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Abstract 

 

Reliability, flexibility and minimum processing time are the key production requirements for sustainably competitive 

manufacturing. A high degree of flexibility often requires adjustments to both the individual robot-operated systems and 

the mobile robots used on the process side, resulting in an automatic increase in setup times. A uniform manufacturer-

independent programming method for robots would radically reduce programming time. This work describes the 

development and implementation of a programming concept for mobile robots which allows the use of uniform commands 

independent of the manufacturer. The resulting programming library breaks these commands down to a level where 

autonomous code can be generated for the individually used robot, eliminating the need for the user to deal with complex 
programming tools. 

 

Keywords: Mobile robot; Programming library; Robot skills, Abstract programming 

 

1. Introduction 

 

To keep the adaptability in production lines as high as possible, a special focus is put on robotics, since it has become 

a decisive factor for years [4]. Due to the large number of different robot types, programming languages and applications, 

it is time consuming and difficult to create or adapt robot applications.  Especially mobile robots are complex to program 

since they often have to rely on statistical algorithms [11]. If mobile robots are extended with an additional manipulator, 

a high degree of automation can be created [1]. However, this results in even greater complexity in the programming 

implementation of certain applications. Without a standard specification for robotic software the workload of 
programming is exceedingly high [2],[7].  
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Therefore, this work describes the development of an autonomous robot programming concept for a mobile robot. 

The contribution of this study is the development, implementation and evaluation of a generic skill-based library for 

mobile robot applications.  

This work is structured as follows. The next chapter describes the current state of the art.  Then in chapter 3 the used 

methods are described. The results are presented in chapter 4. Finally, this paper is summarized in chapter 5. 

 

2. State of the Art 

 

In order to be able to design an abstract programming concept, a systematic model must be created, which lies above 

the actual programming of the robot. A possible implementation of this model can be done with a decision system, a state 

machine for the individual operations in the process, an operating system, reflecting the functions of the existing robot 

such as the control of a motor and the reading of a sensor and an information system, processing all forms of internal and 

external communication [3]. As an approach for the decision system and thus the generation of robot sequence programs 

can be designed with the help of Planning Domain Definition Language (PDDL) [13]. By determining so-called domain 

files for predicates, actions and problem files for objects, initial states and goal specifications, a certain procedure and 

code can be generated, providing the solution to a specific problem. In retrospect, a process can thus be changed very 
easily by integrating new states or constrains, for example, since the code or sequences generate themselves.  

To implement all the functions of the robot, a certain sequence must also be generated in the software system. It is 

necessary to create a state machine for the individual commands in a way that the program can handle all kinds of 

functions, which can be divided into smaller commands, as shown by [10]. 

 

 
 

Fig. 1. Separation of individual functions into sub-functions [10].  The blue boxes, individual tasks defined by the user, 

are divided into smaller skills (yellow boxes), which in turn are divided into device primitives (green boxes). Thus, 

larger tasks can be divided into a sequence of smaller functions. 

 

3. Materials and Methods 

 

Basic commands must be identified and described a prerequisite for all methods. Cartesian (robot-independent) 

motions, object manipulation or status reports are typical functions every robot must have included, and which are 

required as basic functions. The Canonical Robot Command Language (CRCL) is used for this purpose [8]. It describes 

all robot programming commands that are necessary to execute any applications, implemented. Furthermore, internal 

parameters like speed or tolerances are passed and adapted if necessary.  

In this work the library is integrated to the MiR100 [5] mobile robot which is used as a transport robot and is connected 

to an industrial computer. The manufacturer of the robot provides a REST communication, where the required information 

is sent or requested to the robot via commands. Parameter that are not changeable via the REST communication must be 

processed over the Robot Operating System (ROS) framework [9]. In order to be able to implement all the functions of 
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the robot, a certain sequence must be generated in the software system. These functions are divided into smaller steps, so 

that the direct function of the robot can be used [7]. The step-by-step structure of the individual functionalities is shown 

in figure 1 [7]. A top-down variant is shown, starting at the top with the process task, which is specified by the user and 

divided into individual skills. These skills are again formed into device primitives. 

 

4. Results and Discussion 

 

The proposed architecture was tested in a test factory of the UAS Technikum Wien [6] for transport and pick-and 

place tasks in a processing procedure for the mobile robot MiR100. Primarily, functions were tested, which were already 

defined by the REST API, such as driving to a defined position or docking to an integrated marker. If the mission is 

successfully created by the program as described above, it is passed to the mobile robot and will be executed. If many 

missions are created and saved one after the other, the mobile robot works through them in order until there are none left. 

Furthermore, the user can add additional actions to an already existing mission. The actions are first stored together with 

their priority and handed over to the robot. Based on this priority number, the sequence of actions in the mission is 

automatically defined and processed accordingly during testing.  

A mission requiring the robot arm UR5 [12], needs an already existing program and can be called through this library 
as an own action. A sequence was tested where the mobile robot docks at a position and then a UR5 program is passed to 

the robot arm via the MiR100 link. Further tests were performed with different integrated actions to ensure a broad 

evaluation. However, no direct errors occurred, resulting in the mission and action being successfully sent to the robot 

and processed. 

 
5. Conclusion 

 
This work shows a robot programming concept and how it can be implemented. Therefore, to solve the problem of 

various types of robots with different applications and programming languages, such an abstract way of programming 

can be used in a complex manufacturing factory. Consequently, employees, who have no knowledge of robot 

programming can still implement new programs and missions in a quick and easy way. For technicians who are directly 

integrated in the process flow, the concept gives a possibility to change processes without having to read the specific 

robot applications and data sheets. As a result, time can be saved, especially in production since complex programs are 

not required.  

In the further course of the development of this described library, additional functions will be integrated in order to 

implement any possible application with a mobile robot. Further tests and evaluations of the individual tasks and missions 
of the robot will be carried out. In addition, safety and security aspects have to be considered, as this is a critical factor 

especially in mobile robots.  

This work has dealt exclusively with the abstract programming of the MiR100 mobile robot. To be able to program a 

complete production chain, including many types of industrial and mobile robots with different interfaces in, such a library 

has to be designed for each individual robot, which looks complicated in the first place, but offers clear advantages in the 

future. 
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