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A Simple Performance Monitoring Technique
For PID Controlled SISO Processes
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measure based on minimum variance index has been shown
Abstract—This paper presents a performance benchmark to provide an optimal performance measure that can be used
scheme for assessing the output response of a Proportionalas a measure against which the output response of a
Integral Derivative (PID) controlled feedback system for a controlled process can be evaluated Ndwadays, people
linear single-input-single-output (SISO) process system. A consider a measure technique that can be automated and
comparison is presented between the output response of a Usersaq to monitor control system performance that could be
defined closed loop specification and the process model derived affected by different issues and thus begin to perform out of

from a linear system identification, achieved by fitting a ificati This includ d disturb
routine operating closed loop data. The identification method SPECIication. This includes unmeasured aisturbances, poor

used is the autoregressive moving-average with exogenousCONtrol tuning, modifications of operating limits and
input (ARMAX). A simple assessment technique, that explicitly ~Significant time delays. A survey of literature relating to
considers the simulation analysis of certain factors such as control performance has been presented [8]. Industrial
process model gain mismatch and changes in process timeassessments are usually based on a set of control
delays are used for the process evaluation framework. The performance criteria (set point tracking, deterministic
results obtained thus, demonstrate that an effective gisturbance or stochastic disturbance assessment) and
performance tool that is suitable for monitoring a PID  gglection of a suitable benchmark is therefore necessary to
controlled process is achieved provide a performance evaluation of the control loops
regardless of the effect or nature of plant disturbances acting
on the system.
Generally, industrial processes comprise of many control
loops that take a variety of simpéed advanced structures,
which are implemented to meet the ever increasing demand
I. INTRODUCTION for highgr product qualit)_/ at reduced cost. In practige, the
ht tinuously improve and monitor industria pplication of Proportional Integral (Pl)/Proportional
sHEpus 0 continu y1mp . gtegral Derivative (PID) controllers to industrial processes
ystems is helping create demands for simple an L

. L ave become common standards due to their simplicity and
effective monitoring process performance schemes. In

the last two decades, considerable interest and studies flr-p/llﬂe acceptance in industrial applications [9]-[12]. Since the
t

both industrial and academic institutions to impleme rst tuning rules proposed by [13], other various PID

control performance techniques have been investigatéH.ethOdS and modificationg of the or_iginal tuning rules_have
Studies in the last decade [1]-[2] have stated that over 5d9§lowed. The focus of this paper is to propose a simple
of all controllers are not commissioned correctly or arBerformance measure that can be used to monitor and
poorly tuned. Thus resulting to poor performances [3Mprove PID controlled systems while understanding the
showed that over 60% of industrial controllers were reporteffect of time delays on the control loop performance. The
to have performance issues. To provide a solution, varioB$D control law applied is based on an internal model
performance indices have been proposed to monitoontrol (IMC) design as this is comparable with what is now
operating process plant and aid in diagnosis of controllesutinely applied in the industry. Simulations of a unified
issues [4]-[7]. Early control loop performance monitoringegulatory framework to set-point tracking is implemented
benchmarks were based on a comparison of the curreifd used to compare different control loops output
control loop performance and a measure achieved usifissponses. This paper is organized as follows. Section 2
miniml_Jm variance control (optimal control_). This form Ofprovides the problem formulation, which includes a
analysis became popular because its performanggscription of the system and the PID control concept
computation only required knowledge of the time delay qfynsidered in the study. Section 3 presents the proposed
the system and data collected under closed loop Operat'%ﬁrformance strategy used to assess the SISO feedback

Index Terms—About four key words or phrases in
alphabetical order, separated PID, Settling time, SISO, System
identification Time delay

The assessment goal was to redu.ce process variability rES(fgtroI loop. Section 4 provides illustrative examples to

operate as close as possible to optimal limits. Unfortunately, . . ' .
e . . . . . xamine the performance scheme. Benefits and conclusion

minimum variance control is rarely desired in practice dué

to its significant control effort demands, which can bé)f the study are provided in section 5.
damaging to process plants [5]. However, the performance
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Il. PROBLEM FORMULATION control loop, a simple second order plus dead time transfer
function of the given process model in(1) is used. The
transfer function is thus represented as

A. General Model Sructure _ K s
Many process models are known to exhibit different output Gp(s) = T;s2+T,s+1 ¢ » > @
behavior. In this paper the controlled linear process model is
represented by a discrete time model expresséb)ias: where K is the process gainf;and T, the process time
constant, 0 is the time delay. A block diagram of the

d simulated feedback control loop is shown in i with
y(©) = Z Yj&—j €Y) transfer function blociG, (s) as the process modd (s) is
j=—o the control transfer function and,is the disturbance

) ) ] transfer function driven by a zero mean white naige).
where {.} is a white-noise process and the sequengg.{ The control parameters are decided in section 2.2
are chosen depending on the initial valpes0, 1, 2,...The
closed loop model is illustrated in fig. 1 and the following B+ P!D Controller
notationr(t) as the input signal to the systeaqt) is the A review of different PI/PID tuning methods have been
controller error, and the controlled variabley(s). presented by [12] with more than 200 tuning rules
identified. These PID parameters are defined for various
H0) process models. The mathematical expression of the PID
control strategy is given i(b).

Ga(s)

5)

1 t
Disturbance u(t) = KP (e(t) + FL e(t)dT + Td dt

L

de@))

0 Y O\ e | e | | 60 0
setpoint \ Output where K, T;, T, are the control parameters denoted as
Controller ProcessPant proportional gain, integral time of the controller and
derivative time of the controller respectively. Practically, the
control strategy(5) is not physically realisable due to its
sensitivity of the derivative term with noisy signals. It turns
8ut that the internal model contro{IMC) based on
augmenting the derivative term (&) with a first order low
pass filter provides a suitable PID control structure.

Based on the given linear feedback controlled loop shown l:nurthermore, its success has been attributed with its ability

Fig. 1, the approximate closed loop model is represented as provide time delay compensation and achieve a trade-off
off between control performance and robustness measure to

interactions makes it a suitable choice for an industrial
controller. The pragmatic difficulty with PID control

application is the lack of industrial standards, which leads to
various PID control structures and tuning approach. The

{)holynomllal,lBtlls a polynbolmlal in the tlme—s_h|ft ?perat(mrjs estimation of the controller parameters under designed with
e manipulating variable or exogenous input sequeifge, the Maclaurin series expansion for PID control was chosen

assumed to be an identically distributed random sequéhceas a good choice for both set point and regulatory process

IS & monic polyn0m|allof the moving average compone stems. This is chosen because the approximation approach
and it enables the serially correlated random effects to

delled. Th iimal mate i el the process time delay avoids any form of deterioration of
modetied. € optimal approximate linear model I, integral and derivative time constant of the PID
calculated by solving a cost function, equation (3). Such th ntroller [14]. The PID parameters can thus be computed

\t’\r’]heg m_'”'(;'“sfed the output is driven as closes as p055|bleat8d this is therefore summarized in an analytical form and
e desired reference. expressed in (6-8).

Fig. 1. Block diagram for assessment of controlle
Feedback process.

Ay(t) = Bu(t —d) + C §(t) (2)

Equation (2) is an ARMAX model, wherA is a monic

N3
JNy TN, N) = D SGIFCE +)/0) = (e + DI v __ T ©)
M PTK@A+0)
+Y APBu+j-DF @) . 2 - @2 -
j=1 1= @A) oo e

J is given as the cost functiol; signifies the minimum

costing horizon;N, is the maximum costing horizoiV, is 93

the control horizon§ (j) is the error weighted co-efficient; (T172) I ET)) 8)

r(t + j) is the first order approach to known referende Tp=1—(1,+7) +

. - . TI
trajectory reference.Ais the backward shift operator. Here, the framework of the selected conventional IMC-PID

Solving the optimization function, the PID tunlngcoptrol strategy is based on a closed loop specification
parameters are determined. For the user specified feedbac
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method that provides the tuning guidelines for the controllepotential of this proposed method is presented in section
The tuning parameter is given as lamkda with various (4).

selections proposed for SISO process models [15]-[18].

Based on the specified lambda proposed in literature, |V. DEMONSTRATEDCASE STUDY ANDASSESSMENT
lambda is selected asafum_:tion o_f tirr_1e de(_ﬁya_nd time _ Considering a second order plus time delay system
constant(t). Hence, the tuning guidelines in this study '?SOPTD)K —2,7,=10 7, =2 6 = 3 with an additive

given in(9) as: disturbance to the system, described as colored white noise.
The IMC-PID controller presented if4, 5and 6) has its
control parameters as, = 0.4979, TI = 10.9545 and
TD = 0.7429 and simulation of control loop using a step
input signal is carried out for large sample data points,
_ ) ] ) chosen for identification purposes. The sampling time
A simple solution measure is determined for PID: — 15 and a noise variance value®$6 was used. Fitting
controlled systems. The proposed approach is similar to;g ARMAX modelna = 2; nb = 6;nc = 5;nk = 3), an
historical per_f_ormance monitoring framework, that imploreggtimate of the process dynamics was determined. The
a user specified performance measure to evaluate the Ry jated and estimated output response is presented in fig
controlled feedback system. Many practical systems hay®) a validation analysis based on correlation measure of

noisy signals, thus the corresponding PID control algorithie modeled output is illustrated in fig (3)
have been tuned to deliver a specific closed loop output

response. The performance approach therefore takes intc Measured and simulated model output (A=3)
consideration a characteristic behavior of the output 15 ‘ - - - - ‘ - -
response by assessing the settling time determined from
model estimates. Based on this parameter, a performance
metric given in(10) is defined.

A =max (0.26,0.47) 9

I1l. PID PERFORMANCEMETHOD

Estimated
imulated

St_openloop— St_closedloo
PERF. M. = L P P

X 100% (10)

St_openloop

Amplitude

The index metric lies within zero and a hundred percent.
Since most controllers are designed to improve the
performance of the process. Hence an optimal output
response indicate a percentage value close to 100% and . L
zZero percentag@%) value indicates the performance of the 7000 5500 G000 G500 7000 7500 BOO0 8500 9000 9500 10000
process can be improved upon. The open and closed loof Time (Seconds)
settling time are determined based on the applying the ) .
ARMAX identification model analysis. This is carried out™'9- 2. Simulated and Estimated output response
by fitting a time series model to the closed loop operating
process and estimating the measured response. For analvsis
purpose, two models and a large amount of data a
considered. In addition, a residual test analysis and
validation process are carried out to determine if th
estimated model is a good fit. The first model constitutes tt or ]
description of the closed loop dynamics of the system durir
set point changes. While, the second model relates tot g5 s s s s s s s
open loop model of the process, which is a challengin wom : ’ v
procedure to carry out because under closed loop controlt
input is dependent on the output of the process and tt
renders many identification techniques unsuitable [19]. T
address this difficulty, two general methods are propose
The first involves a two stage identification approach the
considers the dynamics of the controller when identifying  oos s s s . . s s
. . . . -20 -15 -10 -5 0 5 10 15 20
the process dynamics. An alternative method is to introduc Samples
a random excitation signdldither signal) that does not
dominate the actions of the controller output [20]. In thigig 3. Autocorrelation residual plot used for validation
paper, the two stage method is chosen for the system
identification as this does not disturb the process, since the

pr(l)cetssd TOdelt.'S ﬁnomn' in this cas(ejz z;m ,;RI\/_IAX rlnodtel 'S Following the application of closed identification method,
selected lo estimale the response data. An impuise est<31|J1Simpulse response test analysis, taking into consideration

further carried out to obtain the selected characterist{ﬁe settling time of both the open and closed loon response
behavior of the system. Due to the nature of the disturbance 9 P b resp

acting on the process, the settling time is determined f3F° determined. Employing the performance metric defined

when the output response reaches within 5% of the findy (10), the determined index value is analyzeod. The
steady value. Simulation analysis to demonstrate tiPtimal process was found to give an index of 98% while

Autocorrelation of residuals for omput
0.05 . . . . .

Cross corr. for input (u) and output (¥) resids
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PID Closed Loop Assessment Chart With 20% process Gain Mis-Match
1 . T T T T

the user specified PID feedback control loops gives a
percentage of 73%. This result indicates the process output

response can be improved upon by retuning the PIDEEI

controller. To examine the suitability of the proposed £
performance metric for PID controlled processes a variation

of the time delay to time consta(nt) ranging from 0.1 to 1

was carried out. Comparison of the output response, of theE
process variations had similar responses as illustrated in flﬁ
(2). The performance evaluation of only the time delay to
process time constant is illustrated in fig (4). Further

rmance

assessment study was carried out by considering the process °

model mismatch gain of 10% and 20%. The performance

0ar —

k33 —

a1

0z 08 0s 1.0
Fraction of Time Delay to Time constant (d/)

04

results using a bar chart is illustrated in Fig. (5) and fig (6).Fig. 6. Performance measure for 20% Process model gain

PID Closed Loop Assessment Chart With No Model Mis-match Gain
1 - - - - -

08 r

Performance Index

02 0.4 0.E [ER=] 10
Fraction of Time Delay to Time constant (di<)

Fig. 4. Process model Performance Measure of varylage

Time delay to time constant

PID Closed Loop Assessment Chart With 10% process Gain Mis-Match
1 T T T T T

Performance Index

0z 04 0E 0g

1.0
Fraction of Time Delay to Time constant (d/z)

Fig. 5. Performance measure for 10% Process model gain

mis-match
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Fig. 4, shows that, for conditions where there is no plant
model mismatch the performance of the PID control for the
range of time delays achieves a higher percentage metric
value of the closed loop response, when compared to the
performance metric of process model gain mismatch in Fig.
5 and 6. However, as the time delay to time constant ratio
increases, the performance of the PID controlled system
degrades gradually for the various case studies considered.
This performance scheme, thus demonstrates a simple
evaluation approach that allows for the monitoring of a
process closed loop output response.

V. CONCLUSIONAND BENEFITS

A simple and effective performance monitoring technique
for a PID controlled process has been presented. Results
obtained for set point tracking of the system allow for
improvement and evaluation of the desired closed loop
output response by examining the characteristic behaviors of
system response. It can also be used as a tool to observe
and determine early deteriorating conditions of a closed loop
output system response. Furthermore, the proposed
approach can be applied as a monitoring strategy to PID
controlled processes with varying disturbance change,
although this has not been explored in this paper.
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