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Abstract. Industrial biosystems could be more productive using the precise control methods,
which will lead to minimization of resources and maximization of product quality. In this paper
author shortly describes and summarises his research, which is done within the doctor thesis with
the main goal to improve the implementation of Precision Agriculture approach using the
integration of various mathematical models in precision computer control of a multiobject
biosystems. To reach this goal, author developed architecture of automatized control system for
precision control of closed biosystem and implemented specific automatized control system, based
on proposed architecture. Control system was tested in real environment for monitoring the honey
bee wintering process in specific honey bee wintering building. The results of this research are
mentioned distributed, adaptive, automatized control system architecture that can be used for
control of the bioprocesses in the closed environment, as well developed various algorithms and
models for improving the honey bee wintering process by recognising different bee colony states
based on temperature measurements.
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1. Introduction

Nowadays information and communication technologies (ICT) provide indispensable
support for business, agriculture, and production processes. The rapid development of
information technologies and computer control allowed for individual monitoring of
biological and agricultural objects (plants or animals) with the main aim of controlling
their development process. This, in its turn, allows controlling the biological objects in
real time more effectively, taking into account object behaviour and environmental
conditions. Such control of individual agricultural objects provided the foundation for a
new interdisciplinary field called Precision Agriculture (PA) (Berckmans, 2004; Lopez
Riquelme et al., 2009; Mancuso, Bustaffa, 2006; Morais et al., 2008; Proffitt, 2006). PA
methods are still developing but they are already adapted for a big number of agriculture
related sub branches like Precision Farming (Auernhammer, 2001; Reichardt, Jiirgens,
2008), Precision Livestock Farming (PLF) (Berckmans, 2004), Precision Viticulture



132 A. Zacepins

(PV) (Bramley, Hamilton, 2004; Morais et al., 2008; Proffitt, 2006; Santesteban et al.,
2012), Precision Horticulture (Zhou et al., 2012), Precision Apiculture or Beekeeping
(Zacepins et al., 2012; Zacepins, Stalidzans, 2013) and others.

The author of this paper puts an emphasis on the research of control of multiobject
biosystems. In the paper title a term ,,Precision computer control” (PCC) is used, which
is defined based on Precision Agriculture (PA) concept and approach where individual
object observations are very significant. Precision computer control is production or
technological process control using the computer, taking into account the individual
measurements of the objects involved in the process. Precision computer control of the
multiobject biosystems directly indicates that many biological objects are individually
monitored and controlled using various ICT tools. Based on individual object behaviour
parameters, a control action is chosen with the main aim to prevent important parameters
to exceed the critical limits, thus providing the necessary object development at any
moment. In many cases control of the biosystems comparing to control of the technical
systems is more complicated, because biological systems are self-regulated systems and
the activity of other control system can lead to biosystems instability and to death of the
biological object (Zacepins, 2013).

Integration of precision computer control into practice will lead to minimization of
resources and maximization of product quality, for instance farmer will not apply
pesticides to the whole greenhouse, but only to individual agricultural objects. The same
is with treatment application. Method of precision approach will guarantee minimal use
of needed resources, which also reduces impact to the environment.

2. Concept for precision computer control of the biosystem

Biosystems and biological processes which take place in open environment, like forest
growing process, cannot be directly controlled, but biological processes which take place
in closed environment can be automatically controlled by the microclimate control
system, based on measurements needed for the control. Examples of microclimate
measurements are light intensity, humidity, temperature, air composition, etc. At the
same time important parameters of the biological object can be measured using specified
measurement system. Such individual parameters can be soil temperature and humidity,
colour of the leaves or bee colony temperature. Measurement results should be
transferred to the computational system, which performs data processing and analysis.
Based on predefined models, computational systems recognize states of the monitored
object. Taking into account additional data information sources (for example, weather
forecast) computational system itself or involving the operator makes a decision about
the necessity of changing the parameters of the microclimate control system with the
main aim to affect biological object and change its state and/or behaviour.

2.1.  Architecture of control system

Author proposes architecture of the adaptive, distributed control system for the control
of closed environment biological process (Zacepins, Stalidzans, 2012; Zacepins, 2011)
(see Fig. 1).

Architecture of the automatized control system is abstract depiction of the control
system, where idealised models of the system components (elements) and its
collaborations are described. Architecture elements are connected to each other and build
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whole automatized system and help to solve specific task on architecture level. On the
same time system architecture leaves enough freedom for choosing specific technical
devices and solutions and architecture is not linked to only one solution (Klir, 1990;

Denisenko, 2009).
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Fig. 1. Architecture of computer control system (Zacepins, 2013)

Proposed system architecture takes into account several features: it provides remote
controlling of the system; system is distributed, which means that in the geographical
location where biological process takes place only minimum of the needed system for
autonomous control with low working environment requirements (wide range of
humidity, temperature, vibrations) is situated. However, data processing system has to be
situated in the environment suitable for the computational system. Also, it is needed to
measure all involved object parameters to arrange the feedback for the control system.
Therefore, the author proposes unified control system architecture for monitoring and
control of the biological objects.

The proposed control system architecture can be used for biological processes, which
take place in closed environment and where microclimate parameters affect both the
biological process and functioning and development of the whole biological system.

Architecture for biosystem control proposed by the author can be divided in several
system elements where each of them can be developed separately. The mentioned
elements are microclimate control system, biosystem parameter measurement system
and decision support system (Zacepins, 2013).

This elements representing three stages of Precision Agriculture system, like data

collection, data processing for analysis and application of control action (Terry, 2006).
So data collection is done using the biosystem parameter measurement system, data
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analysis is done by the decision support system and microclimate control system is
needed to apply or change a control action.

2.2. Biosystem data collecting

A stage for selection of the biological object measurement system for data collection
task is important one. For completing the data collection stage one or various
measurement systems can be used, because in many cases monitored object could have
various different parameters, therefore it is necessary to evaluate which parameter is the
most important for monitoring procedure.

Selecting the correct and appropriate measurement system economic aspects should
be taken into account, because sustainable agriculture or other branches should operate
with a profit. One of the economic criterions is the rate of the return of investment
(ROI). The author of the paper proposes formal method for rational measurement system
implementation in precision computer control. The method will help to determine return
of investment coefficient for measurement system implementation, and thus, evaluate
gains and/or losses after recognition of different object states (Zacepins et al., 2013).

2.3. Biosystem data analysis

The data analysis stage can be performed by the human manually interpreting received
data but human ability to process data and to make decisions without usage of additional
technical solutions and tools, unfortunately, has some limits determined by both the
physiological characteristics and the amount of available data (Mednis, 2013).
Information technologies can at least partly replace a specialist in case of large data
amount or if continuous analysis is necessary. Such approach could help operator which
hardly could interpret the data by themselves. The computational support of operator can
be done using DSS where different algorithms and models can be implemented (Fig. 2).
(Zacepins, Stalidzans, 2013).

Decision making can be based both on directly acquired operational data that
describes current situation and indirectly acquired historical data that describes similar
situations in the past. The usage of historical data in current decision making process
theoretically increases the possibility of more objective assessment of the situation and
helps to take appropriate decision (Mednis, 2013).

Different states of biological system can be recognized with different level of
reliability. Therefore, depending on the importance of detected state and importance of
immediate action DSS may be delegated to make some decisions automatically or
request the analysis of proposed decision by a specialist in data processing.
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Fig. 2. Diagram of information flow for DSS implementation in PCC
Based on definition of model its task is to represent various real physical, biological,
economical or other processes. Usually models give a simplified view about process, but
nevertheless information, which is provided by the model, is useful for the detailed
research of the process (Sokolowski, Banks, 2009). Models can be classified in various
ways. One of them is to distinguish two categories of models: qualitative and
quantitative models (Holjushkin, Grazhdannikov, 2000). For instance, qualitative models
could be used to determine if biological object is in the some specific state where the
answer is “yes” or “no” or name of the state. Quantitative models would predict, for
instance, count of biological in particular date where the answer is a exact number of
objects.
DSS may use different combinations of different model types to suggest particular
decisions to the operator.
Author propose to divide decision making process in three levels (Fig. 3) (Zacepins,
Stalidzans, 2013):
e input data level — where all needed data about process and object should be
defined,;
e model level — where input data is used by various different dimension models
with main aim to determine the object state and status of the process;
e decision level — where model outputs are analysed with main aim to choose the
right decision (beekeeping operation to be performed).
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Fig. 3. Three levels of the decision making process (Zacepins, Stalidzans, 2013)
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3. Example of implementation of proposed concept

Within the research a model based, real time, distributed, adaptive control of the bee
wintering process is developed and experimentally tested. Bee wintering process is a
biological process, since biological organisms are involved. Monitoring and control of
such process is a rather complicated nontrivial task, because it is hard to predict
biological system reaction to human intervention.

The developed system can be divided in several logical blocs, where each of them is
independent and has its own functionality. The developed system is based on the
proposed architecture of biological object control, which is demonstrated in Figure 1.

Practical experimental work of the research took place in the bee wintering building
while monitoring and controlling bee colony wintering process. During the practical
work several tasks were completed. Experimental measurements were taken during two
wintering periods (2 years). The first period took place in winter 2010 — 2011, the
second one in winter 2011 — 2012. If in the first year strict requirements were not
defined, then in the second year exact object groups and their distinctive features were
defined (Zacepins, 2013).

Microclimate control system was used in bee wintering building for control of
ambient temperature on needed level. Additionally wired temperature sensor network
was used for individual monitoring of bee colony temperature. Separate information
system was developed for data collecting and saving processes. Decision taking about
bee colony states was based on different dimension models while real object data was
compared to historical data. Detailed description of example of implementation of
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proposed concept and architecture can be found in author scientific publications
(Zacepins, 2012; Zacepins, Karasha, 2013; Zacepins et al., 2011).

4. Conclusions

To implement on individual object monitoring and observations based Precision
computer control it is necessary to sequentially complete three phases — data collecting,
data analysis and application of control action.

Adaptive control systems are widely used for solving the biological process control
tasks, because the result of implementing control actions is not easily predictable. This
can be proved by the fact, that the biological process has no linear dynamic, and there is
limited knowledge about biosystems and dynamic parameters of the processes. The main
feature of the adaptive principle is its adaptability to previously unknown changes of the
controlled object, which allows providing high working quality of the system in the
variable working environment.

The model based, remote, automatized control system architecture developed by the
author for biological object control allows unifying system development process by
taking into account similar features of the biological objects.

Application of models in control system is needed to evaluate process progress and
predict its development for precise implementation of control action. Control system
should be a remote system to allow centralised control of the geographically
disseminated local biological systems. To control a complicated biological system the
computer control system should be automatized not automatic, to allow the branch
specialist to approve or deny the proposed solution of the decision support system.

References

Auernhammer, H. (2001) Precision farming — the environmental challenge. Computers and
Electronics in Agriculture, VVol. 30(1-3), p. 31-43.

Berckmans, D. (2004) Automatic on-line monitoring of animals by precision livestock farming. In:
International Congress on Animal Production in Europe, Saint-Malo, France, p. 27-30.
Bramley, R., Hamilton, R. (2004) Understanding variability in winegrape production systems.

Australian Journal of Grape and Wine Research, Vol. 10(1), p. 32-45.

Denisenko, V. (2009) Kompjuternoe upravlenie tehnologicheskim processom, eksperimentom,
oborudovaniem. Gorjachaja linija — Telekom. 608 p.

Holjushkin, J.P., Grazhdannikov, E.D. (2000) Sistemnaja klassifikacija arheologicheskoj nauki
[online] [accessed 30.08.2011] Auvailable at:
http://www.sati.archaeology.nsc.ru/Home/pub/index.html.

Klir, Z. (1990) Sistemotologija. Avtomatizacija reshenija sistemnih zadach. Moscow: Radio i
svjazj. 544 p.

Loépez Riquelme, J.A., Soto, F., Sanchez, P., Iborra, A., Suardiaz, J., Vera, J.A. (2009)
Development of a sensor node for precision horticulture. Sensors (Basel, Switzerland), VVol.
9(5), p. 3240-55.

Mancuso, M., Bustaffa, F. (2006) A wireless sensors network for monitoring environmental
variables in a tomato greenhouse. In: 6th IEEE International Workshop on Factory
Communication Systems, Torino, Italy, p. 107-110.

Mednis, A. (2013) Implementation of Participatory Sensing Approach in Mobile Vehicle Based
Sensor Networks. BJMC, Vol. 1(1), p. 1-8.

Morais, R., Fernandes, M. a., Matos, S.G., Serddio, C., Ferreira, P.J.S.G., Reis, M.J.C.S. (2008) A
ZigBee multi-powered wireless acquisition device for remote sensing applications in
precision viticulture. Computers and Electronics in Agriculture, Vol. 62(2), p. 94-106.




138 A. Zacepins

Proffitt, T. (2006) Precision Viticulture: a New Era in Vineyard Management and Wine
Production. Ashford, Australia: Winetitles. 90 p.

Reichardt, M., Jirgens, C. (2008) Adoption and future perspective of precision farming in
Germany: results of several surveys among different agricultural target groups. Precision
Agriculture, Vol. 10(1), p. 73-94.

Santesteban, L.G., Guillaume, S., Royo, J.B., Tisseyre, B. (2012) Are precision agriculture tools
and methods relevant at the whole-vineyard scale? Precision Agriculture, Vol. 14, p. 2-17.

Sokolowski, J.A., Banks, C.M. (2009) Principles of Modeling and Simulation. New York: Wiley.
257 p.

Terry, B. (2006) Precision Agriculture. Thomson Delmar learning. 224 p.

Zacepins, A. (2011) Architecture of an adaptive automatic control system for bioprocess control in
closed environment. In: Proceedings of the 5th International Scientific Conference ,, Rural
Development 2011 ”, Kaunas, Lithuania, p. 474-478.

Zacepins, A. (2012) Application of bee hive temperature measurements for recognition of bee
colony state. In: Proceedings of the 5th International Scientific Conference “Applied
Information and Communication Technologies” (AICT 2012), Jelgava, Latvia, p. 216-221.

Zacepins, A. (2013) Model based precision computer control of the multiobject biosystem.
Summary of the Thesis for acquiring Doctoral Degree in the field of Information
Technologies, pp.58. Latvia University of Agriculture.

Zacepins, A., Karasha, T. (2013) Application of temperature measurements for the bee colony
monitoring: a review. In: Proceedings of the 12th International Scientific Conference
“Engineering for Rural Development,” Jelgava, Latvia, p. 126-131.

Zacepins, A., Meitalovs, J., Komasilovs, V., Stalidzans, E. (2011) Temperature sensor network for
prediction of possible start of brood rearing by indoor wintered honey bees. In: Proceedings
of the 12th International Carpathian Control Conference (ICCC 2011), Velke Karlovice,
Czech Republic, p. 465-468.

Zacepins, A., Stalidzans, E. (2012) Architecture of automatized control system for honey bee
indoor wintering process monitoring and control. In: Proceedings of the 13th International
Carpathian Control Conference (ICCC 2012), Podbanske, Slovakia, p. 772-775.

Zacepins, A., Stalidzans, E. (2013) Information processing for remote recognition of the state of
bee colonies and apiaries in precision beekeeping (apiculture). Biosystems and Information
technology, Vol. 2(1), p. 6-10.

Zacepins, A., Stalidzans, E., Karasha, T. (2013) Profitability ranking of precision agriculture
measurement systems implementation. In: Proceedings of the 12th International Scientific
Conference “Engineering for Rural Development,” Jelgava, Latvia, p. 164-1609.

Zacepins, A., Stalidzans, E., Meitalovs, J. (2012) Application of information technologies in
precision apiculture. In: Proceedings of the 13th International Conference on Precision
Agriculture (ICPA 2012), Indianapolis, USA.

Zhou, R., Damerow, L., Sun, Y., Blanke, M.M. (2012) Using colour features of cv. “Gala” apple
fruits in an orchard in image processing to predict yield. Precision Agriculture, Vol. 13(5), p.
568-580.

Received October 3, 2013, revised October 16, 2013, accepted November 12, 2013



