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Centralized Systems Fail in Dynamic Environments
The Chaos

_

The Problem: Static scripts cannot
adapt to stochastic weather or
random grid blackouts.

The Calm

The Solution: A Multi-Agent System (MAS)
autonomously balances free solar energy
against battery preservation.

The Benefit: 100% uptime for critical
appliances and maximum energy
cost savings.




The Prometheus Methodology

What is an Intelligent Agent? The Three Phases of Prometheus
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Engineering Rationality Through Competing Goals

Top Goal: Energy Self-
Sufficiency

Maintenance Goal:
Preserve Battery Health
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Action: Trigger Emergency
Control if SoC < 20%
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Achievement Goal:

Optimize Charging

Action: Charge if Solar is
OPTIMAL and SoC < 90%
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Action: Return to IDLE if
SoC >=90% or Solar !=
OPTIMAL



Autonomous Responses to Stochastic Edge Cases

Optimal Charging
Trigger: Sun shining, Battery < 100%.

Response: Route maximum power to battery.
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Critical Depletion

Trigger: Power drops to 19%.

Response: Trigger EMERGENCY state; shed
non-essential loads.

Stochastic Clouds

Trigger: Sudden drop in solar wattage.

Response: Dynamically transition to IDLE;
maintain standard loads.

Sensor Failure

Trigger: Solar sensor disconnects (>10s).

Response: Fall back to internal decay model
(SYSTEM_CHECK).



Bridging loT Hardware and Virtual Agents

Stage 1: Stage 2: Stage 3: Stage 4:
Environment Sensors The Agent Actuators
(Physical) (Hardware -> Software) (Virtual) (Software -> Hardware)
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System Boundaries and Agent Classification
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| Stochastic |
' Weather

Percept:
Wattage

SolarAgent

Protocol:
Weather-Monitor

Read/Write
Belief

Action: BT TR
Transition State | Virtual

HomeManagerAgent

Actuators

SolarAgent (Reflex)

Sense-act cycle. Categorizes
weather (OPTIMAL/LOW) with
zero historical memory.

HomeManagerAgent
(BDI Brain)

Model-based. Maintains
internal Beliefs (State of
Charge) and executes long-
term Plans based on incoming
percepts.



Asynchronous Communication and Service Discovery

Agent Acquaintance Diagram

SolarAgent :{>—\ Protocol

Direct FIPA-ACL
messaging over an
XMPP server.
The Constraint: SPADE 4.0.3
deprecates the Directory Facilitator
Y (spade.df).
HomeManagerAgent The Solution: Hardcoded XMPP

contacts used in place of dynamic
‘Yellow Pages’ service discovery to
maintain rapid, asynchronous routing.




Formalizing the Weather-Monitoring Protocol

AUML Weather-Monitoring Protocol

Trigger SYSTEM_CHECK

o
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Robustness Guard: The 10-second
timeout block ensuring the manager detects
a dead sensor and acts autonomously.

Environment SolarAgent HomeManagerAgent
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The State Logic

Capabilities:
EnergyMonitoring
(parses messages) +
BatteryManagement
(executes FSM).

tl[‘Context] SoC >=90% or

[Context] Solar=OPTIMAL & Solarl=OPTIMAL
SoC < 90% i
[Event] Sensor Timeout [Event] Sensor
Internal State of (Solar=UNKNOWN) CHARGING Reconnected
Charge (SoC) model

dictates all transitions. [Context] SoC < 20% or
OVERHEAT

Belief Updates:

[Event] Sensor Timeout

[Context] SoC > 20% &

[Context] SoC < 20% or
SoIar=0PTIMAL & HEALTHY

(Rational Safequard: g
OVERHEAT

The stochastic 5%
"overheat" event
immediately forces an
EMERGENCY state,
overriding the

| charging plan.

[Context] Internal SoC <
20%




Mapping Prometheus Theory to SPADE Python
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agents/solar_agent.py % ,_,_._ N\ N main.py & FSMBehaviour

Core Logic: Asynchronous
asyncio execution ensures
the "brain” thinks while the |
"ears” listen.

S/

(4
Uses PeriodicBehaviour
to sample the
WeatherEnvironment.

"4 |'Executes state logic
(load shedding/charging).

YOS

Uses CyclicBehaviour to
filter messages and
update beliefs.




Indeed,
the agent
approach
is working
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System Limitations and Real-World Deployment

The Reality Gap

- Transitioning from virtual Python |
actuators to physical, verified
load-shedding relays.

Multi-Home Scaling

- Expanding the 1:1 environment to
test decentralized grid-sharing
between multiple autonomous homes.
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Dynamic Load Sensing

Replacing the hardcoded 2%
hourly decay rate with live-load
CT clamp sensors.

Service Discovery

Overcoming spade.df deprecation

for dynamic, plug-and-play agent
registration across a smart

neighborhood.
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Thank You!

Ryan Nii Akwei Brown




