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Deep Learning based Models for Nonlinear System Identification
Vahid Mohammadzadeh Ayooghi and Mahdi Aliyari-Shoorehdeli

Abstract — Deep learning-based models appropriately perform in modeling complex problems in
computer vision and natural language processing (NLP). With this in mind, nonlinear system identification
methods can benefit from tools developed in deep learning, leading to enriched frameworks to choose from.
For this purpose, we are going to review some potential structures and methods of deep learning that can
be used in nonlinear system identification. Although we comprehensively review the applicable tools of
deep learning to system identification, this paper mainly focuses on using latent variable models (LVM)
for identifying nonlinear state space models. LVMs are powerful tools for extending generative models
primarily developed for only generating static data, yet by a combination of recurrent neural network
(RNN) and variational auto-encoders (VAE), they can also generate sequential data. A structured version
of introduced models compatible with control systems will also be given. The study shows that the deep
learning models have a comparative performance to traditional and classic ones.

Keywords: Deep learning, nonlinear system identification, latent variable models, VA
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!t Sampling

2 Marginalization

® Intractable

4 Approximate method

® Stochastic approximate

6 Deterministic approximate
" Variational distribution

8 Jensen’s inequality
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! Recognition network — Encoder network
2 General approximation property
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11 Time steps

12 Conditional independency
13 Causal-in-time

14 Binary variable

15 Free parameters

16 Conditioning set

7 Temporal structure

18 Temporal dependency

1 mth-order Markov model
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L ELBO lightening

2 Importance weighted auto-encoders
® Adversarial auto-encoder

4 Static data

% Sequential latent variable models

¢ Sequence

’ Physical dimension

8 Time series

® Temporal information

10 Time series analysis
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5 State space models

6 State variable

" Observation model (emission model)
8 State transition model
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! Bayesian network (Belief network)
2 Correlation analysis

3 Mutual information
4Autoregressive models
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" Deep state space models

8 Recurrent neural network

° Variable length sequence

10 Deterministic maps

1 Long short-term memory (LSTM)
12 Gated recurrent unit (GRU)
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! Marginalizing out

2 Exact inference

3 Kalman filter

4 Unscented Kalman filter
5 Extended Kalman filter
® Approximation method

Journal of Control, Vol. 17, No. 2, Summer 2023

VFY Ol of o5les Y dlor oJ 28 dlons



W son 5 b G e o Lalid 3 Goae (6,8 3L sl ke

Sresh ol Gdge 5 (Bl ool deses d

Pl 0ol bl 15 Do (Zor |21, X7, Upr) OT 53 &
whsl b .5 P (Zoir| 21, Xy Upir) Sose & OIS 0 b5
(s el Sl L;La(-lf plos (sl gy cnl 031
T

Po (Zy.r|X1:m) UrTs Z0) = 1_[ Po (Z¢|Ze—1, X.1) UeT)
t=1
_
25 Dose a S e b Gl 55 Gk S5 skl ) 2
Dy el B

qd)(Zl:Tlxl:T' Uy, Zo) Y)

T
= | |q¢(zt|2t—1ﬂxt:Tﬂut:T)
t=1
D el 55O se a8 Slalie YL OIS

Po (X175 Z1.7] ul:T))
) (ZyrXr )

log pg (xy.7lusr) = Eq¢ (10g
T

= Eq(*;,(zt—ﬂ (Eq¢(2z|2z—1.xt:T.uc:T) (logpg (xelzc)
t=1

— Dy (Q¢ (z¢elze—1, Xer, ut:T)|p6 (Zt|Zt—1:Ut))>
i g Gl w55 Gladle w55 4 (Ze-1) OT 52 8
&l oteT s alasly b alis oeT Sty sl bedly ol Zp g
b 53 05 L Gty 55 45 gl ol b Sl 1o 5555
Ll 038
Lol 8 05 8T ke 4 S ey 3o b O bt Sl g
S 055 Jdo (Sl Lateie € jshiles oy o o liSUS L
3 S99 a.»\.g_Tf._bu.a @ \J{‘) C,-w-:v J'.""\fr U&-“ ;JLA 4 e S U
b}?}éfdb)ﬁgj’:})ﬁbdg‘:"‘;ﬁ‘e‘)ts‘ﬁ'b)bé:‘*!@)j;
3 Syl s du:JfS:qupﬁ Olgs oo sl Say o3 o)ls
A I O R I s gy J Y U K R PSSR L P PP
;,Jlfj:l:éQT‘\J,:},‘:@ML&:AM@leT):Qﬁjs)er
e S5 5,80y ol bl 9] 5 [00] AV] 3 5d e S T Gaee
D3 I 583308 N petees (Sl s 5 255 0 iy 8 Ay S8
Ot ite 5SS Late opl 5l Sl e 53l 0L Ol
Wy gl oL Ol 4 [PV ] 25 dal e Sl

d¢ (Zy.7 | %10 W) Z0)

T
(\F)
= 1_[ ) (z¢lze-1,a0),
t=1

ag = fa(xe, ue)

el b K8 s 4 e L ble 31E s

2 Deep Kalman Filter (DKF)
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! Stochastic Gradient Variational Bayes (SGVB)
2 Low dimensional manifold

3 Kalman Variational Auto-encoder (KVAE)

4 Video object detection and tracking
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