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INTRODUCTION 

Metal fabrication constructs raw metal materials into machines and structures via various processes, 
such as cutting, forming, welding and machining. Flatness, roughness and texture of a large metal 
surface is vital to its end use. Quantitative measurement of the surface texture, consistency, directional 
patterns and others is critical in improving the fabrication processing and quality control measures.  

IMPORTANCE OF FAST 3D NONCONTACT PROFILOMETRY FOR METAL FABRICATION 
Fabrication shops and machine shops often handle large quantity of metal for fabrication. Therefore, a 
fast and precise measurement of the 3D surface morphology on a large surface is in need to ensure 
the narrowest tolerances in quality control. It also makes it possible to implement the Nanovea 3D 
profilometer in the production/fabrication line to monitor the surface quality of the metal parts in situ. 
High resolution 3D scan can quickly detect and report any defects such as pits, cracks or extrusions 
created during the fabrication processes. In addition to metals, virtually any kinds of surfaces 
fabricated from different materials such as ceramics, plastics and glasses can be measured in a timely 
fashion by Nanovea 3D noncontact profilometer, making it an ideal tool for surface inspection in 
manufacture/fabrication lines. 

MEASUREMENT OBJECTIVE 

In this application, we showcase that the Nanovea ST500 High-Speed Profilometer equipped with an 
optical line sensor finishes a full 3D surface scan of a large metal strip (300 mm × 42 mm) in two 
minutes. 

Figure 1: Optical line sensor scanning on the metal strip. 
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RESULTS AND DISCUSSION 
As shown in Figure 1, the optical line sensor generates a bright line composed of 192 light spots that 
scan the sample surface at the same time. This significantly increases the scan speed and enables a 
detailed 3D scan of a 300 mm × 42 mm Al strip in two minutes. Such a fast speed makes it possible to 
implement the Nanovea 3D profilometer into the production line for quality control of the metal strips 
in situ. For a detailed description of the measurement principle refer to the Appendix at the end of this 
report.  

As displayed in Figure 2, the False Color View exhibits general morphology of the whole Al strip. It 
possesses a slightly lower center and elevated edges. Fine parallel machine marks exist along the 
longitudinal direction. Figure 3 shows the False Color View and 3D View of the Al sample at a larger 
magnification, which provides users an ideal tool to directly observe the surface morphology from 
different angles in detail and to evaluate the shape, flatness and roughness of the Al strips for the 
purpose of quality control.  

Using the powerful analysis software, we can easily obtain 2D profiles of the metal strip at different 
locations and directions as shown in Figure 4. It allows further investigation on the shape, texture and 
possible defects, e.g. cracks and pits, of the metal strip. Figure 5 shows the roughness and texture 
isotropy analysis on the metal strip as examples. Close monitoring of the evolution of the surface 
roughness, texture, consistency, directional patterns and other values ensures quality processing and 
control measures. Quantifiable and reliable surface inspection reports fail products in a timely fashion 
once the threshold values such as roughness are exceeded. 

Figure 2: False color view of the metal surface. 
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(a) 

(b) 

Figure 3: (a) False color view and (b) 3D view of the metal surface at a higher magnification. 
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(a) Along the strip:

(b) Across the strip:

Figure 4: 2D surface profiles in different directions. 

(a) Roughness:



6 

(b) Texture isotropy:

Figure 5: (a) Roughness and (b) texture isotropy of the Al strip. 

CONCLUSION 

In this application, we showcase that Nanovea 3D Non-Contact Profilometer equipped with an optical 
line sensor finishes a high resolution 3D profilometry scan of a large metal strip in two minutes. The 
axial chromatism technique allows measuring the sample surface without touching, making it 
possible and simple to implement the Nanovea profilometer in the metal production/fabrication line 
so as to monitor the surface quality in situ. The analysis software provides useful measurement tools 
such as roughness and texture analysis. 

The data shown here represents only a portion of the calculations available in the analysis software. 
Nanovea Profilometers measure virtually any surface in fields including Semiconductor, 
Microelectronics, Solar, Fiber Optics, Automotive, Aerospace, Metallurgy, Machining, Coatings, 
Pharmaceutical, Biomedical, Environmental and many others.  

Learn more about the Nanovea Profilometer or Lab Services 

http://www.nanovea.com/Profilometers.html
http://www.nanovea.com/Laboratory.html


A.1

MEASUREMENT PRINCIPLE: 

The Chromatic Confocal technique uses a white light source, where light passes 
through an objective lens with a high degree of chromatic aberration. The refractive 
index of the objective lens will vary in relation to the wavelength of the light.  In effect, 
each separate wavelength of the incident white light will re-focus at a different 
distance from the lens (different height).  When the measured sample is within the 
range of possible heights, a single monochromatic point will be focalized to form the 
image. Due to the confocal configuration of the system, only the focused wavelength 
will pass through the spatial filter with high efficiency, thus causing all other 
wavelengths to be out of focus. The spectral analysis is done using a diffraction 
grating. This technique deviates each wavelength at a different position, intercepting 
a line of CCD, which in turn indicates the position of the maximum intensity and allows 
direct correspondence to the Z height position.  

Unlike the errors caused by probe contact or the manipulative Interferometry 
technique, Chromatic Confocal technology measures height directly from the 
detection of the wavelength that hits the surface of the sample in focus. It is a direct 
measurement with no mathematical software manipulation. This provides unmatched 
accuracy on the surface measured because a data point is either measured accurately 
without software interpretation or not at all. The software completes the unmeasured 
point but the user is fully aware of it and can have confidence that there are no hidden 
artifacts created by software guessing. 

Nanovea optical pens have zero influence from sample reflectivity or absorption. 
Variations require no sample preparation and have advanced ability to measure high 
surface angles. Capable of large Z measurement ranges. Measure any material: 
transparent or opaque, specular or diffusive, polished or rough. Measurement 
includes: Profile Dimension, Roughness Finish Texture, Shape Form Topography, 
Flatness Warpage Planarity, Volume Area, Step-Height Depth Thickness and many 
others.
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