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Abstract - A PID controller in series with a lead/lag compensator is created using the direct synthesis approach for controlling open
loop integrating processes. Consideration is given to set-point weighting in order to lessen the undesired overshoot. In the direct
synthesis approach, guidelines are given for choosing the desired closed loop tuning parameter and set point weighting parameter.
Significant load disturbance rejection performances are provided by the approach. To demonstrate the effectiveness of the proposed
approach, DC motor speed regulation is taken into consideration. When compared to recently published approaches, a significant
improvement is obtained. MATLAB/Simulink is used for designing simulation of proposed system.
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I. INTRODUCTION

PID (Proportional-Integral-Derivative) control is a widely
used technique for regulating and maintaining desired
performance in various systems. When applied to DC
motors, PID control plays a critical role in achieving
precise speed or position control. This comprehensive
guide explores the principles of PID control for DC
motors, its implementation techniques, tuning methods,
and optimization strategies[1,2]. By understanding the
intricacies of PID control and its application in DC motor
systems, engineers and enthusiasts can enhance motor
performance, stability, and responsiveness in a wide range
of industrial, robotic, and automation applications[3].

PID speed control of a DC motor refers to the use of a PID
scheme to regulate and maintain the desired rotational
speed or velocity of the motor [4]. It is a closed-loop
control technique that continuously monitors the motor's
actual speed, compares it to the desired setpoint speed,
and adjusts the motor's input voltage or current to
minimize the error and maintain accurate speed control.

The PID controller uses three components: the
proportional, integral, and derivative actions. Each
component contributes to the overall control signal sent to
the motor to correct any deviation from the desired speed
[5]. The proportional Integral Derivative controller's
objective is to minimalize the fault among the desired and
actual speeds by dynamically adjusting the switch sign.

The proportional component of the PID controller
produces a control signal proportional to the difference
between the desired speed (setpoint) and the actual speed
(feedback) [6-7]. It acts as a corrective force that scales
the control signal based on the present error. A higher
proportional gain results in a stronger response to the
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error, which helps reduce the steady-state error but may
lead to overshoot and oscillations.

The integral component integrates the accumulated error
over time and produces a control signal based on the
integral of the error. It accounts for any steady-state error
that persists over time. The integral action helps eliminate

the offset between the setpoint and the actual speed,
bringing the error to zero in the long run. However, too
high of an integral gain can lead to instability or
oscillations[9].

Derivative factor helps anticipate and counteract the error
trend. The derivative action can increase system stability,
reduce overshoot, and improve response time. However,
excessive derivative gain can amplify noise and cause
instability[10].

By combining these three actions, the PID controller
dynamically adjusts the motor's input voltage or current to
maintain the desired speed. The controller continuously
monitors the feedback signal (e.g., from an encoder or
tachometer) and updates the control signal based on the
calculated error and the gains associated with each
component [11].

The tuning of the proportional Integral Derivative
manager includes regulating the relational, essential, and
copied advances to attain the wanted speed response
characteristics, such as fast response, minimal overshoot,
and low steady-state error. Several tuning methods, such
as manual tuning, Ziegler-Nichols method, and
auto-tuning algorithms, can be employed to optimize the
PID controller's performance [12-14].
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PID speed control of DC motors finds applications in
various fields, including robotics, automation, motion
control systems, and industrial processes. It enables
precise speed regulation, improved motor performance,
and enhanced system stability, making it a fundamental
technique in motor control engineering.

A mathematical model of the DC motor is developed
based on its electrical and mechanical characteristics. The
model represents the motor's dynamic response to input
signals, such as voltage or current. It typically includes
equations that describe the motor's electrical equations,
torque-speed characteristics, and mechanical dynamics
[15].

Using the motor model, a model-based controller is
designed to generate control signals based on the desired
motor performance. The controller uses the model to
predict the motor's behavior and calculates the control
signals needed to achieve the desired response. The PID
control algorithm is typically implemented as part of the
model-based controller.

The PID control algorithm is integrated into the
model-based controller. The controller continuously
measures the motor's actual speed or position and
compares it to the desired setpoint. The error between the
actual and desired values is calculated [16].

The integral component integrates the accumulated error
over time and multiplies it by an integral gain to produce a
control signal. The integral action accounts for any
persistent steady-state error and continuously adjusts the
control signal to eliminate it over time [17].

The derivative component calculates the rate of change of
the error and multiplies it by a derivative gain. The
derivative action anticipates the error trend and generates
a control signal that counteracts rapid changes in the error,
improving system stability and response time.

The PID controller combines calculation to final control
signal. The control signal is then applied to the DC motor's
input, such as voltage or current, to adjust its speed or
position.

The model-based controller continuously measures the
motor's actual speed or position through feedback sensors,
such as encoders or tachometers. The feedback signal is
used to compute the error and adjust the control signal
accordingly. This closed-loop feedback system ensures
that the motor's performance is continuously monitored
and corrected to maintain the desired speed or position.

By incorporating the motor model into the control
strategy, the model-based controller can provide enhanced
performance, improved stability, and better disturbance
rejection. The PID control algorithm, in conjunction with
the motor model, enables accurate and responsive control
of the DC motor system, making it suitable for
applications that require precise motion control and
high-performance operation. A PID controller works well.
They all come down to employing a model built into the
controller. Just refer to them as "model-based controllers"
for now. In order to get a somewhat better responsiveness
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than PID, model-based controllers must trade resilience
[15,16]. PID controller design methods can be classified
into two categories: time-domain and frequency-domain
methods. These methods aim to achieve desired
performance criteria, such as settling time, overshoot, or
gain and phase margins, either in the time domain or
frequency domain. Here are some commonly used PID
controller  design methods for each criterion
Time-Domain Performance Criteria. Ziegler-Nichols
Method based on step response analysis. Determines the
critical gain and oscillation period to set the proportional
and integral gains. Three variations: Ziegler-Nichols
ultimate gain method, Ziegler-Nichols ultimate gain with
overshoot, and Ziegler-Nichols quarter decay ratio
method.

Cohen-Coon Method: Uses the step response of the
system to estimate model parameters. Provides
approximate gains for proportional and integral control.
Suitable for systems with varying time constants.

Internal Model Control (IMC): Employs an internal model
of the process to design the controller. Considers the
desired closed-loop response and model dynamics.
Suitable for processes with time delay.

Direct Synthesis: Designs the PID controller directly from
desired closed-loop transfer function or step response
specifications. Requires knowledge of the system model
or desired response.

Frequency-Domain Performance Criteria.

Gain and Phase Margin Specifications: Sets desired gain
and phase margins to ensure stability and robustness.
Analyzes the open-loop transfer function or Bode plot of
the system. Adjusts PID gains to achieve the desired
margins.

Loop Shaping: Modifies the open-loop transfer function
to achieve desired frequency response characteristics.

Shapes the magnitude and phase response of the
open-loop system using filters or compensators. Requires
knowledge of the system dynamics and desired
performance. Internal Model Control with Frequency
Domain Specifications: Combines frequency-domain
analysis with internal model control. Considers desired
frequency response specifications, such as bandwidth or
resonant frequency. Adjusts the PID gains based on the
internal model and desired response.

It's important to note that different design methods have
their strengths and limitations, and the selection of a
specific method depends on the specific requirements of
the control system, the available system information, and
the desired performance criteria. Additionally, tuning the
PID controller often involves an iterative process of
adjusting the gains and evaluating the system's response to
achieve the desired performance.

Model Predictive Control (MPC) is a widely used
advanced control technique that enables precise control of
complex dynamical systems. MPC utilizes a predictive
model of the system to optimize control actions over a
finite time horizon, taking into account future system
behavior and desired performance criteria [18-19]. One
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popular variant of MPC is the integration of
Proportional-Integral-Derivative (PID) control technique.
PID control is a classic and well-established control
strategy known for its simplicity and robustness. By
combining the predictive capabilities of MPC with the
inherent stability of PID control, an effective control
approach can be achieved, allowing for superior
performance in a wide range of applications. This article
explores the principles and benefits of using PID control
in model predictive control and highlights its application
in various fields.

The MPC framework consists of three main components:
the prediction model, the optimization problem
formulation, and the control law. The optimization
problem formulates the objective and constraints, aiming
sequence. Finally, the control law computes the control
signal based on the optimization results.

Robustness: PID control is known for its robustness and
stability properties. By integrating PID within MPC, the
resulting control system inherits these advantages,
ensuring effective control even in the presence of
disturbances or modeling uncertainties. Simplicity: PID
controllers are simple to implement and tune. This
simplicity makes them suitable for real-time applications
and enables easy integration into the MPC framework

Jin et al. [11] offered three tuning guidelines for a
straightforward ~ but  efficient  functioning.  The
proportional gain and differential time utilized in this
method are identical to those in a linear controller because
it conditional methodology is working significantly
sound. As a result, only the integral action is needed to
change the error's magnitude. The simulation outcomes
demonstrated that the suggested approach outperformed
Tavakoli's PID controller [13].

One of the researcher [21] presented a method called
Control-system  synthesis. However, the strongly
stabilising requirements for the time delayed unstable
processes are still not obvious in the literature. Direct
synthesis and disturbance rejection were the foundations
for the PI/PID controller architecture that D. Chen and
D.E. Seborg [13] suggested, although it was only effective
for stable systems[14], although the reaction of such
systems is quite slow.

Due to its broad, straightforward, and continuous control
capabilities, DC motors have been extensively used in a
variety of industrial applications, including electric
cranes, electric vehicles, and robotic manipulators [16].

A. DC MOTOR

DC motors are capable of speed control, which allows
them to modify their speed, torque, and even rotational
direction at any time to adapt to changing circumstances
[20]. The accompanying figures 1, and 2 depict the rotor's
free body diagram as well as the armature's electrical
circuit. It finds applications in various industries, ranging
from manufacturing and robotics to automotive and
aerospace. One of the key requirements in many of these
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and the different methods employed to achieve speed
control. Speed control is closely related to torque control
in DC motors. Torque is the rotational force generated by
the motor, and it is directly proportional to the current
flowing through the motor's windings. By controlling the
motor speed, the torque can be adjusted to match the
requirements of the application. This allows for precise
control over the motor's output, ensuring that it provides
sufficient torque for tasks while avoiding excessive or
insufficient force. Torque control is vital in applications
such as robotics, where precise force control is necessary
for delicate tasks.

Three parameters must be specified in order to create such
a controller: proportional gain, integral time constant, and
derivative time constant. The creation of techniques to
shorten the time spent selecting the best controller
parameter settings has received a lot of attention to date
[21].

Speed control plays a critical role in maintaining system
stability and ensuring a rapid response to changes in load
or operating conditions. In many applications, sudden
changes in load or speed can occur due to variations in the
process or external factors. Without speed control, the
motor may not be able to respond quickly enough, leading
to instability, reduced performance, and even damage to
the motor or the driven system. By employing speed
control mechanisms, the motor's response time can be
optimized, allowing it to adapt to dynamic conditions and
maintain stable operation.
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Fig.1. DC MOTOR

Let Ra=Armature Resistance,

La=Armature self inductance caused by armature flux,

ii.l: Armature current,

if= field current,

Eb=Back EMF in armature,

V =Applied voltage,

T=Torque developed by the motor,

6 = Angular displacement of the motor shaft,

J =Equivalent moment of inertia of motor shaft & load referred to the  motor,
B= Equivalent Coefficient of friction of motor shaft & load referred to the motor.

B. PID Controller

applications is the ability to control the speed of the DC
motor. In this explanation, we will delve into the reasons
why DC motors need speed control, the benefits it offers,

It is represented by a gain constant (Kp) that scales the error
value. The proportional control output is directly proportional
to the error signal. Increasing the proportional gain amplifies
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the control action's effect, while reducing it weakens the
control action. PID control action refers to the fusion of
proportional, integral, and derivative control actions. Many
different kinds of dynamic plants can have their time-domain
behaviour controlled by PID controllers. [22]. It accounts for
the accumulated past errors and generates an output that is
proportional to the integral of the error. The integral control
block is represented by a gain constant (Ki). Integrating the
error helps to reduce the offset between the setpoint and the
process variable.

This error signal is essential for the PID controller to assess
the system’'s current state and determine the necessary
corrective action. The error calculation is represented by the
subtraction of the setpoint from the process variable.

FID Controller
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Fig.2. DC MOTOR with PID

By comparing the process variable with the setpoint, the
feedback path provides information on how the system is
responding to the control action. This feedback enables the
controller to continuously adjust its output to minimize the
error and bring the system closer to the desired setpoint. The
block diagram components mentioned above work together to
create a closed-loop control system. The error calculation
generates the error signal, which is processed by the
proportional, integral, and derivative control blocks. The
control action output is then applied to the plant, and the
resulting process variable is fed back to the error calculation
block.

u = kpe + kr'Jedz‘ + kd d_e [

dt

The summing junctions are represented by "+" symbols in the
block diagram. They combine the outputs of the proportional,
integral, and derivative control blocks. The summing junction
after the error calculation block combines the error signal
with the outputs from the integral and derivative control
blocks. The resulting sum represents the total control action
that needs to be applied to the system.

The plant or process block represents the system being
controlled. It could be a physical process, such as a motor, a
chemical reactor, or a temperature control system. The
control variable, adjusted by the PID controller, influences
the plant's behavior, and the output of the plant feeds back to
the error calculation block.
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Fig.3.Classical Feedback control system

Consider of a response regulator scheme along with the
typical Figure 3 wedge illustration. Let that the process,
measurement component, transmitter, and control valve are
all models in Gp(s). The following equation derives the close
loop constraint for alters: The reference speed plays a vital
role in the | term's operation. As the motor operates, the error
accumulates and integrates over time. This accumulation is
based on the deviation of the actual speed from the reference
speed. A higher reference speed implies a larger deviation,
resulting in a larger accumulated error. Consequently, the |
term contribution to the control signal increases, allowing the
system to eliminate steady-state error more effectively.

The reference speed comes into play by providing the basis
for comparison with the actual speed. The P term calculates
the error by subtracting the actual speed from the reference
speed. A higher reference speed will lead to a larger error,
which, in turn, will result in a more substantial contribution
from the P term to the control signal. This helps in achieving
faster response and reducing steady-state error for high
reference speeds.

The reference speed, also known as the setpoint, is the target
speed at which the DC motor is expected to operate. It is a
user-defined parameter that represents the desired operating
point for the motor. The choice of the reference speed
depends on the specific application and the requirements of
the system.

When designing a speed control system for a DC motor, the
primary objective is to maintain the motor's speed as close as
possible to the reference speed. This is achieved by
employing a PID (Proportional-Integral-Derivative)
controller, which is a widely used feedback control algorithm.

y _ Gp(s)Ge(s)

r 1+ Gp(s)Ge(s) 2]

The tachometer continuously measures the actual speed of the
motor and provides feedback to the system. This feedback
signal is used to update the error calculation and adjust the
control signal through the PI controller.

The feedback loop in this classical control system ensures that
the actual speed of the DC motor closely follows the desired
speed set by the setpoint. By continuously monitoring the
speed and making adjustments based on the error, the system
achieves speed control and maintains stability.
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By incorporating the reference speed and utilizing the PID
controller, the speed control system can accurately regulate
the motor's speed, minimizing deviations from the desired
operating point. The PID controller continuously adjusts the
control signal based on the error, allowing the motor to
maintain stability and achieve the reference speed effectively.
Although the reference speed does not have a direct impact on
the D term, it indirectly influences the system's response to
changes in the error. A significant change in the reference
speed can result in a rapid change in the error signal. The D
term reacts to this rate of change, contributing to the control
signal accordingly. Therefore, a higher reference speed may
lead to more pronounced adjustments in the motor's speed to
counteract sudden changes in the error.

)

GC(S:] = m

3]

Il. PROPOSED METHODOLOGY

To control speed of DC motor using Modified IMC direct
synthesis is proposed in this paper. The mathematical
modelling equation 4, 5 are used which used to derived the
transfer function of dc motor. Figure 4 shows the equivalent
circuit of dc motor.

o d ia (t)
Va(t) = Ra.ia + La'—dt +eb(t) "
 daw(®
Tm(t) —fm.—dt + Bm.w(t) + TI(t) 5

By using above Eg4 and Eq5 we get transfer function of motor

w(s) Kt
V(s) (Las+ Ra)(jms+ Bm) + KtKb [6]
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Where:

I,= armature current (A)

V,= armature voltage (V)

E,= back-emf voltage (V)

K= back-emf constant (V/rad/s)

L,= armature circuit inductance (H)

R,= armature circuit resistance (£2)

® = motor speed (rad/s)

Jm= moment of inertia of (load and rotor) (N.m’)
B,,, = viscous friction constant (N.m/rad/s)
K= torque constant (N.m/A)

T, = load torque (N-m)

T,,, = motor developed torque (N-m)

y Gd (s)

d_ 1+ Gp () Ge (5) 7]

Rearranging gives a feedback controller expression

Gd (s) 1
A 6 PR RCTES
d)"P s [8]
Gc (3‘) = Gd(S) - 5 1( )
21 & (s p\s
[d)dapu
[9]

[10]

The closed-loop transfer function is used in the ideal case
where the model is :

5-@)

[11]
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[12]

1. RESULT AND DISCUSSION

MATLABR2022 is the software version used to construct the
proposed system simulation. The findings of the suggested
methodology are discussed in this section.

Reference DC MOTOR Speed
T T T

smww
g 8 B & & B
‘

Time (sec)

Fig.4. DC MOTOR Reference Speed

The above figure 4 is showing the reference speed which is
given to controller. 800 rpm is from O to 5 sec then after 5 sec
speed goes to 1440 rpm. Using proposed technique, figure 5
shows the speed curve. The speed curve is settling very
quickly with respect to reference speed.

DS_IMC Method
00 = T T T T T T T T =

==
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T
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Fig.5. Speed curve using DS-IMC
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Fig.6. Ref Speed Vs DS-IMC
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Fig.7. Comparative Results
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Fig.8. With no disturbance

‘SPEED CURVE
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Fig.9. With no disturbance

The compartive anlysis is showing in figure 7 from which is it
clear that proposed thechnique is having quit good resopnse
as compared to DS-d method.when speed having constant
nature , then comparsion between both technique is showing
in figure 8.The figure 9 ,having less simulation time to show
the transient part of all techniques. Its is understand by figure
9, response is too good as compared to other technique.

IV. CONCLUSION

The primary goal of this project is to develop resilient PID
controllers using the DS-d and IMC Modified approaches. The
single design parameter in system approach is determined
analytically using it. As a result, the DS-d design process work in
significant functioning. Despite the fact that PID controllers are
built to reject disturbances, set-point responses are typically
sufficient. Different design approaches have been contrasted using
two simulation instances.
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