ldentification of [ ‘\f 1amic j\}\fsﬂe':n‘n:‘»-z.

—An Introduction with WI’I“ ons

R % 2 (Rdlf Isermann )
M.BHEE X (Marco Minchhof)
¥ W BkiiE  (RiEE 0F

[#8]

Rolf Isermann
Marco Minchhof

Identification
of Dynamic
Systems

An Introduction with Applications

e HLHE Tk HH kAt

CHINA MACHINE PRESS




E PR 57 TREFEA

R FEPHR
St 55

Identification of Dynamic Systems

An Introduction with Applications

R. 2% 2 (Rolf Isermann)

M. B4 % £ (Marco Miinchhof)
w WM BRELAE iE F
wKikx &

(1%) *

)

AL T ok th AR At
()35 i Springer HifiR)



AALL—Fh by, WIB . A REA AGRAR R GHHR, i AR
] R HER . E R A QLR A (] g RS O (] £
SRR RBEA NSRRI BHA, HER A THE T BHRM BT3B Ak
PRELH 9 T 2B R AGHHA . R RGHER LR A R4
RS LABARGEMIRER. BT 9 MRS, 24 5, FERRRL.
fi] 2, WoAT L REAEAE S, BLiskE %], LU SR B .

A A5 {3t B Bl B AR Ol R AR A TR BB A DL

Translation from English language edition .

Identification of Dynamic Systems By Rolf Isermann and Marco Munchhof

Copyright (©) 2012 Springer Berlin Heidelberg

Springer Berlin Heidelberg is a part of Springer Science + Business Media
All Rights Reserved

A Ay Springer EEACHUML Tolk th AL AE P EEE N (ASEL4E &k, M)
FERTTEIX A R X)) HARS &fT. REFaTzmn, bk ¥
fEBGE, ¥tz i,

st AR F RS T 6 i P72 01 - 2013 - 6566 %7

B HEMSE B (CIP) ¥

HERGA: FIC SR A/ () RS, (H) WA & R % I, BT #%
{5 G 198 . —AL 5T LB Tl i Ritat ,2016. 3

(HEPRR S FTREN)

F5 4 5 : Identification of Dynamic Systems: An Introduction with Applications
ISBN 978-7-111-53217-0

I. Dz 0O @MW Dt @B G- MDA
A4 - RepHR V. TPI13

rh B AR A P A5 4 CIP s #7 (2016) 45 051542 5

PR Tl s RRAE (b s e e A#s 22 % HRBCARRD  100037)
TR Bt fF TOIERCRE. GkHEE

SEENH: f+ F

At 58 A B I A PR 2 =] ERR

2016 44 A 1R - 1 ENRI

184mm x 260mm - 35. 25 E13 - 870 TF

0001- 2500 fiif

bRMEF 5: ISBN 978-7-111-53217-0

SEH: 129.00 0T

R AAs, Wi skoT, o1, B, At & it

iR % % 2% e 55

55 &5 sk . 010-88361066 FL T B M. www. emphook. com

BEHE W AR . 010-68326294 HL T E 1% weibo. com/empl952
010-88379203 % B M. www. golden-book. com

HE LB AR A ERR HEMS M : www. empedu. com



e SC AR EC

FABCA R R HE R RN A AR AT BB TH . BOTSURFABHREER, KRG
ARIBEAE BRI T LIRS VF 2T REME, eSS R Z AT iR, sE SCHlAE
4 B AR A Z AT S HEAT IR, sRF VISR B SRR IE R 4F . BOr iR R T RER W R A
f—ER43, T ELJR VR0 B A4 ) R e b A AT A R 40

H FRZMEN T 8L BRI RRUE T WAL E e S IR A, FrLAT EA HVE
TR S S M T PN, EERAMRRA ML, WA AREA RS HRRL,
Hy, R, REF RSB, AR R B E R MRS R

A BRI SCFRE T 2010 4EEmI . AFE R HEREIRD], A4EAED EXET REHHR
(2 FE R SRR S e R AW By, R B . XARGEIHREE
MRS MBRTEM T 2N, HEARETRMINEATERG] 3P4 8
A, PSRRI RS s AR AL S SRR S, @ Préaasepilisd, #
IS B R RN R SRR B A BE T LLEEE R D EATEhEE, KA BITEN
B T B S A R 2

Bug A RERE, B (FERE) . BKOOEE L CREBULE ARG )
FfGiaatg -t (SAP pEBIERE) FEBAREIE T AL, WE BB WML T4
HME S E

AT+ RAPHE A B b 3, BB AR T AR LA s 1E] 555 0, B
AP RENF L R4

R %%, M. HAEX
2015 %5 A
T i 4563 4

O BEME: CHICRFT ECHE



Preface for the Chinese translation

Employing mathematical models of any type of natural or technical processes becomes increas-
ingly important in understanding or designing and operating these processes. The access to models in
different mathematical forms opens for example the possibility to simulate processes before they are
built or to test special controlled operation conditions before their realization or to train pilots and op-
erators. Mathematical models may also be part of control systems and are an essential part of well -
tuned or adaptive control systems.

As the creation of process models in many cases cannot only be based on theoretical formula-
tions based on e. g. physical and chemical laws, the identification by evaluating measured signals is
required in many cases. Often, a hybrid approach is employed where first the model structure, i. e.
equations, are derived by applying first principles. By parameter estimation, then the optimal pa-
rameters for the model are determined from measurements.

The original English version of this book appeared at the end of 2010. It was Professor Xiao,
who felt that the book will prove very helpful to students and practitioners of system identification in
China and therefore recommended its translation. The main benefits of this compendium on system
identification are the holistic introduction to identification methods focusing on the motivation and i-
deas behind the individual methods accompanied by a discussion on practical issues. The various ex-
amples of industrial applications shall stimulate the reader to transfer the methods to his/her specific
application by learning from the provided examples. Test data taken at an experimental setup allow
the reader to take the first steps right away and apply the algorithms presented in this book to real —
world data.

After acceptance by the publisher, the manuscript was with high diligence translated by Dr.
Yang ( Tsinghua University) , Dr. Geng ( Tianjin University of Technology and Education) and Dr.
Ni (SAP China) . Professor Xiao then carefully revised the Chinese manuscript.

We highly appreciate the translation of the book into Chinese, thank our colleagues for this ded-
icated work and their time and effort, and wish all the best for the dissemination of the book.

Rolf Isermann Marco Miinchhof

Ry T M Minchhof

Darmstadt, May 2015
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ACF ( Auto-Correlation Function)
ADC ( Analog Digital Converter)

ANN ( Artificial Neural Network )
AGRBS ( Amplitude modulated GRBS)
APRBS ( Amplitude modulated PRBS)
AR (Auto Regressive)

ARIMA ( Auto Regressive Integrated Moving Average

process )

ARMA ( Auto Regressive Moving Average process )

ARMAX ( Auto Regressive Moving Average with eXternal

input)

ARX ( Auto Regressive with eXternal input)
BLUE ( Best Linear Unbiased Estimator)
CCF ( Cross—Correlation Function)

CDF ( Cumulative Distribution Funetion)
CLS (bias Corrected Least Squares)

COR - LS ( CORrelation analysis and method of Least

Squares )

CWT ( Continuous—time Wavelet Transform )

DARE ( Differential Algebraic Riccatti Equation)

DFT ( Discrete Fourier Transform )

DSFC ( Discrete Square root Filter in Covariance form)
DSFI ( Discrete Square root Filter in Information form)
DTFT ( Discrete Time Fourier Transform)

DUDC ( Discrete UD-factorization in Covariance form)
EIV (Errors In Variables)

EKF ( Extended Kalman Filter)

ELS (Extended Least Squares)

FFT ( Fast Fourier Transform)

FIR (Finite Impulse Response)

FLOPS ( FLOating Point operations )

FRF (Frequency Response Function)

GLS (Generalized Least Squares)

GRBS ( Generalized Random Binary Signal )

GTLS ( Generalized Total Least Squares)

IIR (Infinite Impulse Response)

IV (Instrumental Variable)
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KW ( Kiefer— Wolfowitz algorithm)

LLM (Local Linear Model)

LPM ( Local Polynomial Model)

LOLIMOT (LOcal Linear MOdel tree)

LPVM ( Linear Parameter Variable Model )

LQR (Linear Quadratic Regulator)

LRGF ( Locally Recurrent Global Feedforward net)
LS (Least Squares)

M (Model)

MA (Moving Average)

MIMO (Multiple Input, Multiple Output)

ML ( Maximum Likelihood )

MLP ( Multi Layer Perceptron)

MOESP (Multi—variable Output Error State sPace)
N4SID ( Numerical algorithms for SubSpace State Space
entification )

NARX ( Non-linear ARX model)

NDE (Non-linear Difference Equation)

NFIR (Non-linear FIR model)

NN (Neural Net)

NOE ( Non-linear OE model)

ODE ( Ordinary Differential Equation)

OE (Output Error)

P (Process)

PCA ( Principal Component Analysis)

PDE (Partial Differential Equation)

PDF ( Probability Density Function)

PE (Prediction Error)

PEM ( Prediction Error Method )

PRBS (Pseudo — Random Binary Signal )

RBF (Radial Basis Function)

RCOR - LS (Recursive CORrelation analysis and method
Least Squares)

RGLS (Recursive Generalized Least Squares)

RIV ( Recursive Instrumental Variables)

RLS (Recursive Least Squares)

RLS —IF ( Recursive Least Squares with Improved Feed-

back )
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