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Research Question:

How to use LLM to analyze the time series data?



Introduction
Application use case: bolt tightening
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Quality-critical process: bolt tightening 

Introducing the application scenario

bolts connect the wheel axle to the car body

tightening gun

record

Tightening curve

200 vehicles

x 500 points = 

100 000 bolts
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Quality check program

pass

fail

fail

Need engineers manual inspection‘‘Fail‘‘ Re-tighten 3 times

Binary Check
Quality Check: Bolt tightening 

The Use Case

Automated Quality Diagnosis System to assist the 

engineers to classify the quality issues

More than 5000 failures
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How expert perform the diagnosis

‘‘Slipping’’

Potential root cause:

1. a problem with the nut

2. wear on the tightening

gun head

Can this process be automated?

resoning

‘‘Slipping’’

resoning

Domain expert

LLM
Domain expert
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Can LLM perform this task?

How should time series data be represented so that a 

large language model can understand it and perform 

more effective reasoning?

Reserach Question 2

• General advice

• Lacks the domain-specific

expert knowledge when

dealing with this specialized

task

Not suitable to process time series

data, beacuse the numbers lack 

conceptual meaning and are too

complex.

How can LLM have the expert knowledge?

Reserach Question 1

No



Conceptual Design

• Information processing pipeline for time series data

• Expert Knowledge
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Conceptual system design

Diagnosis 

results
New curve

Expert knowledge

Information preprocessing
LLM System

Inductive knowledge

Analytical knowledge

How can LLM have the expert knowledge?

Reserach Question 1

How should time series data be represented to LLM?

Reserach Question 2

Diagnosis 
results

New curve

Expert knowledge

Information preprocess
LLM System



Expert Knowledge

• Inductive knowledge

• Analytical knowledge
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Expert knowledge: useful for reasoning and decision-making

Higher torque in specific region Abnormal fluctuations

Incomplete curve large torque within a small angle

Excessive torque Slipping

Tool back off rehit

Inductive knowledge: types of the curve

Qualified / Passed 

Diagnosis 
results

New curve

Expert knowledge

Information preprocess
LLM System
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Analytical knowlegde: features of the curve

Expert knowledge: useful for reasoning and decision-making

Time feature Frequency feature Shape feature

➢ Maximum 

Angle:1256.98°

➢ Corresponding

torque: 5.33Nm

➢ Calculate mean and 3 

standard deviations

of qualified curves

➢ ‘‘Out of bounds from

44.36% to 45.89% 

with torque lower than

standard…

➢ Center Frequency: 

0.0324 Hz

➢ High Frequency

Energy Ratio: 

5.0911%

Diagnosis 
results

New curve

Expert knowledge

Information preprocess
LLM System
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Specifying expert knowledge into text

Expert knowledge

“pass” curve

Excessive torque

rehit

Stripping

Tool back off

Diagnosis 
results

New curve

Expert knowledge

Information preprocess
LLM System
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Conceptual system design

Diagnosis 

results
New curve Information preprocessing

LLM System

How can LLM have the expert knowledge?

Reserach Question 1

How should time series data be represented to LLM?

Reserach Question 2

Expert knowledge

Inductive Analytical

Expert knowledge

Diagnosis 
results

New curve Information preprocess

LLM System

Inductive Analytical

Expert knowledge

Information preprocessing
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Feature 

Information

Information preprocessing

1. Maximum Angle: 2620.3°

Corresponding torque: 4.91Nm

2. Center Frequency: 0.0324 Hz

High Frequency Energy Ratio: 5.0911%

3. The completeness of the curve is 56.63%

Out of bounds from 44.36% to 45.89% with torque lower than standard

Out of bounds from 46.66% to 47.05% with torque lower than standard

Out of bounds from 48.20% to 48.58% with torque lower than standard

Out of bounds from 49.35% to 49.73% with torque lower than standard

Out of bounds from 51.65% to 52.04% with torque lower than standard

Out of bounds from 53.96% to 54.34% with torque lower than standard

Out of bounds from 56.26% to 56.63% with torque lower than standard

Time serie

feature extractor

New curve

Time domain 

analysis

Frequency 

domain 

analysis

Analyze the 

shape

Diagnosis 
results

New curve Information preprocess

LLM System

Inductive Analytical

Expert knowledge

Information preprocessing
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Conceptual system design

Diagnosis 

results
New curve

LLM System

How can LLM have the expert knowledge?

Reserach Question 1

How should time series data be represented to LLM?

Reserach Question 2

Inductive Analytical

Expert knowledge

Textual

information

Time serie

feature 

extractor
Information preprocess

1. Maximum Angle: 2620.3°

Corresponding torque: 4.91Nm

2. Center Frequency: 0.0324 Hz

High Frequency Energy Ratio: 

5.0911%

3. The completeness of the curve is 56.63%

Out of bounds from 44.36% to 45.89% with torque lower than standard

Out of bounds from 46.66% to 47.05% with torque lower than standard

Out of bounds from 48.20% to 48.58% with torque lower than standard

Out of bounds from 49.35% to 49.73% with torque lower than standard

Out of bounds from 51.65% to 52.04% with torque lower than standard

Out of bounds from 53.96% to 54.34% with torque lower than standard

Out of bounds from 56.26% to 56.63% with torque lower than standard
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Conceptual system design

Diagnosis 

results
New curve

LLM System

How can LLM have the expert knowledge?

Reserach Question 1

How should time series data be represented to LLM?

Reserach Question 2

Inductive Analytical

Expert knowledge

Textual

information

Time serie

feature 

extractor
prompt LLM

1. Maximum Angle: 2620.3°

Corresponding torque: 4.91Nm

2. Center Frequency: 0.0324 Hz

High Frequency Energy Ratio: 

5.0911%

3. The completeness of the curve is 56.63%

Out of bounds from 44.36% to 45.89% with torque lower than standard

Out of bounds from 46.66% to 47.05% with torque lower than standard

Out of bounds from 48.20% to 48.58% with torque lower than standard

Out of bounds from 49.35% to 49.73% with torque lower than standard

Out of bounds from 51.65% to 52.04% with torque lower than standard

Out of bounds from 53.96% to 54.34% with torque lower than standard

Out of bounds from 56.26% to 56.63% with torque lower than standard

Diagnosis 
results

New curve

LLM System

Inductive Analytical

Expert knowledge

Textual
information

Time serie
feature 

extractor
prompt LLM
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Prompt design

Agent Task Description

“You are a tightening expert. Your task is to

compare the characteristics of the input

tightening curve with those of various curve

types in an expert database to identify the

most similar type, and then generate the

output. ”

Diagnosis 
results

New curve

LLM System

Inductive Analytical

Expert knowledge

Textual
information

Time serie
feature 

extractor
prompt LLM
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Prompt design

Context 

( Expert knowledge ) 

“ Features of different curve types in the expert 

knowledge base.

…

Type3 Rehit

1. Time characteristics+++:   

Angle range: 6.51° to 138.50°

Torque range: 7.02 Nm to 12.34 Nm

2. Frequency characteristics:  

Center Frequency range: nan

High Frequency Energy Ratio range: 26.4306% to 

85.0581%

3. Standard Curve Comparison: 

This type of curve exceeds the standard range 

early on, with torque higher than the standard from 

the beginning… ”
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Prompt design
Instructions

• “ Compare the features of the input curve with 

predefined five types in the expert knowledge, 

each defined by three key features. 

• Evaluate how closely the input curve's features 

align with each curve type, giving extra weight 

to features marked with a '+', as they are 

crucial for distinguishing between different 

types. 

• First, provide a concise reason for the 

similarity ranking, then rank these types 

accordingly, from most to least similar.

• You should follow the following output pattern 

to generate your diagnosis in JSON format:

     Output template:

     {"similarity rank":[{"reason":    

"a_concise_explanation", "1.": "a_type"},

     {"reason": "a_concise_explanation", "2.": 

"a_type"},… ”
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Prompt design

Input

“1. Angle: 2620.3° 

Torque: 4.91 Nm

2. Center Frequency: 0.0324 Hz

High Frequency Energy Ratio: 5.0911%

3. The completeness of the curve is 56.63%

Out of bounds from 44.36% to 45.89% with 

torque lower than standard

Out of bounds from 46.66% to 47.05% with 

torque lower than standard

Out of bounds from 48.20% to 48.58% with 

torque lower than standard…”
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Output
Diagnosis 

results
New curve

Inductive Analytical

Expert knowledge

Textual
information

Time serie
feature 

extractor
prompt LLM
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Designing information processing pipeline: LLM System for reasoning

Realization

1. Maximum Angle: 2620.3°

Corresponding torque: 4.91Nm

2. Center Frequency: 0.0324 Hz

High Frequency Energy Ratio: 

5.0911%

3. The completeness of the curve is 56.63%

Out of bounds from 44.36% to 45.89% with torque lower than standard

Out of bounds from 46.66% to 47.05% with torque lower than standard

Out of bounds from 48.20% to 48.58% with torque lower than standard

Out of bounds from 49.35% to 49.73% with torque lower than standard

Out of bounds from 51.65% to 52.04% with torque lower than standard

Out of bounds from 53.96% to 54.34% with torque lower than standard

Out of bounds from 56.26% to 56.63% with torque lower than standard

Diagnosis 

results
New curve

Inductive Analytical

Expert knowledge

Textual

information

prompt LLM

Time serie

feature 

extractor



Experiment Evaluation
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Results

Evaluation with GPT4

Pass

Failure 1:

Excessive

torque

Failure 2:

Rehit

Failure 3:

Slipping

Failure 4:

Tool backoff
Total

Correctness  

rate
90.00% 100.00% 100.00% 100.00% 40.00% 86.00%

Reason

Plausibility
5 4.8 5 5 4.1 4.78 

Reason for incorrect result was:

The expert knowledge is not clearly expressed with 

language in prompt.

Correctness Rate: binary decision

Reason Plausibility: rated by humans from 1 to 5

Evaluation metrics

50 samples … … … … …
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To express the expert knowledge more clearly with language

After interview with expert
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Results after Iterative improvement of prompt 

Evaluation

Conclusion: if the expert knowledge is defined clearly in prompt with 

language, the LLM can have better performance, up to 100% accuracy

Critical conditions: 

• Expert knowledge must be accurate

• Language must be accurate

Pass

Failure 1:

Excessive

torque

Failure 2:

Rehit

Failure 3:

Slipping

Failure 4:

Tool backoff
Total

Correctness  

rate

100.00%

(90.00%)
100.00% 100.00% 100.00%

71.43%

(40.00%)

96.00%

(86.00%)

Reason

Plausibility
5

5

(4.8)
5 5

4.3

(4.1)

4.9

(4.78) 



Summary and Outlook



How this approach superior to other methods

• Neural network based 

[1] Process curve analysis with machine learning on the example of screw fastening and press-in processes

     [2] A Comparison of Anomaly Detection Methods for Industrial Screw Tightening

• Decision tree / rule based classification
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Related works

Comparison with other approaches

Advantage:  

• Semantic interpretation, transferable knowledge (pretraining knowlegde of LLM)

• LLM system easier to reconfigure with natural language

Disadvantage: High hardware requirements / computational complexity
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Summary and future work

Summary:

• Integrate expert knowledge with structured feature extraction, allowing the large 

language model to interpret time series data. 

• Realize automated diagnosis, allowing for efficient identification and analysis of tightening

issues.

Future work:

• Experimenting with more complex datasets

• Potential for software product to assist the engineer to analyze 5 000 samples per day.
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• https://newsroom.porsche.com/de/media-

search.html?type=image&page=1&keyword=Montage&category=&content=undefined&d

ate=&dateFrom=&dateTo=

• https://picontent.atlascopco.com/cont/external/dir/d2/16886914699_A2500001_html5_ext

ernal/de-DE/15406246027.html

• https://presskit.porsche.de/specials/de/porsche-fahrwerkentwicklung/topic/die-erste-

saeule-das-gesamtfahrzeug-konzept.html

• https://presskit.porsche.de/specials/de/porsche-

fahrwerkentwicklung/topic/hinterachslenkung.html
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