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PrcyHOK 1 — 3pocTaHEA pHEKY [ETepHETY peder

PICO SH
PucyHok 2 — Pico Cluster #a ocHosi n'aTi Raspberry Pi 4
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| MeTta AOCAIAKEHHS - NIABULLLEHHA €D EKTUBHOCTI BUKOPUCTAHHS

' OAHOMAATHWX KOMI'I'}OTepiB 3 ODMEXEHUMU MOXKAUBOCTAMM,

PO3TALLOBAHUX HA TPAHUYHOMY LLIAPI IHTEPHETY peyent.

OCHOBHI 3QAQ4I AOCAIAKEHHS:

1) obrpyHTYBaATH BUOID METOAIB | QATOPUTMIB
NnoBYyAOBU BIDTYAABHOTO KAQCTEPY;

2) cdhopMyBATU APXITEKTYPY BIPTYQABHOTO KAQCTERA

KOMM'IOTEPIB 3 ODMEXEHUMU PECYPCAMU;

3)nobyAyBATU TA AOCAIAMTU €CDEKTUBHICTb
BIPTYQABHOTO PO3MOAIAEHOIO KAGCTEPA
TPAHMYHOTO LLIAPY OAHOMAQTHUX KOAMM'IOTEPIB

IHTEpHETY peyen.

PO3POBKA METOAY NMOBYAOBMU
BIPTYAABHOI O KAACTEPA

MadcTep Byaon
[ {ninep),
Byaon M1

| e
[

KoopavHausiHmi

K2 1

Byaon,
| o
|

| |
| = PET - [TET

PucyHoK 1 — ApxiTeKTypa KNacTepa 3 KOOPAMHALIMHWMK By3namm
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BUEBIP APXITEKTYPW
AAA METOAY TTOBYAOBM
BIPTYAABHOTO KAACTEPA
.' KOMITIOTEPIB 3 OBMEXEHUMUW PECYPCAMMA

l [ap piznaanx npHCTpoiB J

)

[Hap opmysanns Ta YIpasIIHAA KIaCTEPOM

1

[llap koopauHamii KIacTepa

LI_VI—#

Pe———— E——— m [ Iap BipTyaasHOT rpYIIH IPHCTPOIB KIacTepa ]
Pucynoxk 1 — PiBHI apXiTeKTypH PucyHok 2 — ApxXITEKTypa BIPTYAIbHOIO
InTepnety peueit reTEPOIreHHOr0 KiIacTepa

LLUAP POPMYBAHHA

n TA YTTPABAIHHA KAACTEPOM
Peecrpanis Tecrysanus -
( HPHCTPOIB RO HpPHCTPOIB — | basa gaumx
1} \ > 7
|
InanyBanbHHK Vupasainns
KIactepa [ Cepsep | Beb cepricom

. |

[ IMapamerpu popmyBanns Kiacrepa ]

PucyHok 1 — OCHOBHi KOMNOHEHTH LWapy

By3on A —
. " 8 s 2 KOOpIHHAIIITHHIT BY301;

IIoMapaH4eBHil KOip —
- o BY37HI 30epiraHHs JaHIX;

3eJIeHNII i TeMHO
. ‘ . . 4epBOHHII KOJIip —
s 4 . BipTyanbHi IPyIH By31iB

PucyHok 2 — Bisyanizauia cbopmosaHoro sipTyanbHOro Knacrepa




KOOPAUHALIMHUWN LLUAP KAACTEPA

Peecrpanis Bipryanizauis
BIPTYaJIbHHX KJIAcTepiB NOCTIHHOT nam'sTi
“
I /
| ~ . - -
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Byson abepirannn Byson sGepirannn
ABHNX AdHnx
3216 6478
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PucyHok 2 — Mpurnag nobygoeu siptyanizaii nam'aTi

METOA MOBYAOBM
BIPTYAABHOIO KAACTEPA

I' Eran 1

| &

Peccrpania TecTyRaHHA Ipu3nauenns Hapanerpn_t]):yp—
. e MYBAHHA BIPTY-
ceprepa IPHCTPOIB poreii npucTpoam Horo KAaCTepY

Eran 2

4

DopMyBaHHA IpuanavieHEs PeccTpania
KOOPIMHALIIHOT O KOOp/IHHALLITHOTO . tanmysﬂarle’ . i JABAHTAHECHHA
map}, I.IIap)" BIPT}'E.III:‘HDI IamM #T1

JaHIX
Eran 3
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KIacTepy
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PE3YABTATU K-MEANS
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Puc. 2. Bxianuii npocTip AaHHX Puc. 3. ITpocTip ro;IoBHEX KOMIIOHEHTIB

ATAOMEPATUBHA KAACTEPUIALLIA




OLUIHKA PE3YABTATIB METOAY

Tabmnoa | - PeryasTaTn MeTPHK ¥ BXUIHOMY NpocTOpi

Silhouette [ Davies-Bouldin [ Calinski&Harabasz L

K-Means | 0404 | 1.093 ' 18448 '
. Agglomerative . 0413 ‘ 1.085 . 1835.3
| spectral | 0406 | 1.920 . 1404.8

Tabanna 2 — PeryasTaTi METPHK B MPOCTOPI MOTOBHITX KOMIOHEHT

Silhouette [ Davies-Bouldin [ Calinski&Harabasz ‘
K-Means | DGB | 0.556 . 8148.6 .
- Agglomerative . 0.604 - 0.574 - T998.5
1 Spectral " oe0s | 0.602 ' 7742.5
.Taﬁ]mlm 3— ‘Iay: EHKOHAHHA ma;creplman:i'i ‘
Hassa meToAy Yac BMKOHAHHA (C)
K- Means 0,66
Agadlomerative Clustering (s
spectral Clustering 6,13
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MNOPIBHAHHYA METOAY NMOBYAOBMU
- BIPTYAABHOTO KAACTEPA

|
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BMCHOBKW

CyYKYMHICTb OTPUAMAHUX Y KBAAICDIKALLIMHIM pOoOOTi
PE3YALTATIB AO3BOAMAO BUPILLIMTU AKTYOAbHE HAYKOBO-TEXHIYHE
3ABAQHHSA YAOCKOHOAEHHS METOAY BIPTYAAI3ALi ITOAHWUYHOTO
LLIAPY OAHOMNAQTHUX KOMM IOTEPIB IHTEPHETY PEEN.

B pe3yAbTaTti NpOBEAEHMX AOCAIAKEHD OTPUMAHI TAKI
PE3YALTATH:

1. TIpOBEAEHMIA QAHOAI3 3ACTOCYBAHHS  KOMM'KOTEPIB
3 ODMEXEHMMU  ODYUCAIOBAABHUMUM  MOXKAMBOCTAMM
Yy MEPEXAX IHTEPHETY peyei.

2. OOrpyHTOBAHWUM BUOID METOAIB | QATOPUTAMIB NOOYAOBU
BIPTYQABHOIO KAQCTEPY.

3. CopmMOBAHA APXITEKTYPA BIPTYAABHOTO KAACTEPQ
KOMM'IOTEPIB 3 OBMEXEHUMU PECYPCAMU. Y PO3POOAEHIN
APXITEKTYPI BUKOPUCTOBYIOTLCS HOTUPU OCHOBHUX LLIIPM.

4. YAOCKOHAAEHWIA METOA BIPTYAAIZALLT IOAHUYHOTO LLIApY
OAHOMAQTHMX KOMIM'IOTEPIB HTEPHETY pevYeil 3a PaxyHOK
NoOYAOBM BIPTYAQABHOTO KAQCTEPY FETEPOreHHUX NPUCTPOIIB 3
ODMEKEHUMU OBHUCAIOBAABHUMM PECYPCAMM, LLLO HAAQAO
BUIPALL 3Q YOCOM BMKOHAHHS 3ABAQHb B CEPEAHbOMY HAO 8%.
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FORMATION OF CLUSTERS ON SINGLE-BOARD COMPUTERS IN IOT NETWORKS

Abstract. The article looks at the problem of uzmg smzls -board computers for Intemet technolozy . An analvs of carent
computars in various countries was camed oumt Wmﬂcﬁmdmﬂe&uﬂm

mgle—bod
have found their place in the concept of edgs

of hard computing by placnz computing

computing. allowmz optimization
resources closer 10 the core. The idea of a “virmal chuster™ bes m the wufication and organization of disparats hetsrogensous
dsvices for the development of various complex compuetmg tasks from the available resources of the existing mSasguchrs
of edze computing, what iz known in the area. First of all, we have sacurad the resource: of single-board computars. Such 3
chaster wall also allow the use of resources from the sustng nfrastructurs in a more efficient way, for example by activatng

sddmonal services from proces:ing and saving data.

Kerwords: single-board computer, cluster, Intermet of Things, dge computing.

Introduction

Currently, all over the world, Intemet of Thngs
hdnobp-(lo‘l’ Im-n«of'l'hmp)mmnamﬂy
bmn;ampﬂpmofmrdnl) hﬁ,

data center facilities directly unly_u them and make
mbcddmtnmudbtha'lw»mnﬂy

1 o create 3 Jocal cluster consisting of computers with
lmvuted computmg resources.

Analysis of current single board computers
in various fields

Single board computer 1s a self-contamed computer
assembled on a single printed circust board on which all
the necessary components are installed to emsure its

ing: processor, RAM, mnput-output systems, etc.

The first truly single-board computer appeared back
m 1976 and was called “MMD-1" (\Mini-ABero Designer
1), but at the same time this format of computer execution
became truly widespread and accessible only m 2012
with the advent of Raspberry Pi [ 1 ]. This computer 1s
primarily aimed at the educational sphere and trunmg m
computer use, programming, etc. With a low pnice and
sufficient to run a full-fledged Lunux- based
ml\m it has gained populanty among many
enthusasts and researchers from vanous felds. Thanks
to the success of Raspberry Pi and other manufacturers
began to offer their models of single-board computers
and currently there are more than 200 models of smgle-
board computers m the world The most popular are
vanous Raspberry models Pi 3 and 3b+ , RP Zaro Wand
2020 model Raspberry P1 4, which has several vanants
with 2 GB, 4 GB and 8 GB of RAM Among other
manufacturers, it 15 worth noting Bamama Pi M5,
RockProb4, Odrowd N2, Comparative charactenstics of
smgle-board computers are presented m Table |

Table ] -~ Comparison of characteristics of single-board computers

RAM(GB) SeC GPU Ethernet Storage
Rapbarv P13b~ | 1LPDDRY | ARM Cortex A3S VideoCore | 330 Mbut Ethernet, 2.4GHz and rucroSD
v SCGHz IEEE 802.11.b'gmac cards
wireless LAN, Blustooth 4.2, BLE
Rampbarv P14 2,48 4 x Comax-AT2 VideoCorz 1000 Mbivs Ethemet macoSD
LPDDR4 i 802 11b/z/b/ac WiF: 5 and cards
Bluetooth 5.0
RPZeo W 03 1x ARMIIT6IZFS VideoCore (80211 bgnwwreless LAN, BLE | mucroSD
v 41 cards
FockProés 4LPDDR 4 |4x ARM ComsxAS3 2x  NahTS60- 1000 Mfbiv: Ethemst slot for
ARM Cortex A72 et anic
moduls
Banama P N\E 4GB Quad-Cors Comex-A3F  Mah-GS1 1000 Mbivs Ethemet macroSD -
LPDDR4 &U casd - ADC
Odroad N2 24 Quad-core Cortsx-A 73 | Msh-G352 | 1000 Mbiv's Ethemst Opnonal rmaoSD -
Dual cors Conex-AS3  GPU TWiF1 USB adapters card ~=\MC

€ Radcherkol Shekhovtzov O., Kovalenko A Syemk O 2024 141
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JIOIATOK B

TekcT nporpam Ta 3anuTIB

# HAJIATOOXEHHS IIPOTOKOJIY IOT
import paho.mgtt.client as mgtt

def on connect(client, userdata, flags, rc):
print ("Connected with result code "+str(rc))
client.subscribe ("iot/test")

def on message(client, userdata, msqg):
print (msg.topic+" "+str (msg.payload))

client = mgtt.Client ()
client.on connect = on_connect
client.on message = on _message

client.connect("iot.eclipse.org", 1883, 60)
client.loop forever ()

# TIOKJIOYEHHS DIATUMKA

import RPi.GPIO as GPIO
import time

GPIO.setmode (GPIO.BCM)
GPIO.setup (18, GPIO.OUT)

while True:
GPIO.output (18, GPIO.HIGH)
time.sleep(l)
GPIO.output (18, GPIO.LOW)
time.sleep(l)

# BB’/ SI30K I3 XMAPOW

from AWSIoTPythonSDK.MQTTLib import AWSIoTMQTTClient
import time

myMQTTClient = AWSIoTMQTTClient ("myClientID")
myMQTTClient.configureEndpoint ("YOUR.ENDPOINT", 8883)
myMQTTClient.configureCredentials ("ROOT CA.pem", "PRIVATE KE
Y.pem", "CERTIFICATE.pem")

myMQTTClient.connect ()
print ("Connected to AWS IoT")

while True:
temperature = read_temperature_sensor() # nmaHi 3 maTymMky
myMQTTClient.publish ("iot/temperature", str (temperature),
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1)
time.sleep(60)

# KEPYBAHHA IIOPTAMMU

# importing the required modules
from gpiozero import Button
from time import sleep

# creating an object of Button
the button = Button (2)

# using the if-else statement
while True:
if the button.is pressed:
print ("Button Pressed")
else:
print ("Button Released")
sleep(l)

# KEPYBAHHA IOATYMKOM

import RP1i.GPIO as GPIO

GPIO.setmode (GPIO.BOARD) # or GPIO.setmode (GPIO.BCM)
GPIO.setup (12, GPIO.IN, pull up down=GPIO.PUD UP)

GPIO.setup(l6, GPIO.OUT)

pwm led = GPIO.PWM(23, 500) // (1)

pwm led.start (100)
GPIO.add event detect (18, GPIO.FALLING,
time=100) //(2)
GPIO.add event detect (18, GPIO.RISING,
time=100)

def press():
pwm_ led.ChangeDutyCycle (50) //(3)

def unpress():
pwm_ led.ChangeDutyCycle (100)

try:

while True:
pass // (4)

finally:

GPIO.cleanup ()

# BCTAHOBJIEHHA PEAJIBHOT'O UYACY

"trip":{
"trip id":"120700 A..N",
"start time":"20:07:00",
"start date":"20220531",

callback=press,

callback=unpress,
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"route id":"A"
b
"stop time update":|[
{
"arrival":{
"time":1654042672
I

"departure": {
"time":1654042672

Yy
"stop 1id":"HOG6N"

by

"arrival":{
"time":1654044957
b

"departure": {
"time":1654044957

by
"stop id":"A42N"

}
# HAJIATOIOXEHHS BYOEPY

def station time lookup(train data, station):
for trains in train data:

if trains. contains_ ('trip update'):
unique train schedule = trains|['trip update']
if unique train schedule. contains_ ('stop time
_update') :
unique arrival times = unique train schedule(['s

top time update']
for scheduled arrivals in unique arrival times:
stop id = scheduled arrivals.get('stop id',

False)
if stop id == f'{station}N':
time data = scheduled arrivals|['arrival']
unique time = time data['time']
if unique time != None:
northbound times.append(unique time)
elif stop id == f'{station}S"':
time data = scheduled arrivals|['arrival']
unique time = time data['time']
if unique time != None:

southbound times.append(unique time)

northbound times = []
southbound times = []

station time lookup (realtime data, 'A42')



# OBPOBKA JIAHUX I

# CcopTyBaHHS OTPMMAHMX [IOKA3aHb B XPOHOJIOT1UHOMY MIOPSOKY
northbound times.sort()
southbound times.sort()

nearest northbound arrival time = northbound times [0]
second northbound arrival time = northbound times [1]
nearest southbound arrival time = southbound times [0]
second southbound arrival time = southbound times [1]

def print train arrivals (
direction,
time until train,
nearest arrival time,
second arrival time):
if time until train <= 0:
next arrival time = second arrival time
else nearest arrival time:
next arrival time s = time.strftime (
"$I:%M Sp",
time.localtime (next arrival time))
print (f"The next {direction} train will arrive at {ne
xt arrival time s}")

current time = int(time.time ())
time until northbound train = int(

((nearest northbound arrival time - current time) / 60))
time until southbound train = int(

((nearest southbound arrival time - current time) / 60))
current time s = time.strftime ("$I:5M %p")

print (f"It's currently {current time s}")

print train arrivals (
"northbound",
time until northbound train,
nearest northbound arrival time,
second northbound arrival time)
print train arrivals (
"southbound",
time until southbound train,
nearest southbound arrival time,
time until southbound train)

# CTBOPEHHSA KIJIIEHTA

def create client():

# Instantiate the client

client = IoTHubDeviceClient.create from connection strin
g(CONNECTION_STRING)
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# Define the handler for method requests
def method request handler (method request):
if method request.name == "rebootDevice":
# Act on the method by rebooting the device
print ("Rebooting device™)
time.sleep (20)
print ("Device rebooted")

# ...and patching the reported properties
current time = str(datetime.datetime.now())
reported props = {"rebootTime": current time}
client.patch twin reported properties (reporte

d props)
print( "Device twins updated with latest rebootTime

# Create a method response indicating

resp status = 200

resp payload = {"Response": "This 1is the response
"}

method response = MethodResponse (method request.re
quest id, resp status, resp payload)

else:
# Create a method response indicating the method
resp status = 404
resp payload = {"Response": "Unknown method"}
method response = MethodResponse (method request.re
quest id, resp status, resp payload)

# Send the method response
client.send method response (method response)

try:
# Attach the handler to the client
client.on method request received = method request han
dler
except:
# In the event of failure, clean up
client.shutdown ()

return client
# TIPUKJIAL IIPAMOT'O IOCTVYIIY

def main () :
print ("Starting the IoT Hub Python sample...")
client = create client()

print ("Waiting for commands, press Ctrl-C to exit")
try:

# Wait for program exit

while True:



time.sleep(1000)
except KeyboardInterrupt:
print ("IoTHubDeviceClient sample stopped")
finally:
# Graceful exit
print ("Shutting down IoT Hub Client")
client.shutdown ()

if name == ! '

main ()

main

# BUKJIMK IOBIVHVKA TPVCTPOK

def iothub devicemethod sample run () :
try:
# Create IoTHubRegistryManager
registry manager = IoTHubRegistryManager (CONNECTION S
TRING)

print ( LRI )
print ( "Invoking device to reboot..." )

# Call the direct method.
deviceMethod = CloudToDeviceMethod (method name=ME
THOD NAME, payload=METHOD PAYLOAD)

84

response = registry manager.invoke device method(DEVICE

_ID, deviceMethod)

print ( nwn )

print ( "Successfully invoked the device to reboot." )
print ( wn )

print ( response.payload )

while True:
print ( "" )
print ("IoTHubClient waiting for commands, press
Ctrl-C to exit")

status counter = 0
while status counter <= WAIT COUNT:
twin info = registry manager.get twin (DEVICE I

D)
if twin info.properties.reported.get ("rebootTi
me") != None
print ("Last reboot time: " + twin in
fo.properties.reported.get ("rebootTime"))
else:

print ("Waiting for device to report last
reboot time...")

time.sleep(5)
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status counter += 1

except Exception as ex:

print ( "" )
print ( "Unexpected error {0}".format (ex) )
return
except KeyboardInterrupt:
print ( "" )
print ( "IoTHubDeviceMethod sample stopped" )
if name == "' main_ ':
print ( "Starting the IoT Hub Service Client DeviceManageme
nt Python sample..." )
print (" Connection string = {0}".format (CONNECTION S
TRING) )
print (" Device ID = {0}".format (DEVICE ID) )

iothub devicemethod sample run ()
# OHOBJIEHHA IBIVHVKA MPUCTPOK

var twinPatch = {
etag: '*',
properties: {
desired: {
building: '43',
floor: 3

}s
var twinJdobId = uuid.v4d () :;

console.log('scheduling Twin Update job with id: ' + twindJoblI

d) ;

jobClient.scheduleTwinUpdate (twinJobId,
queryCondition,
twinPatch,
startTime,
maxExecutionTimeInSeconds,
function (err) {

if (err) {

console.error ('Could not schedule twin update job: ' +
err.message) ;
} else {

monitorJob (twinJobId, function (err, result) {
if (err)
console.error ('Could not monitor twin update
job: ' + err.message);
} else {
console.log(JSON.stringify(result, null, 2));
}
1)
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