
 

Banknote check with ultra-fast line scan
sensor
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This 60-line sensor is twice as fast as previous systems. Credit: Fraunhofer IMS

Speed and accurate image reproduction are the alpha and omega of
quality inspection in security printing. Conventional image sensors are
limited in this regard. Fraunhofer researchers have developed an
ultrafast line scan sensor that delivers high-quality images and identifies
banknotes with faulty safety features.
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In the first half 2014 alone, nearly 25,000 counterfeit euro notes worth
EUR 1.5 million were registered, according to information by the
Deutsche Bundesbank. In order to make the criminal work of
counterfeiters more difficult, banknotes are equipped with special
security features. These include tiny structures that are not visible to the
naked eye, such as holograms with a tilt effect. This results in the subject
changing when it is looked at from different perspectives. Through the
use of special cameras, quality checks during printing are intended to
ensure that these features are free of errors on each banknote.

The AIT Austrian Institute of Technology is a leader in the international
market in the production of such test systems for security printing. For
the development of a new sensor, the Austrian research institution has
brought the Fraunhofer Institute for Microelectronic Circuits and
Systems IMS in Duisburg on board. This is because the sensors which
are currently available have meanwhile reached their limits: their speed
is often not enough to check quality in real-time during the production
process.

Camera takes 200,000 color images per second

With the 60-line sensor that the Duisburg experts have developed, these
drawbacks are now a thing of the past: "Our sensor is twice as fast as
currently available solutions, while providing high-quality images in very
high resolution," explains Werner Brockherde from the IMS. The sensor
detects the bills – like a scanner does – line by line when they come off
the press. The camera takes up to 200,000 color images per second, with
exposures of millionths of a second. Software compares the recorded
images to a desired image and identifies banknotes with faulty safety
features. In order to achieve the high speed, the IMS researchers have
integrated an individual readout chain on the chip for each pixel column.
In addition, they have developed special photo pixels, thanks to which
conventional optics can be used, despite the short exposure times. In
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each pixel column, the three colors red, green and blue are recorded at
the same time and over the entire pixel area. This allows high-quality
color reproduction. Another special feature of the sensor is that the high
number of lines makes it possible to detect objects from different
perspectives. "As a result, surface structures in 3D, such as the tilt
effects of holograms, can also be checked for the first time," says
Brockherde.

The special architecture of the sensor opens up room for further
applications. Thanks to the large number of lines, its wavelength
spectrum can still be expanded – up to the UV or infrared light range.
That would be interesting for the recycling of plastics, as well, where the
sensor could identify shredded materials according to their color
information, thereby facilitating separation. With the ability to analyze
3D surfaces, it is also suitable for the quality control of different
materials in industrial production.

Another field of application is the study of the rails or contact wires of
trains: Even at a speed of around 300 km/h, the sensor could provide
razor-sharp images with a resolution of up to 0.4 mm and, thus, detect
the tiniest hairline cracks. Near-Earth satellites, which are equipped with
such a sensor and which orbit the Earth at a speed of 26,000 kilometers
per hour, could take color photographs of the earth's surface with a
resolution of 3 centimeters.

The market launch of the new sensor which is at the heart of the AIT test
camera is scheduled for the end of 2015.
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