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Motivation
The convenience of wireless networks regarding mobility and ease of deployment has made them hugely popular. 
Globally, these networks convey data in the order of couple of exa-bytes per month and by 2019 this number is 
expected to grow by at least one order of magnitude. A consequence of this growth will be congested wireless 
spectrum creating the so-called spectrum crunch.  In emerging countries, regulators use manual and static databases 
to keep track of incumbents and secondary users of the wireless spectrum, leading to inaccurate and cumbersome 
information about spectrum occupancy. Moreover, there is a potential conflict between intermittent legal users (e.g., 
UHF microphones), unaccounted legal users, and rogue users that make use of the spectrum with no control. There is 
a clear opportunity for regulators and local authorities to promote regional and distributed repositories for keeping track 
of the used and unused frequencies, enabling more efficient use of the spectrum within a regulatory framework [1].

1. Why low-cost monitoring?

We are developing an ecosystem of open and low-cost sensor devices and services to ascertain the current occupation of 
UHF and ISM band, allowing capturing and processing spectrum occupation in under-served areas. Our aim is to incentivize 
communities to be aware of the local occupation of the spectrum of interest. Zebra-RFO (Radio Frequency Observer) is a 
containerizable web service with collaboration capabilities akin to social networks, able to organize long measurement 
campaigns allowing the visualisation of spectrum occupation. Zebra-RFO also offers the possibility of recompose 
measurement campaigns in order to isolate different areas of interest (i.e., rural, urban, suburban), and also conveniently 
represent the rough occupation of large portions of the spectrum in UHF band and ISM band, both of high interest in the 
process of bringing the next billion people on-line. 

Objective

There is an organisational and potential social 
impact of a decentralised spectrum crowd-sourcing 
system and it is well known that spectrum analysers 
are expensive, difficult to transport, and they lack an 
appropriate interface to collect continuous spectrum 
activity. This situation motivated us to develop low-
cost monitoring solutions. We have worked on 
assembling  devices for the sub 1-GHz band such 
as WhispPi monitor using a Raspberry Pi to 
interface RFExplorer [2]. This solution cost below 
400 US$. However, this and other similar solutions 
propose a heterogeneous vision of the spectrum 
usage due to the inherently different configurations. 

2. How do communities assess the data?
Zebra-RFO is an open initiative to collect spectrum usage 
and a social platform to incentivize a crowd-sharing 
approach for collection. The system provides data 
organization and visualization capabilities that allow later 
post-processing. 

Zebra-RFO offers capabilities such as a convenient 
filtering of the geo-tagged journeys to get rid of potential 
biases introduced by the mobile collector speed as well as 
categorisation and isolation of specific portions of the data. 
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eralized authorized users. This architecture is intended to
force secondary users to accurately back-o↵ in the spatial re-
gions of interest. Users in the 3rd tier have to protect them-
selves whereas users with Priority Access can safely have
one or more allocated chunks. However, users belonging to
the Citizen Broadband Service Devices class will require the
system to manage the secondary user activity and minimize
the interference to priority users and incumbent operations.
Authors propose an architecture that separates a commer-
cial system and a federal system to scale up by protecting
the primary users and, at the same time, giving a service to
secondary users.

Along with aforementioned architectural e↵orts, there also
exists standardization e↵orts at the Internet Engineering
Task Force (IETF) such as the RFC 7545 [5] and 6953 [9].
Based on the premise of government as the regulator, these
documents aim at proposing common ground for white space
access (management) and spectrum information retrieval.
These guidelines are also intended to protect primary users
that use the spectrum during limited time periods. They
specify an agnostic interface in terms of transmission me-
dia, spectrum organization, and purpose, as well as flexible
and extensible data structures modeling di↵erent use-cases,
e.g., white space serving as backhaul or rapid deployments
during emergencies.

3. LOW-COST SPECTRUM COLLECTION
PROCESS

Besides the reasons stated in Section 1 concerning the or-
ganisational and potential social impact of a decentralised
spectrum crowd-sourcing system, it is well known that spec-
trum analysers are expensive, di�cult to transport, and they
lack an appropriate interface to collect continuous spectrum
activity (as suggested by the detector approach [4]). This
situation motivated us to develop low-cost and long-term
monitoring solutions. We have worked on assembling sev-
eral such devices for the sub 1-GHz band: WhispPi monitor
using a Raspberry Pi to interface RFExplorer [2], ASCII32
monitor using SI4313/Arduino [16], and an Android inter-
face for RFExplorer [12]. These solutions have been worked
out below the 400 US$ price. However, they propose a het-
erogeneous vision of the spectrum usage due to the inher-
ently di↵erent configurations, i.e., they use di↵erent anten-
nas, various radio chips sets and sampling rates, in di↵er-
ent geographical positions for capturing spectrum activity.
Moreover, programmers tend to customize the capturing of
the spectrum activity into di↵erent file formats, creating a
need for a uniform format. In our proposal, defined in the
next section, we define a simple JSON format - details can
be seen at http://www.zebra-rfo.org. In this portal, several
conversion scripts can also be used to interface the di↵erent
aforementioned low-cost devices.

Fig. 1 shows the di↵erent low-cost devices used. From
left to right, we see the ASCII 32, WhisPi device, and the
Android interface to the RFExplorer. They appear cost-
ordered from cheapest to most expensive, and at the same
time, the order follows their accuracy, from the least to the
most accurate. From this group of devices, we have observed
that for future designs, one should have better control on
sampling rate, i.e., adapted base-rate and on-demand adap-
tive rate while obtaining mobile measurements. These de-
mands are feasible characteristics when interfacing the RF-

Figure 1: Low-cost devices used to collect spectrum

activity

Figure 2: Strawman architecture for Spectrum Gov-

ernance

Explorer through the Android OS, since many embedded
sensors can help in such task (i.e., using the accelerometer
or the GPS).

4. A REGIONALISED REPOSITORY
In this section, we present a prototype for a scalable and

regionalised repository called Zebra � RFO : http://www.zebra-
rfo.org, an open initiative to collect spectrum fingerprints
and a social platform to incentivize a crowd-sharing ap-
proach for collection. The system provides data organi-
zation and visualization capabilities that allow later post-
processing. Zebra � RFO o↵ers capabilities such as a con-
venient edition of the geo-tagged journeys to get rid of po-
tential biases introduced by the mobile collector speed (see
Section 4.1 for further discussion). Moreover, editing the
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Figure 3: Spectrum collection in

Venezuela/Colombia border, accounting for a

crowded semi-urban area


