o
B
<!
o

X7

!

2~ E
—u
2L

=
A HRE o8-8k Wl

=

(), ult))

x

o~
L

=
o

7]

RNN(z(t), u(t)) — RNN(

N2 ] 4 WS AR Al
74 929 8-S Bgs}7] $181e Luenberger

[e)

.

% A7 272 Linear matrix inequality 2 =
vk

RNN, (e(t), u(t))

Jin Yongsik

yongsik@etri.re.kr
Electronics and Telecommunications Research Institute (ETRI)

A recurrent neural network-based state observer for nonlinear systems

A B

=
B

X(t+1) =F(x(®),u®)

~ c =
& o 3 =
= O
P~
e o) ©
[} 2 —
% I D v
2 ~ c =
— ~— +~ O
o = S 32
N OB
c e S
= 5 C
5 ! o
Pz = o
—
OS]
i 7

B, e(t): 4 &2} K #57] Al

(t),u(t)): 8

BA717] A K= A Sl elobEe M 7]

g

u(t)

et 53] Aol

7

[e]
=

o)l

=
4

oy
ToR
P

o]

oW.

w

o
kil

ol !

ol
A

o

A

1%

il

£(t + 1) = RNN(2(t), u(®)) + K (x(t) — 2(t))

248} Hofofe

A

T

e(t+1)TPe(t+1)—e(t) Pe(t) +e(t)Te(t) —PAt)TA(t) <0

A Al=EL RV(

4 3%
P

]

2

ol

93} Linear matrix

b1 s1a ofe) 2ol

=

ol #4719 o]

7 g

"

i
[e)

%}\

—z(t))
A

SEEEE

20
vk A ()

(t), u(t)) — K(x(t)

tol e el

o143
= RNN(

[e)

=
A ¢

2(t+1)=F(z(t),u(t)) = RNN(z(t),u(t))+ A(t)

Flz(t),u(t) 2 RNN(z(t),u(t))

inequality (LMI) 7]4ke]
s
nmEeEe

(t+1)

=
al
—L
T
€T

9 Qe 4 A 1= g()

]
oy

A

~

ol

FolR Agell et e

RNN, (e(t), u(t)) + Ke(t)

e(t+1)



0.08 ei(t)|

0.06

0.04

20 25 30 35 40 45 50

.
o
Do
2
©
i,
0
=
4o
ol
N
1o,
4o
o,
to
24

ACKNOWLEDGMENT

This work was supported by the Commercialization Promotion
Agency for R&D Outcomes (COMPA) grant funded by the Korean
Government (Ministry of Science and ICT). (RS-2023-00304776)

FLEF

[1] Jin, Yongsik, Wookyong Kwon, and Sangmoon Lee.
"Parameterized Luenberger-type Hoo state estimator for delayed
static neural networks.” IEEE Transactions on Neural Networks
and Learning Systems 33.7 (2021): 2791-2800.

[2] Jo, Seonghyeon, et al. "Enhanced Results on Sampled-Data
Synchronization for Chaotic Neural Networks With Actuator
Saturation Using Parameterized Control.” IEEE Transactions on
Neural Networks and Learning Systems (2023).

[3] Han, Seungyong, Suneel Kumar Kommuri, and Yongsik Jin. "Novel
criteria of sampled-data synchronization controller design for gated
recurrent unit neural networks under mismatched parameters.”
Neural Networks 172 (2024): 106081.

[4] Jin, Yongsik, and S. M. Lee. "Sampled-Data State Estimation for
LSTM." IEEE Transactions on Neural Networks and Learning
Systems (2024).



