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Abstract
Background/Objective: Energy consumption of the actuator illustrates the performance of controller on the process. 
Objective of this paper is to prove how predictive control approach minimizes the energy utilization of actuator in nonlinear 
process (conical tank level process). Method/Statistical Analysis: Conical tank is divided into three operating regions and 
model identification using two-point method has been carried out at oneselected operating region. Efficiency of controller 
is validated by subjecting it with the identified model at all operating regions. Prediction filter which acts as dead time 
compensation was introduced in cascade with controller. Findings: Simulation and experimental results validates the 
approach. The effectiveness of the design has been compared with the advanced control schemes. Application and 
Improvements: This methodology can be implemented in the nonlinear processes with dead time. It can be applicable for 
the processes where energy consumption of actuator is considered as key objective.

1. Introduction
Controller design for nonlinear process is so frequent 
in current research and industrial applications. There 
exist different control strategies for FOPDT models. The 
conventional compensators tending decent reference 
tracking, they are lagging in robustness where energy 
utilization of actuator is high. Hagglund had introduced 
predictive based control in early 90’s, later few researchers 
extended his work1,2. In presented his work on predictive 
PI, PID for integrating process with long dead time3,4. 
Where the contribution of smith predictor approach 
comes into consideration. This paper is the extension of 
modified smith predictor in terms of actuator energy effi-
cient5. Conical tank level control is taken as experimental 
setup and implemented predictive control strategy to it. 
Torque of Induction motor drives the level in the coni-
cal tank which is considered as manipulating variable. 
Model identification has been done by using two-point 
method. Controller parameters like Kp and Ti is carried 
out by using skogestad’s approach for dead time process.
Saturation is input constraint which is used while operat-

ing for higher values of level, as controller output exceeds 
the actuator input, saturation is used to limit controller 
output. Prediction filter which is the set of dead time, 
integrator and predictive gain, is cascaded with controller. 

2. Methodology
The crucial section in this paper is the addition of pre-
diction filter along with the controller. It consist of a 
prediction gain Kpre, integrator, and dead time. The dif-
ference between controller output and dead time acts as 
multiplication factor to Kpre. Predictive PI on the whole 
influences process by increasing or decreasing controller 
output by the factor of prediction filter. The mathemati-
cal modeling is carried out by using two-point method by 
giving step change at selected operating region. For the 
specific change in input, two points at 23.8% and 62.3% 
of response has been selected and based on those points 
model is obtained6.Therefore mathematical model for 
conical level process at operating region between (21-28) 
cm is given by  which is shown in the Equation (a). 
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Figure 1 shows real time experimentation setup for non-
linear level control.
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Figure 1. Conical tank level process.

Figure 2 represents block diagram of predictive PI 
control algorithm. The control structure of integrating 
process with long dead time7 is considered as reference 
and applied for FOPDT model. The entire structure is 
cascade of PI controller, prediction filter and process 
plant (b). 
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Figure 2. Block diagram of predictive PI control algorithm.

Control Structure of KPI shown in the Equation (c). 
Prediction filter f(s) has two design parameters, predic-
tion gain Kpre and dead time  which are obtained by 
block reduction approach as follows (d).
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2.1 Controller Design
Design includes tuning the parameters of KPI and f(s), 
wherein Integrating FOPDT is used in designing KPI and 
Kpre. The controller tuning doesn’t includes derivative 
time filtering, therefore it is suggested to tune deriva-
tive gain manually which helps in filtering noise. As this 
paper deals with only predictive PI, the derivative time is 
neglected while tuning the controller.  

1
( )p

cl

K
KT

=
				        (i)

4i clT T= 					        (ii)

4pre
cl

K
T
λ

= 					        (iii)

Tcl is factor of dead time estimate which is suggested as 
2*td and it is recommended to fix λ=1. Table 1 shows con-
troller parameters of PI controller and predictive gain Kpre.

Table 1. Controller parameters

Kp 2.0165
Ti 8.72
Kpre 0.114

3. Result Analysis
The real time experimentation is carried out by classify-
ing different operating regions. The model is identified 
at operating region between (21-28) cm and control 
approach is conceded at different regions with the same 
model. As the tank is nonlinear, the area of tank is low at 
bottom end and higher at top end. Therefore model mis-
match takes place; the control algorithm is optimal if it 
can drive the process for wide operating region. Predictive 
PI algorithm is implemented and applied to conical tank 
in this paper; Figure 3 depicts the simulation response 
of predictive PI and Figure 4 shows the comparison of 
predictive PI with modified smith predictor operated 8 at 
(21-28) cm. 

0 100 200 300 400 500 600
0

5

10

15

20

25

30

Sampling Time

P
ro

ce
ss

 V
ar

ia
bl

e 
(c

m
)

 

 
0 100 200 300 400 500 600

20

25

30

35

40

45

50
Simulation Predictive PI

M
an

ip
ul

at
ed

 V
ar

ia
bl

e 
(%

)

 

 
Manipulated Variable

Setpoint
Process Variable

Figure 3. Simulation response predictive PI.
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Figure 4. Comparison of Predictive Pi and Modified Smith 
Predictor operating region (14-21) cm.

Figure 5 illustrations comparison of predictive PI and 
modified smith predictor at operating region between 
(21-28) cm. It can be analyzed that as the operating 
region increases from lower area of cross section to 
higher of conical tank the necessity of saturation limiter 
towards actuator comes into picture. Table 2 represents 
Performance characteristics of Predictive PI for different 
operating regions.
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Figure 5. Comparison of predictive pi and modified smith 
predictor operating region (21-28) cm.

4. Conclusion
Research on energy consumption has been often emerg-
ing now and then. It’s rather important for control 
engineer to design controller with optimum energy con-
sumption, similar work is carried out in this paper. An 

extensive version of actuator energy utilization in our 
previous work, predictive PI algorithm has been imple-
mented and applied to conical tank level control process. 
It is observed that Predictive PI control strategy depicts 
more efficiency in all operating regions with little lag in 
performance at higher regions. Simulation and real time 
experiment results validates the inference. 
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6. Nomenclature 
FOPDT First order plus dead time

Kp Proportional gain

Ti Integral time

Tc Closed loop time constant

τ Time constant

td Dead time

e(s) error

Kpre Predictive gain

KPI Proportional Integral controller

f(s) Filter transfer function

TCL Closed loop time constant
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