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TOM TAT

Dy bao phu tai dién dong mot vai tro hét sirc quan trong trong viéc lap ké hoach thiét ké
va vin hanh hé thong dién. Dw bdo sé gitip ching ta dinh heéng dwoc phicong hudng va ké
hoach cho twong lai, chii dong trong cong viéc va xir li dwoc nhitng bién c6 xay ra. Néu nhu
khong co cong viéc dw bao phu tai dién, ta sé gap phai hai truong hop co thé xay ra: mot la
chiing ta sé thiéu hut dién nang sir dung va hai la chiing ta sé san xudt ra mét lwong dién ning
thira vo ich.

Poi VOl truong hop thiéu hut dién ndng, ching ta sé khong c6 du dién nang dé phuc vu
cho nhu cau sinh hoat, giai tri cua nhan ddn va khong i diéu kién dé cung cap dién nang cho
cdc nganh kinh té nhuw cong nghiép, nong nghiép va dich vu. N6 gdy ra mot hdu qua hét sirc
nghiém trong: cdc ddy chuyén tw déng, cdc mdy méc, thiét bi sé ngung hoat déng, nén kinh té sé
bi anh huong.

Pién ndng cé tinh chat rdt ddc biét do la khong thé luu triv hay cdt vao kho khi dw thira.
Do vdy chung ta sé bi lang phi mot lwong Ion dién nang du thira vo ich, gdy thiét hai kinh té cho
ddt nudc.

Pé dam bdao lwong dién ndng san xudt ra khéng dw thira va ciing khong thiéu hut so voi
nhu cau sir dung thi bai toan dw bao phu tai dién can dwogc quan tam dung muec. Viéc dw bao
chinh xdc gép phan cai thién chdt lwong dién ning ciing nhuw giam chi phi san xudt, vdn hanh va
dam bao an toan cho hé théng dién.

Tién Giang la tinh nam trong khu viee dong bang séng Cizu Long, 1a tinh nam trong viing
kinh té trong diém phia nam. Do vdy nhu cdu sir dung dién & Tién Giang rat cao va viéc dir bao
phu tdi dién dwoc dat 1én hang dau trong viéc thiét ké va van hanh hé théng dién. Trong khuon
khé ludn van nay, phirong phdp dir bao két hop mang Wavelet va Fuzzy Logic sé diroc nghién
CikU va &p dung dé dur bdo do thi phy tai ngay cua tinh Tién Giang.

Tar khéa: Dy béo phu tdi dién; Mang Wavelet; Logic mo.
ABSTRACT

Load forecasting plays a very important role in planning the design and operation of
electrical systems. It will help us to forecast the direction and orientation plan for the future,
work actively and treat the incident. Without the work of the load forecast, we can meet two
cases: the power shortage and the power redundancy.

In case of the power shortage, we will not have enough power to serve people’s daily as
well as to provide for industries such as industrial, agriculture and services. It causes a serious
consequence: the automated production lines, machines and equipment will be shut down, the
economy will be affected.

In case of the power redundancy, unlike other commaodities, electricity is a very special
properties that it can not be stored or put into storage. So we will waste a large amount of excess
energy in vain, to cause great damage to the national economy.

To ensure that power does not produce surplus nor deficit relative to the problem using
the electricity load forecast should be well heeded. The predictions improve power quality and
reduce production costs, operation and safety for the electrical system.

Tien Giang province is located in the Cuu Long River Delta - a key economic area of the
south. Thus the demand for electricity is very high in Tien Giang and load forecast is placed on



top in the design and operation of electrical systems. In the framework of this thesis, Wavelet
and Fuzzy Logic networks will be studied and applied to predict daily load graph of Tien Giang

province.

Keywords: Load forecasting; Wavelet network; Fuzzy Logic.

1.GIOI THIEU

Viéc phan loai du bao phu tai ra thanh
cac loai khac nhau c6 vai trd rat quan trong.
Mdi loai du bdo khac nhau s& co nhiing tinh
chat khac nhau, va phi hop véi nhiing loai mé
hinh khac nhau. Do vay nguoi ta phan chia
thanh cac loai du bao khac nhau dé nghién
ctru, xay dyng md hinh va tién hanh dy bao
mot cach phu hop. Sau day 1a cac loai du bao:

= Du bao diéu do: thoi gian du bao theo
gid hoac vai phut. Sai s6 yéu cau <5%.

= Du b&o ngin han: thoi gian du bao
theo ngay hoac vai ngay hoac thang.

Sai sb cho phép
ctia cong tac du béo ngan han 1a 3+5%.

» Du bao trung han: thoi gian du bao
theo ndm va sé du bao trong khoang
thoi gian 5+7nam.

Sai s6 cho phép cua cong tac du béo trung han
la 5+10%.

= Du bdo dai han: thoi gian du bao theo
nam va s€ du bdo trong khoang thoi
gian 1020 nam.

Do thi phu tai tinh Tién Giang c6 céac
tinh chét bién doi mang tinh chu ki theo ngay
(gio cao diém, thap diém), theo tuan, theo mua
va theo cé4c bién dong cua nén kinh té. Bai bao
nay phat trién y tuong cua [1] va tng dung du
bao d6 thi phu tai ngay tinh Tién Giang bang
phu’ong phap du bao st dung mang Wavelet
va Fuzzy Logic (vén kha tét trong viéc nam
bat cac bién dong mang tinh chu ki cua chudi
thoi gian bién dong khong ding).

2.PHAN TICH MODWT (Maximal
Overlap Discrete Wavelet Transform)

Cho mot chudi dix ligu thoi gian {X},
j=1,2,3...n. Taxay dung mo hinh:
0 N
X =>D;+S;
j=1
Trong d6 : D; va S;,la céc hé s cia
phép phan tich MODWT lén N mau thir cua
chudi {X,} véi cap phan tich 14 jO

j,t+Imod N va

_— o
Sj,t - gj,IVj,t+I mod N
1=0
Trong d6 Wj va Vj lan luot 1a cac hé sb

MODWT wavelet va MODWT scaling:
~ J ~
Wi, = Z hj,tXt—ImodN va
=0

Vie= 220X dmodn

1=0
Vi ﬁ“ Ehj,l /29?13 cac hé sb loc
MODWT wavelet va §;, =9;, /2" 1a céc he

s6 loc MODWT scaling. Trong bai bao nay,
viéc phan ‘Eich MODWT cho chudi X, duoc
thuc hién bang “wmtsa” toolbox trong Matlab.

3.FUZZY LOGIC (LOGIC MO)

Céc budc thiét ké mot bd mo:

»  Xac dinh s tin hiéu vao va ra cia bd
mo, mién gia tri vat 1y cia cac bién vao
va ra nay.

= Xay dung cac bién ngon nglr va cac gia
tri cua no. Vé nguyen tac sd luong céac
bién ngdn ngit nén nam trong khoang
tir 3 dén 11 gia tri.

= Xdy dung cac ham thudc cua cac
bién dau vao va dau ra theo cac
bién ngdn ngit cua ching. Can chon
cac ham thudc c6 phan chong 1én nhau
va phi kin mién gia tri vat 1y dé trong
qué trinh thyc hién khong xuat hién 16
trong.

=  Xay dung cic luat hop thanh mo. Biéu
dién cac luat nay dudi dang ma tran vi
cach biéu dién nay rat tién lgi va bao
quat.

= Chon thiét bi hop thanh: c6 thé chon
thiét bj hop thanh theo nhitng nguyén
tac da gioi

thiéu. Thong thuong trong thuc té thuong st
dung luat hop thanh max - MIN, max - PROD,
hoac sum - MIN, sum - PROD.



=  Chon nguyén ly gidi mo: phuong phap
giai mo dugc chon cling gdy é&nh
huong dén do phirc tap va trang thai
lam viéc cua toan bd hé thong.
Thuong thi phwong phap diém trong
tam c6 nhiéu vu dlem vi trong két qua
cO su tham gia cua tat ca cac két luan
ctia cdc lugt diéu khién,

4MO HINH DU BAO PHU TAI NGAY
TINH TIEN GIANG SU DUNG MANG
WAVELET - FUZZY LOGIC
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Hinh 1. Céc dang do thi phu tdi ngay
thmfng ngay chu nhdt va ngay 1é Tét

Hinh 2. Do thi phu tdi tir 01/01/2016
den 31/12/2016

Trong hinh 1 trinh bay d6 thi phu tai cua
cac ngay binh thuong( 23/02/2016), ngay chu
nhat (14/02/2016) va ngay Tét nguyén dan
(08/02/2016). Cac db thi phu tai ngay thuong
c6 dang twong tu nhau va hau nhu khf)ng cach
xa nhau. DS thi phu tai ngay chu nhat c6 phan
hoi thap xubng phia duéi do thi ngay thuong.
Va d6 thi phu tai ngay I& nam rat thap xudng
phia dudi so véi d6 thi cua cac ngay binh
thuong khac, diéu nay c6 thé ly giai duoc la do
vao céc ngay I& cac co quan xi nghiép déu
ngung hoat dong nén dién nang sir dung giam
manh. D4i véi ngay chi nhat thi khong phai
tat ca cac co quan xi nghiép déu ngung hoat
dong vao ngay nay nén lugng dién nang ti€u
thu c6 giam nhung khong nhiéu nhu ngay 18
Tét.

Ta cling c6 nhan xét rang néu khong ké
cac ngay I& Tét thi do thi phu tai tinh Tién
Giang mang tinh bién dong chu ki theo ngay,
theo tuan, theo mua. Tir day ta dé xuat phuong
phép du bao d6 thi phu tai ngay st dung mang
Wavelet-Fuzzy Logic.

4.2.Giai thuat du bao

Chudi dit liéu dd thi phu tai cia 200
ngay s€ dugc dua vao chuong trinh phan tich
MODWT & cip 5. Két qua 1a 5 chudi hé sb
MODWT D1 Dz D3 D4 D5 Vé. S5. M61 Chll(:)i hé
) nay sau do6 s€ dugc dy bao mdt cach riéng
& va duoc td hop lai dé cho ra du bao cong
sudt gid.

Giai thuat du bao duoc tom luot trong
cac so d6 khdi hinh 3. Qué trinh xay dung luat
mo cho ting hé s6 MODWT dua trén giai
thuat xay dung mo hinh nhan dang mo (Fuzzy
Identification Model) trén co s& nhém tam
theo giai thuat Mountain Clustering.

ChuSi dir liéu
do thi phu tai
200 ngay

!

Phan tich

MODWT
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D4 thi phu tai dy
bao 24h

Hinh 3. So do khoi di bao phu tai 24h

4.3.Cac bwéc tinh toan du bao
Bwéc 1 : Phan tich MODWT cép 5 cho
chudi d6 thi phy tai 200 ngay (twong ng Voi
4800 dir lidu cong suat) {X,/n=1:4800} .




Cac buac thu hién:

1. Cho k du 16n va thuc hién bién doi
MODWT  trén  chudi  {X(1),
X(2),..,X(n)}. ,

2. Gitwr lai céc gia tri xap xi gi tri thuc
tai thoi diém tha k: Di(k), Da(k), ...,
Ds(k), Ss(k) vi n6 cé ich cho du béo
(Tong cac gia tri nay 1a X(k)).

3. Néu k<4800 tang k=k+1 va lap lai
buoc 1.

Viéc phan tich MODWT duogc bat dau

tai k=1536 tuong ung vai 64 ngay.

Buoc 2 : Qua trinh luyén mang xay dung

mb hinh nhdn dgng mo: Mdi hé s6 MODWT D;
va S; € dugc dua vao mé hinh luyén mang va
du bao riéng biét. So dd khdi cua qua trinh
luyén mang d6i véi chudi thoi gian khdng dimng
Xy (twong ung trong bai bao nay la D;j
(G=1.,2...,5) va Ss) nhu hinh 4

Hé s6 MODWT
~———
v
Xay dyng mo
hinh
Input-Output

v

Tim tam theo
Mountain

A

\ 4

Tim 4 va p,

A 4

‘ N Ma tran A

\ 4
Ma tra:m hé
SO
M® hinh
Fuzzv X

A

Hinh 4 . So d@6 khoi mé hinh luyén mang
( Fuzzy Identification Model)

Muc dich cua viéc xay dung ma tran
input-output B=[Y Z] (véi Y Ia cc gia tri dau
vao va Z la gia tri dau ra) 1a xir Iy sap xép céc
dir liéu dau vao twong ng véi moi gia tri dau
ra sa0 cho ma tran input-output c6 thé dai dién

tdt nhat cho chudi dit licu du bao. Ma tran
input-output dugc xay dung dua trén t6 hop
{h,d,w} — dir liéu dau ra Zj=X; s& tuong ng
v6i mot to hop dau vao Y; bao gom dit liéu
vao thoi diém I0i h gio, d ngay va w tuan so
v6i Xi. Sau nhiéu tha nghiém du bao véi dit
liu luyén mang 200 ngay voi nhiéu té hop
{h,d,w} ta nhan thay t6 hop {2,2,4} cho két
qua du bao chinh xac nhét. Nghia 1a v&i mdi
gla tri dau ra Z;=X; s€ tuong ung voi cac gia tri
dau vao Y;:

{Xt672, Xt-504, Xt-336, Xt-168, Xt-a8, Xt-24,
X2, Xt-1}

Giai thuat nhém tdm  Mountain
Clustering duoc dé& xuit boi Chiu (1994) voi
muc tiéu tim s6 nhom hudng tam it nhat (nham
giam thiéu su phtc tap trong tinh toan) nhung
van dai dién t6t cho md hinh ma. So d6 khéi
giai thuat Mountain Clustering dwoc trinh bay
trong hinh 5.

Ma tran 10
P*;=max A ox
1 < Thé ning
P} tam nhém P;

\ 4

‘ﬁmnhém
i [C]=[Y*

Hinh 5. So do khai gidi thugt nhém tam
theo Mountain Clustering
Két qua cua qua trinh luyén mang 1a 6
ma tran Xp; X’Dz Xpz Xps Xps va Xss tuong
ung véi 6 hé so MODWT D; D; D3 D4 Ds va
Ss




Y nghia caa ma tran hé sé mé hinh X d6
la n cho ta mot su xap xi cAc gia tri dau ra Z;
= Aj*X, voi A dugc xay dung tir ma tran input
Y va cac tam nhém C tim dugc. Nhu vay dé
du b&o Z,+1 ta chi can tim Apsa.

Hé s6 MODWT

A 4

Hang thtr n+1 cta
ma tran input
[Ynel

i,n+1 va

A 4
Ma trén [An+1]

Két qua du
béo
Zni=Ani*X

Ma trén hé sb
mé hinh Fuzzy

(X1

Hinh 6. So do khoi md hinh du bao

Buéc 3 : Dy bao ting hé sé MODWT
riéng ré va té hop dir b4o: mi ma tran hé sb
moé hinh Fuzzy X twong ung véi tung hé sb
MODWT tim dugc & budc 2 s€ duoc sir dung
dé dy bao cho mdi hé s6 MODWT twong ting.

Sau khi cac hé s6 MODWT tht n+l
(twong tmg lac 1h) duwoc du béo, chidng sé
duoc to hop lai dé dwa ra du bao cong suat (ldc
1h):

5
P=>D,+S,
j=1

Buéc 4 : Tién hanh du bdo cho 23h con
lgi trong ngay. Sau khi cong suét lic 1h duoc
du bao thi n6 s& duge dua vao chudi dit liéu dd
thi phu tai . Lic nay chiéu dai cua chudi dit
liu cong suat phuy tai s& la 4800+1=4801. Ta
tién hanh lai cac budc tir 1 dén 3 dé du bao
cdng sut phu tai lac 2h.

Lap lai cac budc tir 1 dén 4 cho dén khi
cdng suit lac 24h duogc du béo. TS hop cac sb
liéu cdng suat dir bao tir 1h dén 24h ta duoc d6
thi phu tai ngay thir 201 can dy bao.

5.KET QUA
Voi  chudi dir ligu 200 ngay tu
16/02/2016 dén 02/09/2016 ta s& du bao do thi
phu tai ngay 03/09/2016. Sai sé du béo la
2,76%.
Bdng 1. Két qud dir bao va sai so ngay

03/09/2016

Giv 1h 2h 3h 4h 5h 6h
Du 102,6 | 110.1 | 112.6 | 112.0 | 111.7 | 115.2
Giatri | 103,4 | 104.0 | 103.6 | 103.0 | 102.8 | 110.4
Sais6 | 0,69 | 558 | 8.07 | 8.11 | 8.00 | 4.19
Gio 7h 8h 9h 10h 11h 12h
Du 120. | 1233 | 125.2 | 130.7 | 132.2 | 131.8
Giatri | 121. | 127.6 | 131.0 | 131.2 | 131.0 | 130.6
Saisd | 0.99 | 3.44 | 459 | 034 | 094 | 094
Giv 13h 14h 15h 16h 17h 18h
Du 132. | 132.6 | 134.3 | 137.7 | 137.4 | 130.6
Giatri | 131. | 132.6 | 133.5 | 138.7 | 138.1 | 125.0
Sais6 | 0.78 | 0.04 | 059 | 0.68 | 0.50 | 4.35
Giv 19h 20h 21h 22h 23h 24h
Du 131. | 1402 | 136.2 | 123.2 | 111.8 | 102.3
Giatri | 142. | 1413 | 132.4 | 121.4 | 111.3 | 102.4
Saisd | 7.90 | 0.76 | 2.79 1.47 | 0.47 | 0.08
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Hinh 7. Két qua do thi phu tdi dir bao
ngay 3/9/2016

V61 md hinh du bédo trén va phuong
phap du bao nhu trén ta c6 két qua du bao cho
cic ngay 1& duong lich, 4m lich va ngay nghi
chu nhat nhu sau:

Két qua du bao ngay 30/04/2016 va
céc gia tri sai s6 dugc trinh bay trong bang 2.

Bing 2.Dy bdo va sai s6 do thi phu tdi ngay

30/04/2016

Gi 1h 2h 3h 4h 5h 6h
Dy | 1079 | 1149 | 116.7 | 1153 | 1143 | 1153
Gia | 107.0 | 110.3 | 114.0 | 1124 | 1120 | 1125
Sai | 0.84 4.24 2.43 2.60 2.09 2.52
Gi |[7h 8h 9h 10h 11h 12h
Dy | 1182 | 1233 | 128.2 | 1338 | 1335 | 1325
Gia | 1135 | 1150 | 119.8 | 1253 | 126.0 | 125.3
Sai | 4.16 7.24 7.02 6.83 6.01 5.82
Gi 13h 14h 15h 16h 17h 18h
Dy | 1327 | 1348 | 136.2 | 1433 | 1429 | 136.8
Gia | 1283 | 1319 | 128.0 | 133.0 | 1340 | 127.1
Sai | 3.47 2.22 6.44 7.76 6.68 7.7

Gi | 1%9h 20h 21h 22h 23h 24h

Dy | 1379 | 1432 | 1343 | 1215 | 109.7 | 98.58
Gia | 128.0 | 1356 | 128.7 | 1245 | 1150 | 104.0
Sai | 7.8 5.62 441 2.36 4.59 521
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Hinh 8. Két qua do thi phu tai dir bao
ngay 30/04/2016.

Sai 56 12 4.84%. Sai s 4.84% la sai sb
chap nhan dugc ddi véi du béo 24 thoi diém
lién tiép trong tuong lai.

Két qua do thi phu tai ngay 30 tét va
cac gia tri sai s6 duoc trinh bay trong bang 3.

Bdng 3.Du béo va sai sé do thi phu tdi

Bing 4.Dy bdo va sai sé dé thi phu tdi ngdy

chu nhat (09/10/2016).

Gi |1h 2h 3h 4h 5h 6h
Dy | 1078 | 1140 | 1157 | 1146 | 113.6 | 1185
Gia | 103.0 | 109.6 | 112.0 | 110.0 | 109.6 | 1145
Sai | 4.69 4.10 3.37 4.24 3.68 3.56
Gi | 7h 8h 9h 10h 11h 12h
Dy | 1240 | 1323 | 136.6 | 1395 | 139.4 | 139.3
Gia | 120.1 | 127.4 | 130.2 | 132.8 | 1325 | 132.2
Sai | 3.27 3.86 4.94 5.08 5.26 541
Gi | 13h 14h 15h 16h 17h 18h
Dy | 139.8 | 140.7 | 1427 | 1447 | 1440 | 139.1
Gia | 133.0 | 136.8 | 139.0 | 1405 | 141.0 | 1434
Sai | 5.13 2.92 2.7 3.0 2.16 2.96

Gi_ | 19h 20h 21h 22h 23h 24h

Dy | 1443 | 1459 | 1405 | 1284 | 117.1 | 106.9
Gia | 140.6 | 140.7 | 131.2 | 120.1 | 110.7 | 109.8
Sai | 2.68 3.73 7.12 6.91 5.79 2.57

ngay 30 tet.

Gi |[1h 2h 3h 4h 5h 6h
Dy | 90.83 |88.28 | 8892 |89.37 |8875 |89.51
Gia | 92.90 | 9320 [92.90 | 9240 [92.10 | 93.60
Sai | 223 |528 |428 |328 [363 |437
Gi | 7h 8h 9h 10h  [11h [ 12h
Dy | 9558 | 89.79 | 79.04 |85.16 |86.79 | 91.76
Gia | 100.0 | 97.00 | 85.00 | 92.00 | 94.00 | 99.10
Sai | 442 743 701 |744 767 |74

Gi | 13h 14h 15h 16h 17h 18h

Dy | 99.06 | 1040 | 1031 | 101.6 | 101.0 | 106.5
Gia | 1040 | 107.0 | 105.0 | 106.2 | 104.2 | 101.7
2.72 1.8 4.3 3.05 4.77

Sai | 4.75

Gi_ | 19h 20h 21h 22h 23h 24h

Duy | 1132 | 1004 | 103.8 | 1185 | 113.2 | 104.1
Giad | 104.6 | 109.4 | 100.0 | 1140 | 111.1 | 100.0
Sai | 8.27 8.2 3.87 3.97 1.95 4.19
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Hinh 9.Két qua do thi phu tai dy bdo
ngay 30 tét.

Sai 56 12 4.85%. Sai s6 4.85% la sai sd
chap nhan duoc d6i véi du bao 24 thoi diém
lién tiép trong twong lai.

Két qua du bao ngay chu nhat (
09/10/2016) va céc gia tri sai s6 duoc trinh bay
trong bang 4.
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Hinh 10. Két qud do thi phu tai dir bao
ngay chu nhat (09/10/2016).

 Saisd1a4.13%. Sai s0 4.13% la sai s6
chap qhén duoc do1 voi du bao 24 thoi diém
lién tiép trong tuong lai.

6.KET LUAN

Mang Wavelet-Fuzzy da thé hién duoc
nhiéu ru diém trong bai toan dy bao mot bude.
Mang Wavelet-Fuzzy 1a mot su két hop giira
kha ning téng quat hoa, nim bat cac hanh vi
hé thong ciia mang Wavelet va kha ning suy
luén logic van dung nhiing kién thirc vao kinh
nghiém du bao.

Két qua du bao phuy tai ngay tinh Tién
Giang cho thdy mang Wavelet-Fuzzy Logic c6
kha ning nam bat nhiing bién dong mang tinh
chu ki va cic hanh vi ctua hé thong kha tét
dong thoi d6 thi phu tai ngay dy bao déu co
hinh dang kha giéng voi do thi phu tai thuc té.
Sai sb cua cac két qua dy bdo va thyc té chép
nhan duoc d6i v6i bai toan du bao 24 thoi
diém lién tiép trong twong lai.
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BAI BAO KHOA HOC

THU'C HIEN CONG BO THEO QUY CHE PAO TAO THAC SY
Bai bao khoa hoc ctia hoc vién

c6 xac nhan va dé xuit cho diang caa Giang vién hwéng dan
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Ban tiéng Viét ©, TRUONG DAI HOC SU PHAM KY THUAT TP. HO CHI MINH va TAC GIA
Ban quyén tic phdm d3 dwoc bdo hd bdi Luat xuit ban va Luit S& hiru tri tué Viét Nam.
Nghiém cAm moi hinh thirc xuit ban, sao chup, phat tdn ndi dung khi chwa cé sw dong y

cda tac gia va Trwong Pai hoc Sw pham Ky thuit TP. H6 Chi Minh.

PE cO BAI BAO KHOA HOC TOT, CAN CHUNG TAY BAO VE TAC QUYEN!

Thwc hién theo MTCL & KHTHMTCL Nam hoc 2018-2019 cta Thw vién Trwong Pai hoc
Sw pham K§ thuat Tp. H6 Chi Minh.
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