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Fast, three-dimensional image process-
ing systems are becoming more and 
more important in quality control for 
complex components, given their in-
creasing superiority over tactile meas-
uring systems in terms of speed, flexi-
bility, precision and analysis options. As 
the saying goes, a picture says more 
than a thousand words. In the same 
way, image analysis is used for record-
ing complex, multi-level relationships 
with numerous object parameters. 

Only a few years ago, the idea of high-
precision measuring systems, accurate 
to just a few nanometres, providing 
100% product quality control on high-
speed industrial assembly lines was 
inconceivable. The same was true for 
applications in the electronics, aero-
space and automotive industries, as 
well as for high-precision microcompo-
nent mould-making. The outstanding 
features of the EoSens® camera make 
an important contribution towards ef-
fective image processing in this high-
precision measuring environment. 

Precise capturing of  
three-dimensional structures
The long-established measuring tech-
niques of interferometry combined  
with other methods are becoming 
increasingly significant in industrial 
production. The rapid development of 
high-performance processor technol-
ogy, high-speed, high-resolution camera 
systems, precision optics and effective 
image processing software open up 
many new opportunities and applica-
tions. One of the most promising tech-
niques is white light interferometry, 
which can measure the topography of 
both rough and smooth objects with 
the highest precision. 

Many white light interferometers  
operate on the principle of the Michelson 
interferometer. Put simply, it functions 
like this: the object to be measured and 
a reference mirror are illuminated by 
a coherent light source by splitting the 
light into two beams through a semi-
transparent mirror (beam splitter). The 
light reflected by the measured object 
and the reference mirror passes back 
through the beam splitter. The overlap-
ping beams are captured as interfer-
ence patterns on the camera’s image 
sensor. 

These brightness variations are evalu-
ated by special software so that each 
pixel can be assigned a height value 
from which height profile of the sur-
face can be generated. This method 
can achieve accuracy in the region of 
a few nanometres. If the procedure is 
performed layer-by-layer (height Z), 
the entire height of complex structures 
(such as contact pins) can be extreme-
ly precisely measured. 

With the KORAD3D range of sensors 
based on white light interferometry, 
3D-Shape offers custom high-precision 
measuring solutions for many differ-
ent industrial sectors. With measuring 
fields ranging from 0.24 x 0.18 mm  
to 50 x 50 mm, these compact meas-
uring systems can be integrated in 
production lines to cover a wide range 
of applications. The accuracy that can 
be achieved directly depends on the 
required size of the measuring field, the 
lenses used and the camera resolution. 
Therefore, one of the most important 
factors in these measuring systems is 
the power of the integrated camera. 

For flexible application, larger meas-
uring fields are an advantage, but 
these reduce the accuracy that can 
be achieved. Therefore, the resolution 
and image quality of the camera are 
decisive factors in the performance of 
the Korad system. With many applica-
tions, it is necessary to capture the 
overall structure in several layers; this 
must be done within the very rapid cy-
cle times of the production lines. Twice 
the measuring depth means twice the 
measuring time, so the problem is 
like squaring the circle. It requires a 
camera with megapixel resolution and 
high image frequencies that can quickly 
handle the resulting data rates. The 
images must be captured, transferred 
and evaluated in real time. Naturally, 
the crucial aspects of picture quality, 
such as contrast, noise response and 
light sensitivity, must also be taken into 
account.  

Nothing but the best will do
When 3D-Shape looked for the cam-
era which best met all these image 
processing requirements, only a very 
few made the shortlist. Because the Er-
langen-based company makes products 
which push the boundaries of physics, 
it needed a camera with the most up-
to-date technology. A recommendation 
from a CMOS sensor manufacturer 
proved decisive. Ultimately, the EoSens® 
camera from Mikrotron – according to 
the chief developers – was the only one 
that met all the requirements. There-
fore, the decision was made to equip 
the KORAD3D measuring system with 
this camera. As well as offering a whole 
series of outstanding performance 
characteristics, the camera is also 
quite compact, which simplifies system 
integration. 

High-precision measurement of very complex components 

Pushing the limits
How can you check that 1000 to 4000 electronic contact bumps on a tiny area are all correctly 
aligned in a single plane? And how do you do it in the shortest possible time in order to ensure  
efficient production? 3D-Shape GmbH provides special inspection systems with the latest 3D image 
processing for complex fields of application. In doing so, it uses powerful camera technology from 
Mikrotron GmbH.
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With a full image resolution of 1280 x 
1024 pixels, the camera can provide  
up to 500 frames per second via the 
Basic/Full CameraLink high-perform-
ance interface (160/700 MB/s). This 
specification was just what 3D-Shape 
needed. For example, it was able to 
implement the inspection of bare printed 
circuit boards with a frame rate of  
180 fps (frames per second) for one of 
its customers. 

However, rates of up to 500 fps are 
used in some applications. The out- 
standing 2500 ASA light sensitivity of 
the EoSens® has proved an advantage 
because there is less need for expen-
sive lighting systems and a wider 
brightness/contrast range is available 
for image processing. This light 
sensitivity is based, among other 
things, on the large 14 x 14 µm area of 
each individual pixel and the high pixel 
fill factor of 40%. 

Optimised lighting can also be activat-
ed. This adjusts the usually linear pic-
ture dynamics of the CMOS sensor to 
the non-linear dynamics of the human 
eye by means of two optional stages. 
By suppressing bright areas, it shows 
clear details everywhere, even when 
there are extreme differences between 
light and dark. This is a particular ad-
vantage for complex image processing. 

Given the rapid cycle times of the Korad 
system, every factor that speeds up 
data processing is vital. These include 
the RoI (Region of Interest) function, 
where the site and position of the area 
can be freely defined. Thus, the record-
ing field is adjusted to the task, and 
evaluation is speeded up by reduc-
ing the amount of data. At the same 
time, the frame rate can be greatly 
increased. The camera also features 
multiple RoI, where up to three differ-
ent regions of interest in the overall im-
age can be defined, although this is not 
used in current applications yet. How-
ever, it is already being considered for a 
number of interesting solutions. 

To keep the accuracy of the object 
topographies generated by the Korad 
system within a narrow range, numer-
ous imaging features must be com-
bined to achieve an overall increase in 
performance. The EoSens® Global Shut-
ter freezes the full image and saves it 
in real time while the next image is be-
ing captured. This provides images of 
dynamic processes that are free of dis-
tortion and blurring. As well as the C-
Mount for connecting the lens, there is 
also the option of the F-Mount, where 
the camera and the lens can be com-
bined to form a permanently calibrated 
unit. This also ultimately helps improve 
the precision of analysis. 

Conclusion
White light interferometry still offers 
plenty of potential for extremely accu-
rate three-dimensional quality control 
within production lines. This includes 
monitoring of printed circuit boards, 
contact pins of ball-grid arrays and the 
cut edges of inserts. The many out-
standing features and specifications of 
the EoSens® camera, combined with the 
Korad system technology, allow custom 
three-dimensional measuring applica-
tions with microscopic accuracy to be 
implemented. The numerous benefits of 
these cameras made a decisive contri-
bution towards the entire engineering 
of inspection and monitoring tasks. 
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MIKROTRON GmbH of Unterschleissheim (near Munich) develops, 
manufactures and distributes systems and components for indus-
trial image processing. Our core competence lies in the production of 
high-speed video systems, vision cameras and analogue/digital frame 
grabbers for production, research and development, as well as turn-
key systems for industrial electronics.
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