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TSPA, mot thuat toan diT bao theo ehudi thofi gian 
du'a tren he thong suy diin Neuro-Fuzzy thich nghi 

(*) NGUYEN SY DUNG - (**) NGO KIEU NHI 

Bai bao nay trinh bay noi dung thuat toan TSPA (Time-Series Predic­
tion Algorithm) ve dtf bao cac thong so dong theo chu6i thcfi gian, 6\iac 
chung tdi xay diing di/a tren cof sd ufng dung mot he thong suy d i in 
Neuro-Fuzzy thich. Nhieu thi nghiem tren mot khung dang dam dao 
dong cu'dng bu'c da dUofc thu'c hien nham phan tich hieu qua cua thuat 
toan ducfc de xuat. 

1. Oat van U 
Dff bad la bai tdan dffa vao so lieu d qua khff va hien 

tai cua mot hoac mot nhom dai Iffdng de dff doan gia tri 
cac dai IffOng tffdng ffng, hoac cac dai Iffdng Ichac, trong 
tffdng lai (liinh 1). Day la van de quan trong va can thiet 
trong nhieu ITnh vffc khae nhau. Doi vdi cd he, ket qua dff 
bao dffdc sff dung de xay difng ke hoach sff dting, bao tri 
bao dffdng, sffa chffa, hoac ngffng khai thae cd he, nghia la 
lien quan trffc tiep tdi eong tac quan tri cd he. 

Thai diem hien tai 

1 
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Chuoi diJ lieu lieu thu thap thu'c ti u, ^ Chuoi dii lieu heu du bao y, ^^ 

Hinh 1: Mo ta chuoi dtf lieu tuan tif theo thdi gian 

Co nhieu hffdng giai bai toan dff bao. Doi vdi cd he, 
moi lien he dong life giffa cac dai Iffdng la moi lien he 
phi tuyen, nhieu chieu va chiu anh hffdng cua nhieu yeu 
to ngau nhien lien quan tdi moi trffdng va dieu kien sff 
dung...Hien nay, mang ANN dang dffdc ffng dung ngay 
cang nhieu nham tim ldi giai cho bai loan dff bao. iJu diem 
cd ban cua phffdng phap nay la cd the bao quat khong gian 
trang thai nhieu chieu, phi tuyen cua he d nhffng cap do 
khae nhau thong qua ma tran trong so cua mang va tim 
mdi lien he, moi rang buoc giffa chung thong qua ldi giai 
bai toan cifc tieu ham sai so. Trong [1], ANN dffdc sff dung 
de nhan dang he thong theo mo hinh black-box va dff bao 
cac thong sd tffdng lai cua he thong qua cac ham truyen 
phi tuyen ciia mang. Trong [2], tac gia trinh bay cd sd ly 
thuyet ve ffng dung mang ANN trong dif bao tudi thp ciia 

he thong thep trong cau be long dff ffng life. Trong [14, 15], 
quan he phi tuyen giffa chuoi cac dai Iffdng khao sat va cac 
thong so' he tho'ng vdi chuoi cac dff lieu dif bao dffdc phan 
anh thong qua mang neuron song tuyen, va dffdc xac dinh 
toi ifu thdng qua qua trinh huan luyen mang dffa tren tap 
cac mau dff lieu input-output thdng ke. Tuy nhien, cd the 
tha'y rang khd khan cd ban cua cac phffdng phap dif bao 
dffdc xay dffng dffa tren ffng dung ANN lien quan tdi viee 
phai xac dinh cau true mang toi ifu cho mot dd'i tffdng cu 
the khi chffa cd mot phffdng phap tffdng minh. Thffdng cau 
true mang ANN dffdc xac dinh gan dung sau nhieu lan thff 
de lifa chon ra mot dai dien phu hdp nha't. Md hinh ke't 
hdp giffa ANN va FL, mang Neuro-Fuzzy, la mot mo hinh 
phat trien he md tren nen cau true ANN, cd kha nang khae 
phuc dffdc han che neu tren. Day la mot md hinh tich hdp 
cac ffu diem cua FL va ANN. He cd the tif ddng xac dinh, 
ehinh dinh cau true cung nhff tff dong xac dinh thdng so' 
mang thdng qua qua trinh huan luyen mang [6, 7, 10, 12, 
13]. Hien nay phffdng phap nay da dffdc nhieu nha nghien 
cffu ffng dung de nhan dang dd'i tffdng cung nhff dff bao cac 
thdng so'he thd'ng [8, 9, 16]. 

Trong bai bao nay chung tdi trinh bay mdt ffng diing 
cua md hinh ke't hdp giffa ANN va FL trong cdng tac dff 
bao: thuat toan dff bao cac thdng so ddng theo chuoi thdi 
gian, thuat toan TSPA, dffdc xay dffng dffa tren cd sd ffng 
dung he thd'ng suy dien Neuro-Fuzzy thich nghi cua [12]. 

2. Thuat toan lien quan 
Thuat toan HLM 1, dffdc trinh bay chi tiet trong [12], dffdc 

sff dung de xay dffng thuat toan dff bao d muc 3. Uu diem 
cdban cua HLMl la tde do hdi tii cao. phii hdp vdi biii toan 
huan luyen trifc tuyen. HLMl dffdc xay difng difa tren he 

(*) Trifcfng Dai hoc Cong nghiep TP. HCM 
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tho'ng suy diin neuro-fuzzy thich nghi theo md hinh T-S 
va giai phap chia bd md dang sieu hop (hyperbox-shaped 
clustering), cd cau true nhff tren hinh 2. Mang cd ba ldp, 
ldp vao, ldp an va ldp ra. Trong ffng dung nay, ldp vao 
dung de cap nhat cac thdng so' hen quan tdi cac trang thai 
dao dong (TTDD) va dff heu ve dap ffng dong life eua cd 
he dffdc khao sat d thdi diem hien tai va qua khff, ldp ra 
dung de xac lap cac gia tri dff bao cua cac thdng so'. 

Dp chinh xac dap ffng cua mang neuro-fuzzy lien quan 
tdi ca'u tnic ldp an cua mang cung nhff phu thuoc vao quy 
md, each to' chffc va dp chinh xac cua tap dff lieu dau vao. 
Ca'u true ldp an dffdc xac lap tff dpng trong qua trinh huan 
luyen mang. 

x,=[x,i.xj.i = l P 

/', (V 

lupnt Layer •"f«B'£' '̂ Output Layer 

Hinh 2: Ca'u true Neuro-Fuzzy (ggi tat la NF) dUdc sff dung 
trong thuat loan TSPA 

3. Thuat toan dif bao TSPA 
3.1. Xay dtfng tap dC lieu huan luyen mang 
Viec xay dffng tap dff lieu input-output, sff dung trong 

huan luyen mang NF d hinh 2, dffdc thffc hien theo hai 
bffdc: thu thap dff lieu va td chffc tap dff lieu. 

3.1.1. Thu thap vd xd ly dff lieu 
Tuy theo dai Iffdng can dffdc dff bao va ca'u true cua cd 

he ma giai doan nay cd nhffng net khae nhau. Trong phan 
nay trinh bay each thu thap dff lieu cho bai loan dff bao 
bien do dao dpng: kich thich cho cd he dao ddng d nhieu 
TTDD khae nhau, thffc hien viec do bien do dao dpng tai 
cac nut dffdc khao sat tai nhffng thdi diem rdi rac, each 
deu, ffng vdi tffng TTDD, va cudi eung la tien hanh Ipc 
nhieu tap so' lieu do. 

3.1.2. To chdc tap dff lieu 
Cd the td chffc tap dff heu input-output theo nhieu 

phffdng phap khae nhau, d day trinh bay hai phffdng phap: 
phffdng phap rai deu lien tuc va phffdng phap rai deu cd 
bffdc nhay. Ca hai phffdng phap deu cho cac tap dff lieu cd 
ca'u true gidng nhau nhff tren hinh 3: 

INPUT OUTPUT 

P 

M(roi-"AO. »(foi-("-l)AO »(/oi-A/) y{to,) = ii(tat) 

iijlDp-nM). »(/o/.-(w-l)AO i<(V-A/) yitgp ) = ii{tQp) 

n 

Hinh 3: Ca'u triic tap dif lieu input-output cila mang NF 

trong dd, P la sd mau dff lieu; n la so' phan tuT d khong 
gian vao ffng vdi mot mlu , hay con dffdc gpi la sd chieu 
cua khong gian dff lieu vao, 91". Sff khae nhau giffa hai 
phffdng phap lien quan tdi t^.: 

- Neu ,^. _,Q^. ,j = A/, ;• = 2...P : phffdng phap rai 
deu lien tuc; 

Neu ' 0 ( / - l ) = kAt, Are7V\{0;l}, i = 2...P 

phffdng phap rai deu ed bffde nhay (k). 

3.2. Danh gia tinh chinh xac cua ke't qua 
di^bao 

Sff dung tap dff lieu kiem tra P " c d Q mau dff lieu cho 
mang NF da dffde huan luyen de xae dinh cac gia tri dff 
bao y,, i = 1-2 tffdng ffng vdi cac tin hieu khao sat y., i= 
I...Q cua. P " C 6 the suf dung eac chi tieu sau de danh gia 
dp chinh xae dff bao: 

- Sai sd binh phffdng trung binh (Mean-Squared Error, 
MSB) i=Q 

MSE-- [y,-y.] 

- Sai so tuyet ddi trung binh (Mean Absolute Error, 

MAE) 
MAE-- X\yr yA 

Sai so' phan tram trung binh (Mean Percent Error, 
i=0 

M P E ) MPE = ^ r yj-yi 100 
yi 

(%) 

3.3. ThuSt toan drf bao TSPA 
Xet tham sd thff h trong eac tham so' c in dif bao gia tri 

tai mot thdi diem trong tffdng lai: 
- Chpn bffdc thdi gian Af, so' chieu eiia khdng gian tin 

hieu vao n va so' Iffdng tap mau P. 
- Tinh so' bffdc lap can thffc hien (Hinh 1); 
- Khdi tao7=7,-
Bffdc 1: Thu thap va xff ly dff lieu (muc 3.1.1) 
Bffde 2: Td chffc tap dff lieu (muc 3.1.2): 
- Xay difng tap T̂ '™ cd P phan tff diing de huan luyen 

mang NFh (Hinh 2); 
- Xay dffng tap T"' ed Q phan tuf dung de kiem tra. 
Bffdc 3: Xac dinh cac gia tri cua dai Iffdng dffdc dff bao 
Thffc hien vdng lap sau: 
B3.1. Huan luyen va xac dinh tin hieu ra cua mang 

NFh: 
+ Sff dung r/"", gpi thuat toan HLMl; 
-1- Xac dinh tin hieu ra i'Co + j^>) ciia mang NF^ d bffdc 

thff). 
B3.2. Td chffc lai tap 7/™: 
+ Xae lap mot mau dff lieu mdi eho T^'" sao cho 

"« = Kto + j^t) e INPUT (hinh 3); 

P=P+j ; j=j+l; 
-i-Ne'u i ^ ^ o : q u a y la iB3 .1 ; 

H-Ne'u j> kg: qua Bffdc 4. 
Bffde 4: Danh gia dp chinh xac eua ke't qua dff bao 

(muc 3.2) 
- Neu dp chinh xac chffa phii hdp: thffc hien mot hoac 

ke't hdp cac giai phap sau: 
-t- Tang dp min ciia bffdc thdi gian, nghTa la giam A?; [ 
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+ Tang sd mlu dff lieu huan luyen mang P; 
+ Tang khong gian dff lieu vao, nghia la tang n, 
sau dd quay lai Bffdc 1 hoac Bffdc 2. 
- Neu dp chinh xac phii hdp: ke't thiic. 

Bang 1: So lieu dif bao bien dp dao dong eda TSPA 
khi n=3 

Hinh 4: Anh chup cac thiet bi dtfcJc suf dung trong thi nghiem 
Vi tri hif ban dau, mffc do 11,36% 

£40x40x3.5 

Bong cff dien AC 3 pha 
W ^ 

(a) 

3000 

' 

1 r*! 1 
X 

1 r * 

40
0 

Hinh 5: Mo hinh thi nghiem 
(a) Sd do ket cau ciia khung kim loai; (b) Cac diem nut cua cac 

phan tff va vi tri do Y5, Y6, Y7, Y8 

4. Thi nghiem 
4.1. Mo ta 

Dpng cd dien xoay chieu ba pha D mang khd'i Iffdng 
lech tam M cd the dffdc ga lap tai nhieu vi tri khae 
nhau tren khung sat K nhff tren hinh 4 va 5. Sff dung 
bp bien tan B de thay ddi toe dp quay nO ciia dpng cd. 
Khoi Iffdng M, dp lech tam d, td'c dp quay nO, tpa dp 
la'p dat ddng cd (X,Z) la nhffng dai Iffdng cd the dieu 
chinh. Do dd, dpng cd quay se tao nen dao dpng cffdng 
bffc tren khung vdi nhffng TTDD khae nhau. Sff diing 
bp do chuyen vi LAM_BRIDGE cua Phdng thi nghiem 
Cd hpc ffng dung, trffdng Dai hpc Bach khoa thanh phd' 
HCM (gdm cac cam bien chuyen vi 1, card xua't-nhap 
2 va Driver dffdc cai dat vao may tinh 3) de do chuyen 
vi va bien dp dao dpng ctia khung tai cac diem mit ffng 
vdi tffng TTDD. 

IT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

Vj 
tri 

V5 

YS 

11 

Tao 
so 

(Hz) 

I.l 

1.4 

i.l 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1,9 

2.0 

Thoi diem d^ b^o (phiit) 

10 

Khao sit 

3.635 

3J25 

3.055 

3.275 

3,535 

4.080 

4,790 

5.330 

6,140 

6.280 

6,665 

6.945 

Dv bio 

(mm) 

3,867 

3,348 

3.121 

3,343 

3,711 

4.230 

4,425 

5.325 

6,160 

6,207 

6,321 

6,453 

Sail. 

MPE 

(%) 

6,39 

3,82 

3.50 

20 

Khao sit 

3.665 

3,225 

3,080 

3.270 

3,640 

4,050 

4,795 

5,270 

6,055 

6,280 

6,675 

6,875 

Dif bio 

y, 

(mml 

3,634 

3,383 

3,003 

3,358 

3,794 

4,310 

4,436 

5.511 

6,121 

6.420 

6.374 

6,468 

Sai 10 

MPE 

0,84 

4,89 

4.16 

30 

IChio sil 

(mm) 

3,665 

3,25 

3,085 

3,355 

3,610 

4.075 

4,805 

5.375 

6,005 

6,275 

6,665 

6,950 

D? bao 

Imml 

3.896 

3.387 

3,141 

3.386 

3,771 

4,338 

4,778 

4,908 

6,17i 

6,237 

6.332 

6.958 

Sai si 

MPE 

l*i) 

6,3 

4,22 

3.04 

4.2. Noi dung thrfc hien 
Lam suy giam EJ tai A d mffc 11,36% (Hinh 5). Motor 

M dffdc dat tai Y5. Giff nguyen dp lech tam trong sud't ca 
qua trinh thi nghiem. Thay ddi 10 gia tri cua tan sd kich 
thich: l , lHz, l,2Hz,...,2,0Hz. Cho M quay lien tuc trong 
500 phut. Trong qua trinh nay mffc dp hff hdng tai A se 
tang dan theo thdi gian. Thffc hien do chuyen vi va bien dp 
dao ddng tai bdn diem Y5, Y6, Y7, Y8 ddng thdi sau tffng 
bffdc thdi gian . Chung tdi nhan dffdc 500 gia tri bien dp 
dao ddng ffng vdi mdi vi tri Yi (i=1...4) sau nhffng khoang 
thdi gian each deu, ffng vdi cac tan so dao dpng khae 
nhau. Sff dung tap dff lieu nay cho thuat toan TSPA de 
dif bao chuyen vi tai Y5, Y6, Y7, Y8 trong hai trffdng hdp 
n=3 va n=4. 

Danh gia hieu qua ciia TSPA bang each: 
- So sanh so lieu Yi dff bao vdi sd lieu Yi (i=1...4) do; 

- So sanh ket qua dif bao cua TSPA vdi ket qua dif bao 
cua thuat toan DENFIS (8) 

Bang 2: So lieu dif bao bien do dao dpng khi n=4 cua 

TSPA va cua DENFIS (8) 

Vj 
Iri 

Y5 

Y8 

Y7 

T4n 

(Hz) 

I.l 

1.4 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

l.S 

l.V 

2.0 

So 

l u a t 

M 

11 

6 

7 

7 

9 

9 

6 

6 

5 

IS 

4 

K 

Th6i diem dv b&o (phlil) 

20 

Khao 

3.799 

3.225 

3.055 

3.144 

3.801 

4.040 

4.612 

5.430 

5.700 

4.770 

6.470 

6 451 

Dv bio 

TSPA 

3 S42 

3.273 

2.99« 

3.053 

3.760 

4 0H9 

4.562 

5.290 

5,635 

4 699 

635K 

6.330 

[8] 

3.«51 

3.277 

3.129 

3.085 

3.747 

4.111 

4.725 

524K 

5.784 

4.980 

6 312 

6 345 

MPF. 

TSPA 

1 22 

1 49 

I.H7 

2.90 

1.09 

1.21 

1.07 

2.5K 

1 14 

2.25 

1 73 

1 89 

[8] 

1.37 

161 

2 42 

1,X7 

1 42 

0.76 

2.45 

3 35 

1 47 

4 4 0 

2 44 

1 M 

MPE{TSP\)-\ 7 7 % - . Ar/'£'(DhNHS)-2 22'o 

40 

Khdo 

Y, 

3.802 

3,249 

2.814 

3,270 

3.732 

4 050 

4,344 

5 270 

6 055 

3.750 

6 675 

6 875 

Dv b io 

TSPA 

3.H43 

3,290 

2731 

3-315 

3 793 

4,149 

4 262 

.1 MH 

6 031 

3.685 

6K06 

7012 

DrNFis 

IS] 

3!78S 

3.285 

2.745 

3 354 

3 798 

4.123 

4.276 

5,186 

6 177 

3 691 

6 859 

7 025 

MPE 

TSPA 

0.85 

2 01 

2.94 

1.38 

1 63 

2.46 

1 90 

2 50 

0 39 

1.75 

1 9f, 

DLNFIS 

1.51 

1 10 

2.45 

2.57 

1.77 

1 80 

1 57 

1 59 

2.»l 

1 57 

2 It. 

W/>f(TSPA)-l K'J'.,-^ A f f - f i u i N I l M ; . l ) i " . 
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4.3. Cac kg't qua 
So lieu do va tinh toan dffdc the hien trong cac bang 1, 

2 va cac hinh 6, 7, 8. 
Bang 1 the hien so'lieu do bien dp dao dpng (cot Khao 

sat Yi), sd lieu dff bao tffdng ffng khi suf dung thuat toan 
TSPA (cot Dff bao Y.) d ba thdi diem 10, 20, 30 phiit khi 
ca'u tnic tap dff lieu huan luyen mang NF cd n=3, va sai sd 
phan tram trung binh MPE trong tffng trffdng hdp. 

d Bang 2, cac cot Y., Y. va MPE cung cd ndi dung 
tffdng tff nhffng thdi diem dif bao la 20 va 40 phut, va cau 
true tap dff Heu huan luyen mang NF cd n=4. Dong thdi 
tren bang 2 cdn the hien ke't qua so sanh giffa TSPA va 
DENFIS - dffdc trinh bay chi tiet trong [8]. 

Cae FTinh 6, 7, 8 bieu diSn trffc quan sff bien thien cua 
bien dp dao dpng tai Y5, Y7, Y8 theo thdi gian d mdt sd 
tan so' dao dpng khae nhau, bieu dien mffc dp sai lech giffa 
so' lieu dff bao va so' lieu do ffng vdi tffng thdi diem dff 
bao rieng biet, ddng thdi eho biet sai so' dff bao trong tffng 
trffdng hdp. 

Cac so' lieu tren cac bang 1 va 2 cung nhff tren cac hinh 
6, 7, 8, mot mat phan anh hieu qua cua thuat toan TSPA 
trong dif bao, mat khae cdn cho tha'y sai so dff bao ve bien 
dp dao dpng tai mdt diem, cung mot thdi diem, d cung mot 
TTDD cua thuat toan TSPA phu thudc kha nhieu vao ca'u 
true tap dff lieu huan luyen mang NF, nghia la phu thuoc 
vao n. Cac ket qua tren cho tha'y sai so' phan tram trung 
binh MPE(n=4) nhd hdn MPE(n=3). 

'"'"^ 
... \ 
\ 

i lwPE 

77 

= 1 5BS 

?3 

T,™. 
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-

fflnh 6: Du" bao bien dp dao dpng tai niit Y5 khi khung dao 
dpng vdi tan so 1,1 Hz trong hai tru'dng hpp: n=3 va n=4 

\ i i 
\̂  1 Mre-Q 935% 

V""" 

V • ; 1 

Hinh 7: Dif bao bien dp dao dpng tai niit Y7 khi khung dao dpng 
vdi tan so' l,8Hz trong hai tru'dng hdp: n=3 va n=4 

335 

^ 3 2 

3(R 

' • " v -

WPZ.= 

•^-Ir---

0 5 » 

_.^ .; 1 .._.; 
; \ : Prediction: 

; Suivt, : T 

Time-Senes Piediclad Aiea 

i i ; i ' 
1^5 16 165 

Hinh 8: Dif bao bien dp dap dpng tai nut YS khi khung dao 
dpng vdi tan sd l,4Hz trong hai tru'dng hpp: n=3 va n=4 

5. Ket lufn 
Dff bao la van de quan trpng va can thiet trong nhieu 

ITnh vffc khae nhau. Trong ky thuat, ke't qua dif bao la cd 
sd de chung ta chu dpng trong khai thae thie't bi: chii dpng 
trong suf dung, bao tri bao dffdng, sffa chffa, hoac ngifng 
khai thae he thdng. 

Trong bai bao nay chung toi de xuaft mot thuat toan ve 
dff bao cae thong sd dpng theo chuoi thdi gian, thuat toan 
TSPA, dffdc xay dffng difa tren viee ffng dung he thdng 
suy diin Neuro-Fuzzy thich nghi. Dae diem eua TSPA la 
ddii gian trong su; dung vi thuat toan lam viec theo cd che 
black-box. Thuat toan hoan toan phu hdp trong viec dif 
bao cac thong sd̂  phi tuyS'n, nhieu rang bupe va cho do 
ehinh xac dpng. Nghia la quy mo, each td chffc va dp chinh 
Xiie ciia tap dff lieu se quye't dinh dp ehinh xae dff bao. Ke't 
qua kiem chffng eho thay vdi n=4, dp chinh xac dif bao 
cao hdn rat nhieu so vdi trffdng hdp n=3. Thuat toan cd the 
dffdc s^ dung tdt eho cac bai toan dif bao online va offline. 
De gia tang dp chinh xae trong dff bao offline ta can tang 
sd so' mau huan luyen mang Neuro-Fuzzy, tang chieu cua 
khdng gian dff lieu vao va tang dp min cua bffdc thdi gian. 
Trong bai toan dif bao online ta can tac dpng theo chieu 
hffdng ngffdc lai. • 
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