3-2014 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 127

Piotr GRAD

University of Science and Technology, Faculty oleEEemmunications,
Computer Science and Electrical Engineering, Bydgos
grad@utp.edu.pl

UNIVERSITY INTEGRATED INFORMATION
SYSTEM DEVELOPMENT

Key words

Building management system, building automationtesys building energy
management system, integrated information systesnjtoring, computer aided
decision process, long-term forecasting.

Abstract

The article presents a case study of the integratfmmation system
of University of Science and Technology in Bydgas@dTP), the information
about its present stage, the range of operatiah ptamns of further expansion.
A significant part of the article has been devatedrarious kinds of building
management systems, their basic and advanced rangition, and the role
they may play in the integrated information syst#frthe university.

The other part of the article presents the conaegtthe first stage of the
implementation of the university classrooms occuepalegging system based
on the usage RFID key fobs, RFID readers and PCpuaters, and ARM
microcontrollers in concierge desks in the univwgrdiuildings. The simple
system has been developed at the UTP in BydgoPRzniand. It is now mainly
used for logging and visualizing the occupancyhaf kecture halls, but it will
soon be linked to the UTP integrated informatiostesn and the BMS system
of one of the UTP buildings.
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Introduction

The modern university is a complex organism, fuomitig on many levels.
Different tasks are performed there, such as didgmtocesses, knowledge
management, research processes, intellectual pyopegnagement, quality
management, human resource management, the mamagefengible and
intangible assets, financial management, and riskagement. Its computer
systems are sometimes more complex than the systesasne companies. This
is due to the diversity of the tasks of the uniigrand the diverse and
sometimes complex financial settlements. Univarsitire developing methods
and procedures for solving problems related tor theictioning and integrated
information systems that support their activitietated to teaching, research,
EDI (electronic data interchange), etc.

In 28.02.2011High Education Research Centrédagiellonian University
published a document call&dhal Report‘Universities Management Models in
Poland” [1], which can be used by other universities imithindividual
computerization and organizational transformati&ll, etc. This document
contains ready-to-use patterns of solutions to npaniglems associated with the
functioning of a modern university. Ti@ampus of the 600th Anniversary of the
Jagiellonian University Revivak one of the most modern university building
complexes in Poland [2]. It has an advanced buildiotomation system. The
Building Management Syste(BMS) in this modern campus is an additional
advantage to this university, facilitating the ogtiation of material resources
management and maintaining the highest level ofcatiibnal and research
processes. This is one of the reasons why therpatté solutions related to the
management of universities proposed by the stafthaf university are so
valuable.

1. Project “New Quality in the UTP”

In 10.11.2011 TheNational Centre for Research and Development
Department of Implementation of Human Capital Ofiersal Programme
announced the competition number 1/POKL/4.1.1/2@1 kubsidize projects
concerning the development of universities [Blniversity of Science and
Technology(UTP — shortcut to polish name of the universityniwersytet
Technologiczno-Przyrodnicgyin Bydgoszcz participated in this competition
and received subsidies for a project calldW Quality in the UTP[4]. The
project was realized between 10.01.2012 and 30Q9.2 The project
realization consisted of, among others, improvifdge tefficiency of the
university functioning, and improving the quality education related to the
needs of the business environment by implementig modules: the quality
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management training, human resource managemeanciad management, and

physical asset management.

The individual modules consisted, among othersheffollowing:

* Financial management— automation of budgeting and controlling,
enterprise resource planning (ERP), implementatainan electronic
document interchange system (EDI);

« HR management- an application dedicated to a Human Resource
Management;

» Education quality management Deans' offices operating system, the
principles of cooperation between UTP and the ectoi@nvironment in
terms of education quality, the implementation b& tcost-absorption
analysis of different fields of studies systemamparison with the needs of
the economy; and,

* Physical asset management computer tools for the planning and the
management of physical assets, including an invgnsgstem utilizing
a barcode technology.

The university’s physical asset management modugle particularly
interesting due to its potential integration wittetBMS system, so it will be
described in detail.

As part of the system such steps, among others, I@en taken as follows:

» Elaboration “The UTP property management study; [5]

» Implementation of the Real estate and intangible assets management
plans' [6];

* The entire property of the UTP was marked with bdec labels, and
inventory was conducted and settled in the newesyst

* A summary was made of the real estate owned by together with a
description of their development;

» The sources of the UTP properties’ funding and rganeent were defined;
and,

» The procedures for purchase of fixed assets anitesrwere defined.

These actions were performed in order to analysecthrent state of the
real estate belonging to the UTP and for the pwmdsts rational operation in
respect of their usefulness for the Facultiesngknto account the analysis of
the cost of their maintenance and modernizatiores€&€hactions aim to support
the optimization and rationalization of current tsognd support the process of
technical maintenance of the properties at a gecddnical level as follows:

* Monitoring maintenance, repair, troubleshooting grefforming minor
repairs by a computer system; and,

» Through the creation and management of the funidingrodernization and
renovation, designed to improve the aestheticsasscooms, and reduce the
cost of their maintenance through the modernizatioziassrooms’ lighting,
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integrated audio-visual systems in classrooms répdacement of sanitary

facilities, radiator valves, thermo-modernizationf duildings, and

implementation of regulation and monitoring systefos electricity and
central heating.

The project'New Quality in the UTP”contributed to radical modernization
of university management, but, of course, it does exhaust all the issues
related to functioning of the university, as it do®t take the integration of the
UTP Integrated Information Syster(llS) with the BMS system and the
university classrooms occupancy logging system auoount. The proposal to
complement the UTP IIS system, which is now in stscond phase of
implementation, is the main goal described in thégper. It consists of the
following subgoals:

* The analysis of UTP hardware and software thatlmmused to manage
building automation systems, BMS software licensés, logging and
visualization capabilities, building automation toflers, and so on;

* The inventory of modern and outmoded HVAC deviaesaited in the UTP
main campus objects;

e The analysis of the existing UTP integrated infdiom system
functionality, from the point of view of its poteak integration with the
BMS software and the university classrooms occupdogging system;
and,

» Searching for the best software, hardware and tiogisolutions, allowing
for the maximum BMS functionality, using existingTP software and
hardware, and limited funds for their maintenanog expansion.

2. Building management systems

Building management systenfBMS) or Building automation systems
(BAS) are IT systems used to monitor, visualizej aontrol the operation of
various systems of buildings. Generally, these y§tems are run using PC
computer software that is linked to building colien® using special buses or
just Ethernet cables. Usually, BMS or BAS systeraa be programmed to
include heating, ventilation, and air conditioninHVAC). A BMS system
controls fan coil units, air handling units (AHU$ilers, chillers, and many
other HVAC devices. The software allows buildingnagers to visualize and
inspect HVAC operations and to set temperature lamdidity levels in many
separate parts of the buildings usigigphic user interfac€GUI). In modern
BMS systems, all of these operations can be peddrosing a web browser of
a computer or a mobile phone or tablet. Additionadl typical BMS allows
controlling and adjusting light levels based onetiaf day, occupancy of a given
area, or according to sunlight levels. More soptased BMS software includes
a much wider range of subsystems and can use thdlationships between
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these subsystems and the HVAC and lighting contBuich software can

monitor and control the following subsystems, amotigr things:

* Intruder alarm system, access control system;

» CCTV (closed circuit television);

 Fire alarm system, emergency voice alarm commubitatsystem
(EVACS);

» Electrical installation monitoring and alarm sysferoentral battery
monitoring, and alarm system, energy monitoring ematrol system;

» Lift and escalator monitoring and alarm systems aimer systems for the
monitoring of electromechanical devices; and,

* Maintenance alarm system.

The advanced BMS software implemented in the bagisliwith various
building subsystems allows building managers tdgoer the following: (a)
remote diagnostics of various building devices .(éd{y AC devices) or the
entire subsystems, (b) control optimization, (cgventive maintenance, (d)
energy optimization and trending, (e) peak load agament, (f) consumption
reports for energy management, and many otherghing

Taking into account high electricity and heat co#ie most important task
to do for BMS and building managers is to maximike building's energy
efficiency by regulating ventilation system fan sgse, boilers, and chillers, to
achieve good air quality in the buildings and propentilation with as low
power consumption as possible.

The assessment of the impact automation systemsningy efficiency in
buildings, in the light of the European Standard-EN 15232:2012 [12], has
been widely described in the literature [13]. Tliere, these problems will not
be further described in this paper.

In case of universities where faculties settle rthadsts of operation
themselves, the next important thing is to integrdte work of BMS with
enterprise resource planning, monitoring of mediasamption, and monitoring
the electrical installation.

Nowadays, BMS systems of leading companies all@vctinfiguration of
automatic notifications that are sent to specidligervice companies in the case
of a failure of individual components of the buildi automation. Thus, the
evolution of monitoring and maintenance of the dinig automation systems is
quite similar to the evolution of the monitoringdahandling of information
technology in enterprises, such as the following:

* In the past, monitoring and maintenance of buildagomation systems at
a given facility were done mainly by the local §taometimes assisted by
specialized external companies; the same type df was performed in the
case of small, local bank branches, small busisessé various institutions
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that once employed computer engineers to adminiteal computer
servers, other local resources and LAN network.

Nowadays, monitoring the work of building automatisystems is done
more and more often remotely by specialized extecbanpanies; if one
needs to service or repair any devices, these auegpaend their own
technicians, and this is because the building aatiom systems are so
reliable and labour costs so high that maintaidowl service staff is in
many cases inefficient and unprofitable; therefdhés type of service is
most frequently left to outsourcing companies.

Several years ago, BMS systems were used veryyradvetause of the

following:

There were fewer buildings equipped with complidabeilding automation
systems.

The cost of electricity and heat was relatively éow

Environmental awareness had just been born.

BMS popularity on the market was small, and buddirwith advanced
BMS accounted for a small percentage of buildimgBaland.

Due to their low popularity, BMS systems were exgpem and difficult to

implement and use.

Servicing BMS systems required specialized knowdedg

There were relatively few companies that offeredstiyoexpensive and
advanced systems, designed for very large comnhéxaidings.

There was a relatively small amount of cheaper sintble applications,
such as BAS, for small and medium-sized buildings.

The Polish market of system manufacturers of th&&BMS systems was
just being born.

Now, the situation has changed greatly, becaugbeotrong competition

among manufacturers and suppliers of BMS systemsnfall, medium, large,
and very large buildings for the following reasons:

Due to the strong competition and a large numbesdftware vendors,
prices of BMS systems designed for all market gscteere significantly

reduced.

More and more versatile systems are being cre&i®dcan be scaled and
adapted to most buildings — commercial, retailyiset office, educational,
government, etc.

BMS systems are still being produced by large capons, such as
Honeywel] Johnson Controls Schneider Electric Siemens etc., but

numerous manufacturers in many countries who dffieir products in

many languages have also appeared, and they distrihese products
through networks of local vendors in many countriesn Poland, for

example UniArt system by an Israeli compa@pntrol Applications
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» Polish BMS manufacturers offering products tailotedhe Polish financial
realities have also appeared — systBibaro by Fibar Group system
Domatig by SIM Company, systenVision BMSby APA Company, and
many others.

* Many systems with open source for remote contradlifierent devices and
systems have appeared, and these systems often Ibavehardware
requirements and are distributed in different, rofieery liberal licenses,
allowing the usage of a shared code for commeptigloses, without paying
the authors of these systems. Such systems incduu#ng othersppenHAB,
openRemote, openSourceAutomation, HomeGenie, wpmyplomo.org,
www.pytomation.com, www.opensourceautomation.commy.domoticz.com,
www.agocontrol.com, www.freedomotic.com, wosh.gdarge.net and
many others.

» These open source projects are gathering a gromingper of enthusiasts
and businesses supporting their development, imguddeveloping
commercial systems based on open source systems [7]

* The number of newly emerging BAS/BMS systems isugng at a very fast
pace, and this is probably to the detriment ofrtdeivelopment prospects,
because the Internet community is divided as tachviproducts to test and
support and which to reject; it is like the famiofefertility, which affected
the PLC controllers industry in the 1980s, whickutéed in the creation of
IEC 61131 norm (it was known as IEC 1131).

» There have been a lot of inexpensive hardware golad that used ARM
processors, based on various versionkimiix, Android, OpenBSBystems
and others that allow tens of thousands of amatesisdents, and
professionals around the world to integrate aut@masystems of homes
and buildings and manage their work via the Interfikese platforms allow
many of these open source systems for remote daftdifferent systems
and devices to run.

As you can see from the above examples, the situath the BMS market
during the last several years has changed drartgtiGhere are no technical,
economic, or social arguments that would implydfvain from installing BMS
systems wherever it is economically justified. Noags, not only commercial
BMS systems offered by big companies generate ngiavings in building
supplies, directly proportional to the complexitiytbese systems, the level of
their integration, and financial effort. Systemsltbon the less popular and
much cheaper technologies also allow for signifiagwerational savings while
delivering much shorter payback time.

The vast majority of today's BMS/BAS systems haverduitive GUI that
allows for quick implementation of the user or adistrator of the system and
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provides remote access to system resources, ev@nnfiobile devices — mobile
phones and tablets.

It is not yet known what systems will gain the nerladvantage in the
future. Today it is not possible to find out, astlire early 90s, it would have
been impossible to predict the popularityL@fiux system, which dominated the
web servers and mainframes market, as well asubeess ofAndroid devices
currently dominating the mobile market. Market gs& indicates a steady
increase in the sales of BMS systems designedfgelcustomers and doubling
of this market every decade. Probably, the nefnéste belongs to the systems
that are currently rolling out around the leadiogneercial solutions — just like
the operating systemsMacOSandWindowsstarted out. In the near future, one
of the most promising BMS open source system @ilko gain strong support
of a large company such &woogle, IBM,and CISCO and become the BMS
system market leader on a scale comparable toAtttroid success on the
mobile device market. Everything indicates that teehnology of building
automation management systems in the future wilheot with a much wider
stream of solutions, referred to as theernet of ThinggloT) [14].

3. BMS system for a medium-sized university

Creating a BMS system for buildings belonging tomeedium-sized
university, such as UTP, is not an easy task. Ua® dozens of buildings in
different parts of Bydgoszcz with various degrekgeohnological advancement
and HVAC devices. The implementation process oflib#ding management
system does not change much in the operating obdisildings where those
buildings are devoid of building automation systethat can be managed,
taking into account different scenarios, algorithaersd a variety of criteria.

Many UTP buildings, similarly to some other univiges in Poland, still
have buoyancy-driven natural ventilation, whicheafbecomes ineffective after
replacing old box-type windows and reducing inditton. This forces the users
of such buildings to ventilate by opening the wiwdo Such activities during
the heating season are very energy consuming. ©odbasion of repair work
in such facilities, the possibility to use mechahiwentilation with heat
recovery or re-circulation may be worth consideringaccordance with the
revised Regulation of theMinistry of Transport, Construction, and Marine
Economy on technicaonditions thashouldbefulfilled by building objects and
their location[8].

In case of buildings equipped with mechanical \atitin, the situation is
much more favourable. To make the operation ofhamdling units in the
university buildings even more economical, it reggiadjusting the flow rate
and making it subject to current needs. The floiw na many of these objects is
specified using time schedules that often do ndee tinto account the
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classroom’s plan. In order to do otherwise, theversity integrated information
system would have to be connected to the BMS sysidmrefore, a more
effective solution for entering the flow rate of Aandling units often is to take
into account the data from carbon dioxide ¢gC@nd volatile organic compound
(VOC) sensors located in classrooms, becauseait eccurate and reliable way
of incorporating demand-controlled ventilation (DCMV10, 11]. DCV
management is available in almost all BMS/BAS gsysste

The consideration of the use of a BMS system fdlege buildings should
reflect whether it is cost effective to purchase ortegrated BMS system for all
university buildings or to apply a number of smakgstems BAS / BMS for
individual buildings. Choosing the first option, gsificantly simplifies
management and maintenance of BMS system, seryisgiityvare updates, etc.
It would only have one system of logging, visudiiaa, and management of all
the university buildings, only one company sengcisoftware of all of the
buildings, not potentially several companies, and tor each of BMS systems
(Fig.1). Currently this is the case for UTP. Thdusion has one drawback,
which not everyone perceives; tB8l (Enterprise Buildings Integratogystem
by Honeywellinstalled in UTP is used in the teaching process lasng model,
illustrating lectures, and laboratory exercisesstmdents from selected courses
of the Faculty of Civil and Environmental Engineeriagd selected courses of
the Faculty of Telecommunications, Computer Science didctrical
Engineering If we considered the second option, in which,.,edifferent
faculties of the university had different BMS syateto manage its facilities,
the students would have mdfilere models” available. However, this solution
would be more expensive and more cumbersome taamaiand service.
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Fig. 1. A simplified diagram of one BMS concept ofRJbuildings management

A question needs to be asked whether it is wortheiog all of the
buildings of the university with only one BMS systeMaybe it is better to
focus on the implementation of such for the largdsster of buildings of the
university. In the case of UTP, this would be theivarsity campus on
Kaliskiego Street 7. Taking this concept into acetpuother clusters of
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university buildings may be covered by a small middocal BAS/BMS
systems, offering the possibility of remote supspbn, logging, and
management of installed building automation systémghis variant, we should
also take into account the less popular BAS/BMSesys, which are used
mainly to manage HVAC devices, but they also hadwve functionality to
manage lighting, electrical installation, and mantlger systems, for example,
the system byJniArt by Control Applicationscompany, which does not require
royalties for the number of points of BMS systerig(R).

In connection with the operation of thEBI (Enterprise Buildings
Integrator) R301 by Honeywell in the UTP since 2008 in building B at
Kaliskiego Street 7, the upgrade of the buildingpenation systems around the
BMS system chosen a few years ago should be caosdid€his choice seems
all the more justified due to the fact that BuilgliB operated without a BMS
system for the first year and the consumption etteicity, especially in the
summer months, had cost the university up to 8508 B month more than
after the BMS system was installed. Thus, the pelyliane was just a few
months. The decision to cover the entire univengiityh EBI system, however,
would require theEBI to migrate to the latest version - tR&d30and to buy
a license for a several thousand new points, slmeeurrent license amounts to
only 250 points and is now fully exploited. TESBI system license extension
would allow to take full advantage of till now umgsopportunities, available in
this BMS system, and the possibility of its intdgm with an access control
system, an intruder alarm system, CCTV, ERP, the Wifegrated Information
Systemetc. However, one should bear in mind the neddhpiement planned
purchases of additional equipment compatible wWithdstablished BMS system.
When choosindBI system as a system for the entire university,shreaild also
remember about the future costs associated withndesl to migrate to the
future versions of BMS software, proportional te tiumber of licensed points.
In this context, some competitive solutions seemny eteresting, because
although they do not have such a wide functionalitgl integration capabilities,
they would allow the system to fit in with a smalbeidget and migrate to newer
versions at a lower cost.

In the Stage 2 of the Regional Centre of InnovativenesgeBt[9], the
UTP has purchased controllers and equipment for biéling automation
system byKieback & PeterCompany and equipment by td&ING Company
working in the KNX standardKieback & Peterequipment allows conducting
research on building automation systems, throughiriplementation of this
company’'s BMS system calleNeutrino-GLT Kieback & Petercompany’s
controllers can also be managed using several &S systems. There is the
ability to manage these controllers usiNgutrino-GLT or EBI BMS system,
and additionally control KNXJUNG equipment using communication interfaces
such as BACnet-KNX interface (Fig.1). Theutrino-GLTis a very stable and
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efficient BMS system, running on th@NX operating system. Therefore, this
BMS should also be taken into account when selgairglobal BMS for the
whole university.
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Fig. 2. A simplified diagram of three BMS conceptdfP buildings management

When considering further embodiments of the BMSe&ysfor the whole
university, one should not forget about other papulrecognized, and
dynamically developed BAS/BMS systems, for exam@@AC Vista by
Schneider ElectricMETASYSby Johnson Controlsor enteliWEBby Delta
Control.

Searching for a BMS system for a university, wheaeh of the faculties
has its own financial settlement, and the BMS systis also used for
educational purposes, one has to consider BEMSmyfBuilding energy
management systenecause it is a BMS system that is also usednsarve
energy by data collection and analysis of the mecer conditions being
controlled. This system allows energy visualizatimmd energy analytics to
provide basic dashboard views and recommendatemagding potential energy
conservation measures.

4. BMS system in one of the UTP buildings

The Regional Centre of Innovativenefuilding B, Fig. 10) was built in
2005-2007. It is a part of UTP campus on Kaliskiédétreet in Bydgoszcz. The
exploitation of classrooms in this building is eoomical, because it is a
building with very good wall insulation, airtightimdow frames, mechanical
ventilation with heat recovery, an efficient BMSst#®m, and modern and
energy-efficient equipment. Relatively lower energgnsumption in this
building is achieved, inter alia, by the following:

e It uses modern equipment with reduced energy iitierincluding energy
efficient pumps, fans with energy efficient motoaed multi-stage or
continuously adjustable air flow, energy-efficidighting, although it lacks
the use of techniques to maintain a constant lefélumination, and it
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lacks blind control system, which allows one toustlthe maximum inflow

of daylight in bright sunlight.

» It reduces the runtime of devices by turning themwden they are needed,
optimizing the start-stop time of devices, and te of natural phenomena
to save energy, e.g. night ventilation, etc.

e It turns various devices on or off in associatidthva variety of events.

Fig. 3 presents a simplified diagram of selectedules of the BMS system
in Building B. Figs. 4, 5, and 6 are the selectetesnshots of the simple,
friendly, intuitive GUI for quick orientation in # operation of the HVAC
devices and easy diagnosis of any failure.
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Fig. 3. Simplified diagram of selected modulesh&EBI building management system

Station - Default - (RCI_Menu.htm)

Baxn GR Yew o0 Cofgre Sepes tep
An B A& A B D w2 WA ¥ X S9Q @ o0

Praca Centrali

Temp zadana diahati  EEEN

Praea Centrali

Praca Centrali Praca Centrali

Temp zadana dia hali Temp zadana dia hali
PR [ e —— |
Temp pow. nawiewanego Bl Temp pow. nawiewanego

Praca Centrali
Temp zadana dia hali

Temp pow. wywiewanego Temp pow. wywiewanego [EEEN
Temp pow. nawiewanego I Temp pow. nawiewanego [E

utpsvr1

Temp zadana dia hali
Temp pow. wywiewanego
Temp pow. nawiewanego

Mngr

AHU4

AHUS

AHU1 AHU2 AHU3

Visualization
& Management

Visualization
& Management

Visualization
& Management

Visualization
& Management

Visualization
& Management

Fig. 4. A screenshot of a home pagd&8i application (building B)



3-2014 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 139

[e2 e
!

=,
D

2 N\ 200

}%

Zalacz | Biegl
Zalacz | Bieg2

N
&)
=

=
=

1
Shs]

Zalacz  Biegl
Zalacz Bieg2

=S
=
oy

§]2D_D°C

o=
/

Zalacz_ Bieg1l
Zalacz | Bieg2

Fig. 6. A screenshot @&BI application visualizing the work of AHU4 and AHUS5

Capabilities of the BMS system: THeBI applications used in Building B
are not fully utilized due to the number of poirtiging limited to 250.

Therefore, this system is mainly used for the fsitay:

* The visualization of HVAC equipment work,

* Monitoring the proper operation of HVAC equipment,

* The modification and optimization of HVAC work schees, and

* The optimization of the equipment work to reducergg consumption.
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5. Implementation of the university classrooms ocqancy logging system

Classrooms in universities are primarily used for tasks of teaching. In
theory, the availability of individual classroomancbe read from the occupancy
that results from the schedule of all the facultiest use certain classrooms.
However, in practice, particularly large lecturellhaare also used during
conferences, congresses, meetings, speeches, atielebr and other events
sometimes organized ad hoc.

Therefore, the use of occupancy logging systerustified, and there is a
continuous need for visualization and logging adissrooms occupancy for
current needs related to the activities of teachiagearch, and other tasks of
the university.

In addition, information collected in such a systean also be used for
other purposes. Faculties of many universities amdf-financing and
information about the use of shared resources ssutcated costs can be useful
to support the mutual financial settlements.

In addition, further development of such a systam allow the monitoring
of the consumption of electricity and heat in thassrooms covered by that
system. Such a system would enable monitoring mwioie operating costs of
facilities, including the cost of lighting, ventilan, heating and cooling, costs
associated with maintenance of cleanliness andiceemyork, repairs, and
capital costs associated with the modernizatiothefsystem of lighting, sound,
multimedia equipment, etc.

Information about what costs are associated wigraton of large lecture
halls is very useful in the scale of the universitgcause these rooms offer
various comfort of work and science, and they Heglging systems and HVAC
systems with varying quality, efficiency, and effeeness. This implies a
higher or lower quality of service and cost of @iem. This data should be
used when deciding on the plans to use individoains, to minimize the use of
sub-standard rooms and the rooms most expensiopdiate. In contrast, fully
comfortable and less expensive rooms to operatuldhoe used 100%. At the
same time, realistic and continuously updated dgjmera&osts of individual large
lecture halls should be used as an aid to determimeh rooms must be
upgraded first. What system should be modernizel/AC, lighting? The use
of information concerning the operation of largectlge halls after
modernization should be used to calculate thepagback time of this upgrade
and will help to develop optimal models of such mwization for other
buildings.

Since most large classrooms are windowless in tié Wdampus at
Kaliskiego 7 Street, one should try to use othegdaclassrooms, enabling the
use of daylight. Knowledge of the real cost of ldmge lecture halls lighting can
be used to calculate the payback time of instalpngperly designed, energy
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efficient fixed windows in large windowless classmes. Designing properly
controlled shutters provides the appropriate amotitight for most of the day
for teachers who use mainly blackboard and chaikl, ia useful for teachers
who often use multimedia projectors.

Building 2.1 /1 Building 2.1/ 2 Building 3.2 / 403
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Function of the system

» classrooms occupancy logging and information system
» classrooms equipment information system,

» classrooms equipment failures logging system.

Fig. 7. A simplified diagram presenting some paramse of university classrooms and some
functions of the proposed system: the number afdsted and extra seats for students,
multimedia projector resolution, the number of klawards, whiteboards and interactive
whiteboards, the existence of a sound system, wisndoooling, warming and ventilation
system, and the Building Automation and Control Systé&nergy performance Class of
the given classroom

From a technical point of view, information on thecupancy of university
classrooms can be collected, processed, and shaiegl database systems of
advanced access control systems. However, ingjalich a system in the entire
university would involve large financial effort assated with the following
needs: (a) to install electromagnetic locks or delectric locks, RFID card
readers in all classroom doors, the network of s&centrol controllers with the
power suppliers, the access control managemenersygb) to distribute the
appropriate RFID cards to all employees authorimedccess the classrooms,
and (c) to manage such cards, i.e. to grant arakeeaccess privileges, etc.

An alternative method of acquiring information abdhe classrooms
occupancy is to use information from the intrusdetection system. Control
units of such systems collect and process dataetonimg motion detection in
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individual rooms within their range. In practicegtdata can be retrieved from

these control units in various ways, including gsitthernet interfaces or using

hard-wire connection, i.e. by signalling the ocaupaof each room on the
digital outputs or expanders’ digital outputs oflswwontrol units.

This paper describes the cheapest and easiestptenmant, cost-effective
system that is based on the system of logging sifieid keys to university
classrooms. RFID tags are permanently attachedndividual keys. The
university concierge, when issuing keys or collegtreturned keys, encloses
them in the RFID reader (USB RFID proximity contass smart card reader
125kHz) and verifies the correctness of the opemadin a computer screen (Fig.
9). The logging system is based on a popular dpwedmt environmeripache,
PHP, and MySQL Information from this system can be easily exgorto a
variety of BMS systems in several ways, rangingnfiasigh-level methods, and
ending with the low-level methods. That is, randiram integration at the level
of the database systems of classrooms occupangyntpgystem and of the
BMS (Fig. 8), and ending with the method involvitige use of application
exporting data from the occupancy logging systencdntrollers with digital
outputs, enabling integration with the BMS systesimg the hard-wire method.

Due to the number of buildings, concierge desksd@asisrooms, to which
the keys are issued in UTP, a decision has beere rtfzat the occupancy
logging system would be completed in a few steps:

e Step Al is the installation of the system in thamm@ncierge desk of the
main UTP campus, Building C, for testing and optiation of the system.
This step has been made using the simplified dlgoriof university
classrooms occupancy logging system that is predentFig. 9.

» Step A2 is the installation of the system in thaaerge desk in Building B
(Regional Centre of Innovativenessand everything is prepared for
implementation of this step.

e Step A3 is the installation of the system in BuilgliA (Auditorium Novum)
and testing of the system based on ARM Ethernetamdntroller instead of
a PC.

» Step A4 is the installation of the system in otleampus buildings at
Kaliskiego 7 Street.

e Step A5 is the possible installation of the syster TP buildings outside
the main campus at Kaliskiego 7 Street.

At the time of writing this paper, the classroonesupancy logging system
runs on a standard PC using the database eMyi8&®L 5.5.21, Apache 2.2.22
with PHP 5.3.20parser. For reasons of database safety and maeyspthe
system will soon be moved to UTP servers.
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Fig. 8. A block diagram ahe classrooms occupancy logging system

There is, among others, a UTRtegrated Information Systemn these
servers. The system was created through the implatien of the project
“New Quality in the UTP.”

Therefore, the following steps are foreseen togiraie the classrooms
occupancy logging system with the UTrRegrated Information System
» Step B1 is the integration of the classrooms oceeypdogging system with

timetabling, scheduling and management software, e functionality

provided within this integration: (a) classrooms@gancy visualization and
registration, (b) analysis of the compatibility dassrooms occupancy and
the timetables of all faculties, (c) alerting aratjistration of the lack of
classroom occupancy, when, according to the plaretshould be classes,
(d) alerting and registration of the classroom garicy, when, according to
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the plan, there should be empty hall, (e) sharimg ihformation about
classrooms equipment and its characteristics,ofdihg the information
about classrooms equipment failures.

e Step B2 is the collected and returned keys and @yapd receiving and
returning keys logging system, based on RFID eng#ogards, which is
used for cleaning and maintenance workers to tleesef settlements in
the facility management system.

e Step B3 is the integration of the classroom-occapdagging system and
the BMS system — HVAC work management system basedlassrooms

usage.
START

€

P A 4

4

RFID tag readout

Is atag ID of the
key in a database?

Insert a record

Insert a record
to a database
“The key has been

issued.”
Update the status
of the key in
a database and
a visualization.

Has a key

associated with the tag ID

been issued?

to a database

“The key has been

returned.”
Update the status
of the key in
a database and
a visualization.

Fig. 9. The simplified algorithm of the universitlassrooms occupancy logging system
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Fig. 10. A map of the main UTP campus on Kaliski&gstreet in Bydgoszcz

Figure 10 shows a map of the main UTP campus oisiego 7 Street in
Bydgoszcz:
¢ Building A has an advanced HVAC system, but withaay control of a
BMS system.
* Building B has an advanced HVAC a&Bl BMS system, and it will soon
be covered by the occupancy logging system.
* Buildings C is a complex of buildings, mainly castsig of a set of big
lecture halls, and it is now fully covered by theopancy logging system.
e« Buildings D, E, F, G, I, and H are the buildings which only some
classrooms are covered by the occupancy loggirtgrsys
To implement classrooms occupancy logging systémretis a need to
install computers or microcontrollers in 6 conciedesks in the main campus
of UTP buildings. These computers would work 24 dag, 7 days a week. In
the table below, there is information about thaltppbwer consumption per year
of a single computer or microcontroller for 4 varsoconfigurations of the
hardware.



146 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 3-2014

Table 1. The proposed ways to implement the syamincorresponding functionalities

Power

Hardware platform Display Power a year Functionality
ATmegal28A, LCD 20x4 chars, only sending a tag ID to
8,76 | a UTP server application,
1 | Ethernet module HD44780 w kWh | tag readout confirmation o
ENC28J60 compatible g

a 2x16 char LCD display

only sending a tag ID to
15,77 | a UTP server application,
kWh | tag readout confirmation o
a 4” LCD display

4" 320*480 pix.
LCD display with| 1.8W
touch

Raspberry Pi Model
B, SD card 4GB

sending atag ID to

2W + 210 | a UTP server application,
22W kWh | full functionality using web
interface

Raspberry Pi Model
3 | B, SD card 4GB, HP 2310ei 23"
keyboard and mouse

sending atag ID to
a UTP server application,

110w full functionality using web
4 gg;g_tffgg RAM HP 2310ei 23" + i\ll\/ﬁ? interface or working as the
) 22W server and client of

application, no additional
resources needed

Summary

The creation of a holistic integrated informatigstem for a medium-sized
university and all of its buildings, covering afiects of its operation, including
BMS system and classrooms occupancy visualizatiod weerification, is
a complex, expensive, multi-step, and time-consgrtask.

This process is part of the broader issue of thenpcehensive
computerization of universities and requires a nemndj strategic decisions, and
the effects of which will be perceptible for mangays. Therefore, they require
a deep commitment from the university authoritielse authorities must decide
which way to choose, taking various arguments atoount and respecting all
aspects of university development.

The final decision regarding selection of a sped#MS system is very dif-
ficult, because there is no strong leader regar8its technology that would
also offer its system at an attractive price. Whaomes to open source build-
ing automation software, there is no leading projacbringing together the
majority of programmers looking for volunteer wadrkthis field and focusing
the interest and support from the largest commlecoimpanies.

Owning an occupancy-aware BMS system to control asdlice the
university’s operation cost is necessary. If conlimtegration of the BMS
system with the access control system is impossihie to the economic
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situation of the given university, there are marlyeo cost-effective ways to
achieve operational savings in university buildingssmall step towards the
implementation of such a system is building class™® occupancy logging
system, presented in this paper, and then integrés database with the BMS
system.
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Rozwdj zintegrowanego systemu informatycznego uczel
Stowa kluczowe

System zargdzania budynku, system automatyki budynku, systeergetycz-
nego zargdzania budynku, zintegrowany system informatycamgnitorowa-
nie, komputerowe wspomagania procesu decyzyjngggotérminowe progno-
zowanie.

Streszczenie

W artykule przedstawiono studium przypadku dodgez Zintegrowanego
Systemu Informatycznego Uniwersytetu TechnologieRrryrodniczego
w Bydgoszczy (UTP). Przedstawiono w nim informagjebecnym etapie reali-
zacji systemu, jego zakresie dziatania i planagb @alszego rozwoju. Znaczna
cze$¢ artykutlu zostata paviecona r@nego rodzaju systemom zadzania bu-
dynkéw BMS, podstawowym i zaawansowanym funkcjonhtgystemow, ewo-
lucji tych systemow i roli, jak mog one odegr@w ramach zintegrowanego
systemu informatycznego uczelni.

Druga czs¢ artykutu przedstawia koncepdij pierwszy etap wdtenia sys-
temu rejestracji zatosci uczelnianych sal dydaktycznych. Ten prosty syste
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jest oparty na wykorzystaniu brelokow RFID trwaletadzonych do kluczy
wydawanych przez portieréw oraz czytnikéw RFIDgoabnych z komputerami
PC, umieszczonymi w portierniach budynkéw uniwezslgich.

System zostat opracowany na potrzeby UTP w Bydgysz@V chwili
obecnej system jest gidwnie wykorzystywany do tege§i i wizualizacji zag-
tosci sal wykladowych, ale wkrétce jego dziatanigdbie pokczone ze Zinte-
growanym Systemem Informatycznym UTP oraz systeni&MS jednego
z budynkéw UTP.






