JIOJATOK A

['pacdiunnmii matepian kBamiikauiiHoi poOOTH
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Maricrepcbka kBajigikaniiina pooora

MeToau po3noaijieHOro MoAe/ IF0BAHHS
rereporeHHux cucreM Iarepuery pedeii

3n06yBau rp. CIIm-23-5 Kypasisos O.1O.
KepiBHHIK npo¢. kap. EOM Boak M.O.
Xapkis, 2025

AKTYaJIbHICTh JOCIIIJKCHHS METOIIB MOJICIIFOBAHHS Ta
YIpaBJIiHHS reTeporeHHUMH cucteMaMu [oT

[Teunxnii po3BHTOK [HTepHETY peveil moTpedye e(eKTHBHIX METOIIB
MOZIETIOBAHHA Ta YIPABIIHHSI BeTHKUMI TeTepOTeHHHIMI cHcTeMaMn. barato
CYyJacHHX pIMIeHP MAiOTh NPOONeMH 3 TPONYKTHUBHICTIO, BHCOKHMH
BHMOTaMH IO pecypciB 1 HeJOCTaTHBOI MIOTPHMKOK MAacIITabOBAHOCTI.
Pozpobka HOBOI apXiTeKTypH pO3IOALTEHOT0 MOIETIOBAHHS IO3BOIHTH
onTHMIzyBaTH B3aeMomio loT-mprcTpoiR Ta mgBHOMITH egeKTHBHICTH iX
BHKOPHCTaHHS.

Heponiku cyyacHUX pilleHb.

1. ObmerkeHa macwTtaboBaHicTb — Tpeba edeKTUBHIWeE
KepyBaTW BENIMKOIO KiNIbKICTHO NMPUCTPOIB;

2. BUcoKe HaBaHTa)eHHA Ha LUeHTpanbHi By3/1n —
HeobXi4HO 3MEHLMTK NepeBaHTaXKEeHHA CEPBEPIB;

3. HepocTaTHA TOYHICTb CMHXPOHI3aLii cTaHiB 06’ eKTiB —
anropuTMKM CUHXPOHI3aLii NPU3BOAATE 40 3HAYHWUX
3aTPUMOK;

4. BUCOKa CKNagHicTb iHTerpawii HOBUX NPUCTPOIB —
HeobXigHO 36iNbWKMTK FHYYKICTb iHTerpauii HoBux

|

i

) NpPUCTPOIB.




Mera Ta 3axa4i podoru

Mertoro poborm € po3pobKa Ta BOPOBAUKEHHA METONY PO3IOMUIEHOTO0 MOIETIOBAHHSA IS
rereporeHHHX cucTteM IarepHery peueil (IoT), sAkmii mo3Bomse edeKTUBHO KepyBaTH pecypcaMi,
CHHXPOHI3yBaTH JaHi Ta 3a0e3IedyBaTi BICOKY IPOLYKTHBHICTE IpH B3aeMomii MEoKHHN IoT-npucTpois..
3apmaqi poborn:

* TIPOBECTH aHAMI3 ICHYIOUHX METO/IB YIIPABIIHHS Ta MOJIEIOBAHHA reTeporeHHNX [oT-creTem;
*  po3poOHTH TPUPIBHERY apXIiTEKTYPY PO3MOIIIEHOTO MOIETIOBAHHS,
* peami3yBaTd MeXaHi3M KepyBaHHSI CHHXPOHI3AIIEIO CTaHy 00 €KTIiB Ta OOUMHCISHHAMH B CHMYIATOPI;

*  OLIHNTH e(peKTHBHICTH 3aI[POIIOHOBAHOTO METOLY 3a JOIIOMOTOI0 eKCIIepHMeHTaIbHIX JOCTiIKeHb,
*  3aIpONMOHYBATH IUIAXH ONTHMIzamil B3aeMomii Mixk loT-mpuctposamn.

06'ekTOM JOCHiTKEHD € IIPOIIEC MOIEIIOBaHHA Te€TePOIeHHHX PO3IOAUICHIX CHCTeMH IHTepHeTy pedefi.
IIpexmer gocaigkenb: METOM Ta ATTOPHTMIH YIIPABIIHHA pecypcaMu, CHHXPOHI3aIl] JaHNX Ta KOMyHIKartii B
pozmomineHux loT-cucTemax.
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ApxiTektypa miathopMu po3MOAIIEHOTO MOJIETIOBAaHH

3 Mepexesuit piBetb 1K1 T1bHOTO 3B°A3Ky
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ApXITeKTypa po3IMOJIJICHOTO CepeIOBUIIA
BIPTYaJIbHOTO MOJEIIOBAHHS

Network Client

Network Server

API-Server Bind Avatar Posses
(Actor)

N _L—Join Session

Session

SRR

Virtual Objects
(Actors)
Client Node
(PlayerController)
Round Statistics
(PlayerState)

L 2frame

P Virtual Objects i -
Replicate: Dstate sync

sync:

Synchronization
Service

ié

state

Replicate
| [Request

Agent Node
(PlayerController)

Simulation Mode
(GameMode)

Manage

Scenario
(Level)
Simulation Instance
(Gamelnstance)

Scenario
(Level)

Simulation Instance

2Emergent Frame

Dlpdated State

Physical Interaction

[

(Gamelnstance)

Pre-define

Opranizaliist ceaHcy pO3IOALICHOT0 MOJICIIOBaHHS

Server
IP:Port

Client 0
IP:Port

Client N-1
IP:Port

Physical Interaction

| |
| |
| |
[ | - [
Avatar Synchronization 1
Create || Add |I — .
S i I Scenario Init|| Opt-Exit Delete
| | Scenario Synchronization notifications || Sessio
| | |
| To Clients | I
| | | ITo Clients
| | | : : |
| | | Opt-Avatar || Physical Interaction | iy
| 5 oo |
: o : | Avatar Synchronlzatlon 1
1| session |l Scenario Init || | Opt-out
| | | Scenario Synchronization notifications
| | T 1
| | | |
I To Strver
| | | . |
| | | - : | T
Physical |
% | Opt-Avatar || ysical Interaction I To Server
| | 5 |
1| Join : | Avatar Synchronization I
| : Scenario Init || Opt-out
Session || ; — s
| 1 | Scenario Synchronization Il notlflcatlonsi
) T T »-
At Beginning | During Process | At End

g
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cache

FrequencyI Self

Memory

Large Storage

Storage

!

[AvatarJ (ObjectS)‘?Yesﬂ Is Relevant

No

Scenario-Objects {object}

Yes

Entire Scenario _No

|

Is Active?

Client as Hardware ( RTOS )

I
Upper Computer | Autopilot in HIL

Mavlink client

Mission

DDS Node |!

Client as Software ( Python )

[ Mission and Planning ]

)
I [
Yy v

[DDS Nodej [RPC Client }—\
RPC-

Human in the Loop Mode

The Server of perception and control sub-network

d Physical Interaction :

S —

: API-Server m 5

: Mavlink Server :

Virtual Objects
(Actors

Client Node

API

(PlayerController)

Control Server Round Statistics
(PlayerState)

[ Remote Controller Device J

InputPort

Scenario
(Level)

Monitor Device r‘

r ViewPort Render Virtual Simulation Instance
L Camera (Gamelnstance)

’_

ApXITEKTypa MiAMEPEkK1 MOHITOPUHTY Ta yIIPaBI1HHS
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Jliarpama JistIbHOCTI JIJ1S TIPOLIECY PO3IOJIICHOT CITiBIpaill /l

SYSTEM #i SYSTEM #
Collaboration Data Space
Request Idel
******* 1
:(Task:type, |
| Param:param, |
construct

| Origin{ I publish Channel #1 call{subscribed) Pa:se\
| Name:ID, | ( Topic: Public )
| Position:( }

|

Kox, Yoy Zez)h

|
R m
e ————— 1
callisubseribed) Channel #1 : Accepttype, |
Parse K+ ( Topic: Public ) | Param:param, }4—
pic: | Channel:uuid} |

L

Collaborate

subscribe y Create&subscribe
Cha|‘1nel #.'d Collaborate
( Topic: uuid )
y Fc:n;[;p;_-; Collaborative loop
- Param:para Channel #id
r Command o Service
D m . (Topic: uuid ) callisubscribed)
| return:true}
Feedback [P
Channel #id PR
Command L {State:state}
call{subscribed) { Topic: uuid ) R !
9
v v

MCTOI[ CHiJIBHOI‘O pOBHOI[iJIy 34aBJ/IdHb
e Sqm 0@
| |

Go Liiel Al zg?

[ Wirdess network
Algonith byed
Data transfer bus gxatin dopboys
Scout confirm MS Refuse MSG| Stnke mvita-
( tion MSG
Scout sensor
St

()

L Task State |

Plan
_{;ﬁ““ Scout plan

negotiation

F ived envs state
1

| Discover target l

Scout task alloc-
ation optimize

Task risk
amalysis

Detarent action
optimuze
Movenent o
detarence

Scout task assignment Detarence Strike task assignment
Scout confirn MSG Negotiation MSG decision-making - grare gyme Strike invita- Refise MSG
+ tion MSG
Data transfer bus
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P@BYHBTEITI/I MOJACIFOBAHHA

w ] | LN

Arr conditioner ——— e —T
ObjectName
saal Recuperator YojectName
B3 Client task X .
= B3 Vacuum cleaner Cleat task M x a et ok
Z B8 Air Cleaner . 200 8 Vacuum cleaner
g I B Arhidifer  HeAg v @ Air Cleaner
g l T B3 Binds Air Cleaner oo @ Air bumidifier
o B Heating i Binds
0= = B3 Recuperator A b "8 Heating
- v B3 Airconditioner 8 Recupenator
= B3 Synchronization (o e 8 Air conditioner
8@ Synchronization
- H _ — Synchronization
At Bogining(Fistt 0.5 During Process AtEnd(Last 0.5 i .= ani . -
Stage Avvrage Trrw P Paghcaonimiioncond
YacTtoTa BHKOPHCTAaHHS IJIs1 KOXKHOI'O f i .
CuuxpoHizoBaHuii rpadik gacy
By3J1a IIPOTATOM z 2 2 :
i g PEeIUIKalil p13HuX CTaHIB BY3JI1B
II049aTKa, IIpo1ecy Ta B K1HIIL
11

BUCHOBKH

B mpormeci pobotH po3pobaeHO Ta BIPOBAIGKEHO METOIY PO3IONLTEHOTO MOJEMIOBAHHS JUIA

rereporeHHnx cucteM [aTepHery peueit (IoT), sxwmit mo3Bosie  e(eKTHBHO KepyBaTH pecypcamu

3
CHHXpOHI3YBaTH JaHIi Ta 3a0e31edyBaTH BICOKY IIPOXYKTHBHICTE IIPH B3aeMoii MHOKHHHN JoT-npHeTpois.

Bukonani HacTynHi 3axaui:

* IIpOBEICHO amamis lCHyIO‘{l/D{ MeTO,I[iB praBJ'IlHHﬂ Ta MOJETIOBaHHSA T€TEPOT€HHHX IOT—CHCTBM.’,

po3polIeHo TPHPIBHERY apXITEKTYPY PO3MOMLITEHOTO MOIETIOBAHHS;
peai3oBaHO MeXaHi3M KepyBaHHSA CHHXPOHI3AII€0 cTaHy 00’ €KTiB Ta 00UHCIeHHAMH B CHMYIATOPI;
OIiHeHOo e()eKTHBHICTD 3alPOIIOHOBAHOTO METO/Y 3a JOIIOMOTOI0 eKCIIEPHMEHTANBHIX JOCIIKeHE;
3aMPOMIOHOBAHO NUTAXH ONMTHMI3aI] B3aeMoii Mk loT-iprcTposmm.
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