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In our modern age of globalization, the quantities of raw
materials, products, and waste that are sorted, processed,
and recycled are steadily increasing. Many products—
ranging from grains to minerals—start their life cycle as
bulk materials, i. e., material that is transported loosely in
large quantities. Furthermore, many products also end up
as bulk material in the form of recyclable waste when their
current life cycle ends.

In many fields, such as mining, farming, and recy-
cling, the bulk material is not homogeneous but a rather
heterogeneous mixture. The utility and value of bulk mate-
rials can be increased by separating the mixture into mul-
tiple specified fractions. While some sorting techniques,
such as magnetic separation or sieving, have been widely
used for decades or even centuries, sensor-based sorting is
emerging as a new promising technology for more difficult
sorting tasks in which sorting based on physical properties
is deemed infeasible.

Sensor-based sorters can sort almost arbitrary bulk
materials that can be differentiated based on data of an
electric sensor, such as a camera. After the particles have
been classified based on the sensor data, a separation into
multiple fractions is performed in a distinct separation
step that involves flaps or air jets. Sensor-based sorters are
important in recycling, and thus, they support a sustain-
able economy. Furthermore, they are used to ensure the
quality of food and are important to ensure the affordabil-
ity of minerals and ores.

While being versatile and flexible, sensor-based
sorters are complex machines that come with a variety of
challenges. First, suitable sensors and a reliable way to
discriminate the particles of the different classes must be
determined. A particular challenge is that the classifica-
tion must be real-time capable and allow for high through-
put. Second, a suitable separation mechanism that en-
sures that the fractions are separated reliably has to be
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implemented. There are several degrees of freedom (rang-
ing from the design of the sorter to the preparation of the
feed) that can be used to ensure the classification and sep-
aration are successful. Therefore, developing a sorter for a
new mixture of bulk materials is a nontrivial and exiting
engineering task.

This special issue of “at — Automatisierungstechnik”
provides a broad overview of the topic, innovative ideas,
and in-depth information on specific practical applica-
tions. We begin with an article that offers a comprehensive
overview of the field of sensor-based sorting. The second
and third articles present novel methods in the context of
sensor-based sorting. The fourth and fifth articles go into
detail on specific sorting applications.

The first article “Sensor-based ore sorting in 20207,
written by Christopher Robben and Hermann Wotruba,
provides an overview and some details on the history of
sensor-based sorting. Due to their background in minerals
engineering, the authors focus on applications in mining,
which is where sensor-based sorting originated. The au-
thors dissect the architecture of sensor-based sorters and
lay out all the relevant phases of the sorting process, which
include not only the material presentation, detection, and
ejection, but also the feed preparation. Moreover, the au-
thors describe which properties can be extracted and used
for the classification of the particles. The article also pro-
vides details on the sensors and wavelengths that com-
monly employed in sensor-based ore sorting.

The article “Predictive tracking with improved mo-
tion models for optical belt sorting” by Florian Pfaff et al.
presents an algorithmic innovation for a previously pro-
posed design of an optical belt sorter that includes an area
scan camera. In sensor-based sorting, there is a temporal
gap between the detection of the particles and the actual
separation. To bridge this gap, predictions are made that
are based on assumptions about the particles’ motions.
The article addresses how an area scan camera can be used
to obtain both information about the motion behavior of
the bulk material particles in general and particle-specific
information such as the velocity of each individual par-
ticle. By combining all information with a novel motion
model, the authors are able to significantly improve the
predictions.

In the article “Characterizing material flow in sensor-
based sorting systems using an instrumented particle” by


https://doi.org/10.1515/auto-2020-0023
mailto:florian.pfaff@kit.edu
mailto:uwe.hanebeck@kit.edu

230 — F.Pfaffand U.D. Hanebeck, Sensor-based sorting

Georg Maier et al., the authors present a novel way to quan-
titatively assess the motion behavior of bulk material par-
ticles throughout the sorting process. To achieve this, a
microcontroller and suitable sensors were tightly packed
for integration into an artificial instrumented bulk mate-
rial particle that resembles other particles in the bulk ma-
terial stream. The sensor data allow for characterizing the
bulk material and extracting material flow properties. As a
proof of concept, the authors use sensor data to determine
the part of the sorting process in which the particle is.

The article “Near infrared hyperspectral imaging-
based approach for end-of-life flat monitors recycling” by
Giuseppe Bonifazi et al. addresses the sorting of the milled
remains of end-of-life flat monitors. The authors use a cas-
cade to be able to implement the separation into several
classes using simple sorters that can only subdivide the
bulk material stream into two fractions. All decisions in
the four-step cascade are based on hyperspectral images.
The authors achieve good classification results and pro-
vide ideas how the classification can be further enhanced.

The article “Automated sorting of recycled paper us-
ing smart image processing” by Mohammad Osiur Rah-
man et al. addresses the topic of waste grade classification
for paper waste. In paper recycling, higher revenues can
be achieved when the paper is sorted according to differ-
ent waste grades. The authors have previously proposed
real-time capable algorithms for waste grade classification
based on area scan camera images. The novel approach
presented in this article is based on extracting eight re-
gions of interest. By extracting and using features in the
RGB or HSI color space, the authors are able to outperform
previous approaches in a thorough evaluation involving
over 400 objects.

Regardless of whether you are a novice in the field of
sensor-based sorting that wants to get an overview or an
expert in the field that is interested in the latest trends—we
hope you enjoy reading this special issue of “at — Automa-
tisierungstechnik”!
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