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Article
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Abstract: This paper presents ROSGPT, an innovative concept that harnesses the capabilities of large

language models (LLMs) to significantly advance human-robot interaction. We develop ROSGPT as

a ROS2 package that seamlessly integrates ChatGPT with ROS2-based robotic systems. The core idea

is to leverage prompt engineering with LLMs, specifically ChatGPT, utilizing its unique properties

such as ability eliciting, chain-of-thought, and instruction tuning. The concept employs ontology

development to convert unstructured natural language commands into structured robotic instructions

specific to the application context through prompt engineering. We capitalize on LLMs’ zero-shots

and few-shots learning capabilities by eliciting structured robotic commands from unstructured human

language inputs. To demonstrate the feasibility of this concept, we implemented a proof-of-concept

that integrates ChatGPT with ROS2, showcasing the transformation of human language instructions

into spatial navigation commands for a ROS2-enabled robot. This versatile concept can be easily

adapted to various other robotic missions. ROSGPT serves as a new stride towards Artificial General

Intelligence (AGI) and paves the way for the robotics and natural language processing communities

to collaborate in creating novel, intuitive human-robot interactions. The open-source implementation

of ROSGPT on ROS 2 is available on GitHub ROSGPT implementation on ROS 2 (Humble). https:

//github.com/aniskoubaarosgpt.

Keywords: Human-Robot Interaction; ROS; ROS2; ChatGPT; Large Language Model; Robot

Operating System

1. Introduction

1.1. Background on human-robot interaction

The interaction between humans and robots has been of great importance, interest, and

development since the release of robots [1]. In recent years, with the exponential advances of artificial

intelligence, the research community has strived to develop more intuitive and seamless interaction

approaches between humans and robotics systems[2,3]. The need for augmenting the human-robot

interaction experience aims to allow for a better natural mutual understanding between robots,

regardless of their working environments. By addressing the complexities of work organization,

cognitive and perceptual workload limits for robot operators, and the increasing use of robots with

diverse roles, we can envision a future where humans and robots communicate seamlessly using a

common language, ultimately fostering a harmonious coexistence between humans and machines [4].

1.2. The role of large language models in natural language understanding

The above vision of seamless human-robot communication seems closer than ever with the advent

of large language models (LLMs) [5] such as ChatGPT [6,7] developed by OpenAI. ChatGPT has

brought about a remarkable turnover in the field of artificial intelligence and its horizon of applications,

including in robotics. Their impressive language processing and understanding capabilities have

opened up new possibilities for human-robot interaction. The research community has begun to

explore the benefits of large language models (LLMs) in advancing human-robot interaction. For

instance, a recent study by Fede et al. (2022) introduced the Idea Machine, which leverages LLMs
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to provide intelligent support for idea-generation tasks for robotics automation, idea expansion and

combination, and a suggestion mode. These developments have opened up new possibilities for

enhancing human-robot interaction and bringing us closer to the vision of seamless communication

between humans and robots.

Large language models are natural language processing systems trained on massive amounts of

textual data using deep learning techniques. A major reason behind the growth of LLMs is the seminal

work on self-attention [8], which led to the development of transformer models that revolutionized the

field of NLP. LLMs have the ability to understand human language inputs and generate contextual

responses in a variety of applications. These models can be fine-tuned for specific tasks, such as

language translation or text summarization, making them incredibly versatile. Examples of popular

LLMs include GPT-3 [6] and GPT-4 [9,10] by OpenAI, BERT [11], and T5 by Google [12]. The impressive

abilities of LLMs are indeed specific to them and distinguish them from smaller pre-trained language

models (PLMs). However, while LLMs have shown impressive performance on complex tasks, their

intrinsic capabilities are not yet fully understood by the research community and are still under

investigation [5].

LLMs have been proven to be highly useful in several applications due to their remarkable ability

to learn new communication patterns with either zero-shot or few-shot learning. In zero-shot learning,

the LLM can generate accurate responses for tasks it has never been trained on, while in few-shot

learning, it can effectively adapt to new tasks with only a few training examples. This adaptability is a

key advantage of LLMs, allowing them to learn quickly and improve in various contexts.

LLMs’ remarkable on-the-fly learning capabilities are based on prompt engineering techniques

that can guide these models to accomplish highly complex natural language processing and

understanding tasks. These techniques involve providing specific prompts or instructions to the

LLM, which enables it to generate highly accurate and relevant responses to input text. This flexibility

and adaptability of LLMs have made them highly valuable for a wide range of applications, from

language translation and text summarization to chatbots and human-robot interaction.

Our main idea is to utilize prompt engineering techniques to enable natural communication

between humans and robots. We achieve this by converting human speech into natural language

text, which is then processed through the LLM to generate a context-specific robotic task through a

structured command that a robotic program can easily interpret and execute. This approach allows for

more intuitive and efficient communication between humans and robots, making conveying complex

instructions and commands more naturally and understandably easier. The main remaining challenge

is for humans to effectively design well-crafted prompts that can accurately elicit the necessary tasks

for the robot to execute. In fact, as reported in [13], crafting effective prompts can be challenging for

non-experts. Prompt-based interactions are brittle as small variations or mistakes in the prompt can

lead to incorrect or unexpected results.

By leveraging the power of LLMs, we can significantly enhance the overall human-robot

interaction experience and improve the efficiency and effectiveness of robotic systems.

1.3. Novelty of ROSGPT

Building on the capabilities of LLMs, we propose ROSGPT, a conceptual framework that leverages

the capabilities of large language models (LLMs) to improve human-robot interaction. In other words,

we utilize ChatGPT as a sophisticated translation broker between humans and robotics systems

by leveraging its zero-shot and few-shot learning capabilities. The name "ROSGPT" stems from

the integration of ChatGPT with Robot Operating System ROS. Throughout this paper, we use the

abbreviation ROS to interchangeably refer to ROS 1 and ROS 2. With ROSGPT, ChatGPT can translate

unstructured human language commands into well-formatted, context-specific robotic commands,

which can be easily interpreted by a ROS node and converted into appropriate ROS commands. This

allows robots to perform tasks as humans require in a more natural and intuitive manner.
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We believe this work is the first to bridge large language models and Robot Operating System

(ROS), which serves as the primary development framework for robotics applications. In [14], the

author presented robotGPT, reviewing ChatGPT’s principles and proposing a general discussion on

enhancing robotic intelligence using ChatGPT. While the paper highlights the importance of addressing

human self-awareness, personality, biases, and ethics in robotic systems, it lacks empirical evidence

to support the proposal. Moreover, the author did not discuss how LLMs could promote enhanced

human-robot interaction, provide any implementation specifics, or endorse evidence for their proposal.

In contrast, this paper introduces ROSGPT, a novel conceptual framework that leverages ChatGPT

and ROS to enrich human-robot interaction by providing a more intuitive and natural experience.

In addition, we have developed an open-source proof-of-concept implementation of ROSGPT on

ROS 2, available at [15], that serves as a stepping stone for the ROS and NLP communities to further

investigate and advance this multidisciplinary research area.

2. Conceptual Architecture of ROSGPT

The ROSGPT architecture is depicted in Figure 1. The human can talk with the robot and speak a

command to the robot. A text-to-speech module converts the speech command to an unstructured

textual command, which is then transferred to the ROSGPT proxy located in the robotic system.

ROSGPT has two modules, as described in what follows.

Robot Hardware

Robot Hardware

ROSGPTProxy 
Prompt Engineering ChatGPT REST API

{command: Go to the kitchen 


and bring me water}

{command: 


Go to the kitchen 


and bring me water}

{command: go_to,  

location: kitchen,


action: bring water}

ROSParser 
COMMAND INTERPRETER

ROSGPT

ROBOTIC SYSTEM ARCHITECTURETEXT-TO-SPEECH MODULE LLM CLOUD

Figure 1. ROSGPT Architecture for Human-Robot Interaction

2.1. GPTROSProxy: The Prompt Engineering Module

This module is responsible for processing unstructured text inputs using a prompt engineering

approach. The objective is to design context-specific prompts that enable the conversion of unstructured

textual commands into structured commands that can be easily interpreted programmatically and

subsequently executed as proper actions in ROS.

Prompt engineering is a challenging process that requires specialized expertise to craft prompts

that accurately convert unstructured command data from natural human speech into structured data

that can be parsed programmatically. Structured command data is typically represented in a standard

format such as JSON, although other formats may also be used.

By implementing a well-crafted prompt engineering strategy and leveraging ChatGPT’s

powerful zero-shot and few-shot-learning capabilities for natural language processing and command

transformation, it is possible to develop advanced robotics applications that facilitate streamlined

and user-friendly interactions with humans. This approach can significantly enhance the accuracy

and efficiency of human-robot interactions, ultimately improving the overall usability and practicality
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of robotic systems in a variety of domains.The combination of prompt engineering and ChatGPT’s

language processing abilities allows for translating natural language commands into the appropriate

output, making it an ideal tool for developing efficient and intuitive human-robot interactions. This

approach has significant implications for various industries, from industrial automation to healthcare,

where robotic systems can benefit from enhanced usability and practicality.

When developing prompts for human-robot interaction, it is crucial to consider the development

of appropriate ontologies for context-specific applications. This is necessary to facilitate the accurate

mapping between unstructured and structured command data, ultimately enhancing the efficiency

and effectiveness of the interaction [16].

In the context of robotic navigation, a robot would need to move or rotate. The precise

specification of movement and rotation commands requires the development of an ontology that

incorporates domain-specific concepts such as Robot Motion, and Robot Rotation. To adequately

describe these commands, the ontology must also encompass key parameters such as Distance, Linear

Velocity, Direction, Angle, Angular Velocity, and Orientation. By leveraging such an ontology, natural

language commands can be structured in a more accurate and consistent manner, leading to improved

performance and reliability of the robotic system.

By utilizing such an ontology, the natural language commands for robotic navigation can be

structured more precisely and accurately, which helps to enhance the performance and efficiency of

the robotic system.

Section III illustrates the prompt engineering problem on a specific robot navigation use case.

2.2. ROSParser: Parsing Command for Execution

The ROSParser module is a critical component of the rosGPT system, responsible for processing

the structured data elicited from the unstructured command and translating it into executable

code. From a software engineering perspective, ROSParser can be considered as a middleware that

facilitates communication between the high-level processing module and the low-level robotic control

module. The ROSParser module is designed to interface with ROS nodes responsible for controlling

low-level robotic hardware components, such as motor controllers or sensors, using pre-defined ROS

programming primitives.

The ROSParser module follows the specific ontology developed in the prompt-engineering phase

to extract the information related to the ontology items. This ontology serves as a set of rules and

guidelines for the ROSParser module to correctly interpret and execute the command. For example, in

the context of the navigation example above, the ontology items would include concepts such as Robot

Movement and Robot Rotation.

Once the ontology items and their associated parameters have been extracted, the ROSParser

module utilizes the pre-defined ROS programming primitives to execute the requested tasks. For

example, suppose the command involves the robot moving for 1 meter and rotating 60 degrees.

In that case, the ROSParser will invoke the move() method and then the rotate() method, with

the task-specific parameters to execute the command. By utilizing the ROS framework and the

pre-defined programming primitives, the ROSParser module enables seamless communication between

the high-level natural language processing module and the low-level robotic control module.

3. Conceptual Architecture of ROSGPT

The ROSGPT architecture is depicted in Figure 2. The human can talk with the robot and speak a

command to the robot. A text-to-speech module converts the speech command to an unstructured

textual command, which is then transferred to the ROSGPT proxy located in the robotic system.

ROSGPT has two modules, as described in what follows.
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Robot Hardware

Robot Hardware

ROSGPTProxy 
Prompt Engineering ChatGPT REST API

{command: Go to the kitchen 


and bring me water}

{command: 


Go to the kitchen 


and bring me water}

{command: go_to,  

location: kitchen,


action: bring water}

ROSParser 
COMMAND INTERPRETER

ROSGPT

ROBOTIC SYSTEM ARCHITECTURETEXT-TO-SPEECH MODULE LLM CLOUD

Figure 2. ROSGPT Architecture for Human-Robot Interaction

3.1. GPTROSProxy: The Prompt Engineering Module

This module is responsible for processing unstructured text inputs using a prompt engineering

approach. The objective is to design context-specific prompts that enable the conversion of unstructured

textual commands into structured commands that can be easily interpreted programmatically and

subsequently executed as proper actions in ROS.

Prompt engineering is a challenging process that requires specialized expertise to craft prompts

that accurately convert unstructured command data from natural human speech into structured data

that can be parsed programmatically. Structured command data is typically represented in a standard

format such as JSON, although other formats may also be used.

By implementing a well-crafted prompt engineering strategy and leveraging ChatGPT’s

powerful zero-shot and few-shot-learning capabilities for natural language processing and command

transformation, it is possible to develop advanced robotics applications that facilitate streamlined

and user-friendly interactions with humans. This approach can significantly enhance the accuracy

and efficiency of human-robot interactions, ultimately improving the overall usability and practicality

of robotic systems in a variety of domains.The combination of prompt engineering and ChatGPT’s

language processing abilities allows for translating natural language commands into the appropriate

output, making it an ideal tool for developing efficient and intuitive human-robot interactions. This

approach has significant implications for various industries, from industrial automation to healthcare,

where robotic systems can benefit from enhanced usability and practicality.

When developing prompts for human-robot interaction, it is crucial to consider the development

of appropriate ontologies for context-specific applications. This is necessary to facilitate the accurate

mapping between unstructured and structured command data, ultimately enhancing the efficiency

and effectiveness of the interaction [16].

In the context of robotic navigation, a robot would need to move or rotate. The precise

specification of movement and rotation commands requires the development of an ontology that

incorporates domain-specific concepts such as Robot Motion, and Robot Rotation. To adequately

describe these commands, the ontology must also encompass key parameters such as Distance, Linear

Velocity, Direction, Angle, Angular Velocity, and Orientation. By leveraging such an ontology, natural

language commands can be structured in a more accurate and consistent manner, leading to improved

performance and reliability of the robotic system.

By utilizing such an ontology, the natural language commands for robotic navigation can be

structured more precisely and accurately, which helps to enhance the performance and efficiency of

the robotic system.
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Section III illustrates the prompt engineering problem on a specific robot navigation use case.

3.2. ROSParser: Parsing Command for Execution

The ROSParser module is a critical component of the rosGPT system, responsible for processing

the structured data elicited from the unstructured command and translating it into executable

code. From a software engineering perspective, ROSParser can be considered as a middleware that

facilitates communication between the high-level processing module and the low-level robotic control

module. The ROSParser module is designed to interface with ROS nodes responsible for controlling

low-level robotic hardware components, such as motor controllers or sensors, using pre-defined ROS

programming primitives.

The ROSParser module follows the specific ontology developed in the prompt-engineering phase

to extract the information related to the ontology items. This ontology serves as a set of rules and

guidelines for the ROSParser module to correctly interpret and execute the command. For example, in

the context of the navigation example above, the ontology items would include concepts such as Robot

Movement and Robot Rotation.

Once the ontology items and their associated parameters have been extracted, the ROSParser

module utilizes the pre-defined ROS programming primitives to execute the requested tasks. For

example, suppose the command involves the robot moving for 1 meter and rotating 60 degrees.

In that case, the ROSParser will invoke the move() method and then the rotate() method, with

the task-specific parameters to execute the command. By utilizing the ROS framework and the

pre-defined programming primitives, the ROSParser module enables seamless communication between

the high-level natural language processing module and the low-level robotic control module.

4. Conclusion

In this work, we presented ROSCHAPT, a novel concept that leverages the capabilities of large

language models (LLMs) to advance human-robot interaction using the Robot Operating System (ROS).

Specifically, we integrated ChatGPT with ROS2-based robotic systems, developing ROSCHAPT as a

ROS2 package to seamlessly combine the two. We implemented an ontology-based approach to prompt

engineering, allowing ChatGPT to generate expected JSON structured commands from unstructured

human textual commands, and showcased the concept’s feasibility through a proof-of-concept

implementation in robot navigation.

Our work emphasizes two main observations: first, ChatGPT’s impressive eliciting ability to

handle previously unseen commands, and second, the critical role of ontology in guiding the mapping

process and confining it to the expected output. However, we acknowledge the limitation of using

ChatGPT for human interaction, as its reliability and safety must be carefully examined to avoid

potential hallucinations or harmful unintended outputs. This result opens up new opportunities for

further research in various directions.

Overall, this work presents a significant stride towards Artificial General Intelligence (AGI) and

paves the way for the robotics and natural language processing communities to collaborate in creating

innovative, intuitive human-robot interactions. Future research could focus on extending ROSCHAPT

to other robotic missions, exploring the scalability and adaptability of the concept. Also, we plan to

explore the potential of other open-source LLMs beyond ChatGPT. Additionally, further investigation

could be conducted on the performance of LLMs in different languages and how this may impact their

effectiveness in human-robot interaction applications.

Appendix A Appendix 1: ROSGPT WITHOUT ONTOLOGY

In this appendix, we examine the performance and behavior of the ROSGPT system without

incorporating ontology-based prompting. The objective is to evaluate the ability of the ChatGPT model

to generate accurate and relevant responses in the context of human-robot interaction without the

guidance of a predefined ontology. This evaluation helps us understand the baseline performance of the
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model and highlights potential improvements that can be achieved by incorporating ontology-based

prompting.

Appendix B Appendix 2: ROSGPT WITHOUT ONTOLOGY

In Appendix 2, we provide a detailed exploration of the ROSGPT system when integrated with

an ontology-based approach. The primary focus of this appendix is to illustrate how incorporating

ontologies can significantly enhance the comprehension and precision of the ChatGPT model when

generating structured commands for robotic systems.

The ontology serves as a formal representation of knowledge in a specific domain, allowing for a

more consistent and unambiguous understanding of the relationships between entities and concepts.

By leveraging this structured knowledge, the ROSGPT system can more effectively process natural

language commands and translate them into accurate and executable actions for robots.
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