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Abstract – Controlling Multiple Input Multiple Output (MIMO) systems present a considerable challenge, particularly when dealing 
with time delays, nonlinearities, and disturbances. While the Dahlin algorithm and deadbeat control can offer good performance for 
such systems especially for systems requiring aperiodic responses or those where overshoot and setteling time need to be minimized, 
their effectiveness can diminish if the model parameters are inaccurate or in the presence of disturbances which lead to steady-state 
errors. To address these limitations, we propose combining these approaches with Internal Model Control, known for its robustness in 
handling variations in process dynamics, ensuring accurate setpoint tracking and disturbance rejection. In this paper, we introduce 
the Dahlin Deadbeat Internal Model Control (DDIMC) for discrete MIMO systems. Initially designed for linear processes with multiple 
time delays, this control strategy addresses complex control challenges arising from coupling effects and time delays. For nonlinear 
processes, we extend this controller using a multimodal control strategy which involves describing the nonlinear system with multiple 
linear discrete models, each paired with a Dahlin Deadbeat controller. A fusion technique is then employed to select the most suitable 
controller for application. Simulation case studies performed using the MATLAB software validate the effectiveness of these strategies, 
demonstrating their ability to consistently ensure satisfactory dynamic and robust performance.

Keywords: Dahlin Deadbeat control, Discrete Systems with Time Delays, Internal Model Control, Multimodal control, 
 linear Multiple Input Multiple Output systems, nonlinear systems

1.  INTRODUCTION

Controlling Multiple Input Multiple Output (MIMO) 
systems presents a significant challenge in control the-
ory due to their inherent complexity arising from intri-
cate variables interactions, time delays, and nonlinear 
characteristics [1, 2]. 

Various control laws have been developed to handle 
these difficulties and to achieve effective nominal perfor-
mance. Conventional controllers like PID are commonly 
used due to their simplicity. However, they frequently 
yield inadequate performance leading to issues like in-
stability, large overshoots, and slow responses [3]. With 
the advancement of intelligent control techniques, algo-
rithms such as fuzzy control [4, 5], neural network control 
[6] and predictive control [7, 8] have been introduced for 
the control of MIMO systems with time delays. However, 

due to their complexity, these algorithms present chal-
lenges in practical applications [9]. In recent decades, the 
Deadbeat control stands out as an approach that aims to 
achieve the desired output behavior while minimizing 
settling time and eliminating steady-state error [10]. It is 
based on the use of a model to calculate the inputs that 
eliminate the current errors in finite time intervals. MIMO 
deadbeat control was proposed in [11] for linear continu-
ous time systems with several constraints in time or fre-
quency domain. In [12] the Deadbeat Algorithm was pro-
posed to regulate the conical tank system. The nonlinear 
dynamics of this system were identified through math-
ematical modeling and approximated to a first-order 
system. The robustness of this control strategy becomes 
critical in the presence of non-linearities, parameter varia-
tion, or other mismatches [13]. To address these issues, 
the Deadbeat controller integrated with other strategies 
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like PID, as presented in [14], was proposed to control a 
nonlinear higher-order system. The Dahlin Controller is 
an extension of the Deadbeat controller and well known 
especially for controlling deadbeat processes offering sta-
bility and nominal performance [15]. In [16], modulator 
based current control strategies (Deadbeat, PI and Dahlin 
controller) for permanent magnet synchronous motors 
were compared. Although all investigated control strate-
gies exhibit stability, the Dahlin Controller stands out as 
offering better robustness properties for the closed-loop 
control system. For nonlinear systems. the operating-
range scheduled robust Dahlin Algorithm was proposed 
in [9], for a class of SISO nonlinear systems represented 
by a nominal first-order inertia plus pure delay model. To 
eliminate steady state error, the integration control action 
is added when the output is close to the setting value. In 
[17], a modified Dahlin algorithm was proposed for level 
control in a nonlinear tank system, which was linearized 
around its equilibrium point. The proposed approach 
achieves better performance compared to conventional 
PID controllers.

While the Dahlin controller is known for its effective-
ness, it faces challenges such as steady state errors and 
diminished robustness due to inaccuracies in model 
parameters or constraints on the control as discussed 
in [18]. To address these issues, Dahlin algorithm was 
combined to robust control methods or adaptive con-
trol algorithms [18]. 

The Dahlin Deadbeat algorithm can be combined to dis-
crete internal model known for its nominal performance 
and robustness, while considering the model structure of 
the process [19, 20]. It was proposed to control the manip-
ulator’s positioning system in [21]. An IMC–Dahlin temper-
ature control method based on relay feedback self-tuning 
identification was proposed and validated through real 
application on a thermostat in [22]. In this paper, the Dah-
lin Deadbeat based IMC, DDIMC, was initially proposed 
for MIMO linear discrete systems [23]. The promising out-
comes achieved in controlling such systems prompted its 
broader application to multivariable nonlinear discrete-
time systems by considering multimodeling strategy [24]. 
Multimodel methodologies have gained significant trac-
tion in both modeling and controlling nonlinear systems 
[25, 26]. This novel approach involves initially developing 
a model base to describe the MIMO nonlinear system. 
Each linear model is paired with its correspondent Dah-
lin deadbeat controller. The main key of the multi-model 
approach lies in the selection, at each sampling time, of 
the most fitting model that accurately approximates the 
current state of the process around an operational point. 
Subsequently, its corresponding controller is applied to 
the entire system. 

This paper studies control challenges of MIMO sys-
tems. The DDIMC is initially proposed for linear systems 
with time delays and then extended to nonlinear sys-
tems using the DDIMMC control. The main objectives 
consist of ensuring good dynamic performance while 
maintaining robustness.

The remainder of this paper is organized as follows: the 
Dahlin Deadbeat Internal Model Control (DDIMC) is pro-
vided in Section 2. Dahlin Deadbeat Internal Multimodal 
Model Control (DDIMMC) is proposed in Section 3. Sec-
tion 4 explores the results obtained from numerical simu-
lations, while Section 5 presents some conclusions.

2. DAHLIN DEADBEAT INTERNAL MODEL 
CONTROL FOR LINEAR MIMO SYSTEMS

The DDIMC control is proposed for linear MIMO pro-
cesses with time delays and particularly when there 
are requirements for fast response and robustness [2]. 
The proposed approach combines the advantages of 
the Dahlin Deadbeat control and the Internal model 
control within a unified structure. In a dead-beat con-
troller, the system tracks a step input that is delayed by 
a few sampling times [10]. The Dahlin controller [13], 
which is built upon the dead-beat controller, gener-
ates a smoother exponential response in comparison 
to the standard dead-beat controller. As for the Internal 
Model Control (IMC), it is known for its robustness in 
handling both disturbances and uncertainties by incor-
porating a detailed model of the process [19]. 

2.1. THE DISCRETE IMC CONTROL 
 FOR MIMO SYSTEMS

The discrete IMC structure, depicted in Fig. 1, incorpo-
rates a stable MIMO process G(z), the internal model M(z) 
and a controller CCMI (z) arranged to act as the model in-
verse. These components are described by transfer matri-
ces of dimension (n×n). u(z) and y(z) represent respective-
ly the input actions and the output vectors of dimension 
(n×1). r(z) and d(z) are respectively the reference vector of 
dimension (n×1) and the disturbance vector that may af-
fect the system. The input actions are simultaneously ap-
plied to the process and its model. The outputs mismatch 
is considered to adjust the controller’s input e(z).

Fig. 1. The MIMO IMC structure [20]

From Fig. 1, we can deduce the following equation 
for the input action vector u(z) [23]:

(1)

(2)

In conventional IMC theory, when the control-
ler is chosen as the model inverse, perfect control is 
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Fig. 2. Structure of the internal model controller [23]

The internal model controller CCMI(z) is then described 
as the following:

(3)

The gain matrix K1 is crucial for ensuring the stability 
of the controller, while K2 is considered to compensate 
for system’s static errors.

K2 is described below:

(4)

where M(1) represents the model’s static matrix gain.

The proposed controller steady-state gain is equal 
to the inverse of the model steady-state gain. Offset-
free control is then obtained for constant setpoints and 
output disturbances [28].

The IMC control structure illustrated in Fig. 1, can be 
modified to a classical feedforward control as present-
ed in Fig. 3 below.

Fig. 3. Classical closed-loop control structure

where:

(5)

(6)

2.2. THE DAHLIN-DEADBEAT CONTROLLER

Deadbeat control is a control strategy aiming to drive 
the system outputs to the desired value within a few 
sampling times. Fast and accurate tracking of referenc-
es signals are then ensured. 

For MIMO systems that occur frequently in the pro-
cessing industry, it’s desirable to eliminate the coupling 
effects between the loops for MIMO systems. The pro-
posed controller, in this paper, is chosen to handle both 
interactions and time delays, that may exist, within a 
single design [29]. For that reason, the desired closed-
loop transfer matrix H(z) is chosen to have a diagonal 
form and is defined as follows.

(7)

The Dahlin algorithm is an extension of the deadbeat 
control that was proposed specifically for the system 
with pure time delay. The key idea of the Dahlin algo-
rithm is to design an anticipant closed-loop transfer 
function. The system behaves similarly to a continuous 
first order process with time delay [13]. The transfer ma-
trix H(s) is chosen as follows:

(8)

where: hii(s)=exp(-Ti s)/(τi s+1),1≤i≤n;Ti is the time 
delay selected as: Ti=N×Ts, Ts is the sampling time 
and τi is the time constant.

The discrete form of the transfer functions hii(s), 
1≤i≤n, obtained with a zero-order hold is then de-
scribed below:

(9)

The Dahlin deadbeat controller R(z) is then described 
below:

(10)

2.3. THE DAHLIN DEADBEAT IMC CONTROL

The proposed DDIMC control strategy uses the Inter-
nal Model Control (IMC), as depicted in Fig. 4. Initially, 
the desired closed-loop dynamics are selected accord-
ing to Eq. (8) and Eq. (9), followed by the design of the 
Dahlin controller described by Eq. (10). 

The IMC controller considered in the DDIMC struc-
ture is then described as follows:

(11)

achieved. However, for many physical systems, the in-
version task isn't feasible. An approximate inverse is 
then required [26, 27]. 

The IMC controller for non-minimum and delayed 
systems, depicted in Fig. 2, can be designed as pro-
posed in [20, 23]. 

Fig. 4. The DDIMC structure
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3. DAHLIN DEADBEAT INTERNAL MULTIMODEL 
CONTROL FOR NONLINEAR MIMO SYSTEMS

Modern industrial processes often exhibit nonlin-
earity. Linear models can’t capture the dynamics of 
complex systems due to the presence of strong nonlin-
earities. The effects of these nonlinearities are mostly 
undesirable and can greatly affect the performance of 
controllers [26]. To tackle these challenges, multimodal 
approaches are emerging as promising alternatives to 
conventional linearization methods. These methods in-
volve segmenting the system’s operational range into 
distinct zones and considering localized linear models 
for each zone [17]. The Multimodal principle is depict-
ed in Fig. 5.

Fig. 5. Multimodel Control

The algorithm of the proposed method is given by:

Step 1: A base of several discrete MIMO linear mod-
els is defined to describe the nonlinear system across 
its entire operating ranges.

Step 2: The desired closed loop transfer matrix H(z) is 
specified based on Eq (9).

Step 3: For each linear MIMO model, a specific Dahlin 
Deadbeat controller is designed based on Eq10.

Step 4: At each sampling time, the model that close-
ly matched the process dynamics is selected based on 
the switching technique illustrated in Fig. 6. 

Fig. 6. Switching technique [26]

The errors between model outputs and the actual 
system responses should then be evaluated. 

For each model Mi, a distance vector Di, describing 
model outputs yMi

 and the system outputs y mismatch, 
is represented by the Eq. (12).

(12)

For each model Mi, i=1...n, a validity index vi needs to 
be assessed. A validity index vi of 1 is assigned to the 

model with the smallest distance vector, indicating its 
superior relevance in describing the nonlinear system. 
Conversely, for the other models in the set, vi is set to 0.  
The multimodal vector of outputs aligns then with the 
vector of the chosen model’s outputs (cf. Fig. 7).

Fig. 7. Basic diagram of the model validation 
method [24]

Step 5. Once the model is validated, its correspond-
ing DDIMC controller, is applied to control the entire 
nonlinear system.

The new DDIMMC, proposed for nonlinear discrete 
systems is depicted in Fig. 7.

Fig. 8. The DDIMMC structure

4. SIMULATION CASE STUDIES

To demonstrate the effectiveness of the proposed 
control structures, two case studies were introduced. 
For the first case, a linear MIMO discrete system, spe-
cifically a neonatal incubator is proposed. As for the 
second case, it concerns a nonlinear discrete MIMO sys-
tem: stirred tank reactor (CSTR) process.

4.1. DDIMC FOR A LINEAR MIMO DISCRETE 
  SYSTEM: A NEONATAL INCUBATOR 
 SYSTEM

•	 System description

Let’s consider a linear MIMO neonatal incubator sys-
tem described by the following transfer matrix [30]: 

(13)
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where YH(s), UH(s), YT(s), UT(s) are the outputs and con-
trol actions related respectively to the humidity and 
temperature inside the incubator.

The discrete transfer matrix is described as follows 
with a sampling time of Ts = 1.2 seconds.

(14)

Two scenarios are presented. The first one considers 
the nominal case without any disturbances, while the 
second one tests the robustness towards external dis-
turbances.

•	 First scenario: Nominal case

Fig. 9 illustrates simulation results for this scenar-
io. All the responses accurately settle the setpoints. 
The overall performance is better when applying the 
DDIMC compared to the discrete IMC [20]. The pro-
posed approach has less overshoot and shorter settling 
time as presnted in Table 1 which illustrates a quantita-
tive comparison of the obtained results, to validate the 
effectiveness of the proposed control approach com-
pared to the IMC and its ability to ensure satisfactory 
performance. 

Fig. 9. Humidity and Temperature levels  
(Nominal case)

Table 1. Performance of the transient responses 
with the DDIMC and IMC [20]

IMC Proposed DDIMC

Humidity Temperature Humidity Temperature

Rise Time (s) 0.57 36.52 2.53 2.72

Setting Time (s) 6.49 82.48 5.75 8.84

Overshoot (%) 67.46 0 8.2. 10-5 0

•	 Second scenario: In the presence of disturbances

Fig. 10. Humidity and Temperature levels  
(robustness towards disturbances)

4.2. DDIMC FOR A NONLINEAR MIMO 
 DISCRETE SYSTEM:  STIRRED TANk 
 REACTOR

•	 System description

Let’s consider a MIMO stirred tank reactor (CSTR) pro-
cess, which consists of an irreversible, exothermic reac-
tion, A → B, in a constant volume reactor cooled by a 
single coolant stream. It can be modeled by the follow-
ing nonlinear equations [31]: 

(15)

The system’s inputs are the flow rate q and coolant 
flow rate qc. The outputs are respectively the concen-
tration CA, and the temperature T. Table 2 displays the 
CSTR’s parameter values.

The robustness towards external disturbances of the 
proposed approach is presented in this scenario. Step 
type output disturbances of 10% occur at t=10s on the 
humidity level and 2°C occur at t=100s on the tempera-
ture level, respectively. Fig. 10 displays the responses 
for the DDIMC control. The system remains stable, and 
the disturbances are completely rejected after about 8 
and 12 sampling times for the humidity and the tem-
perature levels, respectively. 
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Table 2. CSTR’s parameter values [31]Parmeter Description Value

CA0 Feed concentration 1 mol/l

TC0 Inlet coolant temperature 350 K

hA Heat transfer term 7×105 cal/minK

E/R Activation energy term 104 K

ρ,ρc Liquid densities 103 g/l

q Process flow rate 100 l min-1

T0 Feed temperature 350K

V CSTR volume 100 l

k0 Reaction rate constant 7×1010 min-1

ΔH  Heat of reaction -2×105 cal/mol

Cp, Cpc Specific heats 1 cal g-1K-1

After linearization around three operating points, 
local linear models are obtained. In the discrete state-
space representation with a sampling time of Ts = 0.1 
seconds, these models are represented below [31]:

(16)

where, x(k), u(k) and y(k) represent respectively the 
states, inputs, and outputs vectors:

Three discrete MIMO transfer matrices are obtained 
and described as follows:

The desired closed loop transfer matrix is described 
below.

(17)

(18)

Two scenarios are presented. In the first one, the 
nominal case without any disturbances is considered, 

Table 3. Performance of the transient responses 
with the DDIMMC and IMMC [24]

IMMC Proposed DDIMMC

Concentration Temperature Concentration Temperature

Setting 
Time (s) 0.96 1.03 0.22 0.21

Overshoot 
(%) 6.4 0.62 2.99 0.78

Peak 9.64×10-2 453 9.23×10-2 452.3

Fig. 11. Concentration and Temperature levels 
(Nominal case)

•	 Second scenario: In the presence of disturbances

The robustness towards external disturbances of 
the proposed approach is presented in this scenario. 
Persistent disturbances of 0.02 mol/l and 10 K occur at 
t=0.5 s on the concentration and the temperature lev-
els respectively. Fig. 12 displays simulation results for 
this scenario. We can notice that despite the presence 
of persistent disturbances, the outputs remain able to 

while the second one tests the robustness towards ex-
ternal disturbances.

•	 First scenario: Nominal case

Fig. 11 illustrates simulation results for this scenario. 
The setpoints are 0.09 mol/l and 450 K for the concen-
tration and the temperature respectively. We can notice 
that the outputs of the CSTR system track the reference 
signals with zero steady state errors. Moreover, the 
system demonstrates better transient responses com-
pared to the Discrete Internal Multimodel Control strat-
egy [24]. The DDIMMC yields responses with minimized 
overshoot and undershoot, and shorter setting time as 
detailed in Table 3. In fact, the transient response per-
formance is not explicitly considered in the IMMC con-
troller design, whereas optimizing transient response is 
a primary concern for the proposed DDIMMC controller.



489Volume 15, Number 6, 2024

Fig. 12. Concentration and Temperature levels 
(Robustness towards disturbances)

5. CONCLUSION

The Dahlin deadbeat Internal Model Control was pro-
posed in this paper for MIMO systems. It was designed 
on the principles of the Dahlin deadbeat control and the 
internal model control. The controller, proposed initially 
for linear systems, is easy to implement, robust and has 
good dynamic control performance. A simulation study 
on a linear MIMO neonatal incubator illustrates the ef-
fectiveness of this approach in ensuring good transient 
performance, accurate tracking, and robustness towards 
disturbances. Beyond linear systems, the DDIMC was 
extended to control MIMO nonlinear systems by incor-
porating a multi-modeling strategy based on describing 
the nonlinear system by a set of multiple linear models. 
At each sampling time, the most appropriate model is se-
lected and its corresponding Dahlin deadbeat controller 
is applied to the entire system. This novel Dahlin dead-
beat internal multimodal control method (DDIMMC) 
demonstrates its effectiveness through simulations on a 
stirred tank reactor (CSTR) process involving two inputs 
and outputs. The proposed control approach has proven 
its ability to ensure satisfactory nominal and robustness 
performances.

Future work may involve conducting experimen-
tal tests on real systems using DDIMC and DDIMMC 
methods aiming to prove the effectiveness of these 
approaches in real-world applications. Furthermore, 
extending these control strategies to address the com-
plexities of non-square systems, which pose additional 
challenges in control, could be explored.
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