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AGENDA

• Introduction of Heliotis AG & WLI

• Roughness and how to measure it

• Validation of roughness measurements

• Roughness and functional consequences

• Q & A
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Heliotis - A Strong Partner
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Specialized in 3D metrology
for precision applications
• designing & building high precision sensors 

& instruments based on White Light Interferometry 

• in-house R&D, assembly and quality assurance



… what can Heliotis White Light 
Interferometry do for you?
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White Light Interferometry 
& Other Techniques
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• non-contact, optical 3D measurement method
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• Up to 100X faster due to in-pixel processing (Heliotis)

• nanometer resolution



… what about roughness ? 
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… why roughness ? 
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• Increasing demand for at-line and in-line quality control involving roughness

• @Heliotis: increased frequency of roughness related requests

https://www.marketsandmarkets.com
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Roughness
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- is a component of surface finish / characteristics (next to shape, waviness, …. )  --- this talk: roughness only 

- described as Geometrical Product Specification (GPS), in: 

- ISO 21920(-2) → profile roughness- ISO 25178(-2) → surface/areal roughness

→ Many parameters, like Sa, Sz, Sq, … → Many parameters, like Ra, Rz, Rq, …

… …
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Roughness: WLI vs. Tactile
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profile roughnesssurface/areal roughness

→ Mostly non-contact 

optical measurement

→ Mostly tactile, but can be 

optical (including extraction 

from areal data!)

Mahr

Does both!

Comparable?
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Roughness: WLI vs. Tactile
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→ No surface alteration

→ limited to harder / 

less sensitive surfaces
https://www.pexels.com/

Tactile : profile roughness

WLI : areal + profile roughness
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Roughness: WLI vs. Tactile

11

→ More expensive

→ Cheaper

Few 10k Eur Few 1000Eur

Tactile : profile roughness

WLI : areal + profile roughness
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Roughness: WLI vs. Tactile
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→ Faster (with Heliotis)

→ Slower (and less data)

~1s / less = full surface

Several seconds = 1 line

→ with Heliotis: internal accelerated 

processing

KU Leuven

Porsche

Lab : Slow = no problem

Production line :

Must keep up with cycle times!

→ automated Roughness evaluation 

with professional vision software

Tactile : profile roughness

WLI : areal + profile roughness
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Roughness: WLI vs. Tactile
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→ Extra dimension: more 

surface feature definition

→ Not all surfaces can be 

measured

Tactile : profile roughness

WLI : areal + profile roughness
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Roughness: WLI vs. Tactile
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→ Newer, on the rise

→ Well established in the industry

Todhunter et. Al., CIRP Journal of Manufacturing Science and Technology, 2017

Mostly Profile/Mixed 

modes are used

Contact instruments dominate
- Profile roughness ISO older than 

areal roughnessTactile : profile roughness

WLI : areal + profile roughness

Transitioning (customer-critical question):

→How to ensure compatibility? 

→Do the results match? 
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Roughness: WLI results validation
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→ Directly comparing measurement results (WLI, tactile stylus, …) on a sample

LappingGrinding

Comparison Tactile & Heliotis

- Good overall agreement

- Note: different instrument 

transfer functions

- Corrections needed. 

- Match quality differs by 

material, manufacturing 

method, …

Tactile
Heliotis

Tactile
Heliotis

Mahr Heliotis Deviation [um] Deviation [%]

Average [um] 0.066 0.062 0.004 5.77

Sigma1 [um] 0.003 0.004 / /

TactileTactile HeliotisMahr Heliotis Deviation [um] Deviation [%]

Average [um] 1.620 1.653 0.034 2.03

Sigma1 [um] 0.060 0.088 / /

Tactile Heliotis
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Roughness: WLI results validation
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→ Using calibration targets: R and S

SiMetrics ARS c3 :
- highly isotropical
- Sa = 290nm → from 

confocal microscopy, 50X
- Ra = 230nm → from tactile, 

R=2µm

Heliotis, 50X

For:

• Validation 

reference 

(lacking other 

instrument)

• Periodic 

capability check

( ! must in 

industry ! )

• Especially: link 

S AND R 

parameters 
…?...

…?...

…?...

…?...
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Roughness: WLI results validation
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→ Using calibration targets : Complex features for ISO-conform-verification

AIR: 
Sq = 2,655 µm 
Sa = 2,297 µm

Heliotis, 20X, 

stitched



18

Roughness: WLI results validation
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→ How about different optics (lateral resolution)?

AIR: 
Sa = 2,297 µm  
Sq = 2,655 µm

2X 4X 8X 20X 50X

→good agreement with all optics due to 
• course lateral structure of sample
• high Z accuracy of Heliotis H8 for 

all optics 
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Roughness: WLI results validation
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→ Measurability of difficult surfaces

2X 8X 50X

→ steep and shiny surface results in highly non-uniform reflected light distribution 
on the image sensor  (especially for low magnification, low NA optics)

→ only measurable due to very high dynamic range of Heliotis H8  

Signal intensity variation 
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Roughness: WLI results validation
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→ Limitations

• Instrument-to-instrument comparison works. But: roughness observed through instrument transfer 

function…

• Calibration targets work for validation.  But: high variability required to match individual industrial use 

cases : manufacturing methods, roughness scales, roughness parameters, material, ….

• Traceable / calibrated artefacts are very expensive 

What else can we do additionally? 
→use the complexity to our advantage

→focus on parameter-functionality link
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Roughness – which parameter?

21Todhunter et. Al., CIRP Journal of Manufacturing Science and Technology, 2017

Sa
Sz

Sq

Ra
Rz

Rq

… Sa, Sz, Sq dominate

… good usage variability!

- ISO 21920(-2) → profile roughness - ISO 25178(-2) → surface/areal roughness

~67 roughness parameters

+ primary surface par.

+ waviness surface par. 

~85 roughness 

parameters

+ primary surface par.

+ waviness surface par. 

… Ra, Rz, Rq dominate

- Use more of them!
- Correlate 

parameters to 
functional testing
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Roughness: functional link
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→ Example: gear contact stress and surface roughness parameters

Shear stressMises (yield) stress

→ Forms of mechanical stress correlate with specific roughness parameters 

Duo et. Al., J Engineering Tribology, 2020
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Roughness: functional link
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→ Comparing original and laser treated watch glass surfaces

https://www.pexels.com/

original lasered

Nanometer surface height change! 
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Roughness: functional link
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→ Comparing original and laser treated watch glass surfaces

original lasered

similar

different

different

Ssk Spd

Svd

Shn

Sdn

→ Clear differentiation between surfaces 

– function related

original lasered
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Summary
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• Increased demand for roughness measurements drives the market

• New measurement methods have huge improvement potential but must be validated

• Measurement comparison

• Artefacts

• Practical approach: functionality correlations 
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Q & A
PLEASE VISIT OUR DEMO

Thank you!
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Extra slides



White Light Interferometry - Principle
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Interferogram

Light source

3D with absolute height & nanometer precision

- principle: interferometry

- reconstruct 3D shape from 
changing interferogram – all 
pixels

- use “white” light

- record changing interferogram



Heliotis White Light Interferometer 
Measurement Capability
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Large intra-scene dynamic
• dark & shiny surfaces

• steep & flat regions

Measures multiple Surfaces
• WLI is inherently tomographic

• multiple interfaces are detected
separately

Measures deep cavities
• no shadowing

steep angle

low reflectance

high reflectance



Heliotis White Light Interferometer 
Measurement Capability
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Very high z resolution
• nm Z measurements

• lateral resolution defined 
by variable optics


