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Abstract 

The rapid advancement of ChatGPT and other large language models (LLMs) has generated 

substantial interest in their application within robotics. This review explores the integration of 

generative AI into robotics, focusing on how LLMs like ChatGPT are enhancing robot intelligence, 

human-robot interaction, and task planning. LLMs enable improved natural language processing, 

facilitating more effective communication between humans and robots, while also contributing to 

robot perception, decision-making, and control across various modalities such as visual, auditory, and 

tactile inputs. The review examines the potential of LLMs to support seven types of robot intelligence, 

while addressing the exclusion of intrapersonal intelligence due to ethical concerns surrounding self-

awareness and bias. Novel approaches for incorporating ChatGPT into task planning are discussed, 

particularly the use of state awareness to improve robot autonomy and adaptability. The role of 

reinforcement learning in optimizing LLM-based robotic systems is also considered, particularly in 

enhancing decision-making and generating realistic training data. Finally, the review outlines the 

challenges and future research directions for integrating generative AI into robotics, focusing on 

overcoming limitations such as outdated knowledge, multi-party interactions, and motion control. 
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Introduction: 

The integration of large language models (LLMs) such as ChatGPT into robotics is an emerging frontier 

with the potential to revolutionize human-robot interaction and significantly enhance robot intelligence. 

Traditional human-computer interaction (HCI) systems have relied on predefined commands and rigid input 

formats, limiting their adaptability and effectiveness. In contrast, ChatGPT, a generative pre-trained 

transformer, utilizes advanced natural language processing (NLP) and machine learning (ML) techniques to 

interpret and respond to user input in a conversational manner. This shift toward more intuitive, flexible 

interaction models has garnered considerable attention in both academic research and commercial 

applications. Early experiments have demonstrated ChatGPT's potential to enhance robotics applications, 

from task planning to motion control, paving the way for new possibilities in intelligent robot systems. 

Robotics, however, requires more than language understanding—it demands decision-making based on real-

world physics, contextual awareness, and the ability to perform complex physical tasks. By integrating 

LLMs like ChatGPT, robots could achieve a deeper understanding of their environment, enabling them to 

execute tasks more effectively and interact with users more naturally. However, combining AI and robotics 

also presents challenges, including resource constraints, the risk of generating inaccurate or inappropriate 

content, and the need for robust ethical frameworks. I aim to explore the role of LLMs, particularly 

ChatGPT, in advancing robot intelligence in key areas such as control, perception, decision-making, and 
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interaction. Additionally, I examine how reinforcement learning (RL) can complement generative models to 

address limitations in decision-making, providing a comprehensive overview of the convergence of 

generative AI and robotics and its implications for the future of autonomous systems. 

Foundational Concepts in LLMs and Robotics 

Large Language Models (LLMs), such as BERT, GPT-3, and Codex, have significantly influenced the field 

of natural language processing (NLP), leading to advancements in applications like text generation, 

translation, and code synthesis. Among these, ChatGPT stands out for its advanced multiturn dialogue 

abilities, built on the GPT-3.5 architecture, which features models with up to 175 billion parameters. 

Utilizing transformers and reinforcement learning with human feedback (RLHF), ChatGPT is fine-tuned to 

offer more accurate responses to complex queries, combining text and code-based outputs. This architecture 

allows for continuous learning through human interactions, making LLMs particularly valuable in robotics, 

where dynamic, context-driven responses are essential for improving robot intelligence and enhancing 

human-robot communication. 

 

Fig. 1 From GPT-3 to ChatGPT. Source [1] 

In robotics, perception plays a critical role in enabling autonomous decision-making. Traditional robots were 

programmed with rule-based systems, requiring explicit commands to perform tasks. With advances in 

machine learning and adaptive systems, robots now incorporate more sophisticated intelligence paradigms. 

Perception involves collecting data from various sensors like cameras and LiDAR, which allows robots to 

sense and understand their environment. LLMs, such as ChatGPT, enhance this by enabling robots to 

interpret natural language inputs, facilitating more intuitive interactions and adaptive responses. This 

integration shifts robotics from pre-programmed behaviors to more flexible, conversational, and responsive 

systems capable of handling complex tasks in dynamic settings. 

Recent developments in LLM-equipped robots highlight the significant advancements in robotic models 

over the last few years. These robots, powered by models like GPT-3, have demonstrated improved 

autonomy and decision-making abilities in various applications, from healthcare assistance to customer 

service. Robots integrated with LLMs can understand conversational language, making them more effective 

in interpreting tasks and engaging in human-like interactions. Case studies have shown that LLM-powered 

robots can perform a wide range of tasks by interpreting contextual information, enhancing their usability 

across industries. Emerging trends suggest that LLMs will continue to play a transformative role in the field, 

with robots becoming more autonomous, interactive, and adaptable in complex environments. 
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Fig. 2 GPT model and tuning for various tasks. Source [1] 

Practical Guide: Integrating LLMs in Robotics 

Integrating large language models (LLMs) into robotic systems requires careful consideration of both 

hardware and software requirements. On the hardware side, robots must be equipped with sufficient 

processing power to handle the computational demands of LLMs, often necessitating powerful GPUs or 

specialized AI chips. Software requirements include robust frameworks for natural language processing and 

communication protocols that allow seamless interaction between the LLM and the robot’s control systems. 

Key programming interfaces, such as Python libraries for LLMs and middleware like ROS (Robot 

Operating System), facilitate communication and data exchange between the LLM and the robot's core 

functionalities, enabling efficient task execution. 

Training robots with generative models involves utilizing the capabilities of LLMs to understand and 

generate natural language instructions, allowing robots to perform complex tasks more effectively. 

Generative models can be employed to create diverse training scenarios that help robots learn how to 

interpret and execute user commands in real-world environments. Additionally, reinforcement learning (RL) 

plays a crucial role in enhancing decision-making and control in robots equipped with LLMs. By simulating 

interactions and evaluating outcomes, RL algorithms can optimize the robot's performance, enabling it to 

adapt to changing environments and user preferences while continuously improving its task execution 

abilities. 

Incorporating LLMs into robotics opens new avenues for creating intelligent systems that can interact 

naturally with humans and adapt to various tasks. The combination of LLMs and reinforcement learning not 

only enriches the robot's understanding of language but also empowers it to make informed decisions in 

real-time. This integration paves the way for applications in fields like autonomous navigation, human-robot 

collaboration, and personalized assistance, ultimately enhancing the usability and effectiveness of robotic 

systems in everyday life. 

Applications of LLMs in Robotics 

The integration of large language models (LLMs) into robotics has revolutionized various applications, 

particularly in task planning and motion control. Traditional robotic task planning involves reasoning about 

the robot's environment to develop a sequence of actions to achieve a specific goal. This often relies on 
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search-based methods, such as plan-space planning and planning graphs, which focus on improving the 

efficiency of search algorithms. However, the emergence of LLMs, particularly ChatGPT, presents a 

transformative approach to task planning. By leveraging ChatGPT's generative capabilities, robots can 

create calling sequences of skill APIs to accomplish tasks without relying solely on traditional search 

techniques. This innovative method allows for a more dynamic response to the robot's current state, enabling 

it to adapt its actions based on real-time feedback. 

 

 

Fig. 3 Robot task planning with feedback using ChatGPT. Source [5] 

Human-robot interaction is another area significantly enhanced by LLMs, with natural language serving as 

an intuitive control interface. Through advanced natural language processing, robots can better understand 

and respond to human commands, facilitating smoother interactions. This capability is essential in 

environments where user-friendly communication is critical, such as healthcare and personal assistance. 

Case studies, such as those conducted by Microsoft and projects like AutoGPT and HuggingGPT, illustrate 

the practical applications of ChatGPT in real-world scenarios. These experiments demonstrate how 

providing the robot's state through APIs enables ChatGPT to formulate task plans that adapt to changing 

conditions, such as mechanical failures or environmental factors, enhancing the overall effectiveness of 

robotic systems. 

Real-world applications of LLMs in robotics span various domains, including industrial robotics, personal 

assistance, and healthcare. In industrial settings, robots equipped with LLMs can perform complex tasks, 

such as quality control and predictive maintenance, by analyzing vast amounts of sensor data. In healthcare, 

robots can assist in patient care, treatment planning, and rehabilitation, providing personalized support. 

Furthermore, in agricultural applications, LLMs enable robots to optimize crop management and automate 

labor-intensive tasks. Overall, the combination of LLMs and robotics is paving the way for innovative 

solutions across multiple sectors, as evidenced by numerous case studies and experiments that highlight 

their potential impact on enhancing robotic capabilities and human-robot collaboration. 

Challenges in LLM Integration for Robotics 

The integration of large language models (LLMs) like ChatGPT into robotics presents several significant 

challenges that must be addressed for effective and safe applications. Technically, the reliance on LLMs 
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requires substantial computational resources, which can be a limitation for robots with constrained 

processing capabilities. The deployment of LLMs in a cloud-based architecture may also introduce latency 

issues, hindering the robot’s ability to make real-time decisions in dynamic environments. Additionally, the 

accuracy and appropriateness of LLM-generated content pose risks, as misinterpretations can lead to 

incorrect commands being issued to the robot, potentially resulting in operational failures. Filtering and 

validating LLM outputs are essential to ensure that robots behave correctly in various contexts. 

Ethically, the potential for LLMs to generate harmful or biased content raises concerns about the impact on 

robotic applications, especially in sensitive areas such as healthcare and caregiving. The inheritance of 

biases from training data can result in robots reinforcing societal inequalities. Moreover, the interaction 

between robots and users necessitates strict data privacy and security measures to protect sensitive 

information. Finally, safety concerns are paramount; extensive testing in real-world environments is critical 

to mitigate risks associated with incorrect or biased outputs leading to physical harm or property damage. 

Establishing rigorous safety protocols and testing standards will be essential for advancing the field of 

robotics and ensuring the responsible deployment of LLM technologies. 

 

Fig. 4 Challenges in Embodied Intelligence. Source [3] 

Future Directions for LLMs in Robotics 

The integration of large language models (LLMs) like ChatGPT with robotics is poised for significant 

advancements that can enhance both functionality and applicability. One promising direction involves the 

combination of LLMs with reinforcement learning (RL) to improve decision-making processes. This 

synergy allows robots to learn from interactions and adapt their behavior in real-time, facilitating a more 

nuanced approach to task execution. Moreover, advancements in robot perception and contextual awareness 

through multi-modal perception systems can enable robots to better understand and respond to their 

environments. By processing diverse input formats—such as visual and auditory data—robots can engage in 

more autonomous interactions, effectively bridging the gap between simulated training and real-world 

deployment. 

Establishing ethical and safety frameworks for LLM-powered robots is critical as these systems become 

increasingly integrated into society. Ensuring user privacy and the safety of task execution must be 

prioritized to prevent harmful scenarios during robot operations. Comprehensive guidelines can address 

potential risks associated with LLM outputs, enhancing the reliability of robotic systems in practical 

settings. By focusing on these advancements—enhanced decision-making, improved perception, effective 

training transfer, and robust ethical frameworks—the future of LLM integration in robotics will lead to safer 

and more capable robotic systems, ultimately transforming their role in various applications. 
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Conclusion: 

In conclusion, the integration of large language models (LLMs) into robotics heralds a transformative era 

that promises to enhance the capabilities and applications of robotic systems. By leveraging advancements 

in decision-making through reinforcement learning, improving contextual awareness via multi-modal 

perception, and establishing robust ethical frameworks, LLM-powered robots can achieve greater autonomy 

and reliability in real-world environments. Addressing challenges such as safety and the complexities of 

sim-to-real transfer will be essential for fostering trust and facilitating the widespread adoption of these 

intelligent systems. As research in this field progresses, the collaboration between LLMs and robotics has 

the potential to revolutionize industries, improve human-robot interactions, and ultimately enrich our 

everyday lives. 
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