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			Abstract

			The current state of robotic operating systems and application software does not offer enough ease of programming, reusability and adaptability to changes. Most of the algorithms for motion control are implemented in terms of older programming languages and concepts. This paper illustrates the advantages of employing object-oriented principles in designing computational algorithms in robotics. The novelty in the proposed approach is the application of the Separation of concerns principle in solving the inverse kinematic problem for motion control of redundant robot arms along a prescribed path in task space. The obtained model is ready for software implementation that adapts to changes in geometry and motion control subject to different quality criteria. 
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			Introduction

			Statistical reports denote an impressive sales growth of industrial and service robots at the end of 2018. The greatest demand for industrial robots is established in the metal, electrical/electronics and automotive industries, while medical robots are the most valuable service robots [1,2]. Robot arms are usually employed in these subject areas for executing repetitive tasks with high accuracy. Most recent innovative technical improvements of such tasks, for example in welding and painting, require a natural kind of movement of the robot arm along a preplanned path in task space or in joint space. This requirement for more flexibility, precision and optimization of the motion is satisfied by introducing redundant degrees of freedom in the design of the robot arm kinematic structure [3]. It allows to obtain quality in the execution of the work operation barely achievable manually. 

			 Kinematic redundancy provides a solution to a variety of problems like obstacle avoidance, minimization of execution time or energy consumption or satisfying the hard constraints on the displacements in the joints in motion control [4-7]. On the other side, the precision of repetitive task executions depends on how the motion control algorithm deals with the so called “unmodelled dynamics”. For example, the Iterative learning Control algorithm appears to be one of the fastest convergent with respect to a given accuracy algorithms that consider the “unmodelled dynamics” in motion control along a preplanned path in joint space [8,9]. 

			The inherent computational complexity of such motion planning algorithms and the respective models of multibody systems require efficient software implementations making use of multithreading and event- driven data sources. Unlike the object-oriented principles and the best practices adopted in modern software industry, most of such software implementations still rely on structured programming languages and concepts [10]. Besides, existing software solutions in robotics are tightly coupled in the geometrical structure and the hardware of the robotic system. It is also not so easy to hide the high complexity of an algorithm for motion planning in terms of object-oriented concepts [11]. Therefore, the ease of programming, software reusability, portability and maintenance remain among the greatest challenges in robotic software development. 

			Separating Concerns in Motion Path Planning 

			The objective of this paper is to illustrate the advantages of using object- oriented principles and in particular, the Separation of concerns principle, in resolving the current challenges in robotic software design. In robotics we can outline several major concerns at a higher level, for example, mechanical engineering, electrical engineering and computer science [12]. At a lower level we can identify several other concerns, like motion and geometry in mechanical engineering. The application of the Separation of concerns principle allows to create a well-ordered model of independent components addressing a separate concern so that the model as a whole is easy to adapt to change. In the following we will employ this principle in formulating a mathematical model for kinematic control of the end- effector of a redundant robot arm along a prescribed path in task space. 

			For clarity, consider a redundant robot arm with 𝑛 degrees of freedom and a smooth geometrical curve γ, defined in a 𝑚−dimensional task space (𝑚≤6), where γ is parametrically defined in the interval [ 𝜆1, 𝜆2] and 𝑚<𝑛. Denote by 𝐼𝑛𝑡 𝑄𝑀 the interior of the set [image: ] of configurations of the joint variables. Without loss of generality we assume that the points of γ belong to the workspace 𝑊 of the robot arm or in other words, [image: ], where [image: ] represents the forward kinematics of the robot arm. Unlike existing solutions to the inverse kinematics, we note the existing clear distinction between geometrical and motion parameters in task space. The motion parameters of the work task are given with respect to the points of 𝛾, while 𝛾 and [image: ] represent the geometrical aspects of the problem. Obviously, the motion parameters can change without the need of changing 𝛾. Once 𝛾 is given, the end- effector can execute a variety of different motions along this path. These two groups of parameters reflect two different concerns in executing the work task. It is natural to retain this kind of separation of concerns in the space of configurations 𝐼𝑛𝑡 𝑄𝑀 of the robot arm. Then it would be possible to control the motion in joint space in an analogous way to controlling the motion over a geometric curve in task space. For this reason, we extend by one the dimension of the joint space, where the parameter 𝑞𝑛+1 represents parametrically [image: ]. Further on we refer to [image: ] as extended space of configurations, where we discover the smooth manifold 

			[image: ]   (1) 

			This manifold represents the geometrical concerns of the inverse kinematics in the extended space of configurations the same way as 𝛾 represents these concerns in task space. Indeed, all the motions [image: ] of the robot arm that satisfy the assigned geometrical parameters of the work task, belong to ℬ. Among these motions are also motions that satisfy the motion parameters of the assigned work task. In our previous research [3] we obtain [image: ] as a solution to the following differential equation: 

			 [image: ]    (2) 

			where [image: ] is the assigned motion control, 𝐾 is a [image: ] block matrix representing only the geometrical aspects of the robot arm and the assigned work task. 

			Conclusion 

			The current state of robotic operating systems and application software does not offer enough ease of programming, reusability and adaptability to changes. Most of the algorithms for motion control are implemented in terms of older programming languages and concepts. This paper illustrates the advantages of employing object-oriented principles in designing computational algorithms in robotics. 

			The novelty in the proposed approach is the application of the Separation of concerns principle in solving the inverse kinematic problem for motion control of redundant robot arms along a prescribed path in task space. The obtained model is ready for software implementation that adapts to changes in geometry and motion control subject to different quality criteria. 

			Discussion 

			The introduction of the extended space of configurations allows to separate motion and geometry concerns in analogous way these concerns are separated in task space. It is easy to adapt the software implementation of (2) to independent changes in motion and geometry. Both the curve 𝛾 and the manifold ℬ (1) are fixed geometrical structures. They are determined by the kinematical structure of the robot arm and the assigned geometrical path in task space. On the other hand, this representation allows to control the robot motion over ℬ in a similar way we control the motion over 𝛾 in task space. For example, in related research we introduce motion control in sliding mode taking in consideration the constraints in the joints [6]. Ongoing research efforts focus on extending these results in an Iterative Learning Control model for motion control [9,8].

			References

			
					International Federation of Robotics (2018) Executive Summary World Robotics 2018 Industial Robots.

					Boiadjiev G, Boiadjiev T, Delchev K, Kastelov R, Zagurski K, et al. (2019) Handheld Robotized Systems for Orthopedic Surgery. Advances in Service and Industrial Robotics Springer, Berlin, Germany, pp. 112- 120.

					Krastev E (2017) Mathematical Model for Motion Control of Redundant Robot Arms. WSEAS Transactions on Systems 16: 36-42.

					A. A. Maciejewski and C. A. Klein (1985) Obstacle Avoidance for Kinematically Redundant Manipulators in Dynamically Varying Environments. The International Journal of Robotics Research 4(3): 109-116.

					Carabin G, Wehrle E, Vidoni R (2017) A Review on Energy-Saving Optimization Methods. Robotics 6(39): 1-21.

					Krastev E (2018) Kinematic Path Control of a Redundant Robot Arm in Sliding Mode. Advances in Service and Industrial Robotics. Springer International Publishing, Berlin, Germany, pp. 281- 288.

					Flacco F, De Luca A (2013) Optimal Redundancy Resolution with Task Scaling under Hard Bounds in the Robot Joint Space. IEEE International Conference on Robotics and Automation ICRA, Karlsruhe, Germany, pp. 3969 - 3975.

					Yovchev K, Delchev K, Krastev E (2018) State Space Constrained Iterative Learning Control for Robotic Manipulators. Asian Journal of Control 20(1): 1-6.

					Yovchev K (2019) Iterative Learning Control for Precise Trajectory Tracking Within a Constrained Workspace. Advances in Service and Industrial Robotics 67: 483-492.

					Tsardoulias E, Mitkas P (2017) Robotic frameworks, architectures and middleware comparison. 

					Angerer A (2014) Object-oriented Software for Industrial Robots, Augsburg, Germany: Doctoral dissertation.

					Dijkstra EW (1076) A Discipline of programming, Englewood: Prentice Hall.

			

		

		
			Robot Autom Eng J

			Copyright © All rights are reserved by Evgeniy Krastev

		

		
			
				[image: ]
			

		

	OEBPS/image/101378.png
F(Int Q,,)





OEBPS/image/JP_Logo_for_web_310x90-01(1).jpg
UBLISHERS
y to the Researchers





OEBPS/toc.xhtml

		
			
						
					CoverImage
				


						
					RAEJ.MS.ID.555633
				


			


		
	

OEBPS/image/101370.png
Y: 4,4 = F(Int Q,,)





OEBPS/image/101357.png
¢’ =KU,.telty.4]





OEBPS/image/101376.png
F(Int Q,,)





OEBPS/image/101420.png
(n+1)x(n+1)





OEBPS/image/101364.png
Oy =1{9=(9,_9,): ¢ €la;p] fori=1,2,3,..n}





OEBPS/image/101393.png
Q=IntQ, xR





OEBPS/image/101406.png
4o





OEBPS/image/101351.png
B={q" =(¢.4,..): F(9)-Y(q,..)=0.q" €0}





OEBPS/image/101399.png
4 () =(q().q,,O)1 €[t 1,]





OEBPS/image/RAEJ.jpg
Robotics & Automation
Engineering Journal





OEBPS/image/Robotics-1.png
: Robotics & Automation
@ Engineering Journal

It 26772805





OEBPS/image/101414.png
uu,,) :B>R™






OEBPS/image/101386.png
Y =Y(q,0):@uns €[5 4]





