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1. Introduction

The optimization of motion and trajectory planning is an effective and usually costless approach
to improve the performance of dynamic systems, such as robots, mechatronic systems, automatic
machines and multibody systems. Indeed, wise motion planning allows increasing precision and
machine productivity, while reducing vibrations, motion time, actuation effort and energy consumption.
On the other hand, the availability of optimized methods for motion planning allows for the cheaper
and lighter construction of the system. Hence, it is also an effective tool towards a more economically
and environmentally sustainable industry.

Strictly related to motion planning is motion control, and employing a well-tuned control scheme
is of primary importance. One the one hand, it allows for precise tracking of the optimized trajectory,
thus boosting the achievement of the desired performances. On the other hand, it could compensate
for a bad planned motion reference, whenever advanced feedback control schemes are adopted.

The authors of this Editorial have been involved in several theoretical and experimental studies in
these fields of research in recent years, by investigating some novel techniques targeted to different
goals. For example, in the field of motion planning, they have proved the benefits of motion planning
in the following fields:

• Precise path tracking in underactuated multibody systems (see e.g., [1]).
• Vibration reduction in flexible link multibody systems (see e.g., [2]).
• Jerk reduction in robotic and mechatronic systems (see e.g., [3]).
• Reduction of energy consumption (see e.g., [4]).
• Optimization of the quality of manufacturing processes (see e.g., [5]).

In some of the aforementioned applications, the authors have also proved the benefits of feedback
control through some original numerical and experimental studies. For example, the following can
be quoted:

• Vibration reduction in flexible multibody systems (see e.g., [6]).
• Precise path tracking in underactuated multibody systems (see e.g., [7]).
• Control of the coordinated motion of hydraulic systems (see e.g., [8]).

In the light of the increasing use of servo-actuated and servo-controlled systems, the optimization
of motion planning and control can be beneficial in an even wider range of mechatronic and robotic
systems. To collect and disseminate a meaningful collection of these applications by providing the
most recent advances in this challenging research area, this book is proposed, which includes a series
of 14 novel research studies that cover different sub-areas, in the framework of motion planning
and control.
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2. Book Overview

The papers collected in this book can be categorized into three main groups, which are briefly
discussed in the following section.

2.1. Motion Planning

The issue of energy reduction in robotic systems through motion planning is discussed in [9],
where the functional redundancy of a robotic system is exploited to enhance energy efficiency. Indeed,
whenever the number of degrees of freedom required to complete the task is smaller than the number
of available degrees of freedom of the system, such a redundancy can be exploited by choosing,
among the sequence of infinite solutions of the inverse kinematic problem, those ensuring minimum
energy consumption. This result proves that motion planning is a costless approach to reduce the
energy impact of robotic systems.

In [10], trajectory optimization is aimed at improving obstacle avoidance in industrial robots.
The method proposed therein is based on the improved artificial potential field method and the cosine
adaptive genetic algorithm. The artificial potential field method is used to establish the attraction,
repulsion, and resultant potential field functions. According to the motion constraint conditions,
the fitness function is designed, and the relation between fitness function and motion constraint is
analyzed. The results show that the manipulator can avoid obstacles and smoothly reach the target
point along the path of obstacle avoidance planning. When the obstacle point is close to the target
point, the improved artificial potential field method can avoid the end-effector swing between the
obstacle point and the target point and solve the problem of the unreachable target.

One relevant problem in the operation of many industrial robots is the transmission of vibrations
to the fixed frame during their high-speed motion, due to unbalanced inertia forces. A very important
research topic is finding new methods to remove or decrease these alternating dynamic loads transmitted
to the base and, therefore, to allow for the increase in the operating velocities. This issue is discussed
in [11] through a “3RRR” planar parallel manipulator, by proposing a mixed technique, combining
balancing by redistributing the mass and the kinematic guidance of the end-effector using a proper
motion profile.

The application of obstacle avoidance is also investigated for the case of mobile robots in [12],
to meet the ever-growing use of such systems. This paper proposes some real-time algorithms for
the navigation of an autonomous service robot in an indoor environment in the presence of moving
obstacles. The reshape trajectory method is exploited. Experimental results through a two-wheel
differential drive mobile robot show the method’s effectiveness.

Among mobile robots, legged robots are attracting interest in the scientific community,
and therefore have been included in this book. In [13], the whole-body motion planning of a
six-legged robot over rugged terrain is discussed. Motion planning is decomposed into support motion
(aimed at stability maximization and orientation matching) and swing motion. The latter problem is
solved as an optimization problem, which minimizes a bioinspired objective function. Both simulations
and experiments validate the proposed whole-body motion planning method.

A two-legged humanoid robot is instead investigated in [14]. Starting from a spatial three-mass
model, where both the trunk and thighs are regarded as an inverted pendulum, while the shanks and
feet are considered as mass-points under no constraints with the trunk, a friction constraint method
is proposed to plan the trajectory of the leg swing. The goal of optimal motion planning has been
assumed to be achieving the fastest walking speed without any rotational slip. The numerical results
show that, by using the friction constraint method proposed, the maximum walking speed without
rotational slip can be obtained.
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2.2. Motion Control

As already discussed in the Introduction, control is tightly related to motion planning,
and concurrent approaches that optimally develop the controller and the planner can be developed
too. For example, in order to enhance the stability of hydraulic quadruped robots, a centroid-based
controller for quadrupedal pacing is proposed in [15]. The real-time attitude feedback information
of the trunk centroid is introduced into the trajectory planning of the trunk centroid. Joint torques
that minimize the contact forces are calculated and the positions and attitudes of the robot trunk
are adjusted by the spring damper virtual elements. Experimental results show that the proposed
approach ensures the smooth motion of the robot trunk.

The issue of motion control is discussed for autonomous underwater vehicles (AUVs) in [16].
In this paper, a saturation-based nonlinear fractional-order proportional derivative (FOPD) controller
is proposed for AUV motion control. The results prove that proposed controllers can achieve
better dynamic performance, as well as robustness, compared to traditional proportional derivative
controllers. Additionally, the controlled performance can also be adjusted to satisfy different control
requirements. The numerical results show the benefit of this novel approach in set-point regulation
and trajectory tracking.

Another marine mechatronic system is investigated in [17], and motion control is performed
through a closed-loop strategy. In this work, a command filter-based backstepping sliding mode
controller with prescribed performance is developed to perform ship roll stabilization. First, the impact
of external disturbances is eliminated by a nonlinear disturbance observer. Second, a command
filter-based backstepping control method is adopted. Precise tracking performances and the steady
state of the ship rolling angle are guaranteed, as well as high robustness of the proposed control strategy.

The issue of motion control is critical in teleoperation robotic systems. To overcome the limitations
of human motion accuracy, a paper [18] introduces new interaction logic, a scalable human–robot
motion mapping mechanism and a single axis mode to balance teleoperation efficiency and accuracy.
In order to meet the requirements of complaint assembly skill, a vibration-based force feedback system
was developed to let the operator feel the contact force. An active force control mechanism was also
designed to restrict the contact force within a safe range. The gesture-based teleoperation system is
tested with a pick-and-place and peg-in-hole case study and the results prove its effectiveness and
feasibility in tight, tolerant and complaint assembly tasks.

2.3. Models for Motion Planning and Control

The method proposed in the previous papers reveal a critical issue that is propaedeutic to perform
reliable motion planning and control: the availability of models. Indeed, model-based approaches
have often been proved to be the most effective, since the knowledge of the system model is useful to
compensate for unwanted behaviors. On the one hand, these models should be accurate. On the other
hand, they should be as simple as possible, to allow for simple model manipulation and inversion.
This need is exacerbated if real-time calculations are done. These issues are discussed in the book too,
with some meaningful examples of models for optimal motion planning and control.

To handle nonlinearities in flexible multibody systems, a paper [19] proposes a parametric modal
analysis approach to obtain an analytical polynomial expression for the eigenpairs (natural frequencies
and mode shapes) as a function of the system configuration. The availability of such a result can be
very helpful for model-based motion planning and control strategies due to the simple analytical
equations it produces. In the theoretical development, the method is applied and validated on a flexible
multibody system, modeled through the equivalent rigid link system.

A general approach for the dynamic modeling and analysis of a passive biped walking robot,
with a particular focus on the feet–ground contact interaction, is proposed in [20]. The main purpose of
this investigation is to address the supporting foot slippage and viscoelastic dissipative contact forces
of the biped walking robot model and to develop its dynamic equations for simple and double support
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phases. Due to its accuracy and simple formulation, such a model could be effectively adopted in
motion planning and control.

2.4. Measurements and Estimation for Motion Control

In the case of feedback control schemes, such as those quoted in Section 2.2, the availability of
accurate measurements is of primary importance to ensure the expected results of the controlled systems
and to perform control with adequate phase margins. Therefore, developing real-time estimation
algorithms is becoming even more important.

Paper [21] proposes a robust estimation strategy for vehicle motion states by applying the
extended set-membership filter. A calculation scheme with a simple structure is proposed to acquire
the longitudinal and lateral tire forces with acceptable accuracy. Numerical tests are carried out to
verify the performance of the proposed strategy.

Finally, a control method based on a state-augmented Kalman filter is proposed in [22] to improve
the low-speed performance and stability of opto-electric servomechanisms. This is a relevant issue to
be solved for motion control based on opto-electric systems. Indeed, the opto-electric servomechanism
plays an important role in obtaining clear and stable images. However, the inherent torque disturbance
and the noisy speed signal cause a significant decline in accuracy and low-speed performances,
unless signal processing methods are proposed. The results shown in the paper demonstrate the
effectiveness of the proposed approach.

3. Concluding Remarks

Looking towards future works, the research proposed in this book could be further developed to
improve effectiveness or to be applied in more complex systems that could benefit from optimized
motion planning and control methods to increase productivity, the quality of the outcomes and efficiency.
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