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A concentrator intended for collect and processing signals of the origin of fire from different sensors and devices is
developed. Information from the sensors is transmitted through the system of main and remote concentrators to the fire
extinguishing system. The information system is based on the continuous notion of the process of fire occurrence. This
system allows one to read the signals from sensors and transmit them to the control panel located at a considerable dis-
tance from the seat of fire. Operation of space-time transformation of information (STTI) is defined as an action that
combines scanning, measurement, data processing and issuing control signals. CAN interface is created to provide a
high level of data protection against damages during operation under difficult conditions.
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P03p00s1eHO KOHIICHTPATOP CUCTEMHM TOKEKETaCiHHSA, 10 CKIaNAEThCA 3 OCHOBHMX 1 BiIIaJICHUX KOHIIEHTPATOPIB.
3anpornoHoBaHa iH(opMamiiiHa crcTeMa MOXKEKEraciHHs JI03BOJISIE 30UpaTH Ta OOPOOJISATH CUTHAIIM PO BUHUKHEHHS
MOKEXI1 BiJl pI3HOMAHITHUX JATYHMKIB i NPUCTPOiB. B oCHOBY iH(opMaiiliHOT cHCTeMH IMOKIIa/ieHi KOHTHHYAJIbHI ysB-
JICHHS TIPO TPOIIEC BUHUKHEHHS MOXKexXi. Uepes CHCTeMy OCHOBHHUX 1 BiJUIaJICHUX KOHIICHTpATOpiB iH(popMaIlis oopoo-
nsieThes B iH(GOpPMALiiiHIA cCHCTEMI Ta NepenaeThCs Ha MyJbT KepyBaHH, 1[0 PO3TAIIOBAHMN HA 3HAYHIW BiJICTaHI BiJ
Jokepena noxexi. Orepariisi MpoCcTOPOBO-4acOBOTO IEpeTBOpeHHs iHpopMallii BU3HaYeHa SK Mis, Y SKId IO€IHAHO
CKaHyBaHHs BUMip Ta 00poOKa iH(opMallii 3 HACTYITHOIO Nepeauero Kepyrounx curaatiB. J{is 3a0e3meueH s BUCOKOT O
piBHs 3axucTy iH(pOpMAaIii BiJ ypaXKeHHs MiJ 4ac poOOTH B CKIaJHUX YMOBAX 1 CIIOBIIIATH MPO MOXKEXKY Y PEALHOMY
gaci cteopero CAN inTepdeiic.

Kurouosi ciroBa: inpopmaniiina cucrema, kourientparop, CAN-inTepdetic.

PROBLEM STATEMENT. During the recent dec- The main attention is paid to the protection of struc-
ades particular attention has been paid to the develop- tures against the occurrence of fire and its prevention.
ment of effective systems of human and material values With this purpose in view, efficient systems of fire alert,
security. It is possible to do it using modern electronic communication of information about it to a considerable
devices. They can be divided into means for digital distance through the information system have been and

information processing and means for processing infor-
mation about physical objects.

When physical phenomena and objects in the sphere
of engineering are being studied, the field created by
these objects or field that occurs after exposure to the
external field are usually studied. Temperature field and
the combustion products diffusion during a fire in build-
ings and structures create these fields. The resulting

are being developed. In addition, the information system
generates signals for corresponding sensors within the
structure, which allows unattended localization of the
fire. Many companies are engaged in development of
effective fire-extinguishing systems. Fire extinguishing
information system is based on the continual notion of
fire occurrence process. It is supposed that a fire appears

reflected field is the subiect of the analysis. It is sub- locally in one or several places and is characterized by
jected to the informational and measuring study and smoke content in the room due to the increased concen-
impact. tration of combustion products in the enclosed space.
Means of processing the information about physical When concentration of combustion products reaches a
obijects provide their normal functional state in automat- certain level, corresponding sensors operate and their
ic or semi-automatic mode. Information processing and signals are transmitted to the control panel. Continuous
generating a control action on physical objects are asso- systems (CS) are formed on the basis of continuous
ciated with physical problems, as well as with informa- media (physical fields), whose properties are deter-
tion related to the complexity of the analysis and the mined by the physics of the processes and in genera]
formation of the inverse action. We need to simulta- they perform an operation of Space-time Signal conver-
neously solve the problems of collecting and processing sion function.
information about the state of the physical object and Operation of the space-time transformation of in-

the formation of the inverse effect of the physical me-
dium in which the transmitted signal to its media prop-
erties affects the signal. It should be noted that, to pre-
serve the information parameters it is necessary to en-
sure the separation of local information signs and identi-
fy their characteristics.

formation can be defined as action in which scanning,
measurement, information processing and delivery of
operating signals are combined.

In accordance with the extension of the range of
problems solved by information systems, new methods
of converting the signals are developed and investi-
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gated. They are based on physical systems with conti-
nual and quasi-continual structure that can operate in
real-time with both deterministic and random signals.
The main sphere of application of such systems includes
the solution of complex problems of diagnosis, detec-
tion and control.

In this case, the output shows the spatial distribution
of the characteristics of the combustion products con-
centration field.

The objektive of the paper. Development of the
concentrator for creation of information fire
extinguishing system

EXPERIMENTAL PART AND RESULTS
OBTAINED. Development of the sphere of informa-
tion fire extinguishing systems is based on the use of
continual and quasi-continual physical systems of in-
formation transformation [1-10]. It is connected with
complication of tasks which are set for information
systems and transition to adaptive algorithms of man-
agement of process of fire extinguishing. From sensors
that characterize the state of a physical object in time
and space real signals are transmitted. Information about
the temporal and spatial state of the object can be read.

Structure of space-time systems, in particular, and
sprinkler systems are represented as a set of basic ana-
log integrated cross-coupled devices. This takes into
account the physical features of a transformative envi-
ronment [12]

U={4,F X}, (M

where U — control field, formed under the influence of a
medium in the conversion operator A and having a
spatial-temporal dispersion, F — operator of external
influence on the environment, X — a signal indicative of
the state of the object flowchart.

In most cases, the medium is in the form of a gene-
ralized linear operator Fig. 1.

- ﬂ external control

formation control

information processing

removel of the signal

Continual medium

compensation U output
obiect X action
object
—» —>

Figure 1 — Model of extinguishing object control

In case of fire in the facility (building or structure)
information system analyzes data from the sensors and
generates signals of internal and external control
firefighting

The operator is provided with the conditions of the
possibility of signal transmission and separating one or
more features. In this case the functionality that can
singe out this feature and measure its characteristics is
known.

Generalized discrete operator can be represented as

F(;) = Z h,’pi P
im1
where % =(l;)-n~ dimensional vector signs, p —

vector generic implementation process, p; — compo-

nents of the vector ;, components of the vector de-

scribing the state of the discrete points in space and time
(Fig. ) [ 1,2, 11].
For a continuous process, this operator has the form

£(p)=[p(s)h(s)ds,
where p(s) -— realization of the process, h(s)— the

weight function, s— control parameter.
Here a control U signal can be presented in the form.

n
Ui(kaw) = ZAI,/(ksW)X/(ks W)s (2)
J=1
where Aij — Fourier's transformation from a matrix

kernel of the operator of the operating environment.
Thus we consider that external influence of F is ab-
sent, and Xj(k,a)) and Ui(k,a)) can be presented in

the form of Fourier's multidimensional integrals.

(e, w) = [ (v, ), 3)

Ui (k,w) = [ 7™M U (v, )t 4
; i 4)

Then control signal in originals can be written down in
the form.

n
Ui (rt) = Y [ Q(r —nt=t))x ;Gat)dndty,— (5)
i=lg
where S — some area of a space-time continuum.
Matrix 4; for the operating continual environment

is to meet the requirements of physical feasibility of fire
extinguishing process control.
In this case the class of functions 4;; is naturally de-

fined by properties of the environment and algorithms
of fire extinguishing system control. Consider the in-
formation fire extinguishing system consisting of fire
emergence environment considered as continual system,
sensors, the reception and control firefighter device
(RCFD), information processing computing block and a
fire extinguishing system control device.

The electrotechnical part of an automatic fire extin-
guishing system (AFES) consists of the devices combin-
ing the RCFD functions and a fire extinguishing system
control device. The RCFD complex is designed for
reception of information from fire alert sensors, manual
start-up sensors, start-up blocking sensors, transforma-
tion and assessment of this information, formation of
signals of the notification at emergence of a fire or mal-
function, further signaling and delivery of commands
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for other devices, and also control of installations of
powder, aerosol, gas fire extinguishing and systems of
smoke removal.

ALARME FEU ZONE1
CIRCULATION NORD

ABLEAU
! CONT. AUX H.S.

DIFF. SONORES HS.

LIAISON

PRISE EN COMPTE

Figure 2 — Concentrator

AFES are subdivided according to extinguishing
agent used:

— gas fire extinguishing (argon, nitrogen);

— powder fire extinguishing (powders of a special
chemical composition);

— aerosol fire extinguishing systems (are similar to
powders, but the size of particles is 10 times less);

— water fire extinguishing (water);

— foamy fire extinguishing and water-foamy fire
extinguishing (water with frothers);

— sprayed water systems(SWS).

The concentrator developed by the authors
represents a complex of the universal modules designed
(Fig. 3) with opportunity to work both independently
and in a multilevel expanded fire extinguishing system,
the security alarm system or as a part of Smart Home
system. The structure of information system of fire
safety in the form of a multilevel complex of universal
modules including the developed concentrator is
represented in Fig. 3. Here the concentrator represents
information system which works both autonomously
and integrated into a more branched system.

Such concentrator of a fire extinguishing system is
intended for collecting, processing of signals from 16
various sensors and devices, and also for information
transfer to remote devices (repeaters). It consists of an
input device; processing and control devices, as well as
an output device. The input device contains 16 discrete
channels. It is intended for filtration of signals and pro-
tection of the equipment against influence of a high
voltage. The processing and control device has the fol-
lowing functions:

1. Carries out the analysis and processing of input
information (assignment of temporary delays for fixa-
tion of input operation and inverting of separate inputs).

2. Sets temporary delays for turning on of output
devices, the light and sound alarm system.

3. Controls work of the main source of power
supply and charging of a reserve source (battery).

Level 4: Upper Layer control
Management, registration and arhiving
of date

4

Level 3: Aremote repeater. Central control,
receiving and sending information to other
levels, HMI

A

Level 2: The concentrator: Input, processing,
transmission to the upperlevel the HMI

Level 1: Smoke detectors, hand-held detec-
tors, fire detectors, motion detectors, etc

Figure 3 — Concentrator, as multilevel complex
of universal modules transfer to remote devices (re-
peaters)

4. Carries out automatic restart of the governing
microcontroller in the case of "lag" during operation
under the conditions of industrial hindrances. Control
scheme "Watchdog Timer" is applied to it. It is imple-
mented in hardware and it is a timer that periodically
resets the control system. If there was no reset for a
predetermined time interval, the force reboot of the
system occurs.

5. Collects data about the condition of other con-
centrators, in the case when the system consists of more
than one device (up to four concentrators can work
simultaneously).

6. Tests a self-diagnostics mode.

7. Provides information exchange with remote re-
peaters (up to four devices) through CAN-interface at
the distance of up to 1 kilometer, when they are con-
nected to the concentrator.

8. In case of loss of communication, turning off and
later turning on of the main concentrators or remote
repeaters, automatically restores data transmitted to a
remote repeater.

9. Carries out an automatic configuration of concen-
trators after power supply. Each concentrator defines its
location in system (if there are more than one) and is
adjusted to the corresponding operating mode.

Fig. 4 illustrates a structure of the concentrator in in-
formation system where the concentrators are united in
complex.
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Figure 4 — Concentrator structure

In information system concentrators unite in com-
plexes.

Fig. 5 represents the structure of the complex con-
sisting of four concentrators and four remote repeaters.

It is possible to carry to distinctive features of this
concentrator: universality, the expansibility, increased
reliability and fault tolerance.

For example, if after switching concentrator identi-
fied themselves as "Master" (Fig. 5), it is to communi-
cate with a remote repeater module activates at CAN-
interface. At the same time activates the 12C-interface
module for communication with expansion modules
(concentrator mode "Slave"); To ensure the real- time
mode , data exchange interfaces supported via interrupt
(interrupt driven serial communication).

10. During operation the main concentrators (con-
centrators mode "Slave") convey information about the
status of their sixteen inputs and information about the
state of the power hub when they are in "Master" imme-
diately once an event has occurred, such as changing the
state of the inputs. Concentrator is in mode "Master",
with a delay not exceeding one second transmit updated
information to the remote concentrator. In the absence
of receipt of the data concentrator periodically retrans-
mits. After receiving data at a remote concentrator, the
number of expansion modules for transmitting a signal
to the remote repeater mode "Slave" is determined. For
example, if at the main concentrator "Slave — 3" there
was a change of state at the input number 5, then the
appropriate indicator of remote repeater mode "Slave -
3" will display that state. To ensure complete reliability
of data transmission, remote concentrator, located in the
mode of "Master", after power-up or reset requests from
the main concentrator data again.

The main hub Remote hub
— is in Slave — Slave

Mode 3 Mode 3

The main hub Remote hub
— isin Slave L1 Slave

Mode 2 Mode 2

The main hub Remote hub

is in Slave Slave

Mode 1 —— Mode 1

i Remote hub

The main hub Slave

is in Master in Master

Mode L—1 Mode

CAN-interface
1...1000 m

Figure 5 — Structure of the complex consisting of four
concentrators and four remote repeaters

Remote and basic concentrators are connected via
CAN-interface. The main concentrator contains a CAN
module and a transceiver. Fig. 6 shows a schematic
connection of the main and remote concentrators. The
specific features of the developed concentrator include
universality, expansibility, improved reliability and fault
tolerance.
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Figure 6 — Wiring plan of main and remote
concentrators

Universality consists in the fact that the concentrator
allows the operator to adjust and configure operation of
the device for various types of input sensors and output
executive devices. During the work in a complex with
several additional concentrators each of them automati-
cally defines its function at start and is configured. Ex-
pansibility consists in the possibility of parallel connec-
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tion of both the main concentrators and remote repeaters
to four units. Exchange of information between parallel
modules is carried out on the I12C interface. Data ex-
change with remote repeaters is performed by the highly
reliable noise proof field bus CAN.

CAN interface is created to provide a high level of
data protection against damages during operation under
difficult conditions. It is absent in the majority of con-
ventional fire extinguishing systems.

It has data transmission speed up to 1 Mbit/s. It al-
lows creation of fire alarm networks in real time.

Increased reliability and fault tolerance is caused by
use of the modern high-performance PIC24F microcon-
troller of Microchip firm (USA); built-in system of self-
testing; original circuit designs and effective software.

Let us consider the organization of information
transfer from the bottom level sensors to the top level of
the system and improved reliability of information
transfer in detail.

The task of ensuring high reliability is met for both
hardware and software. At the hardware level, the goal
is achieved using a stand-alone transceiver ISO1050
interface CAN (Controller Area Network). The
ISO1050 combines innovative CAN interface and isola-
tion technology Texas Instruments, which helps to make
the number of required components at least half as
many and simplifies the design of circuit boards for
industrial automation. Device ISO1050 reduces power
consumption at the system level by 38 % in comparison
with the solutions for opto-isolation.

The case 6,1 mm wide reduces the installation area
on the plate by 30 %, which is extremely important for
the high-voltage appendices requiring the minimum
gap. In addition to it, ultralow level of the electromag-
netic emission (EME) allows using the device in sensi-
tive analog applications, for example, industrial sensors.

According to the logic of the organization of data
exchange, CAN differs from traditional interfaces. The
exchange organization is event focused. It means that as
soon as a node receives a message about an event to be
communicated to other nodes (taking into account the
above described arbitration procedure), it begins to
broadcast transfer of the message. Such procedure is
carried out without program poll, interruptions and
without the controller operating the exchange. As a
result survivability of system increases: even being
divided into two parts, it keeps viability of each of them.
Thus both subsystems will be able to function indepen-
dently. Another consequence of the equality of all com-
ponents consists in saving time for delivery of the mes-
sage to the recipient due to decentralization.

As it has already been mentioned, there is no notion
of “address” in CAN but there is an idea of “identifica-
tor” which is, in fact, the address of the data-transfer
register (in interface CAN nodes there are no receiving
registers admissible through registry in accordance with
the program). Every identificator is rigidly connected
with the data array that can be transferred to the line
when the transfer is initiated by the corresponding node.
All the other nodes “hear” the line and analyze the iden-
tificators of the transferred messages receiving only
their “own” data and ignoring all the others. The data

can be received by several nodes simultaneously. It
significantly enhances the interface operation due to the
absence of doubling the transfer of the same data to
different nodes.

Event focused logic of operation of the interface
organically includes the procedure of data query. If a
subsystem requires the data formed by another subsys-
tem, it sends a message with a request for these data,
specifying the identifier in it. In reply the subsystem that
is the holder of the data transfers the corresponding
message. The event which has caused the necessity for
data, initiates their delivery.

Thus, CAN interface use in systems of safety allow:

1. To lower the load of the network since all
messages transferred in the system, are event ones and
are accepted at once by all devices of the system.

2. To provide the high speed of system reaction.

3. To define communication problems and failure of
system devices, using message confirmation mode and
self-diagnostics mode based on the clock impulse
mechanism "on bus".

4. To keep operability of the system at a rupture of
the communication line.

5. To connect and disconnect devices without
change-over of other knots of the system.

6. To improve the reliability of the system because
of the possibility of simplification of network
architecture and reduction of number of backbone
components.

7. To increase survivability of the safety system at
the expense of reliable interaction of the system devices.

8. To achieve reduction of cost of object protection
systems as a result of application of the simplified
structure functioning without continuous presence of the
control panel in the structure.

Flexibility of the distributed networks on the basis of
the CAN bus allows to realize the technology of mod-
ular construction by a method of design configuration of
systems.

The systems constructed on the basis of the CAN
bus can optimally operate a big set of objects located in
the distributed territory.

CONCLUSIONS. A fire extinguishing system con-
centrator representing a complex of the main and remote
concentrators is developed. Information fire extinguish-
ing system based on continual notion of fire emergence
process is offered.

Concentrators are combined into complexes in the
information system. This system allows to read out
signals from sensors and to transfer them to the control
panel at a considerable distance from the seat of fire.
Operation of the existential transformation of informa-
tion (ETI) is defined as an action in which scanning,
measurement, information processing and delivery of
operating signals are combined. It is shown how infor-
mation transfer from bottom level sensors to top levels
in the system is organized with high reliability. The
problem of ensuring high reliability is solved both at
hardware and software level. CAN -interface is created
to provide a high level of data protection against dam-
ages during operation under difficult conditions. It is
absent in the majority of conventional fire extinguishing
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systems. It has data transmission speed up to 1 Mbit/s. It
allows creation of fire alarm networks in real time.

Used in fire extinguishing systems CAN-interface
allows you to: reduce the load on the network, provide
high-speed information transmission; identify failure of
system devices, connect and disconnect devices without
reconfiguring other knots in the system, improve the
reliability and survivability of the system. This informa-
tion system and concentrator as complexes universal
modules allow reliable protection of a variety of physi-
cal objects against fire and other emergencies.
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Pa3paboran KOHIIEHTPATOP CHUCTEMBI ITOXKAPOTYIIEHHS, COCTOSIINI U3 OCHOBHBIX M OT/JAJIEHHBIX KOHIIEHTPATOPOB.
WNudopmanus ¢ AaTYNKOB 4epe3 CHCTEMY OCHOBHBIX M YJAJICHHBIX KOHIIEHTPAaTOPOB Iepenaercss HH(POPMAIMOHHON
cHCTEME MOXKapOTYIIeHHS. B ee OCHOBY IMOJOKEHBI KOHTUHYaJIbHBIE MPECTaBICHHs O MMPOLECCe BOZHUKHOBEHUS I10-
xkapa. Uepe3 cuCTeMy OCHOBHBIX M OTJAJICHHBIX KOHIIEHTPATOPOB MH(pOPMAIHs ¢ JaTYMKOB 00pabaThIBaeTCsS U Tepe-
JlaeTcsl Ha MyJBT YIIPABIIEHUsI, KOTOPBIH PacloioKeH Ha 3HAUYUTEIFHOM PACCTOSHUM OT ovara roxapa. Onepanus 1mpo-
CTPaHCTBEHHO-BPEMEHHOT'0 Ipeo0pa3oBaHus MH(QOPMALUK OlpeeNeHa KaK NeliCTBHE, B KOTOPOM COBMEIIEHO CKaHHU-
poBaHue, U3MepeHue, 00padoTka nHGpopMalUK 1 BbIIa4a YIPABISIONIMX CUTHAOB. J{J1s1 oOecrieueHnst BEICOKOTO ypOB-
HS 3aIIUTHI MHPOPMAIMK OT TOPaKEHHs BO BpeMsi pabOThl B CIIOKHBIX YCIOBHSAX M BECTH OIOBEUICHHE O TOXKape B

peansHOM MacmTabe Bpemenu co3nad CAN-unrepdeiic.

KiroueBble ciioBa: nH(GOpMaIMoHHas cucteMa, konnentpatop, CAN-unrepdetic.
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