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Abstract—Light-based positioning systems (LPS) are gaining
significant attention as a means to provide localization with cm
accuracy. Many of these systems estimate the object position
based on the received light intensity, and work properly in ‘ideal’
environments such as large open spaces without obstructions
around the light-emitting diode (LED) and the receiver, where
reflections are negligible. In more dynamic environments, such
as indoor spaces with moving people and city roads with moving
vehicles, materials cause a wide variety of reflections. This causes
variations in the received light intensity and, as a consequence,
gross localization errors in LPS. We propose a new multipath
detection technique for improving LPS that does not require
the knowledge of the channel impulse response and then, it is
suited to be implemented in low-cost positioning receivers that
use a single-pixel photodetector. To develop our technique, we
(i) analyze the statistical properties of non-line-of-sight (NLOS)
components, (ii) develop an automated testbed to study the
reflections of different types of surfaces and materials, and (iii)
design an algorithm to remove the NLOS components affecting
the positioning estimate. Our experimental evaluation shows
that, in complex environments, our methodology can reduce the
localization error using LEDs up to 93%.

Index Terms—Visible Light Communication, Localization, Re-
flections, Experiments.

I. INTRODUCTION

Artificial lighting is everywhere, from the light bulbs on
the ceilings to car headlights. It is expected that, by 2025,
light-emitting diodes (LEDs) will account as 98% of the
lighting [1]. This trend makes visible light communication
(VLC) an attractive technology for data transmission and,
more recently, for locating objects and people using light-
based positioning systems (LPS). LPS are gaining significant
attention from industry and the scientific community due to
its high accuracy. Broadly speaking, LPS can be divided into
two categories depending on the type of optical receiver they
use: LPS relying on photodiode (PD) and LPS relying on
image sensor (camera) [2–6]. PDs provide higher throughput
and energy-efficiency than cameras, and thus, they are a
better choice for wearable devices (low energy) and vehicular
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networks (high throughput). Image sensors are popular due to
their widespread availability in smartphones, but they have a
reduced data rate (only kb/s rather than Mb/s or more [7]) and
a higher energy cost (∼300 mW rather than a few mW [8]).

The area of LPS for smartphones is relatively mature and
there are products already in the market [9], whereas LPS
in wearable devices and vehicular networks have encountered
additional difficulties. Compared to cameras, the main con-
straint of PDs is its sensitivity to interference caused by optical
reflections coming from the surroundings made of different
type of surfaces and materials. All the incoming optical rays
sum up at the PD due to operating as a single pixel [10].
This implies that reflections affect LPS that work with a
single-pixel PD as receiver, because the majority of LPS relies
on the received signal strength (RSS) resulting from all the
light components [11]. Therefore, LPS relying on PD are
affected by location errors (from a few cm to 1 m) in real
deployments [10], [12–14]. Image sensors can instead solve
optical interference by exploiting multiple pixels [15].

Discerning the line-of-sight (LOS) path for positioning
using a single-pixel PD receiver is not easy. Estimating the
channel impulse response (CIR) to infer the LOS and reflected
non-line-of-sight (NLOS) paths requires a powerful analogue-
to-digital converter (ADC) and high processing capabilities on
the receiver side, which may not be available or desired [16].
Reflected paths have been ignored in recent experimental
works for LPS relying on PD [2], [3], [17], [18], and
reflections have been characterized only from a theoretical
point of view [19–21]. However most of works are limited
to simulations of simple static indoor scenarios [10], [12],
[13], [22], [23] and the detection/discrimination of NLOS
components has been done exploiting quite complex schemes
as multiple sources [24] or multiple receivers [18], [25].

Against this background, this work presents a technique
to discern and filter reflected light paths using a single-pixel
PD. Our key idea is to avoid the need of the CIR knowledge
and to propose a low-complexity practical approach based on
time series of the RSS collected with a low-cost PD. This
trade-off is possible in our scenarios of interest (vehicular or
wearable networks) because (i) nodes are mobile, and thus,
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