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Abstract

	 The proposed paper focuses on introducing a simple and practical PI control approach based 
on the direct synthesis method for unstable first-order or integrating processes with time delay. The 
control scheme highlights the enhancement on set-point tracking and disturbance rejection so that 
good performance can be analyzed. A PI controller is used for disturbance rejection, while a set-
point filter is added to improve tracking response. The controller parameters are directly related to 
the process model and tuned using a single adjustment parameter selected through the maximum 
sensitivity (Ms) to ensure robustness. By avoiding the derivative term, the proposed controller remains 
less sensitive to noise and is therefore more suitable for industrial use. Clear tuning guidelines are 
provided for different Ms values, making the method easy to apply even for processes with large 
time delays. Simulation results are compared with several unstable and integrating processes, 
which shows that the proposed approach delivers improved or comparable performance to existing 
methods, while maintaining the same level of robustness. The suggested approach is also verified for 
nonlinear continuous stirred tank reactor (CSTR) based on performance metrics like (ISE), (ITAE), 
(IAE), and (TV), are used to measure how well the controller works.

 
Keywords: Unstable processes, Time delay processes, 

Maximum sensitivity, Direct synthesis method.

INTRODUCTION

	 Most of industrial processes, like level 
and control of temperature control, storage tanks 
of liquid, boiler steam drums, distillation columns, 

and bioreactors, are often modelled as first order 
unstable processes or integrating processes with 
time-delay1, 2. These processes are intrinsically 
challenging to regulate due to instability, non-self-
regulating behaviour, dead time, and frequently, 
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inverse response characteristics stemming from 
right-half-plane poles or zeros3, 4. Even with these 
problems, the most common controllers used in 
industries are type of PI/PID controllers, because 
they are simple to design and use, but when used on 
unstable and integrating processes, standard PI/PID 
tuning methods, which are mostly created for unity 
feedback topologies4, 5, often lead to slow responses, 
overshoots, and bad disturbance rejection. 

	 There are many advanced control strategies 
that can help performance, such as two-degree-of-
freedom architectures 6, 7, PI–PD structures 8, 9, and 
IMC/DS-based PID controllers 4, 10-12. PID controllers 
are designed for processes with poles in the right 
half of the s-plane. The multiple dominating pole-
placement techniques4 and Smith predictor-based 
systems11  are two examples of this. These methods 
show better stability and robustness, but they usually 
need multi-loop or complicated control structures, 
which makes them less useful in industrial settings 
where simplicity and ease of tuning are very 
important. Additionally, single-loop PI/PID controllers 
developed through Direct Synthesis frequently 
exhibit significant overshoot, overly assertive 
control actions, or delayed disturbance rejection13. 
Furthermore, numerous documented methodologies 
are confined to second-order unstable models14,  
notwithstanding the common occurrence of first-
order unstable and integrating dynamics in practical 
applications. 

	 Controlling integrating processes are 
harder since they don’t self-regulate, have dead 
time, and respond in the opposite way15. Many tuning 
strategies based on PI/PID have been suggested 
for integrating processes 16, but they usually don’t 
take into account inverse response characteristics, 
which leads to poor closed-loop performance. 
Some advanced optimization and multi-loop control 
systems17,18 that have been created are more 
resilient, but they are also more complicated, require 
more computing power, and don’t work as well for 
integrating or nonlinear processes. Raja and Ali17 
constructed the inner loop’s PD by utilizing Routh 
stability criteria and the outer loop’s PI by using 
moment matching techniques. They showed that 
this worked for first and second order integrating, but 
they couldn’t control the double integrating plants. 
An I-PD control19, 20  has been created using the dual 

loop for integrating and double integrating systems 
that have an inverse response characteristic. It 
also includes a set of optimal tuning criteria. When 
applied to processes with double poles at the origin, 
it was found that huge overshoots, delayed settling 
times, and oscillating outputs were produced. 
H-optimization is used to create IMC-based PID 
approaches for a certain type of plants21. Also, 
optimization approaches are employed to ascertain 
the controller unknowns by optimizing the objective 
function considered for different processes 22. From 
the above articles, the following research gaps are 
identified. 
1.	 Lack of a simple structure capable of 

effectively handling unstable, integrating, 
and nonlinear time delay processes as well 
as inverse response.

2.	 Limited focus on set-point tracking and load 
disturbance rejection that can be used in 
practice.

3.	 Dependence on complex, multi-loop or 
optimization-based schemes, which are not 
easily implementable.

4.	 Insufficient attention is being given to 
designing robust PI controllers with few tuning 
parameters that can be used with first-order 
unstable and integrating models, which are 
common in process industries.

	 These gaps dr ive the need for  a 
straightforward, strong, and easy-to-implement 
PI-based control strategy that can improve the 
performance of nonlinear, unstable, and integrating 
systems while still keeping the benefits of traditional 
PI control. Therefore, a simple PI framework that can 
be used to stabilize and regulate first-order unstable 
systems having following characteristics.
1.	 A systematic strategy for choosing parameters 

is created that includes robustness limitations 
to reach the required highest levels of 
sensitivity.

2.	 The suggested technique shows great 
resilience by being able to handle step inputs, 
noise, nonlinear dynamics with process 
parameter changes which are common in 
real time systems.

3.	 The suggested controller has been extensively 
validated on numerous benchmark processes, 
and it has been shown to work better than 
recently described techniques 4, 8-10, 16, 19, 20.
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	 The work is organized as follows: Section 2 
talks about the design and evolution of the controller; 
Section 3 explains about selection of tuning 
parameters based on the maximum sensitivity; 
Section 4 talks about the results and simulations of 
the different areas; and finally, Section 5 wraps up 
the work as a whole. 

Design and evolution of Controller
	 The closed loop transfer function of 
the provided block diagram, as seen in Fig. 1, is 
composed of the process transfer function, Gp (s), 
whose output has to be controlled, and the controller 
transfer function Gc (s). When d=0, the transfer 
function is obtained as,

...(1)

	 Similarly, when set-point, ysp (s)=0, the  
value        is obtained as, 

...(2)

	 From Eq. (1) and Eq. (2), where y(s) is the 
output or response, ysp (s) be the set-point input, and 
yd (s) is load disturbance are the different variables. 
The dynamics of numerous chemical industrial 
processes, such as the bioreactor, dimerization 
reactor, and continuous stirred tank reactor (CSTR), 
can be linearised as the unstable process of first 
order transfer functions12.

....(3)

	 where t is the system’s time constant, q 
is the process time delay, and  is the plant gain. By 
defining the intended transfer function for set-point 
changes, the controller Gc(s) is derived in the form 
of a Proportional-Integral (PI) controller with first 
order lead-lag filter in the following section. The 
aforementioned controller’s transfer function is,

...(4)

Proportional-Integral (PI) controller with first 
order lead-lag filter
	 Using Eq. (1), the controller may be 
expressed as follows:

...(5)

	 The desired transfer function for set point 
change in this case is 〖(y/ysp)d. It is important to select 
a transfer function that will allow the controller to be 
physically realizable and to explicitly acquire the 
unknowns in terms of the parameters of the plant.  
Additionally, applying the direct synthesis approach 
the expected desired transfer function is,  

...(6)

	 Where the l is the parameters to be 
selected and based on that controller parameters,  
is calculated. Based on Equation (3),  Gc(s) can be 
derived as 

...(7a)

	 For simplification Pade’s first order  

approximation                is considered and 
corresponding expression for controller is obtained 
as,

	 ...(7b)

After simplifying the controller expression and 
rearranging it is obtained as

...(8)

Where, h=(2λ+θ-η)	 ...(9)

				               ...(10)
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Table 1: Design analysis of various control methods

Control methods	 Design structure	 Points to be noted

Proposed PI controller	 PI with first order filter of	 Uses one tuning parameter to obtain Four 
	 lead-lag 	 unknown 
Kishore and Sree4	 PID with filter of first order	 MDPP techniques used to find five unknown  
	 lead-lag 	 parameters
Zhang et al., 2020 16	 PID with first order lead-lag	 Three unknown parameters and one tuning/ 
		  design parameter
Chakraborty et al., 201719	 An I-PD controller structure 	 Three unknown parameters in two design  
	 is used	 steps with one tuning/design parameter
Peker & Kaya, 202320	 An I-PD with set-point filter	 Four unknown parameters with one tuning  
		  parameter

Table 2: Performance indices of Example 1

Method Name			   Nominal			   +10% in θ
	 ISE	 IAE	 ITAE	 TV	 ISE	 IAE	 ITAE	 TV

Proposed	 0.28	 1.4	 8.3	 4.6	 0.28	 1.42	 8.6	 6.4
Kishore and Sree 4	 1.4	 2.2	 7.4	 17	 1.6	 2.2	 7.4	 18.9
Shamsuzzoha & Lee, 200826	 0.2	 1.1	 5.4	 5.1	 0.22	 1.1	 5.5	 5.9
Vanavil et al., 201510	 0.26	 1.44	 8.2	 4.21	 0.25	 1.4	 8.1	 4.5

Table 3: Performance values for Example 2

Method Name		  Nominal			  +10% in K_p and q			 -10% in K_p and θ
	 ISE	 IAE	 ITAE	 TV	 ISE	 IAE	 ITAE	 TV	 ISE	 IAE	 ITAE	 TV

Proposed	 0.92	 2.9	 64	 2	 1.1	 3	 68	 3.1	 0.84	 3	 65	 1.7
Peker & Kaya, 202320	 5.5	 8.2	 144	 2.2	 6	 9.4	 195	 3.2	 5.3	 7.8	 132	 1.8
Chakraborty et al., 201719	 3.7	 5.9	 84	 1.6	 3.7	 5.7	 80	 3.2	 3.7	 6.2	 89	 1.4
Zhang et al., 2020^16	 2.6	 5.5	 93.2	 2.7	 2.9	 5.5	 93	 1.87	 2.4	 5.4	 94	 2.1

Table 4: Performance values of Example 3

Method Name			   Nominal			   +10% in θ
	 ISE	 IAE	 ITAE	 TV	 ISE	 IAE	 ITAE	 TV

Proposed	 2168	 728	 202100	 18.5	 2251	 729	 200700	 20.2
Raja and Ali 8	 3127	 801	 107000	 32	 3255	 812	 109000	 46.2
Onat, Cem 9	 4491	 1130	 209500	 18.5	 4582	 1133	 209200	 21.9
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			              ...(11)

Now, if the factor                          = 1+ βs     ...(12) 

Now, Equating the co-efficient of each term of Eq. 
(12), 

	 ...(13)

From Eqs. (9), (10), (11) and (13), we obtain

...(14)

...(15)

	 The final controller equation formulated in 
standard PI structure as given by 

...(16)

	 Therefore, comparing the Eq. (8) and (16), 
and considering Eqs. (9), (10), (11), (14) and (15), 
the PID parameters can be obtained as follows,

	 ...(17)

Here, (ηs+1) in the numerator of the Eq. (6) results 
as overshoot in the output response of set point. 
To control the unwanted overshoot, a first-order 
reference filter might be used 23. In this publication,  

a first-order reference filter of             can be used 
to control the same.

2.2 Tuning parameters selection
	 Choosing the tuning parameter (λ) is 
a crucial and difficult task. In order to attain the 
intended outcomes and functionality, controller 
settings are acquired. The computation of λ  
selection for various unstable first order is done after 

maintaining the intended maximum sensitivity as

...(18)

	 The suggested work selects l such that 
the maximum sensitivity remains at 2, allowing 
for justifiable performance or greater values for 
processes with differing natures. Some factors like 
load disturbances, noise, and model–plant mismatch 
are inevitable and must be considered for reliable 
performance.

3.1 Stability and Robustness validation
	 The stability and robustness validation 
is performed in the presence of undesired load 
changes and uncertainties in the process model. 
If the infinity norm of product of complementary  
 
sensitivity function,                                 and maximum 
admissible multiplicative uncertainty, l_m (s=jω) is 
less than unity, the designed structure is robustly 
stable 24.

‖l_m (jω)T(jω)‖<1              ∀ω  (-∞,∞) 	 ...(19)

In the event where the time delay is unclear, the 
tuning parameter λ ought to be chosen in a way that

‖T(jω)‖<1/|e^(-∆θs)-1|                   ...(20)

 And the process uncertainty can be represented as,

...(21)

	 Here,  Gm(jω) represents the model of 
the unstable process. For UFOPTD processes, if 
uncertainty exists in the process gain, the tuning 
parameter, λ should be selected appropriately to 
ensure robust stability and satisfactory closed-loop 
performance under gain variations such that, 
					                

‖T(jω)‖_∞<1/(|∆k|/k_p )        ...(22)

	 Likewise, in the presence of uncertainty 
in t, an analogous analysis shows that the tuning 
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Fig. 1: Block diagram of proposed structure 5 Fig. 2: MATLAB response of Maximum 
Sensitivity, Ms Vs λ for Example 123

Fig. 3: MATLAB response of variation 
of  Ms with respect to θ/τ for Example15

Fig. 4: MATLAB response of 
T(jω) Vs frequency for Example 125

Fig. 5: Output responses of 
Example 1 under perfect model

Fig. 6: Control actions for 
Example 1 for perfect model

Fig. 7: Responses of Example 1 under 
perturbation of+10% Kp, θ and T

Fig. 8: Responses for Example 
2 for perfect model
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parameter l should satisfy the following constraint.

‖T(jω)‖_∞<|(τs-1)/∆τs|                                   ...(23)

For achieving robust stability and robust performance 
of the closed-loop system, the constraints specified 
in (13) and the following condition must be satisfied 5.

‖l_m (jω)T(jω)+w_m (jω)S(jω)‖<1    ∀ ω(-∞,∞)...(24)

	 Here, wm (jω) is bound on the sensitivity 
function, S (jω)=1-T (jω) in the presence of 
uncertainty. Controller tuning must ensure that the 
robust stability and robust performance inequalities 
specified in (19) and (24) are fulfilled.

Simulation study
	 It is widely acknowledged that the choice 
of the closed-loop tuning parameter, λ has an 
intrinsic trade-off. For stable processes, smaller 
values of λ typically lead to quicker responses 
and higher performance in rejecting disturbances, 
whereas larger values promote improved stability 
and robustness. The conventional guideline is not 
always applicable to unstable processes, rendering 
the selection of  particularly critical in such cases. To 
provide a systematic procedure for choosing λ. this 
study adopts the parameter Ms being the maximum 
sensitivity, is a widely used robust performance 
measure, analogous to the gain margin (GM) and 
phase margin (PM). Moreover, it is related to these 
classical stability margins through the inequalities 
by GM≥ Ms/(Ms-1) and PM≥2〖sin-1 (1/2Ms). In this  

study, for the process                  is considered for  
selection of tuning parameter based on robustness 
analysis. The maximum sensitivity function, Ms, 
is first evaluated as a function of the controller 
tuning parameter λ as in Eq. (18). This relationship 
provides a direct guideline for selecting appropriate 
values of λ that achieve a desired trade-off between 
robust stability and closed-loop performance. The 
resulting plot, shown in Fig. 2, reveals that for a 
given specified value of Ms, two distinct values of λ 
can exist. The bigger value of l is usually better since 
it makes the system more robust against modeling 
errors and outside influences while avoiding overly 
aggressive control action. Based on this study, the 
tuning parameter λ= 0.45 is chosen, which offers a 
good balance between stability and responsiveness.

	 Based on the selected parameter, 
robustness is further validated by examining the 
variation Ms of with respect to the normalized time-
delay ratio  for θ/τ different choices of λ , as presented 
in Fig. 3. This analysis is particularly significant 
because the ratio θ/τ represents uncertainty in 
process dynamics and is commonly encountered 
in real industrial systems. The obtained results 
demonstrate that for λ=0.45 and λ=0.6, the sensitivity 
function Ms remains nearly constant over a broad 
range of θ/τ, indicating robust closed-loop stability 
and consistent performance even under significant 
variations in process dead time and time constant. In 
contrast, smaller values of λ lead to larger variations 
in Ms, suggesting increased sensitivity to parameter 
uncertainties and reduced robustness margins.

	 To  fu r ther  ver i f y  the  robus tness 
characteristics in the frequency domain, the 
magnitude of the output sensitivity function is 
analysed for different values of λ, as shown in 
Fig. 4. This analysis highlights the impact of 
tuning on noise amplification and high-frequency 
behavior of the control system. The results indicate 
that increasing λ beyond 0.45 results in greater 
attenuation of high-frequency disturbances but at 
the expense of reduced closed-loop bandwidth and 
a noticeably slower transient response. Specifically, 
selecting λ=0.6 or higher leads to sluggish time-
domain performance with longer settling times and 
decreased responsiveness. Therefore, while larger 
values of λ improve robustness, they degrade 
dynamic performance, establishing a clear trade-
off. Considering both time-domain response 
characteristics and robustness margins, the tuning 
parameter λ=0.45  is therefore selected as the 
optimal value for the subsequent controller design 
and tuning stages.

	 To quant i tat ively demonstrate the 
effectiveness of the proposed tuning method, 
standard performance indices including maximum 
sensitivity Ms, integral error criteria (IAE, ITAE, and 
ISE), and total variation (TV) of the control signal 
are evaluated and compared with existing methods 
under both nominal and perturbed conditions. The 
approach is validated through three benchmark 
examples, where system performance is assessed 
after controller tuning and robustness verification. 
The TV index, computed from the discretized control 
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signal as                        , reflects the smoothness of  

the control action. The results summarized in Table 
2 confirm that the proposed method consistently 
yields lower performance indices, indicating superior 
tracking accuracy, robustness, and smoother control 
effort. Additionally, Fig. 4 shows that the robust 
stability condition is satisfied for λ=0.45 under a 1 
time-delay uncertainty, validating the suitability of 
the selected tuning parameter.

Example 1: A first-order unstable process with a transfer 
function of   G_p (s)=e^(-0.4s)/(s-1)   is examined. The  
 
proposed method is tuned at λ=0.45 in order 
to keep  Ms=3 the suggested PI controller 
parameters of proposed methods are obtained 
as Kc=2.5414,Ti=2.1104, aα=0.2 and b=0.0466. 
Shamsuzzoha & Lee, 2008 26 controller parameters 
are Kc=0.4615,Ti=0.2667,Td=0.1,a=1.5779 and 
b=0.1053. According to Vanavil et al., 201510,  
 

PID controller  

with set point filter of             for the aforementioned  
process model has been published by Ravi Kishore 
& Padma Sree, 2018 4. At t=10, a load disturbance 
of 0.5 and a set point input of unit magnitude are 
applied. 

	 Comparing and demonstrating the closed 
loop performance, the aforementioned outcomes are 
superior to or equivalent with alternative techniques. 
Figs. 5 and 7 explains the closed loop performance 
under nominal condition, while Table 2 provides the 
performance metrics in terms of ISE, IAE, ITAE, and 
TV values. Control signal of the proposed method is 
explained in Fig. 6. It is clear from Figs. 5 to 7 and 
Table 2, that the proposed method performs better 
than the control algorithm proposed in 4, 10 because 
they produce reduced TV, ITAE, ISE, and IAE values, 
produces a smoother and efficient response. 

	 Fig. 7 illustrates the process parameters 
affected by responses under such conditions. To 
assess system resilience, plats apply perturbations 
of +10% in θ, T and Kp. The proposed controller 

meets both the robust performance and robust 
stability requirements with the recommended value 
of λ.

Example 2
	 An integrating process is considered to 
verify the proposed method discussed in16, 19, 20 after 
simple mathematical modification. 

	 Chakraborty et al., 201719 designed an 
I-PD controller with parameters as Kp=0.844, Ti=3.55 
and Td=0.482. Peker & Kaya, 202320 suggested 
PID controller with its controller parameters as 
Kp=0.6340, Ti=4.4147, Td=0.1533, and f=0.3814. 
A PID of Kp=0.8916, Ti=4.3673 and Td=0.4267 was 
suggested by Zhang et al., 202016 to regulate the 
integrating process. The same value of maximum 
sensitivity Ms=2  used in all other approaches was 
used to compare the outcomes of the proposed 
strategy. 

	 Applying the similar approach for tuning 
purpose and observe that for λ=1.3, it gives the 
most suitable value. The controller parameters 
are obtained as, Kc=4.2668, Ti=4.7020, α=0.5 
and β=0.1534. The suggested technique is being 
simulated after a set point input of one unit step is 
applied, and the proposed method's output response 
is tested using a load disturbance of positive 
magnitude of 0.5. 

	 Figure 8 displays the closed loop response 
of the approaches, and Table 3 reports the 
associated performance metrics. Set point filters are 
used to compensate for unwanted overshoot in the 
response. 

	 The approach given in Table 3 has TV 
values that are either minimal or comparable to 
other ways. Figs. 9 and 10 show the plots of the 
justified perturbation, which is within  ±10% of 
the K_p & θ and and is easily controlled by the 
controller design. control signals shown in Fig. 11 
suggested that method yields smooth control signal. 
Satisfactory value of robustness is attained by the 
suggested controller. Indices like ISE, IAE, and ITAE 
are obtained with the aforementioned uncertainties 
present. The primary advantage of the suggested 
strategy is that good tuning leads to improved overall 
performance even with simpler control.
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Fig. 9: Closed loop responses of Example 2 
under perturbation of +10% in Kp and θ

Fig. 10: Responses of Example 2 under 
perturbation of -10% in Kp and θ

Fig. 11: Control Signal for Example 2 Fig. 12: Proposed scheme 
applied to CSTR process2

Fig. 13: Exit concentration of 
CSTR under perfect modelling

Fig. 14: Inlet concentration of 
CSTR under perfect modelling

Fig. 15: Exit concentration for 
+20% change in θ for CSTR system

Fig. 16: Exit concentration under noise with 
variance 1 and sample time 0.1
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Application to Nonlinear System 
	 The differential Eq. (25) deals with the non-
linear dynamics of isothermal chemical reactor as 
shown in Fig. 12 7, 27

....(25)

	 Here, Qand CF indicate the inlet flow 
rate and inlet concentration, respectively, while 
Crepresents the reactor outlet concentration. The 
model parameters are Q=0.0333 L/s, k1=10 L/s, k2 
= 10 L/mol, and reactor volume V=1L. The desired 
steady state is C=1.316, corresponding to a 
nominal feed concentration of CF=3.288 mol/L. first 
the non-linear process is linearised, and the feed 
concentration is taken as the controlled variable. 
Considering a process time delay of 20sec, the 
approximated model is obtained as,

...(26) 

	 This linear model is used for controller 
design, but the resulting controller is tested on the 
original nonlinear model (20). By setting λ=1.75θ 
in Eq.  (17), controller settings are obtained as as 
kc = 1.1204,τti=121.62 td=0, a=10 and b=3.7577.  
Raja and Ali 8 uses PI plus PD structure with  
                                                 and  GPD (s)=1.48(1+10s).  
 
Onat, Cem 9 suggested a PI-PD structure with inner  
 
loop as a PD type                        & outer loop with 
PI type .

	 To evaluate the effectiveness, a unit-
step change in the set point is introduced, and 
a unit disturbance is applied at t=1000s. The 
corresponding closed-loop responses of the outlet 
concentration are depicted in Figs. 15 and 16. These 
figures provide a comparative assessment of the 
proposed PI controller with the methods reported 
in 8 and 9. Figure 13 illustrates the set-point tracking 
performance. As seen from the plot, the approach in 
8 and 9 demonstrates a delayed dynamic response. 
The output takes a considerably long time to rise 
and settle near the desired value, indicating poor 
responsiveness. The method proposed by 8 shows an 

improved rise time and achieves the set point more 
quickly. However, this faster response is obtained at 
the cost of excessive control effort, which is evident 
from the significantly high total variation (TV) listed in 
Table IV. High TV indicates aggressive control actions 
that may cause actuator wear, increased energy 
consumption, and potential instability in real-time 
operation.

	 Also, the response obtained using the 
proposed PI controller approach gives a balanced 
and comparable result. The output reaches the 
desired value in a reasonable time without excessive 
control effort as seen in Fig. 14 and even settles 
easily after the disturbance, and is notably shorter 
than that of the method in 9. 

	 To further verify robustness, a model 
mismatch of +20% in the process delay  is 
introduced, and the resulting system behaviour is 
presented in Fig. 15. 

	 From Fig.15, it is evident that the proposed 
controller maintains stable operation even in the 
presence of significant parameter uncertainty. Also, 
the proposed method is verified with the application 
of noise having variance of 1 and sample time 0.1, as 
shown in Fig. 16. From Figs. 13-16, proposed method 
results balanced speed and robustness highlights 
the improved disturbance-handling characteristics 
of the proposed scheme. The transient behaviour 
remains well-behaved, and the steady-state value 
is achieved with only a marginal deviation. This 
confirms that the proposed control design provides 
adequate tolerance against modelling errors, which 
is essential for real-world chemical processes where 
exact parameters are seldom known.
      

CONCLUSIONS

	 Industrial processes with an unstable 
nature use a proportional integral (PI) controller 
with a lead-lag filter. The direct synthesis method is 
used to get controller parameters, which are then 
changed to fit the desired maximum sensitivity 
range. It is proposed and tested that the right design 
parameter values will cause a justified change in the 
plant parameters. Using the proposed control design 
method, controller parameters are first obtained for 
the linearised model of non-linear CSTR, and then 
validated on the corresponding non-linear CSTR by 

( ) 1
2

2( 1)F
k CdC Q C C

dt V k C
= − −

+

( )
203.433 7,27

103.1 1

s

p
eG s
s

−

=
−

( )PI
1G s 0.606 1

0.2667s
 = + 
 

( )111.26 s 666
s 100

+
+

( )0.4289 s 0158
s
+
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making simple changes to the function. Performance 
improvement in all the three examples approved 
the efficacy of suggested technique. The proposed 
PI controller, which have only four unknowns, 
worked better or comparable as well as some newer 
methods. Proposed single loop control is better 
than recently reported controllers and is easier to 
implement with the right tuning. 
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