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ABSTRACT

Existing indoor location systems do not easily scale at low
cost while maintaining high accuracy. We present EasiTrack,
an indoor tracking system that achieves decimeter accuracy
using a single commodity WiFi Access Point (AP) under
Non-Line-Of-Sight conditions and can deploy at scale with
(almost) zero cost. We build a fully functional real-time
system with a satellite-like architecture, which enables Eas-
iTrack to support an unlimited number of clients. We have
demonstrated EasiTrack in a number of different scenarios
to track both humans and machines. The results reveal that
EasiTrack achieves a decimeter median accuracy and a
<2m maximum error and supports a broad coverage of 50
m×60 m using a single AP.

CCS CONCEPTS

∙ Human-centered computing → Ubiquitous and mo-
bile computing; ∙ Computer systems organization →
Embedded and cyber-physical systems.
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1 INTRODUCTION

Despite of decades of efforts, the indoor positioning problem
is not solved. Solutions using commodity off-the-shelf (COTS)
WiFi are attractive for ubiquitous tracking thanks to the wide
availability of already deployed WiFi infrastructure. They
should ideally satisfy the following requirements:

∙ Low(Zero)-cost: They should be easy to install and
deploy with low or ideally zero efforts. Ideally, they
should be able to locate a mobile device using a single
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arbitrarily installed AP, without knowing any of its
information like location and orientation.

∙ Scalable: The systems should scale to a large number
of different buildings and should support large popula-
tions of concurrent mobile devices, just as GPS does,
both with negligible overhead.

∙ Large coverage: The systems should cover a large
area, including Line-Of-Sight (LOS) or Non-LOS (NLOS),
with consistently high accuracy.

∙ Accurate: They should be able to provide sub-meter
accuracy, as demanded by many applications.

If the above requirements are all satisfied, we can imagine an
indoor location system becomes a ubiquitous “indoor GPS”
that is made available anywhere having WiFi signals and for
any device with a commodity WiFi chip.

Unfortunately, to the best of our knowledge, no existing
technology satisfies all these requirements. Many of recent
efforts on AoA and ToF aim to achieve high accuracy, yet
at the cost of dense deployment and cumbersome installa-
tion of WiFi APs, rendering them impractical to force for
large-scale usage. This paper presents EasiTrack, an indoor
tracking system that meets all the four requirements above.
EasiTrack achieves sub-meter accuracy in both LOS and
NLOS scenarios using a single arbitrarily installed AP, with-
out knowing its location. It can be easily deployed at scale,
with no extra inputs but a plain imagery floorplan of the area
of interests, which would be needed anyway for most location-
based services and is ubiquitously available. EasiTrack’s
architecture centers around a satellite-like design, which sup-
ports massive concurrent clients without affecting the channel
capacity, and preserves privacy since a client never needs to
announce its presence but only passively listens to the AP.
EasiTrack is the first-of-its-kind system and the prototype
has been demonstrated at the headquarters of big tech compa-
nies such as Apple, Qualcomm, HP, Marvell and at CES 2019,
which show that it can be easily installed in massive buildings
with high accuracy yet little cost, promising practical indoor
tracking. More information and demo videos can be found
in the project website: https://cswu.me/easitrack.html. An
extended version of this work was published in [2].

2 SYSTEM DESIGN

Fig. 1 depicts an overview of EasiTrack’s architecture. The
left part illustrates the satellite-like protocol of EasiTrack.
In an example usage scenario, a client, which could be a
mobile, wearable, robot, automated guided vehicle (AGV),
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Figure 1: EasiTrack architecture: EasiTrack works like
an “indoor GPS” (but using only one “satellites” AP) that
supports large populations of clients.

passively listens to an AP and measures Channel State Infor-
mation (CSI) from the incoming packets. EasiTrack’s core
engine, running on the client, infers the moving distance and
orientation from the measurements and incorporates them
together to track the client’s continuous locations. The AP
is simple: It does nothing but broadcasting signals to the
clients. Such simple-core, complex-edge architecture makes
EasiTrack scalable to massive clients, privacy-preserving
without asking the client to transmit any signal that may
expose its presence, and flexible to run different tracking
algorithms as needed, all under the same environments.

The right part of Fig. 1 shows EasiTrack’s work flow on
a mobile client. There are two key modules:
Distance estimation: EasiTrack involves two distinct ap-
proaches, namely Antenna Alignment (AA) [1] and Focusing
Ball (FB) [3], to estimate the moving distance traversed by
the user. Both approaches leverage CSI to estimate moving
distances, yet are applicable in different tracking scenarios:
AA is highly accurate and is suitable for tracking objects
like shopping carts, robots, and industrial AGVs with rela-
tively constrained motions; while FB is less reliable compared
to AA, it is more generic and is superior for unconstrained
human tracking. Both approaches share the same hardware
and input information and thus can switch as needed on the
fly. By truly leveraging multipaths, instead of resolving and
combating them like previous works, EasiTrack’s distance
estimation is location independent, working under both LOS
and NLOS conditions.
Map-augmented tracking: EasiTrack tracks a user’s lo-
cation by fusing the moving distance estimated from CSI and
the moving direction measured by inertial sensors. Although
the logic flow is similar to conventional dead-reckoning, we
present an effective, practical design that incorporates indoor
maps for precise tracking in a scalable way. Specifically, Ea-
siTrack takes the indoor map as input and feed it into a
Graph-based Particle Filter, which leverages the geometric
constraints imposed by the map and jointly learns the accu-
rate 2D location and orientation of a target when it moves.
Since EasiTrack only uses an ordinary indoor map (e.g., an
image of the floorplan) that is widely available, it can easily
scale to massive buildings at little cost.

3 DEPLOYMENT AND RESULTS

Implementation: We build a fully functional real-time sys-
tem of EasiTrack, consisting of hardware prototype using
commodity WiFi chipsets and software sets. As shown in Fig.
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Figure 2: Implementation and real-world results

2a, the 1st generation of EasiTrack uses an Intel Galileo
board with a Qualcomm Atheros 9k series chipset and an
IMU. The AP uses the same board and chipset as the clients,
but with larger dipole antennas for better coverage. Our 2nd
generation prototype reduces the form factor significantly by
using NXP iMX7 with Marvell WiFi chips. We implement
EasiTrack in C++, with core algorithms running on the
client and a GUI on a laptop/tablet. Although we use cus-
tomized board for prototypes, EasiTrack is ready to run
on a smartphone once the CSI becomes accessible on it.
Results: We have demonstrated EasiTrack in a number
of different buildings to track both humans and machines,
including office buildings, museums, hotels, and manufactur-
ing facilities, all with complex multipath environments. Few
of previous systems have been tested under such extensive
real-world conditions. Fig. 2b and 2c show two demo traces,
and more results can be found in [2]. Our key results reveal
the following: 1) EasiTrack achieves a median accuracy of
0.25 m and 90%tile accuracy of 0.69 m in moving distance
estimation by using AA [1]; 2) It achieves a median 0.58 m
and 90%tile 1.33 m location error for tracking objects, and a
median 0.70 m and 90%tile 1.97 m error for tracking humans,
in both LOS and NLOS conditions with a single AP; 3) Pro-
vided the map, it is nearly zero cost to deploy EasiTrack
in a new building, as the AP can be installed within minutes
at any location that gives coverage; 4) EasiTrack can track
in a large area similar to the AP’s signal coverage, e.g., 50
m×60 m area with one AP in our deployment.
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