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INTEGRATED SYSTEM FOR DISPATCHING ELEVATORS
AND ENGINEERING EQUIPMENT OF HOUSES

Introduction. The integrated system for dispatching elevators and other engineering equipment of buildings is a
hardware and software complex that ensures interaction between individual elements of the system and the dispatcher’s
central automated workstation (AWS) through existing local and global Internet networks. This approach makes it easy to
include already existing buildings in the control system and to reduce planning costs when designing new houses.

Problem Statement. The elevators cannot be commissioned unless they comply with the minimum requirements of the
Regulations for Construction and Safe Operation of Elevators (RCSOE), according to which elevators and machine rooms
must be equipped with communication devices and display several signals on the control panel. The cost of such equipment
in comparison with the cost of the elevators is negligible, but the problem is the transfer of voice and technological information
signals from the elevator to the control panel.

Purpose. To study the volume and nature of information flows to provide voice communication and transfer of
technological information from the elevator and other engineering equipment of a modern house, as well as to create
hardware and software for dispatching elevators based on the results of the study.

Materials and Methods. Applied engineering methods for electronic computer control and information systems for the
development of an integrated system for dispatching elevators and engineering equipment of buildings have been used.

Results. Hardware and software tools (integrated system for elevator dispatching) have been created to ensure the
timely response of utilities in the elevator dispatching system.

Conclusions. The research results can be used to construct real complex computer systems to support the activities of
the communal and industrial sectors, as well as in various fields of science and technology.
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The first dispatching systems that met the | + high cost of laying service lines;
minimum requirements of the Regulations for | + significant dependence of cable tracks on the
Construction and Safe Operation of Elevators natural factors (thunderstorms, moisture, tem-
(RCSOE) were based on wired lines connecting perature difference);
elevators with dispatcher’s control room [1]. The | + dependence of elevator maintenance organi-
dispatcher’s control room (DCR) is a specially zations on leaseholders of service lines (un-
allocated premise in which selective signals from scheduled emergency situations and "planned”
elevators of certain urban district arrive by means repair of cable tracks); and
of wired communication lines. Such organization | + high cost of subscription (or lease) fee of com-
of the elevator dispatching gives rise to the main munication lines.
problems typical for all wired systems: Another important factor hampering the de-
velopment of wiring systems in today's large cit-
© KLIMENKO, V.P, GEDZ, AV, and ies with historically important buildings is the
CESPEDES GARCIA, N.V,, 2018 impossibility of laying new cable lines.
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Taking into account the world tendencies to-
wards a narrower specialization in the informa-
tion technology market, elements of the dispatch
system can be attributed to the competence of
different organizations. Internet networks can be
used as transmission link to ensure communica-
tion. This approach enables to use the entire
available world infrastructure of the existing net-
works. For example, a dispatcher can be located
in areas with a low average salary and serve dis-
tricts of big cities. To do this, it is enough to have
access to the Internet at dispatcher’s automated
workstation (AWS).

Therefore, the purpose of this research is to
study the scope and nature of information flows
for the provision of voice communication and the
transfer of technological information from the el-
evator and other engineering equipment of build-
ings to the dispatcher’s station, as well as for the
creation of hardware and software for timely re-
action of utility service providers in order to en-
sure uninterrupted operation of the engineering
equipment of buildings.

INTEGRATED SYSTEM FOR DISPATCHING
THE ELEVATORS AND ENGINEERING
FACILITIES OF BUILDINGS

The integrated system for dispatching the ele-
vators and other engineering equipment of build-
ings is hardware and software, which ensure the
interaction between individual elements of the
system and the central dispatcher’s AW'S through
the existing local and global Internet [2]. This
approach makes it easy to add already existing
buildings to the dispatcher’s system and to re-
duce dispatching costs when designing new hous-
es. At the same time, voice and technology data
transfer is ensured by providers that give access
to the Internet in the locality.

Unlike an IP-telephone or a portable or sta-
tionary computer with an Internet voice-dialing
program, the proposed system is based on end-
user subscription device that is much cheaper and
enables to call a dispatcher in a conventional way,
using a single button. It starts significantly faster

after power-up; has a low power consumption (in
the case of a power failure, this allows the system
to work autonomously); in addition to a voice
channel, it ensures the transmission of informa-
tion from a variety of sensors and the formation
of commands for equipment control. The pro-
posed system is protected against unauthorized
remote access to the software. To modify the soft-
ware, it is necessary to have a special hardware
and a physical access to the printed circuit board
with a single-chip microcomputer.

Using a standard Ethernet port in each system
module simplifies commissioning works, repair,
and diagnostics of equipment. It is customized
and repaired by specialists who deal with com-
mon network equipment.

The integrated system for dispatching the ele-
vators provides the following:

+ the reliability of indicators determined, the
system stability to the failure of equipment and
the prevention of critical failures at its outputs;

+ monitoring of performance and signaling of
failures of any functional unit of the system
and the system as a whole;

+ transition to a standby state when the system
equipment fails;

+ anti-vandal functionality of the equipment and
the system technical means;

+ internal and external security of the system's
operation.

The proposed approach enables to integrate
most of the engineering equipment already in-
stalled in residential buildings into the Intelli-
gent City promising technology.

The block diagram of the elevator dispatching
system using the Ethernet as transmission medi-
um, is shown in Fig. 1.

Technical characteristics of
a single element (shield) system

Main interface .......... ... ... Ethernet
Network interface for work with equipment not

included in the main system kit ................ RS-485
Maximum distance to the point of connection of
equipment not included in the main system kit, m 1200
Data channel speed RS-48, bauds .............. 57 600
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Fig. 1. Flow chart of the dispatching system

Speed of data transmission from peripheral devi-

ces (PD) to central processing unit (CPU), Kb/s 250
"Dry contact” inputs per one module , pieces .... 8
Analog talk-back modules, pieces ............. 2

The arrangement of dispatching panel located

near the elevator automatic equipment is given in
Fig. 2.

Central communication controller (CCC)

The main node for building an integrated dis-
patch system [3] is the central communications
controller (CCC).

The CCC is designed to:

+ translate an analog voice signal into digital form;

+ formation of analog voice signal from network
packets;

+ provision of two-way voice communication
with dispatcher’s AWS via local or global net-
work;

+ transfer of technological information to dis-
patcher’s AWS;

+ formation of control signals by command from
dispatcher’s AWS; and

+ formation of a technological network based on
the ANSI TIA / EIA-485-A:1998 standard
with support of the MODBUS protocol.
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The main features of the controller are as fol-

lows:

+ CPU STM32F103VCTS;

+ communication capacity: Ethernet, 2 RS-485
lines, USB support;

+ memory capacity: 256 K program memory, 48

K RAM;

+ user interface: based on an external desk via

RS-485.

The printed circuit board of the central com-
munication controller consists of the following
units:

+ processor unit;

+ Ethernet support communication unit;
+ communication unit for RS-485 support;
+ Power supply unit;

+ auxiliary equipment restart unit;

+ analog voice line formation unit;

+ dry contacts reception unit; and

+ external device switch unit.

Processor unit

The processor unit is designed to execute the
software of the central controller and is based on
the STM32F107RX single-chip microcomputer.
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Fig. 2. Remote-control dispatching panel (to the left on the
wall) near the elevator automatic equipment

The STM32F107RX single-chip microcom-
puter includes an Ethernet MAC peripheral. The
basic peripheral properties are as follows:

+ a complete MAC level with connection to the
external physical level,

+ operation at speeds of 10 and 100 Mbps;

+ half / full duplex operation modes;

+ a dedicated DMA controller with queues of re-
ception and transmission of packets;

+ support of packet time reference;

+ control of input/output of low power consump-
tion modes;

+ an integrated set of interrupt vectors.

Ethernet support communication unit

The Ethernet support communication unit is
intended for information exchange with dispat-

cher’'s AWS via a local or global network and
based on the Ethernet interface RTL8201BL
(single-port PHY -receiver from the Media Inde-
pendent Interface). It realizes all 10/100 M Ether-
net physical level functions, including physical
coding sublayer (PCS), physical medium at-
tachment (PMA), twisted pair physical medium
dependent (TP-PMD) support, and 10Base-Tx
encoding/decoding. The PECL interface is sup-
ported for connecting to an external optical trans-
ceiver 100Base-FX. This enables to improve the
system and to work with fiber optic networks [4].

RS-485 support communication unit

The RS-485 communication unit is designed
for measuring the consumption of energy re-
sources (electricity, water, and gas, provided the-
re are open-protocol meters) and for retrieving
information from the elevator control station
via the information port (OTIS stations). The
RS-485 communication unit uses UART (Uni-
versal Asynchronous Receiver / Transmitter) built-
in to the STM32F107RX. It is made in the form
of a mezzanine card and provides a galvanic isola-
tion of the RS-485 line.

Power supply unit

The power supply unit is designed to form a set
of stabilized voltages required for operation of
the controller. Given that the power is supplied
to the central controller via the Ethernet network
using the POE technology (power over Ethernet
standard), the power supply unit must have a
maximum efficiency and generate the necessary
output voltages for a wide range of input voltage
[5]. Therefore, the power supply is realized by
means of the circuit of pulse converters based on
the driver MC34063. Since the two levels of volt-
age (5 V and 3.3 V) are required for power supply
to the central controller, the power supply unit is
constructed according to a stepwise circuit with
a consistent drop in voltage. First, the voltage
from the Ethernet line (15—24 V) is reduced to a
level that is slightly higher than the emergency
battery voltage (13 V), then another pulse con-
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verter generates a voltage of 5V, and the linear
stabilizer converts it to 3.3 V. The power supply
unit is provided with a current stabilizer for re-
charging the emergency battery. In the event of
failure of the main power line, the circuit auto-
matically switches to the battery.

Auxiliary equipment restart unit

The auxiliary equipment restart unit is de-
signed to control the voltage for third-party
equipment (for example, a Wi-Fi router). When
the central controller software detects that there
is no information exchange with the auxiliary
equipment, the supply line of the auxiliary equip-
ment is disrupted for a short while. For this, the
unit has a galvanic isolator and a power key.

Analog voice line formation unit

The analog voice line formation unit provides a
two-way loudspeaker connection to the elevator
cabin and is designed to normalize and to amplify
the signals that come to an analog-to-digital con-
verter and are retrieved from the digital-to-ana-
log converter of the single-chip microcomputer
STM32F107RX. It is made in the form of mez-
zanine card. This approach enables to connect a
wide range of intercom devices, without chang-
ing the CCC circuit design, since it is enough to
change the mezzanine card. The CCC provides
two voice lines.

Dry contacts reception unit

The dry contacts reception unit is intended for
reception of the following discrete signals:

+ signaling of the absence of the power supply
phase of the main drive;

+ control of the passenger's presence in the eleva-
tor cabin;

+ control of the condition of the elevator door;

+ control of the safety chain of the elevator; and

+ alarm system of the elevator engine room.

The dry contacts reception unit contains a
voltage converter with a galvanic isolation. For
each channel of the dry contact polling, there are
circuits of normalization, protection, and galvan-
ic isolation. This approach makes the system re-
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CCC

Fig. 3. Central communication controller as part of cont-
rol cabinet

sistant to possible emergency modes of equip-
ment that is not included in the main system kit.
Even if unacceptable voltage falls into the input
of the dry contact receiver unit, this will result in
the failure of one channel, but prevent the failure
of the whole controller or adjacent channels of
dry contacts reception.

External device switch unit

The external device switch unit is designed to
control the auxiliary equipment. It consists of
keys that commute relay windings. The contact
groups of the relay are led to the CCC external
terminals.

The central communication controller as part
of the control cabinet for receiving technologi-
cal information from the heat substation is shown
in Fig. 3.
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CCC SOFTWARE

The CCC software realizes the following algo-
rithms:

+ converting the analog voice signal into the dig-
ital form and transferring it to the dispatcher’s
AWS in the form of UDP packets;

+ receiving UDP packets with voice traffic from
the dispatcher’s AWS and converting them
into the analog form;

+ realizing the user interface for setting up the
operation of the CCC as part of integrated dis-
patching system; and

+ Realizing the local technological network
using the MODBUS protocol.

The local technology network is implemen-
ted using the MODBUS protocol. According to
MODBUS-IDA standards, it is an application-
level protocol for client-server communication
between applications of devices that are connect-
ed to different types of buses or networks [4].

The user interface provides the ability to con-
figure the main system parameters, to get access
to the archive of events, and to display the cur-
rent state of the system. Information is displayed
on a LCD text display. The keyboard is used to
navigate around the menu. The central controller
software has a user interface support module for
work with the operator's station via the corre-
sponding RS-485 channel.

The main menu of the control panel display
consists of the following subdirectories:

1. System, a subdirectory that displays the
current state of the system.

2. Devices, a subdirectory that displays the
current state of the actuators that are part of the
automatic equipment.

3. Sensors, a subdirectory that displays the
current state of analog sensors.

4. Measurement, a subdirectory that displays
the level of the input signal through the measur-
ing channels.

5. Settings, a subdirectory of parameters that
configure the operating modes of the system.

6. Test, a subdirectory for testing the elements
of the automatic equipment.

7. Messages, a subdirectory for viewing the
messages that are fixed by the system.

DISPATCHER’S AWS SOFTWARE

The dispatcher’s AWS software realizes the fol-
lowing functions:

+ display of mnemonic circuits of technological
equipment;

+ text and color display of information on the vi-
sualization elements;

+ work with control elements (buttons, set-
tings);

+ archiving of information;

+ configuration of elements of visualization, con-
trol, mnemonic circuits;

+ help and reference information.

The dispatcher’s AWS software also includes
display and control of general configuration, win-
dow settings, connection settings, user configu-
ration, installation, “cut, paste and copy” opera-
tions, display and database control, use of the
UDP protocol for voice traffic transmission.

CONCLUSIONS

The developed hardware and software for the
construction of integrated dispatching systems
for elevators and other engineering equipment of
buildings has been tested both in laboratory con-
ditions and in a real residential complex. As a re-
sult, it has been shown that the dispatching sys-
tem reliably performs its functions for the follo-
wing options:

+ transmission of data through a local area net-
work with a large number of users;

+ transmission of data via the Internet (the dis-
patcher’s AWS and the CCC receive access to
the Internet through different providers);

+ transmission of data between individual no-
des of the system using a local Wi-Fi radio
channel;

+ the dispatcher’s AWS has access to the Internet
via a Wi-Fi access point.

The compatibility of the CCC with any equip-
ment with a standard 10/100 Mbps Ethernet
port makes it possible to build integrated dis-
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patching systems with virtually unlimited num-
ber of primary devices, information from which
will arrive at the dispatcher’'s AWS. One CCC
supports up to 254 devices for communication
with objects via a RS-485-based network at a
speed of 9.6—115.2Kbits. The CCC can operate
with a speed of 10/100 Mbps via port of router
that operates through the Gigabit Ethernet net-
work. Thus, the integrated dispatching system
for elevators and other engineering equipment of
buildings has a tree-like structure with the accu-
mulation of information when approaching the
dispatcher’s AWS. In this case, all available infra-
structure for access to the Internet, from in-house
network to transoceanic underwater optical com-
munication cables can be used. The rapid deve-
lopment of resources with high-resolution video
leads to a continuous increase in throughput ca-
pacity of the networks. The information flows
circulating in the created dispatching system are
practically unnoticeable in the current traffic and
can be transmitted to the most remote settle-
ments, where there are Internet providers.

The dispatching system has developed means
of self-diagnostics. The malfunction of a parti-
cular CCC is fixed on the dispatcher’s AWS in a

few seconds after the failure. The CCC is made in
the form of an electronic board with standard
contact terminals and mounts. All settings for a
particular object are stored in the non-volatile
memory of a single-chip microcomputer. This
approach significantly reduces the time of re-
pairs, because it is enough to replace the faulty
CCC board by a healthy one from a set of spare
parts. There are no special requirements for a wor-
ker who makes repairs.

The system is easily scalable and has great
potential for improving and introducing auxil-
iary functions. For example, a minor improve-
ment in order to ensure support of the RFID con-
tactless card scanner will enable to block the
operation of the elevator for people who do not
live in the building and to record in the dispatch-
er's AWS software the number of trips per each
dweller to form a bill for the use of elevator for
each apartment.

The large-scale implementation of the men-
tioned dispatching system will raise the overall
safety of the operation of modern residential buil-
dings, which will have a positive effect on imp-
roving the quality of life of citizens and push it
closer to the European level.
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KOMIIJIEKCHA CUCTEMA JIUCTIETYEPUSAIIIT JIIOTIB
TA IH)KEHEPHOTO OBJIAIHAHHA BY/INNHKIB

Beryn. KomiuiekcHa cucrema aucrerdepusarii idTis Ta iHIIOro iHkeHepHoro obsaHaH s OyJIMHKIB — Iie anaparHi
Ta 1MporpaMHi 3aco0u, 110 30PICHTOBaHI Ha B3AEMO/II0 MK OKDEMUMU €JIeMEHTAMHU CUCTEMU Ta IIeHTPaJIbHIM aBTOMATH-
30BaHKM POOOYMM MiCIIeM AMCIIETYEpa Yepes iCHYIoUl JoKaubHi Ta raobanbhi Mepesxi Inteprer. Takuil miaxia mossosise
JIEFKO BKJIIOYATU B JIUCIIETYEPCHKY CUCTEMY BKe ICHYIOUI OYAMHKM Ta 3MEHIIYBATH BUTPATU HA [MCIETYEPUBAIIIO TIPH

[IPOEKTYBaHHI HOBUX OYIMHKIB.
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IIpoGaemaTuka. Beenenns B excriyaraliito JidTiB HeMOKIMBe 6e3 BUKOHAHHS MiHiMabHuX Bumor [Ipasui 6yaosu
it Gesneunoi exciuryatauii aidris (IIBBEJI), BignosiaHo a0 axux aidTh Ta MalIMHHI IPUMIiLIeHHS HeOOXiAHO 00IagHy-
BaTH IIEPETOBOPHIMHU IIPUCTPOSIME Ta BUBOAUTHU HA IUCIETYEPCHKUIT ITYJIBT IeKLIbKa curHasiB. Bapricts Takoro obuajHan-
Hs1, TIOPIBHAHO 3 BapTicTio Jipra, He3HAYHa, TIPOTE MPOOJIEMHUM € IepeaBaHHsa CUTHAIIB TOJOCOBOI Ta TEXHOJOTIYHOI
indopmariii Biz sidhra Ha AMCIIETYEPCHKUIT ITYJIBT.

Mera. [locaiguru oOcsiru Ta xapakrep iH(GOPMAIHUX MOTOKIB /Uisi 3a0e31eYeHHsI TOJ0COBOTO 3B'I3Ky U Tiepenayi
TEXHOJIOriYHOI iH(opMallii Bij midra Ta iHIIOro iHKeHepPHOTO 00JaIHAHHS CYYacHOTO OYJMHKY, a TAKOK CTBOPEHHS Ha IX
OCHOBI alapaTHX i MPOTPaMHUX 3ac00iB AUCTIeTYEPU3aIlii Ji(TiB.

Marepianu it MeToau. BukoprcTano puKIaiHi METOM iHKUHIPUHTY €JIEKTPOHHUX KOMITIOTEPHUX KOHTPOJIbHO-iH(OP-
MAIIHUX CHCTEM [ PO3POOKU KOMILIEKCHOI CUCTEMU iucTieTyepr3altii i Ta iHKeHepHOTO 00JIaiHaHHs Oy IMHKIB.

Pesyapratu. CTBOpEHO anaparHi Ta nporpamMHi 3acobu (KOMILIEKCHA cucTeMa Jiuctieryepusaltii aidris) s 3abesme-
YeHHsI CBOEYACHOT PeaKIlii KOMyHaJIbHUX CIYKO0 B CHCTEMI ucIeTdepusartii gidis.

BucHoBku. Pesyssratu po6oTi MOKYTh Oy TH BUKOPUCTAHI JI7Ist TOOY0BY PEATbHUX CKIAJHUX KOMITIOTEPHUX CHCTEM
JUIs1 3a0€e31eYeHH s islJIbHOCTI KOMYHAJIbHOI Ta IPOMUC/IOBOI Taly3i, a TAKOXK B IHIINX Tajly3saX HAYKH i TEXHIKH.

Kniouoei crosa: ronocosuii 38’130k, aucrerdepusaitis, UDP, RS-485, APM aucrnierdepa.
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KOMIIVIEKCHAA CUCTEMA IUCHHETYHEPU3AIINN JIMDTOB
N NHXEHEPHOI'O ObBOPYAOBAHUA TOMOB

Bsenenune. KoMiuiekcHast cucteMa JCIeTYepu3aiu JUGTOB 1 IPYTOTO MHKEHEPHOTO 0OOPYAOBAHKSI JOMOB — 9TO
armapaTHble U IIPOrPaMMHBIE CPEJICTBA, OPUEHTHPOBAHHBIE HA B3AUMOJIEHCTBUE MEK/Y OT/IEJIbHBIMU HJIEMEHTAMI CUCTEMBI
U [IEHTPAJIbHBIM ABTOMATU3UPOBAHHBIM PAab0YMM MECTOM JAKCIIETYEPA Yepes CYIECTBYOIIIE JOKAIbHbIE U IJI0OaIbHbIE CETH
Wurepnert. Takoil MoaX0/ MO3BOJISET JIETKO BKJIIOYATh B AMCIETIEPCKYIO CUCTEMY YKe CYNIeCTBYIONINE [IOMa U YMEHBIIAaTh
Pacxo/ibl Ha AUCHETYEPUSAIUIO IPU TIPOEKTUPOBAHUU HOBBIX [OMOB.

IIpoGaemaTuka. Beenenue B akciyaranuo JuToB HEBO3ZMOKHO O€3 BBINIOJIHEHNSI MUHUMAJIbHBIX TpeboBanuii [Ipa-
BUJI CTPOEHUST 1 HE301IACHOIT dKCILTyaTalluu JU(PTOB, COOTBETCTBEHHO KOTOPBIM B JIN(TAX U MAIIMHHOM [OMEIEHUH He00-
XOJMMO 00yCTparBaTh IIEPETOBOPHbBIE YCTPOUCTBA U BHIBOAUTH HA AUCIIETYEPCKUN T1yJIBT HECKOJIBKO CUTHAaMOB., CTOMMOCTh
TaKoro 060PYIOBAHNUS TI0 CPABHEHHIO € CTOMMOCTBIO JIM(Ta HE3HAYNTEHHA, OJJHAKO TPOOJIEMHOIT OCTAETCS Tlepeiaya CHrHa-
JIOB TOJIOCOBOM M TEXHOJIOTHYECKOI nHbopMatuu ot audTa Ha TUCTIETYEPCKUI TTYJIBT.

Iean. ViccrenoBats 00beMbl 1 XapakTep HHPOPMAIHOHHBIX TIOTOKOB JIJIsl 0G€CTIeYeH T TOJOCOBOM CBSI3H U TEePeIad
TEXHOJOTHYECKON nH(opMaIy ot Jiiudra 1 Apyroro MHKEHEPHOTO 060PYTIOBAHNS COBPEMEHHOTO JIOMa, & TAKKe CO3/[aHIe
Ha UX OCHOBAHUU AIAPATHBIX U TIPOTPAMMHBIX CPE/ICTB IUCTIETYEPUBAIIN JTH(DTOB.

Marepuasisl 1 MeTo/Ibl. VCI10/Ib30BaHbI TPUKJIAIHBIE METO/IbI MHKUHUPUHTA AJIEKTPOHHBIX KOMITBIOTEPHBIX KOHTPOJIb-
HO-UH(OPMAIMOHHBIX CHCTEM JIJIsT Pa3PabOTKU KOMILIEKCHO CHCTEMBI AUCIETYePU3AIMT J(TOB U UHKEHEPHOTO 060pYy-
JIOBaHMUS JIOMOB.

PesyabraTel. Co3iaHo anmapaTHble B TPOrPaMMHBIE CPeICTBA (KOMIUIEKCHASI CHCTeMa ANCIIeTYePU3ANY JTIPTOB) A
obecrieyeH st CBOeBPEMEHHON PeakIiy KOMMYHATLHBIX CITY:KO B CHCTEME JIUCTIeTYepH3aIui JUPTOB.

BoiBoabl. PesysbraTbl paboThl MOTYT ObITh HCIOJIb30BAHBI /IS IOCTPOEHUST PEATBHBIX CIOKHBIX KOMITBIOTEPHBIX CHC-
TeM 15T 00eCTIeYeH st IeSITeTbHOCTH KOMMYHATBHON U TIPOMBITIZIEHHON OTPACJIN, a TakyKe B IPYTHX OTPACIAX HAYKH U
TEeXHUKH.

Kntouesvie crosa: ronocosas cBsab, aucterdepusaiust, UDP, RS-485, APM jucrietuepa.
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