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Introduction

• General Application of LLM

• Special Application

• LLM Agents
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LLM for natural language processing and chatbot

General applications

LLMNatural Language/ Code/ etc. Natural Language/ Code/ etc. (Text)

ChatGPT

Bard

Claude

From OpenAI

From Google

From Anthropic

Chatbot
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LLM Agent Used in Automation Tasks

Special applications

Coding in software engineering [1][2][3] Interact with Industrial Digital Twin[4][5][6]

[1] Assessing the Capabilities of ChatGPT to Improve Additive 

Manufacturing Troubleshooting

[2] CodeT: Code Generation with Generated Tests

[3] CodeBERT: A Pre-Trained Model for Programming and 

Natural Languages

[4] ChatTwin: Toward Automated Digital 

Twin Generation for Data Center via Large 

Language Models

[5] Empowering digital twins with large 

language models for global temporal 

feature learning

[6] ProAgent: From Robotic Process

Automation to Agentic Process Automation

Perform specific tasks[7][8][9]

[7] LLMind: Orchestrating AI and IoT with LLM for Complex Task Execution

[8] Tidybot: Personalized robot assistance with large language models

[9] Large Language Models for Supply Chain Optimization
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For automate tasks

LLM Agent

LLM

LLM agent

prompt

text in text out

Input Output

Compared To Traditional Agent:

• Enhanced Capability of Natural Language Understanding

• Enhanced Capability of Handling Variable Tasks

data from digital 

Twin system

plan,

control command,

or a solution
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Apply LLM Agent to Interact with Simulation Model

Xia, Y., Dittler, D., Jazdi, N., Chen, H., & Weyrich, M. (2024). LLM experiments with simulation: Large Language 

Model Multi-Agent System for Process Simulation Parametrization in Digital Twins. https://arxiv.org/abs/2405.18092v1

Digital twin system

Control interfaceData interface

LLM

LLM agent

prompt

text in text out

Input Output
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Simulation Model in This Research

Use Case

Case Study: Heating Process Simulation

Process control

Physical world 

model (CAD, FEA)

Mathematical models

etc.

System Monitor

Planning

Control

Manufacturing process:

Heating and Ventilation

Home device:

Cooking Oven

• Heat treatment of metals

• Automotive Paint Baking

• Household Oven



Simulation Model

• Modeling

• Calibration

• Experimental validation



Heating Processes
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Conceptual Diagram

Simulation Model

Input

Heater Temperature

Fan Speed

Heat Radiation 1

Heat Radiation 2

Heat Convection 1

Heat Convection 2

Output

Food Temperature

Humidity

(Soft Sensor)

: Oven Heater

: Oven Innerwalls

: Hot Air in Oven

: Food

Heat Radiation 1

Heat Radiation 2

Heat Convection 1

Heat Convection 2
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Subsystems - Heat Radiation

Simulation Model

𝑄 = 𝜀 ∗ 𝜎 ∗ 𝐴 ∗ (𝑇1
4 − 𝑇2

4)

Heat Radiation 1

Heat Radiation 2
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Subsystems - Heat Convection

Simulation Model

𝑄 = h ∗ 𝐴 ∗ (𝑇1 − 𝑇2)

Heat Convection 1

Heat Convection 2
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Subsystems - Soft Sensor

Simulation Model

Soft Sensor (Humidity Calculation System)

𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒 𝑅𝑎𝑡𝑒 = 𝑘 ∙ 𝑇𝑜𝑣𝑒𝑛 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡

𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑡 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 + න
0

𝑡

𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒 𝑅𝑎𝑡𝑒 𝑡 𝑑𝑡

Humidity

(Soft Sensor)
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Whole View

Simulation Model

Heat Radiations

Heat Convections

Humidity

(Soft Sensor)



Calibration and Validation

• Calibration

• Experimental validation
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Roast Chicken Experiment

Simulation Calibration 

Oven Setting:

0-1200s: 220℃, 2000r/min.

1200s-3200s: 160℃, 1200r/min.

Real Experiment Measurement Simulation Measurement

After Calibration
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Calibration with a sample

Calibration Evaluation

Simulation Curve Real Oven Curve

Grill Time 3200s

Time Changing Point 1200s

Initial Temperature 7℃ 10℃

Temperature at Changing

Point

42.9℃ 42℃

End Temperature 78.5℃ 78℃

Slope from 0s to 1200s 1.80℃/min 1.60℃/min

Slope from 1200s to 3200s 1.07℃/min 1.08℃/min

Experiment Chicken Property:

Weight: 1.322kg,

Initial Temperature: 10°C

Calibration Error: 3.57%
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Validation with a second sample

Simulation Validation

Simulation Curve Real Oven Curve

Grill Time 3120s

Time Changing Point 1200s

Initial Temperature 20℃ 20℃

Temperature at Changing

Point

53℃ 49.8℃

End Temperature 79.2℃ 80℃

Slope from 0s to 1200s 1.49℃/min 1.65℃/min

Slope from 1200s to 3200s 0.92℃/min 0.81/min

Experiment Chicken Property:

Weight: 1.483kg,

Initial Temperature: 20°C

Calibration Error: 4.92%

Experiment Chicken Property:

Weight: 1.322kg,

Initial Temperature: 10°C

acceptable



Control Modeling

• System Workflow
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Control Workflow

Control Policy
Control 

execution
Food property

Monitored 

Data

{

“weight”: 1.3,

“heat_capacity”: 2720

“water_content”: 74

“initial_temperature”: 4

“heat_area”: 0.14

}

[4.0°C, 5.1 °C, 6.2 °C, 

7.3 °C, 8.4 °C, 9.5 °C, 

10.6 °C, 11.7 °C, 12.8

°C, 13.8 °C, 14.9 °C, 

16.0 °C …]

LLM Agent

updates

LLM Agent

based on new policy

Control Points



Use LLM agent to control 
Simulation Process Control

• Control Policy

• Two LLM Agents

• System Workflow
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Control Policy

Control Policy

For Whole Chickens:

.

as reference for food

temperature control

For XL Size Whole Chickens:

Desired control policy

of an XL Size Chicken

Updated Control Policy:

0-40 min 230°C 1000 r/min

41-70 min 135°C 1000 r/min

71-95 min 230°C 2500 r/min

0-50 min 230°C 1000 r/min

51-95 min 140°C 1000 r/min

96-110 min 230°C 2500 r/min

Food property

{

“weight”: 1.3,

“heat_capacity”: 2720

“water_content”: 74

“initial_temperature”: 4

“heat_area”: 0.14

}

determine

Different Food Property

fail

Old Policy
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LLM Agent for Control Policy Update

For XL Size Whole Chickens:

Updated Control Policy:

0-50 min 230°C 1000 r/min

51-95 min 140°C 1000 r/min

96-110 min 230°C 2500 r/min

Control interfaceData interface

LLM Multi-Agent System

Control Policy Update Agent

Control Execution Agent

Simulation Model

Predictive & Dynamic

Digital Twin System

Control Policy Update Agent

Control Execution Agent

Oven_temp=223, 

fan_speed=1500

Oven_temp=215, 

fan_speed=1300

Oven_temp=155, 

fan_speed=1200

Oven_temp=135, 

fan_speed=1200

Oven_temp=225, 

fan_speed=2000

Result of Control Execution

Simulation 

Model

w (Setpoint) y (output)LLM Generate

Oven Settings
(Heater Temperature

&Fan Speed)

Food Temperature

Temperature Control By LLM Agent （every minute）

Control points
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LLM Agent System

LLM Multi-Agent System

Control Execution AgentControl Execution Agent

Control Policy Update AgentControl Policy Update Agent

LLM Multi-Agent System

Control Execution AgentControl Execution Agent

Control Policy Update AgentControl Policy Update Agent

Control Policy
Control 

execution
Food property

Monitored 

Data

{

“weight”: 1.3,

“heat_capacity”: 2720

“water_content”: 74

“initial_temperature”: 4

“heat_area”: 0.14

}

[4.0°C, 5.1 °C, 6.2 °C, 

7.3 °C, 8.4 °C, 9.5 °C, 

10.6 °C, 11.7 °C, 12.8

°C, 13.8 °C, 14.9 °C, 

16.0 °C …]

updates based on new policy

/ PIDLLM Agent  PID LLM Agent



How can LLM update the
control policy?
--It needs heuristical knowledge
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How LLM Agent Update Policy

For simplicity: 
Different Food Properties
(weight, heat capacity, water

content…)

cause

2 Steps for LLM Agent

To Update the Control Policy

Knowledge UnitsKnowledge Units

Knowledge Base

Knowledge Entries

Step 1. Reason the error in food property

Step 2. Adjust the policy to compensate the effect

caused by different food property

“m” = “1.3kg” “m” = “1.484kg”

Rules of how to complete the two steps
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Curve Change Rules (First Step)

Knowledge Base Creation from Simulation Model

Simulation Model
Run Multiple Times to Collect Changes in the Curves due to

Different Food Properties

Understandable Texts

LLM

Rules of how to complete the two steps
prompt

𝑚: 1.3𝑘𝑔 → 1.5𝑘𝑔

If the weight increases 15%, 

temperture will drop 20.64%
If the weight increases 15%, 

temperture will drop 20.64%
If the weight increases 15%, 

temperture will drop 20.64%
If the weight increases 15%, 

temperture will drop 20.64%

Knowledge Entries
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Oven Setting Adjustment Policy (Second Step)

Knowledge Base Creation from Simulation Model

Simulation Model
Run Multiple Times to Collect

Oven Setting Adjustment Methods

m 10%:

2. period 300s, T 10°C,

3. Period           T    10°C

C   10%:

2. period 400s, T    10°C

LLM

prompt

Understandable Texts

Knowledge Entries



Experiment & Evaluation

• LLM Prompt Design

• Experiments under Variate Food Properties
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Prompt Design

Prompt Section Definition Typical Examples

Agent Task Description

Describe the role and the

task responsibility of the LLM

agent

„You are an AI trained to analyze deviations

between the current temperature curve of food in 

an oven and a standard curve“

Knowledge Entries

Texts summarized from 

knowledge base, informing 

LLM to make inference and 

decision

“For heat capacity, if the temperature difference is -

0.76%, the true heat capacity should be 1% higher; 

if the temperature difference is +0.76%, the true 

heat capacity should be 1% lower.”

Instructions
Steps LLM should follow to 

complete the Task

„Step 2: Update the corresponding parameters in 

the current oven settings (from info. 4) with the

values determined in the previous step.“
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Policy Update Agent

Prompt Design

Agent task 

description

Knowledge entries

Instructions
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Control Execution Agent

Prompt Design

Process

Knowledge entries

Instructions



09/25/2024University of Stuttgart, IAS 24

Errors in food weights

Experiment

Input Weight: 1.3kg

Real Weight: 1.5kg

Knowledge Informed

LLM Agent

0-40 min 200°C 1000 r/min

41-54 min 135°C 1000 r/min

55-78 min 230°C 2000 r/min

0-40 min 200°C 1000 r/min

41-67 min 145°C 1000 r/min

68-105 min 220°C 2500 r/min

LLM reasoning: 

actual weight is 1.484kg 

→ changes control policy.

Knowledge informed: 
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Errors in food heat capacity

Experiment

Knowledge Informed

LLM Agent

Input Heat Capacity: 2720J /(kg·K), 

Real Heat Capacity: 2992J /(kg·K),

0-40 min 200°C 1000 r/min

41-54 min 135°C 1000 r/min

55-78 min 230°C 2000 r/min

0-40 min 200°C 1000 r/min

41-67 min 145°C 1000 r/min

68-105 min 230°C 2500 r/min

LLM reasoning: 

actual heat capacity is

3048.576J/(kg·K)

→ changes control policy.

Knowledge informed: 
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Errors in both food weight and heat capacity

Experiment

Input Heat Capacity: 2720J /(kg·K), Weight: 1.3kg 

Real Heat Capacity: 2900J /(kg·K), Weight: 1.5kg

Knowledge Informed

LLM Agent

0-40 min 200°C 1000 r/min

41-54 min 135°C 1000 r/min

55-78 min 230°C 2000 r/min

0-40 min 200°C 1000 r/min

48-75 min 145°C 1000 r/min

76-103 min 230°C 2500 r/min

LLM reasoning: 

heat capacity is 2942.5J/(kg·K),

weight is 1.5127kg

→ changes control policy.

Knowledge informed: 
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LLM agent’s reasoning is not always correct

Different Hypothesis of LLM Agent

Real Situation: Food Weight -0.2kg, Heat Capacity +7%

H1: Food Weight -0.21kg,

Heat Capacity +8.2% H2: Food Weight -0.38kg H3: Heat Capacity +20.8%

LLM perform tasks based on hypothetical reasoning

No longer explainable
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Control Execution Agent 

Evaluation of the Closed Loop Temperature Control

Errors in food weight: Errors in food heat capacity:

Errors in both food weight

and food heat capacity:

Initial

Temperature

End

Temperature

Minimum

Difference

Maximum

Difference

Average

Difference

m+0.2kg
Standard

Curve
4∘𝐶 76.2∘𝐶

0% 3.66% 2.07%

Real Curve 4∘𝐶 76.1∘𝐶

c+10%

Standard

Curve
4∘𝐶 76.4∘𝐶

0% 4.17% 2.03%

Real Curve 4∘𝐶 76.6∘𝐶

m+0.2kg

&

c+7%

Standard

Curve
4∘𝐶 75.7∘𝐶

0% 2.69% 1.00%

Real Curve 4∘𝐶 75.9∘𝐶



Conclusion

• Task completed

• Future Work



• Proof-of-Concept

• A feasible design using LLM to control simulation

• However, limitations observed

• Simulation != Reality (calibration error)

• Hypothesis not always correct (LLM need

more information to confirm the hypothesis)
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Conclusion

Tasks Completed:

Future Work:

• Hypothesis validation

• Comparision with other smart control methods

• Automated knowledge base creation



e-mail

phone +49 (0) 711 685-

fax +49 (0) 711 685-

University of Stuttgart

Thank you!

Ziyao Zhou

st180519@stud.uni-stuttgart.de

Institut of Industrial Automation

and Software Engineering
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