XXIII International Conference MHCL 2019 — Extended Review Abstract

Conceptual design of a modular, hybrid sensor system (Duck Box) for the
Implementation of location-based material flow analyses

Rainer Pascher, Christoph Ecker and Wilfried Sihn
Vienna University of Technology - Institute of Management Science, Industrial and Systems
Engineering, Theresianumgasse 27, 1040 Vienna, Austria
e-mail: rainer.pascher@fraunhofer.at

Abstract

Intralogistics, which includes all internal material storage, handling and transport costs, accounts for
25% of the total personnel input, 55% of the space required and 87% of the actual throughput time.
These percentages show the great potential of an efficient implementation.

An essential component of intralogistics is the material flow relationships that are required in the
context of value creation. Despite increasing automation, these are usually carried out manually and
are associated with high personnel and cost input. The distances covered by industrial trucks or forklift
trucks vary, among other things, in terms of their distance, intensity and relevance for the actual value-
added process. These and other properties are investigated within the framework of a material flow
analysis.[3, 7-9]

The current basis for the analysis of intralogistic material and goods flows is a large number of
visualization and modeling tools. For the underlying database, so-called Indoor Positioning Systems
(IPS) or Real Time Location Systems (RTLS) are used to locate transport vehicles and to draw
conclusions about the existing traffic volume based on the positioning data. By using such systems for
further optimisation, an efficiency increase of 15-20% can be achieved in the picking area of a
warehouse. [2, 4, 6, 8, 10]

The advancing digitalization with the seemingly infinite number of different technologies and sensors
is currently used by companies inadequately or not at all. A lack of standardisation, poor user-
friendliness and a myriad of influencing factors do not permit a specific application for location-based
material flow analyses in an industrial environment.[1, 5, 11]

The target is to link company-specific requirements and technological framework conditions, in order
to make the use of modular, hybrid sensor technology possible and to create the basis for the analysis
of material flows.

Due to the different requirements resulting from the respective company conditions and processes,
individualization is usually necessary. Different technologies and sensors must be combined into a
hybrid overall concept. The use of a modular, hybrid sensor technology enables the company to carry
out a complete material flow analysis.

This paper descibes the development of a conceptual measuring unit (project name: Duck Box). It
essentially has a processor which is powered by a mobile battery and which connects and controls
various modules and sensors. All components have been selected for the highest possible economic
efficiency and can be obtained easily and inexpensively from independent retailers. An ultrasonic
sensor is used to record the loading condition. Depending on company requirements, the position data,
the distance travelled and the associated dwell times are to be recorded alternately using an active RFID
tag, UWB, WLAN or Bluetooth. Depending on the selected IPS and sensor technology, the generated
data is recorded locally on a storage medium or alternatively transmitted via a wireless connection to
a database positioned in the analysis area.




All components are accommodated in a compact and at the same time robust housing suitable for
industrial use. The housing is manufactured using the 3D printing process and has various mounting
options for industrial forklifts.

A picture of the developed Duck Box incl. the corresponding circuit diagram is shown in the following
picture.
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Fig. 1. Isometric view of the Duck Box Fig. 2. Circuit diagram of the components used
References

[1] Al Nuaimi, Klaithem; Kamel, Hesham (2011): A survey of indoor positioning systems and
algorithms. In 2011 International Conference on Innovations in Information Technology, pp. 185-
190. DOI: 10.1109/INNOVATIONS.2011.5893813.

[2] Arnold, Dieter; Furmans, Kai (2005): Materialfluss in Logistiksystemen. 4., aktualisierte
Auflage. Berlin, Heidelberg: Springer-Verlag Berlin Heidelberg (VDI-Buch).

[3] Bortolini, Marco; Gamberi, Mauro; Piana, Francesco; Regattieri, Alberto (2015): Industrial
application of UWB real-time location system technology to increase inbound logistic performances.
23" International Conference for Production Research, ICPR 2015, pp. 1-13.

[4] Chow, H.; Choy, K.; Lee, W.; Lau, K. (2006): Design of a RFID case-based resource
management system for warehouse operations. In Expert Systems with Applications 30 (4), pp. 561-
576. DOI: 10.1016/j.eswa.2005.07.023.

[5] Deak, Gabriel; Curran, Kevin; Condell, Joan (2012): A survey of active and passive indoor
localisation systems. In Computer Communications 35 (16), pp. 1939-1954. DOI:
10.1016/j.comcom.2012.06.004.

[6] Gladysz, Bartlomiej; Santarek, Krzysztof; Lysiak, Cezary (2018): Dynamic Spaghetti
Diagrams. A Case Study of Pilot RTLS Implementation. In Anna Burduk, Dariusz Mazurkiewicz
(Eds.): Intelligent Systems in Production Engineering and Maintenance — ISPEM 2017, vol. 637.
Cham: Springer International Publishing (Advances in Intelligent Systems and Computing), pp. 238-
248.

[7] VDI 2689, 05.2010: Leitlinie fur Materialflussuntersuchungen.



[8] Martin, Heinrich (2016): Transport- und Lagerlogistik. Systematik, Planung, Einsatz und
Wirtschaftlichkeit. 10. Auflage. Wiesbaden: Springer Vieweg.

[9] Pfohl, Hans-Christian (2010): Logistiksysteme. Betriebswirtschaftliche Grundlagen. 8., neu
bearb. und aktualisierte Aufl. Berlin: Springer.

[10] Ruppert, Tamas; Jasko, Szilard; Holczinger, Tibor; Abonyi, Janos (2018): Enabling
Technologies for Operator 4.0: A Survey. In Applied Sciences 8 (9). DOI: 10.3390/app8091650.

[11] Sakpere, Wilson; Adeyeye Oshin, Michael; Mlitwa, Nhlanhla B. W. (2017): A State-of-the-
Art Survey of Indoor Positioning and Navigation Systems and Technologies. In SACJ 29 (3). DOI:
10.18489/sacj.v29i3.452.



	References

