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ABSTRACT

Nearly 90% of Earth’s surface remains disconnected from wireless
networks, leaving vast oceans, forests, and polar regions invisi-
ble to continuous sensing. Existing “Space-IoT” offerings provide
global links with proprietary satellite constellations, and paid sub-
scriptions, restricting open and affordable deployments. We present
Gaia, the first demonstration of open, continent-scale IoT connec-
tivity that operates entirely on publicly accessible infrastructure.
Gaia transmits data by “bouncing” packets off existing amateur-
radio satellites, achieving direct ground-to-ground links over 1200
km without store-and-forward relays or proprietary gateways. To
enable this, Gaia is designed to overcome extreme path loss and
Doppler drift at the physical layer and interference sensing and
coexistence challenges at the MAC layer using commodity SDRs.
Beyond demonstrating feasibility, Gaia makes the case that if spec-
trum access analogous to ham radio were allocated for open IoT
communication, it could spark a Wi-Fi-like moment for global
sensing—democratizing planet-scale connectivity.

CCS CONCEPTS

« Hardware — Communication hardware, interfaces and stor-
age; - Networks — Network architectures; Network protocols;
Network range.
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1 INTRODUCTION

About 87% of Earth’s surface—oceans, deserts, forests, glaciers —re-
mains uninhabited and largely unconnected, leaving critical ecosys-
tems and geophysical processes hard to monitor. Field sensors in
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Fig 1: How Gaia works: Leveraging Amateur satellites to en-
able continent-scale IoT

these regions often store data for months until manual retrieval.
While satellite imaging missions such as Sentinel [1] and MODIS [2]
offer valuable periodic remote observation, they cannot capture
many in-situ phenomena such as water chemistry, tremors, acoustic
and magnetic signatures, or conditions beneath dense canopies.

To bridge this gap, several commercial “Space-IoT” ventures—Swarm

[3], Astrocast [4], Fossa [5], and Lacuna [6] —relay low-rate sen-
sor data through dedicated Low-Earth-Orbit (LEO) constellations.
However, these solutions depend on proprietary satellites, ground-
station networks, and paid subscriptions, limiting their accessibility
for open scientific information gathering. This raises a fundamen-
tal question: Can IoT connectivity from anywhere on Earth be
achieved without such subscriptions or proprietary networks
of ground-stations?

A Wi-Fi-like moment for Earth sensing. With an unlicensed
spectrum, Wi-Fi triggered a global revolution—anyone could in-
novate on these bands- leading to billions of connected devices
and an explosion of applications [7]. We envision a similar de-
mocratization for IoT connectivity at the Earth scale: open and
infrastructure-independent connectivity access that allows anyone
to sense and study hyper-local geophysical parameters. This de-
mocratization can unblock global-scale sensing of the Earth,
especially from remote areas, enabling scientists, communities,
and innovators to observe anywhere on earth using sensors that
communicate through shared, open satellite infrastructure.

In this paper, we take the first step toward this vision with Gaia,
the first-of-its-kind continent-scale IoT communication scheme
with a range exceeding 1000 km that operates entirely on publicly
accessible amateur satellite infrastructure. Gaia enables a sensor
located in the ocean or a remote area to relay small messages to
a receiver in a connectivity-enabled region. Figure 2 shows the
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