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SUPPORT SYSTEM FOR DESIGNING AND MANAGING DRYING AN D
STORAGE OF CEREAL GRAINS

Summary

Emerging technologies enhancing implementation afenadvanced software were analyzed and appliedpgrade the
standalone DSS Ziarbit, developed by the authogsast years, to a form of a Web-based decision atigystem embed-
ded in Semantic Web frameworks. The system walbgedeo support design and management of cereahgirying and
storage processes. New technologies were useddblgm domain analysis, UML diagramming, knowledggresentation
and Semantic Web implementation, and recent Miérggogramming environments were applied (NET ASP .NET
4.5, C++/CLI and C# available in Microsoft Visuatuslio 2012, and Windows Phone SDK 8). In orderrtsuee interop-
erability, a concept of Internet-based Knowledgat€e(IKC) was introduced and the new system wasldped within the

IKC framework.
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1. Introduction

For farmers, agriculturallyrelated businesses and in-

dustries involved in grain drying, handling andrage it is
necessary to have prompt, relevant and reliabterimdtion
to make better decisions and maintain quality siechl
Fast, flexible access to information available loa ¥Web is
essential. It could be attained by keeping decisiopport
software up to date, especially by taking the athga of
innovative and effective ICT opportunities. New adeed
technologies available for developing Web-basedsi®t
support applications can increase functionalityiabdity,

usability, maintainability and performance of swagplica-
tions [5, 15]. Integration of information derivedofn di-
verse sources and transformation of the DSS todapta
able Semantic Web-based DSS is a strong trendufaref
system development [1, 4, 6]. Additional new poditits

are offered by smartphone applications for intéoacbe-
tween users and servers [2, 9].

The objective was to indicate, implement and araly
emerging technologies useful either for developimew
systems or for upgrading old-day standalone apipics to
a form of Web-based decision support system emlokofde

were chosen. To satisfy the goal of interoperabditd re-
usability of existing Web-based knowledge [5, 15e4 of
Semantic Web languages was used [1, 4, 7]. Inqodeati,
to ensure the interoperability, an original conceptnter-
net-based Knowledge Center (IKC) was introduceds]y,
this concept became a framework for the new system
velopment.

A light version of the system was also developed f
smartphones, on the basis of methods appropriateniart
apps development [2, 9].

3. Results

The model for the problem domain (Fig. 1) was Hdase
on three principles:
1) Identification and description of terminology, vbca
laries, processes, etc. of the knowledge domain.
2) Design of data sets as parts of the decision stisyer
tem scenario. Knowledge is brought to a solutiamfrRe-
source Description Framework in attributes (RDFatent
outside the IKC space in a form of existing ont@édsgand
semantic vocabularies (LinkedData space) and atso f
custom ontologies designed within the IKC. Duehi® lack

Semantic Web frameworks. Implementation of new techof the semantically enabled resources, in termghefSe-

nologies was exemplified by an upgrade of a stamdal

mantic Web technology usage, preparation of sudhidei

DSS Ziarbit developed by the authors in past years [14tesources was also required.

with an intention to support design and manageroéne-
real grain drying and storage facilities.

2. Material and methods

The new version of the “Ziarbit” Web-based deaisio -

3) Development of an Agent Service and/or Software to
consume the knowledge from the IKC space.

The core elements of the IKC architecture (Figwgye
based on the principle: mature, stable and progehnblo-
gies and software available for free.

Proxmox Virtual Environment, PVE (Fig. 3) - thpem

support system was developed with the use of skvereontainer based solution, which enabled rapid ngldf

methods appropriate for project management [3] softt
ware engineering [11], especially for the probleamdin
analysis and UML 2.4.1 diagramming, knowledge repne
tation and Semantic Web standards [7], and receatoM
soft technologies [10, 12]. As programming envir@ms,
.NET 4.5, ASP .NET 4.5, C++/CLI and C# 5.0, avdisain
Microsoft Visual Studio 2012, and Windows Phone S®K
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the required environments along with prototypingl ary-
ing many different configurations and settingsatidition,
the environments created on top of the PVE couldbuik
with usage of turnkey Linux distributions preconfigd for
the specific roles — like Web Server — and with TuenKey
Hub Service they could be automatically backup loa t
Amazon S3 platform.

,Journal of Research and Applications in Agricultural Engineering” 2013, Vol. 58(2)



Participants of the grain drying process

Agriculture

—— 2%
‘ Industry ‘ C )
= o ¥

‘ Science

jout, Answers

Government

S

Internet-based Knowledge
Center (IKC)

Questions |

'
"
i

h

'
'
'
'

1 LW, 1K, 1., 1.7 — decision steps during the grain drying
process from the perspective of domains A, G, Sand |,

- DO-@|
T OO0

OROSOXa

Transfers of knowledge between the domains of
Agriculture, Government, Science and Industry,

A required during decision process when looking for |
~-. the optimal sets of data and information to make :
optimal decision at a particular step within the
process, |
Transfer of knowledge between the domains will be implemented at E
significant participation of the two types of resources :
- ontologies and vocabularies provided by the Ontology Server,

1. Virtualization environment platform.
- Proxmox Virtual Environment — OpenVZ

- container-based environment

2. Triple store.
- allegrograph
3. Web Application Platform.

- linux OS, open source web platform, trac preconfigured sol

utions

- drupal cms with rdf extensions

4, Web Services.

Fig. 2. Architecture of the Internet-based Knowledenter (IKC)
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Fig. 3. Proxmox Virtual Environment

- Protégé Desktop ontology editor (Fig. 4) was uaed and national laws and regulations, they were takedger
the main ontology development tool and configured tclose consideration. Based on that, ontologies hwviciyp-

work with visualization and reasoning plugins.

- The data model for the domain of grain dryingadiang
and storage (Fig. 5, Fig. 6) was approached fram fioain
perspectives. The resources available: websiteklicau
tions, academic manuscripts, agricultural fairsyeatising
material and leaflets, technical documentation,opean
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tured the knowledge from those sources were dedignd
built.

- AllegroGraph enabled the access to the createdhin
ontologies and vocabularies. The data sets weréomxp
with the use of Queries section and SPARQL language
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A new approach to a decision support system foir ag
culture was elaborated due to implementation oémead-
vances in ICT, and a new version of D&farbit, a soft-
ware application for analyzing, designing and mamag
cereal grain drying and storage was designed {BigOn-
tologies required for semantic processing approaehe
constructed, and the Internet-based Knowledge Cevde
the framework for the analysis. A pioneer smartghap-
plication to communicate with the server was alswett
oped. DSZiarbit was composed of:

1) databases for grain drying, handling and storage,

2) simulation and performance analysis (calculatiodrgf
ing air properties, simulation of the moisture teomn
changes in grain, computation of drying systemgoper
ance),

3) decision support for selecting appropriate equigmen
and conditions for drying cereal grains, with tleeess to
data available online.

(4]

(5]

(6]

(7]

(8]
4. Conclusion

Advanced technologies available on the .NET Frame-
work and useful for developing Web-based DSS fai-ag [9]
culture were indicated and implemented. The newgiwar
of Semantic Web-based decision support softwarehar
lyzing, designing and managing cereal grain dryargl
storage was designed and implemented. The Senm&fetic
concept was turned into reality with the help & thternet-
based Knowledge Center, developed originally witthis
work. A test version of the smartphone applicatioren-
hance a mobile access to the system was also cotesir
Conformance to software engineering standards gutie
whole software development process was a critigetof
for accepting the developed application in operetip
practical environments.
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