
How to pick a metric to 
classify a surface?

Useful resources:
• B. Mullany, E. Savio, H. Haitjema, R. Leach, “The implication and evaluation of geometrical imperfections on manufactured surfaces “, Annals 

of the CIRP, Vol. 71 (2), pp. 717-739, 2022
• J. Redford, B. Mullany, “Construction of a Multi-Class Discrimination Matrix and Systematic Selection of Areal Texture Parameters for 

Quantitative Surface and Defect Classification”, Journal of Manufacturing Systems, Volume 71, December, Pages 131-143, 2023.
• J. Redford, B. Mullany, “Classification of Visual Smoothness Standards Using Multi-Scale Areal Texture Parameters and Low-Magnification 

Coherence Scanning Interferometry”, Materials, 2024, 17, 1653.



B. Mullany         MEGR 7284/8284 Copyrighted

Surface Quality and Inspection Descriptors 
(SQuID)

• J. Redford, B. Mullany, “Construction of a Multi-Class Discrimination Matrix and Systematic Selection of Areal 
Texture Parameters for Quantitative Surface and Defect Classification”, Journal of Manufacturing Systems, 
Volume 71, December, Pages 131-143, 2023.
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Why do you need a metric?

o Surface classification? 
o Good/bad

o Type A or Type B?

o Process control? (is the process drifting)  
o Is the tool wearing?

o Has the laser power changed?

o Process insights for optimization/understanding?

o For machine learning applications 
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Basic requirements of a ‘good’ metric
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Quantification of a  ‘good’ metric – d'
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SQuID - Example how it works

o Take multiple measurements on the surface

o Calculate ISO metrics on the areal maps

o Look at the distribution of the metric values for each surface class

o Calculate d' for each metric

o Assess the d' values for each metric  - isolate ones that have “good separation”  d' >4.5

Class A Class B
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Example how it works
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More than two classes?
More than two classes? 
o Compare each class to every other class
o Number of classification challenges = 𝐿(𝐿 − 1)∕2  (where L = number of classes)
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What to do with the best metrics?
Best metrics …
o Metrics -> Features for a  Decision Tree Algorithm



B. Mullany

SQuID - Surface Quality and Inspection Descriptors

File Label Sa Sq Ssk ...

Cr_1.xyz Crazing 24.5

Cr_2.xyz Crazing 24.2

… …. 25.2

Pitted_1.xyz Pitted 28.6

… ….

SQuID: Surface Quality and Inspection Descriptors

Standardized Dataset Format (.csv)

Feature Selection Algorithm Decision Tree Classifier

Analytics / Documentation 

Interactive User Interface

Discrimination Matrix

8

Train / Test Split

7

5

6

9
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An example using the NEU

Patches

vs

Patches

vs

Pitted Scale

Inclusion

15 Binary Combination Tasks
NEU-CLS Dataset

Training Images (50%)

Test Images (50%) F-Operator

Computed on Testing Set

𝐴𝑐𝑐 =
# 𝐶𝑜𝑟𝑟𝑒𝑐𝑡 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠

# 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠

Computed on Training Set

𝑑′ =
𝜇𝐴 − 𝜇𝐵

(𝜎𝐴
2 + 𝜎𝐵

2)/2
𝑐 =

𝜇𝐴 − 𝜇𝐵

2

Decision Threshold

… …
ISO 25178-2 

Parameters

- Collection of 1800 Images
- 6 Defect Types (300 images/type)
- Low resolution 200 x 200 pixel bitmap images
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NEU example cont.
𝒅′ Matrix Selected Features 𝒅′ vs Accuracy

𝑑′ =
𝜇𝐴 − 𝜇𝐵

(𝜎𝐴
2 + 𝜎𝐵

2)/2
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NEU example cont.
Performance of the Decision Tree – confusion matrix
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NEU example cont.

K. Song et al. 2014

https://ieeexplore.ieee.org/abstract/document/8710501

https://www.mdpi.com/2076-3417/9/24/5449

https://www.mdpi.com/2076-3417/9/24/5449
Redford & Mullany 2023
DT + ISO 25178-2 > 95%

Lee et al 2019
References

scattering convolution network

Lee et al 2019

NEU-CLS Dataset

2013

2022

Difficult to link image processing features back to the surface 

We know how decisions are made and we know what the parameters mean

https://www.mdpi.com/2076-3417/9/24/5449
https://www.mdpi.com/2076-3417/9/24/5449
https://www.mdpi.com/2076-3417/9/24/5449
https://www.mdpi.com/2076-3417/9/24/5449
https://www.mdpi.com/2076-3417/9/24/5449
https://www.mdpi.com/2076-3417/9/24/5449
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Be Careful

Correlation ≠ causation 


	Slide 1: How to pick a metric to classify a surface?
	Slide 2: Surface Quality and Inspection Descriptors  (SQuID)
	Slide 3: Why do you need a metric?
	Slide 4: Basic requirements of a ‘good’ metric
	Slide 5: Quantification of a  ‘good’ metric – d'
	Slide 6: SQuID - Example how it works
	Slide 7: Example how it works
	Slide 8: More than two classes?
	Slide 9: What to do with the best metrics?
	Slide 10: SQuID™- Surface Quality and Inspection Descriptors
	Slide 11: An example using the NEU
	Slide 12: NEU example cont.
	Slide 13: NEU example cont.
	Slide 14: NEU example cont.
	Slide 15: Be Careful

