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Анотація 

У роботі запропоновано створення власної предметно-орієнтованої мови для спрощення програмування 

промислових роботів-маніпуляторів. За допомогою мета-фреймворку ANTLR4 реалізовано лексичний і 

синтаксичний аналіз команд. Транслятор, написаний мовою Python, конвертує високорівневі інструкції 

користувача у виклики операційної системи ROS та фреймворку MoveIt. 
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Abstract 

The paper proposes the creation of a custom domain-specific language to simplify the programming of industrial 

robotic manipulators. Lexical and syntactic analysis of commands is implemented using the ANTLR4 meta-framework. A 

Python-based translator converts high-level user instructions into calls for the Robot Operating System and the MoveIt 

framework. 
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Introduction 

In today’s world, there is a rapid trend towards automation and the implementation of robotic manipulators 

in various industries. According to data from the IFR (International Federation of Robotics) [1], approximately 

542,000 new industrial robots were installed worldwide in 2024, bringing the total number to 4.66 million 

units. This trend is economically justified by leading countries: robots are capable of working around the clock; 

they perform monotonous, heavy, or dangerous work much more efficiently and significantly facilitate the 

scaling of production. 

However, such rapid robotization creates a shortage of qualified personnel capable of integrating and 

maintaining these systems. Robotics is a complex multidisciplinary field that combines programming, 

mathematics, physics, electronics, and mechanics. That is why the implementation and use of robotic 

manipulators in educational institutions is a modern step toward the comprehensive and practical study of these 

disciplines. 

Research Findings 

Unlike CNC (computer numerical control) machines, where G-code is the de facto programming standard, 

no such unified standard exists for robotic manipulators. Each major manufacturer offers its own proprietary 

solution and closed ecosystem. 

Using GPLs (general-purpose programming languages) to directly write motion programs is often 

impractical in a manufacturing environment. In such code, the business logic of the technological process is 

mixed with the low-level implementation of drive control, requiring the operator to have deep programming 

knowledge. Process engineers must be able to declaratively describe exactly what the robot should do, while 

the details of how to implement it should be handled by an abstraction. That is why creating a custom DSL 

(Domain-Specific Language) for controlling a robotic manipulator is a relevant and appropriate solution [2]. 

ANTLR4 [3] was chosen as the tool for developing a specialized DSL. This parser generator frees the 

developer from the tedious task of writing basic constructs for lexical and syntactic analyzers, and 

automatically constructs an AST (abstract syntax tree). 

The language development process is divided into two logical levels. First, a grammar file was created,  

containing only the declarative rules of the language. This approach makes the architecture flexible and 

independent of the platform's target programming language. The syntactic and lexical rules describing 

movement and control commands are shown in Fig. 1. 



 

 

Fig. 1 – Code fragment of the grammar for the DSL 

 

The developed DSL [4] converts user-written commands into calls for the open meta-operating system ROS 

(Robot Operating System) and the MoveIt framework. After defining the rules in the parser generator, a logic 

module based on the Python language was developed. 

Using the “visitor” architectural pattern, a class is described that traverses the generated AST tree, interprets 

the commands of our language, and translates them into the corresponding movement planning and execution 

commands of the MoveIt framework. Figure 2 shows how a tree node calls the corresponding “visitor” method, 

which encapsulates complex interaction with ROS [5]. 

 

Fig. 2 – Code fragment of the visitor for the DSL 

Conclusions 

The implementation of the developed domain-specific language simplifies the process of programming 

robotic systems by separating the high-level business logic of the technical task from the complex low-level 

implementation. By using the ANTLR4 meta-framework in combination with the ROS and MoveIt 

ecosystems, an architecture has been created that abstracts the specifics of manipulators and is easily scalable 

in the future. 



The implemented version ensures standalone operation: it includes motion control via PTP protocol, linear 

interpolation, logical pauses, and control of the end-effector. Further development involves expanding the 

grammar using complex control structures, implementing real-time error handling, and testing the system on 

physical industrial manipulators. 
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