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ABSTRACT The primary research focus is the development and demonstration of a
wireless sensor system for the process control in agricultural biomass during storage. The
secondary research focus is potential energy savings using imbedded sensors for
optimisation of the drying process and for active feedback control based on on-line
measurements by sensors within the grain storage. The overall objective of this research
is to reduce energy consumption for seed and grain drying and at the same time ensure a
high product quality. The approach builds on novel applications of traceability and the
usage of ICT in the primary agricultural production as methods and technologies for
enhancing the grain and seed production system. The reliable performance of the network
confirmed the correct choice of network characteristics (i.e., frequency range of
433 MHz, a handshaking communication protocol, and 10 mW transmission power). The
results of this study indicate that the designed wireless sensor system could be used for
effective process control and improving the storage and the processing facility.

Keywords: Wireless Sensor Network, Storage, Processing, Quality optimization, Energy
savings.

INTRODUCTION Storage drying facilities are primarily being used on farms and
research has shown that the energy consumption is approx. 4.5 MJ per kg of evaporated
water (Kristensen, 2004). Continuous flow dryers will have a energy consumption in the
range of 5 MJ per kg evaporated water (Hgj, 1995). The demand for drying varies very
much from year to year. It is assumed that on average one third of the cereals needs
drying. With a drying need of 2 percent points, this process would equal 340 TJ for 3
mill. ton. There is a large optimization potential, while the heat of vaporization for water
is about 2.3 MJ per kg and thereby being much lower then what is actual used in the
current drying process.
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An essential parameter for an optimised drying process is that the moisture content is
sufficiently low throughout the storage bin. Lack of control of this process can in some
cases result in over drying, with a waste of energy as a result. Also, material that has not
been dried sufficiently can result in lower quality. By assuming an optimized drying
process in relation to temperature- and moisture, it is estimated that the energy
consumption can be reduced by as much as 10-20 % and at the same time it is possible to
ensure the quality of the cereals. Therefor, it would be beneficial to know the differences
between drying ocnditions within the storage bin on a real-time basis using site specific
information and thereby allowing for a site specific drying process to ensure optimal
conditions anywhere in the storage bin. This solution would be possible using on-line
wireless sensor distributed in the stored material.

Wireless sensors have been used for different applications within agricultural measuring,
monitoring and control (Wang et al., 2006), such as precision irrigation, environmental
field data collection systems, automated fertilizer applicators, and animal behaviour
monitoring (Damas et al., 2001; Kim et al., 2006; Nadimi et al., 2008; Schumann et al.,
2006; Vivoni and Camilli, 2003). It is the aim of this study to design wireless monitoring
systems that is applied to measure parameters in biomass process facilities by placing
networked wireless sensors throughout the storage area. The system will facilitate long-
term data collection at scales and resolutions, which are better than those obtained using
traditional methods. A wireless sensor’s intimate connection with its immediate physical
environment allows each sensor to provide detailed information, which is difficult to
obtain through traditional instrumentation such as invasive electrodes or probes. In
addition, sensor nodes have the ability to adapt their operation over time in response to
changes in the environment. In the design of wireless nodes, communication reliability
and low energy consumption are two important factors to be considered. System
identification techniques have also been widely used for different applications in
agriculture (Nadimi et al., 2009).

MATERIAL In order to design a wireless sensor system capable of measuring and
transmitting data from remote locations in the open area, a two step system was designed
involving a short distance communication between the sensor nodes and a transceiver box
and a long distance communication system between the transceiver box and an internet
server.
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Figure 1 — Principle design of Wireless Sensor System for the two step communication.

Figure 1 describes the principle design of the wireless sensor system with a number of
wireless sensor nodes communicating with a base station working as a receiver station
and a transmitting station forwarding the collected data to an internet server or directly to
a mobile unit as e.g. a mobile phone. This system design makes it possible to perform
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data mining in the data originating from the individual sensors to optimize the
information transmitted. Also, in the base station it is possible to carry out a processing of
the data, e.g. calculating mean or surveying for threshold values, so that alarm signals can
be generated, if the received data exceeds a certain treshole.

METHOD For testing and evaluating different data transmission and communication
technologies, a setup consisting of two spears was mounted with different sensors and
communication means and then inserted into different biomass storages.

The spears could be mowed (setup A) to test different transmission distances. Inside
spear (B), a receiver was mounted and connected to a lab-top for data acquisition and
mining. Spear (C) was mounted with the wireless sensor transmitting data continuously.
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Figure 2. Setup for measuring signal transmission loss.
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Figure 3. Design of equipment for measuring signal transmission loss.

A measuring system, consisting of 10 wireless sensors, measuring temperature and
relative humidity, and that transmits to an external antenna and data acquisition system
from a cereal drying process facility, were used for monitoring the variations within the

drying facility.
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RESULTS The readings from the developed sensor system monitoring variations of
drying conditions over a period of 4 days are illustrated in Figure 4 and 5.
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Figure 4. Temperature variations in the drying facility.
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Figure 5. Relative humidity variations in the drying facility.

DISCUSSION Designing and developing of a wireless sensor network for monitoring
cereal storage has two main challenges. The design and development of a positioning
system and the optimal communication method between the sensors are both very
important factors in order to create a sensor network that are able to work within a
dynamic environment as a cereal drying storage.

A sensor system able to self positioning within the storage gives the possibility for on-
line measurement inside cereal storage facilities that has stirring and/or continues flow.
This kind of storage facilities are very difficult monitored with wired sensors, and
therefore a wireless sensor system can be used for 3D modelling of the physical
parameters.

The application of the storage area with numerous networked sensors can enable long-
term data collection at scales and resolutions that are difficult to obtain using traditional
methods. A sensor’s intimate connection with its immediate physical environment allows
each sensor to provide localized measurements and detailed information that is hard to
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obtain through traditional instrumentation such as invasive electrodes or probes. The
integration of local processing and storage allows sensor nodes to perform filtering, data
analysis as well as to apply application-specific aggregation and compression algorithms.
The ability to communicate not only allows sensor data and control information to be
communicated throughout the network of nodes, but nodes to cooperate in performing
more complex tasks, such as statistical sampling and data aggregation. Low-power radios
with well-designed protocol stacks allow generalized multi-hop communications among
network nodes, rather than single-hop communication.

Novel localization techniques in wireless sensor networks have been among topics
attracting lot of attention. Different methods such as angle of arrival (AOA), time
difference of arrival (TDOA), time of arrival (TOA) or received signal strength indicator
(RSSI) have been implemented for 3-D localization; however, none of these methods
have been implemented to estimate the location of the sensors monitoring quality
parameters in cereal storage. Consequently, novel low-power low-cost sensor nodes
capable of monitoring quality parameters, communicating in a multi-hop fashion,
transmitting their 3-D location are of great interest.

Non-invasive monitoring methods using wireless sensor networks have been
implemented by Osman et al., (2002) and Lee et al., (2005). Single-hop connectivity was
selected as the routing protocol leading not to achieve a reliable communication between
sensor nodes and the gateway and consequently, having a poor packet delivery
performance.

CONCLUSION In order to monitor variations of drying conditions in a seed drying
facility to improve the efficacy of the system, novel non-invasive wireless nodes capable
of measuring the temperature and relative humidity inside the processing facility have
been designed and their performance evaluated in a full-scale drying facility.

The designed wireless nodes precisely monitored the temperature inside and reliably
transmitted the measured data. The results of these experiments showed between 98.9%,
99.4%, and 99.3% of the packets disseminated from the tested sensor nodes were
successfully delivered to the gateway.

The results of this study indicate that the designed wireless sensor nodes could potentially
be used for other applications like detecting the occurrence of silage decomposition and
for improving the efficacy of silage conservation systems.

Acknowledgements. Thanks to Lars Rindorf, Henrik Pranov and Leif Hgjslet
Christensen from the Danish Technological Institute for the assistance in the design and
production of the sensor nodes.

The work conducted in the thesis was financial supported by the Danish National
Agricultural Advisory Service; Danish Ministry of Food, Agriculture and Fisheries; and
the Seedland — Consortium, which is a collaboration of Aarhus University, Selandia and
University of Copenhagen, funded by the Danish Agency for Science, Technology and
Innovation.

CIGR XVII"™ World Congress — Québec City, Canada — June 13-17, 2010 5



REFERENCES

Damas, M., A.M. Padros, F. Gomez, and G. Olivares. 2001. HidroBus® system: fieldbus
for integrated management of extensive areas of irrigated land. Microprocessors and
microsystems. Vol. 25 pp. 177-184.

Hgj, J. 1995. Kornbehandling, Tarring, lagring, transport. Landskontoret for Bygninger
og Maskiner

Kim, Y., R.G. Evans, W. lversen, and F.J. Pierce. 2006. Instrumentation and control for
wireless sensor network for automated irrigation. Written presentation at the 2006
ASABE Annual International Meeting. Paper number 061105. Portland, Oregon, USA.

Kristensen, E.F. 2004. Energibesparelser ved optimeret drift af gardkorntgrringsanleg,
DJF Intern rapport nr. 192.

Lee, W. S., J.K. Schueller, and T.F. Burks. 2005: Wagon-Based silage yield mapping
system. Agricultural Engineering International: the CIGR Ejournal. Vol. VII.
Manuscript IT 05 003.

Nadimi, E. S., H.T. Sggaaard, Henning, T. Bak, and FW.I Oudshoorn. 2008, ZigBee-
based wireless sensor networks for monitoring animal presence and pasture time in a
strip of new grass. Computers and Electronics in Agriculture. 2008 ; vol. 61, nr. 2, May
2008. s. 79-87.

Nadimi, E. S. and H.T. Sggaaard. 2009 , Observer Kalman filter identification and
multiple-model adaptive estimation technique for classifying animal behavior using
wireless  sensor networks. Computers and Electronics in  Agriculture.
doi:10.1016/j.compag.2009.03.006 .

Osman, A. M., P. Savoie, D. Grenier, and R. Thériault. 2002. Parallel-plate capacitance
moisture sensor for han and forage. Written presentation at the 2002 ASAE Annual
international Meeting/ CIGR XV World Congress. Paper number 021055. Chicago,
Iliois, USA.

Schumann, W.M., Q.U. Miller, K.H. Zaman, S. Hostler, S. Buchanon, and S. Cugati.
2006. Variable rate granular fertilization of citrus groves: spreader performance with
single-tree prescription zones, Appl. Eng. Agric. 22(1) (2006), pp. 19-24.

Vivoni, E. R. & R. Camilli. 2003. Real-time streaming of enviromental field data.
Computers & Geosciences. Vol. 29, pp. 457-468.Nadimi, E. S., Sggaaard, Henning T.,
(2009), Observer Kalman filter identification and multiple-model adaptive estimation
technique for classifying animal behavior using wireless sensor networks. Computers
and Electronics in Agriculture. doi:10.1016/j.compag.2009.03.006 .

Wang, N., N. Zhang, and M. Wang. 2006. Wireless sensors in agriculture and food
industry — Recent development and future perspective. Computers and Electronics in
Agriculture. Vol. 50 pp. 1-14.

CIGR XVII"™ World Congress — Québec City, Canada — June 13-17, 2010 6



