Bionics: Electric view in murky waters
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shapes and materials and even distinguish between
living and dead objects. In fractions of a second,
they use the electrical pulses to detect where
mosquito larvae, their favorite prey, hide at the
bottom of their habitat.
The researchers around Prof. Dr. Gerhard von der
Emde from the Institute of Zoology of the University
of Bonn have been investigating for many years
how the strange electrosensitivity of African
Elephantnose fish works. The fish use two different
types of electro-receptors for "active
electrolocation." One only measures the intensity of
the signal, the other the waveform of the pulse. "We
were recently able to show that the fish uses the
ratio of the two readings to identify its prey," reports
von der Emde. This creates "electric colors"
Electric field lines that spread around the camera and a
analogous to visual colors perceived by the human
plant stem are shown in white-blue colors. They run from
eye, but through electrical signals instead of visible
the transmitting electrodes of the thin, extended rear end
to the measuring electrodes in the front area and to the light.
front electrode of the device (gold-colored). Credit:
Martin Gottwald/Hendrik Herzog

When dealing with disasters or searching for
objects, robots or drones with cameras are usually
used. However, conventional cameras are of rather
limited use in murky, dark water, such as in a
sewage pipe or a lake that is cloudy with sediment.
Zoologists at the University of Bonn have now
developed a special camera for such operating
conditions: Modeled on the African elephantnose
fish (Gnathonemus petersii), it supplies "electric
images" with "electric colors" in murky waters. The
researchers now present their bionic development
in the journal Bioinspiration & Biomimetics.
Elephantnose fish are nocturnal and therefore
cannot rely on their eyes when hunting for prey.
With an electric organ in their tail they generate
short electrical pulses up to 80 times per second.
Electroreceptor organs in their skin and especially
on their trunk-like chin measure how the pulses are
modulated by the environment. With this electrosense the fish can estimate distances, perceive

Weakly electric elephantnose fish (Gnathonemus
petersii) searching for food. Credit: Maik Dobiey/Uni
Bonn

Prof. Gerhard von der Emde, doctoral student
Martin Gottwald and Dr. Hendrik Herzog from the
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Institute of Zoology at the University of Bonn used
their findings from their basic research on the
Elephantnose fish to develop a first camera
prototype based on the model of this active
electrolocation. "With this 'bionic' electric camera it
is possible to shoot 'electric images' of objects
without any light, even in a murky environment,
which also allow an analysis of the electrical and
spatial properties of the objects depicted," reports
von der Emde.

colors

Animated objects, such as fish and plants,
produced different "electric colors—exactly how they
are also recognized by electric fish.
"Supplementary evaluations showed that the
electrical images could also be used to determine
'electrical outlines' of the measured objects, which,
similar to their optical contours, can provide
information about shape and orientation," reports
lead author Martin Gottwald. In contrast to visual
Like the Elephantnose fish, the camera generates a measurements, all these electrical image
weak electric field around itself and captures the
parameters are not affected by a cloudy or dark
electric images of objects in its environment with
environment. Where conventional eyes or camera
several sensors (electrodes) on its surface. As the systems fail, the electric camera allows an
researchers report, various natural objects, such as unclouded view.
fish, plants or wood, as well as artificial test objects,
such as spheres or rods made of aluminum or
The results of the study show that bionic methods
plastic, were measured and characterized by the
could be used to develop novel electrical camera
camera in this way. "The same analytical
systems that facilitate, for example, robot- or droneparameters used by Elephantnose fish during
based inspections in murky waters. In addition, the
active electrolocation were used for this," says Dr. scientists see many other applications for electric
Hendrik Herzog. For example, the distance to the cameras, including material control, device
object could be determined by the degree of image monitoring and medical applications. Furthermore,
blur.
the electric camera can also support basic
biological research and help to improve
understanding of active electrolocation of weakly
electric fish.
More information: Martin Gottwald et al. A bioinspired electric camera for short-range object
inspection in murky waters, Bioinspiration &
Biomimetics (2019). DOI:
10.1088/1748-3190/ab08a6
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Prof. Dr. Gerhard von der Emde, Dr. Hendrik Herzog und
Martin Gottwald (from left) with the camera at an
aquarium in the Institute of Zoology at the University of
Bonn. Credit: Barbara Frommann/Uni Bonn

Animated objects produce different electrical
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