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In the field of parallel robots, marked by the birth and application of the Gough–Stewart parallel mechanism [1] in the 1960s, great progress has been made in the past 60 years. The most notable feature of a parallel robot is that there are multiple closed-loop branch chains jointly connecting and driving the moving platform [2], which gives great flexibility in its configurations, creating a new way to change performance through robot configuration. Parallel robots usually have outstanding advantages of high stiffness, high precision, and high speed [3], which make up for the performance shortcomings of serial robots. The abundant configurations and complex mechanisms of parallel robots also present challenges in terms of configuration synthesis, performance evaluation, modeling, calibration, control, etc. Opportunities coexist with challenges, and parallel robots attract attention from both academia and industry. Today, parallel robots are constantly enriched, and new types of parallel robots, such as cable-driven parallel robots (CDPRs) [4], soft parallel robots [5], and hybrid robots [6], are constantly emerging. In particular, while inheriting the abovementioned advantages, a CDPR has the advantages of low cost, high energy efficiency, easy reconfiguration, and light weight, showing great application potential in scenarios such as large working spaces, heavy loads, high speeds, and bionics [7,8]. Parallel robotics research and applications show continued vitality and are expected to transform the industry in the future.



This Special Issue provides an international forum for professionals, academics, and researchers to present the latest developments from theoretical studies and applications of parallel robots. It includes 10 selected papers, covering important aspects of parallel robots such as modeling and control, error analysis and calibration, singularity analysis, and trajectory planning. The contents of these studies are briefly described here.



In [9], an evaluation model is established to analyze the influence of geometric errors on limbs’ comprehensive deformations for an over-constrained parallel manipulator. The evaluation model is established based on kinematics and verified through simulations. Two global sensitivity indices are proposed, and a sensitivity analysis is conducted using the Monte Carlo method throughout the reachable workspace. The geometric errors that have greater effects on the average angular comprehensive deformation are identified.



In [10], a consistent solution strategy for static equilibrium workspaces of different types of under-constrained cab-driven robots is presented. The dynamic models and parameters that are applied to make the system stable for point-to-point movements are introduced. The constraints of the dynamics model are incorporated into the trajectory planning process to achieve point-to-point trajectory planning for the under-constrained cable-driven robots.



In [11], the authors present the singularity analysis and the geometric optimization of a 6-DOF (Degrees of Freedom) parallel robot for SILS (Single-Incision Laparoscopic Surgery). Based on a defined set of input/output constraint equations, the singularities of the parallel robotic system are determined and geometrically interpreted. Then, the geometric parameters for the 6-DOF parallel robot are optimized to make the operational workspace singularity-free.



Paper [12] focuses on pick-and-place trajectory planning and tracking control of a cable-based gangue-sorting robot in the operation space. A four-phase pick-and-place trajectory planning scheme based on an S-shaped acceleration/deceleration algorithm and the quantic polynomial trajectory planning method is proposed. A robust adaptive fuzzy tracking control strategy is presented against inevitable uncertainties and unknown external disturbances. The proposed method guarantees a stable and accurate pick-and-place trajectory tracking process.



Paper [13] proposes a fractional-order impedance control scheme, named KDHD, in which additional damping is added, proportional to the half-order derivatives of the end-effector position errors according to the half-derivative damping matrix, HD. The proposed impedance controller represents an extension to multi-input multi-output robotic systems of the PDD1/2 controller for single-input single-output systems, which over performs the PD scheme in the transient behavior.



Paper [14] focuses on the dynamic modeling, workspace analysis, and multi-objective structural optimization of a large-span, high-speed, cable-driven parallel camera robot. The curved cable, due to the self-weight, is modeled as a catenary, and the dynamic model is derived by decomposing the motion of the cable into an in-plane motion and an out-plane motion. An optimization model is presented to simultaneously improve the workspace volume, anti-wind disturbance ability, and impulse of tensions on the camera and pan-tilt device system (CPTDS).



In [15], the authors present kinematic and dynamic modeling and workspace analysis for a novel suspended CDPR which generates Schönflies motions. The kinematics of the CDPR are solved through a geometrical approach. The dynamic feasible workspace of the robot is determined. Experiments are performed on a prototype of the robot to demonstrate the correctness of the derived models and workspace.



Paper [16] proposes a new method for the kinematic calibration of parallel robots to strict pose error bounds. The new method includes a new pose error model with 60 error parameters and a different kinematic parameter error identification algorithm based on L-infinity parameter estimation. Parameter errors are identified by using linear programming. The feasibility and validity of the proposed kinematic calibration are verified through both simulations and experiments.



Paper [17] studies the 3-DOF cutting stability and surface quality optimization of a parallel kinematic manipulator (PKM). A prediction model for the 3-DOF stability of helical milling based on the PKM is established through a semi-discrete method based on the natural frequency analysis of the PKM and a cutting force model of titanium alloy helical milling. A step-cutter is used to improve the machining process by enhancing the stability domain. The proposed method can provide a reference for further optimization of the prediction and optimization of the milling of difficult-to-process materials based on a PKM in the future.



In [18], the authors develop a simple model to evaluate the first natural frequencies of over-constrained PKMs. The PKM legs are modeled by beams, and constraint equations between the parameters are determined according to screw theory. The focus of this paper is to determine the global mass and stiffness matrices of the PKM in stationary configurations without the use of Jacobian matrices. The proposed method can be easily used at the conceptual design stage of PKMs.
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It is hoped that the papers published in this Special Issue can be used as vehicles to promote knowledge sharing in the field of parallel robots. More importantly, we hope more people will be informed about and understand parallel robots and their latest technologies and actively participate in the innovation, research, development, and application promotion of parallel robots.
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