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nghién ctru nay da khing dinh viéc sir dung hé thong hoc rong két hop vai
Hé phi tuyén; cac ky thuat mang no-ron va 1y thuyét 6n dinh c6 thé mang lai mot giai
phép manh mé va tdi wu cho viéc kiém soat va dong b hé thong Genesio.
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1. Giéi thigu

Hé¢ théng Genesio la mdt cong cy manh mé trong nghién ciru va m6 phong céac hé thdng dong hoc
phi tuyén, gitp chung ta hiéu rd hon vé sy thay ddi va hanh vi cta cac hé thng phue tap trong cac linh
vuc khoa hoc khac nhau [1], [2]. Hé thong Genesio thudng d& cap dén cac h¢ thong phi tuyén va o thé
mo phéng cac hién tuong dong hoc phirc tap nhu su thay dbi trang thai, su on dinh, hoac su Xuét hién
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ctia cac chu ky hodc hién tugng hdn loan trong hé thong. M hinh nay ¢ the dugc ap dung trong viée
nghién ciru va md phong cac hé théng co su phu thudc phi tuyén vao cac yéu td bén ngoai va cac diéu
kién ban ddu. M6 hinh dong hoc Genesio €O thé ung dung trong nhiéu linh vuc khoa hoc va ky thuat,
dic biét 1a trong cac hé thong phi tuyén phirc tap nhu: Bao mat hinh anh, m6 phong sy thay d6i khi hau,
mo phong sy phat trién té bao,.... N6 gitp cc nha nghién ctu va ky su hiéu rd hon vé dong luc hoc cia
hé thong va du doan hanh vi cua ching trong cac diéu kién khac nhau. [1] — [3]. Pé c6 thé kiém soat
dugc hé thong hon loan phtre tap nay dau tién ching ta phai néi dén str dung mang no-ron thich hop dé
giai quyét bai toan mdi quan hé giita mot tap hop dau vao va dau ra biét trude [2], [3], [4], [5], [6]-

Hé théng hoc mo rong (broad learning system) la mot c4u triic méi dugc thiét 1ap dya trén co so
mang no-ron lién ket chre nang vecto ngau nhién, bo ddng bo truot tir d6 dé tao ra hé dong bd va giam
sat cho hé phi tuyén [7], [8], [9]. Nguoc voi mot s6 mang no-ron sau pho bién bi mat nhiéu thoi gian
hoc dbi véi cac tham s6 qua mirc, hé thdng hoc mo rong co thé cung cap mdt lugce dd nhanh hon nhiéu
v6i d6 chinh x4c cao. Nhimng dic diém nay lam cho hé rat hidu qua trong vin dé dong bo va giam sat.

Tuy nhién, nhuoc dlem cua phuong phap nay khong thé duoc ap dung truc tiép vao dong bo hé thong
do thiéu di kha ning t6i wu cac thong s6 ¢ thoi diém ban dau Chinh vi vdy, nhom tac gia da dua ra mét
thuat toan nham muyc dich thay d6i diéu chinh cac tham sd theo thoi gian trong 16p tang cuong vao. Khi
d6 céac trong sb s& két ndi cac nit tinh ning voi cac nut ting cudng va cac nat dau ra va hoi tu lai sy hoi
tu tai 16p trén cung. Sy hoi ty cta thuat toan nay dwoc ching minh qua dinh 1y vé tinh 6n dinh Lyapunov
(8] - [11].

Tiép theo chiing t6i thiét lap mot bo d@)ng bo dua trén viée kiém soat cac nhidu loan cho hé théng
Genesio su dung hé théng hoc m¢ rong. Két qua mo phong trén phin mém Matlab-Simulink cho thay
kha ning kiém soat nhiu loan tt ciia phuong phap hoc m¢ rong. Hon nira, nd cd thé dat duoc do chinh
xac cao hon trong qué trinh hoc rat nhanh so véi mot s6 mé hinh neuron va mé hinh no-ron mo [6].

Dong gop chinh cua bai bao gdm:
(1) Ung dung duogc phuong phap hoc dién rong vao dong bo hé thong phi tuyén Genesio.
(2) M6 phong thanh cong bai bao trén phan mém Matlab-Simulink.

2. H¢ thong Genesio

Gia st mot 16p cac hé théng hon loan bac n duoc mé ta dudi dang sau:

x™ = f(x)+u (1)

T r ~ 2

Trong d6 X = [X, X, ---X(nfl)} e R" 1a vector trang thai ctia hé thong, dugc gia dinh 1a c¢6 sin d¢ do,
f(x) €R 1a dong luc hoc phi tuyén cta hé thong c6 thé khong biét, va u €R 1a dau vao cua hé théng. Van
dé dong bo theo doi cuia hé thong 1a tim ra mdt quy tac dong bd sao cho quy dao trang thai XER c¢o thé

theo sat 1énh tham chiéu X¢ €R. Pinh nghia vector sai s6 theo dbi.
e=X; — X 2)
Gia st ré'lng tat ca cac tham sb trong (1) déu da duoc biét, ton tai mot bd déng bd Iy tudng:
=—f () +x” +ke" +...+k _e+k.e 3)
Trong d6 K,,i=12,...,n 1a cac hang sé duong. Ap dung bo ddng b Iy tuéng (3) vao (1), ta thu duoc:
e™ +ke" +..+k _e+ke=0 (4)
n-1 n

Gia st rﬁng céc hé sd phan hoi ki ,1=1,2,...,n duoc chon sao cho twong tng véi cac hé s6 ctiia mot
da thirc Hurwitz, diéu nay c6 nghia 1a lim,_,e =0 dbi véi moi diéu kién ban dau. Tuy nhién, vi dong
Iic hoc hé thong f(X) c6 thé khong biét hodc bi nhidu trong cac ing dung thyc té, bo dong bo 1y tuong

JTE, Volume 20, Issue 03(V), 08/2025 23


mailto:jte@hcmute.edu.vn

JT E TAP CHI KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham Ky thuat Thanh pho H6 Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

trong (3) khong thé duoc dat duoc mot céch chinh xdc. Tur d6, bai bao dé xuat phuong phap h¢ thong
hoc mo rong (broad learning system) dé giai quyét van dé do.
3. Hé thong hoc mé rong

0 phan nay nhom tac gia dua phuong phap hoc mo rong tu t chuc, dap img yéu cau cua cdc trang

thai dong bd khac nhau va tiét kiém tai nguyén tinh toan [2]. Cau triic ciia hé thong tu sap xép hoc rong
dugce thé hién nhu Hinh 1.

Input data X Mapped Feature Enhancement node Group Ouitput f

1
y
w i

Hinh 1. Cdu tric ciia hé th(jng hoc mo rong

Lay thong s0 ban dau 1a cac gia tri X cho hé cac vecto dau vao dau tién dugc dua vao n ma trén cac dic
diém ngau nhién trong “cdc nut ddc diém” bang n anh xa dac di€ém ¢i. Ma tran dac diém tha i c6 dang
la:

Z = (XW, +f3,),i=12,...,n (5)

Trong d6 X € RV*M Y e RN*C N 1a s6 dau vao, M 1a kich thuée, C 1a kich thuéc cta cac diu ra
tuong Ung, trong ) W, va thuét ngir sai 1éch £, la cac ma tran duoc tao ng'fiu nhién két ndi vecto dau
vao véi cac nit ddc trung. Chung toi biéu thi Zn 2 (Zy, Zo, . . ., Zs) 13 cac diu ra ciia n nhom nut dic
trung. Ma tran trong sb W, sau d6 dugc tinh chinh boi mdt bd ma hoa ty dong dé tao ra céac dac trung
phu hop hon véi Z,.
Gia str c6 m nhom anh xa voi cac nit ddc trung K; trong nhom tht i va c6 mot nhdm gdbm m nut ting
\ s X A \ _ « 32X £ , R _ i
cudng, véi mau dau vao X = (X, Xz, . . ., Xm) va dau ra mong muén y, ching ta ky hi¢u Ws = (W; )MxK;
- B = (Bl )IxKs, We = (W), )(Ka+Ko++Ky) xm va fe = (b)1xm, trong d6 W; 1a trong s6 két ndi dau
vao thir vdi nat dac trung thur K trong nhom anh xa thur i, bifk 1a hang tir thién vi lién két v6i nat dic trung
thur k trong nhom anh xa thir i, Wijk 1a trong s6 két ndi nit ddc trung thir k ciia nhém anh xa thi i véi nit

tang cudng thir j va bj 1a hang tir thién vi lién két v6i nit ting cudng thir j. Ta lay ky hiéu dau ra cua hé
ay.
m n K n K
:Z ZZWLFk' +by)+2 > WR (6)
) T k=1 i k-1
Vi dau ra cta nit thir k trong nhém anh xa thir i va & ham kich hoat 1a F ﬁ;(wif X, +bk) biéu thi dau ra

clia nut tinh nang th k trong nhom anh xa thir i va &(-) 1a ham kich hoat. LAy ma tran trong s6 két nbi
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cac dau ra cua céc nut tinh nang va cac nat tang cudng voi no-ron dau ra (tirc 1a cac trong so ¢ 16p trén
cung).

1 1
W =W Wiy ey Wy Wi Wy W (7)
Trong d6 W:( 1a trong s6 két ndi nit dic trung thir k trong nhom anh xa thr i véi no-ron dau ra va w; la
trong sb két ndi nut ting cudong th j voi no-ron dau ra.
Ldc nay ham 15i gitra ddu ra y va ) duoc thé hién:
1,
E=2(9-y) (®)
2
Dao ham cac tham s6 W, Weva e ta dugc:

E o E

- (3-)
o'k ©)
awk awk oy
0B _CE &y _ 0,8
W, F' +b
G [ EEe o) g
oOE OE oy 9 . o
T _EDN T _(goywFE Fi b,
aN}k ay aé] aN;k (y y)WJ ké](izl kleJk k+ J)
- (11)
= (§-y)W R A-& QD Wi R +b))
i=1 k=1
oE _ &y 0¢ oE
) Bl 1- F' +b.
b "o . 3 (9-y)w;( 6(;;% +b,)) (12)
oE _ &y 0c oE
] 1- Fl+b,
b o . 3 =(9-y)w; 5(;;% +b;)) (13)
Trong dé &; 1a dao ham &. Ta thiét 1ap duge:
eX_e—X
&; =tanh(x) = o (14)
Duya cong thirc (8) - (12) ta thay géj =1- 512 . Ta rat ra dugc:
j(tr1)=w; (t)-n(y-y)=(t)
Wl'<(t+1):wl'<(t)—77(9—y)Fl!
2 (15)
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n K
Trong d6 E(t) = & (ZZW'JK (tF! +b(t)j va 771a toc d6 hoc.

i=1 k=1

Dé chimg minh diéu néu trén ta gia su 7 1a tdc d6 hoc tai thoi diém roi rac t trong cong thirc cép
nhat Phuong trinh (14) d6i voi cac tham s6 cua hé, thuat toan hoc hoi tu véi diéu kién ;(2) thoa man diéu
kién sau:

0<nlty<c— 2

max |72 () (16)
|| Po |,
Xem xét ham Lyapunov:
1 1.
V(t)=5¢ (1)=5(5(1)-y() a7
Khi d6 ham Lyapunov s& thay d6i thanh:
AV (£) =V (t+1) -V (1) =2 ae(t) (2e(t) + e (1)) (8)

Dua theo xap xi tong vi phén ta co:
T
Ae(t)zAP{e(t)a} (19)
ae(t)_{é‘e(t) ce(t) e(t) (t)J
ob

Trong do

P | ow ow, ow,
véi e(t)=9(t)—y(t) taduoc:
Ae(t)~ APF?('[)I 0)
oP
Tur ham 15i ta suy ra:
APz—n(t)e(t)% 1)

Vi vy, ta c6 thé suy ra:
w=-2n()e() 5L 9§g@[ze<t>n<t>ea>[9§g@} 92?} @

Duya theo Lyapunov néu AV (¢) < 0. Ta thu dugc:

<) <————= o)
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4. M6 phéng hé théng

Trong phan nay, dyua vao cac cong thirc tinh toan xay dung 6 trén nhom tac gia tién hanh xay dung
chuong trinh mé phong st dung phuong phap hoc mo rong dé kiém soat h¢ thong hdn loan Genesio trén
phan mém Matlab-Simulink d¢ mé phong kiém tra tinh 6n dinh cua h¢ thong Muc ti€u chinh cta viéc
ddng bd lataora dau vao dong bo thich hop u(k) dé dam bao rang tin hiéu dau ra y(k) cua h¢ thong nay
c6 thé xap xi tin hiéu tham ch1eu r(k). Cac dau vao ciia hé bao gdom 15i e(k), su thay ddi cua 16i de(k) va
tong 16i P e(k). Cac tham s6 cuia hé dugc dao tao theo cach giam dan @6 dbc 13p di lap lai dya trén cac
tin hi¢u nay. Sau do, du ra cua hé dugc dua vao hé dong bo dé dong bd giam sat h¢ 1a sao hé luon duy
tri & trang thai xac 18p.

Bang 1. Bdng thong s6 ban ddu ciia b dong bo dwge dé xuat

S6 lwong dau vao m 1
S6 16p n 1
S6 dau ra n, 1

W; 0.01

W, 0.01

W, 0.01

b, 0.01

Téc d6 hoc 77 0.0001

Dbi twong nhoém tac gia s€ thyc hién ap dung dong bo giam sat hé thong hdn loan [6] Genesio Hinh
2. Phuong trinh cta hé hon loan s€ c6 dang nhu sau:

x® = f(x)+u (24)

Trong d6 ta 1dy f (X) =—6X—2.92X—1.2%+ X?1a ham phi tuyén tinh cta hé théng va u 1a nd luc
kiém soat hé thong. P& quan sat hanh vi hdn loan khong thé doan trude, hanh vi ciia hé thong vong ho
v6i u=0 da duge mo phong véi cac diéu kién dau vao 1a cac gia tri (X, X, X) = (3, -4, 2) . Dé kiém soat
duoc hé théng hdn loan Genesio.

s Biéu do pha ciia H¢ thong Genesio

= Quy dao mong muén
= Quy dao thuc ding phwong phap hoc mo rong
Quy dao thuc ding Adaptive NN [6]

x-dot

150 L 1 1 L J
-1 -0.5 0 0.5 1 1.5

Hinh 2. Biéu dé hon loan ciia hé thong Genesio
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PAu tién, hé théng can duoc khai bao cac thong sb va trang thai dau vao. Tiép theo tién hanh khai
bao ty 1€ no-ron sau d6 chung ta di xay dung chuong trinh chinh cho h¢ cudi cung ta kiém tra trang thai
tin hi¢u dau ra cua hé. Két qua md phong duoc thé hién tai Hinh 3 va Hinh 4.

Két qua ctia phuong phap d& xuat nén dugc so sanh véi mot phuong phap mang no-ron thich nghi
(adaptive neural network) [6] dé thé hién dugc hiéu qua cta no.

—_— X
g d
-4 - e e LLLLLY : x ding phwong phdp hoc mo réng| 7
0" — = x dimng phuwong phdp NN [6
-5 0. 0.5 Ll I I : I er wonlgp v \[J]
0 2 4 6 8 10 12 14 16 18
Thaoi gian (s)
(@)

/Iul, xdot
o

X

| X »dO
1 \dd(l

[
Jeoves : X-dot dung phuong phiap hoc mo rong

[~ = x-dot diing phuong phip NN [6]

0 2 4 6 b 10 12 14 16 18
Thoi gian (s)

(b)

Hinh 3. Quy dao cua (xd, x) va (xd-dot, x-dot) sir dung phwong phdp hoc mé réng va phuwong phdap NN [6]
(a) (xd, x) va (b) xd-dot, x-dot

Dua theo két qua mo phong cho hé thong hdn loan Genesio v&i hai phuong phap phuong phéap hoc
mé rong va phuong phap mang no-ron thich nghi (Adaptive neural network) (NN) [6] dugc thé hién
trong Hinh 2-Hinh 4 chung ta nhan thiy ring bd ddng bo ding phwong phap hoc rong luén duy trinh
trang thai 6n dinh luén bam theo tham chiéu va dat dén trang thai xac 14p nhanh hon so vai Adaptive
NN [6]. Véi két qua mo phong nay da thé hién rat 16 rang vé kha nang lam viéc on dinh va tinh kha thi
rat cao. Cudi cung, RMSE (sai s6 trung binh binh phuong gbc root mean square error) trung binh cua
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phuong phéap hoc rong d@é xuét tia chung t6i thap hon (0.1709/0.0614)=2.7834 lan so voi Adaptive NN
[6]. Diéu d6 chung to ky thuat cia chiing t6i rd rang hoat dong tot hon.

Sat 56 e
0.1 T T
------ . Sai s‘o e dungphmmgphap hoc mo rong
: Sai 56 e ding phirong phép NN [6]
0.05 -
(Us [N “--"‘“-"“‘ ChN e
0.05 2
v
< -0.1
Y
3015
i
0.2+
-0.25
-0.3
0'35 L 1 1 1 L 1 L
0 4 6 8 10 12 14 16
Thoi gian (s)
(@)
14 Pgo ham sai sé da() ham e dot
B T
""" : e-dot ding phum1gphap hac momng
12 . e-dot ding phuong phdap NN [6]
j
s g 1
$
< 08F
5 06k
£ IH
ICE
= 044
SRt
02}
i B : H
OF M mrererrrnneensed ST ] T T s e 1
7
02 ’7 L Il Il L 1]
0 4 6 8 10 12 14 16
Thoi gian (s)
(b)

Hinh 4. Sai s6 va dao ham sai s6 e, e-dot sir dung phwong phdp hoc mé réng va phwong phdp NN [6]

(@) e, (b) e-dot

Bang 2. So sanh RMSE cua phwong phap WLS va SO-WLS

Method RMSE cuia e RMSE cua e dot RMSE trung binh
NN [6] 0.2074 0.1347 0.1709
Phuong phap duoc dé xuét 0.0247 0.0980 0.0614

Dua theo két qua mo phong ctia bo dong bd v6i nhiu bén ngoai duge thé hién trong Hinh 3, Hinh 4 ta
thay dugc bo dong bd ludén duy trinh trang thai sao cho nhitng nhi¢u loan ludn ¢ trang thai nho nhat. Vi
két qua mo hinh nay ta nhan rang thay rang hiéu suat van c6 thé dat dugc ngay ca khi c6 nhiéu bén ngoai

xay ra.

5. Két luan

Két qua md phong trén phan mém da cho chung ta thiy dugc kha ning dong bo cua hé thong hoc mo
rong dbi voi hé théng hdn loan Genesio. Nho ¢ ca tmg dung mang no-ron, hé thdng hoc mé rong hoc
rat nhanh de tao ra cac ddu vao dong bd chinh xac cho hé thong Tir d6 chung ta cling cho thiy hi¢u suét
t6t hon vé do chinh xac dong bo va kiém soat nhidu loan tt hon so v6i mot s phuong phap tiép can
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dua trén mang no-ron va mé hinh no-ron mo. Nhuoc diém db6i v6i phuong phap nay 1a thleu di phuong
phap t6i wu tham s6 cho hé thong. Trong tuong lai nhom tac gia s& ap dung thuat toan t6i wu nhu PSO
vao bo dong bo hé thong.

Xung dot lgi ich
Tat ca cac tac gia tuyén bd khong co xung dot loi ich.
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