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Deep Learning in Industrial Machine Vision

Example: Classification and characterization of surface quality

©
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Interpretation?
How to measure the difference? Are they distinguishable?

Which properties discriminate them?

Features inherently 

learnt in feature maps Can classify

Score

Traditional machine vision algorithms Deep Learning in Machine Vision [1]

Limited 

Applicability
Analytically deduced 

quantities
White Box

Complex

Problems
Black Box

Decisions based on 

opaque criteria

Feature vector
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Learning patterns from high-dimensional datasets using Generative AI

[1] Karras et al (NVIDIA), 2021, Alias-Free Generative Adversarial Networks, Proc. NeurIPS

[2] Pidhorskyi et al, 2020, Adversarial Latent Autoencoders, CVPR 

Learning of complex and high-dimensional 

image datasets and their underlying patterns

Continuously control features and image 

details via learned feature vectors with 

StyleGANs[1]

Manipulation of face properties using a Style-based Adversarial Latent Autoencoders. 

©Pidhorsky[2]

Can the inherently learned features of 

trained neural networks be 

metrologically interpreted as quantities?

Self-supervised learning

Feature vector
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Metrologically Interpretable AI
Framework for a metrologically interpretable feature extraction with generative models[9]

Feature vector  𝒛 ∈ 𝒵

3. Step: Interpret latent space 𝒵 by means of quantities

Goal: Understand how to change 𝒛 ∈ 𝒵 to change a quantity in the 

reconstructed image

2. Step: Reconstruct image using latent vector 𝒛 ∈ 𝒵

Goal: Ensure feature consistency and allow for manipulation of 

features

Decoder network G: 𝒵 → 𝓧Encoder network E: 𝓧 → 𝒵 Reconstructed ෥𝒙 = 𝑮 𝒛 ∈ 𝓧Real image  𝒙 ∈ 𝓧 = ℕ𝟔𝟒𝒙𝟔𝟒

1. Step: Encode images into a feature vector 𝒛 = 𝑬(𝒙)

Goal: E must learn to encode an image into a low-dimensional 

latent representation 𝒛 ∈ 𝓩 for a new image

4. Step: Calibrate 𝒵 to measure by means of the 𝒛 vector

Goal: Scale the found directions to allow for the measurement of 

quantities

Relevant features 

extracted unsupervised

Feature directions 

interpreted
Extract image properties

in latent space

Measurement of 

quantities

z={quantities}

Interpretation of learned features using GenAIExtracting features from the images

[9] Schmitt et al, 2022,Metrologically Interpretable Feature Extraction For Industrial Machine Vision Using 

Generative Deep Learning

LATENT SPACE

~44 KB / 33.888 KB



Fußzeile anpassen:

Zum Anpassen der 

Fußzeile unter Karteireiter

Ansicht > auf 

Folienmaster klicken. 

Links in der Übersicht auf 

die oberste Folie scrollen

und dort in die Fußzeile

klicken. So wird der Text 

automatisch auf allen

Seiten angepasst.

Logos anpassen:

Zum Anpassen der Logos 

den korrekten 

Folienmaster im 

Karteireiter Start > Layout 

auswählen. 

Measurement of quality characteristics in the GAN Latent Spaces
Identification of quality characteristics through latent space interpretation

• Identification of latent space variable Ԧ𝜉𝑏𝐵

associated to filling degree using Logistic 

Regression

• Encoding images 𝑥 ∈ 𝒳𝑡𝑒𝑠𝑡 into the latent space 

and editing them by shifting along Ԧ𝜉𝑏𝐵
:  

෤𝑥 = 𝒢(ℰ 𝑥) + 𝛼 ⋅ Ԧ𝜉𝑏𝐵

• 𝜉𝐿𝐺 represents 𝑏𝐵, but:

𝝃

Embedded 

sample

𝒘𝟏Embedded 

sample

𝒘𝟐

𝒆𝒊

𝒆𝒋

𝑏𝐵 > 3 mm

𝑏𝐵 ≤ 3 mm

Properties are learned implicitly in the latent 

space and must be interpreted first

Higher Ԧ𝜉𝑏𝐵
Low Ԧ𝜉𝑏𝐵
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Metrologically Interpretable AI
Assignment of quantity values and existence of a quantity-value scale

𝝃
Distance to P
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• Quantity values in the latent space cannot be directly used 

in the physical world without establishing references

• By embedding reference images into the latent space, 

calibration function for expressing the quantity values in the 

latent space in terms of physical units can be derived

Model: ෡𝒃𝑩/ 𝒎𝒎 = 𝟓. 𝟎𝟒 ⋅ 𝜻 + 𝟑. 𝟒𝟔

Measurement of quality characteristics in the GAN Latent Spaces
Calibration between of latent space and physical values

𝝃
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Conclusion & Outlook

3

2

4

1
First, quantitative evaluation of the measurability of quality 

characteristics in the latent spaces of Generative Adversarial 

Networks 

Demonstrated existence of quantity-value scale of properties 

of latent spaces of GAI models

Validation on industrial textures dataset demonstrating the 

applicability of the approach for dimensional quality 

characteristics

Confirmed ability to assign quantity values and reference 

values in latent space

Investigate uncertainty quantification for the encoder network

Investigate new model architectures that emerged from the 

hype of Generative AI in the last two years 

Herausstellen des benefits für die 

Überbrückung von Messtechnik und 

KI

✓ Quantity values can be assigned (1)

✓ Quantity-value scale exists (2)

Metrological properties of features extracted in latent spaces of Generative AI models

(1) Investigate the assignment of quantity values in the latent space → Defined distance measure 𝜻

(2) Demonstrate existence of a quantity-value scale in the latent space → Sorting according to 𝜻

(3) Investigate the comparison to reference values → Embedding of reference values and Calibration 

Self-supervised learned features can be measured in the latent space

~14 KB / 33.888 KB

Outlook

• Measurement Uncertainty quantification is still missing, but not possible with the networks used in this work yet

• Trustworthiness of the used models to be investigated

Metrology Deep Learning
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Intelligence in Quality Sensing 

Contact

Lehrstuhl für Informations-, Qualitäts- und Sensorsysteme in der Produktion

22.09.2025 | © Werkzeugmaschinenlabor WZL / Fraunhofer IPT
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Check out our Videos 

on YouTube!

Dominik Wolfschläger
Chief Engineer

 dominik.wolfschlaeger@wzl-iqs.rwth-aachen.de

 +49 241 80 27337
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Thank you!

https://youtu.be/6SktDme2bcQ?feature=shared
https://youtu.be/2v8v-4laQ-I?feature=shared
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