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Optical and Tactile Metrology -
Who is right?

Examples in Surface 
Finish and Contour 
Metrology

Porto, 18/03/2010

Dr.-Ing. Dietrich Imkamp
Business Unit Manager SFG
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Surface and Contour means
Measuring Product Shape

"mechanical feedback" 
from the surface

=> mechanical properties:
shape but ...

"optical feedback" 
from the product

=> optical properties:
shape but ...

also reflection

also stiffness
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Benefits

Optical Measurement
• contact less for soft parts
• faster (distance): no friction 
• faster (camera): "one shot takes a contour"

Tactile Measurement
• mechanical acquisitions 

is related to the 
mechanical function

• robust concerning dirt 
and environment light  
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Influences on Optical and Tactile Metrology 
are very different

Courtesy: Straube A.: Optische versus taktile Messtechniken, Quality Engineering, S. 76, 08/2007 (www.reorg.de)
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Image

Lightsource

Object

Camera
Lense

Example for Influence on Optical 
Measurement: Light

Transmitted
Light

Reflected Light 
(Coaxial)

Reflected Light
Light Circle
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Comparison of Optical and Tactile Results 
Example: "It looks very similar"

Courtesy: Song, J. , Vorburger, T. V., Renegar, T. B., Zheng, X. A., Rhee, H., Libert, J. M., Ma, L., Bogart, K., Ballou, S. M., Bachrach, B.: Correlation 
of Topography Measurements of NIST SRM 2460 Standard Bullets by Four Techniques, in: Measurement Science & Technology, 2006, Vol. 17, page
500-503 (http://www.nist.gov/mel/ped/smm/sfm.cfm March 2010)
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Optical or Tactile
Who is right?

That's not the question! If tactile assures functionality, tactile is the reference!

confocal microscopy (CSM 700) tactile (Surfcom 2000)
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ISO 4287
Mean Std dev Min Max

Rz µm 2.75 0.313 2.04 4.05

Ra µm 0.386 0.0257 0.33 0.468

Rt µm 2.75 0.313 2.04 4.05

ISO 4287
Mean Std dev Min Max

Rz µm 2.48 0.264 2.1 2.88

Ra µm 0.31 0.011 0.283 0.328

Rt µm 2.48 0.264 2.1 2.88
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Established Technique for Surface 
Topography Measurement: Tactile Profiling

Example: Surfcom 2000 with Y-Driver 
for Topography Measurement

Y-Driver

Stylus Tip
acc. to 
ISO 3247

r tip

qqqq

X
Z
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Optical Technologies for Surface Topography 
Measurement: Measuring Ranges 
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Focus Variation
Resolution: 10nm

Confocal Sensor/Microscope
Resolution: 2-3nm
Confocal Chromatic Sensor
Resolution: <1nm

Conoscopic Sensor 
Resolution: <1um

Scattered Light Sensor
Resolution: 20nm

Wight Light Interferometer
Resolution: 0.1nm

Fringe Projection
Resolution: 5um

Courtesy: Rahlves, M., Seewig, J. (Hrsg.): Optisches Messen technischer Oberflächen, Messprinzipien und Begriffe, Beuth Verlag, Berlin 2009

range of roughness measurement (ISO4288)
• Rz=0.1..0.5um => ln=1.25mm
• Rz=0.5..10um => ln=4mm
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Technology on Carl Zeiss Microscopes for 
Surface Topography Measurement

Axio Imager 
Series
Conventional 
Microscopes
with motorized 
Focus for 
Focus 
Variation

CSM Series
Confocale
Microscopes

Discovery 
Series
Stereo 
Microscopes

LSM Series
Laser Scanning 
Microscopes
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Basic Principle of Confocal Microscopy

Light (Laser)

Object

Detector

Pinhole

Beam Splitter

Focus Plane

XY Scanning

Z
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Examples for Results: Visual Comparison of
Profiles 
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Profil Nr. 1 / 150 Pt = 3.78 µm  Maßstab = 24 µm
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Profil Nr. 1 / 325 Pt = 8.95 µm  Maßstab = 24 µm

Roughness Gage

confocal microscopy (CSM 700) 

tactile (Surfcom 2000)
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Analyzing a single optical profile:
What would you like to see?

Frequency
Spectrum 
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Length = 500 µm  Pt = 11.7 µm  Scale = 20 µm
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Wavelength # 5 (0.1 mm )

Magnitude : 5.2 µm

Phase : -141° (-2 .46 rad)
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(Original)
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Comparison to the tactile profile

0 50 100 150 200 250 300 350 400 450 500 µm

µm

-7.5

-5

-2.5

0

2.5

5

7.5

10

Length = 500 µm  Pt = 11.7 µm  Scale = 20 µm

0 50 100 150 200 250 300 350 400 450 500 µm

µm

-7.5

-5

-2.5

0

2.5

5

7.5

10

Length = 510 µm  Pt = 9.65 µm  Scale = 20 µm

Tactile
Single
Profile

(Original)

0 50 100 150 200 250 300 350 400 450 500 µm

µm

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1 Filtered
Tactile
Profile

Optical
Single
Profile

(Original)

effects from 
grinding grooves
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Effects in Optical Surface Metrology: Artifacts 
on steep Edges (Glass Scale)
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nm
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Profil Nr. 1 / 95 Pt = 287 nm  Maßstab = 1350 nm
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Profil Nr. 1 / 483 Pt = 1.1 µm  Maßstab = 1.35 µm

Glass Scale

confocal microscopy (LSM) 

tactile (Surfcom 2000)

Artifacts at the grinding grooves 
(see previous picture) magnify the 
profile size using microscopy!

„Bat-Wings“*
* further examples for "Bat Wings": Weidner, A., Seewig J., Reithmeier, E.: 
Structure oriented 3D roughness evaluation with optical profilers, Proceedings 
of the 10th International Conference Metrology and Properties of Engineering 
Surfaces Saint Etienne, 4-7 July 2005 page 49-60.
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Comparable Results trough Adjusted Filtering

0 50 100 150 200 250 300 350 400 450 500 µm

µm

-10

-5

0

5

10

Profil Nr. 1 / 150 Pt = 3.32 µm  Maßstab = 25 µm

tactile (Surfcom 2000)
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Profil Nr. 1 / 1021 Pt = 3.56 µm  Maßstab = 25 µmconfocal (CSM 700 with adjusted filter settings )
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Profil Nr. 1 / 325 Pt = 7.8 µm  Maßstab = 25 µm

confocal (CSM 700 with tactile filter settings )
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Preprocessing for comparable Results
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Profil Nr. 1 / 1021 Pt = 3.56 µm  Maßstab = 25 µmconfocal (CSM 700 with adjusted filter settings )
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Profil Nr. 1 / 325 Pt = 7.8 µm  Maßstab = 25 µm

confocal (CSM 700 with tactile filter settings )

Topography Data (Grey Scale Image)

Form removed: Polynomial of order 2

Roughness filter: Gaussian Filter acc. to ISO

(for Surfaces: Conversion to a Profile Series)

Evaluation of Profiles

Resampling on X (0.2um) on (1um )

Frequencies filter

Scaling
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Examples for Results: Visual Comparison of
Topography Measurement 
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2.5ISO 4287
Mean Std dev Min Max

Rz µm 2.48 0.264 2.1 2.88

Ra µm 0.31 0.011 0.283 0.328

Rt µm 2.48 0.264 2.1 2.88

ISO 4287
Mean Std dev Min Max

Rz µm 2.75 0.313 2.04 4.05

Ra µm 0.386 0.0257 0.33 0.468

Rt µm 2.75 0.313 2.04 4.05

ISO 4287
Mean Std dev Min Max

Rz µm 2.33 0.29 1.59 2.93

Ra µm 0.359 0.0367 0.271 0.441

Rt µm 2.33 0.29 1.59 2.93

confocal microscopy (CSM 700) tactile (Surfcom 2000)
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• Stiching: several pictures for evaluation acc. to ISO (3,2x0,055mm2)

0

20

40

60

80

100

120

140

160

Takctile
(Surfom)

CSM LSM Axio_Imager Stereo

Single Picture

Minutes

Comparison of Measuring Time for 
Roughness Gage (Ra=3um, ln=4mm ISO 4288)

• Single Picture: largest common picture (0,59x0,15mm2)

Stiching

=> Measuring Time Advantage only for Single Picture s 
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Summary: Surface Metrology

• adjusted filtering leads 
to comparable results

• dramatic reduction of 
measuring time is 
possible
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Contour Gage according to the
Requirements of VDI/VDE 2629

Additional Information: M. Neugebauer, M. Franke, O. Jusko, M. Krystek, U. Neuschaefer-Rube, F. 
Wäldele: Artifacts and Test Procedures for Contour Measuring Instruments. In: Proceedings of the XI. 
International Colloquium on Surfaces-Part II, Aachen: Shaker, 2004, page 102–107.
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Contour Gage from Carl Zeiss: Characteristics

Distances (x: 16..80mm and z: 0.01..6mm) 
and Radii (3..6mm)

Angle: 45°and 90°

x

z
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Calibration Procedure on a CMM
(Carl Zeiss UPMC ultra)

* about Virtual CMM: E. Trapet, E. Savio and L. De Chiffre: 
New advances in traceability of CMMs for almost the entire range of 
industrial dimensional metrology needs, CIRP Annals - Manufacturing 
Technology, Volume 53, Issue 1, 2004, Pages 433-438 

Determination 
of Measuring 
uncertainty by 
Virtual CMM*

1.1mm

1.6 ... 2.0mm

0.004 ... 0.012[deg]

0.8 ... 1.2mm
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Prerequisite for comparable Results on the 
Contour Gage: Reproducible Alignment

"Tactile Alignment Elements"

Optical Alignment on Top of the Gage

XY
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Performing Measurement and Software

TIMS (Measure) 

Calypso 

ASCII
(*.nc)

TIMS (Analyse) 
direct
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Actual Results for MPE (Maximum Permissible 
Error) according to VDI/VDE 2629

O-Inspect 

Contourecord 1700 

Surfcom 5000 

*(without alignment)

0.012

0.015

0.04

0.04

MPERW

(Angle)

3.43.2
O-Inspect 
(Camera)

1.21.1
Calibration 
Uncertainty

1.41.1
S5000
(Laser 

detector)

3.72.1
C1700
(LVDT 

detector)

MPER

(Radius)
MPEEA

(distance x)
[um, deg]

0.012

0.015

0.04

0.04

MPERW

(Angle)

403.43.2
O-Inspect 
(Camera)

approx. 
3min

1.21.1
Calibration 
Uncertainty

601.41.1
S5000
(Laser 

detector)

603.72.1
C1700
(LVDT 

detector)

Measuring 
Time
[s]*

MPER

(Radius)
MPEEA

(distance x)
[um, deg]
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Summary: Contour Metrology

• optical and tactile results reach 
comparable uncertainty
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Optic and Tactile:
"It's not the question who is right?"

W. Edward Deming*: 
"There is no true value of anything. (...) . Change in 
the method of measuring (...) produces a new result." 

*Courtesy: W. Edward Deming's Foreword in Walter A. 
Shewhart's 1939 book Statistical Method from the Viewpoint of 
Quality Control (Dover Publications, 1986). 
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Optic and Tactile:
The application determines the technology 

tactile: flexible 
check of 3D-
characteristics

optical: fast check 
of  sensitive 2D-
characteristics
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