
 

 Page 1 of 47 

NJF Seminar 411 
Information and Communication Technology in Agriculture 
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Background 
New automation, ICT and GIS technologies provide solutions for steering and controlling 
mobile working units in site-specific production systems as a way to fulfil requirements for a 
safe, efficient, environment friendly and traceable production. However, enhanced quality and 
efficient performance of work tasks require the organizing of a user-centric on-line support 
which is based on open system solutions. A missing link in the envisioned system is the lack 
of a refined and integrated analysis of the acquired data and the transformation of these data 
into information and knowledge useful for decision making. Currently, major parts of the 
information collected by sensors or by manual registrations are not used, due to data logistic 
problems. Costs of the time spent for handling and managing the data, in many cases, 
outweigh the economical benefits using the data. Thus, for example, the use of wireless 
communication is very much in the demand in the future. 
The required user-friendly system does not exist currently, and companies are not able to 
develop these kinds of open systems alone. 
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Information Systems for EU Farmers 
Key-note presentation 
 
Blackmore, S. 
University of Thessaly, Greece 
E-mail: Simon@unibots.com 
 
The biggest challenge for farmers in the future will be to effectively manage 
information on and off their farms to improve economic viability and reduce 
environmental impact. Farms of tomorrow have to be able to meet environmental and 
societal standards through advanced technologies and ICT tools. This will allow the 
integration of public goods, provided by agriculture. The FutureFarm project will 
provide and demonstrate the scientific and technical prerequisites for easy and reliable 
information management on future farms. Due to the high variability of farming 
regions, farm types, crops and technological adoption, the project will also deliver 
typologies of potentials in the development of future farms, of feasible technical 
development threads and of policies within the EU-member states, relevant to 
information management and to introduction or promotion of innovations on farms.  
 
Precision Farming research and development over many years has adapted and 
developed information and communication technologies for farming systems. With its 
sensors, satellite positioning systems, PC-based geographical information systems and 
automated equipment control it is the technical core of an information-driven or 
‘information intensive’ crop production. We have the ability to apply these techniques 
on a cheap and simple basis in order to meet the internal and external requirements 
of management and information for all kinds of farms and farming systems. Currently 
most of the required sub-systems and technologies exist as separate entities. 
FutureFarm will analyze the necessary prerequisites and design concepts to set up the 
required technical environments, information platforms and procedures for core 
activities of future farmers in the European Union. Standardized information flow is a 
technical prerequisite to comply with private or public standards and thus to 
communicate indirectly but in a new mode with consumers and citizens. This will also 
allow better integration of local specific information and thus will account for the 
diversity of European agriculture. 
 
Using case studies and practical examples this project will integrate existing research 
into a coherent information management system (Farming Management Information 
System, FMIS). This system will allow not only supporting socioeconomic viability with 
environmental considerations but also go towards meeting evolving standards for 
compliance. The general validity of the system will be tested on four farms in the EU 
using examples of cash crop production as well as internal use of ‘bio-energy’ 
produced on the farm. Studying the potentials to use field robots in order to increase 
labor-and energy-efficiency, or to achieve controlled precision in complying with 
environmental demands in crop production, rounds off the project. The applicability 
and the necessary steps to adapt the system to the variability of farm types in the EU 
will be analyzed and typified. Recommendations for the development of future farms 
from the central view of information management will be elaborated with stakeholders 
from farms and regions as well as with the European companies providing information 
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technology for agriculture. Besides researchers from universities and non-university 
research centers some project partners are European SMEs. Four selected farms are 
participating in the project to ensure R+D and communication within the project with a 
view for the practical conditions of farmers in the EU and to have access to real world 
situations and data. 
 
Developing codes of good farming practice, diversifying markets and production 
systems as well as European standards of sustainable agricultural production systems 
require implementation of more elaborate management strategies. These have to 
respect specific ecological conditions, demands from the rural regions and those from 
the value-added chains. On top of that, these strategies have to be simple, but flexible 
enough to be adapted easily to changing economic or environmental conditions and 
they need proof of their compliance. Beyond that, the demand for information about 
the production processes is growing, both from the perspective of the value-added 
chains (traceability) as well as from regional stakeholders in order to fulfil 
multifunctional objectives by farming. An important prerequisite for farmers to comply 
with all these different demands is to easily have sufficient and timely information 
available for decision making or providing documentary evidence. The rapid 
development of technologies for information and communication, new sensors as well 
as the vast potentials for providing geo-referenced data (remote-sensing, on-line 
sensors, public databases etc.) also allows farmers to access new and high quality 
data and use them as specific information in decision making or process 
documentation. With automated data acquisition and handling in a farm management 
information system the farmers can comply with a rapid growing demand of standards 
in the management for further tracing the production processes. 
 
Precision Farming (PF) in Europe uses new technologies in information handling and 
management as well as in managing the spatial and temporal variability found on all 
farms. Such explicit information use, improves economic returns and reduces 
environmental impact. Precision farming is very data intensive and historically linked 
with site specific activities and management on the field. It has become very clear in 
recent years that PF is not limited to site-specific farming. The use of techniques and 
methods that form precision farming can provide a wealth of information and tools to 
handle and apply information properly for any type of farm in any region. This 
information-driven approach can be used to help improve crop management strategies 
and proof of compliance through documentation.  
The introduction of advanced ICT technologies into agriculture will also be a significant 
progress in all efforts for measurements oriented payments within agro-environmental 
programs and related efforts to enforce environmentally sound systems in land use 
within the EU. This includes also the Best Management Practice according to the cross 
compliance scheme. 
 
Crop products going into the food chain must show their certified provenance through 
a recognized management strategy and subsidy payments to farmers are now linked 
to respect of the environment through compliance to standards. To this end, an 
integration of information systems is needed to advise managers of formal advice, 
recommended guidelines and implications resulting from different scenarios at the 
point of decision making during the crop cycle. This can be achieved by integrating 
real-time modelling (a crop growth and development model linked to sensors within 
the growing canopy), with expert systems that have been configured with the 
guidelines from a recommended management strategy (e.g. organic, ICM, IPM, 
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factored risk etc) as well as legal guidance (such as health and safety and 
environmental protection). This will directly help the farm or crop manager to make 
better decisions. Expert knowledge in the form of models and expert systems can be 
published and made available in a machine readable form on the internet or made 
available as web-services to be dynamically bound into the end-user software. As the 
relevant farm data is already in the proposed information system, or may be 
automatically integrated using standardized services, documentation in the form of 
instructions to operators, certification of crop province and cross compliance of 
adopted standards can be generated more easily than with current systems. 
 
Crop products can also stay on the farm – besides traditionally fodder this will be in 
the future the internal use of biofuels or bio energy. That would boost the possibility of 
moving towards a highly energy-efficient or even energy-neutral farm. This is 
supported by the significant reduction of energy required by small smart machines 
that can work by themselves while intelligently targeting inputs. 
 
Excerpt from FP7 application: Meeting the challenges of the farm of tomorrow by 
integrating Farm Management Information Systems to support real-time management 
decisions and compliance to standards.  
 
Simon Blackmore 
Project Manager of FutureFarm. 
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Delivering Information and Decision Support Technologies to the 
Machine and Service Provider Customer 
Key-note presentation 
 
Wollenhaupt, N. 
Agronomy & Software Support, AGCO Advanced Technology Solutions, 5859 Opus 
Parkway Suite 160, Minnetonka, Minnesota, USA 
E-mail: Nyle.Wollenhaupt@agcocorp.com 
 
Manufacturers of agricultural machines, and companies that provide supplies and 
services are increasingly integrating technologies into their products.  Goals include 
increased efficiencies to maximize customer profitability as well as to implement 
environmentally responsible crop production practices.  The success of these 
technology providers is measured by their profitability. 
 
Implementation of information and communication technologies (ICT) in agriculture 
can be represented as a “value chain” or a string of companies working together to 
satisfy market demands.  The value chain typically consists of one or a few primary 
value (product or service) suppliers and many other suppliers that add on to the value 
that is ultimately presented to the buying public. 
 

 
Figure 1.  This diagram shows machine manufacturing and service providers at 

opposite ends of the ICT value chain. 
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Figure 1 illustrates a current dilemma in the value chain.   The service providers and 
the machine manufacturers are competing for a limited pool of money that a customer 
is willing to invest. Machines are required to implement the planned activities from the 
service provider using information and decision support tools.  When the service 
provider owns their own machines for say fertilizer application, the dependence on the 
customer having machines equipped with appropriate technologies is substantially 
reduced.  If the machine manufacturer equips farmer owned machines to respond to 
ICT inputs, what technologies are required and are the requirements different for 
different service providers? 
 
Machine manufacturers are making strides in developing standards for managing and 
using machine information.  The J1939 standard developed in the 1990’s addresses 
communications on tractors.  For example engine and transmission information is used 
to automatically adjust fuel/air mixtures for the engine or wheel speed to reduce the 
engine load.  This application of information and decision support is part of an 
electronic control module mounted on the tractor BUS and requires no 
operator/human expert to function. 
 
An example of an equipment manufacturer and service providers working towards a 
mutual benefit (profit) can be shown with AgChem application equipment and 
Agronomy retail outlets.  AgChem builds large sprayers and variable rate fertilizer 
applicators used by custom applicators (contractors) to apply crop inputs as a 
business.  AgChem found it necessary to create an expert system / GIS (SGIS 
software) to enable the local Agronomy expert to process large amounts of data into 
variable rate recommendation maps.  This enabled the retail Agronomy outlets to add 
a higher revenue application service as well as new fee (income) services like soil 
sampling and mapping.  This in turn created a market for the higher margin variable 
rate application machines. 
 
The machine industry is currently in the process of defining and implementing a 
second BUS on machines for better coordination and communication between control 
systems, application devices, harvest systems and a variety of crop, climate and other 
sensors.  The BUS standard is called ISO1783.  A unique feature of this standard are 
sections defining how a Farm Management Information System (FMIS) may move 
information to and from machines, and includes a data dictionary.  I think it will be 
important to keep separate the needs of machines and operators to complete field 
tasks, from the need to move business information from one business to another. 
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Figure 2. Technology chaos in the machine cab. 

 
This is an example of what has happened in the absence of machine information and 
control standards.  The use of “modern ICT” and information management must 
contribute along with ISO11783 to eliminating the chaos created in this modern 
machine.  This really makes it difficult to sell technology solutions and create value for 
machine and service provider customers. 
 
Nyle Wollenhaupt 
Manager: Agronomy & Software Support, AGCO Advanced Technology Solutions 
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Towards a practice of precision farming 
Key-note presentation 
 
Norros, L. 
VTT Technical Research Centre, Finland 
E-mail: Leena.Norros@vtt.fi 
 
Introduction 
Today’s agriculture faces a number of new external demands. They concern efficiency, 
compliance with standards, environment, ethics and health. ICT is considered an 
important means to tackle the demands and to facilitate sustainable agriculture. 
Realistic exploitation of ICT assumes, however, that technology is developed in a way 
that respects the future expectations, needs and capabilities of people involved in 
agriculture and inhabiting rural areas.  “Human-centred design” denotes technology 
development that acknowledges the described aims. In the paper we shall outline 
what the development of ICT in agricultural processes assumes of the human-centred 
design, and how this approach was applied in two research projects on farming 
information management (Pesonen, Nurkka et al. 2007; Pesonen, Koskinen et al. 
2008).   
 
Precision agriculture from the farmers’ point of view  
Farming comprises many different production processes that require management. 
Duties include controlling and monitoring the farming process, collecting and analyzing 
statistics on the process and using the collected information in decision-making and 
strategic planning. Challenges in the management grow bigger as the farmer needs to 
confront changes for which his personal experience provides limited guidance. In this 
context, also the focus of the agricultural production is changing from quantity 
towards quality and sustainability. Precision Agriculture (PA) aims at achieving these 
goals by means of techniques that increase the number of correct decisions. 
Implementing ICT in precision farming does not only automate production but also 
“informates” it.  
 
Not so much knowledge is available of how farmers themselves comprehend the 
farming process and its information needs. We draw attention to two projects, in 
which the farmers’ point of view was considered as an important starting point for 
technical development of PA. The studies shed light to the farmers’ thinking from two 
complementary perspectives, i.e. farming without and with experience of PA 
technologies. The first study was carried out in Finland (2005-2007). It focused on the 
information and planning needs of barley growing. Interviewed farmers did not have 
experience of using PA technologies. The aims and expectations in barley growing 
(labelled here farming orientation) were inquired by theme interviews. Eleven farmers 
participated. The interviews were analyzed, and indicators for farming orientation 
created. The main achievement was the articulation of three different farming 
approaches. It was found out that only one of these orientations was intensively 
focused on the planning and information processes of barley growing. This orientation 
was interpreted to exhibit a “precision agriculture thinking” that exists as an 
underlying rational of work already in a pre PA technology situation. Further interviews 
were accomplished with the four farmers portraying the PA thinking to inquire more 
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precisely their conceptions of the barley growing process and its information needs. 
This focusing was motivated by the assumption that PA thinking would facilitate 
interest and ability to participate in a design study aiming at developing a PA-oriented 
decision making and planning tool.   
 
The second study was accomplished within the frame of a Nordic research project 
InfoXT (Pesonen et al. 2008, see also Rydberg & Olsson  in this conference). The two 
aims to be considered were, fist, to see whether Swedish precision farmers have 
similar ideas about process control as the Finnish farmers, and, second, to map the 
problems farmers expressed with regard to PA with needs of information that were 
identified in the PA model building included in the project. The results indicate that 
beyond the still insufficient maturity of the PA information flows, and the problems in 
the usability of ICT-based tools, also further possible obstacles for PA exploitation 
exist. It was found out that a majority of the farmers spends little or no time on 
evaluating the data from the PA today, mainly due to lack of time, knowledge or 
motivation. Farmers are not willing to devote much time repairing their PA technique 
when other conditions for fieldwork were available. Only one farmer appeared to 
include work on PA technology as intrinsic part of the farming task. This result may 
indicate differences in farmers’ orientations that correspond to those found in Finland. 
An orientation that would facilitate design of new tools is not typical among farmers 
who have experience of PA. We maintain that users’ interest is important in the 
exploitation of the possibilities of present, still immature PA technologies. This would 
be a way to actively contribute to their further development. 
 
How to facilitate farmers’ input in the PA technology design 
Knowledge of the farmers’ situation led us to propose new ways to include human 
factors in the design of PA technologies. It is not sufficient to inquire farmers’ opinions 
and experiences of singular tools or of their user-interfaces, instead we must 
understand the activity in which farmers are involved. Needed is also insight in what 
functions technology serves in human activity. With both these premises in mind a 
concept of systems usability was created to steer innovative and evaluative human 
factors engineering (HFE) in a global design process. (Savioja and Norros 2008; 
Norros and Salo submitted). Systems usability approach assumes two types of trans-
disciplinary collaboration, one that deals with understanding the domain and its 
constraints (PA in our case), and the second with available ICT technologies and their 
possibilities to support future activities, e.g. farming.  This is just what was done in 
the InfoXT project. The joint tool that we utilised in the project work was system 
modelling. In this modelling we approach the target from two perspectives: A top-
down and theory-based perspective, aims at understanding the relevant generic 
principles governing the agricultural domain, technology and farming activity. The 
boundary conditions for work and tools are set by these factors. It is also required to 
work bottom-up, drawing on the present situation in farming, in which focus is on 
singular practice-near phenomena and problems. The final, even more challenging 
modelling task is to bring the above two perspectives together. The aim is to create 
formative concepts or patterns that describe ways of how technical and human 
elements combine to form a joint intelligent system, and how this unity works to 
realise an intended work process, in our case a new information-based precision 
agriculture practice.  In the InfoXT project such a model-based and systemic design 
process was carried out. A solution was created for mobile information management in 
automated plant production, and it was demonstrated in a spraying task. The concept 
was evaluated from technical and systems usability point of view with the aid of a 
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prototype and realistic scenarios, respectively. In the present paper the used design 
approach and its different steps will be demonstrated. (Pesonen et al. 2007, 2008).  
 
Conclusions 
It is evident that developing PA into a dominant form of production many global 
challenges will have to be considered. It is maintained that the methodology outline in 
the paper could be used as a tool in a more comprehensive development process of 
PA. The system to be considered should be enlarged and stakeholders to be involved 
increased, however. True innovations in the farming technology are needed but 
realising the existing potential assumes development projects in which many 
stakeholders of agriculture interact and form trans-disciplinary research and 
development groups, e.g. in the form of the so-called living labs.  
 
Leena Norros 
Professor, VTT Technical Research Centre of Finland 
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The present situation on the application of ICT in precision agriculture in 
Sweden 
Oral presentation 
 
A. Rydberg & J. Olsson 
JTI – Swedish Institute of Agriculture and Environmental Engineering, Uppsala, 
Sweden 
E-mail: Anna.Rydberg@jti.se 
 
The information flow in PA usually comprises data collection, processing, analyzing, 
and execution. Many farmers find the information handling in PA complicated and too 
difficult to manage. In this study, farmers and advisors practicing precision agriculture 
in Sweden have been interviewed in order to analyze the information flow on each 
farm. 
The adoption rate for precision agriculture techniques has been regarded as slow, and 
various explanations have been presented as being a reason to this. Perhaps one 
explanation is that the farmers have not been convinced of the benefits of using PA-
techniques? At the moment, the most increasing application of PA technologies in 
general is the Guidance- /Auto steering systems on tractors and combine harvesters. 
Our study, among others, shows that many farmers claim that this will be their next 
investment in new technology, along with introducing PDAs to their daily work on the 
farm. With this technique, the benefits to the farmer are obvious, and the adoption 
rate for auto steering is being far from slow. 
For several years, the emphasis in information communication technology (ICT) for 
agriculture has been on standards for information exchange between equipment 
(ISOBUS 11783). Provided that this system obtains a wide recognition among 
manufacturers of agricultural equipments, the adoption rate of PA-technique will most 
probably increase. When farmers have invested in auto steering and mobile 
communication equipment, the next natural step would be site specific farming. 
However, a system based on automatic data processing is necessary if PA is supposed 
to be widely used among farmers.  
Several software companies and producers of expert systems for decision support 
(management systems) have come a long way in producing products that many of the 
farmers are asking for today. Possibilities of storing data in one and the same 
database are needed along with software that makes analyzing simple. Crop 
management software is an important part of such a system and has the requirements 
to be a platform for farmers and advisors that are interested in PA. A majority of the 
interviewed farmers and advisors request a standard solution for handling of data. The 
farmers and their advisors express a great demand for automated and time effective 
expert systems for data handling. 
This study is part of the Nordic project ‘InfoXT – User centric-mobile information 
management in automated plant production’, financed by the Nordic Innovation 
Centre, with the objective to create guidelines for a system that integrate the 
information flow from equipment to farmer into one framework. A grant has also been 
provided from The Swedish Farmers' Foundation for Agricultural Research. 
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SoilWeather: In-Situ wireless sensor network for agriculture 
Oral presentation 
 
Thessler, S.1 & Kotamäki, N.2 

1Agrifood Research Finland (MTT), Helsinki, Finland 
2Finnish Environment Insitute (SYKE), Univeristy of Jyväskylä, Finland 
E-mail: Sirpa.Thessler@mtt.fi 
 
Wireless sensor networks (WSN) are increasingly deployed with availability of cheaper, 
smaller and intelligent sensors and faster network access. WSN are utilized in wide 
range of sectors, and it is coming a common tool in research. In agriculture the WSN 
applications include for instance environmental monitoring, precision agriculture, 
machine and process control and traceability systems. Here we present a near-real-
time, catchment scale, continuously-timed WSN for agriculture called SoilWeather and 
shortly describe the agricultural applications based on it. We also discuss on 
advantages and obstacles of SoilWeather and WSNs in general, and consider possible 
future development of SoilWeather. 
SoilWeather is a in-situ WSN that provides spatially accurate, near-real time 
information on weather conditions, soil moisture and water quality with high temporal 
resolution and all-year round. It is multipurpose network that will be employed in 
agriculture, meteorology and environmental monitoring. The network is established in 
Southern Finland and covers the entire Karjaanjoki river basin (2000 km2) including 
one site of more detailed sensoring. This enables analysis at varying scales; at 
catchment, sub-catchment and field parcel levels. The exact location of all the sensors 
is known, and, thus, the network provides spatially accurate information.  
The network hosts 55 weather stations, 30 sensors of soil moisture, 18 sensors for 
water turbidity, 9 sensors for water level and 4 nutrient measurement stations. The 
sensor platform provides information in near-real time on weather parameters (air 
temperature and humidity, precipitation and wind speed and direction), soil moisture, 
water turbidity, nitrate concentration and water level. The temporal resolution is high, 
which m enables to collect data on extreme weather conditions such as heavy rain and 
(following) nutrient load peaks. This phenomenon is mostly left unobserved by 
traditional collection of water quality data based on water samples. The SoilWeather 
WSN works all-year round, but the sensors located in the rivers may be temporally 
removed during cold winter periods. 
The network is build up by summer 2008. Automatic, wireless sensors employ GSM 
techniques in communication between sensors and server. The data is disseminated 
through internet-based data service after automatic, real-time data quality control. 
Data service also provides simple, automatic mapping and visualization services, and 
support XML-based data transfer. The weather stations are able to produce automatic 
alerts e.g. on drought, frost or moisture conditions predisposing to plant diseases 
directly to the producer’s cell-phone. However, the network still needs in-field 
maintaining. The sensors measuring water quality need regular cleaning  and 
calibration samples. Also batteries for sensors need to changed once a year.  
The SoilWeather WSN gives valuable experience on functionality and weather-
hardiness of sensors in cold environments. Thus, it also is as a good testbed for 
testing of sensors and stations. More importantly, however, it provides valuable 
information for farmers to be used in cultivation and it’s planning. During the pilot 
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research project we develop and test usability of SoilWeather WSN in environmental 
monitoring and agricultural applications including data management in precision 
agriculture, plant protection forecasts as well as leaching, discharge and soil moisture 
models.  
The presented applications of the pilot research project serve as examples of possible 
uses of the SoilWeather WSN, but there exists several other possibilities e.g. in 
traceability in food chain. However, there are also several obstacles that need to be 
solved before the wider use of SoilWeather. Those include in-field maintenance, 
ensuring the data quality and automatic computation to squeeze out the most 
important information from the massive amount of data. Obviously, the commonly 
reported problems related to WSN systems imply here also e.g. lack of 
standardization, power supply and reliability of wireless systems. In the future we will 
concentrate on development the SoilWeather WSN and it’s services such as data 
quality control and automatic computation, and continue testing new applications and 
sensors for agriculture and environmental monitoring. We will also start to look a 
deeper integration between sensor networks nationally. 
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Reducing wireless acceleration data flow by intelligent embedded 
algorithms 
Oral presentation 
 
Tiusanen, J.1, Pastell, M.1,3 & Hänninen, L.2,3 

1University of Helsinki, Dept. of Agrotechnology, Finland 
2University of Helsinki, Dept. of Production Animal Medicine, Finland 
3University of Helsinki, Research Centre for Animal Welfare, Finland 
E-mail: Johannes.Tiusanen@helsinki.fi 
 
Background and aim 
When using fast wireless real time data acquisition devices, data flow management 
often becomes a limiting factor of a system. While designing a system for monitoring 
production animal activity with wireless acceleration sensors, we found that data from 
one animal is easy to acquire, but monitoring tens or hundreds of animals brings 
serious difficulties in radio channel spacing. The aim of this study was to develop an 
intelligent embedded algorithm to minimize the amount of radio transmissions of a 
wireless 3-axis accelerometer. 
 
The system and data 
Our wireless 869 MHz radio system allows transmission of 330 messages per second 
(four 8-bit bytes: acceleration x, y, z, sensor ID) from a single transmitter. The 
transmitter runs on an 8051 compatible programmable micro controller. With a simple 
listen-before-transmit protocol our receiver can host 10 transmitters, each 
transmitting at 25 Hz. Monitoring a whole Finnish herd requires tens or hundreds of 
transmitters, while 25 Hz is inadequate for obtaining the sharpest acceleration peaks 
from a cow’s leg. Transmitting at 25 Hz also consumes an 850 mAh battery in 20 
days. Solving these problems was complicated by the fact, that the eventual animal 
behavior to be extracted from the data can not be determined beforehand, and thus 
the transmission must preserve the data properly.   
A test measurement at 250 Hz using 8-bit resolution was performed to acquire 
accurate acceleration data from cow’s ankle during walking. The test revealed that 
most consequent data points – even between steps during walking – were identical or 
within quantization noise. Eliminating irrelevant data would reduce radio channel load 
and power consumption. 
 

 
Figure 1. Our CowByte sensor. 
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The algorithm 
We used test measurement data to design and simulate intelligent algorithms for 
reducing the amount of data. The algorithm performances were evaluated by applying 
them on two separate 250 Hz acceleration measurement sets (periods 1:35 h and 
1:21 h). Three criteria for the redundant data elimination method were set: 1) the 
average transmission rate should not exceed 1 % of the measured data points; 2) the 
frequency during one second for a single transmitter should not exceed 50 Hz (to 
allow 5 cows to take a simultaneous step); and 3) the data peak shapes must be 
preserved. Our algorithm consisted of two separate rules, both based on the difference 
∆g between the newest measurement value and the last transmitted value – not the 
preceding one.  
Rule 1 triggers transmission if ∆g for any axis achieves 4 bits. Then new transmissions 
are prohibited for 50 measurements (200 ms) resulting in a maximum transmission 
frequency of 5 Hz. Rule 1 caused two problems: rapid peaks were missed during the 
pauses and some times a 3 bit residual remained for long periods, as 3 bits would not 
trigger the transmission. 
Rule 2 cumulates every ∆g exceeding 2 bits and triggers transmission if ∑ ∆g achieves 
20 bits, even overriding the 200 ms pause. Thus any fast acceleration event is rapidly 
included in transmission and a persisting 3-bit error is eliminated after 17 ms. The 
threshold values were determined by manually seeking the optimal values to 
accomplish the set criteria. 
Other rules, such as acceleration derivate threshold, were tried but became useless 
when the ∑ ∆g value was adjusted to both eliminate stable residuals and speed up 
transition response. Algorithm simplicity was also appreciated as it will be run on 
embedded micro controller. 
 
Results 
We obtained average transmission frequencies of 1.17 Hz and 2.69 Hz by applying the 
algorithm on the two measurement files, both including over one million x-y-z data 
points measured at 250 Hz. Fig 2 shows typical acceleration curvature when the cow 
was walking. As many as 95.4 % and 89.1 % of one second periods triggered 
transmissions at 10 Hz or less. Only 8 single seconds caused a transmission rate 
exceeding 50 Hz. 

 
Figure 2. Typical acceleration curvature of three steps when the cow was walking. 
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Figs 3 and 4 show enlarged views of the acceleration. Most peak curvatures were 
preserved, but some peaks were undervalued and small peaks missed. The 
transmitted data will not allow all kinds of signal processing based on frequency. On 
the other hand, the transmitted data could again be interpolated with some method, 
which would consider the applied filter rules. 
 

        
Figure 3. Example of a small missed peak.           Figure 4. Example of a single step 
 
The presented method for reducing data flow shows successfully the great possibilities 
of adding simple intelligence to sensors. The algorithm is especially suitable for barns 
with automatic milking where the activity of the cows is divided over 24h and all of the 
cows are unlikely to move simultaneously. Next, the method will be fitted to suit 
turkey behavior acceleration data measured during transport. 
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Information modeling and system design 
Oral presentation 
 
Sørensen, C.G.1); Suomi, P. 2); Kaivosoja, J. 2); Pesonen, L2  & Norros, L3) 
1) University of Aarhus, Dept. of Agricultural Engineering, Denmark 
2) MTT Agrifood Research Finland 
3) VTT Technical Research Centre of Finland 
E-mail: Claus.Soerensen@agrsci.dk 
 
Introduction 
In the primary agricultural production, the high degree of mechanization has increased the 
productivity considerably in the last decades. This development is in the process of being 
coupled with automation and extensively use of embedded ICT system. Control of field 
machinery (conventional, like tractor with implement, or autonomous vehicles, like robots) 
enables, by use of advanced ICT, collection of detailed site-specific information during 
operation execution. This contributes to minimized resource input and to an 
environmentally sound and quality optimized production via decision support systems or 
directly via on-line control (Sørensen, 1999; Suomi, 2006). The job descriptions will be 
transmitted to the tractor/implement for control and manual/automatic site-specific 
adjustment of implements. The final work result will be recorded and documented, and the 
obtained data will be stored for learning and use in connection with new loops of planning 
or control. 

By specifying the information provided and the information required for the information 
handling processes, the design and functionalities of the individual information system 
elements is derived. That is the case both for on-board machinery information systems 
and for support service information systems. The principles of the information modeling 
for specific cases, like spraying and fertilizing operations, follows the principles from 
general reference models for arable farming. It is based on identifying the relevant 
decision processes involved with the spraying operation, including strategic, tactical, 
operational, executive, and evaluation levels. The tendency to use a more user-centric 
approach in developing new technologies has gained considerable appeal (e.g. Akao & 
Mazur, 2003; Norros et al., 2004). The development and design of innovative 
technologies, like dedicated information systems, has often lacked user acceptance when 
users or stakeholders are not sufficiently involved in the requirements elicitation and 
engineering (Kujala et al., 2005). A user-centric approach assumes integration of the 
users’ ideas and requirements concerning the specific technology characteristics. 

This paper presents the elicitation of decision processes and information flows within 
specific agricultural domains as a framework and guidance for the design of the physical 
information system. The information flow configuration is centred on the farmer as the 
principal decision maker indicating that the information flow is primarily seen in the view 
of the farmer and in terms of how he/she uses and produces information. Specifically, 
interface requirements and demands on time critical availability and amount of information 
are important aspects to be considered. The information system must capture the Core-
Task of the farming operation by developing a precise understanding of how the farmer 
experience the Core-Task and associated decision processes (Nurkka et al. 2007). The 
orientation of the farmer (concept of work) and the way of working (how the work is 
carried out) are important elements to include in the information model.  
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Targeted information modeling 
The basic idea of information modeling is to model all the activities and decisions, which 
take place in a targeted production section and combine this modelling with all the 
relevant data. The formal description includes entity definition (in this case mobile work 
units), a process model (activities and decision processes) and a data model (data 
relating to the processes). The decomposition of information processes is based on the 
management functions ranging from strategical to operational planning, execution control 
and evaluation, and a number of underlying processes and sub-processes. Figure 1 gives 
an example of the information modeling for the execution of a fertilizing operation. 

 

 
 
 
 

Figure 1. Information flow for the execution of fertilising operation. Actors (physical 
entities), processes (information users and producers), and information (information flow) 

are included 
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The technical results of the InfoXT project, based on the user-centric design and the 
identified information flows of precision agriculture, are twofold. The first technical 
result is the specification of software architecture for a farm management information 
system (FMIS), which both supports precision agriculture and provides features and 
functionality desirable for the average Nordic farmer. The second result is the partial 
proof-of-concept implementation of the proposed FMIS to demonstrate the features 
and benefits of having such a system available for the field operations of precision 
agriculture. 
 
The requirements of an FMIS for precision agriculture stem from the needs, interests 
and requirements of the stakeholders of the system. Several stakeholders have been 
identified, of which the most important one is the farmer for whom the entire system 
is ultimately designed for and whose daily operations the system is intended to 
support. Besides the technical requirements of precision agriculture, an FMIS has 
several requirements relating to the availability and especially the usability of the 
system in general. Unlike traditional FMIS, a modern FMIS for precision agriculture has 
to be available beyond the farm office and be accessible from several different 
locations, through different media and with different interfaces. Besides the interfaces 
intended for humans, an FMIS for precision agriculture is required to communicate 
with other systems such as the tractor and implements used in precision agriculture. 
Communication with the implements consists of mutual transfer of what is mostly GIS 
data with some additional data such as real-time weather information. Real-time 
transfer of information additionally provides the possibility of using the FMIS for 
decision support during the field operations. Web application approach was considered 
the optimal solution to fulfill the set of requirements identified for an FMIS as well as 
the requirements of usability. Web applications are a mature technology and most of 
the population can be expected to be familiar with Web applications in general as 
desktop computers and the Internet have become parts of everyday life in the last 
years. The Web application solution also solves reliability problems related to on-site 
data storage as the terminal used to access the FMIS can be considered a thin client 
with no application logic nor data storage. 
 
The implementation of an FMIS achieved in the InfoXT project is a partial proof-of-
concept implementation of the FMIS architecture described previously. The purpose of 
the implementation is to show both that the previously proposed architecture is 
suitable for precision agriculture and especially that the communication between the 
FMIS and the tractor-implement combination can be achieved using existing 
technologies while keeping the complexity of the implementation to a minimum. While 
the tractor-implement combination internally uses the ISOBUS (ISO 11783) for 
communication, all communication between the FMIS and the tractor occurs over the 
Internet on a simple application level protocol operating on the TCP/IP protocol stack. 
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 Using the Internet for communication provides great flexibility as the Internet 
connection can be achieved through any suitable medium and is available globally. 
While the transfer of GIS data in the beginning and end of a field operation requires 
either some time or network bandwidth, the amounts of data transferred during a field 
operation are low enough to be managed with even a GPRS connection, which 
currently has the greatest coverage of all wireless networks available. The 
communication between the FMIS and the tractor follows the client-server software 
architecture model, with most of the application logic in the server and using a 
protocol which is easy to implement and manage at the client-end. The server-end of 
the implementation is based on open-source software and the client-end of the 
implementation is on the ISO 11783 Task Controller of the tractor and is based on the 
Microsoft Windows operating system. 
  
The information systems of precision agriculture can elegantly be implemented with 
existing technology and in a way that makes it possible to provide and make these 
systems available to the average farmer. The Web application approach to FMIS would 
appear to provide all the functionality necessary for precision agriculture while being a 
solution that is both easy for the farmers to use as well as accessible practically 
everywhere. 
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It is an ongoing trend that more and more information technology is incorporated into 
modern farms in order to increase productivity and comply with various 
documentation provisions. However, the potential of this is often not fully utilised due 
to the heterogeneous nature of the underlying communication technologies. Often, 
applications are unable to communicate because they reside on networks with 
incompatible protocols. This is especially true for applications involving mobile 
equipment such as tractors, harvesters, handheld devices, and small computational 
devices attached to animals. Experience has shown that the traditional client-server 
based communication paradigm tends to be insufficient in a setting where many 
mobile entities have to communicate without a fixed infrastructure such as a local area 
network. An alternative approach to client-server based communication is the publish 
subscribe paradigm. In a publish-subscribe system, applications in the system may 
publish information on specific channels, which can then be subscribed to by 
interested applications. An independent broker system is responsible for routing the 
published information to the subscribing receivers. This approach results in a better 
decoupling between senders and receivers than client-server based communication, 
and naturally fits with an underlying broadcast facility. Experiments have confirmed 
that the publish-subscribe paradigm is more powerful and flexible in a mobile setting. 
A farm in our context consists of a local area network and a number of mobile entities 
such as tractors, harvesters, and possibly even animals with attached electronic 
devices. Our research has focused on design and implementation of a middleware 
system based on the REDS framework supporting the publish-subscribe scheme in 
such a hybrid setting. The resulting system allows various applications to 
communicate and transmit data at a high abstraction level, by hiding the differences in 
the various underlying networks and thereby the fact that some parts of the 
applications are hosted on mobile entities in the neighborhood and others on a local 
area network in a building and yet other on servers somewhere on the Internet. 
Simple applications utilizing our middleware include position awareness and position 
tracking where, e.g., tractors, harvesters, and personnel in a farm building can view 
the position and routes of mobile entities in the fields. The system also allows more 
complex applications to be built without concern about the low-level communication 
problems related to mobile and hybrid networks. 
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ICT in Dairy Production – a complete management tool 
Oral presentation 
 
Lindstrøm, J. & Sørensen, C.G. 
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Introduction 
Primary agricultural production is often managed on a rather crude level (e.g. 
Sørensen, 2000, Linseisen, 2001). As an example, farm animals are fed and treated 
according to standards defined by simple, easily observable parameters. Likewise, 
society’s regulation of agricultural production is on a crude level as, for example, 
nitrogen quotas are regulated on a farm level, because only a farms purchases and 
sales are available for the required supervision. Both farm management and 
environmental protection could be improved significantly by employing a more 
detailed management and regulation approach. A key to this is the establishment of 
an integrated information and decision support framework building on current and 
future advances in information technology (IT) at the farms. 
A major obstacle in using more IT in agriculture is that most of the IT solutions 
provided have non-compatible software (Gelb et al., 2001). Thus, the farmer must 
operate several computers each day, to get the full advantage of the IT controlled 
machines which many farmers see as time-consuming and costly. As a consequence,, 
many of the management advantages that the IT controlled machines offers is not 
used and the data collected is never utilized  (Pedersen et. al. 2004, Reichardt & 
Juergens 2006). With the development of Information Communication Technology 
(ICT) and new standards for data transmission along with high bandwidth wireless 
Internet connections it is possible to develop a complete information tool for the 
different agricultural domains.  
In this PhD project, it is attempted to describe how to organize a system architecture 
for an ICT management tool for Danish dairy farms. This ICT tool should be a multi-
purpose, multi-agent network. The term “multi-purpose” refers to the use of the 
facilities in the network by farmers, advisers, food industry, authorities, etc. The term 
“multi-agent” refers to the nodes in the network being humans, sensors, robots, 
software programs, etc. This paper present the methodology used to determine how 
this ICT system architecture should be developed. 
 
Method 
Dairy production processes are very dynamic and thus it can not be properly depicted 
by pure tool-systems (e.g. simple systems for text or number processing) or by 
normal linear models. In order to comply with the dynamic nature of the diary 
production,object oriented analyses and design (OOAD) is used. OOAD is a software 
engineering approach that models a system as a group of interacting objects. Each 
object, (e.g. feed mixer, tractor, cow) represents some entity of interest in the system 
being modeled, and is characterized by its class, its state (age, yield, etc.), and its 
behavior (eating, heat, etc.). Various models can be created to show the static 
structure, dynamic behavior, and run-time deployment of these collaborating objects 
(Mathiasen et. al., 1997, Morelli, 2003). Figure 1 shows the main activities and results 
of a conceptual OOAD. OOAD is a reevaluating method, meaning that for every step 
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further insight into the problem is gained, thereby making it possible to reevaluate 
previous steps in order to update them based on new knowledge. The results of OOAD 
are a detailed model of a dairy farm, description of the demands of use for the model 
and the specification of each component in the model. 

 
Figure 1: Main activities and results in OOAD (mod.a. Mathiassen et. al., 1997). 

 
Results 
An accurate model of all the processes on a dairy farm including supply handling, all 
stable operations, delivering information to authorities, and purchasers and consumers 
is essential as the basis for developing a comprehensive ICT-tool. Also, the ICT system 
should present the farmer only with real-time relevant information, thus not 
overloading the farmer with information.  
Most agricultural Decision Support System (DSS) is based on a linear decision model, 
but a study on farmers own methods of making decisions showed that they used non-
linear models (Öhlmer et. al., 1998). This could be one factor in the slow adoption rate 
of IT in agriculture as shown by Pedersen et. al. (2004) and Reichardt & Juergens 
(2006). This lesson should be kept in mind when developing the new ICT tool for diary 
farms and other areas with many uncertainties. The capability to handle uncertainties 
and non-observable states of nature is one of the strengths of OOAD. 
This PhD project produce a precise description of the system architecture as the basis 
for an ICT tool to assist in all managing aspects of dairy farm. This description is the 
prerequisite for writing the program code and it contains information on all the objects 
(e.g. cow, milking machine, feed truck, and advisor), classes (e.g. animals, staff, 
machinery, suppliers, and consumers) and necessary processes (e.g. feeding, milking, 
buying ear tags, reporting to the authorities). Eexpected programming are given for 
selected objects and classes, but programming of the complete ICT system is left for 
others to do.  
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Design and development of cabinet for wireless embedded silage sensor 
Oral presentation 
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To be able to monitor the quality of silage and thereby reduce losses of feed the aim is 
to design a sensor that can be introduced directly into the silage stack when it is being 
made and follow the silage until it is served to the cow. The relevant measuring face is 
the time from closing of the stack until unloading from the stack to the feeder mixer is 
done. 
 
The challenge of the particular sensor lays within, getting the sensors through a feed 
mixer, where the silage gets de-compacted and mixed together with other feed 
products. The idea is to load silage with sensors into the feed mixer as it would be 
almost impossible to find the sensors before loading the silage into the mixer. During 
the feed out and after the feeding has ended the farmer collects the sensors from the 
feeding table.  
 
The design and development of the wireless sensor unit has been divided into two 
areas. The sensor unit consists of two parts, the electronic within and the cabinet 
surrounding the electronic. 
The methods used for the design of the cabinet, is an analysis of the silage handling 
process from the storage facility to the feeding table for the animals. The analysis is 
based on the most common equipment used in Denmark and the northern European 
region.  
 
The design of the cabinet is such that the sensor unit will not be damaged during 
mixing of the silage. Considerations concerning the animals swallowing the sensor 
have also been taken into account.   
It has been found that a spherical formed sensor unit with a diameter of 100 mm 
fulfils these needs. In order for the sensor unit to be easy detectable the color of the 
sensor unit should be different from a typical silage color. 
 
The design consists of two parts: A top part (displayed in red) and a bottom part 
(displayed in yellow). The different design elements can be seen in the figure. 
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Figure 1 – Cabinet for wireless embedded silage sensor. 

 
The way to assemble the cabinet is to place the internal components into bottom part 
after which the top part is placed onto bottom part. The two parts are held together by 
inserting a screw in the bottom part, screwing the two parts together. 
To keep the sensor print and battery form rattling around the top part is designed with 
a retainer rod that sits on top of the sensor print.  
 

 
Figure 2 – Isometric view of final design 

 
As the spherical design makes is easy to assemble the cabinet wrongly a small plug 
and hole is made in the cabinet two parts. This results in only one option as to 
assembling the cabinet, minimizing risks. 
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The objective of this work is to develop a wireless sensor unit and a method able to 
monitor quality parameters of silage storage within storage without damaging the 
material or disturbing the process. 
 
An essential condition for exploiting the silage in an optimal way is a high yield of good 
quality, and subsequent storage that preserves its nutritional. When silage has to be 
stored for the animals for a longer time, a conservation of the fodder is necessary. A 
successful silage process is a superior way of preserving grass and corn. The storage 
has to preserve the food value and the nutrient content. Respiration is the primary 
source of loss and it depends on the supply of oxygen, water and heat. The making of 
silage is storage of food under anaerobic conditions. The method determines how 
deficient in oxygen the storage can be. 
 
On the harvested crop there are a large number of microorganisms, where some are 
harmful and others are beneficial. Some of the beneficial microorganisms can be lactic 
acid bacteria, while butyric acid bacteria, putrefactive bacteria, yeast and mould fungi 
are harmful. It is the presence of the natural lactic acid bacteria that conserves the 
crop. 
 
There are several sources to make bad silage, but the primary is access to oxygen. If 
oxygen is entering the silage the lactic acid bacteria cannot lower the pH fast enough 
to keep the evolution of butyric acid at a low rate. If this happens the butyric acid 
fermentation can destroy the silage, by breaking down proteins and amino acids to 
ammonia. When this happens the pH is rising and the butyric acid fermentation can 
use the lactic acid as a source of energy and thereby break the conservations process. 
 
By doing a careful work the loss of nutrient can be limited to 4 to 6%. Otherwise the 
result can be a loss of more then 50%, with a decomposition of approximately 6% DM 
per day. (Muck, R.E. et al. 2004) The loss of silage by oxidation is primarily limited by 
careful covering of the silage. A reduction in pore volume in the silage can be obtained 
through a careful compaction and cutting, by which an unintended access of oxygen 
can be restricted. 
 
The wireless sensors is introduced to the system already when the silage stack is 
being constructed and it follows the silage until it is served to the cow. Though the 
relevant measuring face is from closing of the stack until unloading from the stack to 
the feeder mixer. 
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The sensor unit consists of a microcontroller, A/D converting-circuit, antenna-circuit, 
battery and a temperature sensor. The microcontroller is capable of handling inputs 
from sensors using both digital and analog signals either directly to the microcontroller 
or through the A/D converting-circuit. The microcontroller sends the collected data via 
the antenna-circuit to a transceiver box. Software in the microcontroller insures 
optimal uses of the battery, by shutting down the sensor platform, while no 
measurements are preformed, thereby increasing the lifespan of the battery. 
The data send from the sensor units, is send to a transceiver box, which is collecting 
the data from all the sensor units distributed in silage storage. The transceiver box is 
able to pass on the data via either a RS232 protocol directly to a PC or via the internet 
by GPRS to a remote server. The communication protocol for the sensor unit and the 
transceiver box, is design in such a way that when the sensor has send out its data for 
one measurement, it receives a confirmation from the transceiver box and after 
receiving the message it goes to torpid state until next measurement. In the 
confirmation message there can also be information about changes in settings, 
especially relevant is sampling rate. 
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Application of Information and GIS technologies in Agriculture 
Case-study in Finland 
Oral presentation 
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Introduction 
Soil and its fertility is the basis of farming. Information technology comes along at the very 
point of soil sampling. The fertilization and liming of the parcels is based on the fertility results. 
If the real coordinates of the sampling spots are known, the prerequisites of precision 
fertilization are met. The information of crop yield may be connected later to these 
coordinates. 
 
Soil sampling and coordinates 
Nowadays it is possible to record the coordinates of the sampling spot with mere mobile 
phone. And this is also where Viljavuuspalvelu Oy comes along. The coordinates may be sent 
one after the other as a text message to a database using the free programme available on 
the website www.viljavuuspalvelu.fi or www.markkarteringstjanst.fi. This system is called 
VpGPS determination of the position using mobile phone. Other positioning systems may be 
used as well, but then the collector must save the coordinates in a file. In the picture below 
the information on the website can be seen. The example is in Swedish. 
 

 
Picture 1. Information (in Swedish) about the system called VpGPS determination of the 

position using mobile phone. 
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Making the order using Internet 
In internet, www.tilaukset.viljavuuspalvelu.fi an order for soil analysis can be written. The 
coordinates of soil samples are retrieved from server either by using the phone number used, 
or by opening the file on the page. The order can also be modified if necessary. 
 
The right positions for the samples can be checked with the link to maps. The map probably 
helps when deciding how many analyses are to be taken, whether trace minerals are 
necessary on this parcel etc. 
The order is sent electronically to Viljavuuspalvelu Oy, where the information is transferred 
directly to the laboratory and office systems to wait for the samples. 
 

 
Picture 2. The website, where the order of soil samples starts. The example is in Swedish. 

 
Receiving the results of the samples 
As the results, recommendations and maps are ready, both a telephone message and an e-
mail message is sent to the customer, so he/she knows to go to internet, address is: 
www.farmit.net, and he/she pays for the service. Immediately a link is opened to the result 
service www.Tuloslaari.fi or www.Resultatmagasin.fi, where the results can be browsed. The 
pdf-format and an excel-format of the results are available. But the most important thing is 
that the results can be used in any transfer data format the Finnish recommendation 
programmes may have. Farmers use these programmes e.g. for the planning of fertilization 
and liming.  
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Serving the authorities and education 
To serve the authorities the results have been compiled as statistics on national, provincial and 
local levels. The students, advisory organisations and commercial companies have also found 
the statistical part of these pages very useful. The statistics are enhanced every year, and new 
services can be offered according to the customer needs. In the future, as the amount of site-
specific information increases, the maps showing the amount of nutrients (phosphorus, 
nitrogen etc.) on a specific area of arable land or water systems may be provided. 
 
Summary 
Information technology is making a rapid progress and agriculture is not the last to take 
advantage of this progress. As precision farming is reality, the information must also be 
transferable to be available where it is actually needed and used. 
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ePotato – An electronic product description of certified seed potato 
Oral presentation 
 
Remes, T. & Virtanen, E. 
MTT Agrifood Research Finland, Ruukki, Finland. 
E-mail: Timo.Remes@mtt.fi 
 
The amount of information accumulating from the production chain of the seed potato 
is huge. It is not possible to collect and handle the ever increasing amount of data 
with old methods. The combining of agro, bio and ICT expertise offers new possibilities 
to collect and utilize this information in the seed potato production. The 
comprehensive data acquisition makes the offering of more exact traceability 
information than previously possible to potato farmers using certified seed potato. 
 
ePotato is an Internet service offering a comprehensive information package about the 
factors affecting seed potato quality. As far as we know, it is the first service of it's 
kind in the world. A seed potato buyer will get a detailed product description of each 
potato lot. The service consists of a database of the background system, of a relational 
database of the Internet service and web-application. The data accumulating during 
the cultivation of the seed potato is comprehensively collected to the background 
systems database. The information which is presented in the product description is 
retrieved form this database and moved to the database of the Internet service. The 
information is obtained from the information suppliers in the xml, csv and xls file 
formats and as paper documents. Files are converted and taken to the database. 
Information which is in printed form is written down to database through a specific 
user interface. 
 
The farmers could save all the cultivation information to a farming software. This 
information is moved to the database. 
 
The Finnish Food Safety Authority, Evira, performs field, laboratory and warehouse 
inspections to each certified seed potato lot that has been cultivated in Finland. The 
field inspection reports the incidence of plant diseases in the field during the growing 
period. The occurrence and level of infection in the tubers is measured in the 
laboratory inspection. The warehouse inspection is made to the seed lot just before its 
delivery to the customer. In the inspection, among others, the external quality of the 
lot and the possibility of bacterial diseases are studied. The grade of the seed potato 
lot is determined by the result of inspections. The exact grade-specific limit values has 
been set on every fact that has been examined. All the inspection information is 
collected in the database of the service. 
 
Pohjoisen Kantaperuna Ltd is using a-Weather meteorological stations made by a-Lab 
Ltd. The station sends measurement data through the GSM network to the a-Log.net 
database. The data is transferred to the ePotato service. 
 
Furthermore, Kantaperuna makes a quality analysis as part of its quality assurance to 
every seed potato lot. The purpose of the analysis is to get as exact an estimate as 
possible of the quality of the produced seed potato already before official certification 
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inspections. In addition to it’s own quality analyses, Kantaperuna uses analysis 
services offered by MTT Ruukki potato laboratory. In the laboratory, among others, 
blackleg and virus diseases of potato are analysed. The results of these analyses are 
saved in the database of the service. 
 
In order to admit a customer the entrance to the product description of a seed potato 
lot, the billing information of the company is needed. From the billing information, 
only that information with the help of which the linkage of a customer and trade lot 
can be made, is saved in the database of the service. 
 
The ePotato service is used by a web interface which has been made as user-friendly 
as possible. The aim is that everyone is able to use the service without extra 
assistance. The user could logs in to the service on personal user-id and password and 
chooses the trade lot the product description of which he wants to examine. The 
product description contains the information about the farmer, municipality, potato 
variety, seed class, size class (a range in millimetres), the average tuber weight in 
grams, pesticides used and the results of the official certification inspections made by 
Evira. The user can print the specification. 
 
Only a small part of the collected traceability information of the seed potato is 
presented in the product description. The majority of the information is of such nature 
that there is no immediate advantage of it for the farmer using the seed potato. 
However, this information can be utilised in the study which is related to the seed 
potato and in the seed potato production instructions. Since the information about the 
production background and quality of the seed potato has been comprehensively 
saved in the database, one could analyse these data to find the reasons which affect 
the quality of the potato and the success of the production. Variety specific analysis of 
the collected information brings additional information about the growth behaviour of 
the variety and helps to focus to the production instructions. The analysis gives also 
information about production condition and it’s relation to plant diseases. The 
objective of the study is developing of the quality and production of the seed potato 
and the improvement of the profitability. 
 
ePotato has been developed as a part of the Northern Seed Potato project which is 
carried out by MTT Ruukki and Pohjoisen Kantaperuna Ltd in cooperation with 
domestic and international partners. The project is a part of X-Branches programme 
administered by the Council of Oulu Region. The purpose of the programme is to 
introduce a new perspective on innovative actions by developing cooperation between 
different sectors and regions. 
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Evaluation of wireless communication technologies for embedded 
biomass sensors 
Poster presentation 
 
Green, O.1, Alusik, J.2 & Jørgensen, O.J.1 
1 University of Aarhus, Dept. of Agricultural Engineering, Denmark 
2 Universite Joseph Fourier; Institut Univesitaire de Technologie 1. Grenoble, France 
E-mail: Ole.Green@agrsci.dk 
 
Usage of sensors in agriculture is becoming more frequently in many area for both 
practical farming and in university research. Sensors can be used for monitoring, 
measuring and warning in specific situation. Wireless technologies and networks can 
be implemented in several tasks in different situation and for each implementation 
there can be defined different techniques which will be more efficient than others.  
 
Today there are several different technologies for short range wireless communication, 
which all have their own advantages and disadvantages. Due to the wide range of 
technologies it can be difficult to choose the right one for the application at hand. 
The goal of the work is to create a tool that could assist in this decision process. 
 
This “decision tool” it based on the attributes of wireless sensors technologies like 
frequency, immunity of interference (modulation and method of transport – medium 
access), data rate, power consumption, security and working conditions etc. 
 
The method will include possible general conditions relevant to situation of usage and 
should also deliberate practical requirements resulted from case of usage like: 
geographical and law limitations, network topology, attributes of antenna, number and 
position of sensors, protection against environments in which it will be used, accuracy 
of measurements and others specifications. 
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Animal behavior Monitoring / Wireless sensor networks 
Poster presentation 
 
Nadimi, E.1& Oudshoorn, F.W.2. 
1University of Southern Denmark, Inst. of Chemical Eng., Biotechnology and 
Environmental Tech., Denmark 
2University of Aarhus, Dept. of Agricultural Engineering, Denmark 
E-mail: FrankW.Oudshoorn@djf.au.dk 
 
Introduction  
Novel distributed wireless sensor networks can provide data that allow monitoring the 
motion of individual or herds of animals. In this sense, the knowledge of the herd 
behavior phases (lying down, grazing) which can be classified by measuring some of 
the herd behavior parameters such as grazing time, the pitch angle of the head, 
position and the movement velocity of the animals in the field is useful as 
management tools in grazing and production optimization (Nadimi et al. 2007, 
Oudshoorn et al., 2006). In order to monitor herd behavior, data relevant to their 
behavior should be measured, aggregated, processed and finally sent through a 
network to infrastructure facilities. In animal science applications, herd natural 
mobility and animals’ social interactions make wireless sensor networks the perfect 
candidate for monitoring animal behavior parameters. In addition it can be done 
online, and data can be captured and processed whenever the management requires 
an update.  
Different aspects of the animals’ behavior have been studied by different researchers 
(Munksgaard et al. 2005; Wilson et al. 2005; Nadimi et al. 2006; Oudshoorn et al. 
2006). Many look promising in order to prevent or identify production factors like feed 
intake, product quality, or animal welfare. 
 
Materials 
MPR2400 Micaz sensor motes from Crossbow were used for all the experiments in this 
paper. They have a Chipcon CC2420 radio, which uses 2.4 GHz IEEE 802.15.4/ZigBee 
RF transceiver with MAC support and provides a received signal strength indicator 
(RSSI) output that is sampled by an 8-bit ADC. MTS310 sensor boards which are 
equipped by 2-axis accelerometer were used to measure the pitch angle of the head of 
the cow. 
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Results 
The measurements on activity and pitch angle of the head gave good results (fig.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Behavior classification based on pitch angle measurements and walked 
distance estimate using RSS algorithm 

 
Conclusion 
In principle many other parameters (such as pH in the rumen, amount of steps taken, 
body temperature) could be measured and communicated online to a central 
processor, using wireless sensor networks. The sensors used can either be integrated 
in the node, or separate, but communicate to the mote. Important production factors 
like feeding activity and animal health and welfare can be monitored and managed by 
receiving online information by wireless sensor network.  
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Managing information in biomass supply chain management 
Poster presentation 
 
Sambra, A., Sørensen, C.G. & Kristensen, E.F.. 
University of Aarhus, Dept. of Agricultural Engineering, Denmark 
E-mail: Ana.Sambra@djf.au.dk 
 
This research is part of an ongoing extended project, BioREF (Biorefinery for 
sustainable Reliable Economical Fuel production from energy crops). BioREF is 
intended to develop, in a dynamic way, a bench-mark for future integrated and 
sustainable bioenergy production systems that will contribute to enhance Denmark’s 
position in the bioenergy production. 
Because the raw materials for biomass conversion are produced over large 
geographical areas and have a limited availability window and are often handled as 
very voluminous materials, an effective and optimized supply chain is required (Allen 
et al. 1998). The transportation and logistics between the point of production and to 
the conversion facilities becomes a vital part of the overall operational, economic and 
energetic viability of the biomass conversion process. The necessary requirements 
include a reliable and optimized infrastructure capable of supplying biomass 
components to be fed into the conversion plant in the right quantity and at the right 
time. In this regard, the supply chain must comprise optimized steps of harvesting 
biomass crops, collecting biomass residues, storing and transporting of biomass 
resources. Robust and intuitive, mobile information devices are employed today in all 
areas of supply chain management, from planning and production to warehouse and 
transportation (Hieber 2002). Logistics today involves managing a wide range of 
business partners and passing information from partner to partner in a sequential 
form is simply not good enough. In response, companies are replacing traditional, 
linear supply chains with adaptive supply chain networks in which partners are 
dynamically and simultaneous are given accurate information about demand, supply 
and operational activities. The mobile capabilities provide a convenient, time-saving, 
and highly accurate means of capturing data on movements of goods and other 
events. 
From the IT perspective, a new wave of solutions is arising with the main type to 
overcome all the physical, organizational and informational hurdles which can 
seriously jeopardize any co-operation effort (Terzi & Cavalieri 2004). Advanced 
planning and scheduling (APS) systems aim to step over the intra-company 
integration supplied by Enterprise Resource Planning (ERP) systems by providing a 
common inter-organizational SCM platform, which supports the logistics chain along 
the whole product life-cycle, from its initial forecast data, to its planning and 
scheduling, and finally to its transportation and distribution to the end consumer 
(Kosturiak & Gregor 1999) 
There is an evident need for a comprehensive modelling approach for developing an 
operational, interactive and adaptive tool for planning and analysing the overall 
transport, preprocessing, logistics and its efficiency, economic viability and 
environmental impacts. Nowadays, simulation knowledge is considered one of the 
most important competences to acquire and develop within modern enterprises in 
different processes (business, marketing, manufacturing, etc) (Stadler & Kilger 2000).  
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Monitoring tree seeds during storage, treatment and transport 
Poster presentation 
 
Green, O.1 & Jensen, M.2 
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The research focus on the development and demonstration of advanced sensor and 
modeling approaches for improving process control and thus quality of tree seeds 
during storage, treatment and transport. The approach is built on new dimensions of 
traceability and the usage of ICT in combination with advanced sensor technology to 
monitor environmental parameters. 
 
Background and problem 
Non-optimal environmental conditions during storage of tree seeds may lead to 
detrimental seed quality that may infer significant economical losses. The generalised 
term ‘storage’ can be used for several processes during seed handling, i.e. 1-2 month 
ripening period of freshly harvested conifer cones, storage of moist or dry seeds in 
freezing rooms, warm or cold stratification pre-treatment of seed to break dormancy, 
priming or invigoration treatments of seeds to obtain faster and more synchronous 
germination. Traditionally monitoring is limited to staff visual control of seed quality 
and environmental conditions. Options of using modern sensors and communication 
technology have not been exploited. Improved and continuous monitoring of the 
environmental conditions offered to the seeds or created by the seeds during these 
processes may offer significant advances and safeguard a high seed quality in future. 
 
Why is this interesting?  
In the last decade successful attempts have been made to mechanise and automate 
tree seed treatment during warm and cold stratification to reduce costs and optimise 
seed quality (Jensen et al. 2004). New knowledge on precise control of processes, for 
example optimal moisture content in seeds during breaking of dormancy by chilling 
(Anonymous, 2004; Jensen and Derkx, 2006), has developed the need for 
establishment of online environmental monitoring systems that can detect and correct 
environmental key parameters (gas phase, relative humidity - seed moisture content, 
temperature) automatically and monitor the quality status of the seeds by advanced 
non-destructive sensors. 
 
Perspective?  
Future automated and intelligent monitoring and control of seed storage and 
processing will potentially improve the resulting quality of seeds, reduce production 
costs, eliminate catastrophic events and introduce modern ICT technology in the tree 
seed industry. Monitoring long distance transport of seeds will allow precise logging of 
quality related parameters and alarms on errors, and indicate what the problem is, 
when did it occur and where. This may be important documentation in for example 
legal trials. Modern technology can thus offer a ‘traceable’ detailed description of the 
biological history of a seed lot. 
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The research focus on the development and demonstration of advanced modeling 
approaches for the process control of agricultural biomass during storage. The 
approach builds on novel applications of traceability and the usage of ICT in the 
primary agricultural production. 
 
Grain and seed production is a significant Danish production branch, which is about to 
take advantage of a new knowledge based development within its production and 
handling methods. This development includes the use of bio-sensors and information 
and communication technologies (ICT) as the methods and technologies for enhancing 
the grain and seed production system. This enhancement will enable possibilities for 
ensuring traceability, quality, and food safety (Fountas et al., 2006). Research is 
needed to develop new methodologies and demonstrate the potential of applying 
sensors and ICT to monitor grain and seeds, for example during storage, and using 
the acquired data in dedicated models for prediction and control of quality parameters. 
Also importantly, the developed system should be flexible and adaptive in the sense 
that it is generalized enough to accommodate changes in parameters, such as type of 
seed, environment, and number of sensors and actuators used for the monitoring. 
 
The necessary quality parameters will be measured by the sensors placed in the stack 
in a distributed arrangement. This involves that a number of sensors will be 
distributed throughout the stack as opposed to a localized sensor. These sensors will 
be integrated within an intelligent sensor network. The measurements made by the 
sensor will be analyzed by a supervisor (which will be a part of the controller as well), 
to derive specific information not readily directly available from the sensor. This will 
help in optimizing the overall system for efficiency, in order to reduce the cost for 
aeration or cooling of the stack and avoid loses due to growth of fungus or attack from 
destructive insects. 
A comprehensive model to will incorporate the heat flow through the stack, the stack 
arrangement, grain size, atmospheric temperature and input hot air to predict the 
dryness of the seed will be developed. The controller structure will be designed based 
on the developed model of the stack. Advance strategies in feedback control theory 
will be used to design the ideal controller for the system.  
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Aspects related to ergonomics construct a part of Farmix project - Integrated 
automation for tractors and implements (2006-2008). The main goal of the project is 
to clarify challenges in making integrated control systems over tractor and implements 
and to develop methods to render these systems. The project partners are Helsinki 
University of Technology, Agrifood Research Finland (MTT), University of Helsinki and 
TTS Research (TTS). The project is funded by Tekes (the Finnish Funding Agency for 
Technology and Innovation) and several enterprises. MTT and TTS are responsible for 
ergonomics aspects – designing usability and safety of user interfaces – in developing 
integrated control over tractor and it’s implements. 
In the study two work processes – combined seeding and fertilizing, and levelling sand 
roads – and the operator’s activities and perception of the tractor-implement system 
during various tasks of these processes are described – at first when using 
conventional machinery. The operator’s capacity to process information during various 
tasks is estimated by using the multiple-resource theories of divided attention. This 
knowledge is then used to recognize time-sharing situations wherein automation 
should primarily help the operator, and to find out which kind of information and 
activities best fit in various divided-attention situations. Requirements for functions of 
controls and displays (including especially virtual terminals) are presented and 
ergonomics guidelines collected to design them. After implementation of the tractor 
the operator’s activities and perception of the tractor-implement system during 
various tasks will be described again and the impact of the new technology on the 
information load and safety will be estimated.  
The operator receives mostly visual information and the responses are mainly manual. 
There are several time-sharing situations where automation could conduct some 
operations instead of the operator. In some of these cases it is even possible to add 
new functions into an operation and, at the same time, make it easier to control the 
operation. It is possible to add auditory signals – in the future also tactile signals – 
into the system, especially in warning and alarming. Vocal responses are not yet used 
at all. The ergonomics guidelines have been used to plan and design user interfaces of 
visual terminals. 
Tractors and implements usually have separate control systems. Electronics has been 
applied to agricultural machines, but there is still much potential to increase it. With 
integration of tractor-implement system the operator’s work can become easier and 
more efficient, accuracy and quality as well as safety can be improved. In order to 
attain these advancements, characters of humans – ergonomics – must be taken into 
account already when planning the system.  
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Plot trials are standardized methods for investigating different treatments on crops 
and/or soil in both scientifical and commercial environments within agriculture and 
horticulture. Such trials are labor intensive with regard to planning, execution and 
data analyses (Heisel, 1996; Noack, 2006). Furthermore, the manual execution of plot 
trails may introduce errors and bias in form of human related handling errors and bias 
compromising the reproducibility (Hicks & Turner, 1999). The benefits of automatically 
guided agricultural field machinery have been well established (Tucker et al., 2002; 
Dunn et al., 2006). Auto-guided field operations allow a higher complexity in the 
experimental design and an increase in the number of repetitions, thereby increasing 
the value of the statistical analysis of the acquired experimental data. Also, Jørgensen 
et al. (2007) have shown it is possible to implement and benefit from these systems in 
practical field trails where 15 factors are handled with 56 repetitions. 
 
In an ongoing research project between University of Aarhus, University of Southern 
Denmark and AgroTech – Denmark, the goal is to develop software for automated 
creation of route plans for auto guided agricultural machinery. The key software 
module is the ROPMO (Route Planning Module), which is able to generate route planes 
to auto guided tractors carrying out field operations. As an example, the software can 
be used for the seeding operation, where the route plan automatic guides the tractor 
carrying the seeder to the plots, which should be seeded the current setup. In the 
same project, the NASMO (Navigation Support Module) module is being created which 
is able to guide an experimental technician or a machine by use of Global Navigation 
Satellite Systems (GNSS). Hence NASMO enables manual and/or automated data 
acquisition with field plot in correct symbiosis with existing data acquisition 
equipment. 
 
The software modules are developed with a user-driven approach, which is on the 
basis of a detailed analysis of the technical background, user experiences and the 
need for different types of field trails with different types of agricultural machinery. 
The national dealers of Claas tractors and AutoFarm AutoSteering are also involved in 
the project and supplies equipment for testing and developing these software 
modules.  
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New technology for weather and soil monitoring and data processing & 
analyze - a-Weather & www.a-log.net 
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A continuous and seamless gathering of weather and soil conditions and data analyses 
will lead into big saves in agriculture. A-Weather product family and connected 
www.a-log.net data service represents a new internet era technology for environment 
monitoring. A-Weather measures weather and soil conditions from numerous points 
and sends measurements into internet server. The data are analyzed by server 
computers and fed back to a user in forms of graphs, recommendations and warnings 
of possible decease risks. The a-Weather system is a fully wireless network of 
measurement stations and sensors and it does not need any external power sources.  
 
The a-Weather stations are freely movable and operate everywhere the GSM network 
is available. The data are permanently saved into secure databases and are available 
for analyses several years after recording. The user interface works everywhere and 
with standard internet browsers. 
The new technology also makes an overall cost per sensor much lower than the older 
point-to-point technology ever will allow. The measured information and results of 
analyses are distributed easily and immediately through internet to wide group of 
(allowed) users. 
 
The new technology will revolutionize agriculture field monitoring. The new technology 
will serve in automating the weather information based decision making in the control 
of pests and plant deceases. It will help to maximize crop quality and quantity and it 
will become a very important part of the emerging precision farming concept.  
A-Weather system with sensors and web servers has been in intensive use three years 
in different countries and climates and is now ready to service farmers around the 
world. All products are CE-marked. Manufacturer is looking for new representatives 
around the world.  

 
 


