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a b s t r a c t

In this paper, an indirect identification scheme is proposed for identifying the parameters of
the continuous-time first-order plus time delay (FOPTD) model and the second-order plus
time delay (SOPTD) model from step responses. Unlike the existing direct identification
scheme, which identifies the parameters of the continuous-time FOPTD and SOPTD models
directly from the continuous-time step response data, the proposed indirect scheme is to
pre-identify discrete-time FOPTD and SOPTD models from the discretized continuous-time
step response input–output data, then convert the obtained discrete-time models to the
desirable continuous-time models. The proposed method is then extended to identify the
afore-mentioned models from the step responses of the systems contaminated with input
noise and constant output disturbance. The proposed simple alternative method exhibits
good estimation performances in both the time domain and the frequency domain. Illustra-
tive examples are presented to demonstrate the effectiveness of the proposed scheme.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Most real industrial processes are often formulated in continuous-time settings and can be represented by the continu-
ous-time first-order plus time delay (FOPTD) and second-order plus time delay (SOPTD) models [1,2]. When the parameters
of the continuous-time processes are unknown, various sophisticated indirect identification methods have been developed
and can be found in the literature [3–5], and a few direct identification methods can be found in [6,7]. In addition, the sophis-
ticated methods for estimations of the dead times for the unknown systems can be found in [8,9]. In general, the afore-men-
tioned identification methods require that the excitation inputs for the unknown systems must be persistent [10].
Nevertheless, in the processes control, the unit-step function, which is not a persistent excitation signal, is commonly used
as a reference input to verify the performances of the systems and to specify the control specifications [1,11] in the time
domain, such as the percentage overshoot, rising time, settling time, etc. Despite the less-persistent excitation property of
the step input function, several direct identification methods [12–20] have been successfully developed to identify the
parameters of the continuous-time FOPTD and SOPTD models directly from the continuous-time step response data.

In this paper, a simple indirect identification scheme is proposed for identifying the FOPTD and SOPTD models from step
responses. The proposed indirect scheme is to pre-identify a discrete-time FOPTD and SOPTD models from the discretized
continuous-time step-input and its output response, and then convert the obtained discrete-time models to the desirable
continuous-time models. The proposed method is then extended to identify the afore-mentioned models from the step
responses of the systems contaminated with input noise and constant output disturbance. The proposed alternative method
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exhibits good estimation performance in both the time domain and the frequency domain. Illustrative examples are pre-
sented to demonstrate the effectiveness of the proposed scheme.

The paper is organized as follows: indirect identification methods to estimate FOPTD and SOPTD models are presented in
Section 2. To overcome the interference of output constant offset, two elimination methods are developed in Section 3. The
procedure of the proposed algorithms is summarized in Section 4. Simulation examples are presented in Section 5, and con-
clusions are given in Section 6.

2. Indirect method to identify FOPTD and SOPTD models

2.1. Problem formulation

Consider the output response function Y(s) of a continuous-time delay system G(s) with zero initial condition described
by

YðsÞ ¼ GðsÞRðsÞ ¼ GpðsÞe�LsRðsÞ; ð1aÞ

where R(s) = 1/s denotes the input step signal, L is a dead time such that the output y(t) satisfies y(t) ffi 0 for t 6 L, and Gp(s) is
a delay-free plant with unknown parameters to be identified. The same output function in (1a) can be represented as

YðsÞ ¼ GpðsÞe�LsHoðsÞRðsÞ; ð1bÞ

where Ho(s) = (1 � e�sT)/s is a function of a sampler and zero-order hold (ZOH) with the sampling period T, and the dead time
L is defined as L = (d � 1)T + cT for d 2 N and 0 6 c 6 1.

Then, the Z-transform of the discretized output function Y(s) in (1a) and (1b) is written as

YðzÞ ¼ Z GpðsÞe�LsRðsÞ
� �

¼ Z GpðsÞe�LsHoðsÞRðsÞ
� �

¼ Z GpðsÞe�LsHoðsÞ
� �

Z RðsÞf g ¼ Z GpðsÞe�LsHoðsÞ
� �

RðzÞ; ð2aÞ

where Z[�] represents as Z-transform operator. The corresponding pulse transfer function becomes

YðzÞ
RðzÞ ¼ Z GpðsÞe�LsHoðsÞ

� �
¼ z�ðd�1Þð1� z�1ÞZ GpðsÞe�cTs

s

� �
¼ z�dðz� 1ÞZ GpðsÞe�cTs

s

� �
: ð2bÞ

Fig. 1 represents the block diagram of (1) and (2).
The aim of the paper focuses on identifying the unknown parameters in an approximate time delay model bGðsÞ with an

unknown integer d and a fractional value c of the dead time L by utilizing the input–output data obtained from the real sys-
temG(s). The corresponding block diagram of the identification structure is depicted in Fig. 2.
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Fig. 1. Sampled-data system with step response.
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Fig. 2. System identification for a sampled-data system with time delay.
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