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MOTIVATION

Nominal Operation Anomaly Detected

Traditional underwater robotics struggles
with uncertainty and unexpected failures.

AURA (Autonomous Resilience Agent) combines
a physics-based Digital Twin with dual AI
agents and human oversight to diagnose
unforeseen underwater anomalies in real
time.
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THE MAIN CONTRIBUTION

Two-Agent Architecture: e S—
A low-level agent translates raw vehicle - -
telemetry into natural-language problem : :
descriptions, while a high-1level e -

reasoning agent interacts with the human “f%mﬁi”j\\
operator to determine root causes. AURA
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Digital Twin Baseline: Parallel physics
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adapting to environmental drift. \\ Agent B

Human-in-the-Loop Distillation:
Operator-validated diagnoses are
distilled into an offline Vector
Database to enhance future diagnostic
precision without retraining.
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KEY RESULTS

71% Fewer Dialogue Turns:
Diagnostic interaction reduced
from 6.2 turns to 1.8 turns
post-distillation. Jealiey Aomtls

tether is pulled

First Encounter (CSS = 2) ..
! Diagnostic Output (Descriptive Hypothesis):

. = Telemetry Disparity: Large asymmetric thruster
{ AURA } loads detected

' = Uncertain Diagnosis: Suggests general .

' propulsion imbalance, mechanical obstruction, or E
stuck thusters.
- Resolution Burden: Operator must perform

4.8 / 5.0 Characterization Score B - e ol Sl mek et 0|
(CSS): Identifies the exact S ———————

. . Validation ABcaalv: Post-Distillation (CSS fﬂﬁl _________________________________________________________
p ro b 1 em 1NnS t €a d O f g uessin g tethertis pL{e‘d g Diagnostic Output (Causal Identification):
generic faults.

' - Root Cause Identified: Constant external
{ AURA J . force matches a verified tether pull / snag
incident in experiential memory.
- Grounded Evidence: Thruster 7 compensating
(+380 PWM) against Thruster 5 (-120 PWM).
- Immediate Action: Single confirmatory turn

required from operator to verify tether status.

Few-Shot Efficiency: Required only
5 priming sessions to generalize
across thruster, vertical, and
rotational anomaly scenarios.
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