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Design and Implementation of a Natural Language-Based
Autonomous Robot Control System Using Large Language Models

FAE AR

Sewan Gu!, Youngjae Kim'

Abstract: This paper presents the development and implementation of an Al agent system that
leverages a large language model (LLM) to control an autonomous driving robot through natural
language commands. The system processes voice-input requests via the speech-to-text engine,
translates them into robot navigation commands by LLM, and provides audible feedback to the user.
To manage and monitor the overall workflow, we employ a control flow diagram and incorporate a
human-in-the-loop mechanism that enables intervention when issues arise. To enhance natural
language accuracy, the system integrates additional LLM modules that improve speech-to-text and
text-to-speech performance. Experimental validation confirms the feasibility and effectiveness of the
proposed design, demonstrating seamless human-robot interaction for advanced navigation and

control in autonomous robotic.
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[Table 1] Tool Name & Usage
No. Tool Name Usage
. Call robot API for robot to
1 tool move to waypoint « -
move to “location’
Call robot API for robot to
2 tool stop movement
stop
.. .. Call robot API for robot to
3 |tool return original position .
home location
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[Table 2] Tool Binding of LangChain

//'1. Load model name and API key from environment variables
MODEL NAME = load_environment_variable("MODEL NAME")

// 2. Initialize the Large Language Model (LLM)
llm = ChatOpenAl(model=MODEL _NAME)

/1 3. Define the list of tools to be used

tools = [tool move to waypoint,
tool stop movement,
tool_return_original position]

// 4. Create a ToolNode object
tool node = ToolNode(tools)

//'5. Bind tools to the LLM
llm_with_tools = 1lm.bind_tools(tools)

/1 6. Invoke the LLM with the user prompt
user_prompt = input("User Prompt : ")
output = llm_with_tools.invoke(prompt)

//7. Pass the LLM output to the ToolNode for execution
tool _node.invoke({"message": [output]})
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[Table 3] State shared among nodes in Langgraph’s flow

No. | State Name Type Usage
1 request String | User prompt
2 context String | Reserved
3 answer String | LLM’s answer
4 messages List[String] sZosrtj;)rtl Prompt + User

5 | relevance check Bool Relevance for the result of

LLM’s search for Tools
. . . Target location for robot t
6 location List[String] arget focation for robot fo
move
. . . Robot’s acti Ited fr
7 action List[String] to(())ls s action resufted from

Results from a sequence of

8 action_result List[dic] .
- actions
. if any action_result is False,
9 action_check bool o . .
- then action_check is False
Observation outcome for
10 observation String | Action_result &
Action_check
11 status String | Reserved
.. Whether h int
12 | human_decision Bool et uman inervetie of

not

__start__

l

User_request

|

Retrieve_action
»
True
v

Relevance_check

True
v

Do_act

False
v

Observation False

False
A4

Human_intheloop

True  False
A A v

True Re_request

End

_end__
[Fig. 1] Flow diagram of LangGraph

[Table 4] Pseudo code for flow diagram in Fig. 1

BEGIN
INITIALIZE graph_state
RECEIVE User request
TRANSCRIBE speech_to text INTO user_text
CALL LLM with (user_text, conversation_state)
RETRIEVE action with (tool, parameters)
IF Relevance check = True THEN
CALL Do _act
CALL Observation
IF action_check = False THEN
CALL Human_intheloop
IF Human_decision == True THEN
END
ELSE
CALL Re request
ENDIF
ELSE
END
ENDIF
ELSE
CALL Re request
ENDIF
END
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[Table 5] Template of System Prompt

No. Prompt name Contents

Role, Cautions, location info,
SYSTEM_PROMPT | Location list, Location axis, Tool
list, Output format, examples

Ju—

SYSTEM_PROMPT | Role, Objectives, Input format,

FOR STT Output format, examples
3 SYSTEM_PROMPT | Role, Objectives, Input format,
FOR TTS Output format, examples
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[Fig. 8] Langgraph’s flow diagram used in experiment
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[Fig. 9] Langgraph program running results
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- Input : Go to the kitchen, then to the living room, and come
back to where you were.
- LLM Output:

"tool": ["tool_move to waypoint",
"tool_move to_waypoint",
"tool return_original position"],

"location": ["Kitchen", "Living room"]

)
[Table 6] Testcases and results
No User Request (Voice) Result
1 |Go to the kitchen OK
2 |Move to the kitchen OK
3 |Drive to the living room OK
4 |Go to the living room OK
5 |Move to the living room OK
6 |Drive to the balcony OK
7 |Go to the balcony OK
8 [Move to the balcony OK
9 |Move to the sofa OK
10 |Drive to the sofa OK
11 |Go near the sofa OK
12 |Drive near the sofa OK
13 |Move near the sofa OK
14 [Move to the sink Partial OK
15 |Drive to the sink OK
16 |Go to the sink OK
17 |Move near the sink OK
18 |Drive near the sink OK
19 |Go near the sink OK
20 [Move to the kitchen, then go to the veranda OK
21 |Move to the kitchen, then drive to the veranda OK
22 |Drive to the veranda, and then go to the living room| OK
23 | Drive to the veranda, and then move to the living room| OK
24 |Go to the living room, and move to the kitchen OK
25 | Go to the living room, then drive to the kitchen OK
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openai.BadRequestError: Error code: 400 - {'error': {'message': "The
response was filtered due to the prompt triggering Azure OpenAl's content
management policy. Please modify your prompt and retry. To learn more
about our content filtering policies please read our documentation:
https://go.microsoft.com/fwlink/?linkid=2198766", 'type': None, 'param':
'prompt’, 'code’: 'content filter', 'status': 400, 'innererror': {'code":
'ResponsibleAIPolicy Violation', 'content_filter result': {'hate': {'filtered':
True, 'severity': 'medium'}, 'jailbreak': {'filtered': False, 'detected": False},
'self harm': {'filtered": False, 'severity": 'safe'}, 'sexual’: {'filtered': False,
'severity": 'safe'}, 'violence': {'filtered": False, 'severity": 'safe'} } }}}

[Fig. 10] Contents Filtering Log
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