SPACE Al DATA CENTER

A solar-powered, radiatively cooled, laser-networked orbital compute cluster

CORE LOOP

Sunlight powers chips. Al turns raw data into
meaning. Radiators dump heat. Laser links
move answers back to Earth.
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Al PAYLOAD
GPU/ASIC + memory

radiatofs

THE KEY IDEA

Not a server building in orbit: a swarm of
solar-powered Al satellites talking by laser.



THE OPERATING LOOP

How information flows through an orbital Al cloud

1. DATA ARRIVES 2. Al RUNS IN ORBIT 3. RAW BECOMES MEANINGE 4. HEAT LEAVES 5. RESULTS RETURN

From Earth, another satellite, space Inference, compression, filtering, Instead of downlinking every pixel,
sensors, radar, telescope, defense, simulation, anomaly detection, and the system creates alerts,

Chips make waste heat. In vacuum,
heat must travel through heat pipes

Laser crosslinks route results to a
clear-sky ground station and then

climate, or disaster systems. > limited training or model updating. > embeddings, summaries, > and radiate away as infrared. > into terrestrial fiber networks.
detections, and decisions.
The orbital Al value proposition
4 ) 4 ) 4 ) 4 )

RAW BULK

Satellite images, sensor streams,
telemetry, requests

ORBITAL Al

Compression + detection + context
+ prioritization
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SEMANTIC OUTPUT

Wildfire alert, ship ID, crop stress,
anomaly, forecast

EARTH RESPONSE

Humans, agencies, markets,
defense, science, local services




WHY OPTICS MATTER

A space Al data center would use light in at least three different jobs
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SOLAR PHOTONS

ANAVANANAN

Large photovoltaic arrays convert
sunlight into electrical power for Al chips,
memory, storage, routing, control, and
thermal systems.
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INFRARED PHOTONS

AVAVAYA

There is no air or water in vacuum. Waste
heat must be conducted to radiator
panels and emitted away as infrared
radiation.

Thermal layer
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LASER PHOTONS

O O

Optical crosslinks connect satellites.
Optical downlinks send results to Earth.
Photonic interconnects may also move
data inside the hardware.

Network layer

It would live on sunlight, cool itself by infrared radiation, and talk by laser.
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THE ORBITAL NODE

One satellite becomes one rack in a distributed off-planet data center

SOLAR ARRAYS

Photovoltaic wings provide primary power;
batteries bridge eclipse periods.

POWER ELECTRONICS

Regulate, store, distribute, and protect power for
compute and comms.

RADIATOR WINGS

Reject chip heat by infrared radiation; size grows
with compute load.
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Al COMPUTE BAY

accelerators + memory -- storage

ECC + redundancy + fault tolerance

LASER TERMINALS

Precision-pointed optical links connect satellites
and ground stations.

RADIATION SHIELDING

Reduces particle hits; software corrects errors that
shielding cannot stop.

ONBOARD SCHEDULER

Partitions models, routes jobs, prioritizes alerts,
and handles node failures.



CONSTELLATION + GROUND NETWORK

The space Al data center is a mesh, not a single box

£ e3 Al
Al noue 5
node 1

Al

node 2 Al

noue 4

ROUTE AROUND WEATHER MESH RESILIENCE

Narrow laser beams need clear skies. A global If one node fails or one path is blocked, work and
receiver network lets traffic hop to a ground station data can be routed through other orbital nodes.
with good conditions.

EARTH: fiber networks + ground stations + users
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HEAT IS STILL HARD

Space is cold, but vacuum has no air or water to carry heat away

THE MYTH

“Space is cold, so cooling should be
easy.”

Thermal chain

Al chips heat spreaders

heat pipes radiator wings
hot spots

smooth peaks move heat glow in IR
THE REALITY

In vacuum there is no convection. Heat must be

conducted to large radiators and emitted as
infrared.

More compute = more waste heat = larger radiator area
Earth data center vs space data center

EARTH SPACE
Fans, chillers, water, power grid, repair crews, fiber backbone

Solar arrays, batteries, heat pipes, radiators, radiation-hard design, laser
links
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BEST EARLY USES

The first orbital Al jobs are likely to send meaning, not bulk data

EARTH OBSERVATION DISASTER RESPONSE SPACE-EDGE ANALYTICS

Detect wildfire, flood, crop stress, illegal fishing, Prioritize urgent imagery and generate alerts before Analyze satellite telemetry, telescope scans, radar returns,
deforestation, ship movement, volcanic ash. full-resolution data reaches Earth. and orbital traffic in orbit.

DEFENSE + SECURITY COMPRESSION + SUMMARIES RESILIENT COMPUTE

Find fast anomalies, launches, spoofing, jamming, or unusual Turn streams into embeddings, metadata, thumbnails, maps, Provide backup or regional inference when terrestrial

movement with low delay. The appssrarﬁ‘jiacaisiro‘ﬁaékeés.om pressor" mOdeI infrastructure is congested or damaged.

RAW SENSOR BULK —_— ORBITAL Al —_— MEANING PACKETS

Central bottleneck: communication, not sunlight

The winning design downlinks high-value meaning first: alerts, scores, vectors, summaries, and decisions.
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THE BIG PICTURE

Electronic brains riding on photonic nerves

ADVANTAGES HARD PROBLEMS

- Solar energy without grid connection - Launch cost and mass constraints

- No water cooling; heat rejected by radiation - Repair is difficult or impossible

- Data processed near the source - Radiation damage and bit flips

- Laser mesh can move large volumes between satellites - Thermal limits cap compute density
- Semantic output reduces downlink burden - Optical downlinks are cloud-sensitive

- Space debris and orbital regulation

Frank said / GPT said

Frank said: So would an Al data center in space use light?

GPT said: Absolutely. Solar photons power it. Infrared photons cool it. Laser photons move data.
Frank said: Would the LLM itself think optically?

GPT said: Not at first. The chips may stay electronic, while the nervous system becomes photonic.
Frank said: So it sends meaning, not bulk?

GPT said: Exactly. The orbital data center becomes a semantic compressor.

Solar-powered compute + radiative cooling + laser networking = the likely shape of orbital Al.
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