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TOM TAT

DGivéi hé thé’ng dién, du bao phu tai ngan han luén dugc coi la mét trong nhimg bai toan cuc ky
quan trong va mang lai nhiéu loi ich thiét thuc trong cong tac van hanh ludi dién. Trong nhing
nam gan day cung Vi sy phét trién manh mé cda hé thong may tinh dién t, cdc mo hinh du bdo
phtic tap ngay cang dugc tng dung hiéu qué va phé bién hon trén thé gisi. Tuy nhién hién nay
& Viét Nam, viéc Uing dung cac mé hinh nay vao cac van dé thuc té con rat han ché va cong tac
du bdo phu tai ngan han van con mang dam tinh chat kinh nghiém thuan tdy. Dy bao theo kinh
nghiém dé dan dén sai léch va gy ra cac hau qua nghiém trong, thuc té& da cé nhiéu su co xay ra
va cling dugc dé cap trong bai bao nay. Trudc tinh hinh trén, bai bao sé trinh bay vé lgi ich va su
can thiét clia viéc ing dung cac mé hinh du bao phu tai ngan han vao céng tac diéu hanh lusi
dién tai Viét Nam. Bén canh do, bai bdo cling dé xuat thiét lap phuong an chuyén tai téi uu cho
tram bién ap 110kV khi co cong tac stfa chia Ién ti cdc mé hinh du bao, diéu nay nham trdnh hién
tuong qua tai may bién thé hay qua tai cac phat tuyén lan can, gidam ganh nang cho ngudi diéu
hanh ludi dién. Théng qua cac vi du va s6 liéu cu thé, bai bao cing da chimg minh dugc tinh hiéu
qua clia phuong phap dé xuat.
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ngén han, Phuong &n chuyén tai téi uu khi cong tac tram bién &p

GIGI THIEU

bién ning la nganh “xuong séng” ctia nén kinh té xa
hoi quéc gia. Khong c6 dién thi moi hoat dong san
xudt, kinh doanh, sinh hoat déu bi dinh tré. Ngoai
tinh quan trong thi dién ning con 1a mot san phdm
vo cung déc biét vi yéu cdu phai dép ting nhanh chéng
nhiing bién d6i ctia phu tai tai moi thoi diém va hau
nhu khong thé dy trit dugc. Do d6 du béo phu tai
mot cach chinh xac ludn 14 nhiém vu quan trong trong
cong tic van hanh 6n dinh luéi dién nhim dam bao
tinh linh hoat va d tin cay cung cép dién theo nhu
ciu phu tail.

Hién nay, sy thim nhép manh mé ctia cic ngu6én nang
lugng t4i tao (Renewable Energy Source — RES)?, sy
da dang hoa cdc mo hinh phu tai va sy phét trién
nhanh chéng ca vé chiéu rong 1an chiéu siu ctia luéi
dién da khién cong tac du bao, quy hoach va van hanh
trd nén ngay cang phtic tap hon. Chinh vi vay, viéc cai
thién chét lugng du bdo, dac biét 1a cong tac du bao
phu tai ngén han, cing nhu viéc Ging dung hiéu qua
cac két qua 1a van dé nghién ctiu cép thiét d6i vai ludi
dién nuéce tal.

V6i su phat trién cia mdy tinh, du bdo phu tai ngén
han (Short-time Load Forecasting) trong Iu6i phan

phéi ngay nay thuong dudc thuc hién bing cic mo
hinh hoc may thong thudng hodc cdc mé hinh hoc sau
(Deep-learning) 34, Trong tai liéu 5 mo6 hinh ARIMA
da dugc két hgp véi phuong phap “ngay tuong tu”
dé duy bdo phu tai trong ngay. Cac moé hinh hoc may
thong thudng, cu thé1a mang No-ron nhan tao (Arti-
ficial Neural Network), Mdy hoc nhiéu tang (Ensem-
bled Extreme Learning Machine), ciing cho két qua
t5t khi thuc hién dy bdo phu tai ngin han®. Trong giai
doan gan day, cic mo hinh hoc sau ciing da dugc ap
dung rong rai. Dién hinh nhu mang No-ron tich chép
(Convolutional Neural Network) va md hinh Bd nhé
dai - ngdn han (Long-Short Term Memory) da dugc
trién khai thanh cong va thu dugc két qua t6t”8. Bén
canh d6, cac b loc tién xt ly di liéu ciing da dugc
nghién ctu cé nhiing budc phét trién vugt bat nhu
b6 loc Kalman?, bo loc DBSCAN %11, bg loc roi rac
dua trén bién d6i Wavelet (Discrete Wavelet - trans-
form)!2 va gan day la bo loc dya trén do tin cdy di
liéu d4u vao (Best Input Data Confidence Interval) 4.
& Viét Nam hién nay, cong tic du béo phu tai ngin
han cht yéu theo m6 hinh chuyén gia phu thudc nhiéu
vao kinh nghiém ca nhén thuén tdy. Nghién cttu mé
hinh du béo phu tai ngin han va ép dung vao thyc t&
la di€u hét stic can thiét luc nay. Bai bao dua ra mot

Trich dan bai bao nay: Pat H T, Tuyén N T B, Diém N N P, Minh L T T, Binh L Q, Qui L B. Nghién ctru Ung
dung ly thuyét du bao dé thi€t lap Phuong an chuyén tai cong tac téi uu tai tram bién ap 110kV. Sci.
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huéng ting dung mdi clia cac mo hinh du béo phu tai
ngdn han nhiam thiét 14p phuong 4n chuyén tai tdi vu
khi c6 cong tac 16n tai mot tram bién ap 110kV (cd
0 1ap mdy bién thé). Cu thé, dua vao di liéu phu tai
1 ndm trudc ngay cong tic (24 mau/1 ngay), phuong
phép sé tling budc di tim d6 thi phu tai du bao trong
ngay cong tac 4y va dua ra phuong an chuyén tai t6i
uu giap:

- Tranh tinh trang ddy tai hay qua tai MBT va cac
tuyén day, gitp ting cudng tudi tho cac phan tu ludi
dién va phong tranh cdc sy 6 16n.

- Bon gian hoa thao tac c6 14p va téi 14p may bién thé,
gidm ap luc diéu hanh luéi dién cho di€u d¢ vién trong
thoi gian cong tac.

Bai bdo cling xét dén mdt s6 tinh hudng thyc té nhim
dua ra phén tich va danh gia hiéu qua cta phuong
phép.

Tiép theo day, phan 2 sé khai quat ly thuyét vé du bao
va cac mo hinh dugc dp dung trong nghién ctiu. Trong
phén 3, chung t6i sé gidi thiéu vé ludi dién, tinh hinh
van hanh hién tai va cac tinh huéng da xay ra trong
thuc t€. Két qua mo phong va cac danh gid sé duge
théo luan trong phan 4. Cudi cung, phin 5 sé dua ra
céc két ludn va phuong hudng phét trién ctia nghién
clu nay.

TONG QUAN LY THUYET

Ly thuyét du bao phu tai

Du bdo phu tai la cong tac dung dii liéu phu tai trong
qua khi d€ du dodn xu hudng thay déi, phat trién
ctia phu tai nhim dua ra nhiing phuong 4n, hoach
dinh phit hgp. Cu thé trong Thong tu s6 19/2017/TT-
BCT '3 quy dinh rd vé Dy bdo nhu cdu phy tdi di¢n 1a
hoat dong tinh todn, udc lugng va danh gia xu hudng
tang trudng, t6c do tang trudng va nhu ciu ctia phu
tai dién dugc cung cdp dién ti hé thong dién trong
ngan han, trung han va dai han.

a. Phén loai du bao phu tai'4

- Dy bdo phu tdi dai han: Thoi gian dy bdo thudng
dugc tinh tii vai tudn, vai thang dén vai ndm.

- Dy bdo trung han: Thoi gian du bao thuong dugc
tinh ti vai ngay dén mot tuan.

- Dy bdo phy tdi ngdn han: Thoi gian dy bédo dugc tinh
ti vai phut, vai gié dén mot ngay.

Loai du béo dai han va trung han c6 thoi gian tuong
ddi xa so v6i hién tai, do d6 dugc dung trong cong tac
quy hoach va d4u tu phat trién hé thong dién (HTD),
mang nhiéu y nghia vé mét chién lugc.

Du bdo ngén han giti vai trd quan trong trong viéc lap
phuong thiic vdn hanh thudng xuyén; 1én ké hoach
bao dudng, siia chita;..., nhim dam bao van hanh hé
thong dién mot cach an toan va hiéu qua.
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b. Céc yéu t6 chinh anh huéng dén du bdo phu tai
ngdn han

Do thi phu tai 1a dudng biéu dién phuy tai theo thoi
gian t, phu thudc vao céc théng s6 ché do (P, Q, U, I),
tan s6 (f) va module dién 4p () ctia hé théng. Phu tai
¢6 hai déc tinh co ban:

- Tinh ngdu nhién: Tai m6i thoi diém trong ngay, tly
vao muc d9 st dung ma phu tai sé khac nhau. Phuy tai
¢6 tinh ngau nhién va phan anh tinh chit cta tai.

- Tinh chu ky: Do nhu cdu st dung ctia con nguoi c6
tinh chu ky, thuong lap di ldp lai trong mot khoang
thdi gian (ngay, tun, thang,...) da tao nén tinh chu ky
trong su bién d6i ctia phu tai, diéu nay ma c6 thé du
bao dugc véi muic do chinh xdc tuong déi cao. Tinh
chu ky 13 mét trong nhiing yéu t6 anh huéng dén du
bdo ngidn han

Tinh chu ky c6 thé phan loai nhu sau:

+ Theo thién van: Chu ky quay cua Trai Pat, cic mua
trong ndm

+ Theo thdi tiét: Nhiét do, khong khi, ning, mua,...
+ Yéu t6 xa hoi, hoat dong ciia con ngudi: 1 tuin cé
7 ngay, trong d6 c6 ngay lam viéc, ngay nghi Lé hoac
cudi tudn; 1 ngay c6 24 gid trong do c6 gid sinh hoat,
gid lam viéc, gio nghi ngoi,.....

Trong thuc t€ van hanh HTD & Viét Nam, do thanh
phan phu tai sinh hoat va dich vu con chiém ty 1é khd
cao nén sy chénh léch phu tii cao diém (Pmax) va
phu tai thip diém (Pmin) trong mot ngay 1a rédt 16n
(khoang 2,5 dén 3 14n). Day chinh la hai gid tri phu
tai ddc biét trong do thi phu tai ngay va dugc ngudsi
lam cong tac diéu do quan tdm nhiéu nhat trong qua
trinh van hanh 1°.

Cu thé, mdt sd nhan xét vé anh hudng dén phu tai
HTD Viét Nam nhu sau:

- Phu tai trong cac ngay lam viéc thudng cao hon phy
tai trong ngay L& hodc cudi tudn do tai cong nghiép
16n hon tai sinh hoat rdt nhiéu. Pdc biét trong ngay
Lé, phu tai gidm déng ké.

- C6 thé xem phu tai 1a mot ham s6 phu thudc nhiét
d6 vi phu tai tang khi nhiét d6 ting (do stt dung nhiéu
thiét bi lam mat), tuy nhién & mién Bic 1a trudng hop
dac biét khi nhiét d6 giam thi phu tai lai ting do viéc
tang cudng stt dung cac thiét bi sudi dm.

- Trong thoi diém c6 cong tac stia chita 16n cat dién
dién rong lam dién ning tiéu thu gidm dédng ké. Vi
du cdi tao tram bién ap 220kV, cdt dién dudng day dé
thém duong day mdi,...

Céc yéu t6 anh hudng dén phu tai can dugc xem xét
ky ludng trong du bdo phu tai ngdn han, dic biétla du
bdo theo gid, theo ngay dé€ dat d¢ sai s6 13 nho nhit,
dam bdo an toan cong tac van hanh va hiéu qua kinh
té.
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c. Anh huéng ctia du bdo phu tai ngin han dén cong
tac van hanh

So vé6i du bao dai han va trung han thi dy béo phu
tai ngdn han c6 vai trdo quan trong hon déi véi cong
tac van hanh. Nhiing phuong thiic van hanh co ban
trong ngay nhu huy dong nguén, phoi hgp thay dién
va nhiét dién, truyén tai cong suét gitia cic mién, giai
quyét cic cong téc stia chiia trén ludi dién va danh gia
muc d6 an toan hé théng dién (HTD) ... déu doi hoi
phai cé du bao phu tai ngén han chinh xac 1.

Déi v6i phuong thiic van hanh trén dién réng nhu
huy dong ngudn, phéi hgp cac nha mday dién, truyén
tai cong sudt gilta cic mién,...viéc dy bdo sai gy ra
nhiing anh hudng rat 16n, nhat la d6i véi kinh té van
hanh. Néu du bdo cao hon thuc t€ sé lam chi phi tang
do huy ddong du thita cdc ngudn dy phong dit tién.
Ngugc lai, néu dy bao thdp hon sé din dén nguén du
phong thép, gidm an toan cung cdp dién, co thé phai
cat dién khach hang, gay thiét hai ca vé kinh t€1an doi
sOng sinh hoat ctia ngudi dan, giam uy tin phuc vu ctia
nganh déi v6i khach hang.

Ngoai ra, du bdo phu tai ngan han con dong vai trd
quan trong trong viéc thiét 14p ké hoach cong tac stia
chiia, bdo dudng luéi dién. Du bdo chinh xac gitp
cho phuong an 14p ra dugc t6i uu, vita gitp thuc hién
cong tac hiéu qua, vita ddm bao vén hanh luéi dién 6n
dinh trong thoi gian cong tac.

d. Ung dung du bao phu tii ngin han d¢€ han ché
qua tai may bién thé

Mady bién thé (MBT) la phén tt dong vai tro v6 cuing
quan trong trong luéi dién, MBT giup bién déi dién
néang xudng cdp dién dp thdp hon cung cdp cho toan
bd lugng khach hang st dung dién. Vi véy, viéc bao vé
va dam bdo van hanh an toan MBT sé gép phin dam
béo d¢ tin cdy cung cép dién.

Ngay nay, nhu cdu st dung dién ngay cang ting dan
dén hé thong dién c6 thé qua tai, diéu do gay stc ép
lén MBT, lam gidm hiéu sudt cing nhu tudi tho cta
chung. Viéc qua tai MBT con c6 thé gay nén qud nhiét
lam chéy cdc cudn day dan dén cac hong hoc16n trong
MBT, héu qua la giy mit dién cho mét lugng 16n
khéch he‘lng16. DéE han ché cic su c¢6, MBT thudng
6 cac dgt bao tri dinh ky dé€ kiém tra va khic phuc
cac khiém khuyét. Tuy nhién, cac dgt bao tril6n cin
c6 1ap MBT ddy TBA vao ché d6 vAn hanh N-1 lai lam
tang nguy co qua tai cic MBT con lai. Vi vay, ching
ta cin c6 quyét dinh va phuong an chuyén tai phtt hgp
khi c6 cong tac bao tril6n.

Ung dung cic md hinh dy bao dé tinh todn chuyén
tai t61 vu nhdm han ché tinh trang ddy hodc qua tai
mady bién va cac tuyén day khi cong tac 1a mot huéng
nghién ctiu méi dugc thé hién trong bai bao nay.

Mét s6 mé hinh du bao phu tai phé bién
Dudi day, mét s6 mo hinh dy béo phu tai phé bién
dugc trinh bay ngan gon nhu sau:

a. M6 hinh SVM

« Gi6i thiéu SVM:

SVM (Support Vector Machine) la m¢t trong cac md
hinh manh mé cho céc bai toan phén loai va phan tich
héi quy. Bai todn t6i uu trong SVM chinh la bai toan
di tim dudng phan chia gitia hai 16p dit liéu sao cho
“Margin” (khoang cach tli dudng phéan chia dén cac
diém dii liéu trén 1€ - diém gin nhit) 13 16n nhit. Vi
noi chung, 1€ cang Ién thi sai s6 tdng quat hoa ctia
thuat toan phén loai cang bé.

o MO hinh va thuat todan SVM:

DPuong phén chia gitia hai 16p dii liéu dugc chon dua
trén cac nguyén tic sau'’:

Nguyén tdc 1: Chia bd di liéu thanh hai nhém riéng
biét (SVM ciing c6 kha ning chdp nhan ngoai 1é - vi
du nhu Hinh 1)18

Hinh 1: Phan chia nhém dir liéu véi mét ngoai lé

Nguyén tic 2: Xdc dinh khoang cdch 16n nhit tit diém
gan nhat clia hai 16p dén duong phén chia (margin),
margin cta hai nhém nay phai bing nhau va la 16n
nh4t 1.

nhoém khong bing nhau, trong Hinh 2b, ca hai dudng

Nhén thdy trong Hinh 2a, margin cta hai

den d4m nét lién va duong xanh 14 ddm nét dut déu
c6 margin bang nhau gitia hai nhom, tuy nhién mar-
gin cta dudng den dam nét lién I6n hon, do d6 dudng
phén chia den dam nét lién 13 t6i vu nhit.

Nguyén tic 3: C6 thé bién déi linh hoat bang ky thuit
bién d6i d6i vi bo dii liéu phic tap kho phan chia nhu
Hinh 3a. Ky thuat nay goi la Kernel® (ky thuat hat
nhan) sé thuc hién mot s6 bién déi dit liéu phic tap,
sau d6 tim ra qua trinh tdch di liéu dua trén cac nhan
hodc ddu ra da xdc dinh trudc. Mot vi du trong Hinh 3
la di liéu da dugc bién ddi qua ham z = 24y >
0 Vx,y.

Tém lai, c6 vo s6 mat phan cach tao ra bdi vo s6 duong
phén chia gitta hai nhém di liéu (Hinh 4), tuy nhién,
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Hinh 2: M6 ta duong margin a) Budng mau den
dam nét lién; b) Budng mau den dam nét lién va
dudng mau xanh 1a dam nét dut

*
L :* T ™ o kel
* 099 X 000000
* %000
x X %

a) b)

Hinh 3: D(i liéu a) Trudc khi bién d6i; b) Sau khi bién
déi

bai todn SVM la bai todn di tim mét phén cich sao
cho margin tim dugc la 16n nhét, déng nghia véi viéc
cac diém dii liéu an toan nhét so v6i mét phan cach,
nghiém ctia bai toan nay la duy nhat.

fix,w,b) = sign(w. x - 1)

There are many fits which
can classify this data but
‘which one is the best? This
was one of the challenges
faced.

Hinh 4: V6 s6 siéu phing duoc tao ra dé phan hai
16p dir liéu2°

b. M6 hinh LSTM - RNN
o MO hinh RNN:

Mang no - ron héi quy (Recurrent Neural Networks —
RNN) 13 cdc m6 hinh dya trén trinh ty d€ hinh thanh
modi tuong quan thdi gian gitia 16p trude véi 16p hién
tai (Hinh 5), cho phép stt dung yéu t6 dau ra dé lam
mot trong cac dau vao cua thuat toan. Trén Hinh 6
thé hién moét mang hoi quy téng quat®.

Huén luyén mang RNN ciing tuong tu nhu cdc mang
no - ron truyén théng. Tuy nhién, dao ham tai moi
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What time ?

Hinh 5: Trinh tu d@r liéu dau vao trong RNN

Output layer

input layer

Hidden layer

Hinh 6: Mang héi quy téng quat >

dau ra khong chi phu thudc vao cac tinh todn tai nat
d6 ma con phu thudc vao cac nut trude d6 ntia. Cac
budc phu thudc cang xa thi viéc hoc sé cang kho khan
hon vi sé xudt hién vin dé hao hut ctia dao ham.
Va mot phuong phap dién hinh dugc dé xuét dé giai
quyét van dé€ nay, d6 la LSTM.

o M0 hinh LSTM:

LSTM (Long Short-Term Memory networks) la mot
dang dédc biét ciia RNN, n6 c6 kha niang hoc dugc cac
phu thudc xa. LSTM xuét hién nam 1997, sau d6 da
dugc cai tién va phd bién rong rii nhu hién nay?!.
Hinh 7 thé hién cdu tric ctia LSTM gom 4 16p tuong
tac.

® ® ©
A Lol st \ A

“l ' [ (1) (2)%} (4) / I ;

© ® ©

Hinh 7: C4u trdc module I3p lai trong LSTM gom 4
I&p tuong tac

Yéu t6 c6t 16i ctia LSTM la trang théi té€ bao, d6 1a mot
dang bang truyén, chay xuyén suét tit ca cac mit xich
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(nit mang). LSTM c6 kha ning bo di hodc thém vao
cac thong tin cin thiét cho trang théi t€ bao va chiing
dugc diéu chinh béi cac cOng (gate). Céng la noi sang
loc cac thong tin di qua n6 béi mot ting mang sigmoid
O - ting cdng quén va mét phép nhan (1) cho gia tri
dau ra 0 (loai bo) hodc 1 (giti lai). Tiép theo la quyét
dinh luu théng tin méi nao vao trang théi té bao, gobm
mot tdng sigmoid o - tdng cong vao (2) d€ quyét dinh
thong tin mdi sé thém vao va tién hanh bsi mot phép
nhan véi tAng tanh (3). Cudi cling la quyét dinh ddura
qua mot ting sigmoid G - tdng cdng ra (4), dua trang
théi té bao qua mot ham tanh d€ dua gid tri vé khoang
[-1;1], nhén v6i tin hiéu cta tdng cdng ra dé dugc gid
tri ddu ra mong mudn.

Mo ta trén la m6 hinh LSTM chudn, nhiing ndm sau
d6 ngay cang c6 nhiéu bién thé ciia LSTM bang viéc
két hgp céc tAng cdng v6i nhau tao nén sy khéc biét.
c. Mo hinh ANN

o MO hinh ANN:

Mang no - ron nhén tao (Artificial Neural Network-
ANN) la mét mo hinh l4y y tudng tii mang nd - ron
than kinh cta sinh vat??(Hinh 8). ANN ciing giéng
nhu b ndo con ngusi, dugc hoc bdi cac kinh nghiém
thong qua hudn luyén, c6 kha néng lvu gitt nhiing tri
thiic va st dung tri thiic d6 trong viéc du doan cac dit
liéu chua biét.

Hinh 8: Mang na - ron a) Sinh hoc; b) Nhan tao

C4u triac cia mot mo hinh ANN gom 3 tdng (Hinh 9):
- Tdng vao (Input layer): La ting bén trai cung cta
mang thé hién cho céc ddu vao cia mang;

- Tdng ra (Output layer): La tdng bén phai cung ctia
mang thé hién cho céc d4u ra ctia mang;

- Tdng dn (Hidden layer): La ting ndm gitta tang vao
va tang ra thé hién cho viéc suy ludn logic ciia mang,
6 thé c6 mot hodc nhiéu tang 4n.

Mai tdng déu c6 s6 lugng nut mang khéc nhau tuy
thudc vao bai toan, di liéu ddu vao cua bai todn va
cach gidi quyét, thudng cac 16p &n sé co sd nut bing
nhau. Bén canh d6, cac nat mang tai cic tdng khac
nhau phai dugc lién két v6i nhau d€ tao thanh mang
két néi day du.

o Huan luyén ANN:

output layer

input layer

hidden layer 1 hidden layer 2

Hinh 9: C4u trdic mang naG - ron 3 tang c6 2 ting an

Bat ky mot mang no - ron nao dugc tao ra ciing phai
dugc huan luyén. Muc dich ctia hudn luyén mang 1a
xdc dinh cac b trong s6 ctia cac no - ron trong mang
ti cdc dii liéu. Néu qua trinh hudn luyén c6 st dung
tin hiéu ra mong muoén d, ta néi cac no - ron hoc cé
gidm sat. Néu qua trinh huén luyén khong st dung tin
hiéu ra mong mudn, ta néi cic no - ron hoc khong céd
gidm sat. Néu qua trinh hudn luyén khong st dung
tin hiéu ra mong mudn nhung c6 st dung 1 tin hiéu
danh gia chit lugng ctia mang, ta noéi qué trinh hoc

clia mang la qua trinh hoc ting cudng (Hinh 10) 23,

Hinh 10: Céc phuong phap hoc A) C6 gidm sat; B)
Tang cudng; C) Khéng ¢ giam sat

Trong tat ca cdc qud trinh hoc, két qua van 1a giam
thiéu t6i da sai s6 gitta dau ra thyc t€ va ddu ra du
dodn, dugc tinh bang gid tri sai s6 tuyét d6i trung binh
MAPE (Mean Absolute Percentage Error) 2,

1 N

MAPE (A, F;) = ¥ Y
=1

A -k
Ay

1

Trong dé: A, 1a gid tri thuc t€ tai thoi diém t;

F; 1a gid tri dy bdo tai thoi diém t bing céch st dung
md hinh ANN;

N Ia téng s6 mau.

Chi s6 MAPE la thudc do thong ké miic do chinh xac
ctia modt hé thong du bédo, phin dnh gid tri du béo sai
khdac bao nhiéu phéin trdm so véi gid tri trung binh,
chi s6 nay cang nho thi két qua du bao cang tot.

TINH HINH HIEN TAI VA PHUONG
PHAP DE XUAT

Gidi thiéu vé luéi dién TP. H6 Chi Minh

a. Tong quan
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Lu6i dién TPHCM nhén ngudn tli cac tram truyén tai
500/220/110kV, 220/110kV doc hanh lang thanh phé
(hién khong c6 nha méy dién néi thanh)

Hién nay, T6ng cong ty Dién luc Thanh phé H6 Chi
Minh quan ly hon 55 TBA 110kV cung cép dién cho
toan bo thanh phé. Vikhoilugng quanly tram bién ap
16n nén viéc béo tri, bdo dudng dién ra thudng xuyén
va lién tuc xuyén sudt cd ndm. Dong thoi, vi toc do
phét trién ctia thanh ph6 H6 Chi Minh 1a rit nhanh
nén viéc ddu tu xay dung thém nhiéu TBA 110kV dé€
dap ting nhu cdu tang trudng cla phuy tai trong tuong
lai la diéu tat yéu.

b. Phuong thiic vin hanh luéi dién

béi véi thanh phd H6 Chi Minh:

- Mang luéi 220kV véan hanh kin d€ dam bao d9 tin
cay cung cdp dién. Cac MBT 220kV ciing thudng
dugc van hanh song song.

- Mang lué6i 110kV va thudng dugc van hanh hé dé
han ché dong ngdn mach & mang luéi nay.

- Mang lué6i 22kV dugc xay dung theo dang vong
nhung vén hanh theo dang tia. Dang vong cung cip
kha ning chuyén tai linh hoat, trong khi vén hanh
theo hinh tia gitip don gian trong cong tac diéu hanh,
bdo tri, stia chiia, phoi hgp béo vé ro le,..

- Tram bién dp 110/22kV thudng c6 cdu hinh tiéu biéu
nhu Hinh 11:

m 7

TYIT

-
[ &

Hinh 11: Cau tric dién hinh ctia tram bién ap 110kV

MC 112 két dan 110kV c6 thé thudng mé (Nor-
mally Open) hodc thudng déng (Normally Close) tly
phuong thiic van hanh cta ludi dién. Tuy nhién, MC
421 két dan 22kV luén thudng mé. Vi viy cac MBT
110kV trén dia ban thanh phé H6 Chi Minh luén
dugc van hanh doclap. Dong thoi hién tai 100% tuyén
day trén dia ban thanh phd da dugc két vong thong
qua céc thiét bi giao lién cung cip cac ngudn du phong
khi cn thiét.

- Theo cong vin s6 4260/EVNHCMC-KT ?*, MBT c6
muc tai tti 90-100% dinh muic dugc goi la day tai (ché
d06 canh bdo); tu 100-110% dugc goi la qua tai (ché do
khén cép) va trén 110% dugc goi 1a qud tai ning (ché
d0 cuc ky khén cdp). Tuy dugc phép van hanh trong
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ché& d6 qua tai theo thong tu 28/2014/TT-BCT 26 mot
s6 MBT trén dia ban thanh phé dugc dé€ xudt chi khai
thac <90% Idm theo khuyén cdo giam tai dya trén két
luan trong bién ban thi nghiém ctia don vi thi nghiém
dién (theo cong van 747/LDCT-KTVH?’). Vi vay,
d6i v6i cac MBT thudc phu luc 2 ctia cong vin 27 trén,
muic 90% tai con dugc goi la “Pinh muic vin hanh tam
thsi” (DMVHTT).

Do c6 cac phuong thiic van hanh néu trén nén khi cé
codng taclon trén 1 MBT 110kV (c6 c6 14p MBT), diéu
do vién thuong thuc hién thao tac dong MC két gian
22kV @& MBT con lai c8p dién cho toan b tram bién
ap (TBA). Trang thai nay con dugc goi la trang thai
trang thai van hanh N-1. Khi d6 sé ¢6 2 kich ban c6
thé xay ra:

- Kich bdn 1: Néu MBT con lai c6 thé cung cdp du cho
toan bo TBA thi diéu d6 vién chi cin thao tac két gian
va cb lap MBT co ban

- Kich bdn 2: Néu MBT con lai khong thé cung cdp
du cho ca TBA do phu tdi tong clia tram cao hon dinh
muic van hanh, diéu d6 vién sé thuc hién thém thao tac
chuyén mét lugng tai nhét dinh ra ngoai tram (thong
qua cac thiét bi giao lién va thiét bi phan doan trén cac
phit tuyén) trudc khi thyc hién thao tac két dan va c6
lap.

Viéc xdc dinh lugng tai cn chuyén ra khoi TBA 6 moi
noi dya vao phuong phap chuyén gia riéng phu thuoc
vao kinh nghiém van hanh. Xét phuong phap chuyén
gia hién hitu nhu sau.

- Mot TBA c¢6 2 MBT giong nhau, khi c6 cong tic
cén co lap 1 MBT vao ngay thi x (x=2, 3, 4, 5, 6, 7,
CN), ky su phuong thtic sé dua vao do thi phu tdi TBA
clia ngay thit x ¢ 3 tudn trude do dé xéc lap phuong
thic chuyén tai. Néu ngay nao trong sd cic ngay dugc
14y c6 phu tai cao hodc thip bat thudng (theo nhan
dinh chuyén gia) thi loai ra va tiép tuc 1dy thém di
liéu trude do. Tiép theo, cac gid tri dinh tai cao nhit
trong tat ca cac ngay (P) dugc so sanh véi dinh miic
van hanh ctia MBT con lai (M). Néu P<M thi cong
tac khong can chuyén tai; ngugc lai néu P>M thi cong
tdc can phai chuyén tai. Dong thoi, budc chuyén tai
di thudng dugc thuc hién trude thoi diém bat dau va
budc chuyén tai vé sé dugc thuc hién ngay sau thoi
gian cong tac chinh. Vi vay, lugng tai cAn chuyén T
sé dugc udc lugng bing do chénh léch D véi hé s6
kinh nghiém K (K thé hién sy khac biét gitia thoi diém
chuyén tai va thoi diém dinh tai):

T=D+K=(P-M)+K,K<1 @)

Vi du cu thé: Khi ¢ cong tic c6 lap MBT T2 d€ thay
ti st va bao tri dinh ky tti 00:00 dén 24:00 vao ngay
tha 7 tai TBA ¢6 2 MBT 63MVA (thudc?’ nén c6
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DMVHTT M = 1581 x90% = 1443A). K su phuiong
thic dya vao biéu d6 phu tai ctia TBA vao cdc ngay thi
7 trong 3 tudn trudc dé d€ dua ra quyét dinh chuyén
tai. Pinh tai cia MBT T1 va T2 trong cic ngay trén
dugc ghi nhén trong Bang 1.

Tu d6, ngudi nay tim dugc dinh tdi cao nhit
P=1638A. Vi P>M nén dé MBT T1 khong bi ddy hoac
quaé tai, ho quyét dinh chuyén mot phan tai ra khoi
TBA. Lugng tai cAn chuyén dugc udc lugng theo cong
thiic (2) nhu sau:

T =(P—M)+K = (1638 — 1443) 0.5 = 97.5A

Vay, ky su phuong thiic nay da quyét dinh sé chuyén
100A ra khoi TBA ngay trudc thoi gian bat ddu cong
tac

Nhin vao phuong phép trén ta c6 thé thiy ro nhiing
nhuogc diém:

- Thit nhdt: Lugng dit liéu dau vao 1a han ché dé co két
qua du bdo chinh xac.

- Thii hai: Hé s6 K mang d4m tinh chét kinh nghiém
do chti quan ngudi l4p phuong thiic cong tac dua ra.
Diéu nay c6 thé gay sai léch 16n so véi thuc té.

- Thit ba: Viéc thuc hién chuyén tai ngay trudc va sau
thoi diém cong tac lam cho thao tdc cd l4p va tai lap
MBT tré nén cong kénh, gay kho khin va tao ap luc
vé thoi gian cho diéu d¢ vién.

Viéc quyét dinh lugng tai cdn chuyén khi cong téc 1a
khé quan trong. Néu chuyén tii thiéu c6 thé gay ra
tinh trang qua tai cho MBT con lai; ngugc lai, chuyén
tai thita c6 thé gay kho khin cho ngudi van hanh va
gay ap luc dén cac tuyén day cang nhu cic MBT nhéan
tai.

c. Céc tinh hudng chuyén tai khong phu hgp

Xét 2 tinh hudng da xdy ra trong thuc té€ cho thiy hau
qua ctia viéc chuyén tai khong phit hgp nhu sau:

Ghi chi: Cécs61iéu, tinh hudéng dugc 1dy tii TBA thuc
té trén dia ban thanh ph6 H6 Chi Minh.

o Du bdo thi€u (Deficiency forecast):

Du bdo thiéu 1 trudng hop lugng tai chuyén ra tram
ngoai nho hon lugng cin chuyén khién cho cac MBT
con lai trong tram dang c6 cong tac day tai hodc qua
tai.

Xét d6 thi phu tai cia MBT nhu Hinh 12 1a d6 thi phu
tai cia MBT T1 vao ngay cdng tic sau khi thuc hién
phuong thiic chuyén tai da dua ra.

Thuc t€ d6 thi phu tai Hinh 12 cho thdy rang dén
9:30 phu tai MBT T1 da lén dén 1458A vugt qua
DMVHTT. Véi tinh hinh tai ting cao nhu thé sé gay
ra tinh trang ddy hodc qua tai MBT nén diéu d¢ vién
da can nhdc chuyén thém khoang 60A. Sau d6, vao
ltc 10:00, lugng phu tai luc 10:00 da giam xudng con

T 1453
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Hinh 12: D6 thi phu tai thuc té cia MBT T1 clia TBA
vao ngay céng tac (Cac thai diém tai bang 0A la do
mat tin hiéuSCADA vé trung tam diéu khién)

1401A va tang nhe 1én 1439A vao luc 11:00. Tiép dén,
vao lic 14:30 ciing ngay (thoi diém sép 1én dinh tai
thi 2), lugng phu tai dugc ghi nhan la 1453A va cé
d4u hiéu 1én cao. Diéu d¢ vién lai phai thyc hién viéc
chuyén khoang 40A ra khoi tram. Thao tic nay da
phét huy tac dung va tai gidm con 1410A vao 15:00.
O tinh huéng nay viéc du bdo chuyén tai thiéu chua
gy ra hiu qua do c6 sy can thiép kip thoi ctia cac diéu
do vién. Tuy vay, ta thdy dugc su kho khan ctia nguoi
diéu hanh luéi dién, ddc biétla trong tuong lai khi luéi
dién cang mé& rong.

o Du bdo du (Redundant forecast):

Dy bdo du 1a trudng hop lugng tai dugc chuyén ra
céc tram ngoai 16n hon lugng can chuyén gy ra ap
luc cho céc tuyén day hodc cdc TBA nhén téi.

Tai mot TBA khac ciing c6 dang nhu trén Hinh 11 c6
cong tac c6 1ap MBT T1 dé thay bo d6i ndc OLTC két
hop thii nghiém SCADA dinh ky véi thoi gian cong
tac la tii 00:00 dén 17:00. Ky su thiét 1ap phuong thiic
van hanh N-1 dya vao phuong phap da dé cap ¢ Phin
3.1b va u6c lugng phu tai cAn chuyén ra ngoai tram 13
180A.

Viéc chuyén nay da ddm bao MBT T2 ctia TBA khong
bi ddy tai hay qua tai trong su6t thoi gian cong tac. Tuy
nhién, ton tai mot tuyén day C thudc cdc tuyén ginh
tai bi qua tai va bat MC d4u ngudn. Tuyén day nay cd
dang nhu sau:

- Hinh 13 thé hién phuong thtc van hanh binh
thuong.

- Phuong thtic khi bat ddu cong téc (trude su c6) thé
hién trong Hinh 14: Dong Tie LBS 1, mé REC 1 dé
toan tuyén nhén dién tu Alternative source 1

Su ¢6 dugc ghi nhan vao luc 10:48. Diéu d¢ vién da
ngay lap tuc chuyén tai d€ van hanh tam thoi nhu
Hinh 15 va tién hanh diéu tra sy ¢8. Sau khi toan cong
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Bang 1: Dinh tai cia MBT T1 va MBT T2 vao cac ngay 7, 14 va 21 thang 2

1 tudn trudc

T1 1089A
T2 489A
Téng 1578A

2 tuan trudc 3 tuan trudc

1113A 1076A
525A 533A
1638A 1609A

REC1 REC2 TE 185 1

MAIN SOURCE REC4  ALTERNATIVE

s SOURCE 1

ALTERNATIVE REC3
SOURCE 2

Hinh 13: So d6 tuyén day C & phuang thic van hanh
binh thudng

REC1 pcy TELSL

MAN SOURCE RECA  ALTERNATIVE

TEREC2 SOURCE 1

ALTERNATIVE REC3
SOURCE 2

Hinh 14: So d6 tuyén day C khi bt dau cong tac

tac hién truong kiém tra va xdc nhin nguyén nhén
14 do qua tai chu khong phai do ngan mach, diéu d¢
vién da tailap MC Alternative source 1 va chuyén sang
phuong thic van hanh nhu Hinh 16 vao lic 13:34 dén
hét thoi gian cong tac.

- Phuong thiic vin hanh tam thdi sau khi xay ra su
c0: M& REC 4, dong Tie REC 2 d€ chuyén tai sang
Alternative source 2 (Hinh 15).

RECL REC2 TIELBS 1

MAN SOURCE RECa  ALTERNATIVE

TE REC2 S

ALTERNATIVE REC3
SOURCE 2

Hinh 15: So d6 tuyén day C tam thai khi xdy ra xu c6

- Phuong thiic vin hanh sau sy ¢6 dén hét thoi gian
codng tac: Péng MC Alternative source 1, dong REC
4, mé Tie LBS 1 (Hinh 16).

Su ¢6 nay xdy ra do 2 nguyén nhén:

- Thif nhdt: phat tuyén tii MC Alternative source 1
nhan tai ti TBA cong tic c6 mot doan day thé hé
cli (doan mau do) vi chi dung loai day c¢ tiét dién
150mm? ¢ dong dinh muc 1a 400A (dinh mdc day
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REC1 REC2 TE L8 1

MAN SOURCE REC4  ALTERNATIVE

o SOURCE 1

ALTERN ATIVE REC3
SOURCE 2

Hinh 16: So d6 tuyén day C sau su ¢

qui dinh thong thuong la 600A) nhung khong dugc
thong ké trong thu muc diém yéu cta ludi. Vi thé, ky
su phuong thic khong biét dugc va da dé xudt chuyén
phén tai 16n vao tuyén nay.

- Thif hai: hom dién ra su c0, trén tuyén day nay co
mot hoi cho trién 1am vi thé tai hom d6 cling ting cao
bat thudng (hon 20% so véi cung thid 7 tudn trudc).
Hinh 17 13 46 thi phu téi tuyén déy vao ngay cong tac
va ngay tht 7 tudn trude (dugc do 6 MC diu ngudn).
Céc thoi diém tai 0A 1a trong thdi gian sy ¢6. Nhu vay,
& tinh hu6ng nay, viéc chuyén tai du da gidn tiép gay
ra su ¢4 mét dién toan tuyén day.

50

0

Hinh 17: D6 thj phu tai tuyén day C vao ngay cong
tac va ngay thit 7 tuan trudc (d6 thi thuc té) (Do: Do
thi phu tai ngay cong tac; Xanh: D6 thj phu tai ngay
thi 7 tuan trudc)

o Kétluan:

Qua 2 sy kién trén ta théy ring, viéc dua ra phuong
thic chuyén tai khong phu hgp khi c6 cong téc co
lap MBT (chuyén tai thi€u hodc chuyén tai du) déu
c6 nguy co gay ra cac su c6 va gay kho khan cho cic
diéu do vién. Vi vay, viéc loai bo nhiing phuong phéap
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du béo theo kinh nghiém truyén théng va thay bang
nhiing phuong phap hién dai c6 dya vao ly thuyét
khoa hoc ding dan 14 rat cin thiét.

Phuong phap dé xuat

Bai bdo dé xuit 4p dung cdc mo hinh du bdo phu tai
dé tim ra lugng phu tai va thoi diém chuyén tai thich
hop. Quy trinh thuc hién dugc mo ta trong luu do6
Hinh 18.

B1: Tim m6 hinh B2: Chay du bao timg bd

du béo tot nhat - dit ligu cho ngay dy dinh

cho ting bo dir cong tac véi mo hinh tot
liéu nhat da tim duoc

2 Y \
B3: Tong hop cac do thi du
béo cua timg MBT (timg

b dit liéu) de tim ra do thi
du bao tong cia TBA

.

B4: Lap phuong
an chuyén tai toi
wu cho TBA trong
thoi gian cong tac

Hinh 18: Luu d6 phuong phap dé xuat

o Ghi chu:

O budc 1:

- Bau vao ctia cdc md hinh du béo la dit liéu qua kha.
Bai bdo dé xuét st dung bo di liéu ctia 1 nam trudc
ngay du dinh cdng tic véi s6 lugng la 24 mau/ngay dé
can béng gitta d¢ chinh xdc va sy don gian trong viéc
14y mAu, chay du bdo.

- Cac MBT 110kV thudng van hanh doc lap nén co
cac bo dit lidu tach biét. Vi thé, cac bo dii liéu nay can
dugc danh gid riéng biét.

- Mbi bd dii liéu phu tai khédc nhau sé phtt hgp véi cc
md hinh dy bao khac nhau, chiing t6i sé chay du bao
mbi b dit liéu MBT trén 3 mo hinh dy bdo phd bién
la SVM, LSTM - RNN va ANN dé tim ra mo hinh t6i
uu nhét cho tiing b dit liéu trong nghién ctiu nay.

- Budc nay dugc thuc hién theo luu dé “Figure 7. A
general framework of the novel and unified statistical
data-filtering method ” trong tai liéu. Trong dé, bo
dit liéu dugc chia thanh 2 phan: phén 1 (70-80% téng
s6 mau) dung cho cdc moé hinh du béo, két qua dy bao
dugc so sanh vé6i phén di liéu con lai.

O budc 2:

O budc nay, ta sé dung toan bo dii liéu lay dugc (100%
s6 mau) d€ du bao cho ngay cong tac.

CACKET QUA

Ta sé thuc hién tiing budc ctia Ivu 6 Hinh 18. Ching
toi sé phan tich cho trudng hgp du bdo thiéu & Phan
3.1a d€so sanh va chiing minh hiéu qua ctia phuong

phap. Hinh 19 la phdn mém dugc st dung trong bai
bdo nay c6 tén 1a Focastool dugc phat trién trén nén
tang Python theo ly thuyét ctia cdc mo hinh du béo da
dugc gidi thiéu:

\ -
[ o
QOLEGE ST

Hinh 19: Pham mém phan tich di liéu va du bao
phu tai cila nhém phat trién

Tim mé hinh du bao tét nhat

Nhu da dé cap, 6 budc nay tling bo dii liéu (cta tiing
MBT) dugc thuc hién riéng biét.

Theo d6, di liéu dugc loc theo nhiéu miic d9 tin ciy
va nhép vao cting mét moé hinh dy béo (LSTM, SVM
hay ANN) dé€ dugc huén luyén va danh gid bing chi
s6 MAPE (chénh léch gitia gia tri thuc té va nhiing gia
tri du bdo).

Muyc tiéu ctia budc nay 1a tim ra m6 hinh du béo ting
v6i miic d0 tin cay tot nhét clia no.

a. Bo dii liéu cuia MBT T1:

Két qua sai s6 MAPE tinh todn ctia tiing mé hinh dugc
thé hién trong cac hinh Hinh 20, 21 va 22.

seting Tran Condence ettng

[ auto confidence Manual: |30 5 6 8 9 10 n 1 B u g
4124 125 24.. 125. 125.. 125.. 126.. 126.. 12738.. 12753

5110 110, 110, 1. L. 111 112, 13, 11411 REGE

< >

Min MAPE: 11.082675605293091

RunTran Stop Tran

Hinh 20: Chi s6 MAPE ctia mé hinh SVM (ing véi cac
d0 tin cay cta bo dir liéu MBT T1

o Ghi cha:

- Confidence Manual: d9 tin cdy b¢ di liéu cho ra chi
s6 MAPE thép nhat

- Min MAPE: Chi s6 MAPE thép nhit

- Hang tht nhét cta bang: Céc s6 tuong ting mic do
tin cay bo di liéu xem xét, gdm 13 mdtc (2 (90%),
3 (91%), 4 (92%), 5 (93%), 6 (94%), 7 (95%), 8
(96%), 9 (97%), 10 (98%), 11 (99%), 12 (99,73%), 13
(99,9936%), 14 (99,99932%))
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- Hang thu ba ctia bang: Chi s6 MAPE trung binh, &
cac hang trén con ¢6 cac chi s6 MAPE cu thé ctia ngay
trong tudn, ngay thu 7, ngay chu nhat riéng biét. Tuy
nhién, phdn mém danh gid va lya chon do tin cay tét
nhiét theo chi s6 MAPE trung binh (MAPE Avg).

Seting Tran Confdence Setting
[A Ao confidence Manual: (33 ] s 6 7 8 9 10 N o B “ @8
49.. 100. 103. 107 101. 124 9. 101 10994 10411
M MAE: soms13s80291
59. 9% 9 % % 9 9 9 9 .v

Hinh 21: Chi s6 MAPE ctia m6 hinh LSTM-RNN (ing
véi cac do tin cay cda bd dir liéu MBT T1 - M6 hinh
ANN

Settng Tran Confdence Seting

[ o Confdence Manual: (94 1 23 |4|s5|6|7|8|9|@

4 MAPERest  143.. 139.. 134.. 136.. 137. 139.. 149.. 150.. 1
Mn NAgE: 12357293317252184

SMAPEAY  126.. 132.. 123. 126.. 123. 128.. 14 136. 1,

RinTron Stop Tran . 5

Hinh 22: Chi s6 MAPE cla mé hinh ANN (ing v&i cac
do tin cay cda bo dir liéu MBT T1

Céc két qua dugc téng hgp thanh Bang 2.
« Nhan xét:

- Céc phuong phap c6 céc chi s6 MAPE khd t6t

- V6ibo dii liéu cia MBT T1 thi m6 hinh LSTM-RNN
& do tin ciy 93% sé cho gid tri MAPE thép nhat.

- Hinh 23 va 24 12 b6 dit liéu MBT T1 trudc va sau khi
loc véi d tin ciy 93%, ta thdy nhiéu di liéu xdu da
dugc loai bo.

b. Bo dii liéu cia MBT T2:

Két qua sai s6 MAPE tinh todn ctia tiing mo6 hinh dugc
thé hién trong cac hinh Hinh 25, 26 va 27.

Céc két qua dugc téng hgp thanh Bang 3.

« Nhan xét:

- Phuong phap LSTM-RNN c¢6 chi s6 MAPE. Phuong
phdp SVM va ANN c6 chi s6 MAPE cao.

- V6ibo dii liéu ctia MBT T2 thi mo hinh LSTM-RNN
& do tin cdy 99% sé cho gia tri MAPE thdp nhat

- Hinh 28 va 29 Sau déy la b dii liéu MBT T2 trudc
va sau khi loc v6i do tin cay 99%, hau nhu khong thay
ddi nhiéu.

Chay du bao chinh thiic cho ngay céng tac
Sau khi tim ra m6 hinh dy béo cung véi 0 tin céy t6i
uu cho tiing MBT, ta sé 4p dung d€ du béo chinh thtc
do thi phu tai ctia ca 2 MBT:
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Hinh 23: B6 d{r diéu MBT T1 trudc khi loc

- Do thi phu tai du bdo chinh théc cia MBT T1
trong ngay cong tac tit phan mém dugc thé hién trong
Hinh 30.

- D6 thi phu tai du béo chinh thiic chia MBT T2
trong ngay cong tac tit phan mém dugc thé hién trong

Data All Data Filtered

1200

1000

800

600

400 -

o 2000 4000 6000 8000 10000

Hinh 24: B6 d(r diéu MBT T1 sau khi loc véi do tin
cay 93%

Seting Train Confidence Setting
[ Auto Confidence Manual: |90 5(6 |7 |8 |9 |w|(nlnr| B “ "
4122, 123 124 24, 125.. 125.. 126.. 127.. 12962.. 13038
Min MAPE: 15.655812654726878
5 159.. 160. 162 163.. 164 166.. 168.. 172.. 18024.. 18154..
RinTron StopTran

< >

Hinh 25: Chi s6 MAPE ctia m6 hinh SVM (ing véi cac
do tin cay cda bo dir liéu MBT T2

Setting Train Confidence Settng

[ o Confdence Manual: (%9 5 6 7 8 9 10 M o1 B WA

4105.. 104.. 103.. 105.. 104.. 104.. 104.. 103.. 10431.. 10302.
M gE: 12830203491062946

5129.. 128.. 128.. 128.. 128.. 128.. 128.. 128.. 12862 V
RunTron StwpTran < 5

Hinh 26: Chi s6 MAPE cia mé hinh LSTM-RNN tng
vGi cac do tin cay clia bo dir liéu MBT T2

[2 Ao Confidence Mancal: 9 s 6 7 8 9 10 M 12 13 14 A
4 148.. 143.. 144, 141.. 156.. 160.. 152.. 170.. 15370.. 18095.
5 179.. 175.. 186.. 175.. 188.. 197.. 188.. 193.. 19359.. 19613..

Hinh 27: Chi s6 MAPE cia mé hinh ANN (ing véi cac
do tin cay cla bo dir liéu MBT T2
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Bang 2: Tong hop sai s6 MAPE véi bé dir liéu MBT T1

Miic d9 tin cdy tii 90% ~ 96%

Do tin cdy/ Mo hinh dy  90% 91% 92% 93% 94% 95% 96%
bao

SVM 11.042 11.056 11.060 11.069 11.082 11.098 11.127
LSTM-RNN 9.531 9.286 9.086 9.039 9.134 9.194 9.416
ANN 12.693 13.240 12.370 12.698 12.357 12.814 14.464

Miic d0 tin cdy ti 97% ~ 99,99932%

Do tin cdy/ M6 hinh du ~ 97% 98% 99% 99,73% 99,99366%  99,99932%

bao

SVM 11. 11. 11. 11. 11. 11.462
143 161 265 314 411

LSTM-RNN 9.122 9.863 9.097 9.105 9.484 9.233

ANN 13.697 13.598 13.135 13.676 14.708 15.250

Bang 3: Tong hop sai s6 MAPE véi bo dir liéu MBT T2

Miic do tin cdy ti 90% ~ 96%

Do tin cdy/ M6 hinh ~ 90% 91% 92% 93% 94% 95% 96%
du bdo

SVM 15.656 15.791 15.820 15.903 16.028 16.217 16.365
LSTM-RNN 12.841 12.925 12.945 12.910 12.896 12.846 12.894
ANN 18.249 18.704 18.010 17.981 17.551 18.645 17.538

Muic d9 tin cay tit 97% ~ 99,99932%

Do tin cdy/ M6 hinh ~ 97% 98% 99% 99,73% 99,99366% 99,99932%
du bdo
SVM 16.491 16.668 16.891 17.246 18.025 18.155
LSTM-RNN 12.838 12.891 12.830 12.886 12.862 12.862
ANN 18.862 19.795 18.836 19.351 19.359 19.614

Daia AR Raid Data Data All Data Filtered

1400 4 1400 4

1200 4 1200 -

1000 4 1000 -

800 A 800 -

600 600

400 400

200 - 200 -

T T T T v o 2000 4000 6000 8000
o 2000 4000 6000 8000

Hinh 29: B6 dir diéu MBT T2 sau khi loc véi d6 tin

Hinh 28: BO dit diéu MBT T2 truéc khi loc N
cay 99%

D6 thi du bao tong hop
Hinh 31. Tiép theo, Hinh 32 13 d6 thi dy béo tdng phu tai cta
TBA vao ngay cong téc tli 2 d6 thi Hinh 30 va 31.
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Bang 4: Tong hop cac gia tri du bao phu tai titng gi® ngay cong tac

0:00 1:00 2:00
1260A 1131A 1055A
6:00 7:00 8:00
1089A 1219A 1375A
12:00 13:00 14:00
1578A 1547A 1627A
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1525A
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1635A
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1457A
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1070A
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1625A

17:00

1580A

23:00

1309A

Result of the data Saturday usinng proposed method on LSTM with 93% confidence level

° H 1 1 20

Hinh 30: D6 thj du bao phu tai MBT T1 vao ngay
cong tac

Result of the data Saturday usinng proposed method on LSTM with 99% confidence level

° H 1o 15 20

Hinh 31: D6 thj du bao phu tai MBT T2 vao ngay
cong tac

Total forecast graph

1400 \
1200 -
1000 -

° s 10 15 20

Hinh 32: D6 thi du béo phu tai téng ctia TBA vao
ngay cong tac (Budng mau dé la dusng DMVHTT)

1130

Bang 4 la bang tai du bao tdng hop tit d6 thi Hinh 32.

Lap phuong an chuyén tai téi uu

Phén tich ta thdy ring dinh tai dy bdo cao nhit 1a
1664A vao 15:00 trong ngay cong tac, cao hon 218A
so v6i PMVHTT. Viy, d€ dam bao T1 khong bi day
tai hodc qua tai (d6 thi phu tai ndm dudi dudng do),
chung t6i d€ xuit chuyén mot lugng tai tuong duong
ltc 8:00 (trudc thoi diém bat dau day tai) dya vao cong

thiic don gian nhu sau:

M 1443
T8h :Lgh (] — F) = 1375 (1 — 7) ~ 180A

s

1664

Trong d6: Ty, 1a phu tai cAn chuyén di luc 8:00
Lgj, la phu téi du bao luc 8:00

M la dinh mtic van hanh (trong vi du nay la dinh mc

van hanh tam thoi)
P 1a phu tai dinh du béo

bong thoi, cing theo d6 thi Hinh 32 ta da c6 thé

chuyén tré lai phén tai nay vao TBA nay sau 22:00

Do thi phu tai md phong clia ngay cong tac néu thuc
hién viéc chuyén téi trén dugc thé hién trong Hinh 33.

1400

1200

1000

Simulation graph

N

o s

10 15 20

Hinh 33: D6 thi phu tdi mé phdng vao ngay cong
tac néu thuc hién phuong phap dé xuat (Mai tén
xanh: Thai diém chuyén tai di; M{i tén cam: Thoi
diém chuyén tai vé)

« Nhan xét:
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Ta thdy rang, d6 thi phu tdi nim hoan toan dudi
duong PMVHTT nén sé khong gay ra tinh trang qua
tai hay ddy tai cho MBT T1 trong suét thoi gian cong
tac. Dong thoi, thoi gian thao tac chuyén tai di 1a vao
8:00 va chuyén tai vé la 22:00 (theo phuong phap ct la
ngay vao 00:00 va 24:00), diéu nay sé giam éap luc khi
thao tac c6 14p va tai lap MBT cho cac diéu do vién.
THAO LUAN VA KET LUAN

Thao luan

Nghién ctiu nay di phan tich va cho théy tic hai cta
viéc dua ra phuong thiic chuyén tai khong phu hgp
khi cdng tac va su cin thiét cta viéc 4p dung cic mo
hinh du bao phu tai hién dai.

Theo do, cac tdc gia ciing da dé xudt mot phuong
phép thanh l4p phuong én chuyén tai cong tdc méi
va chiing minh dugc sy hiéu qua ctia phuong phap
ay.

Két luan

Chung ta can ting dung cic mo hinh dy bdo phu tai
ngan han hién dai vao codng téc diéu hanh ludi dién.
Nghién ctiu két ludn mot s6 hiéu qua cta phuong
phép dugc dé xuit:

- Phuong phdp nay giup ta dua ra phuong an chuyén
tai phtt hgp hon, tranh tinh trang chuyén tai thi€u gay
qua tai MBT hodc tinh trang chuyén tai thia giy ap
luc ganh tai 16n cho céc tuyén day, cac TBA lan cén.
T d6 phuong phap sé gitp cai thién tudi tho ctia cac
phan tit hé thong dién ciing nhu ngan ngtia cac su ¢
Xay ra.

- Phuong phdp ciang giup dich chuyén thoi gian
chuyén tai, tit d6 gidm thai gian thao tic tai lap va co
lap MBT. Dong thai, phuong phép con giup giam ap
luc giam sét cac ludi dién trong thoi gian cong tac cho
diéu do vién.

Bén canh d6, nghién ctu nay con giup khing dinh lai
mot s6 két luan trong cdc tai liéu 28 v329 v& yu diém
cta phuong phdap LSTM-RNN trong cac bai toan vé
du bdo phu tai hé thong dién.

LO1 CAM ON

Nguyén Thj Bich Tuyén dugc tai trg bdi Tap doan
Vingroup - Coéng ty CP va hé trg bdi chuong
trinh hoc béng dao tao thac si, tién si trong nudc
cia Quy D6i méi sing tao Vingroup (VINIF),
Vién Nghién ctiu Di liéu 16n (VinBigdata), ma s6
VINIE.2020.TS.103.

Huynh Tién Pat cim on Tap doan Vingroup, Quy
DSi méi sang tao Vingroup (VINIF), Vién Nghién
ctu Dit liéu 16n (VinBigdata) da tai trg nghién ctu
nay.

DANH MUC TU VIET TAT

ARIMA: Autoregressive Integrated Moving Average
ANN: Artificial Neural Network

CN: Chu nhit

DBSCAN: Density Based Spatial Clustering of Appli-
cations with Noise

DMVHTT: Dinh mtic vin hanh tam thoi

HTD: Hé thong dién

LBS: Load Break Switch

LSTM - RNN: Long Short-Term Memory networks -
Recurrent Neural Networks

MBT: Mdy bién thé

MC: Méy cit

MAPE: Mean Absolute Percentage Error

OLTC: On-load tap changer

REC: Recloser

RES: Renewable Energy Source

SCADA: Supervisory Control And Data Acquisition
SVM: Support Vector Machine

TBA: Tram bién dp

TP.HCM: Thanh phé H6 Chi Minh

T1, T2: Transformer — My bién thé 1, 2

XUNG POT LO1 iCH

Nhém téc gia xin cam doan ring khong c6 bt ky xung
dot lgi ich nao trong cong bd bai bao.

PONG GOP CUA CACTACGIA

Tac gia Huynh Tién Dat dua ra y tudng viét bai, dé
xudt phuong phap, thuc hién mdé phong va phan tich
két qua mo6 phong.

Tac gid Nguyén Thi Bich Tuyén nghién ctu ly thuyét
cac phuong phap du bdo, thu thip s6 liéu cho md
phong.

Tac gia Nguyén Ngoc Phic Diém kiém tra két qua,
dong gop v kién va kiém tra bai viét.

Tac gia Lé Thi Tinh Minh kiém tra két qua, dong gop
y kién va kiém tra bai viét.

Tac gid Lé Quang Binh ho trg thu thép s6 liéu, tim tai
liéu tham khao.

Tac gid Lam Btiu Qui hé trg thu thap s6 liéu, tim tai
liéu tham khdo.
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Research of Applying forecasting theory to establish the optimal
load transfer strategy for maintenance at 110kV substation

Huynh Tien Dat"?, Nguyen Thi Bich Tuyen'-2*, Nguyen Ngoc Phuc Diem', Le Thi Tinh Minh', Le Quang Binh?,
Lam Buu Qui'-2

ABSTRACT

Regarding electric power systems, Short-Term load forecasting plays a pivotal role in the planning
and synchronous operation of an electric grid. In recent years, because of the computer industry
Use your smartphone to scan this developing at an ever-accelerating rate, plenty of sophisticated load forecasting models have been
QR code and download this article better utilized, thereby becoming more and more widely used. However, in VietNam, there is no
practical use of these models, and load forecasting is still mainly based on engineers' personal ex-
periences. Due to the fact that experiences are not absolutely precise, applying conventional load
forecasting techniques easily results in many severe consequences. Therefore, in this article, the
necessity, as well as benefits of using load forecasting models for the VietNam power grid, will be
clearly and thoroughly demonstrated. This paper, additionally, provides a suggested optimal load
transfer strategies for 110 kV substations when these substations are under maintenance, avoiding
overload for transformers and nearby feeders. Through specific examples and statistics data, the
efficiency of methods suggested in this article has been proved.

Key words: Short-Term load forecasting, SVM, LSTM — RNN, ANN model, Short-Term load forecast-
ing application, Optimal load transfer strategies for 110 kV substations under maintenance
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