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MOTIVATION

e Multi-agent, autonomous exploration is vital for search and
rescue, distributed asset coverage, and planetary science

e Subterranean missions pose
significant challenges in
communication range,
persistence, bandwidth, Aol

e Asinformation parity is lost, a
global belief state rapidly
breaks down

FIG Il (Top). The JPL CADRE mission
Ground Truth will field a team of lunar rovers with a
CERBERUS robust leader-election policy. [1]
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FIG Ill (Left). Winning trial from team
Cerberus at the DARPA SUBT
challenge [ 2]

This work develops an approach to explore if
information homeostasis - a steady global belief state - can be

iInduced as the Nash equilibria of a potential game, such that
consensus and convergence guarantees can be provided in the
absence of any central coordinator

BACKGROUND

. Multi-Agent Potential Games

. Potential games converge to Nash equilibria under pure
best response dynamics [5,6], where any unilateral move
IS equivalent to a shift in the shared potential
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. Well-extended to multi-agent systems [/, 8,9, 11]

ll. Comms-Limited Belief Space Planning

. Several systems demonstrate successful coordination
despite communication constraints - determining when
and how much information to share is critical [12, 13, 14]

. Belief-space [15, 16, 1/] planning using a representative,
often computationally simpler world model is very
well-suited to bandwidth- and info-limited missions

lll. Bioelectric Sighaling

. Scalarvoltage signals propagating across gap junctions
allow cells to broadcast their error from some setpoint

. High-level target states can be realized as dynamical
attractors, and sharing of these ‘stress’ scalars is
sufficient for decentralized goal alignment |3, 4]
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KEY INVESTIGATIONS AND CONTRIBUTIONS

.  Can multi-agent exploration be cast as a Potential Game?

ll. Can a state of global information parity be achieved purely by

following best-response dynamics? Does a Nash equilibria exist?

lll. Can we quantify the ‘potential-ness’ [10] of our constructed game?

IV. Does an affine belief-coupling term break convergence guarantees?

INPUT SIGNAL

‘Stress’ arises from belief disagreement

FIG I(a). Agents maintain unique world beliefs, which are shared
over a time-varying fully, partially, or unconnected graph
depending on communication and line of sight restrictions
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FIG I(d). Our formulation admits a canonical Potential game when driven
by only greedy exploration and congestion. The goal is to quantify the

impact of the affine belief-sharing term and its impact on convergence
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MECHANISM

Policy structure rewards information gain,
penalizes congestion, and incentivizes
belief consensus - with no central plan

FIG I(b). Agents obey pure best-response dynamics,
selecting at each step the frontier or cell that
maximizes utility from the 3-tiered policy

OBJECTIVE

Information ‘Homeostasis’

FIG I(c). The target state is realized through joint satisfaction of

the two information conditions (below). Based on information
liveliness, these may be time-varying or static solutions.

The Exploration Game

Initial configuration — 4 agents, t=0

—— Sensing Radius
== Communication Radius

FIG IV. Initial setup with 4 agents, high-fidelity map
data within sensing radius, comms over larger LOS
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Time-varying frontier clusters

Objective: Information Homeostasis

RESIDUAL UNCERTAINTY
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Limits disagreement over all agent beliefs

Balancing Exploration + Consensus
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Nominal ‘info gain’ reward

for new exploration

Penalty for congestion -~

‘Stress’ term incentivizes consensus  +

Imperfect Information, and Confidence in Belief Sharing

Agents maintain a confidence in their belief, which can decay over time

(for dynamic environments), and do not fully trust maps received from neighbors
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FIG V. Confidence in previously visited cells

decays over time; cells in sensing range are 1.0

FIG VI. Agents #1 (red) and #2 (blue) have unique belief maps.
Once LOS is established, maps are exchanged with a confidence penalty.

Agent #1 does not believe everything it received about the map from #2.

INITIAL RESULTS

Coverage and Agent Knowledge Over Time

e Potential game =

implemented for the
belief-less, (7=0)
uncoupled policy

e Used as abenchmark
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FIG VII. Nominal coverage vs. time for all agents and

for cove rage time as a team. Spikes occur upon map sharing
o Belief-consensus
tuning underway;
sensitive and can
. easily bias towards
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FIG VIIl. Weighting the belief-sharing too
heavily leads agents to stay in place to maintain e Prelimina ry resu lts

high confidence, rather than continue exploring

suggest the presence
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FIG IX. For the uncoupled game, the aggregate potential

(from per-agent utilities) decreases over an interval

FUTURE WORK

belief-sharing game

. Fully implement the coupled,

Il. Quantify ‘potential-ness’ of our perturbed game via

combinatorial decompositionasin|[10]

lll. Formally log residual potential, used to quantify any present

convergence behavior or properties

IV. Monte-Carlo over weights, N agents, comms radii, map size

V. Evaluate phases: dispersion, coordination, and homeostasis

VI. Restrict sharing bandwidth and enforce minimal signaling
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