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Abstract - This paper presents a practical approach to
disaster response and recovery through the integration of
neuromorphic computing, autonomous agents, and
energy-efficient processing systems. Neuromorphic
computing, inspired by the human brain's architecture,
enables ultralow power consumption while maintaining
high-speed, real-time processing capabilities essential
for disaster scenarios. The proposed system deploys
Spiking Neural Networks (SNNs) running on
neuromorphic hardware platforms like Brain Chip
Akida, combined with event-driven sensors including
Dynamic Vision Sensors (DVS) and Silicon Cochlea for
audio processing. These autonomous agents can operate
independently for extended periods without external
power sources or internet connectivity, making them
ideal for disaster environments where traditional
infrastructure fails. The system integrates multi-agent
coordination protocols, explainable Al for trustworthy
decision-making, and real-time adaptation through
spike-timing-dependent  plasticity = (STDP).  The
neuromorphic approach addresses critical limitations of
traditional disaster response systems including high

consumption resources that are usually compromised
during emergencies.

That’s where neuromorphic computing steps in. Inspired
by the human brain, which runs on just 20 watts yet
handles complex decisions effortlessly, neuromorphic
systems offer a smarter, more resilient alternative. They
process information in real time, respond to sudden
changes, and consume drastically less power making
them ideal for disaster zones.

This research introduces autonomous agents powered by
neuromorphic processors, event-driven sensors, and
decentralized coordination protocols. They work
together, learn from their environment, and make fast,
explainable decisions that can save lives. Whether it’s
navigating collapsed buildings, identifying survivors, or
coordinating relief efforts, these agents are built to
operate independently in the harsh conditions. The
system incorporates energy efficiency, collaborative
intelligence and decision-making in critical situations
and continuous learning capabilities that allow agents to

improve their performance based on real-world
power consumption, infrastructure dependency, and experience.
limited operational duration. This research contributes to
advancing sustainable Al for humanitarian applications, JL.TECHNOLOGIES USED

potentially  revolutionizing emergency response
capabilities and saving lives through more effective,

autonomous disaster management systems.

Key Words: Neuromorphic Computing, Spiking Neural
Networks, Autonomous Agents, Disaster Management
Response, Multi-agent Systems, Sustainable Al

LINTRODUCTION

Natural disasters are among the most unpredictable and
devastating challenges we face. They strike with little
warning, disrupt infrastructure, and leave communities
scrambling for help. Traditional Al rely on stable

internet, centralized servers, and high-power
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A. Hardware & Sensors

¢  BrainChip Akida AKD1000

Packs 1.2 million programmable spiking neurons and 10
billion synapses into a single 28 nm chip. Draws just 0.8
W under a full search-and-rescue workload, compared to
50-200 W for a typical GPU.On-chip spike-timing-
dependent plasticity (STDP) lets agents adapt their
detection thresholds live. In our rubble-collapse drills,
tuning STDP parameters reduced false alarms by 20
percent over two days of continuous tests. In memory
compute eliminates frequent DRAM fetches, cutting data
movement energy by 90 percent versus our last GPU
prototype.
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e  Prophesee EVK4 Dynamic Vision Sensor

A 1280x720-pixel event camera that timestamps only
changes down to 1 ps precision so agents process raw
visuals only when something moves or flickers. Under
simulated smoke conditions, it fires 50-100 events/ms in
hot-zone regions, yet consumes under 10 mW . Dynamic
range of 120-143 dB lets agents “see”
lighting from pitch-dark crevices to sunlit rooftops

in extreme

without saturation.

e  Silicon Cochlea Audio Processor

Emulates the human ear with 32 frequency channels
spanning 30 Hz—10 kHz. Adaptive feedback provides
~15 dB of wind-noise suppression, uncovering faint
tapping or calling for help even in gale-force winds.
Consumes under 5 mW, giving agents sensitive yet
energy-sparingly audio awareness.

e Inertial Measurement Unit (9-DOF IMU)
Tracks acceleration, rotation, and magnetic north,
enabling robust dead-reckoning when GPS is
unavailable. Sample rate of 100 Hz ensures smooth
motion estimation over rubble or rushing water.

e LoRa Mesh Radio

Enables peer-to-peer communication over 500 m hops
with <10 ms latency per link. Priority-tagged packets
(“URGENT: victim @ grid C3”) route dynamically via
an adhoc mesh that recovers in under 3 seconds if up to
30 percent of nodes drop offline. Consumes <50 mW
transmitting, <10 mW listening, so comms never
dominate the power budget.

e Enclosure & Power

IP67-rated housing protects electronics from dust, water,
and impacts up to 5G.Custom 10 Wh Li-lon pack
supports over 168 hours of continuous neuromorphic
operation.

B. Software & Coordination

1. Akida Development Environment & MetaTF
Converts standard TensorFlow/Keras models into
spiking architectures tailored for Akida’s neuron and
synapse fabric.Quantization-aware training produces §-
bit weight and activation representations for efficient
hardware mapping.

2. Real-Time OS (FreeRTOS)

Custom event-driven scheduler wakes only on sensor
interrupts, keeping the CPU in deep sleep otherwise.ISR
(interrupt service routines) feed DVS and cochlea events
directly into the SNN pipeline with sub-100 ps latency.
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3. Multi-Agent Mesh Protocols

Event-driven messaging stack handles discovery,
routing, and congestion control.Task auction algorithms
assign emergent search regions based on agent
proximity, battery level, and sensor health.Byzantine
fault—tolerant consensus ensures group decisions remain
accurate even if some agents misbehave or fail.

4. On-Chip Learning & Transfer

STDP implemented on every synapse (A+ = 0.1, A- =
0.12, =+ = = = 20 ms) during live operation refines
detection thresholds.Transfer learning adapts pre-trained
weights to local conditions (e.g., specific rubble types or
background noise profiles) without re-uploading data.

5. Distributed Data Management

Each agent maintains a local event log and partial world
map using a lightweight, decentralized database.Maps
and logs sync opportunistically over the mesh to achieve
eventual consistency no central server required.

HIL.METHODOLOGY

. System Design and Architecture

Autonomous Agent Architecture: Each autonomous
agent integrates neuromorphic processing, event-driven
sensors, communication capabilities, and power
management systems in a ruggedized platform designed
for disaster environments. The modular architecture
enables deployment as ground-based robots, aerial

drones, or stationary sensor nodes.

Multi-Agent Network Design: The system supports
10-100  coordinating agents using
decentralized protocols. Each agent maintains local

swarms of

autonomy while contributing to collective intelligence
through event-driven communication and distributed
consensus algorithms.

Power Management Strategy: Ultra-low power design
principles throughout the system architecture, including
event-driven processing that activates only when
meaningful changes occur, adaptive duty cycling for
communication systems, and intelligent power allocation
based on mission priorities.

o Data Collection and Processing

Event-Based Data Acquisition: Sensors collect data
only when significant events occur, dramatically
reducing power consumption and  processing
requirements. Visual sensors respond to brightness
changes >15%, audio sensors activate on sound level
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changes >10dB, and environmental sensors trigger on
threshold crossings.

Multi-Modal Sensor Fusion: Integration of visual,
audio, and environmental sensor data using
neuromorphic  processing  techniques.  Temporal
correlation of events across modalities provides robust
detection capabilities and reduces false positives.

Real-Time Processing Pipeline: Event streams
processed through spiking neural networks optimized for
disaster response tasks including human detection,
structural damage assessment, environmental hazard

identification, and emergency situation classification.

o Neuromorphic Network Training

Supervised Learning Phase: Initial training using
labeled disaster scenario datasets converted to spike-
based representations. Training data includes earthquake
simulation scenarios, wildfire environments, flood
conditions, and search-and-rescue operations.

Spike-Timing-Dependent Plasticity (STDP):
Continuous learning capability enabling agents to adapt
to local conditions and improve performance through
experience. STDP parameters optimized for rapid
adaptation: A+=0.1, A-=0.12, T+ = 1- = 20ms.

Transfer Learning Implementation: Pre-trained
networks adapted for specific disaster types and
geographic regions through fine-tuning processes that
preserve general disaster response capabilities while

specializing for local conditions.

o Multi-Agent Coordination

Decentralized Communication Protocols: Event-
driven messaging system with priority-based routing
enabling critical information to reach relevant agents
rapidly. Message formats optimized for neuromorphic
processing with embedded confidence measures and
decision context.

Distributed Decision Making: Consensus algorithms
implemented in neuromorphic circuits allow agent
swarms to make collective decisions without centralized
control. Byzantine fault tolerance ensures system
resilience with up to 30% agent failures.

Task  Allocation = Mechanisms:  Auction-based
algorithms for dynamic task assignment considering
agent capabilities, battery levels, proximity to targets,
and current workload. Neuromorphic implementation

enables rapid reallocation as conditions change.

° Validation, Performance Metrics and Testing

Simulation-Based Validation: Comprehensive testing
in virtual disaster environments including earthquake
damage scenarios, wildfire spread models, and flood
dynamics.

Laboratory Testing: Controlled testing environments
with artificial debris fields, smoke generation systems,
and human mannequins for detection accuracy
validation. Environmental chambers provide extreme
temperature and humidity testing conditions.

Power  Efficiency  Measurement:  Continuous
monitoring of power consumption across all system
components with comparison to baseline conventional
Al systems. Target: <IW total system power
consumption.

Response Time Analysis: Measurement of end-to-end
latency from event detection to action initiation. Target:
<1ms for critical event response.

Data Collection &

Annotation

Naoural Naetwork Feature
Lxtraction

Multi-Agaent Coordination &
Communication

Paerformance Evaluation &
Optimization

Are Performance Matrics
Metc?

Comprehensive Testing &
Validation

Deployment & Real-Time
Operation
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IV.RESULTS AND DISCUSSION

A. Performance Achievements

The neuromorphic approach dramatically reduces power
consumption—achieving 100 to 1000 times greater
efficiency compared to conventional AI, enabling
continuous operation for up to three weeks without
recharging. Response times are accelerated from tens of
milliseconds down to microseconds, allowing for rapid
environmental detection. Accuracy remains high, with
human detection reaching 95.8% and similar strong
performance on structural and audio hazard
identification.

B. Multi -Agent Coordination

Swarms of up to 50 agents work seamlessly, reducing
task completion times while balancing communication
overhead. Notably, the system tolerates up to 30% agent
failure without degradation in performance, ensuring
robustness in harsh disaster settings.

C. Real-World Validation

Field exercises with emergency responders demonstrated
an 85% increase in search coverage and a 65% reduction
in victim detection times. The false alert rate plummeted
by over 75%, and operational durations extended well
beyond conventional systems. The agents proved
resilient in extreme temperature, humidity, vibration, and
water-exposure conditions.

D. Comparative Technology Analysis

Compared to traditional and edge Al systems,
neuromorphic agents deliver superior power efficiency,
faster response, higher accuracy, and greater operational
autonomy—making them ideal candidates for

deployment in disaster management.

E. Discussion

The results confirm neuromorphic computing as a
powerful tool for next-generation disaster response.
While communication overhead grows with larger
swarms, optimal cluster sizes of 20-30 units balance
effectiveness and scalability. Current hardware
limitations and restricted commercial availability pose
challenges, suggesting areas for future research and
development.

V.BENEFITS AND LIMITATIONS

Neuromorphic computing offers transformative benefits
for disaster response. It delivers exceptional energy
efficiency reducing power use by 100 to 1000 times
compared to conventional Al enabling autonomous
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agents to operate continuously for weeks. Its eventdriven
processing provides real-time microsecond
responsiveness, crucial for dynamic  disaster
environments. Unlike traditional Al reliant on cloud
infrastructure, neuromorphic agents work fully
autonomously and adapt to local conditions through
continuous learning. They are highly resilient to harsh
environments, operating in extreme temperatures,
humidity, and physical shocks. Economically,
neuromorphic systems are scalable and cost-efficient
with lower maintenance needs.

However, neuromorphic computing still faces
challenges. Limited hardware availability and
specialized development skills hinder broader adoption.
High upfront costs for platforms and training pose
barriers for smaller organizations. There are also
technical constraints in computational precision and
memory, as well as integration challenges with legacy
systems due to lack of standardization. These factors
highlight areas needing further development to fully
realize neuromorphic computing’s potential in disaster

response.

VI.CONCLUSION

This research paper demonstrates that neuromorphic
computing-enabled autonomous agents offer a
transformative solution for disaster response. The
integration of event-driven sensors, spiking neural
networks, and multi-agent coordination enables reliable
operation in challenging disaster
highlight
including 100 to 1000 times improved power efficiency,
sub-millisecond response times, and resilient multi-agent

environments.

Experimental results significant gains,

swarm capabilities tolerating up to 30% failures. Real-
world tests confirm greater search coverage, faster victim
location, and fewer false alerts, with robust performance
across harsh conditions.

While challenges remain in technology maturity,
development complexity, and cost, rapid advancements
and expanding commercial platforms promise to
overcome these hurdles soon. Continued collaboration
across research, development, and emergency services is
essential to unlock the full potential of this approach. As
disasters increase, neuromorphic autonomous agents
stand out as the best technology for creating more
effective, efficient, and resilient disaster response
Their unmatched energy efficiency,
adaptability, scalability, and durability position them to

systems.

save lives and transform emergency management
worldwide.
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