9. Két qua wérc lwgng dong dién tai thanh cai.

Hinh 10 mé ta sai s giita két qua wdc lwong va két qué do
luong cua dong dién trén thanh cai twong ung VO’l ting mau du
b4o. Quan sat trén hinh c6 thé nhan thiy sé mau co sal s6 ude
lwong 16n 1a khong nhiéu, ude ching 150/64800 mau. Gia tri
sai s6 16n nhat max_err=4,9754 A. Binh quan ctia binh phuong
sai s6 (MSE) bang 0,0075917, con binh quén sai sb twong dbi
MAPE bing 0,00026445.

MSE=0,0075917; MAPE=0,00026445; max_err=4,9754
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Hinh 10. Sai sb két qua wéc lwong tai méi mau.
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Hiéu suét ctia mo hinh dat dugc nhu mong mubn cling can
dugc huan luyén véi s6 chu ky di 16n. Hinh 11 mo ta hidu
sudt hudn luyén ciia mo hinh dé xuat trong truong hop céu
hinh gdm 7 no-ron 16p du vao tuong tng la I(feederl, t-1),
I(feeder2, t-1), I(feeder3, t-1), I(feeder4, t-1), I(bus, t-1), I(bus,
t-2), I(bus, t-3), 2 16p 4n twong tng v&i s6 no-ron bang 11. Hiéu
suét dat ngudng tot voi MSE<10- ca trén mau huan luyén va
mau thir v6i t6i thiéu 11 chu ky. Pén khoang 40 chu ky, hiéu
sudt hdu nhu duoc cai thién rét it, gin nhu duy tri & ngudng
MSE=0,5x10¢. Dya trén can ctr nay dé lya chon chu ky huén
luyén t6i wu trong giai doan trién khai mé hinh.

——Huén luyén
——Kiém tra (test)
——Ket qua tot nhat

Két qua tot nhat dat duge tai 200 chu ky
tuong tmg Vi sai s6 14.4,8494.107

hwong (mse)
=

Sai s6 binh quan

quan pl
S,

0 20 40 00 80 100 120 140 160 180 200
$6 chu ky hufn luyén, kiém tra

Hinh 11. Hiéu suat mé hinh theo s6 chu ky huan luyén.

Két qua thir nghiém trén mo hinh mo phong da minh chiing
rang, phuong phap dé xuat co kha nang dy bao dong dién phu
tai dién kéo trén cac tram dién kéo voi do chinh xac cao, hoan
toan c6 kha ning trién khai trén thuc tién phuc vu cong tac
quén 1y, diéu phdi va dy bao ning lugng trén cac tuyén duong
st do thi.

4. Két luan

Bai bao da trinh bay mét phuong phap du bao dong dién
phu tai dién kéo sir dung ANN. Két qua cho thiy, ANN phu
hop dé ngi suy giita dir liéu mau dong dién thanh cai va dong
dién cac feeder clia cac tap huan luyén dé cung cap mau dong
dién thanh céi trong twong lai. Bé cung cép két qua chinh xac
cao, dit liéu huin luyén da duoc trai rong trong khong gian dic
trung. Thoi gian dao tao can thiét dwgc xac dinh cho dén khi
dat duoc sai sb va hiéu suat yéu cau. Vi két qua mdi tuong
quan giira gi4 tri do dugc va gia tri dy doan 1én dén 99,997%
thi phuong phap dé xuat trong nghién ciru nay du tét dé ap
dung cho hé théng quan 1y ning lugng trén cac tuyén duong
st d6 thi.

LOI CAM ON

Nghién ctru nay duoc tai trg bdéi Truong Dai hoc Giao
thong Van tai thong qua dé tai ma so T2023-DT-006. Tac gia
xin tran trong cam on.
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