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Tom tat

Véi sy phét trién cia cong nghiép 4.0, hau hét tat ca moi linh viee trong doi seng noi
chung déu ap dung cac thugdt toan théng minh, hé thong 10T, tri tué nhan tao véi muc dich dé
tang sw hiéu qud, nang sudt trong cong Viéc quan Iy, gidm sdt, tang hiéu qud Kinh té. Vi
nganh dién hién tai ciing chii trong Viéc sir dung va truyén tdi dién ning mét cach théng minh,
m¢t trong nhirng su thong minh do la tw phan logi duoc cac loai tai sur dung hang ngay cua
cac khu vuc khdc nhau nhu nha hang, khdach san, khu vuee vui choi gidi tri,...bén canh viéc
phan logi tdi s dung dién nang con co thém cdc thong tin khdach hang, thong tin nguoi dung,
nhiing nha san xudt va cung cdp dién ndng cé thé dira vao sy phan logi tai nhiing khu viee cu
thé dé du dodn duwroc théi quen cia ngueoi sir dung dich vy, tir nhitng duw dodn nay nha san
Xudt c6 nhitng phwong dn t6i wu hon cho viéc can bang pha phti hop trong qué trinh cung
cdp dién nang cho ting khu vec. Trong bai bao nay, tac gid trinh bay két qud thuc hién phan
logi phu tdi dira vao hoc sdu doi Véi cac i dién, cu thé 1a sir dung phwong phdp Support
Vector Machine (SVM) dé thuc hién viéc phan logi phu tdi. Két qua dat duwoc cao hon cdc
phuwong phdp phdn logi truyén théng, ty 1é chinh xac cia phwong phdp 1ém hon 0,93.
Tar khoa: hoc sdu, luoi dién thbng minh, phan logi phu tdi dién nang, support vector

machine (svm), tiéu thu nang lwong

Abstract

USING SVM ALGORITHM TO CLASSIFY ELECTRICAL LOADS

With the development of Industry 4.0, almost all areas of life in general are applying
smart techniques, loT systems, and artificial intelligence with the goal of increasing
efficiency and productivity at work. manage, monitor, increase economic efficiency, etc.
With the electricity industry also focusing on the smart use and transmission of electricity,
one of the smart ones is the self-categorization of loads used in daily life. In addition to load
classification, there are information customers, information users, manufacturers, and
suppliers. Power supply can rely on load classification of possible areas to predict service
users. From these projects, manufacturers have more optimal solutions for suitable phase
balance in the process. power supply for each area. In this paper, the author presents the
results of performing deep learning dependent classification for electrical categories,
specifically using the Support Vector Machine (SVM) method to perform subcategory
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loading. The results obtained are higher than the method distribution system. The accuracy
ratio of the method is greater than 0.93.

1. Giéi thiéu

Phan loai 1a mét trong nhitng nhi¢ém vu co ban trong linh vuc hoc sau (deep
learning) ciing nhu hoc may (machine learning) (Nguyen va cs., 2019). Khi tién hanh
nhiém vu phan loai ching ta can thu thap mét luong 16n dit liéu nhit dinh. Cong viéc di
tim mQt mo hinh toan hoc thich hop dé mo ta sy quan hé cua b dir li€u da thu thap trude
do dugc goi 1a phan loai.

Vé6i muc dich quan 1y hiéu qua cho viéc can bang gitta ngudi sir dung va nha cung cip
vé nang lugng dién, viéc phan loai tai str dung tai cac khu vuc la rat can thiét. Dé tang hiéu
quéa quan 1y thi cong viéc phan loai tai sir dung va ké hoach dugc 1ap ra mot cach phu hop
tir viéc phéan loai Ia can thiét va gan két voi nhau (Nguyen va cs., 2018). Ning lugng ¢6 tim
quan trong trong su phat trién cua tat ca linh vuc trén thé gi6i hién tai, trong d6 c6 ning
luong dién, mot dang nang lugng dugce s dung rt nhiéu trong moi linh vuc. Vi vay, viéc
phan loai phu tai dién trong hé thong dién c6 y nghia quan trong trong viéc phat trién kinh
té noi chung va sy sinh hoat cua moi nguoi dan noéi riéng. Do do, can ¢c6 mot md hinh toan
phan loai phu tai dién that chinh xac dé khong anh hudng dén viéc quan 1y chung ciing nhu
han ché sy anh hudng dén nén kinh té ctia khu vuc, cia dat nudce va 16n hon 14 toan thé gidi.

Thye té thi ¢6 rat nhiéu nhu cau cu thé khac nhau nén phai c6 mot mo hinh phan loai
thich hop, lya chon kiéu phan loai phai hop 1y. Cu thé nhur trudng hop can chién lugc va ké
hoach phét trién 1au dai thi phai chon kiéu phén loai dang trung han hodc dai han, nguoc lai
v6i viée khi sir dung kiéu phan loai ngan han thi phtt hop cho nhiing muyc dich véan hanh.
Mot sb kiéu du bao thong thuong duogc stir dung d6 14 phan loai diéu do, ngan han, trung
han, dai han. Véi kiéu phéan loai diéu do thi phan loai tai theo gid hodc vai phut s dung,
phan loai ngin han thi thoi gian phan loai s& dai hon, thudng s& phan loai theo ngdy, thang.
Thoi gian phan loai theo ndm (khoang 5-7 niam) 13 phén loai theo kiéu trung han, cudi cing
14 phan loai theo thoi gian dai nhat (tir 10-20 ndm) 1a dang phén loai dai han.

Thuat toan SVM st dung rat nhiéu trong cac linh vuc vé dién, mot sd cong trinh
nghién ctru trude day cling da st dung giai thuat SVM dé nghién ctru vé& mé hinh du bao
phu tai dién (Wei-Chiang Hong, 2009), phan loai hé théng dién (Amine va cs., 2009),
phan loai va mé hinh héa phu tai dién trong hé thng dién (Vignesh va cs., 2017), tdi uu
hoa cong suat phirc (Yong va cs., 2017).

Nhur trinh bay & trén thi ¢6 nhiéu dang phan loai khac nhau, dé tai nay véi muc tiéu
chinh 14 nghién ciru van d& phén loai phu tai cho luéi dién bang cach sir dung thuat toan SVM
(Cortes va cs., 1995; Nijhawan va cs., 2020). Hon nita, dé tai nay cling trinh bay chi tiét hoat
dong cua giai thudt SVM va sir dung ngon ngit Python dé 1ap trinh (Adrian Rosebrock, 2017),
voi dir liéu thu dugc, dir liéu duoc léy tur luong dién ti€u thu cua Hoa Ki nam 2004 dugc tac
gia trich xuét & dia chi. Két qua phan loai trong bai bao nay gilp ngudi cung cap va sir dung
chu dong trong viéc van hanh thiét bi, trang bi thiét bj c6 cong suat phu hop.
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2. Phuwong phap phan loai va dé xuat

2.1. Y twong

Trong muc ndy s& thao luin vé giai thuat phan loai ndi tiéng 13 Support Vector
Machine (SVM) (Cortes va cs., 1995), n6 la mot phuong phap hoc c6 giam sat trong cac
md hinh nhan dang mau. SVM khong chi hoat dong tdt v6i céac dit lidu duoc phan tach
tuyén tinh ma con tot v6i ca dir liéu phén tach phi tuyén.

Y tudng cia thudt toan SVM kha don gian, nhung dé hiéu va cai thién hiéu sut cia
n6 ching ta cAn nim 1o kién thirc vé toan dai sd va t6i wu. Dau tién, tac gia mubn trinh
bay vé khai niém siéu phang phan chia tuyén tinh va bién do.

2.2. Nhitng khdi niém co bdn

2.2.1. Siéu phang phén céch

Siéu phang phan cach 1a

mot ham s6 tuong ty nhu ¢ 4 » % /
phuong trinh dudng thang: y = T e . N

ax + b. Trong giai thuat SVM, ° /e L .
siéu phang luc nay chinh 1a mot 2% -4

duong thang.

Hinh 1. Siéu phdang phan chia tdp dir liéu
trong khéng gian n chiéu

Vé y tuong thi SVM str dung phuong phap dé anh xa tap dit liéu dau vao sang khdng
gian nhiéu chiéu hon. Khi d6, SVM s& xem xét va quyét dinh chon ra siéu phang phu hop
nhét dé phan 16p tap dit liéu dau vao nhu hinh 1.

2.2.2. Bién do (Margin)

Nhu duge hién thi trong hinh 2, bién d6 1a khoang cach gitra hai siéu phang dén hai
diém dir liéu gan nhat tvong (mg véi hai phan 16p.

Trong thuc té, ta ¢6 thé tim duoc vo sd cac siéu

phang phan chia trén ciing mot tap dit liéu dau vao X \w =
va mong mudn tim duong thang phan chia sao cho \ /<

L]

toi uu nhat. N6i mot cach don gian hon, diéu nay co
nghia la co sai s phan loai phai nhé nhat trén bo dir

o

liéu dau vao. Do d6, muyc tiéu cua phuong phap phan g
16p SVM la tim mot siéu phang phan cach giita hai dhs
16p sao cho khoang cach 1& (margin) giita hai 16p dat ¢ / _
cuc dai. Theo nghién ctru trude day, bién d6 gdbm cod Ratpi
hai loai chu yéu la: X

e Bién d6 mém (soft margin) Hinh 2. Minh hoa vé bién dé

e Bién d6 cung (hard margin) (margin)
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Dé tranh van dé qua khép (overfitting), chiing ta cdn ¢ margin cao va phai chip nhan
mot vai diém dir liéu khong duge phan chia chinh xac. Cac diém dir liéu nay duoc goi la
nhiéu. Khi d6, bién do trong truong hop nay goi 13 bién dg mém. Nguoc lai, bién dé cirng
c6 nghia 1a giai thuat SVM tao ra bién d6 ma hau nhu khdng c6 bat ki diém dir liéu nhiéu
nao hét, ma tit ca chiing phai déu thoa mén sy phan chia. Vi cac bai toan thuc té, viéc tim
duoc bién do cing 1a mot nhiém vu vo cing kho khan. Vi thé, viéc chp nhan sai 1éch &
mot murc do chép nhan duoc la mot cach hi¢u qua dé dat duoc két qua phan loai tdi uu.

Mot diéu vo cung quan trong khi lya chon tham s6 cho giai thuat SVM, dac biét 1a
tham sb C, cai ma duogc gidi thidu véi quy tic sau (Cortes va cs., 1995):

e C = o ¢6 nghia 1a khong cho phép sai 1éch, dong nghia voi bién do ctng.

¢ C 16n cho phép sai I¢ch nhd, thu dugc bién dd nho.

e C nho cho phép sai 1éch 16n, thu dugc bién dd 1on.

3. Thwe nghiém

3.1. Gii thigu bé di ligu

Bo dir liéu Iy tir lwong dién tiéu thy cia Hoa Ki ndm -
2004 duoc tac gia trich xuat o dia chi. Bo dit liéu nay gidp | Poc chudi dir licu

ich rat nhiéu cho viéc md binh giai thuat SVM ma dé tai nay s
da dé xuat. Néi cach khac, day 1a bo dir lieu quy gia ma
SVM c6 thé phan loai hiéu qua phu tai dién cho ludi dién Xir 1y dir liéu
théng minh ¢ Hoa Ki.
So dd khéi v
Cac phan chinh trong giai thuat (hinh 3): e oM
e Doc chudi dit liéu. @

e Xt ly dir liéu ngd ra va tao nhan. ,
i Huan luyén
e Xac dinh thdng so6 cua thuat toan SVM mang SVM
e Huan luyén mang SVM. Iy

e Phan loai phu tai

Phan loai phu tai

Hinh 3. So d6 khai chung
3.2. Két qua thue nghié¢m tirng buwdc
3.2.1. Poc chudi dir liéu
Nhap chudi dir liéu 1a lugng dién nang ti€u thy phan bd theo gid trong nam 2004
cua Hoa Ki, trong d6 cac budc thoi gian 1a don vi gio va cac gia tri tuong Gng vdi tong
nang lugng dién tiéu thu (Hinh 4, 5, 6, 7, 8).
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Phén chia dit liéu dé hun luyén va kiém tra 13 ding 80% chudi dir liéu dé huin
luyén va 20% dé kiém tra.
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Hinh 4. P6 thi nang lwong dién sir dung ciia phu tdi & bénh vién trong mot ngay
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Hinh 5. D6 thi nang lirong dién sir dung ciia phy tdi ¢ khdch san trong mét ngay
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Hinh 6. Do thi nang hrong dién tiéu thu cia phu tdi & nha hang trong moét ngay
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Hinh 7. D6 thi nang lwong dién tiéu thu ciia phy tai & siéu thi trong mot ngay
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Hinh 8. Dé thi nang lirong dién tiéu thu ciia phu tdi & vin phong trong mét ngay
3.2.2. Xdc dinh cdu tric va hudn luyén mang
Ngd vao ciia hé théng s& 1 tap hop 5 chudi gdm cac mang c¢6 2 phan tir (bang 1).
Phén tir dau tién s& 13 thoi diém (gid) ma co so tiéu thu dién nang. Phan tir thtr hai sé& 13
lwong dién ning tiéu thy (kW) twong tng voi thoi diém do
Bing 1. Gid tri ciia 5 logi phu tdi tiéu biéu trong 1 ngay

Data Fans:Electricity [kW]{Hourly)

1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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51 22 1 8 A -] A 8 4 o Z & i ] 5 8 5 5 .2 2 3
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1 | 5 5 4 E: o 2 3 2 1 =} T T 1 3 4 4 3 5 4 4 7 1
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So d6 huén luyén dugc thé hién ¢ hinh 9. Thoi gian huan luyén SVM mat 10 phat
v6i1 sO lugng ngd vao 1a 43800 (Bang 2). B9 chinh xac dat dugc 1a 93,6%.

- >I SN |
Image ||

Datastore ——
| rModel I
B »I Classification |

»> b

- Compute Accuracy I" l Predictions |

Hinh 9. So dé hudn luyén cho mé hinh phédn loai phu tdi

Bing 2. Thoi gian hudn luyén va do chinh xdc ciia mé hinh

S6 lwong ngd vao 43800
Thai gian huan luyén (s) 632
Do chinh xac 0.93678

3.2.3. Xdc dinh théng sé thudt todn SVM

Xéc dinh loai kernel s€ dugc stir dung trong thuat toan. N6 phai 1a mdt trong ‘linear’,
‘poly’, ‘rbf’, ‘sigmoid’, ‘precomputed’. O day tac gia thr nghiém 13 chon kernel 13 linear
va cho két qua tét nhat.

C & day 1a hé sb can bang giira nhidu va khong nhidu. Néu C cang 16n thi cac nhiu
cang nhiéu diém duoc coi 1a nhidu hon tirc 1a nhidu duogc coi trong hon. Trong dé tai nay
tac gid chon C = le5.

3.2.4. Két qua phdn loai phu tdi

M6 hinh phan loai phu tai khé chinh xac ¢ 3 dia diém 1a bénh vién, siéu thi va van
phong véi ty 1& 6 chinh xéc twong tmg 1a 100%, 97%, 88% twong tng. Con 2 dia diém
con lai 1a khéch san va nha hang c6 d¢ chinh xac phan loai khong dugc cao, chi chiém
khoang 63% va 58% (bang 3). Nguyén nhan do luong tiéu thu dién ning cta 2 dia diém
nay tiéu thy gidng nhau & khoang 35-70 kWh & khoang thoi gian 5-23h (Hinh 10).
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Hinh 10. Lwong dién ning tiéu thu phén bé theo gio ciia khach san va nha hang
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Bing 3. Dé chinh xdc ciia mé hinh phén loai phy tdi cho tirng dia diém khdo sdt

Dia diém Do chinh xéac
Khu vwc bénh vién 100%
Khu vuc siéu thi 97%
Khu vuc khach san 63%
Khu vuc nha hang 58%
Khu vgc van phong 88%

4. Két luan
4.1. Két lugn

Phuong phap support vector machine (SVM) di giai quyét cac nhugc diém ma
mang truyén théng chua 1am dugc. Trong dé tai ndy tic gia da phéan loai phu tai cho ludi
dién, hé thong dién dya trén tap dir liéu thuc cy thé 1a dit lidu duoc 14y tir lugng dién tiéu
thu ctia Hoa Ki ndm 2004 dugc tac gia trich xuét & dia chi.

Trong qué trinh nghién ctru tac gia phan tich 1y thuyét va kiém chimg trén phan
mém. Qua d6 thiy dugc phuong phap dé tac gia dé xuat 1a dung giai thuat SVM dé phan
loai phu tai ¢6 d6 chinh x4c cao hon so véi cac phuong phéap truyén thong trude day.
Ngoai ra, trong nghién ciru van con c6 mot sd trudng hop, mé hinh phan loai van chua
chinh x4c, nguyén nhan 13 do dit liéu phu tai qua da dang va ludn thay doi lién tuc. Vi thé
phuong phép st dung SVM van chua 1a phuwong phép phan loai t6i wu nhat cho bai toan
phan loai phu tai dién. Tuy nhién, ddy la co s quan 1y va van hanh luéi dién thong minh.

4.2. Hudng phit trién

Mic du di dat duge mot két qua kha quan nhung trong tuong lai gan, tac gia s& tiép
can mot sd nghién ciru sau day:

Tim kiém dit liéu vé luong dién ning tiéu thu clia cong nghiép, dan dung, thuong
mai ¢ Viét Nam dé dy bao phu tai dién ning dé gép phan phat trién hé thong ludi dién
thong minh ctia Quc gia.

Chay trén nhiéu tap dit liéu khac nhau, s6 luong dir liéu nhiéu hon dé cho két qua
chinh xac hon.

So sanh v&i nhidu phwong phéap canh tranh.
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