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Abstract — The paper presents properties of a system feystem of different types of sensors with voltaggpat,
measurements of quantities which determine thestad of current or resistance.
buildings. The system can be used both in invetstigs of The integrated system uses the ability to commtmica
thermal processes in buildings and for monitoringrinal with  system operator by Internet and wireless
processes to perform an energy consumption audith E communication to ensure flexibility in the creatiaf a
measuring instrument is supplied by a separatdd wesich  variety of configuration adapted to the implementabf the
enables simple modification of programs and intatidun of measurements. Described system has been built fnem
new instrument tasks. The diagnostic system is getha ground up using the latest hardware and softwalkgisos.
from a local computer by using the program writterthe This system integrates the typical measuring insémts
LabView environment. used to heat buildings diagnostics and let for chitey

sensors for specific research experiments. Local
Keywords: thermal diagnostic of buildings, measuremeniransmission within the building takes place in Beless
system, wireless communication. manner, and remote communication is done via stdnda
web-based solutions and mobile networks.
1. INTRODUCTION
2. DESIGN OF MEASUREMENT SYSTEM

Purpose of building thermal diagnostics can bengefi
as the determination of heat flux supplied to aisghtarged General structure of the system is shown in Fig. 1.
from the building, resulting in the final energyldmace of the Measurements in the system are made using spedaliz
object. These activities are carried out for obtajntwo instruments, organized in measurement nodes, lkibele
kinds of effects. Firstly, knowing the importantcfars N1, ..., Nn. Each of the nodes is managed by timeralter
causing heat loss in a building can be used toceediem, node supervising the flow of information throughserial
which is the main task of an energy audit of emgpti interface. The function of a multifunctional devideiver
buildings, and to minimize these losses is an iguar fulfills the device called communicator and markedrig. 1
aspect of the design the new buildings. Secondottime by the symbol C.
monitoring of building thermal state allows to oy
automation systems that optimize the thermal balaaned  ~ (« ))\N
allow the same to save energy [1]. Discussed hagndstic
system has been built for the purposes of carrgiuigthe Wireless
measurements characterizing the thermal state ef t network
buildings online, which means that the measuremangs :
performed in-situ. Thus, the assumption that @ igortable « ))/V
system that can be installed in various types déiings and
set of buildings. The system is also intended fee un
research experiments.

In order to set the properties of the system altbtee
integration of different types of measuring equipte Fig 1. General structure of the system of thernilting
currently used for measurement the thermal statehef diagnostics, N1,...,N— measurement nodes, C- communicators.
building. This apparatus is constantly upgraded thg
manufacturers and thus changes its metrology piiepe  Generally the system communicator can meet the four
and used communication interfaces. To allow theofiseich  fynctions:
devices provided adequate flexibility of the systelefined . measurement node controller, managing sets ofunieey
as the ability to integrate various measuring agpar instruments via wired serial interfaces RS-485 R6d232,

which is used currently and in the near future fbe . wireless network coordinator, managing commuitoain
measurement of the thermal state of the buildings. 3 zigBee network,

addition analog module was built, suitable for usethe

Local computer|

Remote computers ~ Archive



- device coupling wireless network with the locahtputer, - visualization of measured data,
which is used to manage the system from the buyjldin- communication with the operator.

- wireless router witch is the radio signal amplifi Local computer is connected to remote computershda
The main component of the system is the measureménternet. One of the computers acts as a remotbhdse for
node, organizing the work of the measuring instmimes storage and share of all measurement data whicle wer
shown in Fig. 2. obtained using the system. Other computers are ased
The main element of node is a communicator acting a remote consoles, allowing for the realization dftlé tasks

controller S. The basic tasks of controller camb#ned as: from distance. The system generally shown in Figah

- communication with measuring instruments, operate in one of three forms, with characteristioctures.
- archiving measured data from all the instruments, These are:

- communication with the coordinator of the wiraes- centered structure,

network. - decomposed structure ,

- distributed structure.
Centered structure of the system is designed ty cart
measurements only in one room, while it is posdibldirect
(( ))”/ ) wireless communication between the driver and the
Wireless ZigBee  coordinator node by wireless network. In decomposed
[SEN ] e network structure system is used when measurements are made
simultaneously in several remote areas like differeoms
and floors of building.

A system with distributed structure is used whba t
measurements are carried out in remote areas sgparate
buildings. In this situation, it is not possible dorect radio
connection between the nodes and the coordinatdr an

Fig 2. Structure of a system measurement node;dde n routers must be used witch do the appropriate raigjoal
controller, Ml — measurement instrument, AM — agaieodule, amplification.

SEN — sensor On the radio track between the node and the coatafin

can work a few routers, which allows for gettingsinch a

. To one controller can be connected up to 8 device§ygtem fairly large distance between the nodes ted
including up to 4 analog modules. The system ctlyen .o rdinator. In addition to the described three idas

integrates such a instruments: structures, in practice, can also be used a cornibimaof
- exhaust gas analyzer , them. This capability is mainly determined by theperties
- electricity energy meter, of the Zig-Bee standard applied to the wirelesesimaission
- multi-channel temperature logger, system. It should also be noted that the indivich@des of
- weather station, the system can operate autonomously under the \@sioer
- differential micromanometer, of a controller witch meets the registration fuons.

- ultrasonic flowmeter.

The task of the analog module is to measure thiogna 3. HARDWARE AND SOETWARE DESIGN OF
guantities from different sensors like: resistangdtage or COMMUNICATOR
current. The main component of this module is ADBES

microcontroller from Analog Devices [3]. It inclusi@wo Communicator is equipped with a microcontroller

measurement channels with 16-bit AC  Sigma-Deltgry\1ega128-A3 containing 120 MB flash program
converters, one of the circuits comprises an aieplifiith memory an additio’nal memory area of 8 KB, which rbay
adjustable amplification factor digitally. The macontroller used for data and 8 KB of memory éontaining the
IS equlpped with a temperature sensor, which githes bootloader. The internal data memory has 8 KB EEMRO
opportunity to correct errors _of temperature meaent oo memory and 2 Kbytes of SRAM static noeyn
channel. .The_ module also mcludg; a rgference 9®ltar, measure astronomical time used MAXIM DS1307 chip
source with high temperature stability, which eeabthe 5]. The microcontroller supports 5 transmissioamhels in
measurement with sufficient accuracy. The maximu S-488 standard, 3 channels of RS-232C standaig el
sampling rate is about 100 times per second, whidli in optoisolation a{nd one USB port, used for comization
meets the needs of sampling the instantaneous svalfie with the local C(’)mputer '
signals characterizing thermal processes. Communicator’s microcontroller works with a extdrna
The measured data are collected_on a regular bymi_m memory Atmel DataFlash 64 MB [6], which create®eal
°°””°”ef ?Ode arllq also transm|(tjt_edt vVia fthe vx{sxielle database for storing measurement results. Onet issull6-
communicator working as a coordinator: of a wire esByte record which is a data structure consisting &2-bit
network_ connected to the local computer using d&BU identifier, 32-bit timestamp, a 32-bit result of eth
connection. tT.h? main task of the local computertesys measurement in floating point format, 8-bit chanmamber
management Is. and mark of the end of the record. Thanks to thesnory a

) fconﬁg{praﬂ;nn tgf the dsyste_rpr; In%/plr\:ln(? t_he treﬂrflrsEL result of measurement can be saved even after nuetb
information to theé nodes with which devices sho absence of wireless transmission.

cooperate and to determine measurement parameéypes ( Wireless communication between the communicators

of the mteasured quanttlt(yj/, famp'? r_ate, eté:.), hivi uses ATZB-A24-UFL Atmel chip working in a ZigBee
- current measurement data receiving and archiving, standard [7], which is connected to the main micnd®ller



using the RS-232C interface. This module at trattemiull  short program management, and communications progra
power is capable of transmitting information ovetistance used to exchange data between the local computkeithen
of 1 km in the absence of obstacles. It can beigordgd as a coordinator of the wireless network [10].
wireless terminal device [11]. If the module penfer the The idea of exchanging data between applications
function of a router, the communicator is used noplify  results from the construction of a central datapdke
radio signals, and then the main microcontrolleteenthe structure shown in figure 3. This database contdhes
sleep state. measurement results and system configuration data.
Communicator can be powered from three sources: tianagement software allows the operator to ent&a dad
power network, internal batteries, rechargeableexigernal to indicate measurement data for visualization. tNewe
charger or external battery. Different types of powupply communication program updates the database, saldtay
are switched automatically using the controllerafiks to results from the measurements, and also transrhis t
the possibility to sleep of the main microcontrolleetween configuration data to the local database controifates.
moments of its use by measuring instruments, it wark
very long without power supply. When communicatenves
as coordinator of the wireless network, it is pogefrom
computer via the USB port. Visualization
Depending on their function communicator’s softwart
can operate in the node controller mode or a vsmele
network coordinator mode. In the first case acta dggBee Read of
end device of the network. Then the program of mai measurement v
microcontroller ~ performs  the  following  actions: results Main
- checks the current configuration of measuringrimaents management
in the node, and on this basis, starts each maasutgask program
and executes cyclic activation of measuring insents,
- activates subroutines (measurement tasks) supgdtie ~
measuring instruments connected to serial port
- carry out the radio transmission of measuremestlts to Results local
a central database, which is organized on a lamatpciter, data base
- perform archiving measurement results in a loeddbase,
located in the non-volatile memory of the commutaca
The controller node has to perform multiple tasks Fig 3. Scheme of information interchange betweertaisks

Export of data
to spreadsheet

Tables: SETUP,
ELEMENTS,
OBJECT etc.

concurrently. To enable this type of operating eyst realized by menagement software on local computer
developed RTOS (ang. Reduce Task Operating System), ) ]
realizing the task switching [8], and acting on pvénciple The  database  consists  of five  tables:

of the division of time [9]. This system enablese th- RESULTS -includes measurement data,

realization of 8 tasks concurrently and indeperigeinom - SETUP - contains the current configuration of system

them handling the system interrupts signals. Conicatior  (node  addresses, connected devices, measurement

is introduced into coordinator mode when it is aected to  Parameters),

the local computer (laptop) witch is supervisinge th- ELEMENTS - this is a list of devices that can used in

operation of the entire system, including a prografm the system, includes types of measured quantitiegs,

coupling a central database with local databasdss T descriptions and status information,

program performs two tasks: - METERS - used to store descriptions of measurémen

- reads from a central database System Conﬁgmam devices used in the current SyStem (the placem"ﬂtion,

sends the port settings for the appropriate cdetohodes, the type of the instrument from ELEMENTS table),

- receives from controllers nodes the measuremesults - OBJECTS — a list of building and rooms intendedtfeat

stored in the local databases, and sends themcental audit.

management software database for archiving. System management program, works in LabView
In coordinator mode communicator service does néfnvironment and allows for the implementation ofeth

perform interrupt signals of the serial ports andlyo basic tasks:

supports interrupt signals from USB and ZigBee niedu - initial configuration of the system before stagtithe
The controller in this mode is used to copy byteming Mmeasurements,
from USB to ZigBee device or vice versa. - preview the measurement results, both current and
historical,
4. LOCAL COMPUTER SOFTWARE - export of measurement data during measuremenatied

their completion.
The main task of this software is to manage the The activities performed during these tasks arecsed
measurement process in the system. It involveingetp a USing bookmarks from management program [4].

system for the implementation of the measurement, System configuration is necessary when making the
supervising their execution with visualization offeasurements in the new building. To carry it dat bew

measurement data, acquisition of data and loc#tiem in a  ©Pject first must defined by entering its descaptito
central database. These actions are the resulthef OBJECTS table, and then should be specified theceev
implementation of two independent applicationsSUPported by the system by filling the ELEMENTS Iléab

visualization and management software system, ctahe Another work is the selection of a set of devicasrently



used in the new system together with its descriptibe buildings. Measurements are carried out continyotist
place of install the devices. The last step of eyst many days, and the ability to oversee them rematigthe
configuration involves assigning devices to specifodes, Internet frees the operator from the presence emltiect of
selecting the measured values and the definitiod amesearch.
measurement of transmission parameters (table SETUP Where communicators are used as loggers they oam st
The purpose of visualization is to display themeasurement results from the period of about 1G.dby
measurement results in graphical or tabular fornd & this system version it is possible to use more thao
addition it is possible to check the status ofrunsients used instruments and analog modules.
in the system. Results can be viewed in real tiage,From System is indented to use in thermal diagnostics of
the last 10 minutes, or browse the archive resblts buildings and allows to perform an accurate theraoalit.
specifying the beginning and end of the desireelriral.
Each form of visualization can be adapted to the REFERENCES
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