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Abstract—The history of wavelets is not very old, at most 15 to 25
years. Wavelet transforms, in their different guises, have come to
be accepted as a set of tools useful for various applications.
Recently, wavelets were determined to be the best way to
compress a huge library of fingerprints. Wavelet analysis is
capable of revealing aspects of data that other signal analysis
techniques miss, aspects like trends, breakdown points,
discontinuities in higher derivatives, and self-similarity. Wavelet
transform is capable of providing the time and frequency
information simultaneously, hence giving a time-frequency
representation of the signal. For wavelets, the period of growth
and intuition is becoming a time of consolidation and
implementation. In this paper, an application to forecast power
flow using the MATLAB Wavelet Toolbox is presented. Trends
and period of power flows in forms of one dimensional arrays are
revealed by Wavelet analysis technique. And the power flows in
anticipation of the future are made by combining trend, period
and previous values.(Abstract)
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I INTRODUCTION (HEADING 1)

Hién nay, ky thuat x& Iy dit liéu s dung Wavelets ngay
cang dudc tng dung rong rdi. C6 rit nhidu nhing ng dung
diing Wavelets dé phan tich tin hiéu, nén dif liéu, triét nhiéu
hinh 4nh, va dy bdo phu tdi..vi tinh wu viét trong phuong
phdp phan tich tin hiéu theo thdi gian-ty 1&.

A. MATLAB Wavelet Toolbox

TU nhiéu nim nay, Matlab di dugc xem 1a mot phian
mém chuyén diing trong tinh todn, md phdng danh cho toin
hoc va tinh todn ky thuat. Wavelets Toolbox la tdp hgp cac
ham dyng sin trong Matlab, dugc viét va gidm sdt bdi cdc
gido su ,cdc nha todn hoc uy tin, kinh nghi€ém nhu: Michel
Misiti (Ecole Lyon), Georges
Oppenheim(University of Marne-La-Vallée), Yves Meyer
(Professor at Ecole Normale Suprérieure de Cachan and
Institut de France), Ingrid C. Daubechies(Professor at
Princeton University).... N6 dudc dung cho muc dich phan
tich va tong hop tin hiéu va hinh dnh. Trong Toolbox nay,
Wavelets va Wavelet Packets dugc st dung & cd cdc ting
dung 1D va 2D.
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B. Dwbdo phu tdi (forecasting power flow)

Du bdo phu tai 1a cong viéc quan trong va cin thiét
trong qudn Iy va xdy dung hé thdng dién. N6 cho phép ngudi
ta ludng trudc duge mot sb su ¢d c6 thé xay ra, tinh todn bio
vé hay trong viéc 1ap k&€ hoach ning cip, xay dung hé thong
dién...

Viéc du bdo ludn ludn st dung cdc s8 liéu di c6 nhim
tim ra chu ky bién ddi, xu hudng ting-gidm va du dodn xu
huéng thay d6i ciing nhu tri s6 clia phu tai trong tuong lai.

Trong bai viét nay, tac gid mudn dé xuit mdt phuong
phép phin tich dir liéu méi, st dung Wavelets nhim muc
dich dy bdo gi4 tri vd xu huéng clia phu tdi trong hé thong
dién.

Il. SIMULATION

A.  Si7 dung Wavelets (Wavelets in use)
1) Phin tich tin hiéu (decompose signal)

“Wavelet” nghia 12 mdt séng nhd. Séng nhd nay
phdi c6 it nhat modt dao dong nhé va ti€n dan dén zero & ca
chiéu duong va chiéu 4m, diy 12 diéu kién can thiét cho viéc
bién ddi wavelet. Dudi day 13 vi du vé mot wavelet tén 1a
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Figure 1. Wavelet Coiflets

Qud trinh dich (shifted) hay co gian (scaled or
compressed) wavelet ban diu s& tao thinh cic “wavelet



con”. Khédc véi cac phép phan tich ¢ dién nhu Fourier hay
STFT (Short-Time Fourier Transform), phin tich Wavelet
st dung k§ thuat phan ving v6i cdc mién c6 thé thay ddi
kich ¢ dugc. Phin tich cho phép diung khodng thdi gian dai
khi can thong tin vé tin hiéu & tAn s6 thdp va cic viing ngin
hon khi cin thong tin vé tin hiéu & viing tn s6 cao hon.
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Figure2.  Bién ddi Wavelet

C6 su khic biét 16n gitta phan tich Wavelet va cac
phuong phap phan tich ¢ dién:
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Figure 3. Mot sd phuong phép phan tich tin hi¢u

Wavelets phan tich tin hi¢u rdi rac theo dang sau:
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Figure 4.

& mbi cap 16n hon thi hé s6 A, lai dudc phan tich
thanh  hai  thanh  phin:
A=A 1+Dns
N6i mot cdch gidn don, hai hé s6 A(Approximations)
va D (Details) chinh 14 hai thinh phin tin s6 cao va tin s&
thdp cda tin hiéu S dugc phan tich:
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Figure 5.

Do d6,Wavelets cho phép x{ 1y tin hiéu & nhiéu tin
s6 khdc nhau tlly vao cap phan tich.

Diéu nay c6 y nghia that sy’ quan trong trong phan tich
dit liéu dién ning. Khi xem xét dit liéu trong biéu db, dé
dang nhan thdy phin 16n chiing ting gidm theo mot chu ky
chung nao d6. Phép phan tich wavelets cho phép ta tim dugc
nhifng tan s6 ma & d6 cdc tin hiéu bién ddi giong nhau hay
khac nhau. N6i cach khac, Wavelets cho phép tim ra chu ky
bién ddi chung cta dir liéu dién ning & nhitng ngay khic
nhau. Piéu nay 12 co s3 cho viéc tim ra xu hudng bién ddi va
du bédo gia tri dién nédng.

Ngoai chifc ndng phan tich tin hiéu, Wavelets con cho
phép tdng hop lai tin hiéu tir cic hé s6 A va D tuong ting.
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Figure 6. S dd cau triic lai tin hiéu

Nh& chifc ning nay, ta c¢6 thé xem xét dnh hudng
clia tirng thanh phdn A hay D Ién tin hiéu tdng hdp, tic 1a
thdy ré dudc vai trdo clia ting thanh phin phan tich A, D
trong tin hiéu S. T d6 c6 thé dua ra quyét dinh chinh xdc
khi x¥ 1y tirng thanh phin (A hay D) ciia tin hiéu (S).

Mot van dé dang quan tam khdc, d6 1a viéc chon
Wavelet (me) trong phan tich tin hiéu. Diéu nay phu thudc
vao cdc yéu td nhu:

e Dang va do dai tin hi¢u.

e Yéu cau phan tich tin hiéu.

e Tinh d6i xitng va truc giao clia Wavelet.



e Do tuong thich cia Wavelet. Vi du; khi phan tich roi
rac thi khong thé ding Wavelet Morlet vi tinh tuong
thich...

2) Kl nhiéu tin hiéu (denoise signal)

Vi dit liu st dung 13 s6 liéu thyc t€ nén ludn c6 mot
sO sy ting gidm bat thudng khong tuin theo chu ky bién ddi
chung, tam goi la cdc “sy ¢6 nhé”. Trong qué trinh tim chu
ky bién ddi chung, cic thay d6i khong mong mudn nay can
dugc loai trit bdi chiing s€ tao ra sai léch khi xem xét xu
hudéng hay dy doédn gi4 tri phu tdi trong tuong lai.

& phin phan tich tin hiéu, tir tin hiéu ban ddu S da tim
dugc thanh phdn A va D tuong tng. D€ loai bd cdc “su c6
nhd”, ta chi cin tao ra mot “ngudng” thich hgp d6i véi cdc
thanh phidn nay va thyc hién “xén” b6t cidc phan di dugc
tinh todn. Sau d6 tdng hgp lai tin hiéu tir cic thanh phin A
va D di “xén” bt nay dé€ c6 dudc tin hiéu mong mudn.
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Figure 7. So dd phan tich va cau tridc lai tin hiéu

Qué trinh nay c6 thé dugc thuc hién bing tay hoic
st dung nhitng phudng phdp lya chon ngudng c6 sin.

3) Dubdo (forecasting)

Dit liéu dau vao sé dugc xi 1y theo 2 hudng, tic la
xét theo gid clia mdi ngdy dude chon (ngay dudc chon gom
cdc ngay cung thif v6i ngay can du bdo, vi du, cdc thit hai
hoidc cdc chi nhat..). Sau d6 xét theo nhitng ngay lién ti€p
trén & mdi gid riéng biét.

B. Ciu tric dit lidu (database)

Dit liéu duge st dung & ddy c¢6 dang ma trdn mx24 tic
12 gid tri phu tdi dugc ghi lai vao titng gid clia mdi ngay thit
m. Khi xem xét cdc s liéu nay dudi dang biéu dd, dé dang
nhan ra dugc tinh bién d6i theo chu ky cia gid tri dién ning:
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Figure 8. Biéu dd dif licu ciia mot thang vé theo gid
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Figure 9. Biéu dd dif licu ctia mot thang vé theo ngay.

Xem xét sy bi€n dbi trong nhiéu ngay lién ti€p s&
nhin thdy sy bién thién cé tinh chu ky cda phu tdi vao
nhifng gid c6 dinh trong ngdy va trong nhitng ngay cling thit
v6i nhau. Vi du: dién ning tiéu thy déu gidm & cdc ngay chi
nhit va ting § cdc ngay thd hai, trong ciing mot ngay c6
nhitng gid dién ning tiéu thu thay ddi nhiéu-gid sinh hoat
hay sdn xuit.. va c6 nhitng git dién ning it thay ddi-gid nghi
hay, ban dém....

Dua vao yé&u td nay, phan tich Wavelets s& tim ra
dang “dd thi miu”, tic 12 tim ra sy bién thién chung nhat
clia phu tdi dya vao nhitng s6 liéu dd c6.

Ta hday xem xét phan tich tin hi€éu cia mot ngay dudi
day:




Figure 10. Phan tich cdp 2 d6i vdi ngay 1 cda dit liéu phu tai.

& cdc hé sd D cia tin hiéu. Piéu nay 1a cd s§ trong viéc xdc
dinh thanh phan bién ddi khac nhau clia cdc tin hiéu dién
nang.

Trong tinh todn v4i Matlab, ham wavedec dudc s&
dung- diy la ham phan tich Wavelets 1-D dung cho cdc dir
liéu dang mang mdt chidu.

[c.]]=wavedec(m,lev,wname)

Trong doé:

e m: ditliéu cin phin tich

e lev: cdp phan tich

e  wname: wavelet st dung trong phén tich

. ¢: ming mot chiéu céc hé s6 A va D tim dugc
. 1: dd dai cdc hé s6 A va D trong ming c

Viéc chon cip phan tich (lev) va wavelet st dung
(wname) phdi dua vao dang tin hiéu (m) can thi€t va mifc
tuong thich ctia wavelet st dung cling v6i yéu cau phén tich.
Trong tht nghiém véi dit liéu nady, cdc thong s6 chon 1a
wname="db5’ va lev=5.

Ham wthrmngr dudc st dung d€ chon ngudng:
thr = wthrmngr('dwlddenoL VL ',method,c,l,scal)
Trong doé:
e  thr: ngudng thu dugc
e ¢l thu dugc tir tin hi€u phén tich trén

e method: tuy chon cdch thdc chon ngudng. Vi du:
‘rigrsure’, minimaxi’, ...

. scal: tiy chon chon ngudng theo cAp do. Chon
‘one’, ‘sln’ hay ‘mnl’.
Ham wdencmp ding khtt nhiéu cho tin hiéu dwa vao
ngudng trén:
xd=wdencmp('Ivd’,c,],wname,lev,thr,sorh)

trong d6:
e sorh: chon ngudng “mém” (soft)-‘s’ hay “ctng”
(hard)-‘h’.

e  xd: tin hiéu da khir nhiéu

Cé4c thong s& chon: method="rigrsure’, scal="one’,
sorh=’s’.
Thuc hién d6i v6i 1ngay trong dit liéu trén:

TABLE 1. SO LIEU PHAN TiCH
S A2 D2 D1

752 1540.6 -18.544 1.1116
728.9 1488.5 65.919 9.6489
724.8 1425.6 -34.609 -1.5969
709.7 1657.7 -9.7522 9.1186
711.5 1461.3 -52.51 -56.1337

740 1487 173.81 2.345
867.5 1407.6 -43.334 81.0428
1102.1 2235.8 -12.585 -50.0570
1186.6 2376.2 36.171 -16.1223
1267.7 2360.1 -24.019 60.5483
1222.7 2153.8 12.398 -20.5355
1065.4 1706 -125.59 19.2218
1142.2 9.7689
1223.6 -27.0649
1235.2 1.6060
1233.5 -44.6908
1146.2
1093.4
1156.6
1118.2
1071.6
1009.1

956.3

855.5

Qua cdc hinh v& trén, c6 thé nhan ra sy sai khdc giita
céc tin hiéu dién ning x4y ra & thinh phan tin sd cao, tic 1a

TABLEIl.  KHUNHIEU TIN HIEU
Gid | Tin hiéu | Pa khit nhiéu | Gid | Tin hiéu | Pa khi nhiéy
1 752 742.6844 13 1142.2 1139.3554
2 728.9 736.3323 14 1223.6 1222.2101
3 724.8 724.1245 15 1235.2 1251.4275
4 709.7 711.6509 16 1233.5 1213.3220
5 711.5 719.1776 17 1146.2 1154.8601




6 740 766.9463 18 1093.4 | 1117.9625 1200
7 867.5 876.0045 19 1156.6 | 1151.6187
8 1102.1 1075.1511 | 20 1118.2 | 1092.2509 1ol
9 1186.6 1168.8888 | 21 1071.6 | 1065.3080
10 | 1267.7 1240.6123 | 22 1009.1 1014.5954
11| 12227 | 12101772 |23 | 9563 | 955.4869 1000
12 | 1065.4 1084.3378 | 24 855.5 890.4384
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_ . . . - TABLEIIl.  BANG :KET QUA DUBAO
Figure 11. Tin hiéu ban dau va tin hi€u da khir nhiéu
Gid Du bdo Thuc t& Sai s&
Liic nay, chifc ning Signal Extension dudc st dung ! 698.21 065.7 4.883
1€ m gid tri dy b,éo. i ’ 2 671.51 663.8 1.1614
< 5 3 654.76 649.4 0.8253
Ham wextend dugc su dung:
y = wextend(type, mode, x, 1loc) 4 652.04 647.8 0.6545
trong d6: 5 669.01 650.3 2.8771
= type: chon ‘1’ cho tin hiéu 1-D 6 707.23 697.5 1.3944
* mode: chon ki€u md rong tin hiéu 7 804.94 785 2.5396
* loc: chon chiéu m§ rong tin hi¢u 8 1019.1 998.4 2.0758
= 1: 58 phan tif cin tim 9 1122.2 1086.8 3.258
Thong s& chon: mode=ext, 1=1 va loc="r’. 10 1190.6 1161 2.5523
11 1174.7 1166 0.7440
12 988.43 951.1 3.9253
. RESULT 13 1043.7 1013.6 2.9676
Khi thit nghiém véi dit li¢u 1a phu tdi 5 thdng cudi nim 14 1116.8 1086 2.8363
2003, thu dugc két qua sau ( ¢6 file excel dinh kem). Véi sai 15 1146 1134.4 1.0223
0 trung binh cla cdc ngdy so véi thuc t€ xét theo ting gid 16 1155.6 1130.2 22473
nhd nhat 1a 1.615% va 16n nhat 1a 5.7716%. 17 1135.2 1118 1.5348
Xetngay thif 2: ; 18 1185.3 1185.6 -0.0287
Dt liéu cdc ngay st dung 1a (22 ngay thd 2 lién ti€p): 19 1146.5 1149.5 0.2619
Dir liél\l ngly cudi du’fjc diing @€ 1am chuin so sinh, sau khi phan 1087.9 1095.5 20,691
tich 21 ngay dau, thu dugc két qua dy bdo cho ngay tha 22: 21 1034.2 1036.9 0263
22 944.77 942 0.2936
23 864.8 861.4 0.3951
24 787.18 785.6 0.200717
Trung binh sai s& 1.615




IV. CONCLUSION

Trong qud trinh st dung phidn mém, chon thoéng so
ciing nhu st dung cdc phép phin tich déu 13 nhitng thir
nghiém. K&t qud thu dugc kha chinh xdc va c6 thé chap
nhan dugc. Cudi cuing, di€u ma tdc gid mudn néu ra & day la
kha ndng va tinh uu viét cia Wavelets trong tinh todn, x 1y
tin hiéu. N6 hita hen mang lai nhiéu diéu mdi mé, gitp
chiing ta tdn dung t6t hon kha niing tinh todn cda nhitng bd
vi X 1y néi riéng va mG ra mot huéng nghién ctu mdi trong
x{r 1y s& tin hiéu néi chung.
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