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DEVELOPMENT OF LED SCREEN TO RECEIVE REAL-TIME TRANSMISSION OF
EVACUATION INFORMATION

Abstract. In this paper, an LED screen with ultra-low power consumption is developed.
The work proposes methods for modeling mechanical and electronic systems. The combination
of these scientific works gives us an opportunity to reduce power consumption. Spatial-
mechanical sweep is developed, which allows to refuse decoding circuits, which in turn consume
35-40% of the total power consumption. We studied the setup of SDRAM controller for reading
video data stored in memory or entering data into memory, and developed a code for reading
data from the controller memory and outputting it to the data bus on demand of the output
device. The results of this study can be widely used by the system for the integrated operation
of the evacuation information system in training mode in order to train and mobilize personnel
responsible for evacuation, as well as to keep all information and communication resources in
readiness.
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Introduction.

At the present stage, the most effective tool for research and optimization of the
evacuation process are computer evacuation models. By the present time, a large number of
similar computer models have been created [1].

The work [2] contributed to the development of computer evacuation simulation models
(CESM).

Modern CESM allow you to simulate to some extent the dynamics of human flow
parameters during the evacuation of a building, estimate the total duration of the evacuation and
solve the problem of selecting evacuation routes. However, the vast majority of modern CESM
do not adequately account for the possibility of flow stratification by velocity [3]. In addition,
there is virtually no consideration of the specifics and architectural features of educational
institutions and enterprises in modern CESM. The main feature of flow formation in the
buildings of educational institutions is nonstationary distribution of people in the inner rooms of
the building, related to the schedule of classes [4]. This leads to the dependence of evacuation
plans on the time of day, and also requires an assessment of the training schedule in terms of
organizing the unobstructed movement of people during evacuation. The solution of these
problems for educational buildings is complicated by the presence of moments of time when
people move from one room to another, for example, during breaks between classes [5].

An overview of intelligent evacuation management systems is provided in [6], covering
aspects of crowd monitoring, disaster prediction, evacuation modeling, and evacuation route
recommendations. This review will assist researchers in developing robust automated evacuation
systems that will help ensure the safety of evacuees, especially during emergency evacuation
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scenarios. The uncertainty of crowd behavior is inevitable in any evacuation scenario, especially
during an emergency evacuation. Similarly, during an emergency evacuation scenario, finding
the safest exit route is imprecise and inaccurate.

The article [7] presents a comprehensive and systematic review of existing research in the
field of emergency management, both in terms of system design and algorithm development.
New challenges and opportunities related to system optimization, modeling and optimization of
evacuee behavior, computational models, data analysis, energy and cybersecurity aspects are
proposed. But evacuation tasks depend on building architecture or population density. During an
emergency, if the power goes out, organizing a comprehensive evacuation will be difficult.

In the time of informational and digital technologies smartphones, pads, table monitors,
TV sets, projectors and devices of augmented reality have become the reflection of our everyday
life; their wide usage was grasping from the end of 1960—ies and start of 1970- ies years, when
there was developed LCD display [8-11]. Heavy cathode ray tubes since 2000 were gradually
superseded, and their place was occupied with LCD displays and became the dominant
technology [12,13]. Intensive development of materials [14] and devices of organic light
emitting diode (OLED) [14] quickly grows, permitting to fold up other devices as well. At
present there have appeared micro LEDs (uLEDs) [15-22] and mini LEDs (mLEDs) [21,22],
which operate with transparent displays [19] and high intensity displays [18-19]. One of the
biggest problem is defects repair, which will influence at the device cost. In the given research,
there has been developed LED screen with ultralow energy consumption.

Materials and methods.

The work herein offers then methods of modeling mechanical and electronic systems.
Aggregate given scientific work, gives us the possibility to reduce energy consumption by means
of the given research. Obtained images differ from conventional light-emitting diodes with their
semitransparency and transparency effect, attracting people’s attention. Scientific novelty of the
given research is usage of spatial-mechanical fold up, which gives the possibility to give up
decoders, which in turn, consume 35-40% electrical power off the total consumption. Usage of
mechanics in light-emitting diodes engineering creates a number of problems, which need
solutions.

In research methodology we consider mechanics control by means of angle position
sensor (PLIS), giving electrical impulse from angle position, there is created the algorithm,
reading total number of impulses entering from the sensor of angle position. The electric
impulses enter the input of programmable logical integral schemes. At the scheme thereof there
is created an algorithm at the program level, reading total quantity of impulses. Simultaneously
at PLIS there is created the matrix of video format. With each entering impulse PLIS loads
vertical light-emitting diode drives with information from video format matrix. In whole, the
sensor of angle position gives as many impulses, as necessary to complete synchronization of
mechanics with electronics.

Video signal processing is made in real-time regime. Analog video signal enters the
analog-digital transformer input, ADT. ADT transforms an analog green signal  into 8- bit
digital canal, each canal has main component colors RGB. On the PLIS there recorded the
algorithm of video flow processing. Figure 1 shows principal diagram of LED screen with extra
low energy consumption, device with minimal power consumption. After processing at PLIS the
digital video flow is extracted through serial peripheral interface SPI.
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Figure 1 - Principal diagram of LED screen with low ultra-low energy consumption

Along the bus SPI the digital video flow is loaded into vertical light-emitting diode
drives, consisting of three lines. With every impulse, entering from the angle position sensor and
with a command of an ignition signal for light-emitting diode, the columns, loaded with data, are
discharged in the form of light emitter flash. Columns quantity is selected in the way, that a
human being from the distance of 2-3 meters could distinctly see full color semi-transparent
image. Frequency of the image flashing can be regulated from 10 hz to 50 hz

Figure 2 - Mockup of LED screen with ultra-low energy consumption

Figure 2 presents LED screen mockup with ultra-low energy consumption, where 1-
major axis with explosive grenade, 2- upper and bottom arms, 3- vertical wing ribs with light-
emitting diodes drives RGB, 4- power unit at every feeding line RGB, 5-microprocessor control
unit, 6- electric motor with variable frequency control.
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Figure below demonstrates controller setting up (Figure 3), which is quite simple.

Y& SDRAM Controller

Memory Size = 32 MBwtes
16777216 x 16
256 MBits

Figure 3 — SDRAM bit setting up

Data bus is installed on 16-bit length, it means, that in parallel there might be obtained
16-bit data from the memory, banks accepted as two. Number of lines is 13, columns quantity is
accepted as 9.

Results.

Memory controller is monitored with controller NIOS Il. Controller is programmed in the
language C. Programming environment is Eclipse. Memory controller function is reading the
video data, saved in the memory, or data input into the memory. The controller thereof provides
straight-chain compound with SDRAM.

As a central processor there has been selected controller NIOS I, represented by
company Altera, with a possibility of integration into PLIS. Controller supports 32 bits, several
interfaces. Graphical processor function is memory fastening, data output unit, processing data
from the memory. Controller is programmed in the language C. Code for reading data from
controller’s memory and outputting it to the data bus according to output unit request on the
screen is given below.

int val=0;

int last_val=0;

IOWR_ALTERA_AVALON_PIO_DATA(EN_BASE,0x1);

int x=0;

while(1){val=IORD_ALTERA_AVALON_PIO_DATA(REQ_BASE);

if (vall=last_val && val==1)

This code part checks the data in respect of the signal, incoming from output unit to the
light-emitting diode screen, and request is accepted, if entering signal is shifted from the bottom
level to the upper one.

{ IOWR_ALTERA_AVALON_PIO_DATA(DATA_BASE, buffer[x]);

X++:

if (x==30976)

{x=0; }}

last_val=val;}

return 0;}

Upper code incrementally reads data addresses every time, if the request comes from data
buffer. Data reads are sent to data bus.

3.Results
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Thereon, as a video controller has been designed and launched, a vector image has been
loaded into the memory. That image is given below (Figure 4). In the result of work there were
obtained following images on light-emitting diode screen.

Figure 4 — Vector image, built into videocontroller

Figure 5 — Images, obtained in the device

Discussion.

Creating an integrated evacuation information system based on mathematical modeling of
multicriteria optimization problem of flow distribution and design, building technology of data
reception-transmission and information notification systems for the selected type of building in
order to adopt an operational evacuation plan.

The use of mathematical methods and information technology significantly increases the
efficiency of evacuation systems, so the development of new integrated and intelligent info-
communication approaches to solving the problem of evacuation.

Conclusion.

In the work herein there has been designed a video controller in PLIS and set its work
algorithm. Video regulator, in its turn, has been broken down into memory unit, memory
controller, central processor, output video data to the light-emitting diode screen. There is given
structural scheme of devices. Installed connection with light-emitting diode line with SPI
protocols. In the work outcome, in the installation initially there has been obtained the image
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with gradation of grey color, afterwards there appeared the possibility to get a travelling line, to
obtain the image with 8 colors gradation. To raise the image gradation color there has been
fulfilled delta modulation. As a result, there has been obtained different color gradation. Thanks
to using the SDRAM module with volume 32 Mb there appeared the possibility to translate
various sizes. Along with simple imaging we have obtained animated images.

This work is supported by grant from the Ministry of Education and Science of the
Republic of Kazakhstan within the framework of the Work NeAP08855903 «Development of
intelligent information technology for the real-time evacuation task», Institute Information and
Computational Technologies CS MES RK.
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HAKTbBI YAKBIT PEKUMIH/IE O9BAKYALIUSA TYPAJIBI AKITAPAT AJIY YIHIH
KAPBIKIANOATHI DKPAH/IbI )KOBAJIAY

AHHOTauus. Byn XymbIcTa ynapTpa TOMEH KyaTThl JKapBIKIMOATHI SKpaH >Kacallfbl.
JKyMbIcTa MEXaHUKAJBIK JKOHE DJIEKTPOHIBI JKYHelIepai MoJenbaey oaicTepi YehHbUTFaH. OChI
FBUIBIMHM €HOEKTEep/IiH Yijiecyl SHeprusHbl TYThIHYIbI a3aiiTyra MyMKiHAIK Oepeni. KeHicTikTik-
MEXaHUKAJIBIK CKaHepiey od3ipieHai, OyJl JeKOoATay cxemalapblHaH 0ac TapTyFa MYMKIHJIK
Oepeni, oap €3 Ke3eriHe JKalIbl 3Heprus TYThIHYABIH 35-40% TyThiHaasl. Xanra cakranran
OcitHe JepeKTepal OKyFa HeMece JKaakKa Jepektepai eHridyre apHaamran SDRAM
KOHTPOJUIEPiIHIH KOH(PUTYpAIHSCHI 3epTTEN/Ii, KOHTPOJUIEPiH JKaJbIHAH IePEKTEp/li OKyFa >KoHe
HIBIFBIC KYPBUTFBICBIHBIH CYPAaHBICHI OOWBIHIIIA OJIAPIbI JEepeKTep MIMHACHIHA IIBIFapyFa apHaJFaH
Koa xkacaygbl. OChl 3epTTEY/IiH HOTIIKENEpl BaKyallusFa jKayanThl MEPCOHAJIbI OKBITY JKOHE
KYMBUIIBIPY MaKCaThIHIA, COHAAli-aK OapiblK aKmapaTrThlK JKOHE KOMMYHHKAIUSIIBIK
pecypcTapbl JalblH yCTay VIIIH OKY PEKUMiH/E BaKyalUsHbIH aKNapaTThIK KYHeCiHiH >KaH-
’KAKTBI AKYMBIC 1CTeYyl YIIIH KeHIHEH KOJIJaHbljIa aaaibl.

Tyitinai ce3nep. OBakyanus, LED, nepekrepai 6epy, kenemn sxocmap, KOHTPOJUIEP.
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PABPABOTKA CBETOJAUOJHOI'O 3KPAHA JJIA IIOJTYYEHUSA NTHOOPMALIUA
OBb DBAKYAIIUU B PEXKUME PEAJIBHOI'O BPEMEHU

AHHoTanusi. B nmanHoii pabore pa3paboTaH CBETOIMOMIHBIN SKpaH C YIbTPAHU3KUM
sHepronoTpedieHueM. B paboTe mnpemioxkeHbl METOAbl MOICIMPOBAHUS MEXAHUYECKHX U
3JEKTPOHHBIX cucteM. CoueTaHWe S3TUX HAY4YHBIX TPYJIOB JaeT BO3MOXXHOCTb CHHU3UTh
sHepronoTpebnenue. Pa3zpaboTaHa mNpPOCTPaHCTBEHHO-MEXaHUYECKas pa3BepTKa, KoTopas
MO3BOJIIET OTKA3aThCs OT CXEM JIEKOAMPOBAHUS, KOTOPBIE B CBOIO ouepeb noTpedstoT 35-40%
oT obmiero sHepromnorpedienus. MccnenoBana HacTpoiika koHTposuiepa SDRAM nmnsa yreHus
BUJICOJJAaHHBIX, XPAHSIIIUXCS B MaMATH WM BBOJA JaHHBIX B MaMsATh, pa3paboTaH KOJ HJst
YTCHUS JaHHBIX U3 MMaMATHU KOHTPOJUICPA U BBIBOJA UX HA HIMHY JAaHHBIX I10 3aIIpOCy yCTpOI\/’ICTBa
BBIBOJIA. Pe3ynbpTaThl HAaHHOTO HCCIENOBAaHHUS MOTYT OBITh HIMPOKO HCIOIB30BAHBI IS
KOMIUIEKCHOTO  (DYHKIIMOHUPOBAHUSA HMH(MOPMAIIMOHHOM CHCTEMBl »JBaKyallid B peXHUME
TPEHUPOBKU C IeNbI0 00y4YeHUsS U MOOWIIM3allMU TMepCOHaa, OTBETCTBEHHOTO 32 BaKyalldio, a
TAaKXKE A NOAACPKaHUA B TOTOBHOCTU BCECX I/IH(l)OpMaIII/IOHHI)IX U KOMMYHHUKAIIMOHHBIX
peCypcoB.

KuaroueBbie ciaoBa. Opakyanusi, LED, mnepegaua [naHHBIX, OINEpaTUBHBIA IIJIaH,
KOHTPOJLJIED.
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