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Abstract Accurate satellite-based positioning has revolution-
ized several industries over the past two decades, from agricul-
ture to transportation. However, conventional GNSS receivers
consume signi cant energy and are too large for many wildlife-
tracking applications, which are of critical importance to con-
servation efforts and our understanding of the global climate.
To address this capability gap, we propose a new positioning
system designed from the outset to minimize the size, mass,
power, and cost of the terrestrial tracking device. We analyze,
through extensive modeling and simulation, a mission concept
that relies on space-based receivers hosted on a constellation of
small satellites in low-Earth orbit that detect and localize signals
from very small transmitter tags. We compare a variety of signal
modulations, frequencies, and positioning techniques, including
both Doppler and time-of-arrival methods, and evaluate the
transmitter power required, minimum number of satellites, and
achievable position accuracy across a range of design param-
eters. Our model accounts for errors in satellite orbital state
knowledge, clock offsets, frequency measurement errors, and
ionospheric effects. This paper presents the results of our
extensive trade study, as well as hardware eld experiments per-
formed outdoors using ight-traceable software-de ned radio

receivers.
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Figure 1. Field testing results overlaid on a satellite photo
of the test site. The yellow line shows ground-truth GPS
measurements while the red dots are positions calculated

with our time-of-arrival system. The RMS difference
between our system and GPS is approximately 22.6 meters.

1. INTRODUCTION

Satellite-based positioning emerged in the 1960s with the
development of TRANSIT, a satellite-navigation system that
utilized the Doppler shift induced by relative motion between
satellites and terrestrial receivers to provide infrequent posi-
tion updates for Polaris ballistic missile submarines [1]. The
need for continuous positioning led to the development of
the global positioning system (GPS), which currently consists
of a thirty-one-satellite constellation in medium-Earth orbit
using time-of-arrival measurements to provide positioning
information [2]. GPS has impacted a wide range of do-
mains, from agriculture to transportation, by providing high-
accuracy positioning information. However, the size, weight,
energy consumption, and cost of GPS receivers limits their
use in many applications, including wildlife tracking, which
is essential for our understanding of the global climate, as
species migration is an important indicator of climate change
[3]. Conservation efforts for endangered species also bene t
from accurate wildlife position data [4] [5].

Another approach to wildlife tracking, ARGOS, relies on
Doppler-based positioning like TRANSIT [6]. While AR-
GOS reports achievable position accuracies in the range of
150 m - 2500 m, eld testing on sea turtles [7] and bottlenose
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