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POST-FAILURE RECONFIGURATION OF SUPERCRITICAL SYSTEMS VIA DDS
CYCLONE AND ROS2 MIDDLEWARE

Supercritical systems operate near their stability thresholds and exhibit extreme sensitivity to
disturbances, requiring continuous control and fault resilience [1]. This paper presents a
mathematical model of such systems as a directed graph G = (V, E), where vertices V represent
functional nodes (controllers or actuators), and edges E — correspond to DDS-based
communication links.

Fault detection is implemented via DDS Cyclone using the liveliness QoS policy [2], which
allows the system to determine node failures based on heartbeat timeouts. Each node is
characterized by a binary liveliness function L(v;) € {0,1}, where L(v;) = 0 indicates a loss of
connectivity.

Upon failure detection, the system dynamically redistributes control functions using ROS2.
Each function f is associated with a primary node Primary(f) and a set of backup candidates
Backup(f). If the primary node fails, a new executor is selected as follows:

Pri mary(f) < argye Backup(f) 6(77) (1)

Where 6 (v) is a node availability or load metric.
Control logic migration includes state handoff:

be(vl-, t) - be(vj, t+ At), S(vj, t+ At) = Sync(S(vl-, t)) 2

Where @, is the control logic for function f*, and Sync refers to the state recovery from a DDS

topic using TRANSIENT_LOCAL QosS.
The overall system evolution is described as:

Gi= WV E), Re: Ve » F (3)

with discrete transitions upon node failure L(v,) = 0, enabling the system to reconfigure itself
while preserving distributed stability and eliminating single points of failure.

Derived Technical Solutions Enabled by DDS Features and the Proposed Methodology

1. Autonomous node replacement — failure triggers role takeover with state restored via
TRANSIENT _LOCAL.

2. Deadline-based control assurance — missed deadlines indicate timing faults, triggering
reallocation.

3. Deterministic role selection — OWNERSHIP ensures conflict-free controller activation.

4. Scoped subsystem recovery — PARTITION isolates failure domains for localized
reconfiguration.

5. Stateful control migration — replacement nodes resume from last valid state snapshot.

6. Reactive rebalancing — discovery events drive decentralized recovery logic.

7. Atomic multi-topic updates — GROUP COHERENCY synchronizes related commands and
metadata.
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OTPUMAHHS 305PAKEHHS ®A30BO-KOHTPACTHOI PEHTTEHOI' PA®II 3
BUKOPUCTAHHAM MUTTEBOI YACTOTH TA ®LIBTPAILIL IIYMY

VY cydacHuX OlOMEIMYHHUX Bi3yali3alliiHUX TEXHOJIOTISAX OCOOJIMBE Micle mocinae (ha3oBo-
KOHTpacTHa peHTreHorpadis, sika 3ade3nedye BUCOKY PO3IIIbHY 3/IaTHICTh Ta KOHTPACTHICTh IIPU
JOCIIJKCHHI M’KHX TKaHWH. OCOOJIMBO MEPCIIEKTUBHOK € CUCTEMa 3 BUKOPUCTAHHSM JIUILE
OJHI€T TPATKH, SIKA ICTOTHO CIIPOIIYE KOHCTPYKIIIO anaparypH, MpOTe Ma€e CyTTEBHIA HEJOTIK —
BUHUKHEHHS apTedakTiB TUIy Moape. [[iis iX yCyHEeHHs TpaJuIlifiHO 3aCTOCOBYBAIIM 00EpTaHHS
IPaTKH, 0 TEXHIYHO CKJIAJHO Ta HEMPHUIATHO ISl peajbHOro vacy [1].

Metoro JmociijpkeHHsT € po3poOka HOBOro Mmerony (opMyBaHHs (Ha30BO-KOHTPACTHOTO
PEHTTeHIBCbKOT0 300paskeHHs1 0e3 oO0epTaHHsS I'paTKU. 3alpolOHOBAHO AITOPUTM, IO MOETHYE
aHaii3 MUTTEBOI vactoTH (instantaneous frequency) 3 edbextuBHOO QimbTpamicto mymy. Takuii
MIJIX17 T0O3BOJISIE€ BUAUIMTH KOPUCHUHN (ha30BHI CUTHAN Ta MPHUTHITUTH aprtedaktu. I 1p0ro
BUKOPHUCTAaHO ajanTuBHUN OGinbTp y mpoctopi Dyp’e, a Takox OITOHIYHMHA GUIBTP I
30epekeHHs KpaiB 1 cTpykTyp [1,2].

Pesynprati mOCHIKEHHS ITOKA3ald, IO METOJ| 3a0e3Meuye 4iTke 300pakeHHs] BHYTPIIIHIX 1
30BHIIIHIX MeX O010JOriYHUX 00’€KTiB 0€3 BTpaTu CTPYKTYpHOI iH(popmarii. 3acTocyBaHHs
AITOPUTMY 3 MHTTEBOIO YaCTOTOIO Yy TO€JHAHHI 3 (QUIBTPALi€l0 HIYMY JO3BOJMIIO JOCSTTH
cepennboro 3HaueHHsa SSIM = 0.92, mo Ha 12% Bumie 3a kiaacuunuil miaxig. 3Hadenns PSNR
craroBmio 29.6 1b, a cepenapokBanparnyHa nmoxuoka (MSE) 3smenmmnacs na 30%. Le Bkasye Ha
BUCOKY €()eKTHBHICTh METO/Ty OO0 MOKPALICHHS SIKOCTi 300pakeHb 0e3 BTpaTh jaeTaiei [2].

VY MailOyTHbOMY J1aHa TEXHOJIOTisl MOXe OyTH IHTerpoBaHa B CHUCTEMH PEHTI€HIBCHKOT
Tomorpadii B peanbHOMY dYaci, IO CTaHE OCHOBOK Ui TMEPCOHANII30BaHOI JIarHOCTUKU B
OHKOJIOT1i, CTOMATOJIOT11, AOCIIIKEHHAX M’ IKUX TKaHUH To10. [lepeBaroro MeToany € BiACYTHICTh
HEOOXIAHOCTI B CKJIAJHUX MEXaHIYHUX MEPEMIIICHHSX, 10 BiAKpUBAE HOBI MEPCHEKTUBU IS
MiHIaTIOpHU3allii Ta aBTOMaTH3aIli1 MeguuHol anapaTtypu [3].
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