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Anomauyia—/Ina nioei i3 cepiio3HUMH BaJiaMHU 30py 3alIPONIOHOBAHO CHCTEMY, KA I0NIOMAra€ BUABJIATH MEPelKoIn
Ta BUKJIUKATH JOIOMOrY B eKcTpeHii cuTyanii. CucreMa mofy10BaHa Ha OCHOBI MiKPOKOHTpPOJIepa Ta MiJKJIIOYEHHX 0
HBOT'0 ONTHYHOT0, AKYCTHYHOI0 TA eJIEKTPUYHOI0 CEHCOPiB, a Takoxk Moay 1iB GPS Ta GSM. Cencopu 3a0e3neuyioth ingo-
PMAaLi€lo NPo NMepelKoit, SKa NepesacTbesl JIOANHI Y BUIVIAAI aKyCTHYHUX Ta BiOpauilinux curnaais. Cencopu 30UpaoTh
JaHi B pe:kMMi peajbHOro 4acy i BiInmpaBasiloTh iX Ha MIKpPOKOHTpoJiep 1Js 00pod.aeHHs. Iliciis o6podJieHHs ceHCOpHOT
indopmauii MikpokoHTpoOJep HaAcUIa€ TIOAMHI BiOpauiiiHi Ta aKycTHYHI CUTHAJIM BiANOBiIHO Ha BiOpaTopu, BCTaHOBJIEHi
B rosioBUi uminka, i Ha Bluetooth-rapuitypy. IHTeHCHBHICTH 3ByKOBOI0 CHrHajly Ta BiOpauii 3pocTarTh, KOJM JIOAMHA
Ha0JMKa€TheA 10 nepemikoau. [lo3uniroBaHHs Ta NPOK/IAIAHHA MAapPLIPYTY JIIOJUHH HA MiCLIeBOCTI 31ilicHIOEThCH 32 1010~
Morow GPS-mony.s, a 38’5130k B ekcTpeHiii cutyauii 3a0e3neaye GSM-moay.ab. MoayJii B3a€MOAIIOTH 3 JIIOJUHOIO 32 10110-
MOI'0I0 I0/10c0BOro 3B’s13Ky. Ile nomomarae moauni 3 Bagamu 30py 0e3neqHo gicTaTHcs 10 Micusa npusHadeHHs. Cucrema
JKHBHTBCS Bi/l aKyMy/IITOPHOI 6aTapei, BMOHTOBAHOI B LiMOK.

Knrouoei cnosa — mikpoxonmponep; GPS-mooynv; GSM-mo0yns; onmuunuii ceHcop; akyCMUYHUIL CEHCOP; CEHCOp 800U.

I. BcTvin

3a manmMu BcecBiTHBOT opranizaiii OXOpoHH 370-
po’st (BOO3), y cBiti 39 MiNBHOHIB JIOACH € CTiNMUMU,
a 246 minpiioHIB MarOTh cimabkwii 3ip [ 1]. JTroau 3 gactko-
BOIO 200 MOBHOIO BTPATOIO 30pY CTUKAIOTHCS 3 OaraTbMa
po0JIeMaMHu y CBOEMY MOBCSKJICHHOMY JKUTTi, 0COOJIUBO
3 IpoOJIEMOIO NepECyBaHHs Ta Opi€HTaNii Ha MiCLIEBOCTI.
Crina mioqMHa 1A TOJTIIIIEHHS CBOET PYXJIMBOCTI 3a3BH-
Yaii BUKOPUCTOBYE TpamuIliiHUN mimok. OmHAK IIOK
HE MOJXKE HauaTu JIoAWHI iH(OopMalilo 1mo3a Mexamu
HOTO TOCSKHOCTI.

[cHYIOTH pO3yMHI IINKH, SKi BHKOPHCTOBYIOTH MJIS
3HOMKH 300pa)KeHb OHY Kamepy a0o JeKinbka Bimzeoka-
Mep, BCTAaHOBJICHUX Ha MinkKy [2]. 3axoruieHi Bigeo3o0pa-
JKCHHSI 3MIHIOIOTBCS 332 PO3MIPOM, TOJIATKOBO 0OpOOJIs-
IOTHCS 1 TIEPETBOPIOIOTHCS HAa aKyCTHYHI abo BiOpariiiHi
CUrHaJM. Y TaKkuX CHUCTEMax 4acTOTa IOIepeKyBajb-
HOTO CUTHAITy KOPEJIFOE 3 OPI€HTAIIIEI0 MIKCETiB BiTeoKa-
MepH.

€ TakoX CHUCTEMH, SIKI JUIS BHUSIBICHHS IEPEIIKO]
BUKOPHUCTOBYIOTh YJIBTpPa3ByKoBi cencopu [3]-[5]. 3Ha-
YeHHsI BIJICTaHI 10 NePELIKOH, BUMIPSHE 3a JOMOMOTOI0
3BYKOBOI XBUIIi, IEPEIA€ThCA HA MIKPOKOHTPOJIEP, SIKHH
OJIa€ 3a JOMOMOTOI0 IMHAMIKY 3ByKOBHit curaai. Hemo-
JIIKAMHU TaKUX CHCTEM € HEMOXIIUBICTh BUSBUTH MPUXO-
BaHi IepenIkoI1, Hebe3meyHi I JIIIeH 3 BajaMu 30Dy,
TaKi sIK CXOH, IMH, KaJTI0Xi1 TOIIIO.

3anporoHOBaHa CHUCTEMa BHUPINIye IIi mMpoOieMu 3a
JIOTIOMOTOI0 00’ €/THAHHSI MOXJIMBOCTEH aKyCTHYHHMX Ta

ONTUYHUX CEHCOPIB, a TAKOXK CEHCOpa BojM. 3abe3meuy-
€ThCS TaKOX MiATPUMKA JIIOMUHHU y CKIAJHIA CHTyamii
IJIIXOM BCTAHOBJIICHHS TENIE()OHHOTO 3B’S3KY 3 JOBipe-
HOIO ocobor. [Hpopmamiro mpo MicHe3HaXOMKCHHS
moauHau otpumye GPS-momynb i MikKpoKOHTpoJdep Hal-
cuitae 1o iHdopMariiro 3a gomomororo GSM-monyns Ha
BU3HAYEHUN KOHTAKTHHUI HOMED.

II. Onuc

CTpyKTypHa cxeMa 3alpolOHOBAaHOT CHCTEMH €JIEKT-
pOHHOTO TOMiYHHMKa 300pakeHa Ha Puc. 1. Cucrema
CKJIQJA€EThCSl 3 MIKPOKOHTpoJiepa (KEepyldoro opraxy
€JICKTPOHHOTO TTOMIYHHKA), CEHCOPHOI CHCTEMH, sIKa
npuiiMae iHGOPMAIIF0 PO MiCIE3HAXOKCHHS JIFOJUHH
Ta MepenoHH Ha IUTXY i1 pyXy, eheKTOPHOI CHCTEMH, SKa
HaJICUJIA€ JIFOJIMHI aKyCTHYHI Ta BiOpalliiiHi CUTHAIU TIPO
MTOMIYCHI IIePEIIKO/IN, a TaKOXK KOMYHIKAIiifHOT cHc-
TeMy, ska 00'eqaye GSM-moayib i Bluetooth-rapHiTypy.
CeHcopu 30MparoTh JaHi B peXXUMIi peaIbHOTO Jacy i Bia-
MPaBJSIIOTh iX Ha MIKPOKOHTpOJIEp ISl 0OpOOIeHHS.
[icns 00poOIeHHS CeHCOPHOT iH(OpMAITiT MiKPOKOHTPO-
Jiep HaJCWIIAE JIFOIMHI BiOpaliliHi Ta aKyCTHYHI CUTHAIH
BiJIIOBiJTHO Ha BiOpaTOpH, BCTAHOBJICHI B TOJIOBIII IIIITKa,
i Ha Bluetooth-rapuitypy. Cuctema >XMBUTBCS Bl aKyMy-
JMATOpHOI OaTapei, BMOHTOBAaHOI B IINOK (HE MOKa3aHOI
Ha PUCYHKY). PO3IISTHEMO (PYHKIIT OKPEMHX CIICMCHTIB
CHCTEMH.
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EnexTpoHHi cucTeMu Ta CUTHAIU
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Puc. 1 CTpykTypHa cxema eIeKTPOHHOTO IIOMiYHUKA

A. Mixpoxoumponep

Mixkpokonrpoiep ATmega328P e ocHOBOIO MIaTH
Arduino Uno, sika mMae 14 mudpoBux BXoaiB / BUXOAIB
(3 HEX 6 3 IIMPOTHO-IMITYIILCHOIO MOTYJIAIII€I0), 6 aHATO-
TOBUX BXOJIIB, KBAPIIOBUI KPHCTAI 32 TAKTOBOIO 4acCTO-
Tor0 16 MI1. Ilporo mocrtaTHbO mjisg 3a0e3TCUCHHS
pobotu Bci€i cuctemu [6]. [Inara nokazana na Puc. 2.

B. GPS-mooynv

GPS-monynp 30epirae maHi TOTOYHOTO MICIIE3HAXO-
JoxeHHs1, orpuMai Bix cuctemu GPS (Global Positioning
System) [8], 11t MOpiBHSHHS 3 MiCLIEM ITPU3HAYESHHS KO-
puctyBada. TakuM YMHOM MOAYIIb MOXE IMPOCTEKUTH
HIUISIX JTIOJMHU 110 MTyHKTY NPU3HAYEHHS 1 OAATH TI0IIe-
pemxyBanbHuii curHaid. Moayns GPS  ckmamaetses
3 npuitMada GPS Ta antenn. GPS BukopucToBye Oinbine
JIBOX JECATKIB CYMyTHHUKIB, II0 00CPTAIOThCS HABKOJIO
3emiti, o0 JO3BONKUTH MpUtMadaM TOYHO BU3HAYHTH, JIC
BOHH 3HAXOAATHCS. Y CHCTeMi BUKOPHUCTOBYEThCST GPS-
MOJyJTb JJIsl OTPUMAHHS IIUPOTH Ta JOBIOTH MicCIe3Ha-
XO/KEeHHsI KopucTyBaya. OTpuMaHi aHi BUKOPHCTOBY-
IOTBCS S TIOMIYKY MiCIE3HaXOMKCHHS  JIFOJIUHH.
Mopayns GPS Moxke BianpaBisiTH JaHi Mpo MicCIe3HaXo-
JPKEHHS 3 To4uHIicTIO 10 0,6 M.

Monynms GSM / GPRS (General Packet Radio
Service) — 11e IPUCTPIH, 1110 MPAIFOE B TKOCTI MOOITBHOTO
TenedoHy abo MoneMy, SKHH BHKOPHUCTOBYETHCS VIS
3B'SI3KY 3 Oy/b-sIKUM MPUCTPOEM uepe3 Mepexy. s po-
6ot Monynst GSM moTpiOHO BCTaBUTH 3apeecTpPOBAHY
SIM-kapty. lle mosermiye 3aifiCHEHHS Ta OTPUMAaHHS
TOJIOCOBHX [3BiHKIB, 0e3/IpoTOBYy mepenady SMS-mosi-
nomiaeHb. GPRS € po3mmpeHHSM MOXIHBOCTEH mepe-
magi maamx GSM. GPRS no3Bonse mepemaBatu nasi
3 BUIIOIO MBHJKICTIO, HiXX GSM. BiH 3a0e3nedye Mox-
JUBICTH B3aeMoJii guepes [HTepHeT.

Posmmmpena texuonorist GPRS monyns GSM nanae
mocayry miakmtodeHHs 1o I[arepHery. Momyms GPS
Moxe BukopuctoByBat GPRS mist mipkmoueHHs no
IaTeprery mig 300py HaHUX MPO MOTOYHE MiCIE3HAXO-
JOKEHHS JIIOJIMHH, 1110 BUKOPUCTOBYE CUCTEMY.

C. Onmuunuii cencop

OnTuyuHMii ceHCOp NOOYI0BaHUH HAa OCHOBI iH(ppaye-
PBOHOTO apCeHiA-TaJieBOTO CBITIIONIOAA 3 MAKCHMYMOM
BUIIPOMIHIOBAaHHsI Ha JOBXHUHI XBrii 900 HM Ta KpeMHie-
BOro GOTOMI0A, IKHIA MAE YyTIUBICTh IO TAKOTO BUIIPO-
MmintoBauHs [11]. KyT po3xomkenHs iH(pauepBOHOTO
BHUIIPOMIHIOBaHHS CKJIaae MpuOIu3Ho 65°. Y pasi mosiBu

MIEpPETIOHN B MOJIi 30py CEHCOPa BUITPOMIHIOBaHHS B1JIOH-
BA€THCA BiJ] IEPETIOHH 1 oTparisie Ha doTtomion. [lincu-
neHui porocTpyM (OTOI0/1a ITOIAETHCS Ha aHAJIOTOBHHA
BX1/T MIKPOKOHTpOJIEpa, IPUIOMY BEJIMYNHA (OTOCTPYMY
BUKOPHCTOBYETBCSl SK OLHKAa BifICTaHI 10 HEPETOHU
1 BIIMIOBITHO JIO IIi€1 OIIIHKY T€HEPYEThCS 3BYKOBHM CHT-
HaJl. 30BHIIIHIHM BUIVIAA ONTHYHOTO CEHCOpa 300pakeHO
Ha Puc. 3.

D. Axycmuuni cencopu

AxyctiuHi ceHcopu 1 Ta 2 BIIpPI3HSIOTBCS TIIBKH
YacTOTOIO yIbTpa3BykoBuxX XBwib (40 ta 50 x['m) [10].
VY pasi nosiBU MepernoHu y Mot 30py CeHCopa XBHUII Bifl-
OWMBArOTHCS BiJ MEPEIOHU 1 32 YaCOM ITOJIBIHHOTO TIPOXO-
JUKEHHS BiZICTaHI MIKpOKOHTposep GopMye BiOpariiHuii
CUTHAJ BiNMOBITHOI aMIUTITYau. JampHICTH il Takmx
CEHCOPIB JIEKHUTh y MeXaX 2—4 M.

E. Cencop oou

s 3amoOiraHHs MOTPAIUISHHS —CIIIOT  JIFOIMHA
B KQJIIOXKY B HIDKHIM 9aCTHHI LilTKa BCTAHOBICHO CEHCOP
Boau. Ha Puc. 4 mokazano Burisig takoro cencopa. CeH-
COpH BOJIM BUKOPHUCTOBYIOTHCS [UIsl BUSBICHHS BOJISHHX
neperikoj. PoboTa garyrka piBHS MOJIATae y TOMY, IO
PSA BIAKPHUTHX TapalielbHUX MPOBITHUKIB Pa3oM i€ K
3MIHHHUH PE3UCTOP, OIIpP STKOTO 3MIHIOETHCS B 3AJICHKHOCTI
BiJ piBHSA BOAW. 3MiHA OMOPY BIINOBiZae BiAcTaHi BiX
BEPXIBKHM CEHCOpa JI0 TIOBEPXHI BOJM, JIAHIIOT 3aMHKa-
€TBCS, 1€ TMepepUBae JIAHIIOI  MIKPOKOHTPOJIEPA,
1 JIFOJIMHA OTPUMYE 3BYKOBHUIl CUTHAJI PO BOJSTHY MEpe-
mxony [7].

Puc. 2 Burmsax minatu Arduino Uno 3 MiKpOKOHTPOJIEPOM
ATmega328P

Puc. 3 30BHILIHII BUIIISL] ONTHYHOTO CEHCOpa
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Puc. 4 Buruisa ceHcopa Bou

F. GSM-mo0yne

Leit Moy 3a0e3medye 3B’ 130K 32 HAHOUIBII TIOIIH-
pernm crangaptroM GSM. ®ynknii moxynst GSM/GPRS
HaJar0Th BEIWKY IepeBary B HaI3BHYAHHUX CHUTYaIlisIx
[9]. Jlromuna 3 BagaMu 30py Mijg 4ac HEBiIKIAAHUX a00
PU3MKOBAaHHUX CHUTYaIlii MOYXE€ BHKOPHUCTOBYBATH IEpe-
MHUKa4 Ha MaJHIli, o0 I03BoJisie Moayiro GSM Hancu-
JIATH €KCTPEeHe TMOBIIOMIICHHS (SIKE TaKOX BKa3ye HOTo
MICIIe3HaX0/KECHHS ) BiIIOBITHIN 0C001, HOMEp SIKOi BXKe
30epexeHnii, BHKIMKa4n jgonomory. Kopucrysau
MOJXKE TaKOX 3MIHCHUTH CKCTPEHHU J3BIHOK ab0 OTpH-
MaTH OyIb-sKi I3BIHKK Ha CBill HOMEP.

G. Bluetooth-eapnimypa

lapHiTypa mae MOXIHBICTh HiATPUMYBATH T'OJOCO-
BUii 3B’130K 3 JIOBIPEHOIO 0CO00I0 3a EKCTPEHOI CUTyail
1 OTPUMYBATH CHTHAJIM B/l MIKDOKOHTpOJIEpa Mpo HasBHI
MIEpPETIOHN Ha NUIAXY JIFOUHH.

H. Bibpamopu

BiOpamiiini curHamm CHOpUHAMArOTBCS JBOMA [UISH-
KaMU JOJIOHI JIFOAMHY 1 Mar0Th 1H(QOPMAILI0 PO mepe-
MOHH B PI3HUX CEKTOPAX IOJIsl 30py CEHCOPIB.

Ha Puc. 5 nokazaHo MOXIJIHMBUI BUTJIAJ PO3YMHOIO
IimnKa.

JPKepei1o XERICHES
MIT Arduino UNO,
Maxyms GPS 18 GSM | Vim1passyKossii ceacop
Ingpaepsormii
cencop
|

~

YIBTPA3BYKOBHH cmcop
\[] .
u/
Cescop Boma

Puc. 5 lu3aitn cuctemu, BUKOHAHOI Y BUIIISAI PO3YMHOTO IliIKa

Hapiitmna no pepakuii 18 sirotoro 2021 p.

BUCHOBKH

V wiit poOoTi 3aMpPOMOHOBAHO CUCTEMY, KA TOITOMa-
rae JIOAMHI 3 BaJlaMu 30py 0€3MeYHO AiCTaTHCS 10 MICIst
npu3HadeHHs . B cucTeMi BHUKOPHCTaHO pi3HOMaHITHI
CCHCOpH ISl BUSIBIICHHS MEPELIKOJ Ta IONEPEIKCHHS
PO TEPEeUIKoay 3a JONOMOTOI0 3BYKOBOTO CHUTHAIy Ta
BiOpartii. [HTeHCHBHICTH 3ByKOBOTO CHTHAIIy Ta BiOpamii
3pOCTAIOTh, KOJIU JIFOJMHA HAOINKAETHCS 10 TIEPELIKOIH.
Monayns GPS BigcnigkoBye MicIe3HAXOIKEHHS KOPHUC-
TyBada. Y pasi HeOe3NeyHoi CHTyalii 3a JOIOMOTrO0
Monyito GSM/GPRS BCTaHOBIIOETHCS 3B 30K CIIIIOL
JIIOAMHY 3 JOBipeHOI0 0co00t0. KomOiHamist nepeniaeHnx
CHCTEM € CYTTEBOIO [IEPEBAr0I0, OCKLIBKHU 3aBASKH [[bOMY
i ABHIY€ThCS HANIHHICTD, YHIBEPCATBHICTD 1 PO3MIHPIO-
€TBCSl CIIEKTP 3aCTOCYBaHb Yy TOPIBHSAHHI 3 MOJIOHUMY
CHUCTEeMaMH.
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Abstract—For people with serious visual impairments, a system is proposed that helps to identify obstacles and call for
help in an emergency situation. The system is based on a microcontroller and optical, acoustic and electric sensors connected
to it, as well as GPS and GSM modules. Modules interact with a person using voice communication.

According to the World Health Organization (WHO), 39 million people worldwide are blind and 246 million are visually
impaired [1]. People with partial or complete loss of vision face many problems in their daily lives, especially the problem
of movement and orientation in the field. A blind person usually uses a traditional stick to improve their mobility. However,
the stick cannot provide a person with information beyond his reach.

There are smart sticks that use one camera, or several video cameras mounted on the stick to capture images. Captured
video images are resized, further processed and converted into acoustic or vibration signals. In such systems, the frequency
of the warning signal correlates with the pixel orientation of the camcorder.

There are also systems that use ultrasonic sensors to detect interference. The value of the distance to the obstacle, meas-
ured by a sound wave, is transmitted to the microcontroller, which sends a sound signal through the speaker. The disad-
vantages of such systems are the inability to detect hidden obstacles that are dangerous to the visually impaired, such as
stairs, pits, puddles, and so on.

The proposed system solves these problems by combining the capabilities of acoustic and optical sensors, as well as
a water sensor. Support for a person in a difficult situation is also provided by establishing a telephone connection with
a trustee. The GPS location information is received by the GPS module and the microcontroller sends this information via
the GSM module to the specified contact number.

The system consists of a microcontroller (control of the electronic assistant), a sensor system that receives information
about the location of a person and obstacles in its path, an effector system that sends a person acoustic and vibration signals
about detected obstacles, as well as a communication system. connects: 1) two ultrasonic sensors to detect obstacles located
in front at knee height and at head height; 2) infrared sensor to detect stairs and terrain; 3) water sensor to detect puddles.
The sensors collect data in real time and send it to the microcontroller for processing. After processing the sensory infor-
mation, the microcontroller sends vibrations and acoustic signals to the person, respectively, on the vibrators installed in
the stick head, and on the Bluetooth headset. The system is powered by a recessed battery (not shown).

This article proposes a system that helps a visually impaired person to reach their destination safely. The system uses
a variety of sensors to detect interference and warn of interference with an audible signal and vibration. The intensity of
the sound signal and vibration increase when a person approaches an obstacle. The GPS module tracks the user's location.
In case of a dangerous situation, the GSM / GPRS module establishes a connection between a blind person and a trustee.

Keywords — microcontroller; GPS module; GSM module; optical sensor; acoustic sensor; water sensor.
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