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ANALYSIS OF THE STRUCTURE AND CALCULATION OF TIME
FOR THE ENVIRONMENTAL MONITORING SYSTEM
WITH MULTI-PARAMETER SENSORS

Abstract. In the last decade, engineers, researchers and developers are paying more attention to development
and development multi-function sensor is a new trend in modern sensor technology.

This paper discusses the structure of the information systems (IS) and mobile application (app) for the Control
and Monitoring of the Environment [1-3, 7, 9-21], the main parameters, based on which developed the structure of IS
and mobile application [1] developed a mobile app for the calculation of the time spent on the sending and receiving
of information (one cycle) with all the delays in the system.

To date, known to a sufficient number, as well as scientific and practically realized works that perform the
functions of control and monitoring of the environment [4, 11, 13-19, 25, 27, 28].

Ensuring control and monitoring objects today is a strategically important aspect to save the current condition,
or prevent not desirable consequences in the environment, thanks to timely make the right decisions.

Keywords: environment, monitoring, control, multifunctional sensors.

Introduction. With the improvement of technology, software products, digital devices and sensors
often found solutions that are more costly to service, on energy demand as well as on the reliability of
information storage.

Development of multi-parameter sensor is one of the important goals of modern engineering, research
and development. With the development of technology and the development of methods of multifunc-
tional (multiparameter) sensors today expanded the following applications: robotics, automation,
medicine, vehicles, etc. [5-11].

Multifunction sensors and systems for environmental monitoring and process parameters is suitable
for indoor and outdoor use, and for all sectors of residential, industrial and tertiary. Depending on the
sensor model, it is possible to measure one or more parameters, such as temperature, contact temperature,
relative humidity, light, atmospheric pressure and counting pulses from the electrical energy, gas, water,
etc. [1-20].

Remote access to devices and sensors using the mobile app provides a great opportunity to monitor
performance of the entire system, which simplifies the process of monitoring of all system components.
Data can be exported into various formats and programs to perform more complex statistical analysis.

Information System for Environmental Monitoring collects data from sensors for various purposes.
Data processing time on each element of the structure, which are presented in Figures [1, 3] has a signifi-
cant impact on the quality of the functioning of the entire system depends on the reliability of every
element of the system, the overall processing the time and accuracy of information.

1. Environmental monitoring systems structures. As a result of analysis on modern environmental
monitoring system (the system), and their structures were determined basic parameters, technical and
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industrial areas, where it is often used multi-parameter sensors. Data collection and processing of
information, depending on the elements of the system is carried out at different time intervals. Features of
each system [13-19] are a little different, but perfectly perform the basic functions of collection,
processing and storage of recorded data from the sensors.

Comparative analysis [13-19] made it possible to understand in more detail how the system is
complex, what features are offered, what is the minimum number of elements should include, on the basis
of data obtained by statistical analysis and environmental monitoring for specified parameters.

Signal
reconstruction .
algorithm

Figure 1 — Schematic structure of a multifunctional sensor [10]

Consider some of [10-21], which shows the scheme and structure of multifunctional sensors (Figure 1),
Structure of water environmental monitoring structure of environmental monitoring systems in Figu-

re 2 [13]:
: Environmental emergency Environmental
Water quality on- : : :
command center in environmental satellite remote

line monitoring data : ;
protection bureaus sensing data
ﬁh A

_~Water quality on-
line monitoring
equipments

Environmental

Communication system satellite

emergency UAV monitoring data
A

‘ Environmental Environmental emergency

Y

< Scene Command \ / Small-scale mobile>

platform / \ emergency platform
A

A

Environmental portable environmental
energency monitoring emergency monitoring
vehicle or boat devices

Figure 2 — Structure of water environmental monitoring network based on space-earth integration system [13]

The structure of the information system (IS) [1] is essential to ensure the effective management of
information resources. The structure of IS helps to identify some elements that complicate the passage of
information flows and increase the risk of information loss, which has a negative impact on the quality of
the functioning of IS.

Application of multifunctional sensors [2, 5-12, 21-23] are known to simplify the structure of control
and environmental monitoring system, where the main purpose - providing a scalable, efficient and
compact solution that integrates multi-parameter sensors (several sensors in one).
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. _ ls-_Z]

WWW — World Wide Web; Ard — Arduino uno; And — Android app;
Si, Sy, S3... S, — multifunctional sensors; s1, s2, s3, s4, ... sk — sensors.

Figure 3 — Structure of IS (A) [1] and functional structure of multifunctional sensor (B)

In [1] considers the analysis of problems and methods of implementation of information systems for
monitoring natural and industrial facilities. The new approach of data storage, integration and retrieval
developed. The practical applicability confirmed through experience in the development of information
systems for the processing and analysis of spatial data using a mobile application. The structure of the
software and information system allows both users and developers to understand the operation of IS,
determine the number of its elements and learn what kind of details it consists.

Reducing the number of sensors and increase functional capabilities gives an advantage over the
developed and the existing environmental monitoring systems, by reducing the physical parameters
(volume, mass).

2. Software development of the android APP. There are several platforms for developing appli-
cations such as Windows Mobile, Symbian, iOS and Android. In the proposed system, the Android plat-
form app is developed as most of the phones and handy devices support Android OS. Java programming

[

» A +
192.168.1.210
Port Nurrbser
7777
AN
PIN12
PN1D
elalifnlrlv|v|x|oln

Figure 4 — Mobile application (A) and Example of Relay Configuration (B)
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language using the Android Software Development Kit (SDK) has been used for the development and
implementation of the app. The SDK includes a complete set of development tools such as debugger,
libraries, a handset emulator with documentation, sample code and tutorials.

Mobile application is designed for checking sensors and recording time send and receive com-
mands/data from the mobile device to the sensor and back Figure 4 (A).

Basically several types of the device can be used as a relay switch of electronic equipment, for
example electric lights, electric motors, and a variety of other electronic devices. In this system, the relay
is used to power-down automatically based on the order which is specified by the value of the output,
which has been processed by microcontroller or controller device. The device is used to adjust the flame
relay and the turning off of electronic devices. Relay is connected to the pin on the Arduino Mega Figu-
re 4. (B) [19] and connected also with the electronic device. This device includes Kit Relay device for
electrical appliances AC/DC and pin cables and connectors.

3. Device testing. Testing is carried out into three parts, namely turn on/off testing, dim testing and
current electric record testing. Testing carried out Android smartphones (LG P500 ICS 4:04) and virtual
iPhone. First, before the testing is conducted, it is executed to see how long the smartphone takes log time
level to arrive in the Main Menu. The time is measured based on how long this application takes time to
login and reverse current that is in the main menu. This test is needed to ensure the user waiting time is not
too long, the result of this test is shown in Table 2. Table 1 show that the system needs maximum 5
seconds to achieve the main menu. Virtual iPhone and Virtual Android using wireless is the lowest time in
achieving the main menu, while the highest is the virtual android using EDGE network. So based on the
experiments done on two smartphone devices found that the likelihood of a successful login at least 100%
on EDGE networks. With a maximum waiting time of four seconds. It can be concluded that the
application is already running pretty fast.

Table 1 — Login Time Test

Device Network Time Request Results
Wireless 3s Success

Wireless 3s Success

3G 4s Success

EDGE Ss Success

The next testing for this system is “Turn on/off” and dim testing. These testing are carried out using
Android smartphones (LG P500 ICS 4:04) and virtual iPhone. The test is done to see how this app can
turn on, turn off and dim the electronic device. The result of the “Turn on/off” and dim testing is shown in
Table 2 and Table 3 respectively.

Table 2 — The Result of “Turn off/on” Testing

Device Arduino Pin Electronic Device Dim
Pin 5 Lamp ok
Pin 4 Lamp ok
Pin 3 Lamp ok
Pin 5 Lamp ok
Pin 4 Lamp ok
Pin 3 Lamp ok
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Table 3 — The Result of Dim Testing

Device Arduino Pin Electronic Device ON OFF
Pin 5 Lamp ok ok
Pin 4 Lamp ok ok
Pin 3 Lamp ok ok
Pin 5 Lamp ok ok
Pin 4 Lamp ok ok
Pin 3 Lamp ok ok

Table 2 and 3 show that the system is able to control turns on/off and dims the lamp correctly. So
based on the experiments which is performed on two smartphone devices, it was found that the percentage
probability of success in shutting down and turning on an electronic device is 100%. Table 4 shows time
that how many time was take for transformation between android and Arduino.

Table 4-6 shows the results of testing the sensors, where T1 - the time of the Android smartphone to
the Arduino Uno, T2 - the time from the Arduino Uno to a sensor, T3 - full time (one cycle).

Table 4 — The Result Testing (DHT11) Table 5 — The Result Testing (DHT22)

DHT11 - Temperature and humidity DHT?22 - Temperature and humidity
Ne T1 T2 T3 Ne T1 T2 T3
1 1150,5 271 1421,5 1 1283 271 1554
2 1194,5 272 1466,5 2 1174 271 1445
3 1147 271 1418 3 1211 271 1482
4 1199 271 1470 4 1052 272 1324
5 1158 273 1431 5 1185 271 1456
6 1159 273 1432 6 1010 273 1283
7 1101 271 1372 7 1095 272 1367
8 1161 272 1433 8 91913 272 92185
9 1182 271 1453 9 1216 271 1487
10 1175 273 1448 10 1101 271 1372
11 1209 272 1481 11 91975 271 92246
12 1125 272 1397 12 1081 271 1352
13 1089 271 1360 13 1167 271 1438
14 1175 271 1446 14 1129 272 1401
15 1019 273 1292 15 92454 273 92727

AVG 1149,6 271,8 1421,4 AVG 19336,4 271,5333 19607,93

Table 6 — The Result Testing (BMP085)

BMP085— Barometric Pressure/Temperature

Ne T1 T2 T3
1 1752 67 1819
2 1285 67 1352
3 1212 67 1279
4 1249 66 1315
5 2677 68 2745
6 1215 66 1281
7 1216 67 1283
8 57816 68 57884
9 1155 67 1222
10 1205 68 1273
11 1680 69 1749
12 1207 67 1274
13 6660 68 6728
14 1262 68 1330
15 1247 68 1315
AVG 5522,533 67,4 5589,933
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Figure 5 is a graph based on the result of testing time T2 of two sensors, where T2 — time Arduino
Uno to sensor.

273,5

273 'r‘ H

272 SRS B & P S T L

2715 :_:' '-.A_: ’! ‘ , ‘-._: :_:' \ :;" '-._.- ’l

271 .': _'J.'A: N -", _-'. ._‘_--' _,I_A

270,5 T T T T T T T T T T T T T T T 1

''''''' DHT11 - - DHT22

Figure 4 — Result of comparison time T2 of the sensors

Conclusion. The analysis of IS structures and mobile applications for the control and monitoring of
environment, the basic parameters on which developed the structure of IS and mobile application for
environmental monitoring, as developed a mobile app for the calculation of time spent on sending and
receiving of information (one cycle). The focus is on the use of multi-parameter sensors and mobile
application, through which defined the experimental results in this paper.

The results can be be useful for engineers, developers and users of monitoring system with multi-
parameter sensors as well as for device developers.
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1K. . CotbaeB aTeIHAAFHI Ka3aK YITTHIK TEXHUKAIBIK 3epTTE€y YHHUBEPCHUTET, AaMatel, Kazakcran
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KOIMATKAPBIM/IBIK JATYUKTEPIMEH KOPIIATAH
OPTAHBI MOHUTOPUHITEYTE APHAJIFAH )KYMEHIH KYPBLIBIMBIH TAJJIAY
/KOHE YAKBITBhIH AHBIKTAY

AnnoTtanusi. COHFBl OHXXBULIBIKTap/ia HHKEHEpIIEp, 3epTTEYILIIep MEH OHICYLIJIep 3aMaHayH CEHCOPIIbI TeX-
HOJIOTHS/1a JKaHa OarbIT OOJBII TaOBLIATHIH KONATKAPBIMIBIK JTATYMKTEPIIH AaMybl MEH 3epTTeIiMiHE YIIKEH Ha3ap
ayAapsblIl XKaTbIp.

Ocsl J)XyMBICTa aKnapaTThIK xkyhenep (AXK) jxoHe KoplmaraH OpTaHbI OaKpUIay MEH MOHUTOPUHITEY OOMBIHIIA
MoOmbIiK Kocsiminanapabie (MK) kypeuisivaapst [1-3, 7, 9-21] kapacteipsuiisl, Herizaepinae AXK sxone MK [1]
KYPBUIBIMBI KacaJiFaH HETi3ri napameTpliep aHbIKTaJJIbl, XKyieneri OapiblK KigipyJep/i ecernke ajia OThIPHII, aKia-
patThl Kibepy *oHe Kabbuiaayra (0ip LUKIT) )KYMCaJFaH yaKbITThl €CeNTey YIIiH MOOMIIBIIK KOCBIMIIIA JKacaJIFaH.

ByriHri KyHi KopiIaraH opTaHbsl 0aKbljlay MEH MOHHUTOPHHI KbI3METTEPIH OPBIHIAWTHIH FHUIBIMH KarbIHaH [,
NIPaKTHKAJIBIK JKaFbIHAH J1a )KY3€Te aChIpbUIFaH )KyMbICTap/bIH Oipasbl 6enrini [4, 11, 13-19, 25, 27, 28].

Heicanmapmarsl 6akpLIay MEH MOHOTOPHHITI KaMTaMachl3 €Ty OYTiHTI KYHIE AYpPbIC MEIMiMACPAi YaKbIThUIIBI
KaOBUINAyIBIH apKachblHIA aFbIMIAFbl JKaFJail cakTay MEH KOpIIaraH OpTaFa TUTI3eTiH KaKeTci3 calmapblH 0oi-
IBIpPMAc YIIiH CTPaTETUSUTBIK MAHBI3/IbI aCTIEKT OOJIBI TaObLIA B

Tyiiin ce3aep: KoplIaraH OpTa, MOHUTOPHHT, OaKblIay, KeNapaMeTpIli AaTYUKTED.
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AHAJIA3 CTPYKTYPBI M IOACYET BPEMEHHA CUCTEMbI
11O MOHUTOPHUHI'Y OKPY/KAIOIIENU CPE/IbI
C MHOI'OHAPAMETPOBBIMU JATYUKAMMN

AnHotanusi. B mocrnemgHee necATHIIETHE HWHXCHEPHI, MCCICIOBATENd W Pa3padOTINKH YACISIOT OoJbIlee
BHUMAaHHE K Pa3BUTHIO U pa3paboTKe MHOTO(PYHKIMOHAIBHBIX JAaTYUKOB IPEACTABISIONIEE COOOH HOBOE HAIpaB-
JICHUE B COBPEMEHHOM CEHCOPHOI TEXHOJIOTHH.

B mannoit pabote paccMOTpeHBI CTPYKTYpbI nHpopMarmoHHbIX cucteM (MC) n MoOmmbHBIX npunoxeruid (MIT)
0 KOHTPOJIIO ¥ MOHHUTOPHHTY OKpy>katommen cpexasl [1-3, 7, 9-21], onpeneneHsl OCHOBHBIE NTapaMeTPhl, HA OCHOBE
KOTOpBIX paspaborana ctpykrypa MC u MII [1], pa3zpaboraHo MOOHMIBHOE PUIIOKEHHUE, /IS BEIYUCICHHS BPEMEHH
3aTpayeHHOe Ha OTIIPABKY W NpHeM HHPOpMaXH (OJUH IIMKI) C yYETOM BCEX 3aJIepiKEK B CUCTEME.

Ha ceromusmHuii 1eHb M3BECTHBI JIOCTATOYHOE KOJMYECTBO, KAK W HAYYHBIX, TaK M HPAKTHYECKH PEan30-
BaHHBIX paboT, KOTOPHIE BBHINOJIHAIOT (QYHKIMH KOHTPOJIS M MOHMTOPHMHIA OKpykatowieil cpens! [4, 11, 13-19, 25,
27, 28].

ObecriedueHne KOHTPOJIS 1 MOHUTOPHHTA B 00BbEKTaX Ha CETrOAHANTHUN ICHP SIBISIETCS CTPATETHUECKH BaXKHBIM
ACTIIEKTOM ISl COXPAHEHHs TEKYHIero COCTOSHHS WM IMPEIOTBPAICHUS HE XeNaTeIbHBIX ITOCIEACTBHH B OKPY-
JKarorelt cpene, O1arogapsi CBOEBpeMEHHOMY MIPUHSATHIO TIPABIIIBHBIX PEIICHHUN.

Ki1roueBble cjioBa: OKpy’Karomiasi cpeia, MOHUTOPHHT, KOHTPOJIb, MHOTOIIapaMETPOBHIE TaTYUKH.
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