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PO3BUTOK TIPOI'PAMHOI'O 3ABE3IIEYEHHA 1JIS1 POBOTH
3 BLUETOOTH-ITPUCTPOAMMI 13 3BACTOCYBAHHAM MOBHA
PYTHON TA BIBJIIOTEKHM BLEAK

Y cyuacrnomy ceimi cmpivkuii po3eumox mexHonoz2iti 6e30pomoeozo 38 ‘a3Ky 3yMOIOE HeOOXIOHICMb CMBO-
PEeHHS eheKMUBHUX THCMPYMEHMI8 Ol MOHIMOPUHEY, KePYBAHHA Md 0OMIHY OAHUMU MINC DISHOMAHIMHUMU

npucmposmu Ilnmepremy peuei (IoT). OOnum i3 KMOU08UX CIMAHOAPMIE KOPOMKOOIANa3oHHOI 6e30pomosoi

nepeoaui oanux € mexuonoeisi Bluetooth Low Energy (BLE), wo 3abe3neuye miHimaivHe eHepeoCnoNCUBAHHS
npu 30epesicenti cmabinbHo2o Kanany 36 a3Ky. BLE akmueHo sukopucmogyemocsy cucmemax OUCmanyiiHo2o
300py iHpopmayii, MeOUUHUX CEHCOPAX, NPOMUCTIOBOMY MOHIMOPUH2Y M Po3yMHUX byounkax. Heszeasicarouu
HA WUPOKULL CHEKMP anapamuux piuleHv, npakmuina peanizayis npoepamuux 3acobie oasa 63aemooii 3 BLE-
NPUCIPOAMU 3ATUULAEMbCS CKIAOHUM 3A80AHHAM, WO NOMPeOYE YHIPIKOBAHUX | KPOCNAAMPOPMEHHUX NIOXO-
0i8 00 po3pobku. Binvuicmy iCHYIOUUX IHCIPYMEHMIB Peani308ani Ha HUZLKOPIGHEBUX MOBAX NPOSPAMYBAHHS
abo 06Mmediceni KOHKpemHUMU ONePayitinuMy CUCTIEMAMU, WO YCKIAOHIOE IXHE GUKOPUCTNAHHS 8 OOCTIOHUYb-
KUX | RPOMOMUNHUX NPOEKMAX.

Mosa Python, 3a605Ku c60iti npocmomi, wupokomy Habopy 6iOriomex ma akmugHitl cniibHomi, Habysae
Odeoani binvwioi nonyiapuocmi y cghepi pospooku loT-piuterns. OOHUM 13 cyHacHUX IHCmMpPYMeHmis 015 pobomu
3 BLE y Python € 6ioniomexa Bleak, saxa 3abe3neuye nosnoyinny niompumxy xiicumcokoeo API Bluetooth
Generic Attribute Profile (GATT) i doseonse peanizogyeamu aCUHXpOHHY 63AEMOOII0 3 NPUCPOSIMU HA PISHUX
onepayitinux cucmemax — Windows, Linux, macOS ma Android. Ii éuxopucmanns iokpusae mosciusocmi ons
CMBOPEHHS KPOCHIAMPOPMEHHUX O00AMKI6 MOHIMOPUHSY A KePYBaAHHS CeHCOPHUMU Mepedcamu. Pazom i3
MUM NOCMae 3a80aHHs N0OY008U PAYIOHATLHOT APXIMEKMYPU MAKux cucmem, ika 6 00'€OHysana HaditiHicme
3 eHepeoeghexmugnicmio, 3a0e3neuysana CmitlKicmes 3 €OHAHHA, MACUMAOOBAHICMb MA NPOCMOMY PO320p-
manna. Y cmammi 30iticneno amaniz npunyunie nooyoosu BLE-3acmocynkie na Python, docniosceno oco-
onusocmi 6ioniomexu Bleak, po3pobneno apximexmypHy mooeisb KIEHMCbKO20 3ACMOCYHKY OJi MOHIMOPUH2Y
Bluetooth-npucmpoig i npogedeno iioco mecmyeanna Ha peanvhux nepugepitinux npucmposx. OcHo8HOIO
Memow pobomu € CMEOPEHHs SHYUK020 Ma 0OCMYNHO20 Ni0X00y 00 NPOEeKNy8AaHHs NPOSPAMHO20 3abesne-
uenns 0na BLE-komynikayiti, 30amuoeo inmezpysamuca y wupwi loT-exocucmemu. Ompumani pesyromamu
MOdHCYymMb OYMU BUKOPUCIAHT NPU PO3POOYT HAYKOBUX | NPOMUCTIOBUX CUCTEM MOHIMOPUHZY, HABUATILHUX NPO-
2PAMHUX 1aO0Opamopiii ma nPOMOmMunie CeHCOPHUX MepPediC.

Knrouosi cnosa: Bluetooth Low Energy, Bleak, Python, GATT, IoT, 6e30pomosuii monimopune, Kii€Hm-
CbKULL 3ACMOCYHOK.

IocranoBka mnpodsaemn. IlIBunkuii po3BUTOK
Intepnery peueit (IoT) mpusBOOUTH 10 3HAYHOTO
30UIBIICHHS KiJIBKOCTI aBTOHOMHHX CECHCOPHHX TIPH-
CTpOIiB, SKi TOTPEOYIOTH eHEepProeh)eKTUBHUX KaHATIB
6e3npotoBoro 3B’s3Ky. Bluetooth Low Energy (BLE)
€ OnHi€r0 3 0a30BUX TEXHOJIOTIH ISl TAaKUX 3acCTO-
CyBaHb: BOHA OpI€EHTOBaHa Ha KOPOTKOZialla30HHUH
3B’S130K 3 HU3bKHM €HEPrOCIOKHBAHHSIM, MiITPUMKY
PI3HUX TOIOJIOTIH Ta pekuMiB podoru [1, ¢. 5-8].

Ha mpakruti myist O1TbIIOCTI IPUKITIATHUX CHCTEM
BLE-npuctpoi BuKOHYIOTH ponb nepudepii (mar-
YMKH, HOCUMI TaKeTn), a cMapTGoHH, NUTo3u ado
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ITPOMUCIIOBI KOMIT'FOTEPH — POJIb [IEHTPAIbHUX BY3-
JiB, sIKi 30uparoTh Ta 00poOIsoThH AaHi. [Ipn npomy
MOTPIOHO 3a0€3MECUUTH:

— oAHOYacHy poboty 3
MIPUCTPOSMU;

— CTIHKICTh 10 3aBajJ] i THMYacOBHUX PO3PHUBIB
3’€qHAHHS;

— FHYYKY 00poOKy AaHuX (JIOKaJbHO Y B XMapi);

— KpocmiuarpopMeHIiCTh TPOrpaMHOro 3ade3re-
YCHHSI.

Y crammaptHiii peamizamii BLE po3poOHmKy
JOBOJUTHCS OpauoBatu 3 HaTUBHUMU API KoHKpet-

kipkomMa BLE-
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Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

HUX OmepaumiiHuxX cucteM abo CTEeKiB BHPOOHUKIB
MIKPOKOHTPOJIEPiB, IO YCKJIAAHIOE CTBOPEHHS YHi-
BEpCaIbHOIO KIIEHTCHKOTO 3aCTOCYHKY. JJoKymMeHTa-
uis BLE Bka3ye Ha ckiagHy OarapiBHEBY CTPYKTYpPY
nporokony (GAP, GATT, ATT, L2CAP, PHY) Ta
Pi3HI pexxuMu pexiamu i 3’eqHanss [ 1, c. 6-8].

3a pesynpTaraMM aHaiizy MPOLYKTHBHOCTI Oe3-
JPOTOBHX TPOTOKONIB Y CKJaJi CEHCOPHUX MeEpex
nokaszaHo, mo BLE 3abe3nedye moeaHaHHs BHCOKOT
mBUAKOCTI mepemadi (mo 1-1,4 MOiT/c), HeBeIUKO1
JATBHOCTI (IECATKH METPIB y pEeallbHOMY Cepelo-
BUIIIi) Ta HU3HKOTO EHEPTOCIIOKUBaHHS |5, c. 14-16].
Le pobuts BLE mpuBabiaMBOIO TEXHOJOTIEIO JUIS
JIOKaJIBHUX CUCTEM MOHITOPHHTY (MPUMIIIEHHS, LEX,
TPAHCHOPTHHUH 3acib), Jie¢ KPUTHYHO BayKIMBUMH
€ 3aTPUMKa Ta 4ac aBTOHOMHOI po0OOTH.

Moga Python mmnpoko BUKOpHUCTOBY€ETHCS Y 3a1a4ax
NPOTOTHUITYBaHHS, IH)KEHEPHUX OOYHCIICHD Ta aHAJI3Y
nmanux. biomioreka Bleak Hamae acMHXpOHHUH Kpo-
crutaropmennnii GAT T-xitienT i podotu 3 BLE-
npuctposimu Ha Windows, Linux i macOS [2, c. 4-7].
OpHak TUTaHHS MOOYIOBH ITOBHOITIHHOT KITIEHTCHKOT
ApXITEKTYpH JUII MOHITOPUHTY Ta KEpPyBaHHS Kilb-
xoma BLE-npuctposiMu, 3 ypaxyBaHHSIM 0COOIMBOC-
TEeH Mepexi Ta CTIHKOCTI JI0 BiJIMOB, JIOCI ONpPAaIbO-
BaHE HEJIOCTATHBO.

ToMy akTyanbHOIO € 3a7a4a po3poOKH TpOrpam-
HOTO 3abe3neueHHs i1 podotn 3 BLE-ipuctposimu
Ha ocHOBI MoBU Python ta Gibmiorekm Bleak, sike
MOEAHYBAJO O KpOCIIaTPOPMEHICTh, MOAYJIbHICTD,
MacImTa0OBaHICTh Ta MPAaKTUYHY NPUAATHICTH JUIS
peanbaux loT-cuieHapiis.

AHagi3 ocTaHHiX doCTimKeHb i myOmikamiii.
VY Texuiuromy ormsiai Bluetooth Core 5.4 nerampHO
omucaHi pexumu poborm BLE, Brirouaroun
connection-oriented Ta connectionless KomyHika-
1ito, pexiaMHi pexumu, Bubdip PHY Ta ocobnmBocTi
nmdpyBaHHs pekiIaMHUX AaHux [1, c. 6-8; 32-35].

IlinkpecmoeTbes, 0 HOBI MEXaHI3MH MEePIOIUIHOT

pexiamu 3 Bimnosimsmu (PAwWR) Tta 3ammdposa-
HUX advertising-nakeTiB PO3MHUPIOIOTE MOKIMBOCTI
MaciiraboBanux loT-ciieHapiis.

Y naucepranii C. Maguire po3po0JeHO CHc-
TeMy BIJACTEKEHHS  BIiIBIIyBAaHOCTI  CTYICHTIB
Ha OCHOBI cmapTdoHiB i3 miaTpumkoro BLE [3].

CmaptoHU TIEpiOMUYHO TPAHCIIOIOTH PEKBI3UTH
cryaenta yepe3 BLE-pekiaMy, a cTamioHapHi By3JH
y JeKUIHHUX ayJUTOPisiX BUKOHYIOTH CKaHYBaHHS Ta
PEECTPYIOTH MPHUCYTHICTh. ABTOP OILIIHIOE IIBHUJIKO-
JIif0, CTIOKWUBAHHS C€HEPrii Ta TOYHICTH BHUSBIICHHS,
pOOHUTH BUCHOBOK TIpo mpuaatHicTe BLE mmsa takmx
3a[ad4, aJie TAKOXK BiJ3HAYA€ 3aJICKHICTh SKOCTI CKa-
HYBaHHs Bij amapaTHol mardopmu (HampuKIaz,
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Raspberry Pi Zero W nae HectabisibHe BUSBICHHS)
[3, c. 3—4; 35-38].

VY poboti Uddin Ta iH. 3ampONOHOBAHO apXiTeK-
Typy BLESS, sika BUKOpHCTOBYE mporpamHoO-KOH(i-
rypoBani Mepexi (SDN) anst moOymoBu cepBicHHX
3pi3iB (service slices) moBepx BLE-mepex [4, c. 1-2].
Beonuthes nonsitrst BLE Service Switch — npomik-
HOTO BY3JIa, SIKUH MPO30PO PO3MIIIYETHCS MiX IICH-
TPAFHAMHU Ta TEPUPEPITHUMHU TIPUCTPOSIMU 1 31TiH-
CHIOE TIOJNITHKO-OPI€EHTOBAaHE KEPyBaHHS ITOTOKAMH
ATT/GATT-nakeriB. [loka3ano, MmO cTaHAAPTHHUIA
BLE He Mae HaTHMBHOI MapIIpyTH3allii, M0 YCKIaJ-
HIOE TIOOYIOBY MacIITaOHUX Mepexk, i SDN-miaxin qae
3MOTI'y YaCTKOBO BUPIIINTH 1110 Tipobremy [4, c. 1-2].

VY maricrepebkiii podori E. Epis Bukonano nerais-
HutianamiznporokomiBLoRa,ZigBeetaBLE misopra-
Hi3arlii 0e3IpOTOBUX CEHCOPHUX Mepek [5, ¢. 13—16].
ITokazano, mo BLE, 3aBasku 1moe HaHHIO IIBUJIKO-
cti 1o 1,4 M6it/c ta nanprocti 0 100 M y miama-
30Hi 2,4 I'T'1, € nOiIbHUM BUOOPOM JIJIsl CIIEHAPIiB,
Jie IOTPiOHI BIJIHOCHO BHCOKI IIBUIKOCTI Ta Cepejl-
Hil paaiyc MOKPUTTS (HAIPHUKIA, MOHITOPHHT BaH-
TQXHHUX BaroHiB). ABTOp JIE€MOHCTPYE TPaKTUIHHUN
MIPUKJIAJ; CEHCOPH THUCKY Ha BaroHaX CIIUJIKYIOTBCS
3 LEHTpaJbHUM By3i0M uepe3 BLE, a Toil nepenae
nani B xmapy 4epes 4G/LTE [5, ¢. 15-17].

Ooiuifina gokymenranis Bleak wmictuth omuc
6i6mioTexu sik kKpocturatopmernnoro GAT T-kiienTa,
mo BukopucToBye pi3Hi Oekenam (WinRT, BlueZ,
Core Bluetooth). ¥V posninax «Usage» ta «API
reference» ommcano 0a30Bi cueHapii: cKaHyBaHHS
npuctpois (BleakScanner), BctaHoBNeHHS 3’ € AHAHHSI
(BleakClient.connect()), ynTaHHs Ta 3amKc XapakTe-
puctuk (read gatt char, write gatt char), migmucka
Ha HoTHikarii (start notify) [2, c. 4-12].

OTrxe:

— cnerudikanis BLE ta i1 omisian BU3HA4aOTh
TEOPETUYHI MOKIMBOCTI IpoTokomy [1, 5];

— € peansHi BLE-3acrocynkm B oOcCBiTi, TpaH-
cropTi, MenuuHi [3-5];

— SDN-migxix mo3somsie macmrabyBatu BLE-
MEpexKi 3a paXyHOK BBEACHHS IPOMIKHUX BY3JIiB [4];

— Oibmiorexa Bleak namae mpakTuyHHMI iHCTpY-
MEHTapii JJIsl CTBOPEHHS KIIEHTCHKUX 3aCTOCYHKIB
Ha Python [2].

Pazom 3 TuMm, Opakye poOiT, MO AeTaTbHO OIH-
CYIOTh apXiTeKTypy Ta peajizamio Kpocruiardop-
MeHHOro Python-3acToCyHKY 3 MiATPHUMKOIO KUTBKOX
BLE-nipucTtpoiB ofHOYacHO, (POKYCYHOUHCH caMe
Ha MPUKJIATHOMY MPOTrpaMHOMY 3a0e3IeueHHi, a He
3arajgpHI MEpPEeKeBil apXiTEKTypi.

IMocranoBka 3aBnanHsA. MeToro poboTH € po3podka
Ta JOCHTIKESHHS apXiTEeKTYypu KIIIEHTCHKOIO MpOrpam-
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Horo 3abe3neueHHs uis B3aemonii 3 BLE-npuctposmu
Ha ocHOBi MoBHU Python Ta 6i6miotexu Bleak.

Jlist noCSTHEHHSI 1€ METH HEOOX1IHO PO3B’sI3aTh
Taki 3a/1aui:

1. IlpoananizyBaTh BHUMOTH JIO IPOTPAMHOTO
3abesredeHHs MoHiTopuHry BLE-mpucrpoiB, crm-
paroYrch Ha OCOOJMBOCTI MPOTOKONY Ta MPaKTHYHI

3aCTOCYHKH.

2. O6rpynryBaru BubOip Python i Bleak sixk ocHoBu
Uit cTBOpeHHsT  KpocmardopmenHoro  GATT-
KJI€HTA.

3. 3anponoHyBaTH MOIYJIbHY apXiTEKTypy 3acTO-
CYHKY 3 BHJIIJICHHSM IiJICHCTEM CKaHyBaHHS, IiJI-
kiroueHHs1, podotu 3 GATT, o6poOku noxiit Ta iHTe-
rpaiii 3 cepBicamu 30epiraHHs JaHHX.

4. PeamizyBaTu MpOTOTHUI 3aCTOCYHKY 3 MIATPUM-
KOI0 OJIHOYACHOTO HiJAKIIO4YeHHs 00 Kiipkox BLE-
IIPUCTPOIB.

5. OuinutH cTaOUIBHICTE POOOTH MPOTOTUILY
Ta 3aTPUMKU OOMiHY JaHUMH B YMOBax peajbHOro
Cepe/IoBHIIIA.

Buxiaan ocHoBHOoro marepiamy. Ha ocHoBi aHa-
mizy Bumor 1o BLE-cencopaux mepex [1, 3, 5] 3ampo-
MIOHOBaHO apXIiTEKTypy KJIIEHTCHKOIO 3aCTOCYHKY,
noOy1oBaHy 32 MOLYJIBHUM MIPUHIUIIOM (pHC. 1).

Monymi, pencTaBieHi B apXiTeKTypi:

1. Scanner Module — BusiBnennst BLE-nipuctpois,
¢inprparnist 3a imeHem, MAC-anpecoro ado UUID
cepaicy. bymyerbest Ha 6a3i BleakScanner [2, ¢. 7-8].

2. Connection Manager — KepyBaHHS CTBOPEH-
HAM Ta miarpumkoio 3’eqHanp udepe3 BleakClient,
ABTOMAaTUYHHUM PEKOHEKT.

3. GATT Handler — iHKancymoe YnTaHHs/3amKC
XapaKTepUCTHK Ta MiAMHUCKy Ha HoTudikamii (GATT-
piBeHs 3rinHo crieruikarnii BLE [1, c. 36-38]).

4. Event Dispatcher — wmapumpyTtuzanis momiit
(HaIXO/DKEHHST HOBUX JaHHMX, ITOMHJIKH, BIJIKIIFO-
YeHHs1) 10 Oi3HeC-JIOTIKH.

5. Data Storage & Integration —3amuc manux y b/|
(SQLite/PostgreSQL) abo mepemaBaHHsS B 30BHIIIHI
ceppicu (REST, MQTT Tomio), 1Mo y3romKyeThes
3 migxofnamu 10 nodymnosu loT-cucrem [3, c. 29-32;
5,c. 15-17].

Taka apXiTekTypa I103BOJISIE HE3aJEKHO PO3BU-
BaTH OKPEMi YACTHHU CHUCTEMH: HAMPUKIAI, 3aMi-
HuTH NokanbHy B/l Ha XmapHwmii cepBic 0e3 3MiH
y Moxyni B3aemoxii 3 BLE.

3rimHo nmokymenTanii Bleak, 06a3oBa omnepartis
CKaHyBaHHsI BUKOHYETbcsi MetofoMm BleakScanner.
discover() [2, c. 7-9].

Hmwxkde maBeneHO TpHKIAm peaiizarii MOMYIIo
CKaHyBaHHS 3 QinpTpamiero 3a imenem abo UUID
cepsicy:

import asyncio

from bleak import BleakScanner

TARGET NAME = "MyBLEDevice"

TARGET_SERVICE UUID = "0000180f-0000-1
000-8000-00805f9b34fb"

Kopuctysas / IHTepdeiic
(GUI, REST API)

MNpuknanHa norika / Koutponep

e

Scanner
(nowyk BLE-npwucTpois)

Connection Manager
(KepyBaHHS 3'€QHAHHAMU) (tmTanHsa/3anuc, HoTudikauil)

GATT Handler

— —— /

Event Dispatcher
(oBpobka nogpii)

Data Storage & Integration
(64, MQTT, REST)

o

BLE-npucTpiii 1
(cencop)

BLE-npwcTpin 2
(Hocummia Tpekep)

BLE-npucTpii 3
(mogyne MCU)

Puc. 1. 3aranbna apxitekTypa 3acTocyHKy 10151 po6otu 3 BLE-nmpucrposimu Ha ocHogi Python Ta 6i0niorexn Bleak
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async def discover devices(timeout: float = 5.0):
devices = await BleakScanner.
discover(timeout=timeout)
result =[]
for d in devices:
# Oinprpais 3a iM'sIM
if d.name == TARGET NAME:
result.append(d)
continue
# @dinprparis 3a UUID cepsicy
uuids = d.metadata.get("uuids") or []
if TARGET SERVICE UUID.lower() in
[u.lower() for u in uuids]:

result.append(d)
return result
if name ==" main_ "

found = asyncio.run(discover devices())
for dev in found:
print(f'3natineno: {dev.name} ({dev.address})
RSSI={dev.rssi} dBm")

Takuit migxin 103BoJsiE OyayBaTH CIUCOK KaH-
MUAATIB JUIA TIOJANBIIOTO IiJKIIOUEHHS, M0 OCO-
OJIMBO BaXKJIMBO y CHCTEMax, A€ B 30H1 J1ii Moxke OyTH
Oarato ctoponHix BLE-nipucTpoiB (aHasnoriuni mia-
XOJIM 3aCTOCOBYIOTBhCSI B poOOTax 3 BiJIBiyBaHICTIO
[3, c. 31-33])).

[licns BHUSABIICHHS IMTOTPIOHOTO MPHUCTPOIO 3aCTO-
cyHok ctBopioe exk3eMiurap BleakClient Ta BUKOHYE
oriepariii YNTaHHA/3aMuCy XapaKTePUCTHK 1 i AMUCKN
Ha HOTH]iKaii [2, c. 8—12].

import asyncio

from bleak import BleakClient

CHAR NOTIFICATION_UUID = "00002a37-00
00-1000-8000-0080519b34{b"

async def notification_handler(sender: str, data:
bytearray):

print(f"'[ {sender} | Hogi nani: {data.hex()}")

async def run_client(address: str):
async with BleakClient(address) as client:
if not client.is_connected:
print("He Branocs migkiarountucs')
return

print("Ilinkmoueno no", address)
# [linnucka Ha HOTU(IKALIIT

await client.start notify(CHAR
NOTIFICATION_UUID, notification_handler)
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# UWTaHHSA NOTOYHOTO 3HAYCHHS XapakTe-
PHUCTUKHU
current = await client.read_gatt char(CHAR _
NOTIFICATION_UUID)
print("TTouarkoBe 3Ha4yeHHs:", current.hex())

# Ilpuknan 3anucy
# await client.write gatt char(SOME
CONTROL_UUID, b"\x01")
await asyncio.sleep(30.0)
await client.stop notify(CHAR _
NOTIFICATION_UUID)

if name ==" main

addr ="AA:BB:CC:11:22:33"
asyncio.run(run_client(addr))

Mexanisam  Hotudikanii  g00pe  BiamoBigae
MOIET  «IeHTpalbHUA—TIepudepis»,  OmMHCaHil
y [1, c. 36-38]: nepudepiitamii mpucTpiii HagcHUIaE
ACHHXPOHHI OHOBJICHHS 3HAYEHb XapaKTCPUCTHK,
a LEHTPaNbHUI — 00pO0JIsI€ X y peaJbHOMY Yaci.

PeanbHe oToyeHHs1 (MeTaneBi KOHCTPYKIIi, pyx
KOpHCTYBaua, 3aBaji) CyTTEBO BIUIMBAE HA CTA01IIb-
HicTb BLE-3’e¢qnans. ¥V [5, ¢. 13-16] mokasano, 1mo
B YMOBaX BEJIMKOI KUTBKOCTI METaJIeBUX KOHCTPYKITIH
(BaHTa)XHI BaroHW) BiIOWTTS Ta audpaxilis pamiox-
BWJIb YCKJIQJHIOIOTH IOCSTHEHHS CTa01IbHOTO KaHATY
i BUMAararmTh CHCIIAJbHUX PIIICHb 00 PO3Mi-
IICHHS aHTEH Ta BUOOPY MOTYKHOCTI Iepejiapaya.

Y po3pobiaeHOMY TPOTOTHINI Peasli3oBaHO Taki
MeXaHi3MH:

— nepeBipka client.is_connected nepex onepartisimu;

— oOropraHHsi omepauiidi yMTaHHs/3amucy B try/
except 3 JIOTyBaHHSIM BUHSTKIB;

— aBTOMAaTHYHUHN PEKOHEKT i3 0OMEXEHHSIM Kilb-
KOCTi cripo0 1 30inbIeHHAM iHTepBany (exponential
backoff);

— pO3IiNeHHs JIOTiKM 30MpaHHs JaHUX 1 JIOTIKK
PEKOHEKTY (OKpeMi KOpYyTHUHH).

Ie y3romkyeThest 3 peKOMEHIAIli MU III0JI0 TT00Y-
noBu Hamiianx BLE-Mepexx y MacmraboBaHUX CHC-
temax [1, c. 6-8; 4, c. 1-2].

Sk nokazano B [3, c. 29-32] ta [5, c. 15-17],
npaktuaHi BLE-cuctemMu piiko 0OMeKyIOThCS JIHIIE
JIOKaJbHUM 3YUTYBAaHHAM JAHUX — 3a3BHYAl pe3ylib-
TaTH TIEPENAIOTBCs JIO CEPBEPIB JUISl MOJAIBIIOT
00poOKwm, 30epiraHHs Ta Bizyasizarii.

VY 3anpornoHOBaHIA apXiTeKTypi iHTerpamiiHui
MOIyNb peaiidye abcTpakTHHH iHTepdeic i3 Kisb-
KOMa MOXKIIMBUMU peai3allisiMu:

—3anuc y Jokanbny Bl (nanpuknan, SQLite);

— myOmikaris nanux y MQTT-Gpoxkep;

— mepenaBaHHs MmokasHHUKIB yepe3 REST-API mo
BeO-cepBepa.

"n.



IndpopmaTuKa, 06uKCII0BaIbHA TEXHiKA Ta aBTOMAaTH3aLlis

BLE-npwcTpiii 3
(Mmoayns MCU)

NokaneHa BJ,
(SQLite / PostgreSQL)

BLE-npwcTpii 2
(HoCUMWiA Tpekep)

Python BLE-KnNieHT
(Bleak, asyncio)

AN

Beb-cepeep / Xmapa
(REST / MQTT API)

BLE-npucTpiit 1
(ceHcop TemnepaTypu)

AHaniTuka / Beb-newbopn

Puc. 2. lIpukaan interpanii BLE-kmienTa 3 B/l Ta Bed-cepBicom

[IpoTroTHmm KIIIEHTCHKOTO 3aCTOCYHKY OYIJIO Ipo-
TECTOBAHO 3 KiJbKoMma peanbHnMu BLE-npuctposvu
(ceHcop Temreparypy, HOCUMHI TpeKep, MOIY/Ib Ha
0a31 nRF52 3 koprcTyBanbpKoro MpomnBKOIO — TUTIOBI
riatopMu, OJIK3bKI 10 onucanux y [5, ¢. 17-20]).

O1iHIOBAIKCS TaKi TapaMeTPHU:

— Yac BHABICHHS TMPHUCTPOIO B PEXHUMI CKaHY-
BaHHS;

— Yac BCTAHOBJICHHS 3’ €IHAHHS;

— 3arpUMKa HAJIXOJDKCHHS HOTH(IKAIN mics
3MIiHU BUMIPIOBAHOI'O IMapaMeTpa;

— YacTKa YCIIOIHUX aBTOMAaTHYHUX PEKOHEKTIB
NP MITYy9HOMY pPO3pPWBI 3’€AHAHHS (BiAJaJCHHS 3a
MexXi pajiyca Jii).

Tabmuus 1
HopiBHANBHI pe3yabTaTn TecTyBaHHd BLE-
NPHUCTPOIB Y KJIIEHTCHKOMY 3aCTOCYHKY

Mapaverp Cencop | Tpexep | Moayan
1 2 3
CepenHiii yac BUSBICHHSI, C 1,2 1,5 1,4
Cepe/Hili 9ac miaKIII0ueHHS, C 0,8 1,1 0,9
3arpumka HOTH]IKaLii, MC 70 110 90
YacTka yCIilHuX peKOHEKTIB, %o 97 93 96

BucHoBknu. Y poOoTi po3misHYTO 3ajady pos3-
poOKM TporpamMHOro 3abe3rnedyeHHs JUisi poOoTH
3 BLE-npucTtposiMu i3 3aCTOCYyBaHHSM MOBH IIPO-
rpamyBanHs Python Ta 6i6miorexu Bleak. Ha ocHoBi

aHanizy crenudikariii Ta HaykoBUX mxepen [1-5]
obrpyntoBano BuOip BLE sk eHeproedexkruBHOI
TEXHOJIOTIT JJIsl JIOKAJIbHUX CHCTEM MOHITOPHHTY Ta
Bleak six kpocruatpopmernnoro GATT-kimieHTa Juis
Python.

3ampornmoHOBaHO MOMYJBbHY apXiTeKTypy KIi€HT-
CBKOT'O 3aCTOCYHKY, sIKa BKJIIOUA€ IiJICUCTEMHU CKa-
HYBaHHS, BCTAHOBJICHHS 3’ €IHaHb, poooTn 3 GATT,
0o0poOku moxiil Ta iHTerpauii i3 cucremamu 30e-
piraHHs i aHamizy JgaHux. PeamizoBaHuil mporo-
TUT TMPOJEMOHCTPYBaB MOXKIIUBICTh OJHOYACHOT
poboru 3 kinmpkoma BLE-mpuctposiMu, mpuitHATHI
3HAYCHHS 3aTPUMOK Ta BHCOKY YacTKy YCIIIIHHUX
PEKOHEKTIB.

[pakTruni mpukiagn xkomy Ha Python i3 BuKO-
puctanusim Bleak mokaszamu, mo 3amponoHoBaHa
apxiTeKkTypa Moxke OyTH BUKOPUCTaHa SIK OCHOBA IS
MoOyJI0BU MPUKIAJHUX pillleHb Y cdepi po3yMHOro
TPAHCIOPTY, OCBITHIX CHCTEM BiJ[BiIyBaHOCTI, MpPO-
MHCIIOBOTO MOHITOPHHTY TOIIIO.

[Tomanpri mociiHpKEeHHS JOIITHHO CITPSIMYBATH Ha:

— inTerparito i3 BLE mesh-mepexxamu Ta SDN-
migxogamu, noaionumu 1o BLESS;

— BIIPOBADKCHHS JIONIATKOBUX MEXaHI3MiB 0e3-
MEKU Ha PiBHI MPUKIAIHOTO TPOTOKOIY;

— JIOCJIJKCHHS MacIITa0OBAaHOCTI CUCTEMHU TpPHU
30inbmieHHl  Kinbkocti BLE-mpucrpoiB Ta By3iiB
00pOOKM TaHWX.
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Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

Dovhaliuk D.V. DEVELOPMENT OF SOFTWARE FOR WORKING
WITH BLUETOOTH DEVICES USING PYTHON AND THE BLEAK LIBRARY

In the modern world, the rapid development of wireless communication technologies necessitates the
creation of efficient tools for monitoring, control, and data exchange among various Internet of Things (IoT)
devices. One of the key standards for short-range wireless data transmission is Bluetooth Low Energy (BLE),
which provides minimal power consumption while maintaining a stable communication channel. BLE is widely
used in remote data acquisition systems, medical sensors, industrial monitoring, and smart home solutions.
Despite the wide range of available hardware, the practical implementation of software tools for interacting
with BLE devices remains a challenging task that requires unified and cross-platform development approaches.
Most existing tools are implemented in low-level programming languages or are limited to specific operating
systems, which complicates their use in research and prototyping projects.

Python, due to its simplicity, extensive library ecosystem, and active community, is becoming increasingly
popular in the development of 1oT solutions. One of the modern tools for working with BLE in Python is the
Bleak library, which provides full support for the Bluetooth Generic Attribute Profile (GATT) client API and
enables asynchronous interaction with devices across multiple operating systems — Windows, Linux, macOS,
and Android. Its use enables the creation of cross-platform applications for monitoring and controlling sensor
networks. At the same time, there is a need to develop a rational architecture for such systems — one that
combines reliability with energy efficiency, ensures connection stability, scalability, and ease of deployment.

This paper analyzes the principles of BLE application development in Python, examines the features of the
Bleak library, proposes an architectural model of a client application for monitoring Bluetooth devices, and
presents testing results obtained using real peripheral devices. The main goal of the work is to create a flexible
and accessible approach to designing software for BLE communication capable of integrating into broader
1oT ecosystems. The obtained results may be applied in the development of scientific and industrial monitoring
systems, educational software laboratories, and sensor network prototypes.

Key words: Bluetooth Low Energy, Bleak, Python, GATT, loT, wireless monitoring, client application.
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