
Multi-Agent System (MAS) Dynamics

State & Measurement

xi(k+1) = Axi(k) + Bui(k) + Ewi(k)

Battery State-of-Charge Dynamics

Energy drained by control & propulsion

soci(k+1) = soci(k)−ηctrl∥ui(k)∥22−ηprop∥pi(k)∥22

SOC-Dependent Interaction Weight

Attenuates effort as either agent’s SOC drops
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LMI-based Observer & Controller Synthesis

H∞ observer gain, polytopic LMI controller gain

ui(k) = K
∑
j∈Ni

wij(k){x̂i(k) − x̂j(k)}

Control Input bound

∥ui(k)∥22 ≤ u2
max

C-rate Bound

Crate,i(k) = ηctrl∥ui(k)∥22 ≤ Crate,max

Safe Operation Horizon

soci(k) ≥ socmin, ∀k ≤ Tsafe

Safe & Energy-Efficient MAS Consensus

Certified end-to-end via LMI-based synthesis; Tsafe

computed a posteriori from the Lyapunov matrix


